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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to its products or to discontinue any 
semiconductor product or service without notice, and advises its customers to obtain the latest 
version of relevant information to verify, before placing orders, that the information being relied 
on is current. 

TI warrants performance of its semiconductor products and related software to the specifications 
applicable at the time of sale in accordance with TI's standard warranty. Testing and other quality 
control techniques are utilized to the extent TI deems necessary to support this warranty. 
Specific testing of all parameters of each device is not necessarily performed, except those 
mandated by government requirements. 

Certain applications using semiconductor products may involve potential risks of death, 
personal injury, or severe property or environmental damage ("Critical Applications·). 

TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR 
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES 
OR SYSTEMS OR OTHER CRITICAL APPLICATIONS. 

Inclusion of TI products in such applications is understood to be fully at the risk of the customer. 
Use ofTl products in such applications requires the written approval of an appropriate TI officer. 
Questions concerning potential risk applications should be directed to TI through a local SC 
sales office. 

In order to minimize risks associated with the customer's applications, adequate design and 
operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. 

TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 

Copyright © 1994, Texas Instruments Incorporated 



INTRODUCTION 

First-in, first-out (FIFO) memories from Texas Instruments are valuable data-path elements 
for eliminating bottlenecks and regulating flow. Data transfers in and out of a FIFO memory 
are independent of one another and allow the device to be the communication medium 
between two asynchronous systems. Empty and full status flags that prevent underflow and 
overflow conditions are standard with all devices, and many have prog?ammable almost-full 
and almost-empty flags to optimize the control of a particular system. 

Each advanced FIFO is constructed with a dual-port SRAM, read and write address 
incrementing logic, and flag circuitry. Rising-edge-triggered clocks are featured on all TI 
FIFOs, with self-timed reads and writes on memory that allow a large variance of usable 
pulse widths. The strobed style of FIFO produced by TI writes data to memory on each 
low-to-high transition of the load-clock (LOCI<) input and reads data on each rising edge of 
the unload-clock (UNCI<) input. 

TI's c/ockedstyle FIFO can also receive asynchronous clocks for writing and reading data, 
but the clock inputs are designed to be continuous, with the rising edge affecting data 
transfers when separate enable signals are asserted. This characteristic allows a seamless 
interface between the device and other high-speed buses or microprocessors with similar 
control. The availability of the free-running clock also provides the means to synchronize 
the full and empty status flags for use as reliable control signals and reduce the amount of 
external support logic. Each TI clocked FIFO has the empty flag synchronized to the read 
clock and the full flag synchronized to the write clock with at least two flip-flop stages. 
Clocked FIFOs produced in advanced CMOS technology can support clock frequencies up 
to 67 MHz. The SN74ABT7819, produced in advanced BiCMOS technology, is capable of 
speeds upto 80 MHz. The SN74ABT7819 is also a bidirectional FIFO, with two independent 
FIFO memories combined on one chip to buffer data in opposite directions. 

Memory organization of the FIFOs ranges in depth from 16 words to 2048 words and data 
bit widths of 1 , 4, 5, 8, 9, 18,32, and 36. To accommodate the need of reducing the package 
area as data widths increase, many TI FIFO memories are offered in thin surface-mount 
packages. The SSOP and TOFP packages, with 25-mil, 0.5-mm, and O.4-mm lead pitch, 
respectively, can reduce the FIFO-dedicated board area by greater than 70% over PLCC 
packages. 

Texas Instruments continues to offer leading-edge solutions to customers' needs in both 
packaging technology and device architecture. This is evidenced by the 120-pin TOFP with 
16-mm x 16-mm area used to house the 32- and 36-bit products. With features such as 
synchronous retransmit, mailbox bypass registers, byte swapping, and bus-width 
matching, these devices provide a high level of integration in a compact area for 
applications such as interfacing a digital signal processor (DSP) to a host processor and 
matching systems with different memory organizations. 

EPIC, EPIC-lIB, IMPACT, OEC, and Widebus are trademarks of Texas Instruments Incorporated. 
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PRODUCT STAGE STATEMENTS 

Product stage statements are used on Texas Instruments data sheets to indicate the 
development stage(s) of the product(s) specified in the data sheets. 

If all products specified in a data sheet are at the same development stage, the appropriate 
statement from the followi~g list is placed in t~e lower left corner of the first page of the data sheet. 

PRODUCTION DATA information is current as of publication date. Products conform to 
specifications per the terms of Texas I nstruments standard warranty. Production processing 
does not necessarily include testing of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other specifications are subject to change without 
notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the right to change or discontinue these products without notice. 

If not all products specified in a data sheet are at the PRODUCTION DATA stage, then the first 
statement below is placed in the lower left corner of the first page of the data sheet. Subsequent 
pages of the data sheet containing PRODUCT PREVIEW information or ADVANCE 
INFORMATION are then marked in the lower left-hand corner with the appropriate statement 
given below: 

UNLESS OTHERWISE NOTED this document contains PRODUCTION DATA information 
current as of publication date. Products conform to specifications per the terms of Texas 
Instruments standard warranty. Production processing does not necessarily include testing 
of all parameters. 

ADVANCE INFORMATION concerns new products in the sampling or preproduction phase 
of development. Characteristic data and other speCifications are subject to change without 
notice. 

PRODUCT PREVIEW information concerns products in the formative or design phase of 
development. Characteristic data and other specifications are design goals. Texas 
Instruments reserves the rigtft to change or discontinue these products without notice. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

INTRODUCTION 

These symbols. terms. and definitions are in accordance with those currently agreed upon by the JEDEC 
Council ofthe Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical 
Commission (IEC) for international use. 

operating conditions and characteristics (in sequence by letter symbols) 

CI Input capacitance 
The internal capacitance at an input of the device 

Co Output capacitance 
The internal capacitance at an output of the device 

Cpd Power dissipation capacitance 
Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages): 
Po = Cpd Vee2 f + ICC Vee· 

fmax Maximum clock frequency 
The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that 
should cause changes of output logic level in accordance with the specification. 

Icc Supply current 
The current into* the Vee supply terminal of an integrated circuit 

~Icc Supply current change 

II(hold) 

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than 
OVorVee 

Output high leakage current 
The maxim urn leakage current into the collector of the pulldown output transistor when the output is high 
and the output forcing 'condition Vo = 5.5 V. 

Input hold current 
Input current that holds the input at the previous state when the driving device goes to a high-impedance 
state 

IIH High-level Input current 
The current into* an input when a high-level voltage is applied to that input 

IlL Low-level Input current 
The current into* an input when a low-level voltage is applied to that input 

loff Input/output power-off leakage current 
The maximum leakage current int%ut of the inpuVoutput transistors when forcing the inpuVoutput to 
4.5 V and Vee = 0 V 

IOH High-level output current 
The current into* an output with input conditions applied that. according to the product specification. will 
establish a high level at the output. 

IOL Low-level output current 
The current into* an output with input conditions applied that. according to the product specification. will 
establish a low level at the output. 

·Current out of a terminal is given as a negative value. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

IOZ Off-state (hlgh-Impedance-state) output current (of a 3-state output) 
The current flowing into* an output having 3-state capability with input conditions established that, 
according to the product specification, will establish the high-impedance state at the output 

ta Access time 
The time interval between the application of a specified input pulse and the availability of valid signals 
at an output 

te Clock cycle time 
Clock cycle time is 1/fmax. 

tdls Disable time (of a 3-state or open-collector output) 
The propagation time between the specified reference points on the input and output voltage waveforms 
with the output changing from either of the defined active levels (high or low) to a high-impedance (off) 
state 
NOTE: For 3-state outputs, tdis = tpHZ or tpLZ' Open-collector outputs will change only if they are low 

at the time of disabling, so tdis = tpLH. 

ten Enable time (of a 3-state or open-collector output) 
The propagation time between the speCified reference points on the input and output voltage waveforms 
with the output changing from a high-impedance (off) state to either of the defined active levels (high or 
low) 
NOTE: In the case of memories, this is the access time from an enable input (e.g., OE). For 3-state 

outputs, ten = tpZH or tpZL' Open-collector outputs will change only ifthey are responding to data 
that would cause the output to go low, so ten = tpHL. 

th Hold time 
The time interval during which a signal is retained at a specified input terminal after an active transition 
occurs at another specified input terminal 
NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the 

system in which the digital circuit operates. A minimum value is speCified that is the shortest 
interval for which correct operation of the digital circuit is to be expected. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is to be expected. 

tpd Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from one defined level (high or low) to the other defined level (tpd = tpHL or tpLH) 

tpHI. Propagation delay time, hlgh-to-Iow level output 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined high level to the defined low level 

tpHZ Disable time (of a 3-state output) from high level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the 3-state output changing from the defined high level to the high-impedance (off) state 

tpl.H Propagation delay time, low-to-hlgh level output 
The time between the specified reference points on the input and output voltage waveforms with the 
output changing from the defined low level to the defined high level 

*Current out of a terminal is given as a negative value. 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

tpLZ Disable time (of a 3-state output) from low level 
The time interval between the specified reference pOints on the input and the output voltage waveforms 
with the 3-state output changing from the defined low level to the high-impedance (off) state 

tpZH Enable time (of a 3-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined high level 

tpZL Enable time (of a 3-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the 3-state output changing from the high-impedance (off) state to the defined low level 

tsu Setup time 
The time interval between the application of a signal at a specified input terminal and a subsequent active 
transition at another specified input terminal 
NOTES: 1. The setup time is the actual time interval between two signal events and is determined by 

the system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 
2. The setup time may have a negative value, in which case the minimum limit defines the 
longest interval (between the active transition and the application of the other signal) for which 
correct operation of the digital circuit is guaranteed. 

tw Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform 

VIH High-level Input voltage 
An input voltage within the more positive (less negative) of the two ranges of values used to represent 
the binary variables 
NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 

operation of the logic element within specification limits is to be expected. 

VIL Low-level Input voltage 
An input voltage within the less positive (more negative) of the two ranges of values used to represent 
the binary variables 
NOTE: A maximum is specified that is the most-positive value of lOW-level input voltage for which 

operation of the logic element within specification limits is to be expected. 

VOH High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a high level at the output 

VOL Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product specification, 
will establish a low level at the output 

VIT + Positive-going Input threshold level 
The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage rises from a level below the negative-going threshold voltage, VIT-

VIT _ Negative-going Input threshold level 

The voltage level at a transition-operated input that causes operation of the logic element according to 
specification as the input voltage falls from a level above the positive-going threshold voltage, VIT + 
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GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

definitions 

asynchronous FIFO 

A first-in. first-out memory that allows asynchronous data reads and writes. The asynchronous FIFO differs from 
clocked or synchronous FIFOs in the control used to read or write data. Data writes are not edge triggered but 
initiated by a low level on the write-enable input when the empty flag is high. Likewise, data reads are not edge 
triggered but initiated by a low-level on the read enables. Flag outputs reflect the instantaneous comparison of 
the read and write pointers. 

clocked FIFO 

A first-in. first-out memory that allows data to be written to its array and read from its array at independent rates. 
The low-to-high transition of a continuous (free-running) write clock stores data in memory when write-enable 
input signals are asserted. The low-to-high and'high-to-Iow transitions ofthe input-ready flag (or full flag) output 
are synchronous to the rising edge of the write clock. The low-to-high transition of a continuous (free-running) 
read clock reads data from memory when read-enable input signals are asserted. The low-to-high and 
high-to-Iow transitions of the output-ready flag (or empty flag) output are synchronous to the rising edge of the 
read clock. 

strobed FIFO 

A first-in. first-out memory that allows data to be written to its array and read from its array at independent rates. 
Data is written on a low-to-high transition on the load-clock (LDCK) input and is read on a low-to-high transition 
of the unload-clock (UNCK) input. Flag outputs are not synchronized to a particular clock and reflect the 
comparison of the read and write pointers. 

synchronous FIFO 

1-8 

The term synchronous refers to a port-control method and does not imply that data writes and reads must be 
synchronous to one another. Control is the same as for a clocked FIFO wherein data is written by a low-to-high 
transition of a write clock when write-enable inputs are asserted and data is read by a low-to high transition of 
a read clock when read enables are asserted. Data writes and reads can be synchronous or asynchronous to 
one another. The empty flag is synchronized to the read clock. and the full flag is synchronized to the write clock. 
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EXPLANATION OF FUNCTION TABLES 

The following symbols are used in function tables on TI data sheets: 

H = high level (steady state) 
L low level (steady state) 
f transition from low to high level 
~ transition from high to low level 

,.-.. 
X 

Z 
a ... h 

00 
00 

Toggle 

value/level or resulting value!level is routed to indicated destination 

value/level is re-entered 
irrelevant (any input, including transitions) 
off (high-impedance) state of a 3-state output 

= the level of steady-state inputs A through H respectively 
level of 0 before the indicated steady-state input conditions were established 
complement of 00 or level of a before the indicated steady-state input 
conditions were established 

level of 0 before the most recent active transition indicated by l or f 
= one high-level pulse 
= one low-level pulse 

each output changes to the complement of its previous level on each active 
transition indicated by l or f 

If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardless of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together with f and/or l, this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, QO, or 00), it persists so long as the steady-state input levels and the 
levels that terminate indicated transitions are maintained. Unless otherwise indicated, input transitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown as a pulse, SL or L..J, the pulse follows 
the indicated input transition and persists for an interval dependent on the circuit.) 
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EXPLANATION OF FUNCTION TABLES 

Among the most complex function tables are those of the shift registers. These embody most of the symbols used 
in any of the function tables, plus more. Below is the function table of a 4-bit bidirectional universal shift register, e.g., 
type SN74194. 

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE 
CLOCK 

SERIAL PARALLEL 
CLEAR QA QB Qc QD 

S1 SO LEFT RIGHT A B C D 

L X X X X X X X X X L L L L 

H X X L X X X X X X QAO QSO QCO QDO 

H H H f x x a b c d a b c d 

H L H f X H H H H H H QAn QSn QCn 

H L H f X L L L L L L QAn QSn QCn 

H H L f H X X X X X QSn QCn QDn H 

H H L f L X X X X X QSn QCn QOn L 

H L L X X X X X X X QAO QSO QCO QOO 

The first line of the table represents a synchronous clearing of the register and says that if clear is low, all four outputs, 
will be reset low regardless of the other inputs. In the following lines, clear is inactive (high) and so has no effect. 

The second line shows that so long as the clock input remains low (while clear is high), no other input has any effect 
and the outputs maintain the levels they assumed before the steady-state combination of clear high and clock low 
was established. Since on other lines ofthe table only the rising transition ofthe clock is shown to be active, the second 
line implicitly shows that no further change in the outputs will occur while the clock remains high or on the hlgh-to-Iow 
transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S1 and SO are both 
high then, without regard to the serial input, the data entered at A will be at output OA, data entered at B will be at 
Os, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data; respectively, from the shift-right serial input 
and the shifting of previously entered data one bit; data previously at OA is now at Qs, the previous levels of Qs and 
QC are now at QC and QD, respectively, and the data previously at QD is no longer in the register. This entry of serial 
data and shift takes place on the low-to-high transition of the clock when S1 is low and SO is high and the levels at 
inputs A through D have no effect. 

The sixth and seventh lines represent the loading of high- and low-level data, respectively, from the shift-left serial 
input and the shifting of previously entered data one bit; data previously at Os is now at OA, the previous levels of 
QC and QD are now at Qs and QC, respectively, and the data previously at QA is no longer in the register. This entry 
of serial data and shift takes place on the low-to-high transition of the clock when S1 is high and SO is low and the 
levels at inputs A through D have no effect. 

The last line shows that as long as both inputs are low, no other input has any effect and, as in the second line, the 
outputs maintain the levels they assumed before the steady-state combination of clear high and both mode inputs 
low was established. 

The function table functional tests do not reflect all possible combinations or sequential modes. 
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o FLlp·FLOP AND LATCH SIGNAL CONVENTIONS 

It is normal TI practice to name the outputs and other inputs of a D-type flip-flop or latch and to draw its logic symbol 
based on the assumption of true data (D) inputs. Outputs that produce data in phase with the data inputs are called 
Q and those producing complementary data are called Q. An input that causes a 0 output to go high or a Q output 
to go low is called preset (PRE). An input that causes a Q output to go high or a 0 output to go low is called clear (CLR). 
Bars are used over these pin names (PRE and CLR) if they are active low. 

The devices on several data sheets are second-source designs, and the pin name conventions used by the original 
manufacturers have been retained. That makes it necessary to designate the inputs and outputs of the inverting 
circuits 0 and O. 

In some applications, it may be advantageous to redesignate the data input from D to 0 or vice versa. In that case, 
all the other inputs and outputs should be renamed as shown below. Also shown are corresponding changes in the 
graphical symbols. Arbitrary pin numbers are shown. 

PRE 
C 

o 
CLR 

PRE 
CLK 

D 

CLR 

1 

2 

3 

4 

1 

2 

3 

4 

'" S 

C1 

1D 

'" R 

LATCH 

"'5 

C1 

1D 

'" R 

FUP-FLOP 

5 
Q 

6 a 

5 
Q 

6 

CLR 
C 

0 

PRE 

CLR 
CLK 

o 
PRE 

1 
" R I'-.. 5 

2 
C1 

3 1'-.. 1D 6 
4 

"s 
Q 

LATCH 

1 
"R !'-,. 5 

2 
C1 

3 
" 1D 6 

4 
"s 

Q 

FUP-FLOP 

The figures show that when 0 and Q exchange names, the preset and clear pins also exchange names. The polarity 
indicators (~) on PRE and CLR remain, as these inputs are still active low, butthe presence or absence ofthe polarity 
indicator changes at D (or is), 0, and Q. Pin 5 (0 or Q) is still in phase with the data input (D or 0); their active levels 
change together. 
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THERMAL INFORMATION 

In digital system design, consideration must be given to thermal management of components. The small size of the 
small-outline package makes this even more critical. Figure 1 shows the thermal resistance of these packages for 
various rates of air flow. 

The thermal resistances in Figure 1 can be used to approximate typical and maximum virtual junction temperatures. 
In general, the junction temperature for any device can be calculated using using the following equation: 

TJ = RaJA X PT + TA 

where: 

TJ virtual junction temperature 
RSJA thermal resistance, junction to free air 
PT total power dissipation of the device 
TA free-air temperature 
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120r------;-------+-~~r_-----~------r------; 

40r---;----+----+----r--~--~ 
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Figure 1 

Derating curves for 21 O-mil shrink small-outline package are shown in Figures 2 through 5. 
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MULTI-Q™ 18-BIT FIFO 
Features 

• Three programmable FIFOs on one 
device. Depths range from 256 to 4K 
words. 

• Synchronous multiplexer for queue output 
selections 

• Cell-ready flag for each queue 
synchronized to read clock 

• Three programmable-cell flags 

• Programmable-cell size for each queue 

• Clocked interface 

• Separate programming/diagnostic bus 

• Input and output start of cell indicator 

• O.8-JLm CMOS process 

• EIAJ standard 1 OO-pin thin quad flat 
package (TOFP) 

• 
Benefits 

Permits user to define each FIFO queue 
depth for quality of service (OOS) 

• Allows user to easily select desired output 

• Indicates minimum of one complete cell 
available for reads 

• Allows user to choose each cell-status 
indicator 

• Allows user to define from 10 to 32 18-bit 
words for cell 

• Read and write enables synchronized to 
continuous clock signal 

• Allows separate bus for programming 
required parameters as well as allowing a 
direct path into each cell for diagnostics 

• 

• 

• 

Ensures cell alignment for writes and 
reads 

Fast access times combined with low 
power 

Fine-pitch package option for reduced 
board space 



SN74ACT53861 
4096 x MULTIPLE-QUEUE (MULTI-QTM) FIRST-IN, FIRST-OUT MEMORY 

WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 
SCAS443 -JUNE 1994 

o 4K X 18 Total Memory Size 

• Three Programmable-Depth FIFOs on One 
Device 

• Memory Allocation of 256 x 18 Blocks 

• Two Separate Read and Write Clocks 
That Can Operate Synchronously or 
Asynchronously 

• Programmable Flag With Hysteresis for 
Each Queue Synchronized to Write Clock 

• Last Word of Cell Flag Synchronized to 
Read Clock 

• Input or Output Bus Size of 9 Bits or 
18 Bits, Byte Stuff/Destuff Capability 

o Data Access Times of 11 ns 

• Clocked Interface; Read and Write Enables 
Synchronize Data Transfers to Continuous 
Clocks 

• Synchronous Multiplexer for Queue Output 
Selection 

o 8-blt Bidirectional Programming Port 
• Programmable Cell Size From 10 to 32 

18-Blt Words 
• Clock Frequencies up to 50 MHz 

• Cell-Abort Feature to Discard a Previous 
Cell Write 

• Produced In 0.8-~m Advanced CMOS 
Technology 

• Cell-Ready Flag for Each Queue 
Synchronized to Read Clock 

• Available In 100-Pln Thin Quad Flat 
Package (PZ) 

description 
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SN74ACT53861 
4096 x MULTIPLE-QUEUE (MULTI-QlM) FIRST-IN, FIRST·OUT MEMORY 
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 
SCAS443-JUNE 1994 

description 

2-4 

The Multi-O FIFO is a first-in first-out (FIFO) memory with three programmable-length queues and a total 
memory size of 4096 words of 18 bits each to provide two or three quality of service (OOS) bins for ATM traffic 
in a single device. The core memory is divided into sixteen 256 x 18 blocks that can be allocated to each queue 
according to the user's need. 

Flags for the queues are designed to indicate the presence or absence of entire cells rather than individual 
words. The num ber of 18-bit words that constitutes one cell is prog ram mabie by the user and has a default value 
of 27. A cell ready (CR) flag for a queue is high when at least one complete cell is present in the queue. Each 
CR flag is synchronized to the read clock (RDClK). The full flag (FF) for each queue is synchronized to the write 
clock (WRTClK) and indicates when no more cells can be written to the queue. A programmable flag (PF) is 
provided for each queue, which is synchronized to the WRTClK. Each PF has two programmable values. PF 
is low when the number of cells in the queue are greater than or equal to the first limit, and it is set high when 
the number of cells in the queue are reduced to the second limit. This allows the user to define a hysteresis 
threshold for the flag if it is needed. No flag is provided to indicate when a queue is completely filled to prevent 
overflow of a queue. 

WRTClK and RDClK are designed to be free-running clock inputs to maintain the proper synchronization of 
the flags. The clocks are synchronized or asynchronous in phase, frequency, or both. Writes to one ofthe three 
queues is done by a rising edge of WRTClK when the queue's write enable (WRTEN) is high. Any write can 
be done to two or three of the queues simply by asserting two or three of the WRTEN inputs for a WRTClK rising 
edge. Data is read from a queue by the rising edge of RDClK when the queue is selected by the multiplexer 
(MUXO, MUX1) inputs and the read enable (RDEN) is high. Configuration registers can be programmed to set 
the input or output port sizes to 9-bits or 18-bits. Big- or little-endian data format can be selected for the buses. 
When matching 9-bit buses to 18-bit or 36-bit buses with the Multi-O, byte stuffing can be selected for the data 
input and byte destuffing can be done on the data output. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 



SN74ACT53861 
4096 x MULTIPLE-QUEUE (MULTI-QTM) FIRST-IN, FIRST-OUT MEMORY 

WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 
SCAS443-JUNE 1994 

functional block diagram 

POE 
OS 

R/W 
BREQ 
Po-P7 

DWRDY 

WRTCLK 

WRTEN1 
WRTEN2 
WRTEN3 

ABRT 
ISOC 

ALER 
PF1 

FF1 

PF2 

FF2 
PF3 

FF3 

00-017'--'''''' 

8 
Auxiliary-Bus 

Control 8 

Configuration 
Registers 

Flags 

Queue1 

Queue2 

Queue3 

Reset 
Logic ~---------------RST 

.-----~~-- RDCLK 

MUXO 
MUX1 
RDEN 

r-----------4---------~---- OSOC 

CR1 

.---~~-~--_4--- CR2 

r---~----~~~~---- CR3 

Wrlto-Address Generation 

2 4096)( 18 15 16 

Dual-Port 
SRAM 
In 16 
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Read-Address Generation 
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SN74ACT53861 
4096 x MULTIPLE-QUEUE (MULTI-QlM) FIRST-IN, FIRST-OUT MEMORY 
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS 
SCAS443-JUNE 1994 

TERMINAL 
I/O NAME 

ALER 0 

BREO I 

CR 0 

DO-D17 I 

DS I 

DWRDY 0 

FF 0 

ISOC I 

MUX1, 
I 

MUXO 

OE I 

OSOC 0 

PO-P7 I/O 

PF 0 

POE I 

00-017 0 

RST I 

RDCLK I 

R/W I 

RDEN I 

WRTCLK I 

WRTEN I 

Terminal Functions 

DESCRIPTION 

Align error. ALER maintains cell synchronization at the input. If ISOC and Internal start-of-cell status disagree, ALER 
is low and writes are disabled. 

Bus request. When BREO is low, DWRDY Is set high and writes are performed to the configuration registers. When 
BREO is high, DWRDY is set high and writes are performed to the 18-bit input port. 

Cell ready flag. CR for each queue is high when at least one complete cell is present in the queue. CR Is set low upon 
the read of the last word or byte in a cell, if no other complete cells are stored in the FIFO. 

18-bit data input port 

Data strobe. A high-to-Iow transition of DS latches the data on the 8-bit programming bus to the configuration registers. 
A low-to-hlgh transition of DS sends the data from configuration registers to the programming bus. 

Data write ready. DWRDY gives control of data writing to the input bus or the 8-bit programming bus. Data writes to the 
programming bus are allowed when DWRDY is low and data writes to the synchronous bus are allowed when DWRDY 
is high. 

Full flag. Full flag for each queue is synchronized to the WRTCLK. When FF is low, no more cells can be written to the 
FIFO. FF is set high by the second low-to-high transition ofWRTCLKafterthe last byte orword read of a cell In the queue. 

Input start of cell. ISOC must be high for the first word or byte write of a cell and low for all other word or byte writes. 

Multiplexer inputs. MUX1 and MUXO select one of the three queues output registers. 

Output enable. The data outputs (00-017) are in the high-impedance state when OE is low. 

Output start of cell. OSOC is high when the first word or byte of cell is present in the output register of the queue. When 
any other word or byte of a cell or invalid data is present in the output register of 0, OSOC is low. 

8-bit bidirectional programming bus 

Programmable flag. PF is low when the number of cells In the queue are greater than or equal to write threshold stored 
in the queue's PFX_W register. PF is set high when the number of cells in the queue are reduced to the read threshold 
stored in the queue's PFX_R register. 

Program output enable. The programming bus (PO-P7) outputs are active when POE is low and R/W Is high. 

18-bit data output port 

FIFO reset. To reset FIFO, four low-to-high transitions of WRTCLK and four low-to-high transition of CLRB must occur 
while RST is low. 

Read clock. RDCLK is a continuous clock and is asynchronous or coincident to WRTCLK. A low-to-high transition of 
RDCLK reads data from a queue when the queue is selected by the multiplexer (MUXO, MUX1) and RDEN is high. 

Read/write select. ANI high selects a read operation and low selects a write operation on the 8-bit programming bus. 

Read enable. RDEN high enables a low-to-high transition of the read clock to read data from the queue selected by 
MUX1 and MUXO. 

Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK A low-to-high transition 
of WRTCLK writes data to one of the 3 queues when WRTEN and FF are high. 

Write enable. A queue's WRTEN must be high to enable a low-ta-high transition of WRTCLK to write data to the queue. 
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The Multi-Q FIFO is reset by setting the reset (AST) input low for four WATCLK and four ADCLK low-to-high 
transitions. When the device is reset, the cell ready (CA1, CA2, and CA3) flags for each queue are set low, the 
programmable flags (PF1 , PF2, and PF3) are set high, the full flags (FF1 , FF2, and FF3) are set high, the align 
error (ALEA) is set high, and the output start of cell (OSOC) is set low. During a device reset, the default values 
shown in Table 1 are loaded into the configuration registers. 

Table 1. Configuration Registers 

REGISTER 
REGISTER NAME 

NO. OF DEFAULT 
SYMBOL BITS VALUE 

PORT Port Control 5 0 

Ql1 Queue1 Length 5 8 

QL2 Queue2 length 4 6 

Ql3 Queue3 length 4 2 

ClSZ Cell Size 6 27 

PF1_W 
Programmable Flag 1. 

9 71 
Write Threshold 

PF1_R 
Programmable Flag 1. 

9 70 
Read Threshold 

PF2_W 
Programmable Flag 2, 

9 51 
Write Threshold 

PF2_R 
Programmable Flag 2, 

9 50 
Read Threshold 

PF3_W 
Programmable Flag 3. 

8 13 
Write Threshold 

PF3_R 
Programmable Flag 3, 

8 12 
Read Threshold 

Default Values for the ConfiguratIon Registers 

Port Control: 

PROGRAMMABLE 
RANGE 

Bit-slice control 

0-16 

0-15 

0-15 

10-32 

1-409 

0-408 

1-383 

0-382 

1-383 

0-382 

FUNCTION 

Chooses the data input and output bus size 
and format. Controls output byte destuffing. 

Defines number of 256 x 18 memory blocks 
allocated to Queue1 

Defines number of 256 x 18 memory blocks 
allocated to Queue2 

Defines number of 256 x 18 memory blocks 
allocated to Queue3 

Defines the number of 18-bit words in one cell 

Defines the number of cells stored in Queue1 
to set PF1 low 

Defines the number of cells stored in Queue1 
to reset PF1 high 

Defines the number of cells stored in Queue2 
to set PF2 low . 

Defines the number of cells stored in Queue2 
to reset PF2 high 

Defines the number of cells stored in Queue3 
to set PF3 low 

Defines the number of cells stored in Queue3 
to reset PF3 high 

A 4-bit register that controls the sizing and word-align functions ofthe Input and output data ports. Figure 1 shows 
the bit configuration of the port control register. Table 2 lists the register bits, names, and functions. 

4 

OUTSTF 

3 2 

OUTSIZ INSTF INBE 

Figure 1. Port Control Register 
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Default Values for the Configuration Registers (continued) 

BIT 

0 

1 

2 

3 

4 

Table 2. Port Control Register Bits 

NAME VALUE FUNCTION 

INSIZ o (default value) Enables an la-bit Input data bus 

1 Enables a 9-bit Input data bus 

INBE o (default value) Enables the placement of DO-DB data In memory with a little-endlan format If INSIZ bit Is a 1. 

1 Enables the placement of DO-DB data In memory with a blg-endlan format (INSIZ bit Is a 1). 

INSTF o (default) Sets the end of a cell write to be the last byte write of the last word as defined by the cell size (CLSZ) 
register If INSIZ bit Is a 1. 

1 Sets the end of a cell write to be the first byte write of the last word and the byte write Is copied to both 
bytes of the word (INSIZ bit Is a 1). 

OUTSTF o (default) Enables lB-bit data output 

1 Enables 9-bit data output 

OUTSTF o (default) Allows byte reads to precede normally on all words of a cell, (OUTSIZ bit Is a 1). 

1 
After the first byte of the last word of a cell Is read, the last byte of the last word of that cell Is Ignored 
and the first byte ofthe first word of the subsequent cell Is read (OUTSIZ bit Is a 1). 

Queue length: 

The three queue length registers (Ql1 , Ql2, and Ql3) have default values of 8, 6, and 2, respectively. This 
defines the 18-bit wide Queue1 memory depth as 2048 (8 x 256); Queue2 memory depth as 1536 (6 x 256); 
and Queue3 memory depth as 512 (2 x 256). The Ql1 register has 5 bits and can be programmed to utilize the 
entire memory of the device for Queue1. 

Cell Size: 

The cell size register (ClSZ) has a default value of 27. This defines 2718-bit words as one cell for the cell ready 
flags and programmable flags. 

Programmable Flag Write Threshold: 

The default values for the PF1_W, PF2_W, and PF3_W registers are chosen to set the respective 
programmable flags low when the number of 27-word cells stored in its queue is five cells from filling its buffer. 

Programmable Flag Read Threshold: 

The default values for the PF1_R, PF2_R, and PF3_R registers are chosen to reset the respective 
programmable flags high when the number of 27-word cells stored in its queue is reduced by one. 

data writes 

2-8 

Data writes are synchronized to the write clock (WRTCll<) and can occur asynchronous to the read clock 
(RDCll<) while any of the three queues are being read. The data write ready (DWRDY) output must be high 
to allow a data write from the data inputs (DO-D17) into one or more of the queue memories. When DWRDY 
is high, the low-to-high transition of WRTClK stores data (DO-D17) in Queue1 when the WRTEN1 input is high 
and the FF1 output is high, Queue2 when the WRTEN2 input is high and the FF2 output is high, and Queue3 
when the WRTEN3 input is high and the FF3 output is high. Data can be stored in two or three queues 
simultaneously by asserting two or three WRTEN signals. 

The input start of cell (ISOC) input and the align error (AlER) output are used to maintain cell synchronization 
at the input of the device. The ISOC should be high for the first word or byte write of a cell and should be low 
for all other word or byte writes of the cell. The SN74ACT53861 maintains its own start-at-cell status and 
compares this to the ISOC on each word or byte write. If a word or byte write is attempted when the ISOC and 
the internal start-at-cell status disagree, the write is prevented and the AlER output is set low. 
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data writes (continued) 

When all words of a cell are successfully written to one ofthe queues, the queue's flags are updated. In addition 
to updating the queue's flags, a completed cell write moves the cell-abort marker to the next memory write 
location in the queue. After a reset, the cell-abort marker for each queue is positioned at the first memory write 
location. 

If a 9-bit data input is selected by the port control register, data is input to the FIFO through bits DO-OS. If the 
INBE bit of the PORT register is set to 1, data is stacked into memory big-endian style with the first byte write 
of a word stored in the 09-017 byte and the second byte write of a word stored in the DO-OS byte. If INBE is 
set to 0, little-endian stacking is enabled with the first byte write of a word stored in the 00-08 byte and the 
second byte write of a word stored in the 09-017 byte. 

All data writes since a queue's last cell-abort marker are discarded when the abort (ABRl) input is held low and 
the queue's write enable (WRTEN1, WRTEN2, orWRTEN3) is held high for a low-to-high transition ofWRTClK. 
The internal write pointer for the queue memory is set to the cell-abort marker for the queue, thereby discarding 
all data written since the last cell completion. No data write is performed during the abort cycle. 

data reads 

Data reads are synchronized to the read clock (ROClK) and can occur asynchronous to the write clock 
(WRTClK) while any of the three queues are being written. A data read is done on a queue by the low-to-high 
transition of ROClKwhenthe queue is selected by the multiplexer (MUXO, MUX1) inputs (see Table 3), the read ~ 
enable (ROEN) input is high, and the cell ready flag (CR1, CR2, or CR3) output for the queue is high. UJ 

Table 3. Output-Queue Selection by Multiplexer Inputs 

MUX1 MUXO QUEUE OUTPUT 

0 0 Queue1 

0 1 Queue1 

1 0 Queue2 

1 1 Queue3 

The status of the OUTSIZ bit in the PORT register determines if the output data bus size is 1S-bit word or 9-bit 
byte. If OUTSIZ is 0, each read outputs a new queue word on 00-Q17. If OUTSIZ is 1, the first read outputs 
a new queue word on 00-017 and the next read swaps the byte order of OO-OS and 09-017. This pattern 
is repeated for each subsequent word read. 

If the OUTSTF bit in the PORT register is a 1 and the OUTSIZ bit is a 1, the first byte read of the last word of 
a cell completes the cell read and the next byte read outputs a new word on the data bus, thereby discarding 
the last byte of each cell. No change in data output flow occurs if OUTSTF is a O. 

The cell ready flag and programmable flag for each queue are updated upon the read of the last word of a cell. 
The number of words in a cell is defined by the contents of the cell size (ClSZ) configuration register. When 
the output data bus size is byte and the OUTSTF bit is a 0, the last byte read of the last word of a cell updates 
the flags. If OUTSTF bit is a 1, the first byte read of the last word of a cell updates the flags. 

The output start of cell (OSOC) output is high when the first word or byte of a cell is present in the output register 
of the queue selected by the MUX1 and MUXO inputs. When any other word or byte of a cell is present in the 
output register of the queue selected by the MUX1 and MUXO outputs, or if the contents of the selected register 
is invalid, the OSOC is low. OSOC is synchronous to the low-to-high transition of ROClK. 

Switching queues for data output is done synchronous to the low-to-high transition of ROClK. If the ROEN input 
and cell ready flag are high at the time the queue output switch occurs, a read is done on the new queue. If the 
ROEN input is low at the time the queue output switch occurs, the previously read data value held in the new 
queue's output register is output on 00-017. Oueue switching should only be performed on cell boundaries. 
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data reads (continued) 

OE controls the state of the data outputs (QO-Q17). When OE is high, QO-Q17 are active. When OE is low, 
QO-Q17 are in the high-impedance state. 

cell ready flags 

Each queue has a cell ready flag (CR1, CR2, or CR3) that is high when at least one complete cell is stored in 
the queue. The cell ready flags are synchronized to the low-to-high transition of the RDCLK. After reset, the cell 
ready ~ags are set low. The low-to-high transition of a queue's cell ready flag is initiated when a cell write to an 
empty queue is complete. The queue's cell ready flag is set high by the second RDCLK rising edge after this 
event. The cell ready flag is set low upon the read of the last word or byte in a cell if no other com plete cells are 
loaded in the queue. Reads from a queue are inhibited while its cell ready flag is low. 

full flags 

Each queue has a full flag (FF1, FF2, or FF3) that is set high when at least one complete cell space is available 
in the queue. Upon programming the queue length and the cell size, the SN74ACT53861 calculates the 
maximum number of complete cells which can be written to a queue. When the number of cells stored in a queue 
Is equal to this maximum value, the queue's full flag is set low. full flags are synchronous to the low-to-high 
transition of the WRTCLK. When a queue's full flag is low, the full flag is set high by the second WRTCLK 
low-to-high transition after the last byte or word read of a cell in the queue. 

programmable flags 

Each queue has one programmable flag (PF1, PF2, or PF3) that is synchronized to the low-to-high transition 
of the WRTCLK. Two registers per queue define the boundaries of the programmable flags; the write threshold 
register (PF1_W, PF2_W, or PF3_W) and the read threshold register (PF1_R, PF2_R, or PF3_R). When the 
word write that stores the number of complete cells equals the queue's PFx_W register, its programmable flag 
is set low. The low-to-high transition of the programmable flag is initiated by the read of the last word or byte 
in a cell. This reduces the number of stored cells equal to the queue's PFx_R value. The programmable flag 
is set high by the second WRTCLK low-to-high transition after this event. 

programming the configuration registers 

The configuration registers for the Multi-Q FIFO can be programmed after a device reset and before data Is 
written to one of the queues. The programming port (PO-P7) is used to sequentially write or read the 
configuration registers. 

-----In-order-to-write-to-the-configuration-registers,-control-of-the-bus-must-first-be-acquired-by-asserting-the-bus-----­
request (BREQ) input low, which in turn sets the data write ready (DWRDY) output low after two riSing edges 

2-10 

of WRTCLK. The DWRDY output gives data writing control to the synchronous input bus (WRTCLK, 
WRTEN1-3, DO-D17) or the a-bit programming bus. Data writes to the programming bus are allowed when 
DWRDY is low and data writes to the synchronous input bus are allowed when DWRDY is high. Data on PO-P7 
is written to the configuration registers on the high-to-Iow transition of data strobe (DS) when DWRDY is low 
and the read/write (R/W) input is low. The configuration registers are written in the sequence shown in 
Table 4. Ten writes are needed to program the configuration registers. After all ten registers are programmed, 
further data write attempts to the configuration registers are ignored until the device is reset again. When 
programming is complete, the BREQ input is set high to set DWRDY high and returns input control to the 18-bit 
synchronous input port. A list of rules for configuration register programming follows. 

Rules for queue length (QL 1, QL2, QL3) register values: 

1. Zero is the minimum value. 
2. Sixteen is the maximum value for QU. Fifteen is the maximum value for QL2 and QL3. 
3. Only QL 1 and QL2 can be programmed by the user. QL3 is calculated by the device to use the remaining 

memory (if any exists). 
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programming the configuration registers (continued) 

Rules for cell size (CS) register values: 

1. Ten is the minimum value. 
2. Thirty-two is the maximum value. 

Rules for programmable flag write threshold (PF1_W, PF2_W, and PF2_W) register values: 

1. One is the minimum value. 
2. Value must not exceed number of complete cells that can be stored in the buffer defined by Its queue 

length register and the cell size register. 
S. The PF1_W, PF2_W, and PFS_W registers are nine bits each. The most significant eight bits are 

programmable by the user and the least significant bit is always a 1; therefore, PFx_ W values are odd. 

Rules for programmable flag read threshold (PF1_R, PF2_R, and PFS_R) register values: 

1. Zero is the minimum value. 
2. Value must be less than the corresponding programmable flag write threshold register value. 
S. The PF1_R, PF2_R, and PFS_R registers are nine bits each. The most significant eight bits are 

programmable by the user and the least significant bit is always 0; therefore, all PFx_R values are even. 

Table 4. Accessing Configuration Registers From the Programming Bus for Data Writes 

PROGRMAMMING 
WRITE 

REGISTER BUS PORTS 
ORDER 

MSB LSB 

1 PORT P4 PO 

2 au P4 PO 

3 aL2 P3 PO 

4 CLSZ P5 PO 

5 PF1_W P7 PO 

6 PF1_R P7 PO 

7 PF2_W P7 PO 

8 PF2_R P7 PO 

9 PF3_W P7 PO 

10 PF3_R P7 PO 

The programming bus (P0-P7) is a bidirectional port whose outputs are active when the program output enable 
(POE) input is low and the read/write (RIW) input is high. When the PO-P7 outputs are active, data from the 
configuration registers are output. The next configuration register in sequence shown in Table 5 is sent to th3 
programming bus outputs on a low-to-high transition of DS when RIW is high. After all ten registers have bedn 
read in sequence, a subsequent programming bus read accesses the QL 1 register again. Unused bit values 
for a register appear as logical 0 on the programming bus. 
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programming the configuration registers (continued) 

Table 5. Accessing Configuration Registers From the Programming Bus for Data Reads 

PROGRMAMMING 
WRITE 

REGISTER BUS PORTS 
ORDER 

MSB LSB 

1 PORT P3 PO 

2 aL1 P4 PO 

3 aL2 P3 PO 

4 CLSZ P5 PO 

5 PF1_W P7 PO 

6 I PF1_R P7 PO 

7 PF2_W P7 PO 

8 PF2_R P7 PO 

9 PF3_W P7 PO 

10 PF3 R P7 PO 

WRTCLK 

RDCLK 

-.I ~ tsu(RS) -+j 

RST --~{""'llf.--II---+---+----------, 
tpd(W-AE) --+\ 1.+ 

ALER //Z/J?ZZZ?l1 1 1 

tpd(W-FF) k-tll 
FF(1,2,3) ~~~~~ 

tpd(W-PF) ~ 1 

PF(1,2,3) 2/Z?JZZZ???l!//~ 
1 tpd(R-CR) .j.-.! 

CR(1,2,3) 'S\\\ \\ ~~ \\ ~ \\\\---
tpd(R-OS) If .1 

2-12 

OSOC~~~~ 
Figure 2. Device Reset 
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WRTCLK I '-----1 '-----1 
I I 
i 
I I 

tsu(EN) I4-liI---i~~-{>I th(EN) I 

ISOC VZZT/T/?/ZZT//2'» : =~\\\~~ 
I I 
i I 
I I 

tsu(EN) Iii tiel ~ th(EN) tsu(EN) r ~leI ~ th(EN) 

WRTEN1 'li/Z?/Z2?/ZZZI/Z/1 i ts\~ No Operation //""';-2"'2;-2"'2"':;:"'2""; 
I 

1+ tsu(D) ~ th(D) 

DO-D17 ~ Word 1 of Cell 

NOTES: A. DWRDY = H 
B. Data is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
C. INSIZ bit of PORT register = 0 

Figure 3. Writing Word-Length Data to Queue1 

WRTCLK I '-----1 '-----1 

ISOC=/4 

tSU(EN~ 
WRTEN1 ~~ 

I 

I 
I 

t 
I 

Dol· ~lEN) 

tsu(D) lei "1. iii th(D) 

DO-DB ~ Byte1 or Cell ~ Byte20fCeil XX88X8XX 
Stored in Stored in 

D9-D17 Byte DO-DB Byte 

NOTES: A. DWRDY = H 
B. Data is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
C. INSIZ bit of PORT register = 1; INBE bit of PORT register = 1. 

Figure 4. Writing Byte Data to Queue1 in Big-Endian Configuration 
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WRTCLK I ,---_ ..... { ,-------{ 

WRTEN1 ?ZZZZZZZZl/ZZl/ZT I ~ 
tsu(O) I. -t. N th(O) 

~O-DB ~ Byte1 of Cell ~ Byte2ofCell)€8XXX8X> 

NOTES: A. OWROY = H 

Stored In 
DO-DB 8yte 

Stored In 
09-0178yte 

8. Data Is loaded to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
C. INSIZ bit of PORT register = 1; INBE bit of PORT register = o. 

Figure 5. Writing Byte Data to Queue1 In L1ttle-Endlan Configuration 

o WRTCLK I ,'-____ ..... { 
C I 

,\.. _____ ..1/ 

c: ABRT 1 

~ tsu(EN) ~L. ----tI4J.I-JIN th(EN) 
ISOC SS\\\\\\\-~~ \\«.. '~"'72~2-7'/;""2~,/"'72~2~,/~?""7',/""7'2""7'2""7'2""7':%""7'1,...-----.\\:~~~~~~~~~~~~~:'.~ 

" I 
lJ " m ALER , 

S tsu(EN) If-I. ---tltiIII.I-JIN th(EN) 

m WRTEN1 71//1 !lLl/LV!ZU I ts\\~~~~\'bW\\~~\>\\\ \\" :e tsu(O) I. .:. N th(O) 

----00-017-~-word27ofcell-~·word1 ofCellX888888?$ 

NOTES: A. CLSZ = 27 for the example 
8. OWROY=H 

2-14 

C. A cell Is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
O. INSIZ bit of PORT register = o. 

Figure 6. Ceil-Write Completion With 18-Blt Input 
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WRTCLK I ,--------{ , { 
I I 

I I 
tsu(EN) ~I+!. -----.tll+. ~ ~4 ~th(EN) 

WRTEN1 2/Z/ZI/!/J?ZZ?/27 I I ~\\\\" 
tsu(D) I. ~I. .I th(D) tsu(D) I. .1. .1 th(D) 

DO-DS ~ Byte 54 of Cell ~ Byte1 ofcell)€XXXXXX;>l 

NOTES: A. CLSZ = 27 for the example 
B. DWRDY=H 
C. A cell is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
D. INSIZ bit of PORT register = 1.INSTF bit of PORT register = o. 

Figure 7. Cell-Write-Completion Example With 9-Bit Input and No Byte Stuffing 

WRTCLK I ,-------..... { \ { 
I I 

WRTEN1 V7!7/?Z7/?j'?lZZK I I ~\\\\\'" 
tsu(D) I. -I. .I th(D) tsu(D) I. .1. _I th(D) 

DO-DS ~ Byte 53 of Cell ~ Byte10fcell)€XXXXXX;>l 

NOTES: A. CLSZ = 27 for the example 
B. DWRDY=H 

Copied to Upper and 
Lower Bytes of the Word 

C. A cell is confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active. 
D. INSIZ bit of PORT register = 1. INSTF bit of PORT register = 1. 

Figure 8. Cell-Write-Completion Example With 9-Bit Input and Byte Stuffing 
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SCAS443-JUNE 1994 

WRTCLK I '-----1 ,'\.. _____ ..J/ 

I 
ABRT 1 

I 

ISOC'-__ -,;~· ..J 

e-- tpd(W-AE) -tI I (~ ________________ __ 

I 
tsu(EN) ~ ~. ~h(EN) 

(1~~~rE~ %VZ2?/ azzzzzzz;: ~\\\\\>.~~~~~ 
ISOC Disagrees With the SN74ACT53861 

Internal Start-of-Celllndication 

Figure 9. Setting ALER When ISOC Is Misaligned 

WRTCLK I '-----1 ''-----1 
tsu(EN) I. -I. .I th(EN) I 

ABRT ---.:~~~~~ "(~~~~~s~s~s~s~s~s~s\ I }"'7"Z""Z":'Z'r'Z'r'/,rzrz,..-://.,../,.,../,...,z"""/"",,z""/""""-""';"'1 -----
i I 
i tSU(EN~ -I. ~th(EN~ 

ISOC V/ZZZZV /ZZZI//J//JZ???,2V/ZZZZ/ /ZZ///ZZ ~~ 
~ tpd(W-AE) -.! 

ALER VZZTIZ?J?Z?Z?7/ /?Z7//2{T/?ZZZZZ1 
tSU(EN)~ -I. ~ 

DO-D17'-___ ...,j>&X&XX> 
Data Written to Queue1 Memory Location 

Pointed to by Cell-Abort Marker 

C NOTES: A. DWRDY = H < B. Data written since the last confirmation in Queue2 or Queue3 are aborted in the same manner when the corresponding WRTEN 

2-16 

---Is-active. -------- ----------

Figure 10. Aborting Data In Queue1 Written Since the Last Cell Completion 
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RDCLK I ,'----.JI( ,--_ ...... { ',-~ ___ .J/ '-
I I 

CR1 I I 
I I I'll .I tpd(R.OS) • -I tpd(R.OS) 
I 1----;.---...... \ 

----------ts-U-(E-N-)-~--~-I.-~--th-(E-N-J) ----------------------

.), II~ 
MUXO ?/ZZZI/IT//4 ~ 

tsu(EN) 14-1. _ ... ~ ... I. -tit! th(EN) 

MUX1 &:.-"-\\\\\~ I ~ 
tsu(EN) I. ~1. tI th(EN) 

RDEN VlV/~ I '<><XX>OO<XXXY \\\\~~ f//// ///// 
14-- ta ~ j4-- ta -+I No Operation 

00-017 ~~~~~~~~~~~~Q9I~w~o~rdll1~o~fC~eillll!F~rO~m~0~u~e~ue~1)(::::1w~o~rdE2~o~fC~eillll!F~rO~m~0~u~e~ue~1:: 
NOTES: A. OE = H 

B. Data Is read from Queue21n the same manner when CR2 is high with MUX1 = Hand MUXO = L. Data is read from Queue3 in the 
same manner when CR3 is high with MUX1 = Hand MUXO = H. 

C. OUTSIZ bit of PORT register = 0 

Figure 11. Reading Word-Size Data From Queue1 

RDCLK I ,----"'I( '---...... 1 \ / '-
I I 

CR1 I I 
I I 
i; )tPd(R-OS) 11 .. ·---.ct .... tp_d(_R_.O_S_) ----------------

tsu(EN) 114-. -"'~0!4-r-tl~ th(EN) I 

MUXO 72VlLT!2Z72l I ~ : '0OOOOO<X>?' \\\\~ 
- tsu(EN) I. + t! th(EN) I 

MUX1 §\\\\\~~ I ~ : ~ IZZZZ2Z2Z? 
tsu(EN) I. ~r tI th(EN) I 

RDEN vzzzzr/Zld I WX$&$?$($($(W : \\ \\\\~~S\\ ;/I/ZZZZ!/ 
I.- ta --tt r ta -01 No Operation 

09-017 38~~~Q8~~~Q8~~~~(]B~~~e!2~of~c~el[IF~r~om~Q~ue~u~eI1)(::::]B~~~e1~o~f~c~el~IF~r~om~0~ue~U~er1:: 
NOTES: A. OE = H 

B. Data is read from Queue21n the same manner when CR2 is high with MUX1 = Hand MUXO = L. Data is read from Queue3 in the 
same manner when CR3 is high with MUX1 = Hand MUXO = H. 

C. OUTSIZ bit of PORT register = 1 

Figure 12. Reading Byte-Size Data From Queue1 
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RDCLK ___ { , { ''----1 '''''--_...1/ 

CR1 

I I I 
I 
I 

OSOC I 
I 

RDEN2ZJ I W$8&$88&X)?f I ~ I ~\\'\ IZIJ// 
~ ta -tI ~ ta -tI j+- ta -.J No Operation 

Byt@f* Byter *---~B-yt-e1~---* Byte2 

~~~ ~~~ F~~ 
Byte51 )I( Byte54 )I( Byte2 *---~B~yt-e-1----

oo-os 

09-017 

Last Word of Cell First Word of a Cell 

NOTES: D. CLSZ = 27 for the example 
E. OE=H 
F. Data is read from Queue2 in the same manner when CR2 is high with MUX1 = Hand MUXO = L. Data is read from Queue3 In the 

same manner when CR3 Is high with MUX1 = Hand MUXO = H. 
G. OUTSIZ bit of PORT register = 1; OUTSTF bit of PORT register = 1. 

Figure 13. Reading Byte-Size Data With Byte Destuffing 

RDCLK ____ { , 1 ' 1 
I I I 

,\-----
CR1 I I I 

I tpd(R.OS) 1-;, r 
I I· I 

OSOC 

I I I 
CR2 I I I 

---------1 I I 
I tsu(EN) I- ~it tI th(EN) I 

I \\\\\\\\\\\\\ I ~ I tZZZ27/lZZZT/ZZZ/ 
I tsu(EN) I- .~ -I th(EN) I 

I t§\§\\\\W I ~ I \\\§\~S>~ 
MUXOZZJ 

MUX1"'" 

I ~ +~th(EN} I 
RDEN22I ! ~ I ~ !~~ 

Read Oueue1 Read Oueue2 Read Oueue2 
I+- ta ~ jf- ta ~ 14--- t8 --.j 

00-017-------* * *....-----
Last Word of Cell 

From Oueue1 
First Word of a Cell 

From Oueue2 

NOTES: A. OE = H 

2-18 

B. If a read from Queue2 is disabled by CR210w or RDEN low during the cycle the output switch occurs. the previous data held in the 
Queue2 output register is output. 

C. OUTSIZ bit of PORT register = 0 

Figure 14. Example of Switching Queues on the Output 
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WRTCLK 

ISOC ____________________________________________________________ _ 

ALER 

WRTEN1 R'l2?~ \~S~~~S~S~~ ______________________________________ _ 

00-017 
Last Word Write of Only Cell In Oueue1 

ROCLK 

CR1 _________________ tP_d_(R_~_R_)~ __ __J~ I 
I 
I 
I 

tpd(R-OS) 114-. --tl~ 
oSoC _______________________________ ~I---Jj 

I 
I 

ORA 'lZZ/l/ZZ/7//Z///2ZZZZZZ27/l I \Q.MV 
I 

MUX1, ~ : (0,') 
MUXO ----------------------------~~------~I --------T-----------

14- ta --tI 14- ta -Ill ~ ta -t>! 
00-017 W1 * W'Z'-Wn-1 *""'---w-n--

NOTES: O. Outputs enabled (OE = H); word bus size 
E. When byte size output bus is used: 

- If OUTSTF bit of PORT register = 1, CR1 set low by first byte read of Wn. 
- If OUTSTF bit of PORT register = 0, CR1 set low by last byte read of Wn. 

Figure 15. CR1 Timing Example 
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WRTCLK 

WRTEN1 tI/!Z/ I \\:'\,,;l~...,;;~...,;;~...,;;\...,;;'-..J"_ _____________ ..L...-_____ _ 

I 
ISOC ______ ~I _________________ ~-------

I 
I ALER I I 

00-017 
Last Write of Cell to Fill Queue1 I 
~ tpd(W-FF) ~ tpd(W-FF) 

FF1 ------{ J 

ROCLK 

ROEN ________________________ ~t~2~27 I~~~~'~~ ___________ _ 
MUX1. W : ~0.1) 
MUXO~"---------------------------~.~~-------------------------

I 
OSOC I 

------------------------------~I~----------------------------
j4- ta--t 

QO-Q17,.------W-n-----

Last Read of Cell 

." NOTES: A Outputs enabled (OE = H): word bus size 
:D B. When byte size output bus is used: m - If OUTSTF bit of PORT register = 1, FF1 set low by first byte read of Wn. 

- If OUTSTF bit of PORT register = 0, FF1 set low by last byte read of Wn. < -m :e 

2-20 

Figure 16. FF1 Timing Example 
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WRTCLK 

I I 
WRTEN1 f/'-''/.I''"''!'/.I''"''!/Jl''"''!r'''''---'-1 ""'t"I~~~~~~S~S~:\ I 

I I 

Isoc __________ ~I-------------------------------------I~-------------I I 
I I 

ALER I I 

00-017 
Last Write of Cell to Fill Queue1 to PF1 W Cells I 

jf--+I tpd(W-PF) - ~ tpd(W-PF) 

PF1 ------{ J 

ROCLK 

ROEN ________________________ -6t~2~21 I\~~~~'~~ ______________________ __ 
MUX1, W : (0,1) 
MUXO~----------------------------~.-------------------------------

I 
OSOC ______________________________ ~I-------------------------------

I 
tt-ta~ 

QO-Q17,...-----------W-n-----------

NOTES: A. Outputs enabled (OE = H); word bus size 
B. When byte size output bus is used: 

- If OUTSTF bit of PORT register = 1, PF1 set low by first byte read of Wn. 
- If OUTSTF bit of PORT register = 0, PF1 set low by last byte read of Wn. 

Last Read of Cell to Reduce 
Queue1 to PF1_R Cells 

Figure 17. PF1 Timing Example 
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WRTCLK 

I I 
\~ ________ ~I __________________ --J/ I 

tpd(O-WR) ~ tpd(O-WR) It-t\ 
\~ ________ p_ro_g_ra_m_m_'n_g_Bu_S_A_ct_'v_'too ________ -JI-------
I 

OWROY 

R/W ~\\\\\~~~ 
I 1 

I 

RS1-RSO"""--J~ 
I 1 ~ th(R-OS) 

tSU(R-~S)I~ 
tsu(OR-OS) ~ tw(OS) '+:4 ----..1 ... " --~.I tW(OS) 

} I------{~--~}~-------------
th(P) ~ tSU(P) 

PO-P7----------------------~(:::)~I--------~c:::)~-----------------
Figure 18. Writing to the Programming Bus 

WRTCLK 

o I I tJ BREQ \~ ________ ~I ____________________ ~/ I 

C tpd(O-WR) ~ tpd(O-WR) It-t\ 
~ OWROY---------------------\~ ________ p_ro_g_ra_m_m_'n_g_BU_S_A_ct_'v_,too ________ -J1-------

1 ~th(R-OS) 

~ R/W \\\\\\\~~\$} l ~ 
m tsu(R-OS) 1.-.1 

I 

:S tsu(OR-OS) ~ tW(OS): '+4 ----..114-" --~.I tw(OS) m os .} 1-----"""\\ ____ 1--------------
~ th(P) ~ tsu(P) 

--<--PO;;;;P7-------------------------(a~1 --------~~~-----------------------.:'--------

2-22 

Figure 19. Reading Configuration Registers From the Programming Bus 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................•.. -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 rnA 
Continuous output current, 10 (VO = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ±400 rnA 
Operating free-airtemperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under ·recommended operating conditions· is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage O.S V 

IOH High-level output current -S rnA 

IOL Low-level output current 16 rnA 

TA Operating free-air temperature 0 70 °e 

s 
w 

~ 
a: 
a. 

electrical characteristics over recommended operating free-air temperature range (unless t­
otherwise noted) 0 

PARAMETER TEST CONDITIONS MIN 

VOH Vee =4.5V, IOH =-4mA 2.4 

VOL Vee = 4.5 V. IOL=SmA 

II Vee = 5.5 V. VI = Vee or 0 

IOZ Vee = 5.5 V, Vo =Vee orO 

ICC Vee = 5.5 V. VI =Vee-0.2VorO 

.6.lee§ Vee = 5.5 V. One input at 3.4 V, Other inputs at Vee or GND 

ei VI=O, f = 1 MHz 

Co VO=O, f = 1 MHz 

:I: All typical values are at Vee = 5 V, TA = 25°C. 
§ This is the supply current when each input is at one of the specified TIL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 2 through 19) 

fclock Clock frequency, WRTCLK or RDCLK 

tc Clock cycle time, WRTCLK or RDCLK 

tw(CLKH) Pulse duration, WRTCLK and RDCLK high 

tw(CLKL) Pulse duration, WRTCLK and RDCLK low 

tw(DS) Pulse duration, DS high or low 

tsu(D) Setup time, DO-D17 before WRTCLKt 

tsu(EN) 
Setup time, ISOC, ASRT, WRTEN1, WRTEN2, and WRTEN3 before WRTCLKt: RDEN, MUXO, 
and MUX1 before RDCLKt 

tsu(RS) Setup time, RST low before WRTCLKt or RDCLKt t 

tsu (RS2) Setup time, RST high before first data write 

tsu(R-DS) Setup time, R/W before DS, 

tsu(DR-DS) Setup time, DWRDY before DS, 

tsu(P) Setup time, PO-P7 before DS, 

th(D) Hold time, DO-D17 afterWRTCLKt 

th(EN) 
Hold time, ISOC, ASRT, WRTEN1, WRTEN2, and WRTEN3 after WRTCLKt: RDEN, MUXO, and 
MUX1 after RDCLKt 

th(RS) Hold time, RST low after WRTCLKt or RDCLKt t 

th(R-DS) Hold time, R/W after DS, 

th(P) Hold time, PO-P7 after OS, 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO * Skew time is not a timing constraint for proper device operation. 

MIN MAX UNIT 

50 MHz 

20 ns 

7 ns 

7 ns 

15 ns 

5 ns 

5 ns 

7 ns 

20 ns 

8 ns 

8 ns 

8 ns 

0 ns 

0 ns 

7 ns 

1 ns 

1 ns 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF 

fclock ___ 

ta 

tpd(R-CR) 

tpd(R-OS) 

tpd(W-AE) 

tpd(W-PF) 

tpd(W-FF) 

tpd(W-WR) 

tpd(D5-P) 

ten(Q) 

tdis(Q) 

ten(P) 

tdis(P) 

2-24 

PARAMETER 

Clock frequer:'CY, WRTCL~_or RDCLK 
--

Access time, RDCLKt to QO-Q17 

Propagation delay time, RDCLKt to CR1, CR2, or CR3 

Propagation delay time, RDCLKt to OSOC 

Propagation delay time, WRTCLKt to ALER 

Propagation delay time, WRTCLKt to PF1, PF2, or PF3 

Propagation delay time, WRTCLKt to FF1, FF2, or FF3 

Propagation delay time, WRTCLKt to DWRDY 

Propagation delay time, DSt to PO-P7 

Enable time, OE to QO-Q17 active 

Disable time, OE to QO-Q17 at high impedance 

Enable time, POE and R/W to PO-P7 active 

Disable time, POE and R/W to PO-P7 at high impedance 
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MIN MAX UNIT 

50 MHz 
----

11 ns 

10 ns 

10 ns 

10 ns 

10 ns 

10 ns 

10 ns 

20 ns 

1 ns 

9 ns 

1 ns 

9 ns 
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PARAMETER MEASUREMENT INFORMATION 

Input J \1.~----- 3V 
I ov 

From Output 

underTost~ 

Rl=500C 1 T Cl=50pF 

Output 

I 
~tpd~ 

/

1 

------
~tpd~ 

{-;5~ 3V 
~ov - -

lOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 9. Standard CMOS Outputs 

Inp~ ~1.5V \ "5~---:: 
tpZl. -.: i'PLZ ~ i<I-S1 

R1 

From Output Test 
_--...;I~ I I I .. 3.5 V 

Output : \ 1.5V : p Under Test Point 

lOAD CIRCUIT 

. -'2[- VOL 
I tpHZ -t>I 1+ L 0.3 V 

tpZH -.I 14- I ~ __ 

~
VOH 

Output 1.5 V - {' ;'3; 
.. OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 clt S1 

ten 
I tpZH 

5000 50pF 
Open 

tpZL Closed 

lctis 
I tpHZ 

5000 50pF 
Open 

tpLZ Closed 

!Pd 500 a 50pF Open 

t Includes probe and test fIXture capacitance 

Figure 10. 3·State Outputs 
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Features 
3.3-V LOW-POWERED 18-81T FIFOS 

Benefits 

• Designed for 3.3-V operations 

• Drop in replaceable for the following: 

Clocked 5 V SN74ACT7803 
SN74ACT7805 
SN74ACT7813 

Strobed 5 V SN74ACT7804 
SN74ACT7806 
SN74ACT7814 

• Member of Texas Instruments Widebus TN 

family 

• 0.8-~m CMOS process 

• TI's advanced clocked interface 

• Clock frequencies as high as 50 MHz 

• Ensures maximum clock speed, access 
times and low p_ower operations 

• Allows easy scalability from 5 V to 3.3 V 

Clocked 3.3 V SN74ALVC7803 
SN74ALVC7805 
SN74ALVC7813 

Strobed 3.3 V SN74ALVC7804 
SN74ALVC7806 
SN74ALVC7814 

• Combined wider data path capability with 
reduced board space area 

• Fast access times combined with low 
power 

• Supports free-running clocks with enables 

• Supports high-performance systems 

~ • Fast access time • Access times as low as 13 ns for m improved performance 

;::; • High drive capabilities • -8 mA/16 rnA drive capability for high 
." fanout and bus applications -." • Depth from 64 to 2K words • Multiple depths to optimize system o applications 

_ tn 
---- ------------·-tatched-input-and·outputregisters---------·--Allows for fast-access-times-as-well-as--

• Grey-code flag architecture 

• First-word fall-through 

• Programmable AF/AE flag 

• Multistage flag synchronization 

• Output edge control (OECTM) circuitry 

• Distributed Vee and GND 

• JEDEC standard 56-pin SSOP package 

3-2 

setup and hold times as reduced setup 
and hold times 

• Eliminates race conditions 

• Eases system interface requirements 

• Increases design flexibility 

• Increases reliability by increasing (MTBF) 
mean time between failures 

• Improved reliability 

• Improved noise immunity and mutual 
coupling effects 

o 18-bit product in equal or less space than 
9-bit FIFO options 



SN74ALVC7803, SN74ALVC7805, SN74ALVC7813 
512 x 18,256 x 18,64 x 18 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 

o Operates at 3-V to 3.6-V Vee 
o Free-Running Read and Write Cloci<s Can 

Be Asynchronous or Colncldcnt 
o Read and Wrltc Operatlono Synchronized to 

Independent System Clocl<s 
o Low-Power Advanced CMOS Technology 
o Half-Full Flag and Programmable 

Almost-Full/Almost-Empty Flag 
o Bidirectional Configuration and Width 

Expansion Without Additional Logic 

o Input-Ready Flag Synchronized to Write 
Cloci< 

o Output-Ready Flag Synchronized to Read 
Clocl< 

o Fast Access Times of 13 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

o Data Rates From 0 to 50 MHz 
o Pin Compatible With SN74ACT7803, 

SN74ACT7805 and SN74ACT7813 
o Pacl<aged In Shrlnl< Small-Outline 300-mil 

Pacl<age (DL) Using 25-mil Center-to-Center 
Lead Spacing 

description 

The SN74ALVC7803, SN74ALVC7805 and 
SN74ALVC7813 are FIFOs suited for buffering 
asynchronous data paths at 50-MHz clock rates 
and 13-ns access times and is designed for 3-Vto 
3.6-V VCC operation. The 56-pin shrink small­
outline (DL) package offers greatly reduced board 
space over PIP, PLCC, and conventional SOIC 
packages. Two devices can be configured for 
bidirectional data buffering without additional 
logic. 

017 
016 
015 
014 
013 
012 
011 
010 

Vee 
09 
os 

GND 
07 
06 
05 
04 
03 
02 
01 
DO 
HF 

PEN 
AF/AE 

WRTCLK 
WRTEN2 
WRTEN1 

IR 

DLPACKAGE 
(TOP VIEW) 

[1 U 56 0 
2 55 
3 54 
4 53 
5 52 

[ 6 51 
7 50 
8 49 
9 48 
10 47 
11 46 
12 45 
13 44 
14 43 J 
15 42 J 
16 41 j 
17 40 ] 
18 39 j 
19 38 

[ 20 37 
21 36 
22 35 
23 34 
24 33 
25 32 J 
26 31 J 
27 30 ] 
28 29 ~ 
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OE1 
017 
016 
015 
GNO 
014 

Vee 
013 
012 
011 
010 
09 
GNO 
OS 
07 
06 
05 
Vee 
04 
03 
02 
GNO 
01 
00 
ROCLK 
ROEN 
OE2 
OR 

The write clock (WRTCLI<) and read clock (RDCLI<) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN1 is high, WRTEN2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1, and OE2 are low and 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1, and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 

The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 
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logic symbolt 

RESET 

WRTCU< 

WRTEN1 

WRTEN2 

ROCLK 

OE1 

OE2 

ROEN 

PEN 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 
" 

25 

Z1 

26 "-
32 

56 
" 30 

- " 
~ 

" 31 
" 23 
" 

21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

ell 
FIFO 512 )( 18 or 

RESET 256)( 18 or 
64)(18 

WRTCLK 

:JWRTEN InROY 

Half-Full 
ROCLK 

~EN1 
Almost-Full/Empty 

Out ROY 

'& 
ROEN 

-
Program Enable , r 
0 0 

~ ~1'V 

----------- -----

17 17 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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28 

22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

-----------48-

49 

51 

53 

54 

55 

IR 

HF 

AF/AE 

OR 

co 
01 

Q2 

03 

04 

05 

Q6 

07 

08 

Q9 

010 

011 

012 

013 

014 

015 

016 

017 



functional block diagram 

00-017 

ROCLK 

WRTCLK 
WRTEN1 
WRTEN2 

-.- Output 

- ~ Control 

'--

Synchronous-

- Read 
Control 

- ~ ~ Synchronous-
-f- Write ~ 
-f- Control 

- I-
'--- Reset 

- Logic 

.. 

.. 

.. 
r 

-

~ 
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I I Read I 
Pointer I 

I 

I I I Write I 
Pointer I 

J 
./ 

Status-
Flag 

r Logic 
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d 
RAM 

512 x 18 ('7803), 
256 x 18 ('7805), 
64 x 18 ('7813) 

J 
Register 00-017 

OR 

IR 

HF 

AF/AE 
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TERMINAL 

NAME NO. 

AF/AE 24 

DO-D17 
21-14.12-11. 

9-2 

HF 22 

IR 28 

OE1.0E2 56.30 

OR 29 

PEN 23 

33-34. 36-38. 
00-017 40-43.45-49. 

51.53-55 

RDCLK 32 

RDEN :;'1 

RESET 1 

_ vvFJ[CJ-JS 25 

WRTEN1. 
27.26 

WRTEN2 

3-6 

I/O 

0 

I 

0 

0 

I 

0 

I 

0 

I 

I 

I 

I 
--"---

I 

Terminal Functions 

DESCRIPTION 

A1most-fuIValmost-empty flag. Depth offset values can be programmed for this flag. or the default 
value of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE 
is high when memory contains X or less words or (512 minus Y) or more words. AF/AE is high 
after reset. 

18-bit data input port 

Haif-full flag. HF Is high when the FIFO memory contains 256 or more words. HF is low after reset. 

Input ready flag. IR is synchronized to the low-to-high transition of WRTCLK When IR is low. the 
FiFO is full and writes are disabled.IR is low during reset and goes high on the second low-to-high 
transition of WRTCLK after reset. 

Output enables. When OE1. OE2. and RDEN are low and OR is high. data is read from the FiFO 
on a low-to-high transition of RDCLK When either OEl or OE2 Is high. reads are disabled and 
the data outputs are in the high-impedance state. 

Output ready flag. OR Is synchronized to the low-to-high transition of RDCLK When OR Is low. 
the FIFO Is empty and reads are disabied. Ready data Is present on 00-017 when OR is high. 
OR is low during reset and goes high on the third low-to-high transition of RDCLK after the first 
word is loaded to empty memory. 

Program enable. After reset and before the first word is written to the FiFO. the binary value on 
DO-D7 Is latched as an AF/AE offset value when PEN is iow and WRTCLK is high. 

18-bit data output port. After the first valid write to empty memory. the first word is output on 
00-017 on the third rising edge of RDCLK OR is also asserted high at this time to Indicate ready 
data. When OR is low. the last word read from the FIFO is present on 00-017. 

Read clock. RDCLK is a continuous ciock and can be asynchronous or coincident to WRTCLK. 
A low-to-high transition of RDCLK reads data from memory when OE1. OE2. and RDEN are low 
and OR Is high. OR is synchronous to the low-to-high transition or RDCLK. 

Read enabie. When RDEN. OE1. and OE2 are low and OR is high. data is read from the FiFO 
on the low-to-high transition of RDCLK 

Reset. To reset the FiFO. four low-to-high transitions of RDCLK and four low-to-high transitions 
of WRTCLK must occur while RESET is low. This sets HF. IR. and OR low and AF/AE high. 

Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK 
A low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low. WRTENl is 
high-;8nd iR ishigh-:-IR is--syilchronoustotheiow-to~high transition ofWRTCLK.--------

Write enabies. When WRTEN1is high. WRTEN2 is low. and IR is high. data is written to the FIFO 
on a low-to-high transition of WRTCLK. 
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WRTCLK 

~nn1~ WRTEN1 ~~~~c;re 

WRTEN2~b~;.;~d~ I 

~hhh~ DO-D17 Don't Care 
'////// 

00-017 Invalid 

. I~il 
///////7;; prj OR ~Don~tCare 

"L'LL I 

AF/AE Don't Caro I 
'/////-- I 

________ ~I I 

HF ~Yd6';'(C~(;;?/I I 
;/LLLL<~ , 

Define the AF/AE Flag Using 
the Default Value of X = Y = 64 

Figure 1. Reset Cycle 
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o 

I I 1 

~~~~O WRTCLK 

I I I 
I I I WRTEN1 
I I I 

WRTEN2~. _______________________ -+I ______ ~I ______ -r ______ ~1 ___ 
I I 

DO-017 %01 WI @ W2 £I/J w. VA w, W43 w~.~ ~ A W)yI v)~ ~ 1/ 
I I I 

RDCLK ~~~~ 
I I 

OE1 ________________ ~:--------~I------__ ------__ ------~ ___ 
I 
I 

RDEN' 

OE2 

00-017 _______ I_nv_81_ld ______ ~><~------~------W_~_1----__ ~ __ ----~--

OR 

AF/AE 

I 1 

I : I 
I 1 
I I 

I , I 

1 
o 

o 

o 
1 
o 

HF 

1 I 
---------------------------------1-------------- ------ -----------------1---------.. ----------

1 I 

IR 

I 
I L 

DATA WORD NUMBER FOR FLAG TRANSITIONS 

TRANSITION WORD 
DEVICE 

AI B 

SN74ALVC7813 W33 W(65-Y) 

SN74ALVC7805 W129 W(257-Y) 

SN74ALVC7803 W257 W((513-Y) 

Figure 2. FIFO Write 
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I I 
WRTEN1 ---n l 

I I 
I I 

WRTEN2 I I 

I I 

DO-D17J~t3 
I I 

RDCLI< I ~I ~~~~ 
I I I I I 
I I I I I 

OE1~~ ____ ~1 ------~I------~------~I--------+I------------~I----
I I I I I 

--\0----, I I I I 
RDEN ~I~,------~l~----~------~'--------~'------------~'----I I I I I 

I I I I I 
- I I I 
OE2 I I I 

--~--~i~----~i------+-----~I~------+I----------~----

I: I I I 
QO-Q17 ---,r--W_1 ___ >GX.....,.._W3--.i~"r---( w~.~ ~~~-~: ,--

I : I 
OR I 

I 
I 
I 

AF/AE I 
I 
I 

HF I 
I 
I 

IR -,~ _____ __ 

DATA WORD NUMBERS FOR FLAG TRANSITILJNS 

DEVICE 
A 

SN74ALVC7813 W33 

SN74ALVC7805 W129 

SN74ALVC7803 W257 

TRANSITION WORD 

B C D 

W34 W(64-X) W(65-X) 

W130 W(256-X) W(257-X) 

W258 W(512-X) W(513-X) 

Figure 3. FIFO Read 
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64 65 

W256 W257 

W512 W513 
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offset values for AF/AE 

The almost-full/almost-empty (AF/AE) flag has two programmable limits: the almost-empty offset value (X) and 
the almost-full offset value M. They can be programmed after the FIFO is reset and before the first word is 
written to memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE 
flag is high when the FIFO contains X or less words or (512 minus Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high. On the following low-to-high transition of WRTCLK, the binary value on 00-07 is stored as the almost 
empty offset value (X) and the almost full offset value (Y). Holding PEN low for another low-to-high transition 
of WRTCLK reprograms Y to the binary value on 00-07 at the time of the second WRTCLK low-to-high 
transition. When the offsets are being programmed, writes to the FIFO memory are disabled regardless of the 
state of the write enables (WRTEN1, WRTEN2). A maximum value of 255 can be programmed for either X or 
Y (see Figure 4)., To use the default values of X = Y = 64, PEN must be held high. 

RESET 

WRTCLK 

PEN 

00-07 

IR 

WRTEN1 

WRTEN2 

--------------Figure 4. Programming X ancfVSeparately----------------- ---- ------------

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -0.5 V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................ -0.5 V to 4.6 V 
Output voltage range, Va (see Notes 1 and 2) ................................. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0) ......................................................... -50 rnA 
Output clamp current, 10K (Va < 0 or Va> Vee) .......................................... ±50 rnA 
Continuous output current, 10 (Va = 0 to Vee) .......................................... ±50 rnA 
Continuous current through Vee or GNO ................................................ ± 1 00 rnA 
Voltage applied to a disabled 3-state output .................................................. 3.6 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage ratings can be exceeded if the input and output clamp current ratings are observed. 
2. This value is limited to 4.6 V maximum. 
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recommended operating conditions 

'ALVC7B03-20 ' ALVC7803-25 
'ALVC7B05-20 'ALVC7805-25 
'ALVC7813-20 'ALVC7813-25 

VCC=3.3V ± 0.3 V VCC = 3.3V ± 0.3 V 

MIN MAX MIN MAX 

VIH High-level input voltage 2 2 

VII Low-level input voltage 0.8 0.8 

IOH 
High-level output current, 

VCC =3V -8 -8 a outputs. Flags 

IOL 
Low-level output current. 

VCC = 3V 16 16 a outputs. Flags 

fclock Clock frequency 50 40 

00-017 high or low 9 10 

WRTCLK high or 
7 8 

low 

ROCLK high or low 7 8 

tw Pulse duration PEN low 9 9 

WRTENl high. 
8 8 

WRTEN210w 

OE1.0E21ow 9 9 

ROENlow 8 8 

00-017 before 
5 5 

WRTCLKt 

WRTEN1. WRTEN2 
5 5 

before WRTCLKt 

OE1. OE2 before 
5 6 

ROCLKt 

tsu Setup time ROEN before 
5 5 

ROCLKt 

Reset: RESET low 
before first 

6 6 
WRTCLKt and 
ROCLKtt 

PEN before 
6 6 

WRTCLKt 

00-017 after 
0 0 

WRTCLKt 

WRTEN1, WRTEN2 
0 0 

after WRTCLKt 

OE1. OE2. ROEN 
0 0 

after ROCLKt 
th Hold time 

Reset: RESET low 
after fourth 

2 2 
WRTCLKt and 
ROCLKtt 

PEN low after 
2 2 

WRTCLKt 

TA Operating free-air temperature 0 70 0 70 
.. 

t To permit the clock pulse to be utilized for reset purposes 
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' ALVC7803-40 
'ALVC7805-40 
'ALVC7813-40 UNIT 

VCC=3.3V ± 0.3 V 

MIN MAX 

2 V 

0.8 V 

-8 

rnA 

16 

25 MHz 

14 

12 

12 

12 ns 

12 

12 

12 

5 

5 

6 

5 ns 

6 

6 

0 

0 

0 
ns 

2 

2 

0 70 °c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYp1= 

VIK VCC = 3V, IIK=-18mA 

VOH Flags, Q outputs 
VCC = MIN to MAX, IOH = -100 I!A VCC-0.2 

VCC = 3 V, 10H =-8 rnA 2.4 

Flags, Q outputs VCC = MIN to MAX, IOL = 100 I!A 
VOL Flags VCC =3V, 10L= 8 rnA 

Q outputs VCC =3V, 10L= 16 rnA 

II VCC = 3.6 V, VI =VCC or GND 

10Z VCC =3.6V, Vo =VCC or GND 

ICC VI =Vcc orO 

t\ICC§ 
VCC = 3.6 V, Other inputs at VCC or GND, 
One input at VCC - 0.6 V 

Cj VCC= 3.3 V, VI = VCC or GND 2.5 

Co VCC = 3.3 V, Vo = VCC or GND 3.5 
.. t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . * All typical values are at VCC = 3.3 V, TA = 25°C. 

§ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or VCC. 

MAX UNIT 

-1.2 V 

V 

0.2 

0.4 V 

0.55 

%5 I!A 
%10 IJA 

40 I!A 

500 IJA 

pF 

pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 7) 

'ALVC7803·20 'ALVC7803-25 ' ALVC7803-40 
'ALVC7805·20 ' ALVC7805·25 'ALVC7805-40 

PARAMETER 
FROM TO 'ALVC7813·20 ' ALVC7813·25 ' ALVC7813-40 

(OUTPUT) (INPUT) VCC = 3.3 V ± 0.3 V VCC=3.3V ± 0.3V VCC = 3.3 V ± 0.3 V 

MIN MAX MIN MAX MIN MAX 

fmax 
WRTCLKor 

50 40 25 
RDCLK 

tpd 4 13 4 15 4 20 

tpd~ 
RDCLKt AnyQ 

tpd WRTCLKt IR 3 11 3 13 3 15 
--- --- --

tpd RDCLKt OR 3 11 

tpd WRTCLKt AF/AE 7 19 

tpd RDCLKt AF/AE 7 19 

tpLH WRTCLKt 7 17 
HF 

tpHL RDCLKt 7 18 

tpLH AF/AE 2 11 
RESET low 

tpHL _HF 2 12 

ten 
OE1, OE2 

2 11 
AnyQ 

tdis 2 11 

~ This parameter is measured with a 50-pF load (see Figure 7). 

operating characteristics, Vee = 3.3 V, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitance Outputs enabled 

~TEXAS 
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3 13 ~ ----3 ---- ~ 15 --~~ 

7 21 7 23 

7 21 7 23 

7 19 7 21 

7 20 7 22 

2 13 2 15 

2 14 2 16 

2 11 2 11 

2 14 2 14 

TEST CONDITIONS 

CL = 50 pF, f= 5 MHz 

3-12 POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

UNIT 

MHz 

ns 

ns 
---- ns ~----

ns 

ns 

ns 

ns 

ns 



CLOCK A 

W/RA 

CSA 

AO-A17 

WRTCLK 

WRTEN1 

WRTEN2 

00-035 

IR 

,18 , 

~ 

,36 , 

-0= t-r--

~ 
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APPLICATION INFORMATION 

SN74ALVC78xx 
WRTCLK ROCLK 

WRTEN1 OE1 

WRTEN2 ROEN -
OE2 U 

00-017 00-017 

SN74ALVC78xx --- > ROCLK WRTCLK 

- OE1 WRTEN1 - ROEN 
L WRTEN2 

OE2 

00-017 00-017 

Figure 5. Bidirectional Configuration 

SN74ALVC78xx 
WRTCLK ROCLK 

WRTEN1 ROEN -
WRTEN2 OEI 

IR OR 

OE2 

00-017 00-017 

SN74ALVC78xx 
L.....-. >WRTCLK ROCLK 

L.....-.-- WRTEN1 ROEN 

WRTEN2 OE1 

IR OR i-i--

OE2 i-

00-017 00-017 

, 

_~18 , 

O-

,36 , 

CLOCKB 

W/RB 

CSB 

BO-B17 

ROCLK 

OE1 

0E2 

OR 

00-035 

Figure 6. Word·Wldth Expansion: 512 x 36 Bit, 256 x 36 Bit, and 64 x 36 Bit 
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APPLICATION INFORMATION 

calculating power dissipation 

The maximum power dissipation based on all data outputs changing states on each read can be calculated 
using: 

Pt = VCC x [ICCF + (N x A ICC x de)] + I (Ct. x VCC2 x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

Pt = VCC x [ICC + (N x A ICC x de)] + I (Cpd x VCC2 x fi) + I (eL x VCC2 x fa) 

where: 

ICC = power-down Icc maximum 
N = number of inputs driven by a TTL device 
A ICC = Increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL = output capacitive load 
fj = data input frequency 
fo = data output frequency 

_________ ;E ____________________________________________________________________________________________ , __ 
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PARAMETER MEASUREMENT INFORMATION 

o 6V 

S1 o Open 5000 
From Output --o---(lf---"J\I\J-----J 

Under Test 

CL= SO pF 
( ••• Not.A) I SOOO 

LOAD CIRCUIT FOR OUTPUTS 

I4- tw-t>l 
I I 

11~~~ _____ .....,,¥\.,1_.S_V ___ _ 

3V 
tnp~ 3 }(~,-.S-V--

3V 

OV 
OV 

~ ~~ ~ I tsu th I 

Data ----,."V1 ~1.-S-V---""'~ 3V 
Input 7\ 1.S V 

- OV 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

(seoN~~:~ ~ 1.SV \. 1.SV --- 3V 

I I I OV 

tpLH /4 ~ 14 J tpHL 
I I 
I ~-----~n VOH 

Output !1.SV 1.SV 
____ J, VOL 

VOLTAGE WAVEFORMS 
PROPAGA110N DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

Oow-Ievel 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(seo Noto C) 

Output 
Waveform 2 

S1 at GND 
(see Note C) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3V 

1.SV 

---...I'~"":'--- OV 
tpZL --.1 14- I 

1 1 tpLZ~ 14-
IV ___ L:~ 3V 

: "\ 1.5V : f ~,::,=,V VOL 

1 tpHZ -.I let-
tpZH -+I /<I- I 

I --- VOH 
!1.SV -\ VOH-0.3V 

---~-~ -- -- ~ OV 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 

B. All input pulses are supplied by generators having the following characteristics: PRR s; 10 MHz, Zo = 50 0, tr s; 2.5 ns, tf s; 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

3-STATE OUTPUTS (ANY Q) 

PARAMETER R1, R2 cLt S1 

tPZH GND 
ten 5000 50pF 

tpZL 6V 

tpHZ GND 
lc!is 5000 50pF 

tpLZ 6V 

tpd tpLH/tPHL 5000 50pF Open 

t Includes probe and test-fixture capacitance 

Figure 7. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 
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SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18,256 x 18, 64 x 18 

FIRST·IN, FIRST·OUT MEMORIES 

• Operates at 3-V to 3.6-V Vee 

• load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

• low-Power Advanced CMOS Technology 

• Full. Empty. and Half-Full Flags 

o Programmable Almost-FuIVAlmost-Empty 
Flag 

o Fast Access Times of 18 ns With a 50-pF 
load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 40 MHz 

• 3-State Outputs 

• Pin Compatible With SN74ACT7804. 
SN74ACT7806 and SN74ACT7814 

• Packaged In Shrink Smail-Outline 300-mll 
Package (Dl) Using 25-mll Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ALVC7804. 
SN74ALVC7806. SN74ALVC7814 are 18-bit 
FIFOs with high speed and fast access times. 
Data is processed at rates up to 40 MHz with 
access times of 18 ns in a bit-parallel format. 
These memories are designed for 3-V to 3.6-V 
VCC operation. 

Data is written into memory on a low-to-high 
transition of the load clock (LOCK) and is read out 
on a low-to-high transition of the unload clock 

DLPACKAGE 
(TOP VIEW) 

1 U 56 RESET OE 
2 55 017 017 
3 54 016 016 
4 53 015 015 
5 52 014 GNO 
6 51 013 014 
7 50 012 Vee 
8 49 011 013 
9 48 010 012 
10 47 Vce 011 
11 46 09 010 
12 45 08 09 
13 44 GNO GNO 

07 
06 
05 
04 
03 
02 
01 
DO 
HF 

PEN 
AF/AE 
LOCK 

NC 
NC 

14 

~ 15 
[ 16 
[ 17 
[ 18 

19 
20 
21 

22 
23 
24 
25 
26 

[ 27 
[ 28 

43 
42 
41 
40 
39 

38 
37 
36 
35 

34 J 
33 J 
32 ] 

31 g 
30 g 
29 n 

08 
07 
06 
05 
Vee 
04 
03 
02 
GNO 
01 
00 
UNCK 
NC 
NC 

SCAS437-JUNE 1994 

(UNCK). The memory is full when the number of words clocked in exceeds the number of words clocked out 
by 512. When the memory is full. LOCK has no effect on the data residing in memory. When the memory is empty. 
UNCK has no effect. 

Status of the FIFO memory is monitored by the full (FULL). empty (EMPTY). half-full (HF). and almost­
fulValmost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the memory 
is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF output 
is high whenever the FIFO contains 256 or more words and is low when it contains 255 or less words. The AF /AE 
status flag is a programmable flag. The first one or two low-to-high transitions of LOCK after reset are used to 
program the almost-empty offset value (X) and the almost-full offset value M if program enable (PEN) is low. 
The AF/AE flag is high when the FIFO contains X or less words or (512 minus Y) or more words. The AF/AE 
flag is low when the FIFO contains between (X plus 1) and (511 minus Y) words. 

A low level on the reset (RESET) resets the internal stack pointers and sets FULL high. AF/AE high. HF low. 
and EMPTY low. The a outputs are not reset to any specific logic level. The FIFO must be reset upon power 
up. The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
The data outputs are in the high-impedance state when the output-enable (OE) is high. 

PRODUCT PREVIEW lrIonnatlon _rna producta In the formative 01 
dHlgn pha.. 01 d.v.lopm.nt. Charact.rlstlc dall and other 
.peclflcltlon. I ... d •• lgn goa .. T.n. Instrum.nII ..... rvet the rtght 10 
chang. 01 dlacontlnut th ... producta wlthout notice. ~TEXAS 
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SN74ALVC7804,SN74ALVC7806,SN74ALVC78i4 
512 x 18,256 x 18,64 x 18 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 

logic symbolt 

cJ> 
FIFO 512 x 18 or 

256 x 18 or 

1 "-
64 x 18 

RESET RESET 

LOCK 
25 

LOCK Full '" 

UNCK 

OE 

PEN 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

32 

56 "-
23 J"-., 

21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

--2- .----- ----

UNCK 
Half-Full 

Almost FulVEmpty 
EN1 

Empty!'..... 
Program Enable , r 
0 0 

~ ~1~ 

----- --- --------------~-.------ -- -----

17 17 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12 • 
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28 

22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

48 

49 

51 

53 

54 

--55-

FULL 

HF 

AF/AE 

EMPTY 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 
---- --------- -~--------------~----~--

017 



functional block diagram 

OE 

00-017 

UNCK 
Read 

Pointer 

1 

T 

LOCK 
Write 

Pointer 

Reset 
Logic 

TERMINAL 

NAME NO. 
VO 

AF/AE 24 0 

00-017 
21-14,12-11, 

I 
9-2 

EMPTY 29 0 

FULL 28 0 

HF 22 0 

LOCK 25 I 

OE 56 I 

PEN 23 I 

33-34, 36-38, 
QO-Q17 40-43, 45-49, 0 

51,53-55 

RESET 1 I 

UNCK 32 I 

SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18,256 x 18, 64· x 18 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS437 - JUNE 1994 

J 
RAM 

r .. 
512 x 18 ('7804) 
256 x 18 ('7806) 

--" 64 x 18 (,7814) 

~ 
r 

f-

I 

t Status-
I Flag 

Logic 

Terminal Functions 

DESCRIPTION 

.1' 
] 00-017 

EMPTY 

FULL 

HF 

AF/AE 

Almost fulValmost empty flag. Depth offset values can be programmed for this flag, or the default 
value of 64 can be used for both the almost empty offset (X) and the almost full offset M. AF/AE 
is high when memory contains X or less words or (512 - Y) or more words. AF/AE is high after 
reset. 

18-bit data Input port 

Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low. 

Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 

Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 

Load clock. Data is written to the FIFO on the rising edge of LOCK when FULL is high. 

Output enable. When OE is high, the data outputs are in the high-impedance state. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 
00-07 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

18-bit data output port 

Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and 
EMPTY low. 

Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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SN74ALVC7804,SN74ALVC7806,SN74ALVC7814 
512 x 18,256 x 18,64 x 18 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 
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DEVICE 
A 

SN74ALVC7814 W32 

SN74ALVC7806 W128 

SN74ALVC7804 W256 

offset values for AF/AE 

SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18,256 x 18,64 x 18 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 

DATA WORD NUMBERS FOR FLAG TRANSITIONS 

TRANSITION WORD 

B C D E F G H I 

W(64-Y) W64 W33 W34 W(64-X) W(65-X) W64 W64 

W(256-y) W256 W129 W130 W(256-X) W(257-X) W255 W256 

W(512-Y) W512 W257 W258 W(512-X) W(513-X) W511 W512 

The aimost-full/aimost-empty (AF/AE) flag has two programmable limits: the almost-empty offset value (X) and 
the almost-full offset value M. They can be programmed after the FIFO is reset and before the first word is 
written to memory. The AF/AE flag is high when the FIFO contains X or less words or (512 minus Y) or more 
words. 

To program the offset values, PEN can be brought low after reset. On the following low-to-high transition of 
LDCK, the binary value on DO-D7 is stored as the almost empty offset value (X) and the almost full offset value 
M. Holding PEN low for another low-to-high transition of LDCK will reprogram Y to the binary value on DO-D7 
at the time ofthe second LDCK low-to-high transition. Writes to the FIFO memory are disabled while the offsets 
are programmed. A maximum value of 255 can be programmed for either X or Y (see Figure 2). To use the 
default values of X = Y = 64, PEN must be held high. 

LOCK 

EMPTY % \ \\ \\ 

X'---_y --..JX ____ _ 

Figure 2. Programming X and Y Separately 
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SN74ALVC7804,SN74ALVC7806,SN74ALVC7814 
512 x 18, 256 x 18, 64 x 18 ' 
FIRST-IN, FIRST·OUT MEMORIES 
SCAS437 - JUNE 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ........................................................ -o.S V to 4.6 V 
Input voltage range, VI (see Note 1) ................................................ ~.S V to 4.6 V 
Output voltage range, Vb (see Notes 1 and 2) ........................... ;..... ~.S V to Vee + O.S V 
Input clamp current, 11K (VI < 0) .......................................................... -SO rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±SO rnA 
Continuous output current, 10 (VO = 0 to Vee) ............................................ ±50 rnA 
Continuous current through Vee or GND ................................................ ±100 rnA 
Voltage applied to a disabled 3-state output .................................................. 3.6 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -6SoC to 1S0°C 

t Stresses beyond those listed under 'absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating cond~ions' is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTES: 1. The input and output voltage ratings can be exceeded if the input and output clamp current ratings are observed. 
2. This value is limited to 4.6 V maximum. 

recommended operating conditions 

VIH High-level input voltage 

VIL LOW-level input voltage 

VI 

Vo 

IOH 
High-level output current, 
Q outputs, Flags 

IOL 
Low-level output current, 
Q outputs, Flags 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time 

th Hold time 

TA Operating free-air temperature 

3-22 

• ALVC7804-25 
, ALVC7806-25 
'ALVC7814-25 

VCC = 3.3 V ± 0.3 V 

Vee = 3V 

Vee =3V 

00-017 high or low 

LOCK high or low 

UNCK high or low 

PEN low 

RESET low 

00-017 before LOCKt 

LOCK inactive before RESET high 

PEN before LOCKt 

00-017 after LOCKt 

PEN high after LOCK low 

PEN low after LOCKt 

LOCK inactive after RESET high 

~TEXAS 
INSTRUMENTS 

MIN 

2 

0 

0 

8 

8 

8 

8 

10 

5 

6 

5 

0 

0 

3 

6 

0 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

MAX 

0.8 

Vce 

Vee 

-8 

16 

40 

70 

'ALVC7804-40 
'ALVC7806-40 
'ALVC7814-40 

VCC=3.3V ± 0.3 V 

MIN MAX 

2 

0.8 

0 Vee 

0 Vce 

-8 

16 

25 

12 

12 

12 

12 

12 

5 

6 

5 

0 

0 

3 

6 

0 70 

UNIT 

V 

V 

V 

V 

rnA 

rnA 

MHz 
-~ 

ns 

ns 

ns 

°C 



SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18, 256 x 18,64 x 18 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) . 

PARAMETER TEST CONDITIONSt MIN 

VOH Flags, Q outputs 
VCC = MIN to MAX, 10H = -100 !.tA VCC-0.2 

VCC=3V, 10H =-8 rnA 2.4 

Flags, Q outputs VCC = MIN to MAX, 10L = 100!.tA 

VOL Flags VCC=3V, 10L= 8 rnA 

Q outputs VCC = 3V, 10L= 16mA 

II VCC = 3.6 V, VI =VCC or GND 

102 VCC = 3.6 V, Vo =VCC or GND 

ICC VCC =3.6V, VI = VCC or GND and 10 = 0 

~ICC§ VCC = 3.6 V, One input at VCC-0.6 V, 
Other inputs at VCC or GND 

CI VCC = 3.3 V, VI = VCC or GND 

Co VCC = 3.3 V, Vo = VCC or GND 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
* All typical values are at VCC = 3.3 V, TA = 25°C. 
§ This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or vcc 

TYP* MAX UNIT 

V 

0.2 

0.4 V 

0.55 

:5 !.tA 

:10 !.tA 

40 !.tA 

500 !.tA 

2.5 pF 

3.5 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 4) 

, ALVC7804-25 ' ALVC7804-40 
'ALVC7806-25 ' ALVC7806-40 

PARAMETER 
FROM TO 'ALVC7814-25 'ALVC7814-40 

(INPUT) (OUTPUT) VCC = 3.3 V ± 0.3 V VCC=3.3V ± 0.3V 

fmax LDCKor UNCK 

tpd LDCKt 

tpd UNCKt AnyQ 

tpd'll UNCKt 

tPLH LDCKt 

tpHL UNCKt EMPTY 

tpHL RESET low 

tpHL LDCKt 

tpLH UNCKt FULL 

tpLH RESET low 

tpd LDCKt 

tpd UNCKt AF/AE 

tpLH RESET low 

tpLH LDCKt 

tpHL UNCKt HF 

tPHL RESET low 

ten 
OE AnyQ 

tdis 

'II This parameter tested with a 50-pF load (see Figure 4). 

operating characteristics, Vee = 3.3 V, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitance per FIFO channel Outputs enabled 

~TEXAS 
INSTRUMENTS 

MIN MAX MIN 

40 25 

9 22 9 

6 18 6 

6 17 6 

6 17 6 

4 18 4 

6 17 6 

6 17 6 

4 20 4 

7 20 7 

7 20 7 

2 12 2 

5 20 5 

7 20 7 

3 14 3 

2 10 2 

2 11 2 

TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

MAX 

24 

20 

19 

19 

20 

19 

19 

22 

22 

22 

14 

22 

22 

16 

11 

12 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 
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SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18,256 x 18, 64 x 18 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 

APPLICATION INFORMATION 

'ALVC78xx 
LOCK LOCK UNCK 

-~ 
FULL EMPTY 

OE 

... 
018-035 " 00-017 00-017 

r 

'ALVC78xx 
- i>LOCK UNCK 

FULL EMPTY - -

OE !-

00-017 > 00-017 00-017 

n--
... 

r 

Figure 3. Word·Wldth Expansion: 512 x 36 Bit, 256 x 36 Bit, and 64 x 36 Bit 

UNCK 

018-035 

00-017 

-I calculating power dissipation 
"'C 
JJ 

~ 
The maximum power dissipation based on all data outputs changing states on each read can be calculated 
using: 

Pt = VCC x [lcCF + (N x !l ICC x de)) + r. (CL x Vcc2 x fo) 

m A more accurate power calculation based on device use and average number of data outputs switching can be ::e found using: 
--~-~~---~~~-Pt~~VCC x [ICC + (Nx-!l-'CC xac)r+r.-(Cpd-XVCC2xfi)+r.-~(CCx-VCC2xfo)~~--~~--~---~------~~-~-

3-24 

where: 

ICC = power-down ICC maximum 
N = number of inputs driven by a TTL device 
!lICC = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL = output capacitive load 
fj = data input frequency 
fo = data output frequency 
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SN74ALVC7804, SN74ALVC7806, SN74ALVC7814 
512 x 18, 256 x 18, 64 x 18 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS437-JUNE 1994 

m= 

PARAMETER MEASUREMENT INFORMATION 

o GV 
Sl sooo 

From Output --G--()----'V\I'v-----' 
Under Test 

o Open 

CL=SO pF 
(soo Noto A) I sooo 

LOAD CIRCUIT FOR OUTPUTS 

kt-tw-t>l 
1 I 

3V Inp~ 3 }(,-~_.S_V __ :: 
OV 

1 1 
Data ---~"1.-S-V---'""'I~ 3V 

Input 1\ ~ ov 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

(SeON~~:~ L 1.SV \1.S~--- 3V 

---11 I· OV 
I I I 1 

tpLH 14 ~I 14 ~ tpHL 

1 1 
1 ,.-----~n VOH 

Output /1.5V 1.SV 
________ J. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Output 
Control 

(low-level 
enabling) 

Output 
Waveform 1 

S1 at 6 V 
(seo Note C) 

Output 
Waveform 2 

S1 at GND 
(see Note C) 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3V 

1.SV 

""-----..I~ - - - - 0 V 
tpZl -1>1 14- 1 

1 1 tpLZ -t>j 14-
IV ___ L:~ 3V 

: "\ 1.5V :} ",~lI:,:,,!V VOL 

1 tpHZ~ 14-
tpZH 1>1 I<J- I 

I --- VOH 

___ -'!'-1.~ _~V OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

B. All input pulses are supplied by generators having the following characteristics: PRR :s 10 MHz, Zo = 50 Q, tr S 2.5 ns, tf S 2.5 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

3-STATE OUTPUTS (ANY Q) 

PARAMETER R1, R2 clt S1 

tpZH GND 
ten 5000 50 pF 

tpZL 6V 

tpHZ GND 
tdis 500 Q 50 pF 

tPL2 6V 

tpd tPLH/tpHL 5000 50 pF Open 

t Includes probe and test-fixture capacitance 

Figure 4. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 
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TELECOM SINGLE-BIT FIFOS 

Features 

• O.8-~m CMOS process 

• Dual independent FIFOs 

• Separate inputs, outputs, resets and 
enables 

• Synchronous IR and OR flags 

• TI's advanced clocked interface 

• Empty, full, and almost-full/almost-empty 
flags 

• -40°C/85°C characterization 

Benefits 

• High-performance, low-power process 

• ,Allows either a transmit and receive 
configuration, two transmits, or two 
receive operations 

• Greater design flexibility 

• Flag synchronization is done on chip . 

• Supports free-running clocks with enables 

• Multiple status flags enables greater 
system control 

• Industrial temperature range for field 
applications 



• Dual Independent FIFOs Organized as: 
- 64 Words by 1 Bit Each - SN74ACT2226 
- 256 Words by 1 Bit Each - SN74ACT2228 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident on Each 
FIFO 

• Input-Ready Flags Synchronized to Write 
Clocks 

• Output-Ready Flags Synchronized to Read 
Clocks 

• Half-Full and Almost-Full/Almost-Empty 
Flags 

• Support Clock Frequencies up to 22 MHz 

• Characterized for Operation Over the 
Industrial Temperature Range 
(-40°C to 85°C) 

• Access Times of 20 ns 

• Low-Power Advanced CMOS Technology 

• Available In 24-Pln SOIC (OW) Package 

description 

SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

1HF 
1AF/AE 

1WRTCLK 
1WRTEN 

11R 
10 

GND 
1RESET 

2Q 
20R 

2RDEN 
2RDCLK 

OW PACKAGE 
(TOP VIEW) 

1 U 24 

2 23 
3 22 
4 21 
5 20 
6 19 
7 18 
8 17 
9 16 
10 15 
11 14 
12 13 

1ROCLK 
1ROEN 
10R 
1Q 

Vee 
20 
21R 
2WRTEN 
2WRTCLK 
2AF/AE 
2HF 

The SN74ACT2226 and SN74ACT2228 are dual FIFOs suited for a wide range of serial data buffering 
applications including elastic stores for frequencies up to T2 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2226) or 256 x 1 (SN74ACT2228) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (11R or 2IR), output ready (10R or 20R), 
half full (1 HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE); 

Serial data is written into a FI FO on the low-to-high transition of the write-clock (1 WRTCLK or 2WRTCLK) Input 
when the write-enable (1WRTEN or 2WRTEN) input and input-ready flag (11R or 21R) output are both high. 
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1 RDEN or 2RDEN) input and output-ready flag (1 OR or 20R) output are both high. The read 
and write clocks of a FIFO can be asynchronous to one another. 

Each input-ready flag (11R or 21R) is synchronized by two flip-flop stages to its write clock (1 WRTCLK or 
2WRTCLK), and each output-ready flag (1 OR or 20R) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 

A half-full flag (1 HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An aimost-full/aimost-empty flag (1 AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty locations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 

The SN74ACT2226 and SN74ACT2228 are characterized for operation from -40°C to 85°C. 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

logic symbolst 

1RESET 

1WRTCLK 

1WRTEN 

1RDCLK 

1RDEN 

10 

2RESET 

2WRTCLK 

2WRTEN 

2RDCLK 

2RDEN 

20 

1RESET 

1WRTCLK 

1WRTEN 

1RDCLK 

1RDEN 

10 

2RESET 

2WRTCLK 

2WRTEN 

2RDCLK 

2RDEN 

2D 

8 

3 

4 

24 

23 

6 

20 

15 

16 

12 

11 

18 

8 

3 

4 

24 

23 

6 

20 

15 

16 

12 

11 

18 

"'-

"'-

"-

"-

~ 

FIFO 64 x 1 
SN74ACT2226 

RESET 
IN ROY 

WRTCLK 
HALF FULL 

WRTEN 
ALMOST FULLIEMPTY 

RDCLK 
OUT ROY 

RDEN , r 
I 
I 

RESET 

WRTCLK 
IN ROY 

WRTEN 
HALF FULL 

RDCLK 
ALMOST FULLIEMPTY 

OUT ROY 
RDEN , r 

I 
I 

~ 

FIFO 256 x 1 
SN74ACT2228 

RESET 
INRDY 

WRTCLK 
HALF FULL 

WRTEN 
ALMOST FULLIEMPTY 

RDCLK 
OUT ROY 

RDEN , r 
I 
I 

RESET 

WRTCLK 
INRDY 

WRTEN 
HALF FULL 

ALMOST FULLIEMPTY 
RDCLK 

OUTRDY 
RDEN , r 

I 
I 

I 
I 

I 
I 

I 

t These symbols are In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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5 

1 

2 

22 

21 

17 

13 

14 

10 

9 

5 

1 

2 

22 

21 

17 

13 

14 

10 

9 

11R 

1HF 

1AF/AE 

10R 

10 

21R 

2HF 

2AF/AE 

20R 

20 

11R 

1HF 

1AF/AE 

10R 

10 

21R 

2HF 

2AF/AE 

20R 

20 



SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

SN74ACT2226 functional blocl< diagram (each FIFO) 

o 

RDCLK 

RDEN 

WRTCLK 

WRTEN 

-
-

I .. 
Synchronous I-
Read Control 

I 

I Synchronous I 
.... 
r 

Write Control ~ c 
I , 

" 
'---

t-
Reset 
Logic .. 

r 

I 
Read I=> rl Pointer 

~ 
Write I=> 

Pointer 

~ 

f-

Status 

SN74ACT2228 functional block diagram (each FIFO) 

o 

RDCLK 

RDEN 

WRTCLK 

WRTEN 

-

-

I I .. 
Synchronous I- .. rl Read I=> 
Read Control Pointer 

I 

I .. 
Write I=> Synchronous ~ r 

~ Write Control Pointer 
I ~7 ,,, j~ 

'--- r--

Status -
Reset 
Logic .. 
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y 
Location 1 

Location 2 

Dual-Port 
SRAM 
64 x 1 

Location 63 

Location 64 

y 
Register 

V 
Location 1 

Location 2 

Dual-Port 
SRAM 
256 x 1 

Location 255 

Location 256 

V 
Register 

Q 

AF/AE 

HF 

IR 

OR 

Q 

AF/AE 

HF 

IR 

OR 



SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A-JUNE 1992-REVISEDAUGUST1993 

TERMINAL 

NAME NO. 

1AF/AE 2 
2AF/AE 14 

10 6 
20 18 

GND 7 

1HF 1 
2HF 15 

11R 5 
21R 17 

10R 22 
20R 10 

10 21 
20 9 

1RDCLK 24 
2RDCLK 12 

1RDEN 23 
2RDEN 11 

1 RESET 8 
2RESET 20 

VCC 19 

1WRTCLK 3 
2WRTCLK 15 

1WRTEN 4 
2WRTEN 16 

I/O 

0 

I 

0 

0 

0 

0 

I 

I 

I 

I 

I 

Terminal Functions 

DESCRIPTION 

A1most-fuIValmost-emptyfiag. AF/AE is high when the memory is eight locations or less from a full or empty state. 
AF/AE is set high after reset. 

Data Input 

Ground 

Half-full flag. HF is high when the number of bits stored in memory is greater than or equal to haJfthe FIFO depth. 
HF is set low after reset. 

Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK When IR is low, the FIFO is full and 
writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of WRTCLI< 
after reset. 

Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK When OR is low, the FIFO is empty 
and reads are disabled. Ready data is present on the data output when OR Is high. OR is set low during reset 
and set high on the third low-to-high transition of RDCLI< after the first word is loaded to empty memory. 

Data outputs. After the first valid write to empty memory, the first bit is output on the third rising edge of RDCLK 
OR for the FiFO is asserted high to indicate ready data. 

Read clock. RDCLK is a continuous clock and can be independent of any other clock on the device. A low-to-high 
transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR is synchronous with 
the low-to-high transition of RDCLK 

Read enable. When the RDEN and OR of a FIFO are high, data is read from the Fi FO on the low-to-high transition 
of RDCLK 

Reset. To resetthe FiFO, four low-to-high transitions of RDCLKand four low-to-high transitions ofWRTCLK must 
occur while RESET is low. This sets HF,IR, and OR low and AF/AE high. Before it is used, a FiFO must be reset 
after power up. 

Supply voltage 

Write clock. WRTCLK is a continuous clock and can be independent of any other clock on the device. A 
low-te-high transition of WRTCLK writes data to memory when WRTEN and I R are high. IR is synchronous with 
the low-to-high transition of WRTCLK. 

Write enable. When WRTEN and IR are high, data is written to the FIFO on a low-to-high transition ofWRTCLK. 
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WRTCLK 

ROCLI< 

IR 

SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 

Figure 1. FIFO Reset 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

--------------------------------------------------~--------1 RESET 0 

WRTCLK 

WRTEN -1 

RDCLK 

RDEN 

AF/AE 

HF 

IR 

4-8 

DATA BIT NUMBER BASED ON FIFO DEPTH 

DATA BIT 
DEVICE 

A B 

SN74ACT2226 833 857 

SN74ACT2228 8129 8249 

Figure 2. FIFO Write 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

------------------------------------------------------------------------1 
RESET 0 

WRTCLK 

I 

WRTEN~~------------~-------------------------------------------

D~ ~ 
RDCLK 

RDEN 

a B1 _~ __ >C§)( 

OR 

AF/AE 

HF 

IR-I 

I 
I 

DATA BIT NUMBER BASED ON FIFO DEPTH 

DATA BIT 
DEVICE 

A B C D E 

SN74ACT2226 833 834 856 857 864 

SN74ACT2228 8129 8130 8248 8249 8256 

Figure 3. FIFO Read 

F 

865 

8257 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ............................................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±SO rnA 
Continuous output current, 10 (VO = 0 to Vee) ............................................. ±SO rnA 
Continuous current through Vee or GND ................................................. ±200 rnA 
Operating free-air temperature range, TA ............................................ -40°C to 85°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A- JUNE 1992 - REVISED AUGUST 1993 

recommended operating conditions 

VCC Supply voltage 

VIH High-level Input voltage 

Vil low-level Input voltage 

10H High-level output current 

10l low-level output current 

TA Operating free-air temperature 

MIN MAX UNIT 

4.5 5.5 V 

2 V 

0.8 V 

Q outputs, Flags -8 mA 

Q outputs 16 
mA 

Flags 8 

-40 85 °c 

electrical characteristics over recommended operating free-air temperature range {unless 
otherwise noted} 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC =4.5V, 10H =-8 mA 2.4 V 

I Flags VCC=4.5V, 10l= 8 mA 0.5 
VOL I Qoutputs 

V 
VCC=4.5V, 10l= 16mA 0.5 

II VCC = 5.5 V. VI =VCC orO ±5 ~ 

102 VCC=5.5V, VO=VCC orO ±5 ~ 

ICC VI = VCC-0.2VorO 400 ~ 

AICC* VCC= 5.5 V, One Input at 3.4 V, Other inputs at VCC or GND 1 mA 

CI VI =0, f = 1 MHz 4 pF 

Co VO=O, f = 1 MHz 8 pF 

t All typical values are at VCC = 5 V, TA = 25°C. 
* This Is the supply current when each Input Is at one of the specified TTL voltage levels rather than 0 V or VCC. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature {unless otherwise noted} {see Figures 1 through 3} 

fclock Clock frequency 

1WRTClK, 2WRTClK high or low 
tw~~F'ulseduration 1 RDClK,2RDClK high or low---------------------

1 D before 1WRTClKt and 2D before 2WRTCLKt 

1WRTEN before 1WRTCLKt and 2WRTEN before 2WRTClKt 

tsu Setup time 1RDEN before 1RDCLKt and 2RDEN before 2RDClKt 

1 RESET low before 1WRTCLKt and 2RESET low before 2WRTClKt§ 

1 RESET low before 1RDClKt and 2RESET low before 2RDClKt§ 

1 Dafter 1WRTClKt and 2D after 2WRTClKt 

1WRTEN after 1WRTClKt and 2WRTEN after 2WRTClKt 

th Hold time 1RDEN after 1RDClKt and 2RDEN after 2RDClKt 

1 RESET low after 1WRTCLKt and 2RESET low after 2WRTClKt§ 

1RESET low after 1RDCLKt and 2RESET low after 2RDClKt§ 

§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 

4-10 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAl.l.AS. TEXAS 75265 

MIN MAX UNIT 

22 MHz 

15 
ns --15------ ----

6 

6 

6 ns 

6 

6 

0 

0 

0 ns 

6 

6 



SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 4) 

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

fmax 
1WRTCLI<.2WRTCLI<. 
or 1 RDCLI<. 2RDCLK 

tpd 1 RDCLKt. 2RDCLKt 10.20 

tpd 1WRTCLKt.2WRTCLKt 11R.21R 

tpd 1 RDCLKt. 2RDCLKt 10R.20R 

1WRTCLKt.2WRTCLKt 
tpd 1AF/AE.2AF/AE 

1RDCLKt.2RDCLKt 

tpLH 1WRTCLKt.2WRTCLKt 
1HF,2HF 

tpHL 1RDCLKt,2RDCLKt 

tpLH 
1 RESET, 2RESET low 

1AF/AE,2AF/AE 

tpHL 1HF,2HF 

PARAMETER MEASUREMENT INFORMATION 

Clock Input 

From Output 
I I unde'Te"n I 

'pHL 14 
RL=500g -=- J CL= 50 pF Output 

~~~ I 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

Figure 4. Load Circuit and Voltage Waveforms 
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MIN MAX UNIT 

22 MHz 

2 20 ns 

1 20 ns 

1 20 ns 

3 20 
ns 

3 20 

2 20 
ns 

3 20 

1 20 
ns 

1 20 

} 
I 

VOH 

----VOL 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 
CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

TYPICAL CHARACTERISTICS 

SINGLE FIFO SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

18 fl = 1/2 fclock -+-----t----+------:l 
TA=75°C 

~ 16 CL=OpF 

I 
1: 
CII 
l: 
::I 
U 
>­c.. 
Co 
::I 

(J) 

I 

e: 
U 
U 

14r---t--

12~--~----_+----_rr-~~L-~ 

10r---~----_+--~~~ 

8~--~-----+~~~----~--~ 

6r---~--~~~--_r----~--~ 

4r---~~~_+----_r----~--~ 

2~~~----_+----~----4-----4 

O~--~----~----~----~--~ 
o 5 10 15 20 25 

fclock - Clock Frequency - MHz 

Figure 5 

calculating power dissipation 

Data for Figure 5;s taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCll<) and write clock (WRTCll<) operating at the rate specified by 
fclock. The data input rate and data output rate are halfthe fclock rate, and the data output is disconnected. A close 
approximation tethe total device power can be found by using Figure 5, determining the capacitive load on the 
data output and determining the number of SN74ACT2226/2228 inputs driven by TTL high levels. 

·--~--With-Iee(f) taken-from-FigUfe-S;-th-erffaximum--powerdissipation(Pi)of one FIFOontneSN74ACT2226 or 
SN74ACT2228 can be calculated by: 

4-12 

PT = Vee x [Iee(f) + (N x ~Iee x dc)] + (CL x Vee2 x fo) 

where: 

N number of inputs driven by TTL levels 
~Iee increase in power supply current for each input at a TTL high level 
dc duty cycle of inputs at a TTL high level of 3.4 V 
CL output capacitive load 
fo switching frequency of an output 
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SN74ACT2226, SN74ACT2228 
DUAL 64 x 1 AND DUAL 256 x 1 

CLOCKED FIRST-IN, FIRST-OUT MEMORIES 
SCAS219A - JUNE 1992 - REVISED AUGUST 1993 

APPLICATION INFORMATION 

An example of concentrating two independent serial data signals into a single composite data signal with the use of 
an SN74ACT2226or SN74ACT2228 device is shown in Figure6. The input data tothe FIFOssharethe same average 
(mean) frequency, and the mean frequency of the SYS_ CLOCK is greater than or equal to the sum of the individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that is time-division multiplexed 
into the composite signal. 

The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO aimost-full/aimost-empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 

SN74ACT2226 
or 

SN74ACT2228 ,.---------0------- SYS_CLOCK 

+5V I 
1HF 

Serial { 1WRTCLK 1RDCLK ~ READY_1 
Data c>--- 1WRTEN 1RDEN H .... :.J-+---~ SELECT_1 

Stream ---+--t 1D 10 ... DATA_1 

Time-Division 
Serial {---+--t 2WRTCLK 2RDCLK f- Multiplexer 
Data '--- 2WRTEN 2RDEN H~a------I SELECT 2 

Stream ----I 2D 20 1------1>--1:. DATA 2-

2HF r READY _2 

1'-___ ---' 

Composite 
Data Stream 

Figure 6. Time-Division Multiplexing Using the SN74ACT2226 or SN74ACT2228 
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o Dual Independent FIFOs Organized as: 
- 64 Words by 1 Bit Each - SN74ACT2227 
- 256 Words by 1 Bit Each - SN74ACT2229 

o Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident on Each 
FIFO 

o Input-Ready Flags Synchronized to WrIte 
Clocks 

• Output-Ready Flags Synchronized to Read 
Cloclc:s 

• Half-Full and Almost-Full/Almost-Empty 
Flags 

o CharacterIzed for Operation Over the 
IndustrIal Temperature Range 
(-40°C to 85°C) 

• Support Clock Frequencies up to 60 MHz 

o Access TImes of 9 ns 

o 3-State Data Outputs 

o Low-Power Advanced CMOS Technology 

o Available In 28-Pln SOIC (OW) Package 

description 

SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A - JUNE 1992 - REVISED AUGUST 1993 

ow PACKAGE 
(TOP VIEW) 

1HF 1 

1AF/AE 2 
1WRTCLK 3 
1WRTEN 

11R 
10 6 23 

GNO 22 

GNO 21 
1RESET 9 20 

20 10 19 

20R 11 18 
2RDEN 12 17 

2RDCLK 13 16 

20E 14 15 

10E 
1RDCLK 
1RDEN 
10R 
10 
2RESET 
Vee 
Vee 
20 
21R 
2WRTEN 
2WRTCLK 
2AF/AE 
2HF 

The SN74ACT2227 and SN74ACT2229 are dual FIFOs suited for a wide range of serial data buffering 
applications including elastic stores for frequencies up to OC-1 telecommunication rates. Each FIFO on the chip 
is arranged as 64 x 1 (SN74ACT2227) or 256 x 1 (SN74ACT2229) and has control signals and status flags for 
independent operation. Output flags per FIFO include input ready (11R or 2IR), output ready (10R or 20R), 
half full (1HF or 2HF), and almost full/almost empty (1AF/AE or 2AF/AE). 

Serial data is written into a FIFO on the low-to-high transition of the write-clock (1 WRTCLK or 2WRTCLK) input 
when the write-enable (1 WRTEN or 2WRTEN) input and input-ready flag (11R or 21R) output are both high. 
Serial data is read from a FIFO on the low-to-high transition of the read-clock (1 RDCLK or 2RDCLK) input when 
the read-enable (1 RDEN or 2RDEN) input and output-ready flag (1 OR or 20R) output are both high. The read. 
and write clocks of a FIFO can be asynchronous to one another. A FIFO data output (1 Q or 2Q) is in the 
high-impedance state when its output-enable (1 OE or 20E) input is low. 

Each input-ready flag (11R or 21R) is synchronized by two flip-flop stages to its write clock (1WRTCLK or 
2WRTCLK), and each output-ready flag (1 OR or 20R) is synchronized by three flip-flop stages to its read clock 
(1 RDCLK or 2RDCLK). This multistage synchronization ensures reliable flag-output states when data is written 
and read asynchronously. 

A half-full flag (1 HF or 2HF) is high when the number of bits stored in its FIFO is greater than or equal to half 
the depth of the FIFO. An almost-full/almost-empty flag (1 AF/AE or 2AF/AE) is high when eight or less bits are 
stored in its FIFO and when eight or fewer empty Idcations are left in the FIFO. A bit present on the data output 
is not stored in the FIFO. 

The SN74ACT2227 and SN74ACT2229 are characterized for operation from -40°C to 85°C. 

~~~e~~~~o~;: '~~~~~I~r:,.lapt~~:~!r!! : ~~:~~~~m~~~ 
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SN7 4ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A-JUNE 1992- AEVISED AUGUST 1993 

logic symbolst 

«l> 
FIFO 64 x 1 

9 

'" 
SN74ACT2:!27 

1AESET 

1WRTCLK 

1WRTEN 

1RDCLK 

10E 

1RDEN 

1D 

2RESET 

2WRTCLK 

2WRTEN 

2RDCLK 

20E 

2RDEN 

2D 

1RESET 

1WRTCLK. 

1WRTEN 

1RDCLK 

10E 

1RDEN 

10 

2RESET 

2WRTCLK 

2WRTEN 

2RDCLK 

20E 

:lRDEN 

20 

3 

4 

27 

:!8 

26 

6 

23 

17 

18 

13 

14 

12 

20 

9 

3 

4 

27 

28 

26 

6 

23 

17 

18 

13 

14 

12 

20 

RESET 
INRDY 

WRTCLK 
HALF FULL 

WRTEN 
ALMOST FULlJEMPTY 

RDCLK 
OUTADY 

EN1 

RDEN , r 
I 1'V~ I 

"- RESET 

WRTCLK 
INRDY 

WRTEN 
HALF FULL 

RDCLK ALMOST FULlJEMPTY 

EN2 OUTRDY 

RDEN 

~ r 
2"1' 

«l> 
FIFO 256 x 1 

'" 
SN74ACT2229 

RESET 
INRDY 

WRTCLK 
HALF FULL 

WRTEN 
ALMOST FULlJEMPTY 

ROCLK 
-----~ -------- ----- --OUT ROY 

EN1 

RDEN , r 
J 1 'V ~ I 

'" RESET 

WRTCLK 
INRDY 

WRTEN 
HALF FULL 

RDCLK ALMOST FULlJEMPTY 

EN2 OUT ROY 

RDEN 

~ r 
J 2"1' 

--

t These symbols are in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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5 

1 

2 

25 

24 

19 

15 

16 

11 

10 

5 

1 

2 

__ 25_ 

24 

19 

15 

16 

11 

10 

11R 

1HF 

1AF/AE 

10R 

10 

21R 

2HF 

2AF/AE 

20R 

20 

11R 

1HF 

1AF/AE 
-10R--------------------------

10 

21R 

2HF 

2AF/AE 

20R 

20 



SN74ACT2227 functional block diagram (each FIFO) 
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SN74ACT2229 functional block diagram (each FIFO) 
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t 
Location 1 

Location 2 

Dual-Port 
SRAM 
64 x 1 

Location 63 

Location 64 

+ 
Register 

t 
Location 1 

Location 2 

Dual-Port 
SRAM 
256 x 1 

Location 255 

Location 256 

t 
Register 

H>-

H>-

Q 

AF/AE 

HF 
IR 

OR 

Q 

AF/AE 

HF 
IR 

OR 
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SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 
FIRST-IN, FIRST-OUT MEMORIES 
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TERMINAL 

NAME NO. 

1AF/AE 2 
2AF/AE 16 

10 6 
20 20 

GNO 7,8 

1HF 1 
2HF 15 

11R 5 
21R 19 

10E 28 
20E 14 

10R 25 
20R 11 

10 24 
20 10 

1RDCLK 27 
2RDCLK 13 

1RDEN 26 
2RDEN 12 

1 RESET 9 
2RESET 23 

VCC 21,22 

1WRTCLK 3 
2WRTCLK 17 

1WRTEN 4 
2WRTEN 18 

4-18 

VO 

o 

o 

o 

o 

o 

Terminal Functions 

DESCRIPTION 

Almost-fuIValmost-empty flag. AF/AE is high when the memory is eight locations or less from a full or empty 
state. AF/AE is set high after reset. 

Data Input 

Ground 

Half-full flag. HF is high when the number of bits stored In memory Is greater than or equal to halfthe FIFO depth. 
HF Is set low after reset. 

Input-ready flag.IR is synchronized to the low-ta-high transition ofWRTCLK When IR is low. the FIFO is full 
and writes are disabled. IR is set low during reset and is set high on the second low-to-high transition of 
WRTCLK after reset. 

Output enable. The data output of a FIFO is active when OE Is high and in the high-impedance state when OE 
is low. 

Output-ready flag. OR Is synchronized to the low-to-high transition of RDCLK When OR Is low, the FIFO Is 
empty and reads are disabled. Ready data Is present on the data output when OR Is high. OR Is set low during 
reset and set high on the third low-ta-hlgh transition of RDCLK after the first word Is loaded to empty memory. 

Data outputs. After the first valid write to empty memory, the first bit Is output on the third rising edge of RDCLK 
OR for the FIFO Is asserted high to Indicate ready data. 

Read clock. RDCLK Is a continuous clock and can be Independent of any other clock on the device. A 
low-to-high transition of RDCLK reads data from memory when the FIFO RDEN and OR are high. OR Is 
synchronous with the low-ta-high transition of RDCLK 

Read enable. When the RDEN and OR of a FIFO are high. data is read from the FIFO on the low-to-high 
transition of RDCLK " 

Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-hlgh transitions of WRTCLK 
must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. Before it Is used, a FIFO must 
be reset after power up. 

Supply voltage 

Write clock. WRTCLK is a continuous clock and can be Independent of any other clock on the device. A 
low-ta-high transition of WRTCLK writes data to memory when WRTEN and IR are high.IR Is synchronous with 
the low-to-high transition of WRTCLK. 

Write enable. When WRTEN and IR are high. data Is written to the FIFO on a low-to-high transition ofWRTCLK 

~TEXAS 
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Figure 1. FIFO Reset 
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FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A-JUNE 1992- REVISED AUGUST 1993 

--------------------------------------------------------------1 RESET 0 

WRTCLK ~~~r---fl-
~--------------------------+1--------~-------1~------~1---1 

WRTEN --1 I I I 0 

I I I I 

D88&181 ~82~83188l84~ +~ f q r Q f B 
RDCLK 

RDEN 

OE 

I 
I 
I 
I 
I 

~~~~ 
I I 1 1 
I I I I 1 
I' 1 1 I 0 
I I I I 1 

Q~ : : 81 : : 0 

OR ____________________ I 

AF/AE 

HF 

IR 
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DATA BIT NUMBER BASED ON FIFO DEPTH 

DATA BIT 
DEVICE 

A B 

SN74ACT2227 833 857 

SN74ACT2229 8129 8249 

Figure 2. FIFO Write 
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SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A - JUNE 1992 - REVISED AUGUST 1993 

o 

WRTCLI< 

I I 
WRTEN~~ ____________ +I ________________________________________ __ 

D~~_ 
I 
I 

RDCLI< ~~r--f1-.,r--fl-fl-
I I I ! 

RDEN _+-__ --' I I I I 
I I I I 

OE--~----~I--------r-----~I------~--------~~----------~I-----1 

I I I I I 0 

a _..,....B_1 ___ bD<---r~_3--'1:~~~~ : F 
I I I I I 
I I I I '-__ 
I I I I 

OR 

AF/AE-r--------+!--....." : I 
HF I I 
IR --i~ ______ ___' 

DATA BIT NUMBER BASED ON FIFO DEPTH 

DEVICE 

SN74ACT2227 

SN74ACT2229 

DATA BIT 

A B C 0 

833 834 856 857 

8129 8130 8248 8249 

Figure 3. FIFO Read 
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DUAL 64 x 1 AND DUAL 256 x 1 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A-JUNE 1992-REVISED AUGUST 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ..................................................•......• -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................•.. -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ....................................... -0.5 V to Vee + 0.5 V 
Voltage applied to a disabled 3-state output ............................................•....• 5.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ...........................•................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ......................................•.... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ±200 rnA 
Operating free-air temperature range, TA ........................................•... :-40°C to 85°C 
Storage temperature range ..............................................•...•.... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided that the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current a outputs. Flags -8 rnA 

a outputs 16 
10L Low-level output current rnA 

Flags 8 

TA Operating free-air temperature -40 85 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpf MAX 

vOH vee =4.5V. IOH =-8 rnA 2.4 

I Flags Vee =4.5V. IOL=8mA 0.5 
VOL ___ .1 a outputs_ Vee = 4.5)/,-----101.:-=16 rnA------- -~---------- ---- --. --~--- -----------0.5 

II Vee = 5.5V. VI = Vee orO :t5 

10Z Vee = 5.SV. Vo=VeeorO :tS 

ICC VI = Vee - 0.2 V or 0 400 

~Iee§ Vee =5.SV. One Input at 3.4 V. Other inputs at Vee or GND 1 

ei VI =0. f = 1 MHz 4 

Co VO=O, f= 1 MHz 8 

* All typical values are at Vee = S V. TA = 2Soe. 
§ This is the supply current when each input is at one of the specified TIL voltage levels rather than 0 V or Vee. 
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SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A-JUNE 1992- REVISED AUGUST 1993 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 1 through 3) 

MIN MAX UNIT 

fclock Clock frequency 60 MHz 

1WRTCLK. 2WRTCLK high or low 5 
tw Pulse duration ns 

1 RDCLI<, 2RDCLK high or low 5 

1D before 1WRTCLKt and 2D before 2WRTCLKt 4.5 

1WRTEN before 1WRTCLKt and 2WRTEN before 2WRTCLKt 4.5 

tsu Setup time 1RDEN before 1RDCLKt and 2RDEN before 2RDCLKt 4 ns 

1 RESET low before 1WRTCLKt and 2RESET low before 2WRTCLKt t 6 

1 RESET low before 1RDCLKt and 2RESET low before 2RDCLKtt 6 

10 after 1WRTCLKt and 2D after 2WRTCLKt 0 

1WRTEN after 1WRTCLKt and 2WRTEN after 2WRTCLKt 0 

th Hold time 1RDEN after 1RDCLKt and 2RDEN after 2RDCLKt 0 ns 

1 RESET low after 1WRTCLKt and 2RESET low after 2WRTCLKtt 6 

1 RESET low after 1RDCLKt and 2RESET low after 2RDCLKtt 6 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 4) 

PARAMETER 

fmax 

tpd 

tpd 

tpd 

tpd 

tpLH 

tpHL 

tPLH 

tpHL 

ten 

!dis 

FROM TO 
(INPUT) (OUTPUT) 

1WRTCLI<,2WRTCLK, 
or 1 RDCLK, 2RDCLK 

1RDCLKt.2RDCLKt 10.20 

1WRTCLKt.2WRTCLKt 11R.21R 

1RDCLKt.2RDCLKt 10R.20R 

1WRTCLKt.2WRTCLKt 
1AF/AE. 2AF/AE 

1RDCLKt.2RDCLKt 

1WRTCLKt.2WRTCLKt 
1HF.2HF 

1RDCLKt.2RDCLKt 

1 RESET, 2RESET low 
1AF/AE.2AF/AE 

1HF.2HF 

10E.20E 10.20 
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MIN MAX UNIT 

60 MHz 

2 9 ns 

1 8 ns 

1 8 ns 

3 14 
ns 

3 14 

2 12 
ns 

3 14 

1 17 
ns 

1 18 

0 8 
ns 

0 8 
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PARAMETER MEASUREMENT INFORMATION 

Clock Input 

R1 
I ' I From Output 

Under Test ----....--.-..... - Test Point I 

'PHL 14 ~P~ I 

R2 Output 
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LOAD CIRCUIT 

. Input 

Output 

VOLTAGE WAVEFORMS 
TOTEM·POlE OUTPUTS 

_---3V 

1.5V 
___ J.~ ____ OV 

~ I 
I tPL24j ~ 

---k l I I 
1.5 V ,I I __ t. 

.. 3.SV 

tpZH -..! 
--.- VOL 

tpHZ +I ~ L 0.3 V r L.J. __ VOH 

Output __ ---J1··5V 
. ~V -OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

PARAMETER R1, R2 Clf 

ten 
tpZH 

5000 50pF 
tpZl 

idis 
tpHZ 

5000 50pF 
tpLZ 

tpd 5000 50 pF 

t Includes probe and test-fixture capacitance 

S1 

Open 

Closed 

Open 

Closed 

Open 

Figure 4. Load Circuit and Voltage Waveforms 
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SN74ACT2227, SN74ACT2229 
DUAL 64 x 1 AND DUAL 256 x 1 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A-JUNE 1992-REVISEDAUGUST 1993 

TYPICAL CHARACTERISTICS 

SINGLE FIFO SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

1) = 1/2 fclock 
1--~4---I----l--+ TA = 75°C 

CL=O pF 

0 10 20 30 40 50 60 

fclock - Clock Frequency - MHz 

Figure 5 

calculating power dissipation 

Data for Figure 5 is taken with one FIFO active and one FIFO idle on the device. The active FIFO has both writes 
and reads enabled with its read clock (RDCll<) and write clock. (WRTCLI<) operating at the rate specified by 
fclock. The data input rate and data output rate are halfthe fclock rate, and the data output is disconnected. A close 
approximation to the total device power can be found by Figure 5, determining the capacitive load on the data 
output, and determining the number of SN74ACT2227/2229 inputs driven by TTL high levels. 

With ICC(f) taken from Figure 5, the maximum power dissipation (PT) of one FIFO on the SN74ACT2227 or 
SN74ACT2229 can be calculated by: 

PT = VCC x [ICC(f) + (N x ~ICC x dc)] + (CL x VCc2 x fo) 

where: 

N = 
dlcc 
dc 
CL = 
fo = 

number of inputs driven by TTL levels 
increase in power supply current for each input at a TTL high level 
duty cycle of inputs at a TTL high level of 3.4 V 
output capacitive load 
switching frequency of an output 
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DUAL 64 x 1 AND DUAL 256 x 1 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS220A - JUNE 1992 - REVISED AUGUST 1993 

APPLICATION INFORMATION 

An example of concentrating two Independent serial data signals into a single composite data signal with the use of 
an SN74ACT2227 or SN74ACT2229 device is shown in Figure 6. The input data to the FIFOs share the same average 
(mean) frequency, and the mean frequency of the SYS_ CLOCK is greater than or equal to the sum of the Individual 
mean input rates. A single-bit FIFO is needed for each additional input data signal that Is time-division multiplexed 
into the composite signal. 

The FIFO memories provide a buffer to absorb clock jitter generated by the transmission systems of incoming signals 
and synchronize the phase-independent inputs to one another. FIFO half-full (HF) flags are used to signal the 
multiplexer to start fetching data from the buffers. The state of the flags can also be used to indicate when a FIFO 
read should be suppressed to regulate the output flow (pulse-stuffing control). The FIFO aimost-full/aimost-empty 
flags (AF/AE) can be used in place of the half-full flags to reduce transmission delay. 
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+5V 

Serial { 
Data 

Stream 
J-

'----

Serial { 
Data 

Stream 

SN74ACT2227 
or 

SN74ACT2229 

I 
1HF 

1WRTCLK 1ROCLK 
1WRTEN 1RDEN 

10 10 

2WRTCLK 2ROCLK 

2WRTEN 2RDEN 
20 20 

2HF 

I 

~ 

~ 

-
~ 

'" 

REAOY_1 

SELECT_1 .. DATA_1 

Time-Division 
Multiplexer 

SELECT_2 . DATA 2 I REAOY_2 

Composite 
Data Stream 

Figure 6. Time-Division Multiplexing Using the SN74ACT2227 or SN74ACT2229 
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DSP 36-BIT CLOCKED FIFOS 

Features 

• 36-bit FI FO interface 

• Bidirectional 32-bit and 36-bit options 

• Depths from 256 to 2K words 

• 
• 

Mailbox-register bypass 

Microprocessor-control Circuitry 

• Synchronous retransmit option 

• Multiple default values for separate AF 
and AE flags 

• 

• 

Parallel and serial flag programming 
options 

EIAJ standard 120-pin thin quad flat 
package (TQFP) 

• TI has established alternate source 
options 

Benefits 

• Single-chip implementation for high levels 
of intergration 

• Two dual-port SRAMs allow true 
bidirectional capability. 

• Multiple depths to optimize system 
storage applications 

• Quick access to priority information 

• Interface'matches most processors and 
DSP bus-cycle timing and 

• 
• 

com munications 

Permits user-defined retransmission pOint 

Easy alternatives for flag settings 

• Choice of status-flag programming modes 

o 67% less board space than equivalent 
132-pin PQFPs; over 66% less board 
space than four 9-bit 32-pin PLCC 
equivalents 

• Standardization that comes from a 
common second source 

._.~~ ____ .~b~eionoWJDg_.table __ lists._military_r=Ir=O~Widebus+~~ ~devices-currently-targeted-for-market---
introduction. Customers interested in learning more about Tl's plans for these devices should 
contact military Advanced System Logic marketing at (915) 561-7289. 

DEVICE DESCRIPTION 

SNJ54ACT3641-XX 1 K x 36-Bit Unidirectional Clocked FIFO 
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SN74ACT3631 
512 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

o Free-Running ClKA and ClKB Can Be 
Asynchronous or Coincident 

o Cloclced FIFO Buffering Data From Port A 
to Port B 

o Synchronous Read Retransmit Capability 
o Mailbox Register In Each Direction 
o Programmable Almo~t-Full and 

Almost-Empty Flags 
o Microprocessor Interface Control logic 
o Input-Ready (IR) and Almost-Full (AF) Flags 

Synchronized by ClKA 

SCAS246B - AUGUST 1993 - REVISED JUNE 1994 

• Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by ClKB 

o low-Power O.S-Mlcron Advanced CMOS 
Technology 

o Supports Clock Frequencies up to 67 MHz 
o Fast Access Times of 11 ns 
It Pln-to-Pln Compatible With the 

SN74ACT3641. and SN74ACT3651 
o Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PQ) 

PCB PACKAGE 
(TOP VIEW) 

A35 
A34 
A33 
A32 
Vee 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 
Vee 
A21 
A20 
A19 
A18 

GND 
A17 
A16 
A15 
A14 
A13 
Vee 
A12 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

om~~~~vMN_om~~~~VMN-om~~~~VMN_ 
~~~~~~~~~~~~~~~~~g~~gmmmmmmmmm 

90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 

29 62 
30 61 
M~~~~~~~~~~~~~~~~~~g~~~~m~~mmg 

Ne - No internal connection 

835 
834 
833 
832 
GND 
831 
830 
829 
828 
827 
826 
Vee 
825 
824 
GND 
823 
822 
821 
820 
819 
818 
GND 
817 
816 
Vee 
815 
814 
813 
812 
GND 

PRODUCT PREVIEW Information concerns products In tM formative or 
design ph a.. of developmenL CMracterlatlc data and other 
lpeclflcatlonsart design goals. Texlllnltruments rtlerv" the right to 
change or discontinue then producta w"hout notlc .. ~TEXAS 
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SN74ACT3631 
512 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS246B -AUGUST 1993 - REVISED JUNE 1994 

NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
VCC 
815 
814 

---813-
812 

GND 
NC 
NC 

NC - No internal connection 
t Uses Yamaichl socket IC51-1324-828 
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GND 
A22 
VCC 
A21 
A20 
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A18 
GND 
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-A14~-----------------

A13 
VCC 
A12 
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SN74ACT3631 
512 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS246B -AUGUST 1993 - REVISED JUNE 1994 

description 

The SN74ACT3631 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 12 ns. The 512 x 36 dual-port SRAM FIFO buffers data from 
port A to port S. The FIFO memory has retransmit capability, which allows previously read data to be accessed 
again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost full and 
almost empty) to indicate when a selected number of words is stored in memory. Communication between each 
port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail 
has been stored. Two or more devices can be used in parallel to create wider data paths. Expansion is also 
possible in word depth. 

The SN74ACT3631 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to ClKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to ClKS. Offset 
values for the almost-full and almost-empty flags of the FIFO can be programmed from port A or through a serial 
input. 

functional block diagram 

.. 
I MaJJ1 I 

.. I Register 

T~ 
CLKA - I 

CSA - Port-A 
wiRA - Control ~ 

ENA - Logic ,...-- --
~ 

.. 
CIl 

MBA - - 1ii 
'61 Cl 

f+- 512 x 36 
~ 

CIl 
CIl a: a: SRAM S 

Reset 
S c. 

RST 
c. S ~ 

Logic .5 0 - ,-4~ ~ ... 
36 .c E 0 ..... ~Q-t-+-t-t-----­

o~'Cll...L.. 
;'E!orr' 
(/) Q) ..J ..... ~d-+-+-t-t------

L------t .. "-II Wrlto II Read r. a: .. I Pointer Pointer I ..... ~I-----e 

AO-A35 --4,-"'r-" 
IR --.... ~I----IH-+-+------I 

AF --.... ~I----IH-+-+------I 
I 
I 

. -FS~------~~-------~ 
FS1/SEN ------~~-----~ 

10 

I 

T T 
Status-Flag I 

Logic I 
I 

t 
Flag-Offset 

Register -
'-- -
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TERMINAL 
I/O 

NAME 

AO-A35 I/O 

AE 0 

AF 0 

BO-B35 I/O 

ClKA I 

ClKB I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1/SEN, 
I 

FSO/SD 

IR 0 

MBA I 

MBB I 

MBF1 0 

MBF2 0 

OR 0 

RFM I 

RST I 

RTM I 

5-6 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Almost-empty flag. Programmable flag synchronized to ClKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 

Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations in the FIFO 
Is less than or equal to the value In the almost-full offset register M. 
Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. IR and AF are synchronous to the low-to-high transition of CLKA. 

Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. OR and AE are synchronous to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-te-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are In the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 

Port-A master enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B master enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Flag offset select l/serial enable, flag offset select O/serial data. FS1/SEN and FSO/SD are dual-purpose inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load 

When serial load is selected for flag offset register programming, FS1/SEN is used as an enable synchronous to the 
low-te-high transition of CLKA. When FS1/SEN is low, a rising edge on ClKA loads the bit present on FSO/SD into the 
X and Y offset registers. The number of bit writes required to program the offset register is 18. The first bit write stores 
the V-register MSB and the last bit write stores the X-register lSB. 

Input-ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A' read or write operation. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active, a high level on MBB selects data from the mail 1 register for output and a low level selects 
FIFO data for output.-- -~--

Maill register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. MBF1 
is set high by a low-te-high transition of CLKB when a port-B read is selected and MBB is high. MBF1is set high by a 
reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA is high. MBF2is set high by a 
reset. 

Output-ready flag. OR is synchronized to the low-to-high transition of ClKB. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 

Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of ClKB to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 

Reset. To reset the device, four low-te-high transitions of CLKA and four low-to-high transitions of ClKB must occurwhlle 
RST is low. The low-te-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 

Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-Io-high 
transition of CLKB selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of ClKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 

DESCRIPTION 

Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA. The AO-A35 outputs are in the high-impedance state when wlfiA is high. 

Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKB. The BO-835 outputs are in the high-impedance state when W/RB Is low. 

detailed description 

reset 

The SN74ACT3631 is reset by taking the reset (RS1j input low for at least four port-A clock (ClKA) and four 
port-S clock (ClKS) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pOinters and forces the input-ready (IR) flag low, the output-ready (OR) 
flag high, the almost-empty (AE) flag low, and the almost-full (AF) flag high. Resetting the device also forces 
the mailbox flags (MBF1, MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3631 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offset register programming mode is chosen by the flag 
select (FS1, FSO) inputs during a low-to-high transition on the RST input (see Table 1). 

preset values 

Table 1. Flag Programming 

FS1 FSO RST X AND Y REGISTERSt 

H H t Serial load 

H l t 64 

L H t 8 

l l t Parallel load from port A 

t X register holds the offset for AE; Y register holds the 
offset for AF. 

If a preset value of S or 64 is chosen by the FS1 and FSO inputs at the time of a RST low-to-high transition 
according to Table 1, the preset value is automatically loaded into the X and V registers. No other device 
initialization is necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions 
on ClKA. 

parallel load from port A 

To program the X and V registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on ClKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order V, X. 
Each offset register ofthe SN74ACT3631 uses port-A inputs (AS-AO). The highest number input is used as the 
most significant bit of the binary num ber in each case. Each register value can be programmed from 1 to 50S. 
After both offset registers are pr~grammed from port A, subsequent FIFO writes store data in the SRAM. 
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serla//oad 

To program the X and Y registers serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is com plete, the X and Y register values are loaded bitwise through 
the FSO/SD input on each low-to-high transition of ClKA that the FS1/SEN input Is low. Eighteen-bit writes are 
needed to complete the programming. The first-bit write stores the most significant bit of the Y register, and 
the last-bit write stores the least significant bit of the X register. Each register value can be programmed from 
1 to 508. 

When the option to program the offset registers serially is chosen, the input-ready (IR) flag remains low until all 
register bits are written. The IR flag is set high by the low-to~high transition of ClKA after the last bit is loaded 
to allow normal FIFO operation. 

FIFO write/read operation 

The state of the port.:...A data (AO-A35) outputs Is controlled by the port-A chip select (CSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO-A35 outputs are active when both CSA and W/'RA are low. 

Data is loaded into the FIFO from the AO-A35 inputs on a low-to-high transition of ClKA when CSA and the 
port-A mailbox select (MBA) are low, W/R.A, the port-A enable (ENA), and the input-ready (IR) flag are high 
(see Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 

Table 2. Port-A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIFOwrita 

L H H H t In high-impedance state Mail1 write 

L L L L X Active. mail2 register None 

L L H L t Active, mail2 register None 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

- =E ___ Theport-B control signals are identicalto those of port Awiththe exception that theport-Bwrite/readselect 
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the-.e0rt-B data (BO-B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either CSB is high or W/RB is low. The BO-B35 outputs are active when CSB 
is low and W/RB is high. 

5-8 

Data is read from the FIFO to its output register on a low-to-high transition of ClKS when CSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high 
(see Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 

Table 3. Port-B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L L L X X In high-impedance state None 

L L H L t In high-impcd:mcc stntc Nono 

L L H H t In high-impedance state Mail2write 

L H L L X Active, FIFO output register None 

L H H L t Active, FIFO output register FIFO read 

L H L H X Active, mail1 register None 

L H H H t Active, mail1 register Mail1 read (set MBF1 high) 

The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When the output-ready (OR) flag is low, the next data word is sent to the FIFO output register automatically by 
the CLKB low-to-high transition that sets the output-ready flag high. When OR is high, an available data word 
is clocked to the FIFO output register only when a FIFO read is selected by the port-B chip select (CSB), 
write/read select (W/RB), enable (ENB), and mailbox select (MBB). 

synchronized FIFO flags 

Each SN74ACT3631 FIFO flag is synchronized to its port clock through at least two flip-flop stages. This is done 
to improve the flags' reliability by reducing the probability of metastable events on their outputs when CLKA and 
CLKB operate asynchronously to one another (see the application report Metastability Performance of Clocked 
FIFOs in the 1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). OR and AE are 
synchronized to CLKB. IR and AF are synchronized to CLKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 

Table 4. FIFO Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKB TOCLKA 

FIFOU: 
OR AE AF IR 

0 L L H H 

1 toX H L H H 

(X+ 1)to[512-(Y+ 1)) H H H H 

(512 - y) to 511 H H L H 

512 H H L ·L 

t X is the almost-empty offset for AE. Y is the almost-full offset for AF. 
:I: When a word is present in the FIFO output register, its previous memory 

location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (elKS). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+ 1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of ClKS; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three ClKS cycles have not elapsed since 
the time the word was written. The output-ready flag ofthe FIFO remains low until the third low-to-high transition 
of ClKS occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on ClKS begins the first synchronization cycle of a write if the clock transition 
occurs at time tsk(1) or greater after the write. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 6). 

Input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pOinter is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of ClKA; therefore, an input-ready flag is low if less than two cycles 
of ClKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on ClKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on ClKA begins the first synchronization cycle of a read if the clock transition 
occurs at time tsk(1) or greater after the read. Otherwise, the subsequent ClKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (ClKS). The 
-~~--~~ state-machine that controls -an -almost~emptyflag-monitors-a -write~pointer-and -read~pointercomparator that --~~----

indicates when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or less words and is high when the FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of ClKS are required after a FIFO write for the almost-empty flag to reflect the new 
level offill; therefore, the almost-empty flag ofa FIFO containing (X + 1) or more words remains low if two cycles 
of ClKS have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag is set 
high by the second low-to-high transition of ClKS after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of ClKS begins the first synchronization cycle if it occurs at time tsk(2) or greater after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 8). 

almost-full flag (AF) 

5-10 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by 
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the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to (512 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [512 - (Y + 1)]. A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of ClKA are required after a FIFO read for its almost-full flag to reflect the new level 
offill. Therefore, the almost-full flag of a FIFO containing [512 - (Y + 1)] or less words remains low if two cycles 
of ClKA have not elapsed since the read that reduced the number of words in memory to [512 - (Y + 1)). An 
almost-full flag is set high by the second low-to-high transition of ClKA after the FIFO read that reduces the 
number of words in memory to [512 - (Y + 1 )]. A low-to-high transition of ClKA begins the first synchronization 
cycle if it occurs at time tsk(2) or greater after the read that reduces the number of words in memory to 
[512 - (Y + 1)]. Otherwise, the subsequent ClKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3631 allows FIFO data to be read repeatedly starting at 
a user-selected pOSition. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on ClKS when the retransmit mode (RTM) input 
is high and OR is high. This rising ClKS edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on ClKS when the read-from-mark (RFM) input is high. This rising ClKS edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the ClKS rising edge that takes 
the FIFO out of retransmit mode. 

When the FIFO is put into retransmit mode, it operates with two read pointers. The current read painter operates 
normally, incrementing each time a new word is shifted to the FI FO output register and used by the OR and AE 
flags. The shadow read painter stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (512 - Y) words after the first retransmit word. The I R flag is set low by the 512th write after the first 
retransmit word. 

synchronous retransmit (continued) 

When the FIFO is in retransmit mode and RFM is high, a rising ClKS edge loads the current read pointer with 
the shadow read-pointer value and the OR flag reflects the new level offill immediately.lfthe retransmit changes 
the FIFO status out of the almost-empty range, up to two ClKS rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11). The rising ClKS edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the IR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two ClKA 
synchronizing cycles are needed before the flags reflect the change. A rising ClKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time tsk(1) or greater after the rising ClKS 
edge (see Figure 12). A rising ClKAedge after the FIFO is taken out of retransmit mode is the first synchronizing 
cycle of AF if it occurs at time tsk(2) or greater after the riSing ClKS edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers are on the SN74ACT3631/3651 to pass command and control information between 
port A and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port 
data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register when a port-A 
write is selected by CSA, W/RA, and ENA with MBA high. A low-to-high transition on ClKB writes BO-B35 data 
to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB with MBB high. Writing data to 
a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored 
while its mail flag is low. 

When the port-B data (BO-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from themail1registerwhenMBBishigh.Mail2 data 
is always present on the port-A data (AO-A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on ClKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 

CLKA 

" CLKS ::D I It o -.I ~ tsu{RS) , I ~ h{FS) I 

C 
- ____ I I I tsu{FS) ,;""1 I I 

c: RST \ I I I I 
, . I I I 
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-I ~. tpd{C-IR)~ I tpd{C-IR) It-1 
" IR ,\\\\\\)\\\\\\~,,\\~ I I~---
:::c tpd{C-OR) I.-.r 
~ OR~~~~~~ 
m tpd{R-F) !.-----tt :e AE~\\~~i 

___ ~ __ ~ ___ ~~~~~~_tpd{R.F) ~- -~~~-~---------~-~--~--- -~-~-~--~- -~-~~~~-~~~~~~--~-~ ---

AF 2??22?'t+'2?'» 
__ tpd{R-F) I+--tl 
~~F~ 7//2/?/ZZZZi 

Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 

CLKA 

I I 
I ! 

RST __ ---'I I I 

I I tpd(C.IR)~ .... _-...1 
______ ~: ____________ ~----------~(('~--.:-----------Jy--

I+-- th(SP) ~ ~ i+-lh(SEN) t I J -+\ I+- th(SEN) 

IR 

tsu(FS) j4-+j tsu(SEN) I+-tI I su(SEN) ~ I 
FS1/SEN "7'?222ZJ-,..,.-,..,.tr-r

,
I----........ ---"\ I ~ ~~ ~,..,'/..,2..,2..,.2..,.2..,.2..,.2..,.2.,..2.,..2,..6,..?,..-:2~2 

~~ ~ ~~~~ 
~ts~U,..(F,..S)rP~_~~ 

FSO/SD Z22ZI 
AF Offset AE Offset . 
(Y) MSB (X) LSB 

NOTE: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored until IR is set high. 

Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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'. tc ----.ct, 
tw(CLKH) \. -~ t\ tw(CLKL) 

CLKA I \'------Jlt' '\-__ ..iI1 , , 
I , 

IR High 
tSU(EN)r ... --Itl'4:.I-I" th(EN) : 

CSA ----------~~ : ~ I 
tsu(EN) ,. t,. ~ th(EN) , 

W/RA VZZT/ZZZ2?/{ : F : 
tsu(EN) I. -I. ~ th(EN) , 

MBA ~----~~ , , 

, 
tSU(O) ,. .' • ., th(O) 

'----'II '--, 
I , 
, 
II 
:\\\\~~~ 
, 
, 

AO-A35 No 6peratlon 9$8888&Q' 

Figure 4. FIFO Write-Cycle Timing 

'. te ----.c_1 
I I I tw(CLKH) ,. .. t tw(CLKL) 

CLKB y,-----, }----\ 
OR High 

, 
I 
I , 

( , , 
\ r , 

, 
I , 

I 
}----------------~I---------------------~---------------------~_I 

, 
I 
I , ' I 
I 

----WIRB VZZ4 I , 
I , , , 

MBB ----!-,---""\ ! 
I I tsu(EN) I I:SU(EN~, tU(EN~ 
: I H:.- th(EN) I --I t-- th(EN) ,--tI I+- th(EN) 

ENB 0V//ZTftZ1 : _ i ~~~ W/ZZZZ/ 
t "T Iii No I 
pd(M-OV) I ,.. ,.- ta -.I, I t _I Operation H tdls 

j4" ten .t , j4- a ... I 

BO-B35 ----~~ W1 * W2 X W3 j 
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Figure 5. FIFO Read-Cycle Timing 
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~te-.l 
tw(ClKH) I.. ~. ~: tw(CLKL) 

I I 
CSA low I , 

I I 

IR High I • .I I 

~~ AO-A35 

tsk(1) t 14 • CI Dli te 
tW(ClKH)-ci ~ tw(ClKL) 

ClKB 2 

tpd(C.OR)IIot-~--~,..-~==~ 
OR Old Data In FIFO Output Register 

--------------------~ __ ~ _____________ I~---J ~-----------

I CSB __ lo_w __________________________________ -4I __________ ~-----------------

I 
WIRB I 

I I 
MBB Low I I 

I 

High 

7 tsu(EN)I~ 
ENB ???ft/ /ZT!ZZl ///ZZlZ? /I?/ZT!Zl/72/ mY 

ft-- ta ---I 
BO-B35 ____________ ~O~ld~D~a~ta~l~n~FI~F~O~O~ut~p~ut~R~e.g~ls~te_r __________ -J*----------~W~1----------

t tsk(1) is the minimum time between a rising ClKA edge and a rising ClKS edge for OR to transition high and to clock the next word to the FIFO 
output register in three ClKB cycles. If the time between the rising CLKA edge and rising ClKB edge is less than tsk(1). then the transition of OR 
high and the first word load to the output register can occur one ClKB cycle later than shown. 

Figure 6. OR-Flag Timing and First Data Word Fallthrough When the FIFO Is Empty 
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It- te ----tI 

tw(CLKH) \. -: • -\ tw(ClKl) 

ClKB 1\'1 ''--_...,1 
I ''-----,.,1 ' __ --I ,'----

CSB __ lO_W ___________ ~: __________________________________________________ __ 

W/RB High 
I 
I 
I 

MBB __ lo_w __________ ~I~---------------------------------------------------
tsu(EN) 1;=:;P;)~(EN) 

ENB _____ t~2~6~2_/1 I ~~0~S~~~'~~ ______________________________________ _ 
I 

OR High I 
I.- ta-.l 

BO-B35 FIFO Outeut Regl," *'-.;.;.Ne.;.;.xt;;.W~or~d.;..F.;.;;;ro~m;;..;.F.;.;.IF...;;O~ ______________________________ _ 

If- tsk(1) t -J~ Ie --.I 
tw(CLKH) I. -It ~ tw(CLKL) 

ClKA ~ ___ I"'-"""""\ )1 " (2 ' ___ I , ____ r-
tpd(C-IR) I. .I_--__ I~.==~.I tpd(C-IR) 

IR FIFO Full I I \. ________________________________________ -J I ~---------

CSA Low I 
--------------------------------------------~I----------------

W/RA High I 

ENA 

AO-A35 
- ----------~------~---~~-~ 

ft;(1)ISTt19 minimum -time betWeen a rislng-CLKs-eCigeand a rising ClKA edge for IR to transition high in the next ClKA cycle.lfthe time between 
the rising ClKB edge and rising ClKA edge is less than tsk(1). then IR can transition high one ClKA cycle later than shown. 

5-16 

Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 



SN74ACT3631 
512 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS246B - AUGUST 1993 - REVISED JUNE 1994 

CLKA 

ENA t/~:Z:~~~~~~~~~~~~~'~ ____________________________________ __ 
tt- tsk(2) t --I 

CLKB '--__ ~: 2 

~ tpd(C-AE) -tj tpd(C-AE) .. ., 

y (X + 1) Words In FIFO J '--
tsu(EN) ~ It- th(EN) 

ENB ______________________________________ ~//~2~6~2~2~2J~ ~\SSS\ 

AE X Words In FIFO 

NOTE: FIFO write (CSA = l, W/"RA = H, MBA = L), FIFO read (CSB = l, W/RB = H, MBB = l) 
t tsk (2) is the minimum time between a rising ClKA edge and a rising ClKB edge for AE to transition high in the next ClKS cycle. Ifthe time between 

the rising ClKA edge and rising ClKB edge is less than tsk(2), then AE can transition high one ClKS cycle later than shown. 

Figure 8. Timing for AE When FIFO Is Almost Empty 

I.- tsk(2) t -..j 
CLKA / \ ( \ /~--+: ""'\ 1'-1 --, y 2 

tsu(EN) ~ 14- th(EN) I , 

ENA tI?ZZT~~ I : 

\'-----'1 

tpd(C-AF) ~ tpd(C-AF) ,14-. ---CIIq 

AF [512 - (Y + 1)] Words In FIFO 
1_-----

I 
CLKB--I ''-__ --'I , 1---' / 

tsu(EN) 8 I+- th(EN) 

ENB ________________ ~t/,~Z~Z~Z~Z~/;~~ ~~$~~~$~0~$~'~~ ____________________ __ 
''-__ --'I '--

NOTE: FIFO write (CSA = l, w/"RA = H, MBA = L), FIFO read (CSB = l, W/RB = H, MBB = l) 
t tsk(2) is the minimum time between a rising ClKAedge and a riSing ClKB edge for AF to transition high in the next ClKAcycle.lfthe time between 

the riSing ClKB edge and rising CLKA edge is less than tsk(2), then AF can transition high one ClKA cycle later than shown. 

Figure 9. Timing for AF When FIFO Is Almost Full 
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CLKS / \ t '~""'-JI \ I \ , , ___ __ 
tsu(EN) I~ th(EN) tsu(EN) ~ th(EN) : 

ENS _______ //"""''''''''V'-'' I "&?I ~ I 
tsu(EN) ~ th(EN) I tsu(EN) ~ th(EN) 

RTM __ """I",V'-I7 : ~ \\~ I ~ 
1 I 

I tsu(EN) ~ th(EN) 1 

RFM II I/lJ I t\\. \ 1 --.... --................ +-.................... --~I----~~- 1 I 
I 1 I 1 
I I I I 

OR High 
I 1 1 1 
~~~ ~~~ ~~~ ~~~ 

SO-S35 ----W-O----X W1 * W2 X WO X"---W-1-

Initiate Retransmit Mode 
With WO as First Word 

Retransmit From 
Selected Position 

End Retransmit 
Mode 

NOTE: CSB = L. W/RB = H. MBB = L. No Input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 

Figure 10. Retransmit Timing Showing Minimum Retransmit Length 

CLKS / \ t '_ ..... _/1 ,_ ..... _/ ,'-.... _-
I 
I 

I. ~I tpd(C-AE) :e ~ _~~ __ ~E ___ ........ __ ~~-=~~_~_~_~_F~-e~-_~-~-~-_~-~-~-~_-ro-~::E::m-~-~-~-~_-_-__ -_-_-_ .... _-_-__ -_-_--_-__ ~ __ ~~ 1_)_Or_~~~~ord~~~~~~~~ty ______ ~ ___ ~ ______ _ 

NOTE: X Is the value loaded In the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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14- tsk(l) t -.j 
CLKA , /_-"'11-1., j""'l--\ t 2 ' ___ I 

I tpd(C-IR) ~ 

' ___ I 

I 
IR FIFO Filled to First Retransmit Word u-O-ne-o-r-M-o-r-O-W-r-Ite-l-o-c-at-Io-n-S-A-Y-al-Ia-b-10 

I 

ClKS --.-I I \ ,----, / ' ___ I ',---,.,/ '--I 
tsu(EN) 1.-.j4-+I th(EN) 

--~\~~S-~~~ l&<;xx&\ RTM 

t tsk(l) Is the minimum time between a rising CLKS edge and a rising ClKA edge for IR to transition high In the next ClKA cycle.lfthe time between 
the rising ClKS edge and rising ClKA edge is less than tsk(l). then IR can transition high one ClKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 

14- tsk(2) t -.j 
CLKA \ /---+:-\ j-1---' 12 ' ___ I ' ___ I 

I tpd(C-AE) ~ 
AF (512 - y) or More Words Past ~Irst Retransmit Word "f{-+-1-) -o-r M-or-e-W-r-It-e -lo-c-a-t1-on-s-A-Y-a-Ua-b-le 

I 
ClKS --.-I ,----? ' ___ I \_-_/ ',---,.,/ '--

RTM 

NOTE: Y is the value loaded in the almost-full flag offset register. 
t tsk(2) is the minimum time between a rising ClKS edge and a rising ClKA edge for AF to transition high in the next ClKA cycle. If the time between 

the rising ClKS edge and rising ClKA edge is less than tsk(2). then AF can transition high one ClKA cycle later than shown. 

Figure 13. AF Timing From the End of Retransmit Mode When rr + 1) 
or More Write Locations Are Available 
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CLKA I \ I ,'-__ --oJ/ 
tsu(EN) H r th(EN) 

''\. ___ ...J/ 

--------~~I~---------------------------------
I 1 

W/RA ???ZZZlJ?Z?Z? : W 
I 1 1 

MBA 7ZZZlZZZZlZ1 I W 
I 1 I 

ENA ZZZ2?2VZ2V{ I ~ 

AO-A35 .. 

I 
CLKB I ''---.... I_~/ '-----1 ,'-___ _ F tpd(C-MF) -./ r tpd(C-MF) -.I 

--------------~I------~\~------------I~----~>~------
1 I 

1~------~:--------------------~1------~{ 
W/RB //ZZ//Zl: l}\\\\\\\\\ 

1 , .,~ 
MBB 

ENB 

BO-B35 
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'I H ssss\S\,~ ---""""1 ___ ...J1 1 I _, th(EN) ,----- -- -I tsu(EN) ...... --..I--I I ! ozz» ~ ........ $\~$..lIo.'~..,..I ___ _ 
1 :141 .. ir---~.1 tpd(M-OV) I 

ten H I" , .1 tpd(C-MR) tdls j+--./ 
W1 (remains valid In mall1 register after read) 

FIFO Output Register 

Figure 14. Timing for Mall1 Register and MBF1 Flag 
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CLKB / , I ,'-__ -J/ 
tsu(EN) H r- th(EN) 

'''''' ___ -i/ 

W/RB 

--------~~------------------------------------

I I I 
-$-S-S-~-~-~-~-S-0-S-S-~ :10~~~h~~~------------------------------

I 1 1 

/l2Z?21//Z/?{ I W 
I 1 I 

MBB 

ENB 

BO-B35 

CLKA / 

WiRA 

MBA 

ENA 

AO-A35 

1 1 tsu(EN)~ th(EN) 1 
I I h122l ~~S~S~~~~ __ I~ ____ __ 
1 I 1 . 

ten H :.4-----+.1 tpd(C-MR) tdls ~ 
W1 (remains valid In mall2 register after read) 

Figure 15. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... ±20 mA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 mA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±50 mA 
Continuous current through Vee or GND ................................................. ±400 mA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings can be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

IOH High-level output current -4 rnA 

IOL Low-level output current 8 rnA 

TA Operating free-air temperature 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH Vce = 4.5 V. IOH =-4mA 2.4 

VOL Vee =4.5V, IOL= 8 rnA 

II Vce = 5.5 V. VI = Vee or 0 

IOZ Vee = 5.5 V. Vo = Vee orO 
~~ 

ICC Vee = 5.5 V, VI =Vee-0.2VorO 

eSA=VIH AO-A35 

eS8 =VIH 80-835 

t.lee§ Vee = 5.5 V, One input at 3.4 V. 
eSA =VIL AO-A35 

Other inputs at Vee or GND 
eS8 =VIL 80-835 

All other inputs 

ei VI=O. f = 1 MHz 

Co VO=O, f = 1 MHz 

:I: All typical values are at Vee = 5 V. TA = 25°C. 
§ This Is the supply current when each Input is at one of the specified TTL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 

'ACT3631-15 

fclock Clock frequency, ClKA or CLKB 

tc Clock cycle time, CLKA or ClKB 

tw(CH) Pulso duration, ClKA and ClKB high 

tw(Cl) Pulse duration, ClKA and ClKB low 

tsu(Dl Setup time, AO-A35 before ClKA t and BO - B35 before ClKB f 

tsu(EN) 
Setup time, CSA, W/RA. ENA, and MBA before ClKA f: 
CSB, W/RB, ENB, MBB, RTM, and RFM before ClKBf 

tsu(RS) Setup time, RST low before CLKA f or ClKBf t 

tsu(FS) Setup time, FSO and FS1 before RST high 

tsu(SD) * Setup time, FSO/SD before ClKAf 

tsu(SEN)* Setup time, FS 1/SEN before ClKA f 

th(D) Hold time, AO-A35 after CLKAf and BO-B35 after ClKBf 

th(EN) 
Hold time, CSA, W/RA, ENA, and MBA after ClKAf: 
CSB, W/RB, ENB, and MBB after CLKBt 

th(RS) Hold time, RST low after ClKAf or ClKBf t 

th(FS) Hold time, FSO and FS1 after RST high 

th(SP)* Hold time, FS1/SEN high after RST high 

th(SD)* Hold time, FSO/SD after ClKAf 

th(SEN)* Hold time, FS1/SEN after CLKAf 

tsk(1)§ Skew time, between ClKAf and CLKBf for OR and IR 

tSk(2)§ Skew time, between ClKA f and CLKB f for AE and AF 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
* Only applies when serial load method is used to program flag offset registers 

MIN MAX 

66.7 

15 

6 

6 

4 

4 

5 

5 

4 

4 

0 

0 

5 

2 

15 

0 

0 

6 

12 

'ACT3631-20 'ACT3631-30 

MIN MAX MIN 
UNIT 

MAX 

50 33.4 MHz 

20 30 ns 

8 12 ns 

8 12 ns 

5 6 ns 

5 6 ns 

6 7 ns 

6 7 ns 

5 6 ns 

5 6 ns 

0 0 ns 

0 0 ns 

6 7 ns 

3 3 ns 

20 30 ns 

0 0 ns 

0 0 ns 

8 10 ns 

16 20 ns 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 
CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 15) 

'ACT3631·15 
PARAMETER 

MIN 

fclock Clock frequency, ClKA or CLKB 

ta Access time, ClKBt to BO-B35 

tpd(C-IR) Propagation delay time, ClKAt to IR 

tpd(C-OR) Propagation delay time, ClKB t to OR 

tpd(C-AE) Propagation delay time, ClKBt to AE 

tpcl(C-A5 Propagation delay time, ClKA t to AF 

tpd(C-MF) 
Propagation delay time, ClKAt to MBF1 low or MBF2 high and 
CLKBt to MBF2 low or MBF1 high 

tpd (C-M R) 
Propagation delay time, ClKAt to BO-B35t and CLKBt to 
AO-A3s:l: 

tpd(M-DV) Propagation delay time, MBB to BO-B35 valid 

tpd(R-F) Propagation delay time, RST low to AE low and AF high 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 
and W/RB high to BO-B35 active 

ldis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 
and CSB high or W/RB low to BO-B35 at high impedance .. 

t Writing data to the mail1 register when the BO-B35 outputs are active and MBB is high 
:I: Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high 
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MAX 

66.7 

11 

11 

11 

11 

11 

11 

11 

9 

15 

10 

10 

' ACT3631·20 'ACT3631-30 

MIN MAX MIN 
UNIT 

MAX 

50 33.4 MHz 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

11 13 ns 

20 30 ns 

12 14 ns 

12 14 ns 
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300 

~ 250 
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c 
CII 200 § 
u 
~ 
Co 150 Co 
:I 

(J) 

I 

S 100 
U 
U 

50 

o 

calculating power dissipation 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

I I I 

fdata = 1/2 fclock 
TA=75°C 

- CL=OpF 

DATA TO BE SUPPUED - - AT PRODUCT RELEASE -
f---

o 10 20 30 40 50 60 70 80 

fclock - Clock Frequency - MHz 

Figure 16 

With lee(f) taken from Figure 16, the maximum power dissipation (PT) of the SN74ACT3631/3651 can be 
calculated by: 

PT = Vee x [Iee(t) + (N x 61ee x dc)] + }:(CL x Vee2 x fo) 

where: 

N = number of inputs driven by TTL levels 
61ee = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
CL = output capacitive load 
fo = switching frequency of an output 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 5-25 

~ 
W 

~ a: 
D.. 
t­
O 
::J 
C o a: 
D.. 



." 
:0 o 
C 
c: o 
-I 
." 
:0 m 
< -m :e 

ft" ..... "'_ ........... 
~I .. I 'tA\" I "0" I 
512 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS246B -AUGUST 1993 - REVISED JUNE 1994 

PARAMETER MEASUREMENT INFORMATION 

5V 

From Output 
Under Test --.----.. 

680Q 

LOAD CIRCUIT 

Timing i 3V 
Input ___ .Jq.:: ~ ___ GND 

tau 14 .14 .1 th 

Data, ~-:;:'''''' 3V 
Enable --./' 1.5V ~ 
~p~ GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~:~~: --X' .. 5V \ .. ;v--- ::0 
~ 114- tPLZ --.1 ~ tPZL 

1.1 kQ 

30pF 
(see Note A) 

High-Level ~~ ~..... 3V 
Input ---1f 1.:J V ~ GND 

I I 
let-- tw --.I 
I I 

Low-Level ~1.5V ~ 3V 

Input ~ ..... :"-:": ..... GND 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

1 ~--- .. 3V 
Low-Level 1 I I 1.5 V 

Output ----l~ I VOL 
Input --.!f1.5V \~5~ - - 3V 

---~-~-~------I ---~~-----.! -~14- tPZH--------

I VOH 

__________ ~____ __ I--------I GND---------------------

tpd~ ~tpd 
High-Level 

Output I 1 
1 I 
~ j+-tPHZ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

.. OV l ---J-- VOH In-Phase ~ 
Output 1.5 V 1.5 V 

----'. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTE k Includes probe and jig capacitance 
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Figure 17. Load Circuit and Voltage Waveforms 
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• Free-Running CLKA and ClKB Can Be 
Asynchronous or Coincident 

• Clocked FIFO Buffering Data From Port A 
to Port B 

o Memory Size: 1024 x 36 

o Synchronous Read Retransmit Capability 

• Mailbox Register In Each Direction 
• Programmable Almost-Full and 

Almost-Empty Flags 
o Microprocessor Interface Control logic 

• Input-Ready (IR) and Almost-Full (AF) Flags 
Synchronized by CLKA 

SN74ACT3641 
1024 x 36 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS338A-JANUARY 1994 - REVISED JUNE 1994 

• Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by ClKB 

• low-Power O.S-Mlcron Advanced CMOS 
Technology 

o Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 11 ns 
• Pln-to-Pln Compatible With the 

SN74ACT3631. and SN74ACT3651 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PQ) 

PCB PACKAGE 
(TOP VIEW) 

om~~~~~MN_om~~~~~MN-om~~~~~MN_ 

~~~~~~~~~~~~~~~~~~~~~mmmmmmmmm 
835 A35 1 90 

A34 2 89 834 
A33 3 88 833 
A32 4 87 832 
Vee 5 86 GND 
A31 6 85 831 
A30 7 84 830 

GND 8 83 829 
A29 9 82 828 
A28 10 81 827 
A27 11 80 826 
A26 12 79 Vee 
A25 13 78 825 
A24 14 77 824 
A23 15 76 GND 

GND 16 75 823 
A22 17 74 822 
Vee 18 73 821 
A21 19 72 820 
A20 20 71 819 
A19 21 70 818 
A18 22 69 GND 

GND 23 68 817 
A17 24 67 816 
A16 25 66 Vee 
A15 26 65 815 
A14 27 64 814 
A13 28 63 813 
Vee 29 62 812 
A12 30 61 GND 

~~~~~~~~~~~~~~~~~~~g~~~~~~~mmg 

Ne - No internal connection 
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NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
VCC 
815 
814 
813-
812 

PO PACKAGEt 
(TOP VIEW) 

2 1 132 130 128 126 124 122 120 118 o 131 129 127 125 123 121 119 117 
116 

GND 
NC 
NC 84 

~~~~~w~~wro~~~~~~~~~Mnn~N~ron~~oo~~~ 

NC - No Internal connection 
t Uses Yamalchl socket IC51-1324-828 
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description 
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CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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The SN74ACT3641 is a high-speed, low-power, CMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 12 ns. The 1024 x 36 dual-port SRAM FIFO buffers data 
from port A to port S. The FIFO memory has retransmit capability, which allows previously read data to be 
accessed again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words is stored in memory. Communication 
between each port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Two or more devices can be used in parallel to create wider data paths. 
Expansion is also possible in word depth. 

The SN74ACT3641 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to ClKA. The 
output-ready (OR) flag and almost-empw (AE) flag of the FIFO are two-stage synchronized to ClKS. Offset 
values for the almost-full and almost-empty flags of the FIFO can be programmed from port A or through a serial 
input. 

functional block diagram 

CLKA 
CSA 

W/RA 
ENA 
MSA 

AO-A35 

IR 
AF 

FSQL§Q 
FS1/SEN 

-
-
-
-
-

Port-A 
Control 
logic 

Reset 
logic 

.. 
~ 

'---
,...-

3~ 

<~ 

-
~ 

.. 
CII 
~ 
'61 
CII 
II 
~ 

r c. 
.E ----

~ 

10 

• I Mall1 
... I Register I 

T~ 
I 

CI 

r+- 1024)( 36 +-
CII 
II 

SRAM ~ 
c. 
~ -4-
0 

~ ~ ,-
-

J: E 0 ~ 
o ~'CI~ ~~o 
CJ)1ij.J ~ 

... I Write II Read ~ II ... I Pointer Pointer I ~ 

t t 
I Status-Flag I 
I logic I 
I I 

-+ .. 
r 

Flag-Offset 
Register 

.. 
"I Ma1l2 I ~ 

Register I'" , 
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RTM 
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BO-B35 
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AE 
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ENS 
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TERMINAL 
I/O 

NAME 

AO-A35 I/O 

AE 0 

AF 0 

BO-B35 I/O 

ClKA I 

ClKS I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1/SEN, 
FSO/SD 

I 

IR 0 

MBA I 

MBB I 
~- --

MBFl 0 

MBF2 0 

OR 0 

RFM I 

RST I 

RTM I 

5--30 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Almost-empty flag. Programmable flag synchronized to ClKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 

Almost-full flag. Programmable flag synchronized to CLKA. AF is low when the number of empty locations In the FIFO 
is less than or equal to the value in the almost-full offset register M. 
Port-B data. 36-bit bidirectional data port for side B. 

Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. IR and AF are synchronous to the low-to-high transition of CLKA. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. OR and AE are synchronous to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB,is high. 

Port-A master enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B master enable. ENB must be high to enable a low-to-high transition of CLKS to read or write data on port B. 

Flag offset select l/serial enable, flag offset select O/serial data. FS1/SEN and FSO/SD are dual-purpose Inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 

When serial load is selected for flag offset register programming, FS1/SEN Is used as an enable synchronous to the 
low-to-high transition of CLKA. When FS1/SEN is low, a rising edge on ClKA loads the bit present on FSO/SD Into the 
X and V offset registers. The number of bit writes required to program the offset registers is 20. The first bit write stores 
the V-register MSB and the last bit write stores the X-register LSB. 

Input-ready flag. IR is synchronized to the low-to-high transition of CLKA. When IR is low, the FIFO Is full and writes to 
Its array are disabled. When the FIFO is in retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and Is set high after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active, a high level on MBB selects data from the mail 1 register for output and a low level selects 
FI~O.data for.output. __ ~. __ .. ~~_~ __ ~ __ ~~.~~ .. ~~. ____ .. _~~ __ . -~--~.~----.---.--.-~.-.~~.-.. -

Maill register flag. MBFl is set low by the low-to-high transition of CLKA that writes data to the maill register. MBFl 
is set high by a low-to-high transition of CLKB when a port-B read is selected and MBB is high. MBFl Is set high by a 
reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of CLKB that writes data to the mail2 register. MBF2 
is set high by a low-to-high transition of CLKA when a port-A read is selected and MBA Is high. MBF2 is set high by a 
reset. 

Output-ready flag. OR is synchronized to the low-to-high transition of CLKB. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FI FO when OR Is high. OR Is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 

Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-to-high transition of CLKS to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 

Reset. To reset the device, four low-to-high transitions of ClKA and four low-to-high transitions of CLKS must occur while 
RST is low. The low-to-high transition of RST latches the status of FSO and FSl for AF and AEoffset selection. 

Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of CLKS selects the data for the beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of CLKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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W!RA I 

W/RB I 
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Terminal Functions (Continued) 

DESCRIPTION 

Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA The AO-A35 outputs are in the high-impedance state when W/RA is high. 

Port-B write/read select. A Iowan W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKB. The BO-B35 outputs are in the high-impedance state when W/RB is low. 

detailed description 

reset 

The SN74ACT3641 is reset by taking the reset (RSl) input low for at least four port-A clock (ClKA) and four 
port-S clock (ClKS) low-to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pointers and forces the input-ready (IR) flag low, the output-ready (OR) 
flag low, the almost-empty (AE) flag low, and the almost-full (A F) flag high. Resetting the device also forces the 
mailbox flags (MSF1, MSF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3641 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offset register programming mode is chosen by the flag 
select (FS1, FSO) inputs during a low-to-high transition on the RST input (see Table 1). 

preset values 

Table 1. Flag Programming 

FS1 FSO RST X AND Y REGISTERSt 

H H t Serial load 

H L t 64 

l H t a 
l l t Para\lelload from port A 

t X register holds the offset for AE; Y register holds the 
offset for AF. 

If a preset value of 8 or 64 is chosen by the FS1 and FSO inputs at the time of a RST low-to-high transition 
according to Table 1, the preset value is automatically loaded into the X and Y registers. No other device 
initialization is necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions 
on ClKA. 

parallel load from port A 

To program the X and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on ClKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. 
Each offset register of the SN74ACT3641 uses port-A inputs (A9-AO). Data input A9 is used as the most 
significant bit of the binary number. Each register value can be programmed from 1 to 1020. After both offset 
registers are programmed from port A, subsequent FIFO writes store data in the SRAM. 
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serial load 

To program the X and Y registers serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of RST. After this reset is complete, the X and Y register values are loaded bitwise through 
the FSO/SD input on each low-to-high transition of GlKA that the FS1 /SEN input is low. 20-bit writes are needed 
to complete the programming for the SN74AGT3641. The first-bit write stores the most significant bit of the 
Y register, and the last-bit write stores the least significant bit of the the X register. Each register value can be 
programmed from 1 to 1020. 

When the option to program the offset registers serially is chosen, the input-ready (IR) flag remains low until all 
20 bits are written. The IR flag is set high by the low-to-high transition of GlKA after the last bit is loaded to allow 
normal FIFO operation. 

FIFO write/read operation 

~2 

The state of the port-A data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the port-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. ,.. 
Data is loaded into the FIFO from the AO-A35 inputs on a low-to-high transition of GlKA when GSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IR) flag are high (see 
Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 

Table 2. Port-A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t in high-impedance state FIFO write 

L H H H t In high-Impedance state Mail1 write 

L L L L X Active, mail2 register None 

L L H L t Active, mail2 register None 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B controlsignals are Jdenticalto those olport Awiththe exception that the port-B write/readselect--~~---­
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (GSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either GSB is high or W/RB is low. The BO-B35 outputs are active when GSB 
is low and W/RB is high. 

Data is read from the FIFO to its output register on a low-to-high transition of GlKB when GSB and the port-B 
mailbox select (MBB) are low, W/RB, the port-B enable (ENB), and the output-ready (OR) flag are high (see 
Table 3). Reads from the FIFO are independent of any concurrent FIFO writes. 
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FIFO write/read operation (continued) 

Table 3. Port-B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L L L X X In high-impedance state None 

L L H L t In high-impedanco stato None 

L L H H t In high-impedance state Mail2write 

L H L L X Active, FIFO output register None 

L H H L t Active, FIFO output register FIFO read 

L H L H X Active, mail1 register None 

L H H H t Active, mail1 register Mail1 read (set MBF1 high) 

The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. 

When the output-ready (OR) flag is low, the next data word is sent to the FIFO output register automatically by 
the ClKS low-to-high transition that sets the output-ready flag high. When OR is high, an available data word 
is clocked to the FIFO output register only when a FIFO read is selected by the port-S chip select (CSS), 
write/read select (W/RS), enable (ENS), and mailbox select (MSS). 

synchronized FIFO flags 

Each SN74ACT3641 FI FO flag is synchronized to its port clock through at least two flip-flop stages. This is done 
to improve the flags' reliability by reducing the probability of metastable events on their outputs when ClKA and 
ClKS operate asynchronously to one another (see the application report Metastability Performance of Clocked 
FIFOs in the 1994 High-Performance FIFO Memories Data Book, literature #SCAD003S). OR and AE are 
synchronized to ClKS. IR and AF are synchronized to ClKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. 

Table 4. FIFO Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKB TO CLKA 

FIFOtt 
OR AE AF IR 

0 L L H H 

1 toX H L H H 

(X + 1) to [1024 - (Y + 1)] H H H H 

(1024 - Y) to 1023 H H L H 

1024 H H L L 

t X is the almost-empty offset for AE. Y is the almost-full offset for AF. * When a word is present in the FIFO output register, its previous memory 
location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (ClKS). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is docked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+ 1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum ofthree cycles of ClKS; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three ClKS cycles have not elapsed since 
the time the word was written. The output-ready flag of the FIFO remains low until the third low-to-high transition 
of ClKS occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on elKS begins the first synchronization cycle of a write if the clock transition 
occurs at time tsk(1) or greater after the write. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 6). • 

Input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pOinter is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of ClKA; therefore, an input-ready flag is low if less than two cycles 
of ClKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on ClKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on ClKA begins the first synchronization cycle of a read if the clock transition 
occurs at time tsk(1) or greater after the read. Otherwise, the subsequent ClKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

The almost-empty flag of a FIFO is synchronized to the port clockthat readsdata frQ!!IJ!~ __ ~!rClyJCI..ISS)._The ______ ~ ____ ~~ __ _ 
-------~~---statemachlnetharcontrols an almosFemptYflag monitors a wdte--pointer and read-pointer comparator that 

indicates when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). The almost-empty flag is low when the FIFO contains X or less words and is high when the FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

5--34 

Two low-to-high transitions of elKS are required after a FIFO write for the almost-empty flag to reflect the new 
level offill; therefore, the almost-empty flag ofa FIFO containing (X + 1) or more words remains low if two cycles 
of elKS have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag is set 
high by the second low-to-high transition of ClKS after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of ClKS begins the first synchronization cycle if it occurs at time tsk(2) or greater after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 8). 
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The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full-1 , or almost full-2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FI FO is greater than or equal to (1024 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [1024 - (Y + 1)). A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of ClKA are required after a FI FO read for its almost-full flag to reflect the new level 
offill. Therefore, the almost-full flag of a FIFO containing [1024- (Y + 1)] or less words remains low if two cycles 
of ClKA have not elapsed since the read that reduced the number of words in memory to [1024 - (Y + 1 )]. An 
almost-full flag is set high by the second low-to-high transition of ClKA after the FIFO read that reduces the 
number of words in memory to [1 024 - (Y + 1 )]. A low-to-high transition of ClKA begins the first synchronization 
cycle if it occurs at time tsk(2) or greater after the read that reduces the number of words in memory to 
[1024 - (Y + 1)]. Otherwise, the subsequent ClKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3641 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on ClKS when the retransmit mode (RTM) input 
is high and OR is high. This rising ClKS edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done past the initial retransmit word, a retransmit is initiated by a low-to-high 
transition on ClKS when the read-from-mark (RFM) input is high. This rising ClKS edge shifts the first 
retransmit word to the FI FO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the ClKS rising edge that takes 
the FIFO out of retransmit mode. 

When the FI FO is put into retransmit mode, it operates with two read pointers. The current read pointer operates 
normally, incrementing each time a new word is shifted to the FI FO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pOinter is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (1024 - Y) words after the first retransmit word. The IR flag is set low by the 1024th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising ClKS edge loads the current read pOinter with 
the shadow read-pointer value and the OR flag reflects the new level offill immediately.lfthe retransmit changes 
the FIFO status out of the almost-empty range, up to two ClKS rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11). The rising ClKS edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the IR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two ClKA 
synchronizing cycles are needed before the flags reflect the change. A rising ClKA edge after the FIFO is taken 
out of retransm it mode is the first synchronizing cycle of IR ifit occurs attimetsk(1) or greater after the rising ClKS 
edge (see Figure 12). A rising ClKA edge after the FI FO is taken out of retransm It mode is the first synchronizing 
cycle of AF if it occurs at time tsk(2) or greater after the rising ClKS edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers are on the SN74ACT3641 to pass command and control information between portA 
and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port data 
transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register when a portA write 
is selected by CSA, W/RA, and ENAwith MBA high. A low-to-high transition on ClKB writes BO-B35 data to 
the mail2 register when a port-B write is selected by CSB, W/RB, and ENB with MBB high. Writing data to a mail 
register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while 
its mail flag is low. 

When the port-B data (BO-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from themail1registerwhenMBBishigh.Mail2 data 
is always present on the port-A data (AO-A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on ClKA when a port-A read 
is selected by CSA. W/RA. and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 

CLKA 

CLKS 
-.I I.- th(RS) 

I I t 
-.I ~ tSU(RS) , , ~ h(FS) I ______ I , ,tSU(FS);"'"1 I I 

RST \. I' I I I 
,I , I 

FS1, FSO 

~ tpd(C-IR) ~ I tpd(C-IR) ~ 
IR ~\\~~ : I~---

tpd(C-OR) I.-.r 
OR :s\\'\\\~~'S\\~~~ 

tpd(R-F) ~ 
AE,»\\\~ 
--~~---~I. ~f-~~-~-~------------~------~--~-----------'-----~------~~.---~---~~---

tpd(R-F) 

AFV/lA;zzm 
__ tpd(R-F) ~ 

~B:F~ 'lZZZZ///l/J7 

5-36 

Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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CLKA 

1 I 
RST I I I I 

--1-4-~1 I I I. 
tau(FS) I ~ 14- th(FS) 1 I I 

~L~~ ~ 
tpd(C.IR) ,.. ~I I 1 

IR Y 1 

II t I -+11 I.- th(EN1) 
su(EN1) 14-+ 1 

ENA 7ZZI //ZZZIZZZ77JZ///ZZlJ??Z4 ! XX3&QI \Q<XX)<i \~\\\\\ 
-+' J+..:. th(D) 

tsu(D) 1.-.1 1 
AO-A35 

AF Offset AEOffset First Word Stored In FIFO 
M (X) 

NOTE: CSA = L, W/RA = H, MBA = L It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 

CLKA 

I I 
RST ___ I 1 I 

II 

II I ! 

1 I tpd(C.IR) .~ _~~I 
_____ ~: ____________ ~----------~,,~~--~:-----------Jy--

14- th(SP} --+I ~ I+- th(SEN) t j J -+I 14- th(SEN) 

IR 

tsu(FS) i++I tsu(SEN) I4-tI 1 su(SEN) l...-.j 1 
FS1/SEN ?222ZJ.,.."..,..".."....,..II------~~\ I ~ ~~ ~,....,'/...,2...,?..,.'/..,.?.,.2.,.2.,..?.,..2.,..2.,..?,..2,..?--; 

~~ ~ ~~~~ 
~ts,..u,..(F.,.S}.,..;,.~-.... ~ 

FSO/SD ZZZZ7 
AF Offset AE Offset 
M MSB (X) LSB 

NOTE: It is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored untillR is set high. 

Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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Figure 4. FIFO Write-Cycle Timing 
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Figure 5. FIFO Read-Cycle Timing 
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*-- tc --+I 
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80-835 ________ ~O_ld~D_a~ta~l~n~F~IF~O~O~ut~p~~_R_e~g~is~te_r ______ -J*------~W~1--------

t tsk(1) is the minimum time between a rising ClKA edge and a rising ClKB edge for OR to transition high and to clock the next word to the FIFO 
output register in three ClKB cycles. If the time between the rising CLKA edge and rising ClKB edge is less than tsk(1). then the transition of OR 
high and the first word load to the output register can occur one CLKB cycle later than shown. 

Figure 6. OR-Flag Timing and First Data Word Fallthrough When the FIFO Is Empty 
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t tsk(1) Is the minimum time between a rising CLKB edge and a rising ClKA edge for IR to transition high In the next ClKA cycle.lfthetlme between 
the rising ClKB edge and rising ClKA edge Is less than tsk(1). then IR can transition high one ClKA cycle later than shown. 

5-40 

Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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ClKA 
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tt-- tsk(2) t ~ 
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tsU(EN1)~ ~th(EN1) 

ENB ________________________________________ ~~~2~2~2~2~2~~ ~~ 

AE X Words In FIFO 

NOTE: FIFO write (CSA = L. W/RA = H. MBA = L). FIFO read (CSB = l. W/RB ,;, H. MBB = l) 
t tsk(2) is the minimum time between a rising ClKA edge and a rising ClKB edge for AE to transition high in the next ClKB cycle.lfthe time between 

the rising ClKA edge and rising ClKB edge Is less than tsk(2). then AE can transition high one ClKB cycle later than shown. 

Figure 8. Timing for AE When FIFO Is Almost Empty 

I.- tsk(2) t ~ 
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ENB ________________ ~~~2~2~2~2~/~_~ "~0~$~$~0~~~'~~ ____________________ __ 

\ ..... -----'1 '--

NOTE: FIFO write (CSA = L. W/RA = H. MBA = L). FIFO read (CSB = l. W/RB = H. MBB = l) 
t tsk(2) Is the minimum time between a rising ClKA edge and a rising ClKB edge for AF to transition high in the next ClKA cycle. If the time between 

the rising ClKB edge and rising ClKA edge is less than tsk(2). then AF can transition high one ClKA cycle later than shown. 

Figure 9. Timing for AF When FIFO Is Almost Full 
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NOTE: CSB = L. W/RB = H. MBB = L. No Input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 

Figure 10. Retransmit Timing Showing Minimum Retransmit Length 
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NOTE: X Is the value loaded in the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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t tsk (1) Is the minimum time between a rising CLKS edge and a rising ClKA edge for IR to transition high in the next CLKA cycle. Ifthe time between 
the rising ClKS edge and rising ClKA edge is less than tsk(l). then IR can transition high one ClKA CY~le later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 
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NOTE: Y is the value loaded in the almost-full flag offset register. 
t tsk (2) is the minimum time between a rising ClKS edge and a rising ClKA edge for AF to transition high in the next CLKA cycle. If the time between 

the rising ClKS edge and rising ClKA edge is less than tsk(2). then AF can transition high one ClKA cycle later than shown. 

Figure 13. AF Timing From the End of Retransmit Mode When Cf + 1) 
or More Write Locations Are Available 
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Figure 14. Timing for Mall1 Register and MBF1 Flag 
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Figure 15. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .....•................................................•... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 Vto Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ............................................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±SO rnA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±SO rnA 
Continuous current through Vee or GND ................................................. ±400 rnA 
Operating free-air temperature range, TA .................................•....•......• O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the Input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level Input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current -4 mA 

IOL Low-level output current 8 mA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH Vee = 4.5V. IOH =-4mA 2.4 

VOL Vee = 4.5 V, IOL=8 mA 

II Vee = 5.5 V, VI =Vee orO 

IOZ Vee = 5.5 V, Vo = Vee orO 
---Ice--- Ve-e=5.5V, VI = Vee -0.2Vor 0 

eSA=VIH AO-A35 

eS8 =VIH 80-835 

t.lee§ Vee = 5.5 V, One Input at 3.4 V, 
eSA=VIL AO-A35 

Other inputs at Vee or GND 
eS8 =VIL 80-835 

All other inputs 

ei VI=O. f = 1 MHz 

Co VO=O. f = 1 MHz 

* All typical values are at Vce = 5 V, TA = 25°C. 
§ This is the supply current when each input is at one of the specified TIL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 

'ACT3641-15 

fclock Clock frequency, ClKA or CLKB 

tc Clock cycle time, CLKA or ClKB 

tw(CH) Pulso duration, ClKA and ClKB high 

tw(Cl) Pulse duration, ClKA and ClKB low 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before ClKBt 

tsu(EN1) Setup time, ENA to ClKA t: ENB to ClKB t 

tsu(EN2) 
Setup time, CSA, W/RA, and MBA to ClKAt: 
CSB, iN/RB, and MBB to ClKBt 

tsu(RM) Setup time, RTM and RFM to ClKBt 

tsu(RS) Setup time, RST low before CLKA t or ClKB t t 

tsu(FS) Setup time, FSO and FS1 before RST high 

tsu(SD)* Setup time, FSO/SD before ClKAt 

tsu(SEN)* Setup time, FS1/SEN before ClKAt 

th(D) Hold time, AO-A35 after CLKAt and BO-B35 after ClKBt 

tn{EN1) Hold time, ENA after ClKAt: ENB after CLKBt 

tn(EN2) 
Hold time, CSA, W/RA, and MBA after ClKAt: 
CSB, iN/RB, and MBB after ClKBt 

tn(RM) Hold time, RTM and RFM after CLKBt 

th(RS) Hold time, RST low after ClKAt or ClKBt t 

th(FS) Hold time, FSO and FS1 after RST high 

th(SP)* Hold time, FS1/SEN high after RST high 

th(SD)* Hold time, FSO/SD after ClKA t 
th(SEN)* Hold time, FS1/SEN after CLKAt 

tsk(1l§ Skew time, between ClKAt and CLKBt for OR and IR 

tsk(2)§ Skew time, between ClKA t and CLKB t for AE and AF 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
* Only applies when serial load method is used to program flag offset registers 

MIN MAX 

66.7 

15 

6 

6 

5 

5 

7 

6 

5 

9 

5 

5 

0 

0 

0 

0 

5 

0 

0 

0 

0 

9 

12 

'ACT3641-20 'ACT3641-30 
UNIT 

MIN MAX MIN MAX 

50 33.4 MHz 

20 30 r.s 

8 12 ns 

8 12 ns 

6 7 ns 

6 7 ns 

7.5 8 ns 

6.5 7 ns 

6 7 ns 

10 11 ns 

6 7 ns 

6 7 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

6 7 ns 

0 0 ns 

0 0 ns 

0 0 ns 

0 0 ns 

11 13 ns 

16 20 ns 

§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 
CLKB cycle. 
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SN74ACT364i 
1024 x 36 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS338A- JANUARY 1994 - REVISED JUNE 1994 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 15) 

'ACT3641-15 
PARAMETER 

MIN 

fclock Clock frequency, ClKA or CLKB 

ta Access time, ClKBt to BO-B35 3 

tpd(C-IR) Propagation delay time, ClKA t to IR 1 

tpd(C-OR) Propagation delay time, ClKBt to OR 1 

tpd(C-AE) Propagation delay time, ClKBt to AE 1 

tpdiC-AF) Propagation delay time, ClKA t to AF 1 

tpd(C-MF) 
Propagation delay time, ClKAt to MBF1 low or MBF2 high and 

0 
CLKBt to MBF2 low or MBFl high 

tpd(C-MR) 
Propagation delay time, ClKAt to BO-B35t and ClKBt to 

3 
AO-A35:1: 

tpd(M-DV) Propagation delay time, MBB to BO-B35 valid 3 

tpd(R-F) Propagation delay time, RST low to AE low and AF high 1 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 

2 
and W/RB high to BO-B35 active 

ldis 
Disable time, CS~or W/RA high to AO-A35 at high Impedance 
and CSB high or W/RB low to BO-B35 at high impedance 

1 

t Writing data to the maill register when the BO-B35 outputs are active and MBB is high 
:I: Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high 

MAX 

66.7 

11 

6 

6 

6 

6 

6 

13.5 

13 

15 

12 

6 

'ACT3641-20 'ACT3641-30 
UNIT 

MIN MAX MIN MAX 

50 33.4 MHz 

3 13 3 15 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10' 1 12 ns 

0 10 0 12 ns 

3 15 3 17 ns 

3 15 3 17 ns 

1 20 1 30 ns 

2 13 2 14 ns 

1 10 1 11 ns 

----~----------- -~ ---- ------- -------------~- .. -----.--.----- .. -----------~---. 
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SN74ACT3641 
1024 x 36 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS338A - JANUARY 1994 - REVISED JUNE 1994 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

~ 2OOr-~~+-~---r--+-~~~ 
I 

1: 
~ 
ij 150 t---t--t--t--~~'l--::rf'-i----I 
>­
Q. 
a. 
:::J 
en 
I 100 t---t--t-~'I-r--:7"-t--t--i----I 

5: 
o 

_0 

calculating power dissipation 

1 0 20 30 40 50 60 70 

'clock - Clock Frequency - MHz 

Figure 16 

The lee(f) current in Figure 16 was taken while simultaneously reading and writing the FIFO on the 
SN74ACT3641 with ClKA and ClKS set to fclock' All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs are disconnected to normalize the graph to a 
zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3641 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With lee(f) taken from Figure 16, the maximum power dissipation (PT) of the SN74ACT3641 can be calculated 
by: 

PT = Vee x [Iee(f) + (N x ~Iee x dc)] + }:(CL x Vee2 x fo) 

where: 

N = number of inputs driven by TTL levels 
~Iee = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
CL = output capacitive load 
fo = switching frequency of an output 

When no reads or writes are occurring on the SN74ACT3632, the power dissipated by a single clock (ClKA or 
ClKS) input running at frequency fclock is calculated by: 

PT = Vee x fclock x 0.209 rnA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 

From Output 
Under Test --4111----... 

• 680 Q ;:: i==:: 30 pF 
(see Note A) 

LOAD CIRCUIT 

Timing '''"---- 3 V Input 1.5V 
___ "J.q. - - - - - GND 

tsu 14 ~I'" ~I th 

Dat8, ~::;:- 3V 
Enable ~1.5V ~ 
~put GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

=: ---1',.5\' \~;V--- ::0 
~ l+- tpLZ --.1 I+- tpZL 

Low-Leve! 
Output 

High-Level 
Output 

: I ~----r-,;:~--- -3V 

--1-1' 

I I 
I I 
~ l4-tPHZ 

VOL 
i4--tPZH 
I VOH 

-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

High-Level ~ ~ ~ - 3V 
Input -If 1.0 V ~ GND 

14-- tw ---.I 
I I 

Low-Level ~15V ~ 3V 
Input ~ _::-:..: _ GND 

Input 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

-J,.5V \-;5-; -- ::0 
tpd~ ~tpd 

In-Phase y I - -- VOH 
Output 1.5 V \L 1.5 V 

__ --J. '\::.: VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 17. Load Circuit and Voltage Waveforms 
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SN74ACT3651 
2048 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS439-JUNE 1994 

It Free-Running ClKA and ClKS Can Be 
Asynchronous or Coincident 

• Output-Ready (OR) and Almost-Empty (AE) 
Flags Synchronized by ClKB 

• Clocked FIFO Buffering Data From Port A o low-Power O.S-Mlcron Advanced CMOS 
to Port B Technology 

• Synchronous Read Retransmit Capability 
o Mailbox Register in Each Direction 

• Supports Clock Frequencies up to 67 MHz 
o Fast Access Times of 11 ns 

o Programmable Almost-Full and 
Almost-Empty Flags 

• Pin-to-Pln Compatible With the 
SN74ACT3631 and SN74ACT3641 

o Microprocessor Interface Control logic 

It Input-Ready (IR) and Almost-Full (AF) Flags 
Synchronized by ClKA 

o Available In Space-Saving 120-Pln Thin 
auad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (pa) 

A35 
A34 
A33 
A32 
Vee 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 
Vee 
A21 
A20 
A19 
A18 

GND 
A17 
A16 
A15 
A14 
A13 
Vee 
A12 

PCB PACKAGE 
(TOP VIEW) 

olm 
0;2 <{I~I<{ ° 0l~ <{ ~ 0 ~ ~ ~ ~ 0 co °1U: 0 lco ~ a:d~ ° z ...J Z -- U) II: 01u.IW ° co co z (/) (/) I- u. 0 () co Z co Z U) -- Z...J 0 
(.!J () W ~ () Q; 0::> <{ c:{::> ~ ~ II: ~ u. u. II: II:::> Z ~ ~ ~ (.!J ()I~ W () :::> 

omm~~~~MN_Omm~~~~MN-omm~~~~MN_ 

~~~~~~~~~~~~~g~~~~~~~~mmmmmmmm 
1 90 
2 89 
3 88 
4 87 
5 86 
6 85 
7 84 
8 83 
9 82 
10 81 
11 80 
12 79 
13 78 
14 77 
15 76 
16 75 
17 74 
18 73 
19 72 

71 
70 
69 
68 
67 
66 
65 

Ne - No internal connection 

835 
834 
833 
832 
GND 
831 
830 
829 
828 
827 
826 
Vee 
825 
824 
GND 
823 
822 
821 
820 
819 
818 
GND 
817 
816 
Vee 
815 
814 
813 
812 
GND 

PRODUCT PREVIEW Information concern. products In tlMl formative or 
dtllgn phil. of d.velopmenL Charact,ristlc clata and other 
specifications a,. design goals. T,xllinstrum,nt. ,.ltrvtlthe righllO 
change or dlacontlnu.these products without notlc .. ~TEXAS 
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SN74ACT3651 
2048 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS439-JUNE 1994 

NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
Vce 
815 
814 
813 
812 

GND 
NC 
NC 

NC - No Internal connection 
t Uses Yamaichl socket IC51-1324-828 
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NC 
NC 
A35 
A34 
A33 
A32 
Vcc 
A31 
A30 
GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 
GND 
A22 
Vcc 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 
Vcc 
A12 
NC 



description 

SN74ACT3651 
2048 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS439-JUNE 1994 

The SN74ACT3651 is a high-speed, low-power, CMOS clocked FIFO memory. It support clock frequencies up 
to 67 MHz and has read access times as fast as 12 ns. The 2048 x 36 dual-port SRAM FIFO buffers data from 
port A to port S. The FIFO memory has retransmit capability, which allows previously read data to be accessed 
again. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost full and 
almost empty) to indicate when a selected number of words is stored in memory. Communication between each 
port can take place with two 36-bit mailbox registers. Each mailbox register has a flag to signal when new mail 
has been stored. Two or more devices can be used in parallel to create wider data paths. Expansion is also 
possible in word depth. ' 

The SN74ACT3651 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses with synchronous control. 

The input-ready (IR) flag and almost-full (AF) flag of the FIFO are two-stage synchronized to ClKA. The 
output-ready (OR) flag and almost-empty (AE) flag of the FIFO are two-stage synchronized to ClKS. Offset 
values for the almost-full and almost-empty flags ofthe FIFO can be programmed from portAorthrough a serial 
input. 

fun,ctional block diagram 

CLKA 
CSA 

wiRA 
ENA 
MBA 

AO-A35 

IR 
AF 

FS~ 
FS1/SEN 

-
-
-
-
-

Port-A 
Control 
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Reset 
Logic 

r 

~ 

A .... 

r- r-
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~ 

-
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.5 ---

10 

• I Mail1 
... 1 Register 

TJt& 
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a. 
'5 ~ 
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~ A '5 en.2 -
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..... 
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Control ....-
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MBF1 

RTM 

RFM 

BO-B35 

OR 
AE 

CLKB 
CSB 
WIRB 
ENB 
MBB 
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SCAS439-JUNE 1994 

TERMINAL 
I/O 

NAME 

AO-A35 I/O 

AE 0 

AF 0 

BO-B35 I/O 

ClKA I 

ClKS I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1/SEN, 
FSO/SD 

I 

IR 0 

MBA I 

MBB I 

MBF1 0 

MBF2 0 

OR 0 

RFM I 

RST I 

RTM I 
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Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Almost-empty flag. Programmable flag synchronized to ClKB. AE is low when the number of words in the FIFO is less 
than or equal to the value in the almost-empty offset register (X). 

Almost-full flag. Programmable flag synchronized to ClKA. AF Is low when the number of empty locations In the FIFO 
is less than or equal to the value in the almost-full offset register (Y). 

Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. ClKA Is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. IR and AF are synchronous to the low-to-high transition of ClKA. 

Port-B clock. ClKB Is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. OR and AE are synchronous to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are In the high-Impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKS to read or write data on port B. The 
BO-B35 outputs are In the high-Impedance state when CSB is high. 

Port-A master enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B master enable. ENB must be high to enable a low-to-high transition of ClKS to read or write data on port B. 

Flag offset select l/serial enable, flag offset select O/serial data. FS1/SEN and FSO/SD are dual-purpose Inputs used 
for flag offset register programming. During a device reset, FS1/SEN and FSO/SD select the flag offset programming 
method. Three offset register programming methods are available: automatically load one of two preset values, parallel 
load from port A, and serial load. 

When serial load is selected for flag offset register programming, FS1/SEN is used as an enable synchronous to the 
low-ta-high transition of ClKA. When FS1/SEN is low, a rising edge on ClKA loads the bit present on FSO/SD into the 
X and Y offset registers. The number of bit writes required to program the offset registers is 22. The first bit write stores 
the V-register MSB and the last bit write stores the X-register lSB. 

Input-ready flag. IR Is synchronized to the low-to-high transition of ClKA. When IR is low, the FIFO is full and writes to 
its array are disabled. When the FIFO is In retransmit mode, IR indicates when the memory has been filled to the point 
of the retransmit data and prevents further writes. IR is set low during reset and is set high after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active, a high level on MBB selects data from the maill register for output and a low level selects 
FIFO data for output. 

Mail1 register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. MBF1 
is set high by a low-ta-high transition of CLKB when a port-B read is selected and MBB is high. MBF11s set high by a 
reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. MBF2 
is set high by a low-ta-high transition of ClKA when a port-A read is selected and MBA is high. MBF2 is set high by a 
reset. 

Output-ready flag. OR is synchronized to the low-to-high transition of ClKS. When OR is low, the FIFO is empty and 
reads are disabled. Ready data is present in the output register of the FIFO when OR is high. OR is forced low during 
the reset and goes high on the third low-to-high transition of CLKB after a word is loaded to empty memory. 

Read from mark. When the FIFO is in retransmit mode, a high on RFM enables a low-ta-high transition of ClKS to reset 
the read pointer to the beginning retransmit location and output the first selected retransmit data. 

Reset. To reset the device, four low-to-high transitions of ClKA and four low-to-high transitions of ClKS must occur while 
RST is low. The low-to-high transition of RST latches the status of FSO and FS1 for AF and AE offset selection. 

Retransmit mode. When RTM is high and valid data is present in the FIFO output register (OR is high), a low-to-high 
transition of elKS selects the data forthe beginning of a retransmit and puts the FIFO in retransmit mode. The selected 
word remains the initial retransmit point until a low-to-high transition of ClKB occurs while RTM is low, taking the FIFO 
out of retransmit mode. 
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Terminal Functions (Continued) 

DESCRIPTION 

Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-te-high transition of ClKA. The AO-A35 outputs are In the high-impedance state when wjP.A Is high. 

Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKB. The BO-B35 outputs are in the high-impedance state when VI/RB is low. 

detailed description 

reset 

The SN74ACT3651 is reset by taking the reset (RST) input low for at least four port-A clock (ClKA) and four 
port-S clock (ClKS) low~to-high transitions. The reset input can switch asynchronously to the clocks. A reset 
initializes the memory read and write pointers and forces the input-ready (IR) flag low, the output-ready (OR) 
flag high, the almost-empty (AE) flag low, and the almost-full (AF) flag high. Resetting the device also forces 
the mailbox flags (MBF1, MBF2) high. After a FIFO is reset, its input-ready flag is set high after at least two clock 
cycles to begin normal operation. A FIFO must be reset after power up before data is written to its memory. 

almost-empty flag and almost-full flag offset programming 

Two registers in the SN74ACT3651 are used to hold the offset values for the almost-empty and almost-full flags. 
The almost-empty (AE) flag offset register is labeled X, and the almost-full (AF) flag offset register is labeled Y. 
The offset registers can be loaded with a value in three ways: one of two preset values are loaded into the offset 
registers, parallel load from port A, or serial load. The offset register programming mode is chosen by the flag 
select (FS1, FSO) inputs during a low-to-high transition on the RST input (see Table 1). 

preset values 

Table 1. Flag Programming 

FS1 FSO RST X AND Y REGISTERst 

H H t Serial load 

H l t 64 

L H t 8 

l l t Parallel load from port A 

t X register holds the offset for AE; Y register holds the 
offset for AF. 

If a preset value of 8 or 64 is chosen by the FS1 and FSO inputs at the time of a RST low-to-high transition 
according to Table 1, the preset value is automatically loaded into the X and Y registers. No other device 
initialization is necessary to begin normal operation, and the IR flag is set high after two low-to-high transitions 
on ClKA. 

parallel load from port A 

To program the X and Y registers from port A, the device is reset with FSO and FS1 low during the low-to-high 
transition of RST. After this reset is complete, the IR flag is set high after two low-to-high transitions on ClKA. 
The first two writes to the FIFO do not store data in its memory but load the offset registers in the order Y, X. 
Each offset register of the SN74ACT3651 uses port-A inputs (A10-AO). The highest number input is used as 
the most significant bit of the binary number in each case. Each register value can be programmed from 1 to 
2044. After both offset registers are programmed from port A, subsequent FIFO writes store data in the SRAM . 
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serial load 

To program the X and Y registers serially, the device is reset with FSO/SD and FS1/SEN high during the 
low-to-high transition of AST. After this reset is com plete, the X and Y register values are loaded bitwise through 
the FSO/SD input on each low-to-high transition of GlKA that the FS1/SEN input is low. Eighteen- or 22-bit writes 
are needed to complete the programming for the SN74AGT3631 or SN74AGT3651, respectively. The first-bit 
write stores the most significant bit of the Y register, and the last-bit write stores the least significant bit of the 
X register. Each register value can be programmed from 1 to 2044. 

When the option to program the offset registers serially is chosen, the input-ready (IA) flag remains low until all 
register bits are written. The IA flag is set high by the low-to-high transition of GlKA after the last bit is loaded 
to allow normal FIFO operation. 

FIFO write/read operation 

5-56 

The state of the p0rt.:..A data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the p~rt-A 
write/read select (W/AA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. 

Data is loaded into the FIFO from the AO-A35 inputs on a low-to-high transition of ClKA when GSA and the 
port-A mailbox select (MBA) are low, W/RA, the port-A enable (ENA), and the input-ready (IA) flag are high 
(see Table 2). Writes to the FIFO are independent of any concurrent FIFO reads. 

Table 2. Port-A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In' high-Impedance state None 

L H L X X In high-Impedance state None 

L H H L t In high-Impedance state FIFO write 

L H H H t In high-Impedance state Mail1 write 

L L L L X Active, mail2 register None 

L L H L t Active, mail2 register None 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/AB) is the inverse of the port-A write/read select (W/RA). The state of the port-B data (BO-B35) outputs Is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/AB). The BO-B35 outputs are 
in the high-impedance state when either GSB is high or W/AB is low. The BO-B35 outputs are active when GSB 
is low and W/AB is high. 

Data is read from the FIFO to its output register on a low-to-high transition of ClKB when GSB and the port-B 
mailbox select (MBB) are low, W/AB, the port-B enable (ENB), and the output-ready (OR) flag are high 
(see Table 3). Aeads from the FIFO are independent of any conrurrent FIFO writes. 
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Table 3. Port-B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS· PORT FUNCTION 

H X X X X In high-Impedance state None 

L L L X X In high-impedance state None 

L L H L t In high-Impedance state None 

L L H H t In high-impedance state Mail2write 

L H L L X Active, FIFO output register Nona 

L H H L t Active, FIFO output register FIFO read 

L H L H X Active, mail1 register None 

L H H H t Active, mail1 register Mail1 read (set MBF1 high) 

The setup- and hold-time constraints to the port clocks for the port-chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port chip select and write/read select can change states during the 
setup- and hold-time window of the cycle. . 

When the output-ready (OR) flag is low, the next data word is sent to the FIFO output register automatically by 
the ClKB low-to-high transition that sets the output-ready flag high. When OR is high, an available data word 
is clocked to the FIFO output register only when a FIFO read is selected by the port-B chip select (CSB), 
write/read select (W/RB), enable (ENB), and mailbox select (MBB). 

synchronized FIFO flags 

Each SN74ACT3651 FIFO flag is synchronized to its port clock through at least two flip-flop stages. This Is done 
to improve the flags' reliability by reducing the probability of metastable events on their outputs when ClKA and 
ClKB operate asynchronously to one another (see the application report Metastability Performance of Clocked 
FIFOs in the 1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). OR and AE are 
synchronized to ClKB. I Rand AF are synchronized to ClKA. Table 4 shows the relationship of each flag to the 
number of words stored in memory. . 

Table 4. FIFO Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKB TO CLKA 

FIFOH 
OR AE AF IR 

0 L L H H 

1 toX H L H H 

(X + 1) to [2048 - r< + 1)) H H H H 

(2048 - y) to 2047 H H L H 

2048 H H L L 

t X Is the almost-empty offset for AE. Y is the almost-full offset for AF. 
i When a word is present in the FIFO output register, its previous memory 

location is free. 
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output-ready flag (OR) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array (ClKS). When 
the output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, 
the previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
tothe FIFO output register in a minimum of three cycles of ClKS; therefore, an output-ready flag is low if a word 
in memory is the next data to be sent to the FIFO output register and three ClKS cycles have not elapsed since 
the time the word was written. The output-ready flag ofthe FIFO remains low until the third low-to-high transition 
of ClKS occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output 
register. 

A low-to-high transition on ClKS begins the first synchronization cycle of a write if the clock transition 
occurs at time tsk(1) or greater after the write. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 6). 

Input-ready flag (IR) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). When the 
input-ready flag is high, a memory location is free in the SRAM to write new data. No memory locations are free 
when the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of three cycles of ClKA; therefore, an input-ready flag is low if less than two cycles 
of ClKA have elapsed since the next memory write location has been read. The second low-to-high transition 
on ClKA after the read sets the input-ready flag high, and data can be written in the following cycle. 

A low-to-high transition on ClKA begins the first synchronization cycle of a read if the clock transition 
occurs at time tsk(1) or greater after the read. Otherwise, the subsequent ClKA cycle can be the first 
synchronization cycle (see Figure 7). 

almost-empty flag (AE) 

5-58 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array (ClKS). The 
state machine that controls an almost-empty flag monitors a write-painter and read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty 
state is defined by the contents of register X. This register is loaded with a preset value during a FIFO reset, 
programmed from port A, or programmed serially (see almost-empty flag and almost-full flag offset 
programming). The almost-em pty flag is low when the FI FO contains X or less words and is high when the FI FO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of ClKS are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FI FO containing (X + 1) or more words remains low if two cycles 
of ClKS have not elapsed since the write that filled the memory to the (X + 1) level. An almost-em pty flag is set 
high by the second low-to-high transition of ClKS after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of ClKS begins the first synchronization cycle if it occurs at time tsk(2) or greater after 
the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent ClKS cycle can be the first 
synchronization cycle (see Figure 8). 
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The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array (ClKA). The state 
machine that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by 
the contents of register Y. This register is loaded with a preset value during a FIFO reset, programmed from port 
A, or programmed serially (see almost-empty flag and almost-full flag offset programming). The almost-full flag 
is low when the number of words in the FIFO is greater than or equal to 2048 - Y). The almost-full flag is high 
when the number of words in the FIFO is less than or equal to [2048 - (Y + 1)). A data word present in the FIFO 
output register has been read from memory. 

Two low-to-high transitions of ClKA are required after a FIFO read for its almost-full flag to reflect the new level 
offill. Therefore, the almost-full flag of a FIFO containing [2048 - (Y + 1)) or less words remains low iftwo cycles 
of ClKA have not elapsed since the read that reduced the number of words in memory to [2048 - (Y + 1 )]. An 
almost-full flag is set high by the second low-to-high transition of ClKA after the FIFO read that reduces the 
number of words in memory to [2048 - (Y + 1)]. A low-to-high transition of ClKA begins the first synchronization 
cycle if it occurs at time tsk(2) or greater after the read that reduces the number of words in memory to 
[2048 - (Y + 1)). Otherwise, the subsequent ClKA cycle can be the first synchronization cycle (see Figure 9). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3651 allows FIFO data to be read repeatedly starting at 
a user-selected position. The FIFO is first put into retransmit mode to select a beginning word and prevent 
on-going FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three 
words can retransmit repeatedly starting at the selected word. The FIFO can be taken out of retransmit mode 
at any time and allow normal device operation. 

The FIFO is put in retransmit mode by a low-to-high transition on ClKS when the retransmit mode (RTM) input 
is high and OR is high. This rising ClKS edge marks the data present in the FIFO output register as the first 
retransmit data. The FIFO remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been done pastthe initial retransmit word, a retransmit is initiated by a low-to-high 
transition on ClKS when the read-from-mark (RFM) input is high. This rising ClKS edge shifts the first 
retransmit word to the FIFO output register and subsequent reads can begin immediately. Retransmit loops can 
be done endlessly while the FIFO is in retransmit mode. RFM must be low during the ClKS rising edge that takes 
the FIFO out of retransmit mode. 

When the FIFO is put into retransmit mode, it operates with two read pointers. The current read painter operates 
normally, incrementing each time a new word is shifted to the FIFO output register and used by the OR and AE 
flags. The shadow read pointer stores the SRAM location at the time the device is put into retransmit mode and 
does not change until the device is taken out of retransmit mode. The shadow read pointer is used by the IR 
and AF flags. Data writes can proceed while the FIFO is in retransmit mode, but AF is set low by the write that 
stores (2048 - Y) words after the first retransmit word. The IR flag is set low by the 2048th write after the first 
retransmit word. 

When the FIFO is in retransmit mode and RFM is high, a rising ClKS edge loads the current read pointer with 
the shadow read-painter value and the OR flag reflects the new level offill immediately.lfthe retransmit changes 
the FIFO status out of the almost-empty range, up to two ClKS rising edges after the retransmit cycle are 
needed to switch AE high (see Figure 11). The rising ClKS edge that takes the FIFO out of retransmit mode 
shifts the read pointer used by the IR and AF flags from the shadow to the current read pointer. If the change 
of read pointer used by IR and AF should cause one or both flags to transition high, at least two ClKA 
synchronizing cycles are needed before the flags reflect the change. A rising ClKA edge after the FIFO is taken 
out of retransmit mode is the first synchronizing cycle of IR if it occurs at time tsk(1) or greater after the rising ClKS 
edge (see Figure 12). A rising ClKA edge after the FI FO is taken out of retransm It mode is the first synchronizing 
cycle of AF if it occurs at time tsk(2) or greater after the rising ClKS edge (see Figure 14). 
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mailbox registers 

Two 36-bit bypass registers are on the SN74ACT3631/3651 to pass command and control information between 
port A and port B. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO for a port 
data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register when a port-A 
write is selected by CSA, W/RA, and ENA with MBA high. A low-to-high transition on ClKB writes BO-B35 data 
to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB with MBB high. Writing data to 
a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored 
while its mail flag is low. 

When the port-B data (BO-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-B mailbox select (MBB) input is low and from themail1registerwhenMBBishigh.Mail2 data 
is always present on the port-A data (AQ-A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, W/RB, and ENB with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on ClKA when a port-A read 
is selected by CSA, W/RA, and ENA with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 

CLKA 

CLKS 

1 1 1 I t 
-.I j4- tsu(RS) 1 1 ~ h(FS) 1 

____ ---,.1 1 1 tsu(FS) ~ I 1 
RST \, 1 1 I I 1 

1 1 1 I 
FS1,FSO 

.1 tpd(C-IR) It-+j 1 tpd(C-IR) ~ 
IR 'M\\\\\~~~~ I ,,----

1 tpd(C-OR) 1.----.1 
OR ,\\S\\\~~~~ 

tpd(R-F) I. .1 

AE~~~ 
tpd(R-F) I.----.i 

AF ?//?Z7);zzzJ 
__ tpd(R-F) I4---tI 
~S:F~ vv/ZZZZZZl 

5-£0 

Figure 1. FIFO Reset Loading X and Y With a Preset Value of Eight 
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CLKA 

I I I 
RST I I I I 

--1-4 ~.I I I I 
tsu(FS) I ~ *- th(FS) I I I 

~~F~~ ~ 
tpd(C-IR) r- .1 I I 

~ } I 

I
I t I -+11 I.- th(EN) 

su(EN) ~ I 
ENA ?ZZZ/JlJI/ZTJTJZl?????VI/Z/7 l X&X&I '@XXX>' \\\\\\\S 

-+' I+- th(D) 
tSU(O) IH 1 

AO-A35 

AF Offset AEOffset First Word Stored In FIFO 
(Y) (X) 

NOTE: eSA = L, W/RA = H. MBA = L It Is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values From Port A 

CLKA 

I I 
RST ___ f I I 

II I I 

1 I I tpd(C-IR) ... ~ ----.c.1 

IR ______ .: ____________ ~------------~'r~--.l-----------Jy--
14-- th(SP) --+I ~ \+- th(SEN) t ) ~ 1+-1h(SEN) 

tsu(FS) ~ tsu(SEN) H 1 su(SEN) ~ 1 
FS1/SEN ..,?Z22ZJ..,...,...,-,t~II--------...;....~\ I l$8?$88\ ~~ Y2~/~2..,.2..,.2..,.2..,.2.,..2.,..2.,..2.,..2,..7,..6--2,.../ 

~~ ~ ~~S~ 
IsU(FS)r-=tJ ~ 

FSO/SO Z2ZZJ 
AF Offset AE Offset 
(y) MSB (X) LSB 

NOTE: It Is not necessary to program offset register bits on consecutive clock cycles. FIFO write attempts are ignored untillR is set high. 

Figure 3. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values Serially 
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Figure 4. FIFO Write-Cycle Timing 

I,. te ----.c.1 
, I I 

tw(CLKH) I. .. • tw(CLKL) 

CLKB ,,..----{ } , ( , y----'-
I , I 

OR High 
I , , 
I I 
, I 
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Figure 5. FIFO Read-Cycle Timing 
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CSA _L_O_W ________ I ______ ~------------------------------------------------
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AO-A35 

tsk(1) t If ~ III I ·1 tc 
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1 2 

tpd(C.OR)I~ "---+I ,--.,\!===t! 
CLKB 
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I 
I 
I 

MBS Low . I I 
I 7 tS7EN) I~ t+" th(EN) 

BO-B35 _____________ 0_I_d_D_at_a_ln_F_IF_O_O_ut_p_ut_R_e~g_Ist_e_r ___________ *----------~W~1---------

t tsk(1) is the minimum time between a rising ClKA edge and a rising ClKS edge for OR to transition high and to clock the next word to the FIFO 
output register In three ClKS cycles. If the time between the rising CLKA edge and rising ClKB edge Is less than tsk(1). then the transition of OR 
high and the first word load to the output register can occur one CLKB cycle later than shown. 

Figure 6. OR-Flag Timing and First Data Word Fallthrough When the FIFO Is Empty 
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t tsk(1) Is the minimum time between a rising CLKB edge and a rising CLKA edge for IR to transition high In the next CLKA cycle. Ifthe time between 
the rising CLKB edge and rising ClKA edge Is less than tsk(1). then IR can transition high one CLKA cycle later than shown. 

5-64 

Figure 7. IR-Flag Timing and First Available Write When the FIFO Is Full 
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CLKA 

ENA 
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Jt- tsk(2) t -fI/ 
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r- tpd(C-AE) -tj tpd(C-AE) 14 tf r (X + 1) Words In FIFO J '-
tsu(EN) ~ \4- th(EN) 

ENB ______________________________________ -"1/,~6~2~?~2~~ 4sss>~" 

AE X Words In FIFO 

NOTE: FIFO write (GSA = l, W/f5.A = H, MBA = L), FIFO read (CSB = l, W/RB = H, MBB = L) 
t tsk(2) is the minimum time between a rising ClKA edge and a rising ClKB edge for AE to transition high in the next ClKS cycle.lfthe time between 

the rising ClKA edge and rising ClKB edge is less than tsk(2)1 then AE can transition high one ClKS cycle later than shown. 

Figure 8. Timing for AE When FIFO Is Almost Empty 
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'--_/ '---

NOTE: FIFO write (GSA = L, W/RA = H, MBA = L), FIFO read (GSB = l, W/RB = H, MBB = l) 
t tSk(2) Is the minimum time between a rising ClKA edge and a rising ClKB edge for AF to transition high In the next ClKA cycle.lfthe time between 

the rasing ClKB edge and riSing ClKA edge is less than tsk(2). then AF can transition high one GlKA cycle later than shown. 

Figure 9. Timing for AF When FIFO Is Almost Full 
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RFM ______ +II _____ r-_--It:~2_"7.J1') 1 t\\\ 1 

I I I 
I I 1 1 
1 I I 1 OR High 1 I I 1 
~ta~ k-ta~ ~ta~ ~ta~ 

80-835 ---~W~O---..... * W1 * W2 * WO *----W---1 -

Initiate Retransmit Mode 
With WO as First Word 

Retransmit From 
Selected Position 

End Retransmit 
Mode 

NOTE: eSB = L, W/RB = H, MBB = L No Input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 
Other enables are shown only to relate retransmit operations to the FIFO output register. 

Figure 10. Retransmit Timing Showing Minimum Retransmit Length 

CLK8 / , t \ /1 \ 12 
I 1 
I I 

''-_--'I ''---
RTM High I 1 

I 1 
-'1 I+- th(RM) 1 

tsu(RM) -j4-t.1 I 1 
RFM I7?lZ/!J t\\\~ 1 

I 
14 +---l.~I- tpd(C-AE) 

AE X or Fewer Words From Empty _____________ --..;....;... ________ -1 ex + 1) or More Words From Empty 

NOTE: X Is the value loaded In the almost-empty flag offset register. 

Figure 11. AE Maximum Latency When Retransmit Increases the Number of Stored Words Above X 
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k- tsk(1) t -+I 
CLKA , /,---ij"""\' ' ..... 1---,.' 12 ,'-_---J1 ' ___ I 

I tpd(C-IA) I+-t! 
IA FIFO Filled to First Aetransm\t Word v-O-ne-o-r-M-o-rO-W-rlt-e-L-oc-a-tl-on-S-A-v-a-lIa-b-le 

I 

CLKB -I I , 1----"""\' 1 
I 

tsu(EN) I~H th(EN) 

----T'''''~S~\:~« kY;&9<& 

,'-_---J1 ' ___ I '-
ATM 

t tsk(1) Is the minimum time between a rising CLKS edge and a rising ClKA edge for IR to transition high In the next ClKA cycle.lfthe time between 
the rising ClKS edge and rising ClKA edge is less than tsk(1). then IR can transition high one ClKA cycle later than shown. 

Figure 12. IR Timing From the End of Retransmit Mode When One or More Write Locations Are Available 

CLKA 

k- tak(2) t -+I ,'-_---J/--"""':-, j ..... 1---\ 12 \ ____ 1 
I tpd(C-AE) I+-t! 

' ___ I 
I ~ ______________________ __ 

_ (;...204 __ 8_-_Y)~or_M_o_r_e _W_o_rd_s_p_as...,t_F_lr_st_A_o_tr_an_s_m_lt_W_o_rd ____________ oJ Cf + 1) or More Write Locations Available 

ClKB -I ',---f '_--_I \'--__ 1 , __ ---J
1 

ATM 

NOTE: Y Is the value loaded In the almost-full flag offset register. 
t tsk(2) is the minimum time between a rising ClKS edge and a rising ClKA edge for AF to transition high in the next ClKA cycle. If the time between 

the rising ClKS edge and risln~ ClKA edge Is less than tsk(2). then AF can transition high one ClKA cycle later than shown. 

Figure 13. AF Timing From the End of Retransmit Mode When rr + 1) 
or More Write Locations Are Available 
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CLKA I , I ',-__ ~/ ,'-__ ---.J/ '--
tsu(EN) M r th(EN) 

CSA ------~--~I~---------------------------------------
1 1 

W/RA //22!Z//?LZZ? 1 W 
I 1 1 

MBA 7ZZ/Z/ Ii/ZZZ? I W 
I 1 I 

ENA 2V/ZZZZZlZZ{ I ., 

~~ .. AO-A35 

1 
CLKB I ,'----iI-..J/ ,'-----{ ,'-----F tpd(C-MF) -.I r tpd(C-MF) -./ 

MBF1 --------------I~----~\~ ____________ ~I------~/---------
1 I 

\ _____ ~I __________________ ~I-------..JI 
,I 1 1 

WIRB 1/ZI/71 1 :}\\\\\\\\\ 

-------1-------/11 t.. ~~ MBB 

ENB 

BO-B35 

5-Q8 

, tsu(EN)~~ ---...I.r ~(EN) , 

I I !' O/J» \:\-lIS$~$""'~..;.I ___ _ 
, l4i .1 tpd(M-OV) , 

ten H 14 I .1 tpd(C-MR) tdls j.-.I 
W1 (remains valid In mall1 register after read) 

FIFO Output Register 

Figure 14. Timing for Mall1 Register and MBF1 Flag 
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CLKS / , I , ___ -..J/ 
tsu(EN) H r- th(EN) 

, ___ -J/ '-

WIRB 

------~~~~--------------------------------

I I I 
~~~$~$~$~~~$~~~$~$~$~~~~ 110~/'~h~~~------""'''''''''''''''''''''--'''''----------'''''----

I I I 

/lZZlZ??ZZ2Z? IW MBB 

ENB a?/ZZZZZTJZ? I ~ 
I I I 

BO-B35 

I 
CLKA / '---..... ~I ..... -/ I '------1 ,---..... ----

W/RA 

MBA 

ENA 

AO-A35 

I~ tpd(C-MF) ~ . r tpd(C-MF) -./ 
\~ __________ ~I ______ ~J--------

I I 
\ I I i 
I I II 

,:""s~$~S~S~~~Si I I (2-"':;:-"'2-"'2-"':;:-"'2"'2"'2"'2-

I I tSU(EN)~ th(EN) I 
I I IZZ?!) ~)& I I I ~~--~I---------

ten HI l+. -----..1 tpd(C-MR) 1dls j.-.I 
W1 (remains valid In mail2 register after read 

Figure 15. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ..•...•.•......•..•...........•..•.........•.•....•....... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 Vto Vee + 0.5 V 
Output voltage range, Va (see Note 1) ......••................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI > Vee) ............................................... ±20 rnA 
Output clamp current, 10K (VA < 0 or Va> Vee) ...................•.•....•.......•........ ±50 rnA 
Continuous output current, 10 (VA = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND .............•..........•.............•....•.•... ±400 rnA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range •..•............••.......••....•..•..•......•...•...... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the Input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

10H High-level output current -4 rnA 

10L LOW-level output current 8 rnA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH Vee = 4.5 V, IOH=-4mA 2.4 

VOL Vee = 4.5 V, IOL=8mA 

II Vee =5.5V, VI =Vee orO 

10Z Vee = 5.5 V, Vo= Vee orO 

ICC Vee = 5.5 V, VI =Vee-0.2Vor 0 

eSA=vIH AO-A35 

eS8 =VIH 80-835 

dlee§ Vee = 5.5 V, One Input at 3.4 V, 
eSA=VIL AO-A35 

Other Inputs at Vee or GND 
CSB=VIL 80-835 

All other Inputs 

el VI=O, f = 1 MHz 

Co VO=O, f = 1 MHz 

:I: All typical values are at Vee = 5 V, TA = 25°C. 
§ This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 15) 

'ACT3651·15 'ACT3651·20 'ACT3651-30 

MIN MAX MIN MAX MIN MAX 
UNIT 

fclock Clock frequency, ClKA or CLKB 66.7 50 33.4 MHz 

tc Clock cycle time, CLKA or ClKB 15 20 30 ns 

tw(CH) Pulse duration, ClKA and ClKB high 6 8 12 ns 

tw(Cl) Pulse duration, ClKA and ClKB low 6 8 12 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before ClKBt 4 5 6 ns 

tsu(EN) 
Setup time, CSA, W/RA. ENA, and MBA before ClKAt; 

4 5 6 ns 
CSB, W/RB, ENB, MBB, RTM, and RFM before CLKBt 

tsu(RS) Setup time, RST low before CLKAt or ClKBt t 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST high 5 6 7 ns 

tsu(SD); Setup time, FSO/SD before ClKAt 4 5 6 ns 

tsulSEN); Setup time, FS1/SEN before ClKA t 4 5 6 ns 

th(D) Hold time, AO-A35 after CLKAt and BO-B35 after ClKBt 0 0 0 ns 

th(EN) 
Hold time, CSA, W/RA, ENA, and MBA after ClKAt; 

0 0 0 ns 
CSB, W/RB, ENB, and MBB after CLKBt 

th(RS) Hold time, RST low after ClKA t or ClKB t t 5 6 7 ns 

th(FS) Hold time, FSO and FS1 after RST high 2 3 3 ns 

th(SP); Hold time, FS1/SEN high after RST high 15 20 30 ns 

th(SD)* Hold time, FSO/SD after ClKA t 0 0 0 ns 

th(SEN)* Hold time, FS1/SEN after CLKAt 0 0 0 ns 

tsk(1)§ Skew time, between ClKAt and CLKBt for OR and IR 6 8 10 ns 

tSk(21§ Skew time, between ClKA t and CLKB t for AE and AF 12 16 20 ns 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
* Only applies when serial load method used to program flag offset registers 
§ Skew time is not a timing constraint for proper device operation and is only included to Illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 15) 

'ACT3651-15 
PARAMETER 

MIN 

fclock Clock frequency, ClKA or CLKB 

ta Access time, ClKBt to BO-B35 

tpd(C-I8t Propagation delay time, ClKA t to IR 

tpd(C-OR) Propagation delay time, ClKBt to OR 

tpd(C-AE) Propagation delay time, ClKBt to AE 

tpd(C-AF) Propagation delay time, ClKA t to AF 

tpd(C-MF) 
Propagation delay time, ClKAt to MBF1 low or MBF2 high and 
CLKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, ClKAt to BO-B35t and ClKSt to 
AO-A3S* 

tpd(M-DV) Propagation delay time, MBB to BO-B35 valid 

tpd(R-F) Propagation delay time, RST low to AE low and AF high 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 
and WIRB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 
and CSB high or WIRB low to BO-B35 at high impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and MBB is high 
* Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high 
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'ACT3651-20 ' ACT3651-30 
UNIT 

MIN MAX MIN MAX 

50 33.4 MHz 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

11 13 ns 

20 30 ns 

12 14 ns 

12 14 ns 
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SN74ACT3651 
2048 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

TYPICAL CHARACTERISTICS 

I I 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

I 

fdata = 1/2 fclock 
TA = 75°C 

f- CL=OpF 

DATA TO BE SUPPLIED 
f-

r- AT PRODUCT RELEASE -

SCAS439 - JUNE 1994 

-

o 
o 10 20 30 40 50 60 70 80 

fclock - Clock Frequency - MHz 

Figure 16 

~ w 
:> w 
0: 
tl. 
I­
o 

With Ice(f) taken from Figure 16, the maximum power dissipation (PT) of the SN74ACT3631/3651 can be ::J 
calculated by: C 

PT = Vee x [lee(1) + (N x Alee x dc)] + }:(CL x Vee2 x fo) 0 a: 
c. where: 

N = number of inputs driven by TTL levels 
Alee = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
CL = output capacitive load 
fo = switching frequency of an output 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 ko 

From Output 
Under Test - ___ 1----.. 

6800 30pF 
(see Note A) 

LOAD CIRCUIT 

Timing 1,.---- 3 V 
Input Ii 1.5 V 

High-Level ~ ~ ~ - 3V 
Input ---If 1.0 V ~ GND ___ ..I..Q- _____ GND 

tsu 1411 .1411 .1 th 

I I 
1411-- tw --.I 
I I 

Data, ~:;:,- 3V 
Enable --" 1.5V ~ 
~put GND LOW~~;~ ~ ::0 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

3V 
Output J. ~. 
Enable 1 1.5 V -r\1.5 V 

'Iro.. --- GND 
~ 114- tpLZ -.1 14- tpZL 

Low-Level 
Output 

1 1 ~----r-~l---- .. 3V 

1 

High-Level 
Output 

---l~ 

I4-tPZH 
I 

1 I 
1 I 
~ l+-tPHZ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

VOL 

VOH 

.. OV 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

~1.5V \~5~--
3V 

GND 

tpd~ ~tpd 
'- - VOH 

/1.5V ~V 
VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 17. Load Circuit and Voltage Waveforms 
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SN74ACT3622 
256 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS247A-AUGUST 1993-REVISED JUNE 1994 

• Free-Running CLKA and CLKB Can Be 
Asynchronous or Coincident 

• Two Independent Clocked FIFOs Buffering 
Data In Opposite Directions 

• IRB, ORB, AEB, and AFB Flags 
Synchronized by CLKB 

• Low-Power O.S-Mlcron Advanced CMOS 
Technology 

• Mailbox Bypass Register for Each FIFO • Supports Clock Frequencies up to 67 MHz 
o Programmable Almost-Full and 

Almost-Empty Flags 

e Microprocessor Interface Control Logic 

• Fast Access Times of 11 ns 
• Pln-to-Pln Compatible With the 

SN74ACT3632 and SN74ACT3642 

• IRA, ORA, AEA, and AFA Flags 
Synchronized by CLKA 

• Available In Space-Saving 120-Pln Thin 
Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PQ) 

A35 
A34 
A33 
A32 
Vee 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 
Vee 
A21 
A20 
A19 
A18 

GND 
A17 
A16 
A15 
A14 
A13 
Vee 
A12 

PCB PACKAGE 
(TOP VIEW) 

om~~~~~MN_Om~~~~~MN-Om~~~~~MN_ 

~~~~~~~~~~~~~~~~~ee~~mmmmmmmmm 
1 00 
2 89 
3 88 
4 87 
5 86 
6 85 
7 84 
8 83 
9 82 
10 81 
11 80 
12 79 
13 78 
14 77 
15 76 
16 75 
17 74 
18 73 
19 72 
20 71 
21 70 
22 69 
23 68 
24 67 
25 66 
26 65 
27 64 
28 63 
29 62 
30 61 
_NM~~~~~mO_NM~~~~~mO_NM~~~~romo 
MMMMMMMMM~~~~~~~~~~~~~~~~~~~~~ 

835 
834 
833 
832 
GND 
831 
830 
829 
828 
827 
826 
Vee 
825 
824 
GND 
823 
822 
821 
820 
819 
818 
GND 
817 
816 
Vee 
815 
814 
813 
812 
GND 

PRODUCT PREVIEW Information conc.rns products In the format Iv. or 
dnlgn pha.. or d.v.lopmenL Characterlltlc data and oth.r 
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NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
VCC 
815 
814 
813 
812 

PQPACKAGEt 
(TOP VIEW) 

2 1 132 130 128 126 124 122 120 118 o 131 129 127 125 123 121 119 117 
116 

GND 
NC 
NC 84 

51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 n 78 79 80 81 82 83 

NC - No Internal connection 
t Uses Yamalchl socket IC51-1324-828 
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NC 
NC 
A35 
A34 
A33 
A32 
VCC 
A31 
A30 
GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 
GND 
A22 
VCC 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 
VCC 
A12 
NC 



description 

SN74ACT3622 
256 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS247 A -AUGUST 1993 - REVISED JUNE 1994 

The SN74ACT3622 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz with read access times of 11 ns. Two independent 1024 x 36 dual-port SRAM FIFOs 
on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full conditions 
and two programmable flags (almost full and almost empty) to indicate when a selected number of words is 
stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. 
Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can be used 
in parallel to create wider data paths. 

The SN74ACT3622 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port 
clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag of a 
FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the almost-full 
and almost-empty flags of the FIFO can be programmed from port A. 

The SN74ACT3622 is characterized for operation from O°C to 70°C. 
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SN74ACT3622 
256 X 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS247A-AUGUST 1993 -REVISED JUNE 1994 

functional block diagram 

I~----------------------------- MBF1 
~-____ -t ... 1 Mall1 1 ......... ______________ -. 

.. I Register I .... 
CLKA -

CSA -- Port-A 1--1---..., 
WfflA -- Control t--t---. 

ENA -- Logic =-­
MBA --

r-;=-----------;;'~ 
~ ~ ~ 
I ~ l! I 

RST1 --

FIF01, 
Mall1 
Reset 
Logic 

I !~ .;~~. +-il 
...,..;-t-~I'" j 8 r 

I ---- ~ ~ ---- I 
I I Write II Read I I ; .. I Pointer Pointer I .... ; 

36 

I ttl 
IRA ----.... ----H-+-t+-lf--tJ------I1 Status-Flag II-----rl---+-Hf-I-+----- ORB 

AFA ~ IlLogic 1 1 AEB 
, 36 I FIF01 1 I I 

~--------~-------~ .. 
Programmable-

FSO -----4-...f-4-1-+------I Flag 
FS1 -----4-...f-4-1-+--=~---I 

AO-A35----~ ... ~--11~rt---10~~~~;O~ff;se;t~Re~g~ls~te~m~ _____ ~_ 
r '-:" , 

H .... -..-- BO-B35 

I~~ _T I 
ORA --4-... --t-t--t-t-t--+i ----IJ Status-Flag 11-____ +'-1-+-1-1-1-____ IRB 
AEA ~ I ~ Logic ~ ; AFB 

; + + 
o-~It----II"HI Read II Write I ... i ~ I Pointer Pointer J .... 

I 

36 
I 

I FIF02, 

L-+l~ ~ .. t --.. Mall2 ~ RST2 
~! l! CII -'-' Reset ~ 

I 5r 256 )( 36 i Logic 

~; l: __ ~: __ :~~_ i '--_-+=_ ........ 6:::1 S=~~: 
Logic f--4- ENB 

.... __ --11 Mall2 1 .... ~ 
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TERMINAL va 
NAME 

AO-A35 I/O 

AEA 
0 

(portA) 

AEB 
0 

(port B) 

AFA 
0 

(portA) 

AFB 
0 

(port B) 

BO-B35 I/O 

ClKA I 

ClKB I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1. FSO I 

0 
IRA 

(portA) 

0 
IRB 

(port B) 

MBA I 

MBB I 

MBF1 0 

MBF2 0 

ORA 
0 

(portA) 

SN74ACT3622 
256 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS247 A - AUGUST 1993 - REVISED JUNE 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA is low when the number of 
words in FIF02 is less than or equal to the value in the almost-empty A offset register. X2. 

Port-B almo:;t-ompty flag. Programmable almost-empty flag synchronized to ClKB. AEB is low when the number of 
words in FIF01 is less than or equal to the value in the almost-empty B offset register. X1. 

Port-A almost-full flag. Programmable almost-full flag synchronized to ClKA. AFA is low when the number of empty 
locations in FIF01 Is less than or equal to the value in the almost-full A offset register. Y1. 

Port-B almost-full flag. Programmable almost-full flag synchronized to ClKB. AFB is low when the number of empty 
locations in FIF02 is less than or equal to the value in the almost-full B offset register. Y2. 

Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. ClKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA. ORA. AFA. and AEA are all synchronized to the low-to-high transition of ClKA. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB. ORB. AFB. and AEB are synchronized to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-Impedance state when CSB is high. 

Port-A enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Flag offset selects. The low-to-high transition of a FIFO's reset input latches the values of FSO and FS1. If either FSO 
or FS1 is high when a reset input goes high. one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high. the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 

Input-ready flag. IRA is synchronized to the low-to-high transition of ClKA. When IRA is low. FIF01 is full and writes 
to its array are disabled. IRA is set low when FIF01 is reset and is set high on the second low-to-high transition of ClKA 
after reset. 

Input-ready flag. IRB is synchronized to the low-to-high transition of ClKB. When IRB is low. FIF02 is full and writes 
to its array are disabled. IRB is set low when FIF02 is reset and is set high on the second low-to-high transition of ClKS 
after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A35 outputs are active. a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active. a high level on MBB selects data from the mail1 register for output and a low level selects 
FIF01 output-register data for output. 

Mail1 register flag. MBF1 is set low by a low-to-high transition of ClKA that writes data to the mail1 register. Writes to 
the mail1 register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of ClKB when a port-B 
read Is selected and MBB is high. MBF1 is set high when FIF01 is reset. 

Mail2 register flag. MBF2 is set low by a low-to-high transition of ClKS that writes data to the mail2 register. Writes to 
the mail2 register are Inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of ClKA when a port-A 
read is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 

Output-ready flag. ORA is synchronized to the low-to-high transition of ClKA. When ORA is low. FIF02 is empty and 
reads from its memory are disabled. Ready data Is present on the output register of FIF02 when ORA Is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of ClKA after a word is loaded to 
empty memory. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 5-79 

$: 
W 

~ 
a: 
D.. 
I­
o 
::J 
C o r:c 
D.. 



" ::0 
o 
C 
c: 
o 
-f 

" ::0 m 
< -m :e 

SN74ACT3622 
256 x 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS247A-AUGUST 1993-REVISED JUNE 1994 

Terminal Functions (continued) 

TERMINAL 
I/o DESCRIPTION 

NAME 

Output-ready flag. ORB is synchronized to the low-to-high transition of ClKB. When ORB is low, FIF01 Is empty and 

ORB 
0 reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB Is high. ORB 

(port B) is forced low when FIF01 is reset and goes high on the third low-to-high transition of ClKS after a word is loaded to 
empty memory. 

FIF01 reset. To reset FIF01, four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 
RST1 I while RSn is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for m and AEB offset 

selection. FIF01 must be reset upon power up before data is written to its RAM. 

FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 
RST2 I while RST21s low. The low-to-high transition of RST21atches the status of FSO and FS1 for AFB and AEA offset 

selection. FIF02 must be reset upon power up before data is written to Its RAM. 

W/AA I 
Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA. The AO-A35 outputs are in the high-impedance state when W/f5.A. is high. 

W/RB I 
Port-B write/read select. A Iowan W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKB. The BO-B35 outputs are in the high-impedance state when W/RB is low. 

detailed description 

reset 

The FIFO memories of the SN74ACT3622 are reset separately by taking their reset (RST1, RST2) inputs low 
for at least four port-A clock (ClKA) and four port-B clock (ClKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FI FO reset initializes the internal read and write pointers and forces the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AEB) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1, MBF2) ofthe 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FI FO reset (RST1 , RST2) input latches the value of the flag-select (FSO, FS1) inputs 
for chOOSing the almost-full and almost-empty offset programming method (see almost-empty and almost-full 
flag offset programming). 

almost-empty flag and almost-full flag offset programming 

5-80 

Four registers in the SN74ACT3622 are used to hold the offset values for the almost-empty and almost-full flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1 and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 

Table 1. Flag Programming 

FS1 FSO Rsn RST2 X1 AND Y1 REGISTERSt X2 AND Y2 REGISTERS:t 

H H t X 64 X 

H H X t X 64 

H l t X 16 X 

H l X t X 16 

l H t x 8 X 

l H X f x 8 

L l t t Programmed from port A Programmed from port A 

t X1 register holds the offset for AEB; Y1 register holds the offset for AFA 
:t X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost·full flag offset programming (continued) 

To load a FIFO almost-empty flag and almost-full flag offset registers with one of the three preset values listed 
in Table 1, at least one of the flag-select inputs must be high during the low-to-high transition of its reset input. 
For example, to load the preset value of 64 into X1 and Y1, FSO and FS1 must be high when FIF01 reset (RST1) 
returns high. Flag-offset registers associated with FIF02 are loaded with one of the preset values in the same 
way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be reset 
simultaneously or at different times. 

To program the X1, X2, Y1, and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FI F01 do not store data in RAM but load the offset registers in the order Y1, X1, Y2, X2. Each offset register 
uses port-A inputs (A7 -AO). The highest numbered input is used as the most significant bit ofthe binary number 
in each case. Valid programming values for the registers range from 1 to 252. After all the offset registers are 
programmed from port A, the port-B input-ready flag (IRB) is set high and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the porti\ data (AO-A35) outputs is controlled by the port-A chip select (CSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO-A35 outputs are active when both CSA and W/RA are low. 

Data is loaded into FIF01 from the AO-A35 inputs on a low-to-high transition of ClKA when CSA is low, W/RA 
is high, ENA is high, MBA is low, and IRA is high. Data is read from FIF02 to the AO-A35 outputs by a low-to-high 
transition of ClKA when CSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 

Table 2. Port·A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIF01 write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, FIF02 output register None 

L L H L t Active, FIF02 output register FIF02 read 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either CSB is high orW/RB is low. The BO-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the BO-B35 inputs on a low-to-high transition of ClKB when CSB is low, W/RB 
is low, ENB is high, MBB is low, and IRB is high. Data is read from FIF01 tothe BO-B35 outputs by a low-to-high 
transition of ClKS when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 

Table 3. Port-B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-Impedance state None 

L L L X X In high-Impedance state None 

L L H L t In high-Impedance state FIF02write 

L L H H t In high-Impedance state Mall2write 

L H L L X Active, FIF01 output register None 

L H H L t Active, FIF01 output register FIF01 read 

L H L H X Active, mail1 register None 

L H H H t Active, mail1 register Mail1 read (set MBFl high) 

The setup and hold time constraints to the port clocks for the port chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port's chip select and write/read select may change states during 
the setup and hold time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition ofthe port clock that sets the output-ready flag high. When the output-ready flag is high, 
an available data word is clocked to the FIFO output register only when a FIFO read is selected by the port's 
chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

5-82 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when ClKA and ClKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). ORA, AEA, IRA, and AFA are 
synchronized to ClKA. ORB, AEB, IRB, and AFB are synchronized to ClKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKB TOCLKA 

FIF01t* 
ORB AEB AFA IRA 

0 L L 'H H 

1 toX1 H L H H 

(Xl + 1) to [256 - (Yl + 1)] H H H H 

(256 - Yl) to 255 H H L H 

256 H H L L 

t X1 Is the almost-empty offset for FIF01 used by AEB. Y1 Is the almost-full 
offset for FIFOl used by AFA. Both Xl and Yl are selected during a reset 
of FIFOl or programmed from port A. 

* When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 
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synchronIzed FIFO flags (contInued) 

Table 5. FIF02 Flag OperatIon 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TO CLKA TO CLKS 

FIF02U: 
ORA AEA AFB IRB 

0 L L H H 

1 toX2 H L H H 

(X2 + 1) to [256 - (Y2 + 1)] H H H H 

(256 - Y2) to 255 H H L H 

256 H H L L 

t X2ls the almost-empty offset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 
of FIF02 or programmed from port A * When a word loaded to an empty FIFO is shifted to the output register. its 
previous FIFO memory location is free. 

output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+ 1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum ofthree cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FI FO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time tsk1 or greater after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

Input-ready flags (IRA, IRB) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pOinter is incremented. The state machine that controls an 
input-ready flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status 
is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready to be 
written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready flag is 
low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory write 
location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after the 
read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write pointer and read painter comparator that Indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write pointer and read painter comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when the number of words in its FIFO is greater than orequal to (256- Y). An almost-full flag is high when 
the number of words in its FIFO is less than or equal to [256- (Y + 1)]. A data word present in the FIFO output 
register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [256 - (Y + 1)) 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [256 - (Y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[256 - (Y + 1)). A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tsk2 or greater after the read that reduces the number of words in memory to 
[256 - (Y + 1)). Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

5-84 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA high. A low-to-high transition on ClKB 
writes BO-B35 data to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output registerwhen the port 
mailbox select input is low and from the mail register when the port-mailbox select input is high. The mail1 
register flag (MBF1) is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on 
ClKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Elghtt 

t FIF02 is reset In the same manner to load X2 and Y2 with a preset value. 

CLKA 4 

~ tsu(FS) I I I , 

! .II I I I I 

FS1,FSO 

IRA 
tpd(CoIR) ~ I I I __________ 1 ItSU(EN)-+i ~ 'M tsk1t 

~Ij I+- th(EN) ~ 
'iT//7/ // /7//7/ /////J ~ '\8887 ~ ~ ~ \\."-,, \\. " ENA 

AO-A35 

. AFA(V~et AE~~aet AF~~aet AEA ~aet, Firat Word to FIF01 

1 I 2 

tpd(CoIR) ~r 

CLKB 

IRB 

t tsk1 Is the minimum time between the rising CLKA edge and a rising ClKS edge for IRB to tr, lsition high in the next cycle. Ifthe time between 
the rising edge of ClKA and rising edge of CLKB is less than tsk11 then IRB may transition high one cycle later than shown. 

NOTE k. CSA = l, W/f5.A = H, MBA = L It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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'. tc---~.I 
tw(CLKH) I· ·r .: tw(CLKL) 

CLKA },...---" r ''-__ ....JY 
I I 
I ' 

,'----1( '-

IRA 
tSU(EN): .... --I.~141-i1' th(EN) : 

},-~l~~~~------_I~----------~I 
tsu(EN) ~ .14 ~ th(EN) I 

W/RA VZZl71ZZZ7/{ I '&Z# : 
tsu(EN) ,4 .14 ~ th(EN) I 

MBA ~-~~~~~ I I 

ENA 

tSU(E~Lr ~ r th(EN) tsu(EN) ~ I+- th(EN) 

VZZZ?/l/ZZd I ~ \~~~\\§\ Y/~2""'72-r2~2~:;:""6"":;:~; 
tsu(O) 14 + .t th(O) 

No 6peratlon $888&$8& AO-A35 

" ::c t Written to FIF01 

o 
C 
C 
o 
-I 

" ::c 
m 
S 
m 
~ 

Figure 3. Port-A Write Cycle Timing for FIF01 

I. tc -, , .1. .: tw(CLKL) tw(CLKH) ,. 
I 

CLKB I '\ Y \ V \ 
I I , I 

IRB , 
-I'" th(EN) 

I 
tsu(EN) i , 

CSB ~ .!.f.h! I 
I 

tsu(EN) ~ I 
W/RB ~\\\\} I~ 

I 
I 

tsu(EN) ,4 -I. ~ th(EN) I 
MBB I I 

'-

'------~~~---------------~---------------------~I 

tsu(EN) th(EN) tsu(EN) /4- th(EN) tsU(EN) ~ 14- th(EN) 

ENB 2ZZZZZ//@ I ~ ~ Jvr/lZZ/Z/ 
tsu(O) I. + .t th(O) 

BO-B35 No Operation X$($($($Q($Q( 

t Written to FIF02 
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Figure 4. Port-B Write Cycle Timing for FIF02 
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\. ~ ---tc ----+till 
tw(CLKH) ... :0----.11/1+0----+1": tw(CLKL) 

CLKB )1,----\ ____ 1 \ ( \ I 
I I I 
I I ! 

'-
ORB 

W/RB ?ZZZ%( I I \\\~,~ 
I 

I 1.-..1 tsu(EN) I 
MBB ---;-, --""\) I I I I 

I I I ! I' 

1 11 -, ~r...-.j++I~~lEN) tsu(EN) 1+---+'....1 th(EN) 

ENB V22TfI4?/!/ I ~ ,~'\$\\\\\\\\ f.""'2""2""'2~2"'-:7 /~'/,""'2-" 
tpd(M-OV) I 10 III : I ope~~tlon k-+i!dls 

ton ,0 .. : I rta -+I l4- t8 ~ , 

BO-B35 -----~ wd * w2f X W3t j 

t Read from FIF01 

Figure 5_ Port·B Read Cycle Timing for FIF01 

"'""14 ---tc ----otll' 
tw(CLKH) I. III. "I tw(CLKL) 

CLKA I \ } \ ( \ ,----'-
I I I 

ORA 
, I I. 
, I I 
, , I 

CSA ---, I I II /~----
I I J 
I I I . I 

WiRA ':"""'S\:I:""'~I:""'~I:""'~M\ I I ,I t//l//Zlb 
T , I i 

____ !_~ ~ tsu(EN) I I 
MBA I) I ' , I 

~_ I _~ :..J!"- "'(EN) 's"(EN) r-+h ~(EN) 's"(EN) ~....! Ih(EN) 
ENA //ZZTff¢zz! I ~I\S\\\\~ \\ f!:~/:...,2...,2-2..,.2..,.2..,.2.,../ 

tpd(M-OV) I I· "I I : ope~:lon ~ !dIs 
ten ~ I j+=ta -+I l+-t8 ~ 1 

AO-A35 -----~ w1f" * w2f X W3t j 

t Read from FIF02 

Figure 6. Port·A Read Cycle Timing for FIF02 
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t.- te --.I 
tw(CLKH) I- ~- .\ tw(CLKL) 

CLKA 

I 
I 

CSA_L_o_w~ ______ ~I ____ ~ __________________________________________________ _ 

I 
WiRA High I I 

tsu(EN) ~ I.- th(EN) 

MBA ~~\~_J t-Z~?/'--?~/':""'/:""'7.-"Z"":<;:""7.""7.""Z"7"Z""7.'7"'/:'7"'? /,--/:--/:""'/:""'%-"Z""Z""7."":<;:""Z"7"Z""7.'7"':;:'7"'Z~Z--V--/':,...,/:,...,Z-,.2..,.2..,.2..,.2..,.2..,..2"7"7..,..Z'7"'Z"""-7/ 
tsu(EN) .~ 14- th(EN) 

ENA IZZZ27l I \\:~~~$~0-r$ ... :\..l.--------------------I , 
IRA High I I 

AO-A35 

tsk1 I- ~ ,~ tw(CLKL) 
tw CLKH) "1 j4-

CLKB 2 

tpd(C.OR) "'I----t\ ,---l!====t! 
ORB Old Data In FIF01 Output Register 

---------------------------------------I~---J ~-----------
I 

CSB __ Lo_w __________________________________ ~I--------~~------------------

I 
WIRB High I 

I I 
MBB Low I I 

J. t
su7Nr= 

BO-B35 ____________ ~O~ld~D~a~ta~l~n~F~IF~O~1~O~ut.p~ut~R~e~91~st~er __________ _J*----------~W~1----------

t tsk1 is the minimum time between a rising ClKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register In three ClKB cycles. 1ft he time between the rising ClKA edge and rising ClKB edge is less than tsk1. then the transition of ORB 
high and load of the first word to the output register may occur one ClKS cycle later than shown. 
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Figure 7. ORB-Flag Timing and First Data Word Fallthrough When FIF01 Is Empty 
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1 
I 
1 

W/RB 1 
--~----~~------I-------------------------------------------------

I.- th(EN) 

ClKA 2 

tpd(C-OR) 114-
1
" --~ ,..-~===t! 

ORA Old Data In FIF02 Output Register 
------------------------------------~I-----J ~------------

1 CSA __ lO_W __________________________________ +I ________ -+ __________________ _ 

1 

W/RA low 1 -----------------------------------rl-------+I------------------
MBA low 1 I 

I 

AO-A~ _____________ O_I_d_D_at_a_ln_F_IF_O_2_0_ut.p_ut_R_eg.I_~_er ___________ *----------~W~1---------

t tsk1 is the minimum time between a rising ClKS edge and a rising ClKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three ClKA cycles. If the time between the rising ClKS edge and rising ClKA edge is less than tsk1. then the transition of ORA 
high and load of the first word to the output register may occur one ClKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First Data Word Fallthrough When FIF02 Is Empty 
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I.-tc -tI 
I .f I 

tw(CLKH) 14 i • ·1 tw(CLKL) 

CLKBI \ I \ / 
~--~I ~---- ''-_---'I ' ___ I ''---

CSB ~LO~W __________ ~l~ ________________________________________________ ___ 
WIRB High 

I 
I 
I 

MBB __ LO_W __________ ~I----------------------------------------------------
tsu(EN) I. .14 .f th(EN) 

ENB __ ~I/"'-?/'_''/~I : ~_S ... S ... S ... \\~ __________________ _ 

ORB High I 
Next Word From FIF01 

If- tsk1 t --.I 
1- jtlt----tc -tI 

tw(CLKH) 14 ~ , tw(CLKL) 
CLKA ~ ___ /----\ 11 " 12 ' ___ Y , ____ r-

tpd(C-IR) I. .I ___ ~I.!==~.I tpd(C-IR) 
IRA FIF01 Full I i \ 

----------------------------------------~ I ~---------
CSA Low I 

--------------------------------------~I -------------
WiRA 

I 

ENA 

t tsk11s the minimum time between a rising ClKB edge and a rising CLKA edge for IRA to transition high In the next ClKA cycle.lfthe time between 
the rising ClKS edge and rising ClKA edge is less than tsk1. then IRA may transition high one ClKA cycle later than shown. 
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Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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tw(CLKH) I. ~ • .: tw(CLKL) 

CLKA I \. I ' .... _--11 ' .... ----11 ' __ --I ' .... _-I 
I CSA ~LO~W~ ________ ~I __________________________________________________ __ 

I 
W~A __ Lo_w __________ ~! __________________________________________________ __ 

I MBA __ LO_W __________ -rl __________________________________________________ __ 

tsu(EN) 1~"lt1(EN) 
ENA 

ORA High 

v7~ I ~_0~S~S~~~ __________________________________ _ 
I 
I 
I.- ta--to/ 
I I 

AO-A35 Previous Word In FIF02 Output Register __ Ne_xt_W_o_rd_F_ro_m_F_IF_02 ________________________________ _ 

t'- tsk1t -J
14
Iot---tc ~ 

tw(CLKH) I. .~ , tw(CLKL) 

CLKB ~""_--II---\ 11 " (2 \"--__ ~( , ___ --Ir-
tpd(C-IR) I. DI_--__ I~.==~.l tpd(C-IR) 

IRB FIF02 Full I I \ 
----------------------------------------~ 1 ~---------

CSB Low 1 

-----------------------------------------------+1-----------------
WIRB I 

MBB 

ENB 

BO-B35 

t tsk1 is the minimum time between a rising ClKA edge and a rising ClKB edge for IRB to transition high in the next ClKB cycle.lfthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk1. then IRB may transition high one ClKB cycle later than shown. 

Figure 10. IRB·Flag Timing and First Available Write When FIF02 Is Full 
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CLKA 

ENA 

CLKB 

--!4-----tl~ tpd(C-AE) ~ ~I 

AEB X1 Words In FIF01 Y (X1 + 1) Words In FIF01J '-
tsu(EN) ..d 14- th(EN) 

ENB ________________________________________ ~t~2~?~2~2~2~~ ~\\" 

t tsk2 is the minimum time between a rising ClKA edge and a rising CLKB edge for AEB to transition high Inthe next ClKS cycle.lfthetime between 
the rising ClKA edge and rising ClKB edge Is less than tsk2' then AEB may transition high one ClKB cycle later than shown. 

NOTE A: FIF01 write (CSA = l, WiRA = H, MBA = l), FIF01 read (CSB = l, W/RB = H, MBB = l). Data In the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 

ClKB 

ENB 12/~~~~S~s~S~S~S~\~ __________________________________ __ 
jf- tsk2 t --t/ 

tsu(EN) A :-- th(EN) 

CLKA 

-If-----Jl~ tpd(C-AE) I.. III 
AEA X2 Words In FIF02 JI (X2 + 1) Words In FIF02J ~ 

tsu(EN) H r- th(EN) 

ENA ________________________________________ ~tj~~/.~2~2~2~2~~ \~\\~ 

t tsk21s the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transition high In the next ClKA cycle. 1ft he time between 
the rising ClKB edge and rising ClKA edge is less than tsk2, then AEA may transition high one ClKA cycle later than shown. 

NOTE A: FIF02 write (CSB = l, W/RB = l, MBB = l), FIF02 read (CSA = L. WiRA = l, MBA = l). Data In the FIF02 output register has been 
read from the FIFO. 
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Figure 12. Timing for AEA When FIF02 Is Almost Empty 
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I.- tsk2 t -tI 
ClKA I , t , 1----+-1-\ 1'-1--',-__ 12 \ 1 

tsu(EN) ~ 14- th(EN) I 
ENA 122??22;-:I~~S.S.~.~.S.~~~~ __ ~I __________ ~-------­

I 

I 
I 
I 

tpd(C AF) I. .1 I 
- I (256 _ Y1) Words In FIF01 AFA [256 - (Y1 + 1)) Words In FIF01 

I- £II tpd(C-AF) 

I 
CLKB---I ''-___ I \ ~,...--~\ 1 \ ___ 1 

'--tSU(EN)~ I+- th(EN) 

ENB ________________ ~t~?2.2.2.2.2~~ ~~S~~~0~~~S~&~~~ ____________________ ___ 
t tsk21s the minimum time between a rising ClKA edge and a rising ClKS edge for m to transition high in the next ClKA cycle. If the time between 

the rising ClKA edge and rising ClKS edge Is less than tsk2, then AFA may transition high one ClKS cycle later than shown. 
NOTE A: FIF01 write (CSA = L. W/RA = H, MBA = L), FIF01 read (eSB = L, W/RB = H, MBB = L). Data In the FIF01 output register has been 

read from the FIFO. 

Figure 13. Timing for AFA When FIF01 Is Almost Full 

It- tsk2 t --.j 

CLKB I \ t ,'-__ /,.---+1-''-__ __'''-1---\ __ -.112 
tsu(EN) ~ 14- th(EN) I I 

',---I 
ENB tIZZZT~ k~ I l 

tpd(C-AF) I- tpd(C-AF) ... I.---tf" 
AFB [256 - (Y2 + 1)) Words In FIF02 

1,-----

CLKA---I 
' ..... _---J

1 '--

t tsk21s the minimum time between a rising CLKS edge and a rising ClKAedge for AF B to transition high in the next ClKB cycle. If the time between 
the rising CLKB edge and rising ClKA edge is less than tsk2. then AFB may transition high one CLKA cycle later than shown. 

NOTE A: FIF02 write (CSB = L. W/RB= L. MBB = l), FIF02 read (CSA = l, WiRA = l, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AFB When FIF021s Almost Full 
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CLKA I , I ,'-__ --..J/ '''''' ___ ..J/ '--
tsuCEN) H r-th(EN) 

--------~~I~---------------------------------
1 I 

WIRA /?/Z7Z//Tc!4? I W 
1 I 1 

M8A ///l?ZT~ I W 
1 1 1 

ENA //T/T/T/T/T/{ I _ 

~~~ AO-A35 

1 

CLK8 I ',-__ .,..I_-J/ ''------1 ,'-----I+- tpd(C-MF) -.j r tpd(C-MF) -.I 

WIR8 

M88 

EN8 

80-835 

5-S4 

------------+I------~\'----------~I----~}~------
1 I 

\~ ____ ~II----------------~I--------JI 1- I I vzzzzr: I ~\S 
1 I I I 

_____ I~ __ -J/I L _. I 
1 1 1 tSU(EN)~~ -~.r th(EN) 1 

___ ~I~--~II~--~---~t~?~?,~2/.~7 ~ 1 
I 1. 1 ~~~""I-------

ten HI i+ __ -+-_~ tdls -tl'-· -~.I 
W1 (remains valid In mall1 register after read) 

FIF01 Output Register 

Figure 15. Timing for Mall1 Register and MBF1 Flag 
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CLKB 1 , I ,'-___ / 
tsu(EN} H r th(EN) 

''-___ ..11 

WIRB 

--------~~I-----------------------------------
I I 

V//IlJ///J1 I W 
MBB 

I I I 
ENB o/ZT!ZZZZZ/{ I _ 

BO-B35 

I 
CLKA 1 ,---~I--_I '-------~1 ,--------

:.- tpd(C-MF) -+I r tpd(C-MF) -.I 

W!RA 

MBA 

ENA 

AO-A35 

------------+I----~\'--------~I------'}~-----
I I 

,~----~II----------------------~I---------'I 1- I I 

VZ7/1/{ I I f\\\~~ 
I I I I 

------~I------_/I i 
1 I I tSU(EN)~l.-.j th(EN) 1 

1 II RIl~ ~~S~S~$~~ __ ~I ______ _ 
I :.11 

I 
ten ~ 1+---;---.... tdls -+1 .... --tJI.1 

W1 (remains valid In mall2 register after read) 

FIF02 Output Register 

Figure 16. Timing for Ma1l2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range. Vee .......................................................... -0.5 V to 7 V 
Input voltage range. VI (see Note 1) .......................................... -0.5 Vto Vee + 0.5 V 
Output voltage range. Vo (see Note 1) ........................................ -0.5 Vto Vee + 0.5 V 
Input clamp current. 11K (VI < 0 or VI> Vee) ............................................... :t20 rnA 
Output clamp current. 10K (Vo < 0 or Vo > Vee) ........................................... :t50 rnA 
Continuous output current. 10 (Vo = 0 to Vee) ............................................. :t50 rnA 
Continuous current through Vee or GND ................................................. :t400 rnA 
Operating free-air temperature range. TA ........................••.................... O°C to 70°C 
Storage temperature range .....................................•................. -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the Input and output current ratings are observed. 

recommended operating conditions 

Vee 

VIH 

VIL 

IOH 

IOL 

TA 

5-96 

Supply voltage 

High-level input voltage 

Low-level Input voltage 

High-level output current 

LOW-level output current 

Operating free-air temperature 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC =4.5V, IOH =-4mA 2.4 V 

VOL VCC =4.5V, IOl=8 rnA 0.5 V 

II VCC = 5.5 V. VI =VCcorO :5 I!A 
IOZ VCC =5.5V, Vo =VccorO :5 I!A 
ICC VCC =5.5V, VI =VCC-0.2VorO 400 I!A 

CSA=VIH AO-A35 0 

CSB =VIH BO-835 0 

~ICC1: 
VCC = 5.5 V. One input at 3.4 V, 

CSA=Vll AO-A35 1 rnA 
Other inputs at VCC or GND 

CSB =Vll BO-835 1 

All other inputs 1 

Ci VI=O, f= 1 MHz 4 pF 

Co VO=O, f= 1 MHz 8 pF 

t All typical values are at VCC = 5 V, TA = 25°C. 
1: This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC. 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 16) 

'ACT3622·15 ' ACT3622·20 ' ACT3622-30 

MIN MAX MIN MAX MIN MAX 
UNIT 

fclock Clock frequency, ClKA or ClKB 66.7 50 33.4 MHz 

tc Clock cycle time, ClKA or CLKB 15 20 30 ns 

tw(CLKH) Pulse duration, ClKA and ClKB high 6 8 10 ns 

twlCLKl) Pulse duration, CLKA and ClKB low 6 8 10 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN) 
Setup time, CSA, W/RA, ENA, and MBA before CLKAt; CSB, 

4 5 6 ns 
W/RB, ENB, and MBB before ClKBt 

tsu(RS) Setup time, RST1 or RST210w before ClKA t or CLKB t § 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST1 and RST2 high 5 6 7 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 0 0 0 ns 

th(EN) 
Hold time, CSA, W/RA, ENA, and MBA after ClKA t; CSB, W/RB, 

0 0 0 ns 
ENB, and MBB after CLKBt 

th(RS) Hold time, RST1 or RST210w after ClKAt or ClKBt§ 4 4 5 ns 

th(FS) Hold time, FSO and FS1 after RST1 and RST2 high 2 3 3 ns 

tsk1' 
Skew time, between ClKAt and ClKBt for ORA, ORB, IRA, and 

6 8 10 ns 
IRB 

tsk2' 
Skew time, between ClKAt and ClKBt for AEA, AEB, AFA, and 

12 16 20 ns AFB 

§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
, Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and . 

CLKBcycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 16) 

'ACT3622·15 

" :0 
o 

ta 

tpd(C-IR) 

tpd(C-OA) 

tpd(C-AE;l 

tpd(C-AF) 

tpd(C-MF) 

tpd(C-MA) 

tpd(M-OV) 

tpd(A-F) 

ten 

tdis 

PARAMETER 
MIN 

Access time, CLKAt to AO-A3S and CLK8t to 80-835 

Propagation delay time, CLKA t to IRA and CLK8 t to IA8 

Propagation delay time, CLKAt to ORA and CLKBt to OAB 

Propagation delay time, CLKA t to AEA and CLKBt to AEB 

Propagation delay time, CLKAt to AFA and CLKBt to AFB 

Propagation delay time, CLKAt to MBF1 low or MBF2 high and 
CLKBt to M8F210w or MBF1 high 

Propagation delay time, CLKAt to BO-B3St and CLKBt to 
AO-A3S* 

Propagation delay time, MBA to AO -A35 valid and MBB to 
BO-B35 valid 

Propagation delay time, AST1 low to AEB low, AFA high, and 
MBF1 high, and RST2 low to AEA low. AFB high. and MBF2 high 

Enable time. CSA and WlRA low to AO -A3S active and CSB low 
and W/A8 high to BO-835 active 

Disable time. CSA or WlRA high to AO-A3S at high impedance 
and CS8 high or W/A8 low to 80-835 at high Impedance 

C t Writing data to the maUl register when the 80-835 outputs are active and MBB is high. c:: * Writing data to the mail2 register when the AO-A~5 outputs are active and MBA is high. 

o 
-I 

" :0 
m 
S 
m :e 
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MAX 

11 

11 

11 

11 

11 

11 

11 

9 

15 

10 

10 

'ACT3622·20 'ACT3622-30 

MIN MAX MIN MAX 
UNIT 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

11 13 ns 

20 30 ns 

12 14 ns 

12 14 ns 



~ 
1 
t: 
CI 
t: 
= U 
~ 
a. 
a. 
= tJ) 

1 

S 
u 
U 

calculating power dissipation 

300 

250 

200 

150 

100 

50 

SN74ACT3622 
256 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

_I 1 
f = 1/2 fclock 
TA = 75°C 

I- CL=OpF 

DATA TO BE SUPPLIED 
'-

'- AT PRODUCT RELEASE -

SCAS247 A - AUGUST 1993 - REVISED JUNE 1994 

f--

o 
o 10 20 30 40 50 60 70 80 

fclock - Clock Froquency - MHz 

Flguro 17 

$: 
W 

~ a: 
D-

b 
With ICC(f) taken from Figure 17, the maximum power dissipation (PT) of the SN74ACT3622 can be calculated :;:) 
~ C 

PT = Vee x [Iee(f) + (N x alee x dc)] + }:(CL x Vee2 x fo) 0 a: 
c.. where: 

N = number of inputs driven by TTL levels 
alee = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
CL = output capacitive load 
fo = switching frequency of an output 
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256 x 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 kO 

From Output 
Under Test --e----... 

6800 

LOAD CIRCUIT 

Timing 1~---- 3 V 
Input jj1.5V 

-----'.q.. - - - - - GND 

tsu~th 
Data. ~:;:,- 3V 

Enable --./' 1.5V ~ 
Input GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output -if 
Enable I 1.5 V \1.5 V 

-.' -+I l.-tPLZ ~tpZL , 
~---Low-Level , I 

Output I 

I4-tPZH 
I 

High-Level 
I I Output 
I , 
~ j4-tpHZ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

3V 

GND 

-3V 

VOL 

VOH 

-OV 

30pF 
(see Note A) 

High-Level ~ ~ ~ - 3V 
Input -If 1.:' V ~ GND 

14- tw --.I 
I I 

LOW-~:;~ ::D 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

-4'05 V 

tpd~ 

\11.5~-- 3V 

. GND 

~tpd 
--~I_- VOH Y 1.5V \L 1.5V 

---.I. '\:: VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 18. Load Circuit and Voltage Waveforms 
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SN74ACT3638 
512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS228B - JUNE 1992 - REVISED JUNE 1994 

o Free-Running CLKA and ClKB Can Be 
Asynchronous or Coincident 

o Two Independent 512 x 32 Clocked FIFOs 
Buffering Data In Opposite Directions 

o Read Retransmit Capability From FIFO on 
Port B 

• IRA, ORA, AEA, and AFA Flags 
Synchronized by ClKA 

o IRB, ORB, AEB, and AFB Flags 
Synchronized by ClKB 

• low-Power O.S-Mlcron Advanced CMOS 
Technology 

o Mailbox Bypass Register for Each FIFO o Supports Clocl< Frequencies up to 67 MHz 
o Programmable Almost-Full and 

Almost-Empty Flags 
• Fast Access Times of 11 ns 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Quad 
Flat Package (PO) 

• Microprocessor Interface Control logic 

CSA 
wiRA 

ENA 
ClKA 

VCC 
A31 
A30 

GND 
A29 
A2B 
A27 
A26 
A25 
A24 
A23 

GND 
A22 
Vee 
A21 
A20 
A19 
A18 

GND 
A17 
A16 
A15 
A14 
A13 
Vee 
A12 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

30 

PCB PACKAGE 
(TOP VIEW) 

~~~g~~~~~~~~~~~~~~~gm~~~~~~mmg 

Q-O~~~~Q~v~o~-~QO_~Mv~Qmo~oomo-
z~~ «z < 0 < zmmmmmmzmommm-m 
(!) (!J::> (!) (!)::> m 

Ne - No internal connection 

90 CSB 
89 W/R8 
88 ENB 
87 ClK8 
86 GND 
85 831 
84 830 
83 B29 
82 82B 
81 B27 
80 B26 
79 Vee 
78 825 
n B24 
76 GND 
75 823 
74 B22 
73 821 
72 820 
71 819 
70 81B 
69 GND 
68 817 
67 816 
66 Vee 
65 815 
64 814 
63 813 
62 812 
61 GND 
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NC 
CS8 

W/R8 
EN8 

CLK8 
GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
VCC 
815 
814 
813 
812 

PQPACKAGEt 
(TOP VIEW) 

2 1 132 130 128 126 124 122 120 118 o 131 129 127 125 123 121 119 117 
116 

GND 
NC 
NC 84 

~~~~~~~~~OO~~~~~~~~~ronn~~~~n~~oo~~~ 

NC - No Internal connection 
t Uses Yamaichi socket IC51-1324-828 
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NC 
NC 
CSA 
W/RA 
ENA 
CLKA 
Vee 
A31 
A30 
GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 
GND 
A22 
Vce 
A21 
A20 
A19 
A18 
GND 
A17 
A16 
A15 
A14 
A13 
Vce 
A12 
NC 



description 

SN74ACT3638 
512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS228B-JUNE 1992-REVISEDJUNE 1994 

The SN74ACT3638 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 512 x 32 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. The FIFO memory buffering data from port 
A to port S has retransmit capability, which allows previously read data to be accessed again. Each FIFO has 
flags to indicate empty and full conditions and two programmable flags (almost full and almost empty) to indicate 
when a selected number of words is stored in memory. Communication between each port can bypass the 
FIFOs via two 32-bit mailbox registers. Each mailbox register has a flag to signal when new mail has been 
stored. Two or more devices can be used in parallel to create wider data paths. 

The SN74ACT3638 is a clocked FIFO. which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 

The input-ready (IRA. IRS) flags and almost-full (AFA, AFB) flags of the SN74ACT3638 are two-stage 
synchronized to the port clock that writes data to its array. The output-ready (ORA, ORB) flags and almost-empty 
(A EA. AEB) flags of the SN74ACT3638 are two-stage synchronized to the port clock that reads data from its 
array. Offsets for the almost-full and almost-empty flags of both FIFOs can be programmed from port A. 

The SN74ACT3638 is characterized for operation from O°C to 70°C. 
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512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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functional block diagram 

Ir------------------------------- MBF1 

.... ______ ~I Mall1 1 .... 4-~----------____. 
I--I-_________ ~:~ Register I 

CLKA -­
CSA -- Port-A 1--+-----, 

wiRA -- Control 1-+---, 

ENA -- Logic f-- I-

MBA-- ~ 
""'-----' 

~-~----------~~ 
FIF01, 

RST1 __ Mall1 
Reset 
Logic 

l ~ 5~~~~2 r.. ~ I 
... +-+-+-+-+1i1+4 &. Q. I ~ 

.5 8 I" 
'--- I 

~ ~ I 

32 

- I E ~~I .. ~44~+------- RTM 

~ I 
III U i ~ i; '61 f-I--4-__a 
a:'s 1 ,. 
g ~~i~~~~+------- RFM 

Lt----.-c..1 Write II Read 100 ~ I" 
! I Pointer Pointer I ~ I.....-- I 

t t ; 
IRA --...... ~I---+_I+++++-~ '.----11 Status-Flag 11-----4IHil---44-H-+----- ORB 
AFA... II Logic I I AEB 

L.~~~-~---~--~----J 
FSO Flag "-""-~+I+-_____ __ 

.. Programmable- ~ 
FS1 -----~+++-~~r--~ r 

AO-A31 .. .. ~, Offset Registers 
ROVB 

.-+--.011 ........... -- BO-B31 

ROVA --.... ~f----+-f++-+-'-I~-;;;;;-----i------- >--1 
ORA __ ........ I-_-+--H--+-t __ lJ!1_ ...... __ ~1 Status-Flag 1J-----4t--li-H-H-I4----- IRB 

AEA ~ i: + logic +:j AFB 

! . r Read II Write 1 I i · I Pointer Pointer I" I 
I 'r' I 
I r-- r-- I 

..I ~ ~ I~. I 
'--........ H, .i 1ii ~ I 

32 

FIF02, 
Mall2 
Reset 
Logic 

~
l i ~ 5~~: ~ l ............ il ... p.w 

I 8 ~ I ~ I I L- f- Port-B . L.'== ___________ ~ __ .J Control 
L...-~---I Logic 

.... ___ ... 1 Mall2 1 ~ L-.. __ -I--I 

j-4-CLKB 
~CSB 
~W/RB 
I+-ENB 
~MBB .. I Register r "'! "'----' 

MBF2----------------~1 
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TERMINAL 
I/O 

NAME 

AO-A31 I/O 

AEA 
0 

(portA) 

AEB 
0 

(port B) 

AFA 
0 

(portA) 

AFB 
0 

(port B) 

BO-B31 I/O 

ClKA I 

ClKS I 

GSA I 

CSB I 

ENA I 

ENB I 

FS1, FSO I 

IRA 
0 

(portA) 

0 
IRB 

(port B) 

MBA I 

MBB I 

MBF1 0 

MBF2 0 

ORA 
0 

(portA) 

SN74ACT3638 
512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS228B - JUNE 1992 - REVISED JUNE 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 32-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmable almost-empty flag synchronized to CLKA. AEA Is low when the number of 
words In FIF02 Is less than or equal to the value In the almost-empty A offset register, X2. 

Port-B almost-empty flag. Programmable almost-empty flag synchronized to CLKB. AEB is low when the number of 
words in FIF01 Is less than or equal to the value in the almost-empty B offset register, X1. 

Port-A almost-full flag. Programmable almost-full flag synchronized to ClKA. AFA is low when the number of empty 
locations In FIF01 is less than or equal to the value in the almost-full A offset register, Y1. 

Port-B almost-full flag. Programmable almost-full flag synchronized to ClKB. AFB is low when the number of empty 
locations In FIF02 Is less than or equal to the value in the almost full B offset register, Y2. 

Port-B data. The 32-bit bidirectional data port for side B. 

Port-A clock. ClKA Is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are synchronous to the low-to-high transition of ClKA. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronous to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of CLKA to read or write data on port A. The 
AO-A31 outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of CLKB to read or write data on port B. The 
BO -B31 outputs are in the high-impedance state when CSB is high. 

Port-A enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Flag-Offset selects. The low-to-high transition of a FIFO reset input latches the values of FSO and FS1. If either FSO 
or FS 1 is high when a reset input goes high, one of three preset values is selected as the offset for the FI FO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 

Port-A Input-ready flag. IRA is synchronized to the low-to-high transition of ClKA. When IRA is low, FIF01 Is full and 
writes to its array are disabled. When FIF01 is in retransmit mode, IRA indicates when the memory has been filled 
to the point of the retransmit data and prevents further writes. IRA is set low when FIF01 is reset and is set high on 
the second low-to-high transition of CLKA after reset. 

Port-B input-ready flag. IRB Is synchronized to the low-to-high transition of ClKB. When IRB Is low, FIF02 Is full and 
writes to its array are disabled. IRB is set low when FIF02 is reset and is set high on the second low-to-high transition 
of CLKB after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A31 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B31 outputs are active, a high level on MBB selects data from the mail1 register for output and a low level selects 
FIF01 output-register data for output. 

Mail1 register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. Writes 
to the mail1 register are Inhibited while MBF1 is low. MBF1 Is set high by a low-to-high transition of ClKB when a port-B 
read is selected and MBB Is high. MBF1 is set high when FIF01 Is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKS that writes data to the mail2 register. Writes 
to the mail2 register are Inhibited while MBF21s low. MBF2 is set high by a low-to-high transition of ClKA when a port-A 
read Is selected and MBA is high. MBF2 is set high when FIF02 is reset. 

Port-A output-ready flag. ORA Is synchronized to the low-to-high transition of CLKA. When ORA is low, FIF02 is empty 
and reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of ClKA after a word is loaded to 
empty memory. 
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512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS228B-JUNE 1992-REVISEDJUNE 1994 

Terminal Functions (Continued) 

TERMINAL 
I/O DESCRIPTION 

NAME 

Port-B output-ready flag. ORB is synchronized to the low-to-high transition of CLKB. When ORB is low, FIF011s empty 

ORB 
0 and reads from its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. ORB 

(port B) Is forced low when FIF01 is reset and goes high on the third low-to-high transition of ClKB after a word is loaded to 
empty memory. 

RDYA 
0 Port-A ready. A high on W/RA selects the inverted state of IRA for output on RDYA, and a low on W/RA selects the 

(portA) inverted state of ORA for output on RDYA. 

RDYB 
0 Port-B ready. A low on W/RB selects the inverted state of IRB for output on RDYB, and a high on W/RB selects the 

(port B) inverted state of ORB for output on RDYB. 

RFM I 
FIF01 read from mark. When FIF01 Is in retransmit mode, a high on RFM enables a low-to-high transition of ClKB 
to reset the FIF01 read pointer to the retransmit location and output the first retransmit data. 

FIF01 reset. To reset FIF01, four low-to-high transitions of ClKA and four low-to-high transitions of ClKB must occur 
RST1 I while RSn Is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 

selection. FIF01 must be reset upon power up before data is written to its RAM. 

FIF02 reset. To reset FIF02, four low-to-high transitions of ClKA and four low-to-high transitions of ClKB must occur 
RST2 I while RST2 is low. The low-to-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA ,offset 

selection. FIF02 must be reset upon power up before data is written to its RAM. 

FIF01 retransmit mode. When RTM is high and valid data is present on the output of FIF01, a low-te-high transition 
RTM I of ClKB selects the data for the beginning of a FIF01 retransmit. The selected position remalns the Initial retransmit 

point until a low-to-high transition of ClKB occurs while RTM is low, which takes FIFO out of retransmit mode. 

W/RA I 
Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA. The AO-A31 outputs are in the high-impedance state when W/RA is high. 

W/RB I 
Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKB. The BO-B31 outputs are in the high-impedance state when W/RB is low. 

detailed description 

reset 

The FIFO memories of the SN74ACT3638 are reset separately by taking their reset (RST1, RST2) inputs low 
for at least four port-A clock (ClKA) and four port-B clock (ClKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write painters and forces the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AEB) low, 
and the almost~full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1, MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FI FO reset (RST1, RST2) input latches the value of the flag-select (FSO, FS1) inputs 
for choosing the almost-full and almost-empty offset programming method (see almost-empty and almost-full 
flag off3et programming). 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT3638 are used to hold the offset values for the almost-empty and almost-full flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1, and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1, and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 
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SN74ACT3638 
512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS228B-JUNE 1992-REVISED JUNE 1994 

almost-empty flag and almost-full flag offset programming (continued) 

Table 1. Flag Programming 

FS1 FSO RST1 RST2 X1 AND Y1 REGISTERSt X2 AND Y2 REGISTERS* 

H H t X 64 X 

H H X t X 64 

H L t X 16 X 

H L X t X 16 

L H t x 8 X 

L H X t x 8 

L L t t Programmed from port A Programmed from port A 

t X1 register holds the offset for AEB; Y1 regIster holds the offset for AFA. 
* X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 

To load the almost-empty flag and almost-full flag offset registers of a FIFO with one of the three preset values 
listed in Table 1, at least one of the flag-select inputs must be high during the low-to-high transition of its reset 
input. Forexample, to load the preset value of 64 into X1 and Y1, FSO and FS1 must be high when FIF01 reset 
(RST1) returns high. Flag-offset registers associated with FIF02 are loaded with one of the preset values in the 
same way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be 
reset simultaneously or at different times. 

To program the X1, X2, Y1, and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1, X1, Y2, X2. Each offset register 
uses port-A (A8-AO) inputs, with A8 as the most-significant bit. Each register value can be programmed from 
1 to 508. After all the offset registers are programmed from port A, the port-B input-ready flag (IRB) is set high 
and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the port-A data (AO-A31) outputs is controlled by the port-A chip select (GSA) and the port-A 
write/read select ry.JiRA). The AO-A31 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A31 outputs are active when both GSA and W/RA are low. 

Data is loaded into FIF01 from the AO-A31 inputs on a low-to-high transition of GLKA when GSA is low, W!RA 
is high, ENA is high, MBA is low, and IRA is high. Data is read from FIF02 to the AO-A31 outputs by a low-to-high 
transition of GLKA when GSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 

CSA W/RA ENA 

H X X 

L H L 

L H H 

L H H 

L L L 

L L H 

L L L 

L L H 

Table 2. Port-A Enable Function Table 

MBA 

X 

X 

L 

H 

L 

L 

H 

H 

CLKA AO-A31 OUTPUTS 

X In high-impedance state 

X In high-Impedance state 

t In high-Impedance state 

t In high-impedance state 

X Active, FIF02 output register 

t Active, FIF02 output register 

X Active, mail2 register 

t Active, mail2 register 
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PORT FUNCTION 

None 

None 

FIF01 write 

Mail 1 write 

None 

FIF02 read 

None 

Mail2 read (set MBF2 high) 
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FIFO write/read operation (continued) 

The port-8 control signals are identical to those of port A with the exception that the port-8 write/read select 
(W/R8) is the inverse of the port-A write/read select (WiRA). The state of the port-8 data (80-831) outputs Is 
controlled by the port-8 chip select (CSB) and the port-B write/read select (W/R8). The 80-831 outputs are 
in the high-impedance state when either CSB is high or W/RB is low. The BO-831 outputs are active when CS8 
is low and W/RB is high. 

Data is loaded into FIF02 from the 80-831 inputs on a low-to-high transition of ClK8 when CSB is low, W/R8 
is low, ENB is high, M88 is low, and IRB is high. Data is read from FIF01 to the 80-831 outputs by a low-to-high 
transition of ClK8 when CSB is low, W/RB is high, ENB is high, M88 is low, and ORB is high (see Table 3). FIFO 
reads and writes on port 8 are independent of any concurrent port-A operation. 

Table 3. Port-B Enable Function Table 

CS8 WIR8 EN8 M88 CLK8 80-831 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L L L X X In high-impedance state None 

L L H L t In high-impedance state FIF02write 

L L H H t In high-impedance state Mail2write 

L H L L X Active, FIF01 output register None 

L H H L t Active, FIF01 output register FIF01 read 

L H L H X Active, mall1 register None 

L H H H t Active, mail1 register Mail1 read (set M8F1 high) 

The setup and hold-time constraints to the port clocks for the port chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port's chip select and write/read select can change states during the 
setup and hold time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition ofthe port clock that sets the output-ready flag high. When the output-ready flag is high, 
an available data word is clocked to the FIFO output register only when a FIFO read is selected by the port chip 
select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 
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Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when ClKA and ClK8 operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD0038). ORA, AEA, IRA, and AFA are 
synchronized to ClKA. ORB, AEB, IRB, and AF8 are synchronized to ClK8. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02 . 
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synchronized FIFO flags (continued) 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKB TO CLKA 

IN FIF01 tt 
ORB AEB AFA IRA 

0 L L H H 

1 to X1 H L H H 

(X1 + 1) to [512 - (Y1 + 1)] H H H H 

(512- Y1) to 511 H H L H 

512 H H L L 

t X1 is the almost-empty offset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset of 
FIF01 or programmed from port A. * When a word loaded to an empty FIFO is shifted to the output register. its 
previous FIFO memory location is free. 

Table 5. FIF02 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKA TOCLKB 

IN FIF02:t§ 
ORA AEA AFB IRB 

0 L L H H 

1 toX2 H L H H 

(X2 + 1) to [512 - (Y2 +1)] H H H H 

(512 - Y2) to 511 H H L H 

512 H H L L 

* When a word loaded to an empty FIFO Is shifted to the output register. Its 
previous FIFO memory location Is free. 

§ X2 is the almost-empty offset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset of 
FIF02 or programmed from port A. 

output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-painter and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+ 1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum ofthree cycles ofthe output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time tsk1 or greater after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 
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Input-ready flags (IRA, IRB) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready 
flag is low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory 
write location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after 
the read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 

ready flags (RDYA, ROYB) 

A ready flag is provided on each port to show if the transmitting or receiving FIFO chosen by the port write/read 
select is available for data transfer. The port-A ready flag (ROYA) outputs the com plement of the IRA flag when 
WiRA is high and the complement of the ORA flag when W/RA is low. The port-B ready flag (ROYB) outputs 
the complement of the IRB flag when W/RB is low the the complement of the ORB flag when W/RB is high (see 
Figures 11 and 12). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-painter comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). A FIFO is almost empty when it contains X or less words in memory and is no longer almost 
empty when it contains (X + 1) or more words. Note that a data word present in the FIFO output register has 
been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 13 and 14). 

almost-full flags (AFA, AFB) 

5-110 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparatorthat indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). A FIFO is almost 
full when it contains (512 - Y) or more words in memory and is not almost full when it contains [512 - (Y + 1)] 
or less words. A data word present in the FIFO output register has been read from memory. 
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Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FI FO containing [512 - rr + 1)] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [512 - rr + 1)). An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[512 - rr + 1 )]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tsk2 or greater after the read that reduces the number of words In memory to 
[512 - f'{ + 1)]. Otherwise, the subsequent synchronizing clock cycle may be the first synchronization cycle (see 
Figures 15 and 16). 

synchronous retransmit 

The synchronous retransmit feature of the SN74ACT3638 allows FIF01 data to be read repeatedly starting at 
a user-selected position. FIF01 is first put into retransmit mode to select a beginning word and prevent on-going 
FIFO write operations from destroying retransmit data. Data vectors with a minimum length of three words can 
retransmit repeatedly starting at the selected word. FIF01 can be taken out of retransmit mode at any time and 
allow normal operation. 

FIF01 is put in retransmit mode by a low-to-high transition on ClKB when the retransmit-mode (RTM) input is 
high and ORB is high. This rising ClKB edge marks the data present in the FIF01 output register as the first 
retransmit data. FIF01 remains in retransmit mode until a low-to-high transition occurs while RTM is low. 

When two or more reads have been completed past the initial retransmit word, a retransmit is initiated by a 
low-to-high transition on ClKB when the read-from-mark (RFM) input is high. This rising ClKB edge shifts the 
first retransmit word to the FIF01 output register and subsequent reads can begin immediately. Retransmit 
loops can be done endlessly while FIF01 is in retransmit mode. RFM should not be high during the ClKB riSing 
edge that takes the FIF01 out of retransmit mode. 

When FIF01 is put into retransmit mode, it operates with two read pointers. The current read painter operates 
normally, incrementing each time a new word is shifted to the FIF01 output register and used by the ORB and 
AEB flags. The shadow read pointer stores the SRAM location at the time FIF01 is put into retransmit mode 
and does not change until FIF01 is taken out of retransmit mode. The shadow read pointer is used by the IRA 
and AFA flags. Data writes can proceed while FI F01 is in retransmit mode, AFA is set low by the write that stores 
(512 - Y1) words after the first retransmit word, and IR is set low by the 512th write after the first retransmit word. 

When FIF01 is in retransmit mode and RFM is high, a riSing ClKB edge loads the current read pointer with the 
shadow read-painter value and the ORB flag reflects the new level of fill immediately. If the retransmit changes 
the FIF01 status out of the almost-empty range, up to two ClKB rising edges after the retransmit cycle are 
needed to switch AEB high (see Figure 18). The rising ClKB edge that takes FIF01 out of retransmit mode shifts 
the read pointer used by the IRA and AFA flags from the shadow to the current read pointer. If the change of 
read pointer used by IRA and AFA should cause one or both flags to transition high, at least two ClKA 
synchronizing cycles are needed before the flags reflect the change. A rising ClKA edge after FIF01 is taken 
out of retransmit mode is the first synchronizing cycle of IRA if it occurs at time tsk1 or greater after the riSing 
ClKB edge (see Figure 19). A rising ClKA edge after FIF01 is taken out of retransmit mode is the first 
synchronizing cycle of AFA if it occurs at time tsk2 or greater after the rising ClKB edge (see Figure 20). 

mailbox registers 

Each FIFO has a 32-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on ClKA writes AO-A31 data to the mail1 register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA high. A low-to-high transition on ClKB 
writes BO-B31 data tothe mail2 register when a port-Bwrite is selected by CSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 
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mailbox registers (continued) 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox select input is low and from the mail register when the port-mailbox select input is high. The mail1 
register flag (MBF1) is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, 
W/RB, and ENS and with MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on 
ClKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 

CLKA 

-tI I.- th(RS) 
CLKS 

I I I t 
-.I ~ tsu(RS) I I ~ h(FS) . I 

I I I tsu(FS) ~ I I 
RST1 ---~\ I I I I I 

FS1, FSO 

I tpd(C-IR) H I tpd(C-IR) ~ 
IRA ~~"'~~S'§§ I ,---

I tpd(C-OR) ~ 
ORB &\~\\\\\"-~\\ 

tpd(R-F) I- tI 
AEB&\~~'\} 

tpd(R-F) I- 'I 
AFA 'l2Z2I?/f!lJ{ 

tpd(R-F) ~ 

Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Elghtt 
t FIF021s reset in the same manner to load X2 and Y2 with a preset value. 
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t tsk1 is the minimum time between the rising CLKA edge and a rising ClKS edge for IRB to transition high in the next cycle. If the time between 
the rising edge of ClKA and rising edge of CLKB is less than tsk1. then IRB may transition high one cycle later than shown. 

NOTE k. CSA = L. W/RA = H. MBA = l. It Is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write Cycle Timing for FIF01 
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Figure 4. Port·B Write Cycle Timing for FIF02 

I,. tc -I r tw(ClKH) -+I+- tw(ClKl) ..., 

CLKB Y \ } \ ( \ ;' '--I I 
, 

I I I 
ORB I I 

, , 
I --./ j+-th(EN) 

CS8 } 
, 

I 
, 

{ , 
I I , , 
I I I 

WmB /I/ZZ{' I I }\~~ , , 
I 1.-.1 tsu(EN) 

, 
I 

MBB , , I I I I 
I , I+- th(EN) tsu(EN) I.--.!...r th(EN) tsu(EN) ~l:;: th(EN) I 

80-B31 

t Read from FIF01 

5-114 

I I 
I I 
j.- ta -.I I I+- ta .., 

W1T * W2T X 

Figure 5. Port·B Read Cycle Timing for FIF01 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

No /.-.! t 
Operation I dis 

W3t j 



CLKA 

ORA 

CSA 

W/RA 

MBA 

ENA 

AO-A31 

SN74ACT3638 
512 x 32 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS2288 - JUNE 1992 - REVISED JUNE 1994 

Iii tc .1 

I+- tw(CLKH) * tw(CLKL) -..l 

Y \ ;, \ ( \ I '-1 1 I 
I I 1 
1 1 1 
1 1 -.t I4- th(EN) 

} 1 1 1 ? I 1 
1 1 1 1 

\\\\\) 1 1 pzzzz27// 1 I 
I It--.! tsu(EN) I 1 
1 1 1 I 1 1 
1 1 I+- th(EN) tsu(EN) I~!.-.J th(EN) tsu(EN) ~:=: th(EN) I 

1 1 

·1 1 1 1 
I ~ta --01 :.- til -+I 

No ;.-.! tdls 
j4- ten .I 1 Operation I 

I~ 
w1f * w2f X W3t S 

t Read from FIF02 

Figure 6. Port-A Read Cycle Timing for FIF02 
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t tskl is the minimum time between a rising ClKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register in three ClKS cycles. Ifthe time between the rising ClKA edge and rising ClKB edge is less than tsk1' then the transition of ORB 
high and load of the first word to the output register may occur one ClKB cycle later than shown. 
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Figure 7. ORB-Flag Timing and Flrst-Data-Word Fallthrough When FIF01 Is Empty 
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t tsk1 is the minimum time between a rising ClKS edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three ClKA cycles. If the time between the rising ClKS edge and rising ClKA edge is less than tsk1. then the transition of ORA 
high and load of the first word to the output register may occur one ClKA cycle later than shown. 

Figure 8. ORA-Flag Timing and Flrst-Data-Word Fallthrough When FIF02 Is Empty 
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To FIF01 

t tsk1 is the minimum time between a rising CLKB edge and a rising CLKA edge for IRA to transition high in the next CLKA cycle. If the time between 
the rIsIng CLKB edge and rising CLKA edge Is less than tsk1. then IRA may transition high one CLKA cycle later than shown. 
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Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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~Ie-..l 
1 1 

tw(CLKH) 14 ~14 ~I tw(CLKL) 

CLKA I\.{ ' ___ I 
I 

CSA Low I 
I 
1 

WiRA Low I 
I 
I 

MBA Low I 

' ___ I 

tou(EN) I~L " (EN) 
ENA t/!Z?) 1 't..:~~ ... S ... S ... ~~ _________________ _ 

I 
ORA High 

Next Word From FIF02 

tt- tsk1 t -J~III-__ Ie -.J 
tw(CLKH) I" ~ , tw(CLKL) 

CLKB ~ ___ I"'----'" 11 " 12 ' ___ f , __ ---'r-
I I 1 I 

tpd(C-IR) /4 ~I ;+4--~~ tpd(C-IR) 

IRB FIF02 Full I j I '\ 
----------------------------------~I------ I ---------

tpd(C-R) /4 tj 14 --I tpd(C-R) 
RDyB-----------------------------~ _____ 1 ___ , 

I 
1 

CSB Low 1 

W/RB 

MBB 

ENB 

BO-B31 

----------------------------------------------~I------------------

Low 

1 
1 
1 

tsu(EN) ~ th(EN) 

~\\\~"''''~~\\~~''''''~ I Wz;7!lZ///ZlZ 
tau(EN) ~~ th(EN) 

t tsk1 is the minimum time between a rising ClKA edge and a rising ClKB edge for IRB to transition high in the next ClKB cycle.lfthe time between 
the rising CLKA edge and rising ClKB edge is less than tsk1. then IRB may transition high one elKB cycle later than shown. 

Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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W/RA ~~ \~ ____________________ __ 

I+-----t tpd(W-R) ~ tpd(W-R) 
ROYA ~--------I-n-ve-rs-e-o-f-IR-A---------*--------In-v-er-s-e-of-O-R-A-------

Figure 11. WiRA to ROVA Timing 

WIRB ~~~'Z\\\\\\~ I 
j4----tI tpd(W-R) ~ tpd(W-R) 

ROYB ~--------~ln-v-e-rs-e-o~fl~R~B--~----*------~I~n-ve-rs-e-o~f~O~R~B------

Figure 12. W/RB to ROVB Timing 

CLKA 

ENA R???::z~~~$~~~$.$.$.~~------------------------------------
If- tsk2 t -tI 

CLKB 

AEB X1 Words In FIF01 

"I-----.t-t tpd(C-AE) " .1 
Y (X1 + 1) Words In FIF01 j '­

tsu(EN) H /f-1J1(EN) 
ENB ________________________________________ ~Ij~Z~6~2~/,~/,~~ ~~ 

t tsk2 Is the minimum time between a rising ClKA edge and a rising CLKB edge for AEB to transition high In the next ClKS cycle.lfthe time between 
the rising ClKA edge and rising ClKB edge Is less than tsk2' then AEB may transition high one ClKB cycle later than shown. 

NOTE A: FIF01 write (CSA = l, W/RA = H, MBA = l), FIF01 read (CSB = l, W/RB = H, MBB = l). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 13. Timing for AEB When FIF01 Is Almost Empty 

CLKS 

'--__ : 2 

~ tpd(C-AE) -tj tpd(C-AE) I. .1 
r (X2 + 1) Words In FIF02 J "-

tsu(EN) H i th(EN) 

CLKA 

AEA X2 Words In FIF02 

ENA ________________________________________ ~t/,~2~2~/,~/,~/,~/ \\S\~ 

t tsk2 Is the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transition high in the next ClKA cycle. 1ft he time between 
the rising CLKB edge and rising ClKA edge is less than tsk2' then AEA may transition high one ClKA cyclo later than shown. 

NOTE A: FIF02 write (CSB = l, W/RB = L. MBB = l), FIF02 read (CSA = L, W/P.A. = l, MBA = l). Data In the FIF02 output register has been 
read from the FIFO. 
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Figure 14. Timing for AEAWhen FIF02 Is Almost Empty 
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I.- t5k2 t --I 
CLKA I , t ' ___ /'--+: """\ ,,-1 ---

tsu(EN) ~ 14- th(EN) , 

ENA 1///Z//J-1, "'~ , ~~~~--------~i--------------------~-----------------
tpd(C.AF) ,- , 

\ 12 \ I 
1 
1 
I 
1 

~ tpd(C.AF) 14 
AFA [512- (Y1 + 1)] Words In FIF01 (512 - Y1) Words In FIF01 

, 
CLKB-./ \ -1.------"""'----1 

tsu(EN) It--iI If.- th(EN) 

ENB ____________ -'1t.2.2.2./,.2~/ ~~~~S~S~~~S~\~ ________________ ___ 
\_---/ ' ___ I 

t tsk2 is the minimum time between a rising CLKA edge and a rising CLKB edge for AFA to transition high in the next CLKA cycle. If the time between 
the rising CLKA edge and rising CLKB edge is less than tsk2. then AFA may transition high one CLKB cycle later than shown. 

NOTE A: FIF01 write (CSA = L. W/RA = H. MBA = L). FIF01 read (CSB = L. W/RB = H. MBB = L). Data In the FIF01 output register has been 
read from the FIFO. 

Figure 15. Timing for AFA When FIF01 Is Almost Full 

I.- tsk2 t --I 
CLKB I \ I ',-_-,/'--+1-\ ,,-1 ---

tsu(EN) ~ 14- th(EN) , 

ENB 12/~~,~~S~~~~~S~~~'~ __ ~' ________ ~ _______ _ 
i 

tpd(C.AF) ,- , 

\ Y2 \ I 
1 
1 
I 

tpd(C.AF) 14 ~ 

AFB [512- (Y2 + 1)] Words In FIF02 (512-Y2) Words In FIF02 

I 
CLKA-./ ''-___ I \ -I.---~\ 1 

tsu(EN) ~ I+- th(EN) 

ENA _______________ /~2~2~2~2~2~~ ~~~~0~~~~_S_,~ ___________________________ _ 
',-_-,I '--

t tsk2 is the minimum time between a rising CLKB edge and a rising CLKA edge for AFB to transition high in the next CLKS cycle. If the time between 
the rising CLKB edge and rising CLKA edge is less than tsk2. then AFB may transition high one CLKA cycle later than shown. 

NOTE A: FIF02 write (CSB = L. W/RB= L. MBB = L). FIF02 read (CSA = L. W/RA = L. MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 16. Timing for AFB When FIF02 Is Almost Full 
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CLKB I , I \ I \ I \ / \ 
tsu(EN) I.f-+~ th(EN) Isu(EN) $ Ih(EN) 

I 
I 

ENB I/Z/J I '0§1 
tsu(RM) ~ th(RM) ~ Isu(AM) ~ "'(AM) 

RTM t?/J I W I ~~)\ I k888?\ 
I I I 
I tSU(R~~ttt,(RM) I 

RFM I I 
I t?T ::'\\\ j 

I I I 
ORB High I I I I 

I I I I 
j4- ta --.j k-ta-tl I+- ta-tl 14-- ta -tI 

BO-B31 WO * W1 * W2 * WO * Initiate Retransmit Mode Retransmit From End Retransmit 
With WO as First Word Selected Position Mode 

W1 

NOTE A:. CSB = L, W/RB = H, MBB = L No Input enables other than RTM and RFM are needed to control retransmit mode or begin a retransmit. 

CLKB 

RTM 

RFM 

AEB 

Other enables are shown only to relate retransmit operations to the FIF01 output register. 

Figure 17. FIF01 Retransmit Timing Showing Minimum Retransmit Length 

I \ I \ 11 \ 12 
I 1 

' ____ I ''---
I 1 

High I 1 
I 1 

-'1 !.- th(RM) 1 
tsu(RM) ~II 1 

IIZlZZ7J \S\~ I 
I 
14 

X1 or Fewer Words From Empty 

4----l.~I- tpd(C-AE) 
________________________ .1 (X1 + 1) or More Words From Empty 

NOTE A:. 'X1 Is the value loaded in the AEB offset register. 

Figure 18. AEB Maximum Latency When Retransmit Increases the Number of Stored Words Above X1 
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k-- tsk1 t -+I , '_--;1_' ,1""-1--, 12 ' __ -..1/ ' __ -..II 
I tpd(C-IR) ~ 

FIF01 Filled to First Retrans~lt Word Ir-O-n-e-o-r-M-o-re-F-I-FO-1 -W-rl-te-l-o-c-at-Io-n-s-

I Available 

I , ,----,-----/ 
I 

tsu(RM) I+-+H th(RM) 

----"\\:~$~$~s' ~ 

' __ -..1/ ' __ -..1/ '--

t t5k 1 is the minimum time between a riSing ClKS edge and a rising CLKA edge for IRA to transition high in the next ClKA cycle.lfthe time between 
the riSing ClKB edge and riSing ClKA edge Is less than tsk1. then IRA may transition high one ClKA cycle later than shown. 

CLKA 

Figure 19. IRA Timing From the End of Retransmit Mode When One or More 
FIF01 Write Locations Are Available 

\4- tsk2 t -+I , '---;1-' '-1---", 12 , ___ -..1/ 
I tpd(C-AE) ~ 
I ~------------------------(512- Y1) or More Words Past First Retransmit Word 

, __ --J

1 

(Y1 + 1) or More Write locations Available 

CLKB ---I '----k '-_-..1/ ' _____ I ' ___ I '--
RTM 

I 
tsu(RM) I'-'H th(RM) 

----\:~$~$~$~~ ~ 

t tsk21s the minimum time between a rising ClKS edge and a riSing ClKA edge for AFA to transition high In the next CLKA cycle. If the time between 
the rising ClKB edge and rising ClKA edge is less than tsk2. then AFA may transition high one ClKA cycle later than shown. 

NOTE A: Y is the value loaded in the almost-full flag offset register. 

Figure 20. AFA Timing From the End of Retransmit Mode When (Y1 + 1) or More 
FIF01 Write Locations Are Available 
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CLKA I , I , ____ / 
''-___ ,..,1 '--

tsu(EN) H r- th(EN) 

--------~~,------------------------------------
I I 

W/RA //IZZ?/Zl/ZZ? I W 
I I I 

M8A~ IW 
I I I 

ENA /2//ZT//2ZV/ I ~ 
I -..1..- th(O) 

AO-A31 

I 
CLKS I ''----,l-..J1 ,,'----_ .... { ,'-----,+- tpd(C-MF) ~ ,.- tpd(C-MF) -./ 

--------------+I----~\_-----------~I--------)--------
I I 

WIR8 

M88 

EN8 

80-831 

5-124 

\~--------~I, ______________________ ~I---------'I ,- " 

~ I I ~ 

ten H .. ' ---+---~ /+ !dIs -./ 

W1 (remains valid In maJJ1 register after read) 

FIF01 Output Register 

Figure 21. Timing for Mall1 Register and MBF1 Flag 
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CLKB I \ I '~ ____ ~I 
tsu(EN) H r th(EN) 

\~ ___ ..JI 

------~~~-----------------------------------
1 I 1 

"''2'''/'''/'''/'''''/'''''/'7''"7'7''"7'7''"/'7''"2''''''74 I ~ WIRB 

MBB 

ENB //// /ZZ?!ZZ/{ I _ 

BO-B31 

1 

CLKA I '---.,..1-_/ , _______ ..... { , ____ _ 
l+- tpd(C-MF) -.j r tpd(C-MF) -./ 

wiRA 

MBA 

ENA 

AO-A31 

-------------------------------~I ----------------\'--_______ ~I-------~}--------
I I 

,~ _____ ~II-----------____ - __ ~I __ -----JI 
1- I I 

.,..2'7""?'7""/~z~/~ZX I I 4§\\\\\\~ 
I I I I 

-------I~-----/I i I II tSU{EN)~1.-.j th(EN) I 

1 1 1 I/lZlJ "~$~0...,;$\~_1r__-----
I :.1 I 

ten H ,..1 --4---" 1+ ~Is ../ 
W1 (remains valid In mail2 register after read 

FIF02 Output Register 

Figure 22. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, V, (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 1,K (V, < 0 or V, > Vee) ............................................... ±20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... ±50 rnA 
Continuous output current, 10 (Vo = 0 to Vee) ............................................. ±50 mA 
Continuous current through Vee or GND ................................................. ±400 mA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
Implied. Exposure to absolute·maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.6 V 

10H High-level output current -4 rnA 

10L low-level output current 6 rnA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH Vee =4.5 V. 10H =-4 rnA 2.4 

VOL Vee = 4.5 V. IOl=6 rnA 

II Vee = 5.5 V. VI = Vee orO 

10Z Vee =5.5V, Vo=Vee orO 

ICC Vee=5.5V, VI = Vee - 0.2 V or 0 

eSA=VIH AO-A31 

eSB =VIH 80-831 

6lee§ Vee = 5.5 V. One input at 3.4 V. 
eSA=vIL AO-A31 

Other inputs at Vee or GND 
eSB =VIL 80-831 

All other inputs 

ei VI=O, f = 1 MHz 

Co VO=O, f = 1. MHz 

* All typical values are at Vee = 5 V, TA = 25°C. 
§ This is the supply current when each input is at one of the specified TIL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 22) 

'ACT3638-15 'ACT3638-20 ' ACT3638-30 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

fclock Clock frequency, ClKA or ClKS 66.7 50 33.4 MHz 

tc Clock cycle time, ClKA or CLKB 15 20 30 ns 

tw(ClKH) Pulse duration, ClKA and ClKB high 6 8 10 ns 

tw(CLKLJ Pulse duration, CLKA and ClKB low 6 8 10 ns 

tsu(D) Setup time, AO-A31 before ClKAt and BO-B31 before CLKBt 4.5 5 6 ns 

tsu(EN) 
Setup time, CSA, W/RA. ENA, and MBA before CLKAt; CSB, 

5 6 7 ns VI/RB, ENB, and MBB before ClKSt 

tsu(RM) Setup time, RTM and RFM before ClKSt 6 6.5 7 ns 

tsu(RS) Setup time, RSn or RST210w before ClKAt or CLKBtt 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before Rsn and RST2 high 7 8 9 ns 

th(D) Hold time, AO-A31 after ClKAt and BO-B31 after ClKBt 0 0 0 ns 

th(EN) 
Hold time, CSA, W/RA, ENA, and MBA after ClKAt; CSB, W/RB, 

0 0 0 ns 
ENB, and MBB after CLKBt 

th(RM) Hold time, RTM and RFM after CLKB t 0 0 0 ns 

th{RS) Hold time, RSn or RST2 low after ClKA t or CLKB t t 4 4 , 5 ns 

th(FS) Hold time, FSO and FS1 after RST1 and RST2 high 2 3 3 ns 

tsk1* 
Skew time, between ClKAt and ClKBt for ORA, ORB, IRA, and 

8 9 11 ns 
IRB 

tsk2* 
Skew time, between ClKA t and ClKS t for AEA, AEB, AFA, and 

12 16 20 ns 
AFB 

t Requirement to count the clock edge as one of at least four needed to reset a FIFO 
* Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 22) 

'ACT3638-15 
PARAMETER 

MIN 

fclock Clock frequency, CLKA or CLKB 

ta Access time, CLKAt to AO-A31 and CLKBt to BO-B31 3 

tpd(C-IR) Propagation delay time, CLKA t to IRA and CLKB t to IRB 1 

tpd(C-OR) Propagation delay time, CLKA t to ORA and CLKB t to ORB 1 

tpd(C-R) Propagation delay time, CLKAt to RDYA and CLKBt to RDYB 1 

tpd(W-R) Propagation delay time, W/RA to RDYA and W/RB to RDYB 1 

tpd(C-AE) Propagation delay time, CLKAt to AEA and CLKBt to AEB 1 

lpd(C-AFl Propagation delay time, CLKAt to AFA and CLKBt to AFB 1 

tpd(C-MF} 
Propagation delay time, CLKAt to MBF110w or MBF2 high and 

0 
CLKBt to MBF2 low or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKAt to BO-B31 t and CLKBt to 

3 
AO-A31* 

tpd(M-DV) 
Propagation delay time, MBA to AO-A31 valid and MBB to 

3 
BO-B31 valid 

tpd(A-F} 
Propagation delay time, RST1 low to AEB low, AFA high, and 

1 
MBF1 high, and RST210w to AEA low, AFB high, and MBF2 high 

ten 
Enable time, CSA and WIRA low to AO-A31 active and CSB low 

2 
and W/AB high to BO-B31 active 

tdis 
Disable time, CSA or WIRA high to AO-A31 at high impedance 

1 
and CSB high or W/RB low to BO-B31 at high impedance .. t Writing data to the mal11 register when the BO-B31 outputs are active and MBB Is high . * Writing data to the mail2 register when the AO-A31 outputs are active and MBA is high. 
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MAX 

66.7 

11 

8 

8 

8 

8 

8 

8 

8 

13.5 

13 

15 

12 

13 

'ACT3638-20 ' ACT3638-30 
UNIT 

MIN MAX MIN MAX 

50 33.4 MHz 

3 13 3 15 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

0 10 0 12 ns 

3 15 3 17 ns 

3 15 3 17 ns 

1 20 1 30 ns 

2 13 2 14 ns 

1 14 1 15 ns 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

'data = 1/2 'clock 
TA = 75°C 

c:( 250 CL = 0 pF -+---+---+---+---4---".oC...j 
E 
I 

~ 2OOt---t--t--f--t---""t7'"'-¥-~ 
~ 
U 
>­
~ 150t---t--t--f--7~~~-+-~ 
:l 

(J) 

I 
e: 100t---t--t--71C--;;1'-'t""7"<::....-f--t---+-~ 
U 
U 

calculating power dissipation 

o~-~-~-~-~-~-~~ 

o 10 20 30 40 50 60 70 

'clock - Clock Frequency - MHz 

Figure 23 

The ICC(f) current for the graph in Figure 23 was taken while simultaneously reading and writing a FIFO on the 
SN74ACT3638 with ClKA and ClKS set to fclock. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero~capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3638 
inputs driven by TIL high levels are known, the power dissipation can be calculated with the equation below. 

With ICC(f) taken from Figure 23, the maximum power dissipation (PT) ofthe SN74ACT3638 can be calculated 
by: 

PT = VCC x [ICC(f) + (N x alcc x de)) + L'(CL x VCc2 x fa) 

where: 

N = number of inputs driven by TIL levels 
alCC = increase in power supply current for each input at a TIL high level 
dc = duty cycle of inputs at a TIL high level of 3.4 V 
CL = output capacitive load 
fa = switching frequency of an output 

When no reads or writes are occurring on the SN74ACT3638, the power dissipated by a single clock (ClKA or 
ClKS) input running at frequency fclock is calculated by: 

PT = VCC x fclock x 0.184 mNMHz 
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PARAMETER MEASUREMENT INFORMATION 

SV 

1.1 kO 

From Output 
Under Test --e----... 

680'1 

LOAD CIRCUIT 

Timing L 3V 

Input. ~~~ ___ GND 

tsu~~ ~ th 

Data, ~:::- 3V 
Enable --.7' 1.SV ~ 
~put GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

3V 
Output J, ~, 
Enable 1 1.S V -1\1.S V 

'-. --- GND 

~ 1''- tpLZ --.l 14- tpZL 

Low-Level· 
Output 

High-Level 
Output 

I, .-----~~--- -3V 

1 ---1--
1 1 
1 I 
~ l'-tPHZ 

VOL 
i4-tpZH 
1 VOH 

-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

30pF 
(see Note A) 

High-Level ~ -:;-~ - 3 V 
Input ---II I.~ V .~ GND r- tw 4 

Low-Level ~1SV ~ 3V 
Input ~ -':"-:":: _ GND 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

-.i1.SV 
\...1-5~ - - 3V 

-" GND 
~ ~ 

tpd ---r"I I" r"j tpd 

I ~-- VOH 
!1.SV 1.SV 

----'. VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 24. Load Circuit and Voltage Waveforms 
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• Free-Running ClKA and ClKB Can Be 
Asynchronous or Coincident 

• Two Independent 512 x 36 Clocked FIFOs 
Buffering Data In Opposite Directions 

• IRB, ORB, AEB, and AFB Flags 
Synchronized by ClKB 

• low-Power a.a-Mlcron Advanced CMOS 
Technology 

• Mailbox Bypass Register for Each FIFO 
It Programmable Almost-Full and 

Almost-Empty Flags 

• Supports Clock Frequencies up to 67 MHz 

o Microprocessor Interface Control logic 

• Fast Access Times of 11 ns 
• Pln-to-Pln Compatible With the 

SN74ACT3622 and SN74ACT3642 
o IRA, ORA, AEA, and AFA Flags 

Synchronized by ClKA 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PQ) 
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NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
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NC - No internal connection 
t Uses Yamalchl socket IC51-1324-828 
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description 

SN74ACT3632 
512 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS224A - JUNE 1992 - REVISED AUGUST 1993 

The SN74ACT3632 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 11 ns. Two independent 512 x 36 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and 
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number 
of words are stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can 
be used in parallel to create wider data paths. 

The SN74ACT3632 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port 
clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag of a 
FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the almost-full 
and almost-empty flags of both FIFOs can be programmed from port A. 

The SN74ACT3632 is characterized for operation from DoC to 70°C . 
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functional block diagram 
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TERMINAL Vo 
NAME 

AO-A35 I/O 

AEA 
0 

(portA) 

AEB 
0 

(port B) 

AFA 
0 

(portA) 

AFB 
0 

(port B) 

BO-B35 I/O 

ClKA I 

ClKB I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1,FSO I 

0 
IRA 

(portA) 

0 
IRB 

(port B) 

MBA I 

MBB I 

MBF1 0 

MBF2 0 

ORA 
0 

(portA) 

SN74ACT3632 
512 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS224A - JUNE 1992 - REVISED AUGUST 1993 

Terminal Functions 

DESCRIPTION 

Port-A data. Tho 36-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmablo almost-empty flag synchronized to ClKA. AEA Is low when the number of 
words in FIF02 Is loss than or equal to the value In the almost-empty A offset register, X2. 

Port-B almost-empty flag. Programmable almost-empty flag synchronized to ClKB. AEB Is low when the number of 
words In FIF01 Is less than or equal to the value In the almost-empty B offset register, X1. 

Port-A almost-full flag. Programmable almost-full flag sy.nchronlzed to ClKA. AFA Is low when the number of empty 
locations in FIF01 is less than or equal to the value In the almost-full A offset register, Y1. 

Port-B almost-full flag. Programmable almost-full flag synchronized to ClKB. AFB is low when the number of empty 
locations in FIF02 is less than or equal to the value in the almost-full B offset register, Y2. 

Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. ClKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to CLKB. IRA, ORA, AFA, and AEA are all synchronized to the low-to-high transition of ClKA. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are in the high-Impedance state when CSA Is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 

Port-A enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Flag offset selects. The low-to-high transition of a FIFO reset input latches the values of FSO and FS1. If either FSO or 
FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FS1 are low when RST1 and RST2 
go high, the first four writes to FIF01 program the almost-full and almost-empty offsets for both FIFOs. 

Input-ready flag. IRA is synchronized to the low-to-high transition of ClKA. When IRA is low, FIF01 is full and writes 
to its array are disabled. IRA is set low when FIF01 is reset and is set high on the second low-to-high transition of ClKA 
after reset. 

Input-ready flag. IRB is synchronized to the low-to-high transition of ClKS. When IRB is low, FIF02 is full and writes 
to its array are disabled. IRB is set low when. FIF02 is reset and is set high on the second low-to-high transition of ClKB 
after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 

Port-B mailbox select. A high level on M88 chooses a mailbox register for a port-8 read or write operation. When the 
BO-835 outputs are active, a high level on MBB selects data from the mail 1 register for output and a low level selects 
FIF01 output-register data for output. 

Mail1 register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. Writes 
to the mail1 register are inhibited while MBF1 is low. MBF 1 is set high by a low-to-high transition of ClKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIF01 is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-hlgh transition of ClKA when a port-A 
read Is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 

Output-ready flag. ORA is synchronized to the low-to-high transition of ClKA. When ORA is low, FIF02 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA 
is forced low when FIF02 is reset and goes high on the third low-to-high transition of ClKA after a word is loaded to 
empty memory. 
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Terminal Functions (Continued) 

TERMINAL 
VO DESCRIPTION 

NAME 

Output-ready flag. ORB is synchronized to the low-to-high transition of ClKB. When ORB is low, FIF011s empty and 

ORB 
0 reads from its memory are disabled. Ready data is present on the output register of FiF01 when ORB Is high. ORB 

(port B) is forced low when FIF01 is reset and goes high on the third low-to-high transition of ClKB after a word is loaded to 
empty memory. 

FIF01 reset. To reset FIF01, four low-to-high transitions of ClKA and four low-ta-hlgh transitions of CLKB must occur 
RST1 I while RST1 is low. The low-ta-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 

selection. FIF01 must be reset upon power up before data Is written to its RAM. 

FiF02 reset. To reset FiF02, four low-to-high transitions of ClKA and four low-ta-high transitions of ClKB must occur 
RST2 I while RST21s low. The low-ta-high transition of RST2 latches the status of FSO and FS1 for AFB and AEA offset 

selection. FiF02 must be reset upon power up before data is written to its RAM. 

W/fS.A I 
Port-A write/read select. A high on W/RA selects a write operation and a low seiects a read operation on port A for a 
low-to-high transition of CLKA. The AO-A35 outputs are in the high-impedance state when wifS.A is high. 

W/RB I 
Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of CLKB. The BO-B35 outputs are in the high-impedance state when W/RB is low. 

detailed description 

reset 

The FIFO memories of the SN74ACT3632 are reset separately by taking their reset (RST1, RST2) inputs low 
for at least four port-A clock (ClKA) and four port-B clock (ClKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FIFO reset initializes the internal read and write pOinters and forces the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AEB) low, 
and the almost-full flag (AFA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1, MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FI FO reset (RST1 , RST2) input latches the value ofthe flag-select (FSQ, FS1) Inputs 
for choosing the almost-full and almost-empty offset programming method (see almost-empty and almost-full 
flag offset programming). 

almost-empty flag and almost-full flag offset programming 

Four registers in the SN74ACT3632 are used to hold the offset values for the almost-empty and almost-full flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1 and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 

5-136 

Table 1. Flag Programming 

FSl FSO RSTl RST2 Xl AND Yl REGISTERSt X2 AND Y2 REGISTERS* 

H H t X 64 X 

H H X t X 64 

H l t X 16 X 

H l X t X 16 

l H t X 8 X 

l H X t X 8 

l l t t Programmed from port A Programmed from port A 

t Xl register holds the offset for AEB; Yl register holds the offset for AFA. 
* X2 register hoids the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost-full flag offset programming (continued) 

To load the almost-empty flag and almost-full flag offset registers of a FIFO with one of the three preset values 
listed in Table 1, at least one of the flag-select inputs must be high during the low-to-high transition of its reset 
input. For example, to load the preset value of 64 into X1 and Y1, FSO and FS1 must be high when FIF01 reset 
(RST1) returns high. Flag-offset registers associated with FIF02 are loaded with one of the preset values in the 
same way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be 
reset simultaneously or at different times. 

To program the X1, X2, Y1, and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FI F01 do not store data in RAM but load the offset registers in the order Y1 , X1 , Y2, X2. Each offset register 
uses port-A (A8-AO) inputs, with A8 as the most significant bit. Each register value can be programmed from 
1 to 508. After all the offset registers are programmed from port A, the port-B input-ready flag (IRB) is set high 
and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the po~ data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. 

Data is loaded into FIF01 from the AO-A35 inputs on a low-to-high transition of GlKA when GSA is low, W/RA 
is high, ENA is high, MBA is low, and IRA is high. Data is read from FIF02 to the AO-A35 outputs by a low-to-high 
transition of GlKA when GSA is low, W/RA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 

Table 2. Port-A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIF01 write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, FIF02 output register None 

L L H L t Active, FIF02 output register FIF02 read 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/read select (W/RA). The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (GSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either GSB is high orW/RB is low. The BO-B35 outputs are active when GSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the BO-B35 inputs on a low-to-high transition of GlKB when GSB is low, W/RB 
is low, ENB is high, MBB is low, and IRB is high. Data is read from FIF01 tothe BO-B35 outputs by a low-to-high 
transition of GlKB when GSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 

Table 3. Port·B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L L L X X In high-impedance state None 

L L H L f In high-impedance state FIF02write 

L L H H f In high-impedance state Mail2write 

L H L L X Active, FIF01 output register None 

L H H L t Active, FIF01 output register FIF01 read 

L H L H X Active, mail1 register None 

L H H H f Active, mail1 register Mail1 read (set MBF1 high) 

The setup and hold time constraints to the port clocks for the port chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port's chip select and write/read select may change states during 
the setup and hold time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition ofthe port clock that sets the output-ready flag high. When the output-ready flag is high, 
an available data word is clocked to the FIFO output register only when a FIFO read is selected by the port's 
chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

5-138 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when ClKA and ClKB operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD003B). ORA, AEA, IRA, and AFA are 
synchronized to ClKA. ORB, AEB, IRB, and AFB are synchronized to ClKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKB TOCLKA 

IN FIF01t* 
ORB AEB AFA IRA 

0 L L H H 

1 toX1 H ·L H H 

(X1 + 1) to [512 - (Y1 + 1)] H H H H 

(512 - Y1) to 511 H H L H 

512 H H L L 

t X1 is the almost-empty offset for FIF01 used by AEB. Y1 is the almost-full 
offset for FIF01 used by AFA Both X1 and Y1 are selected during a reset of 
FIF01 or programmed from port A. 

* When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 
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synchronized FIFO flags (continued) 

Table 5. FIF02 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKA TOCLKB 

IN FIF02H 
ORA AEA AFB IRB 

0 L L H H 

1 toX2 H L H H 

(X2 + 1) to [512 - (y2 + 1)] H H H H 

(512 - Y2) to 511 H H L H 

512 H H L L 

t X2 is the almost-empty offset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset of 
FIF02 or programmed from port A. 

tWhen a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. 

output-ready flags (ORA, ORB) 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high, new data is present in the FIFO output register. When the output-ready flag is low, the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pOinter is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is empty, empty+ 1, or empty+2. From the time a word is written to a FIFO, it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore, 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs, simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time tsk1 or greater after the write. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

Input-ready flags (IRA, IRB) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pOinter is incremented. The state machine that controls an 
input-ready flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM 
status is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready 
to be written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready 
flag is low if less than two cycles ofthe input-ready flag synchronizing clock have elapsed since the next memory 
write location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after 
the read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10). 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its 
almost-empty flag to reflect the new level of fill. Therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FI FO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almosHull state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is lowwhen its FIFO contains (512- Y) or more words and is high when its FIFO contains [512- (Y + 1)) or less 
words. A data word is present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill. Therefore, the almost-full flag of a FIFO containing [512 - (Y + 1)] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [512 - (Y + 1 )]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[512 - (Y + 1 )]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tsk2 or greater after the read that reduces the number of words in memory to 
[512 - (Y + 1)). Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on GlKA writes AO-A35 data to the mail1 register 
when a port-A write is selected by GSA, WiRA, and ENA and with MBA high. A low-to-high transition on GlKB 
writes BO-B35 data tothe mail2 register when a port-B write is selected by GSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox select input is low and from the mail register when the port-mailbox select input is high. The mail1 
register flag (MBF1) is set high by a low-to-high transition on GlKB when a port-B read is selected by GSB, 
W/RB, and ENB and with MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on 
GlKA when a port-A read is selected by GSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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CLKA 

CLKB 

1 1 I t 
--' ~ tsu(RS) 1 1 ~ h(FS) 1 

______ ""'\1 1 1 tsu(FS) ~ I 1 
RST1 \. I I 1 I I 1 

1 I I 

FS1, FSO 

1 tpd(C-IR_ M 1 tpd(C-IR) ~ 
IRA &\\\\)\\\\~~~ 1 1----

I lpd(C-OR) ~ 
ORB S\S\\\' 

tpd(R-F) ~ 

AEB '-\\\\\¥""'? 
tpd(R-F) ~ 

AFA /!ZZ??Z(ZZZ1 
tpd(R-F)~ 

MBF1 /lZ2Zl2 
Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Elghtt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 

CLKA 4 

~ tsu(FS) 

! 1'1 1 I I I 

FS1, FSO 

IRA 
tpd(C-IR) ~ I 1 I 

_________ --J. ItSU(EN)j ;r-i+- th(EN) k---tI tsk1 t 

'l/ 77// 777// 77//// //1 ~ \88811 '<&S&9' .. ~ """ """'" 

I
I A~== 

(Yl) (Xl) (Y2) (X2) 

ENA 

AO-A35 

CLKB 

IRB 

t tsk1 Is the minimum time between the rising CLKA edge and a rising ClKS edge for IRS to transition high in the next cycle. If the time between 
the rising edge of ClKA and rising edge of CLKS is less than tsk11 then IRS may transition high one cycle later than shown. 

NOTE A: CSA = l, W/RA = H, MBA = L It Is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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CLKA 

IRA 

wiRA. 

I. Ie .1 

:+ tw(CLKH} -t- tw(CLKL) 1 
1 '\ (----,----'11' 

I I 
I I 

VZZZZT/lLlL{ I F , 
tsuCEN) I. .,. ~ th(EN} , 

MBA ~~_""'O!""'I!~~~ , , 

ENA 

AO-A35 

t Written to FIF01 

,'------II( '-

Figure 3. Port-A Write Cycle Timing for FIF01 

CLKB 

IRB 

I. Ie -, 

: .. tw(CLKH} -t- tw(CLKL} 1 
1 '\ (",--~, ____ 1' 

, ' , I 

tsuCEN)I .... --I.I!4I.~~ th(EN) : 

t.u~~ ~ .1. e i 
W/RB or-SI("""SI(""").:I("""SI("""SI("""SI("""SI("""S"I("""~I("""~~:,\:~~ : ~ : 

tsuCEN} I. ·I·~ th(EN} , MBB __ ~""P""'I!'"""P""'I!'"~-= , , 

ENB 

BO-B35 

t Written to FIF02 

'---~( '-
I 

I 
IIVT/ZZZZ/ 

Figure 4. Port-B Write Cycle Timing for FIF02 
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,.. tc . -, 

~ tw(CLKH) -*- tw(CLKL) -.I 
CLKB }' -\ }----, ( , y '--

I I ' I I I 

W/RB ??/ /!{ : I : \\\\ ~ , _
__ ..,.,_'"'\ I.-J tsu(EN) I I 

MBB I , , I , 
, " i I I I 
, I ,--, ~~1~1:(EN) tsu(EN) l+--+'.-.Ith(EN) 

ENB 7Z2ZT~ I ~ I \~~ f/"'"'Z"'"'Z""'Z""'Z""'Z""'/.""'Z"'" 
tpd(M-OV) I I" -, I I op:r~tlon \4-+1 tdls 

ten ,. -' 1 r t8 -./ ,4- tn ..I I 

BO-B35 '~ W1 f * w2f X W3t j 

t Read from FIF01 

Figure 5_ Port-B Read Cycle Timing for FIF01 
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MBA I ~ I I I , t I _.1 =.J ~ht:(EN) tsu(EN)r-----'+>i'h(EN) 
ENA //T/lffl/,VZl , ~ I\SSS\»~" f/""/,:-7-'Z""'Z""'/.""Z"'7"'; 

tpd(M-OV) L I~ -II I _I I op:r~lon I.-.t-Idls 
ten ~ r t8 --.. j+" tn -+t I 

AO-A35 -----~ w1T * w2f X W3t j 

t Read from FIF02 

Figure 6. Port-A Read Cycle Timing for FIF02 
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r- tc-..r 
tw(CLKH) I_ ~- ~I tw(CLKL) 

CLKA 
I 
I I 

CSA Low ! I 
I I 

W/RA High ~ I 
tsu(EN) i -+! I.- th(E~) 

MBA $«\ \\~ e.1"'7'2"":%"';"/:"":2;"-:%""'2~/'/:-'/:""'/:"""'2""':%"":%""/:""'/:""'Z'-?;:~/:""'/:"""'Z""'Z""Z"":%"";:""'Z-Z'-?;:~/:""'/:""'Z"""'Z""'/:"";:"'7";:""/:-;:'-;-/:~/:,...,/:,...,;:.....,.Z..,.:%-2 
tSU(E:? I+- th(EN) 

ENA Il//Ta I \\:~$ .... 0 .... $~S .... &~--------------------
I I 

IRA High I I 

AO-A35 

~ 
tw(CLKH) --I ,:::--., tw(CLKL) 

CLKB 2 

tpd(C-OR) .~I -~,.-~!==~ 
ORB _____ °_ld_D_8_t8_�"_F_�F_°_1_°_ut..;..p_ut_R_e..;.,9�_st_e_r ---·---IIt--...., '-_____ _ 

I CSB_LO_W _________________ ~I------It------___ __ 
I 

WIRB High I 
I I 

MBB Low I I 
I 

BO-B~ ____________ O_ld~D~8_t8~I~n_F_IF..;.,O_1..;.,O~ut.put~R~eg.1~m_er~ ________ _J*------~W~1--------

t tsk11s the minimum time between a rising ClKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register In three ClKS cycles. If the time between the rising ClKA edge and rising ClKB edge Is less than tsk1. then the transition of ORB 
high and load of the first word to the output register may occur one ClKS cycle later than shown. 
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Figure 7. ORB-Flag Timing and First Data Word Fallthrough When FIF01 Is Empty 
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I I CSB ~Lo~w~ ______ +I ______ I~ ________________________________________________ _ 

W/RB Low I I 
I I 

AO-A~ ____________ ~O~ld~Da~t~al~n~F~IF~O~2~O~ut.P~ut~R~~~I~m~e~r ________ __J*~----------~W~1----------

t tsk1 is the minimum time between a rising CLKB edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 
output register in three CLKA cycles. If the time between the rising CLKS edge and rising CLKA edge is less than tsk1' then the transition of ORA 
high and load of the first word to the output register may occur one CLKA cycle later than shown. 

Figure 8. ORA-Flag Timing and Flrst-Data-Word Fallthrough When FIF02 Is E-mpty 
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L.--tc ~ 

tw(CLKH) 14 14 .: tw(CLKL) 

CLKB I \. I ' ___ I 
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CSB __ Lo_w ___________ I~---------------------------------------------------
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I 
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I MBB __ Lo~w __________ _rl __________________________________________________ __ 

tsu(EN) I. .1 •• 1 th(EN) 
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I 
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Next Word From FIF01 
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CLKA ~,,-___ I---' 11 " . 12 ' ___ I ,"-_---Jr-
tpd(C-IR) I. ~I ___ --.;I~.==~~I tpd(C-IR) 

IRA FIF01 Full I I \. 
--------------------------------------~ 1 "----------

CSA Low 1 

--------------------------------------------~I----------------
W/RA High I 

MBA 

ENA 

AO-A35 

t tsk1 1s the minimum time between a rising ClKS edge and a rising CLKA edge for IRA to transition high in the next ClKA cycle.lfthe time between 
the rising elKB edge and rising ClKA edge is less than tsk1. then IRA may transition high one ClKA cycle later than shown. 
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Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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---------------------------------------------+1-----------------
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. tSU(EN} R~ th(EN} 
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t tsk1 is the minimum time between a rising ClKA edge and a rising CLKS edge for IRS to transition high in the next ClKB cycle. Ifthe time between 
the rising ClKA edge and rising ClKS edge is less than tsk1. then IRS may transition high one ClKS cycle later than shown. 

Figure 10. IRB-Flag Timing and First Available Write When FIF02 Is Full 
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CLKA 

ENA 122/::Z:~~~~~~~~~~~~~~'~ __________________________________ ___ 
If- tsk2 t -tI 

CLKS '--_-': 2 
~ tpd(C-AE) -tf tpd(C-AE) " ~ 

AES X1 Words In FIF01 y (X1 + 1) Words In FJFO~ '-

tsuCEN) -.6 ~ thCEN) 
ENS ________________________________________ ~//,~/,~/,~/,~/,~~~ ~ 

t tsk21s the minimum time between a rising ClKA edge and arising CLKB edge for AEB to transition high In the next ClKS cycle.ltthe time between 
the rising ClKA edge and rising ClKB edge Is less than tsk2. then AEB may transition high one ClKB cycle later than shown. 

NOTE A:. FIF01 write (CSA = l. wiFiA = H. MBA = l). FIF01 read (CSB = L, W/RB = H. MBB = l). Data In the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 

CLKS 

ENS R???:~ IX~~.S.S.~.S.$\~ ____________________________________ ___ 
It- tsk2 t -tI 

tsu?N~1 :-- th(EN) 

CLKA 

-+-----tltt tpd(C-AE) I.. .1 

AEA X2 Words In FIF02 )f (X2 + 1) Words In FJFO~ 'L 
tsu(EN) H r-th(EN) 

ENA ______________________________________ -'t4?46464?~?~4 ~\$\~ 

t tsk2 1s the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transHion high in the next ClKA cycle.lfthe time between 
the rising ClKB edge and rising ClKA edge is less than tsk2. then AEA may transition high one ClKA cycle later than shown. 

NOTE A:. FIF02 write (CSB = l. W/RB = l. MBB = l). FIF02 read (CSA = L, W/RA = l. MBA = l). Data in the FIF02 output register has been 
read from the FIFO. 
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Figure 12. Timing for AEA When FIF021s Almost Empty 
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tsu(EN} 8 k- th(EN) 

ENB ________________ ~t2~2~2~2~2~2~~ ~~~~~~~~~~~~~~~ ____________________ __ 

',-__ I '----

t tsk2 is the minimum time between a rising ClKA edge and a rising ClKB edge for AFA to transition high in the next ClKA cycle. If the time between 
the rising ClKA edge and rising ClKB edge is less than tsk2' then AFA may transition high one ClKB cycle later than shown. 

NOTE A: FIF01 write (CSA = L. W/f5.A = H, MBA = l), FIF01 read (CSB = L. iN/RB = H, MBB = L). Data In the FIF01 output register has been 
read from the FIFO. 

Figure 13_ Timing for AFA When FIF01 Is Almost Full 
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tsu(EN) 8 If- th(EN} 

ENA ________________ ~~~/,~y,~/,~/,~~~ ~~~~~~~~S_$_~~ _______________ _ 

\\.--__ / '----

t tsk2 is the minimum time between a rising CLKB edge and a rising ClKA edge for AF B to transition high in the next ClKB cycle.lfthe time between 
the rising ClKB edge and rising ClKA edge is less than tsk2' then AFB may transition high one CLKA cycle later than shown. 

NOTE A: FIF02 write (CSB = l, iN/RB= L. MBB = l), FIF02 read (CSA = l, W/f5.A = l, MBA = L). Data in the FIF02 output register has been 
read from the FIFO. 

Figure 14. Timing for AFB When FIF021s Almost Full 
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Figure 15. Timing for Mall1 Register and MBF1 Flag 
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Figure 16. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Va (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... ±20 rnA 
Output clamp current, 10K (VA < 0 or Va> Vee) ........................................... ±50 rnA 
Continuous output current, 10 (VA = 0 to Vee) ............................................. ±50 rnA 
Continuous currentthrough Vee or GND ................................................. ±400 rnA 
Operating free-air temperature range, TA ...............................•..•.....••..•. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

Vee 

VIH 

VIL 

IOH 

IOL 

TA 

5-152 

Supply voltage 

High-level Input voltage 

Low-level input voltage 

High-level output current 

Low-level output current 

Operating free-air temperature 
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MIN 

4.5 

2 

0 

MAX UNIT 

5.5 V 

V 

0.8 V 

-4 rnA 

8 rnA 

70 °e 



SN74ACT3632 
512 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS224A - JUNE 1992 - REVISED AUGUST 1993 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC =4.5V, IOH =-4mA 2.4 V 

VOL VCC =4.5 V, IOl= 8 rnA 0.5 V 

II VCC = 5.5 V, VI =VCCorO :1:5 ~ 

IOZ VCC = 5.5 V. Vo =VCCorO :1:5 ~ 

ICC VCC= 5.5 V, VI =VCC-0.2VorO 400 ~ 
CSA=VIH AO-A35 0 

CSB =VIH BO-B35 0 

~ICC:t 
VCC = 5.5 V, One input at 3.4 V, 

CSA=Vll AO-A35 1 rnA 
Other inputs at VCC or GND 

CSB =Vll BO-B35 1 

All other inputs 1 

Cj VI =0, f = 1 MHz 4 pF 

Co VO=O, f= 1 MHz 8 pF 

t All typical values are at VCC = 5 V. TA = 25°C. 
:t This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC. 

timing requirements over recommended ranges of supply voltage and operating free-air 
tempera~ure (see Figures 1 through 16) 

'ACT3632-15 ' ACT3632-20 'ACT3632-30 
UNIT 

MIN MAX MIN MAX MIN MAX 

fclock Clock frequency, ClKA or ClKB 66.7 50 33.4 MHz 

tc Clock cycle time, ClKA or CLKB 15 20 30 ns 

tw(CLKH) Pulse duration, ClKA and ClKB high 6 8 10 ns 

tw(ClKL) Pulse duration, CLKA and ClKB low 6 8 10 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN) . 
Setup time, CSA, W/RA, ENA. and MBA before CLKAt; CSB, 

4.5 5 6 ns 
W/RB, ENB, and MBB before ClKBt 

tsu(RS) Setup time, RST1 or RST2 low before ClKA t or ClKB t § 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST1 and RST2 high 7.5 8.5 9.5 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 1 1 1 ns 

th(EN) 
Hold time, CSA. W/RA, ENA, and MBA after ClKAt; CSB, W/RB, 

1 1 1 ns 
ENB, and MBB after CLKBt 

th(RS) Hold time, RST1 or RST210w after CLKAt or CLKBt§ 4 4 5 ns 

th(FS) Hold time, FSO and FS1 after RST1 and RST2 high 2 3 3 ns 

tsk1' 
Skew time, between ClKAt and ClKBt for ORA. ORB, IRA, and 

7.5 9 11 ns 
IRB 

tsk2' 
Skew time, between ClKAt and ClKBt for AEA, AEB, AFA, and 

12 16 20 ns 
AFB 

§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
, Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 16) 

'ACT3632-15 
PARAMETER 

MIN 

ta Access time, CLKAt to AO-A35 and CLKBt to BO-B35 3 

tpd(C-IR) Propagation delay time, CLKAt to IRA and CLKBt to IRB 2 

tpd(C-OR) Propagation delay time, CLKAt to ORA and CLKBt to ORB 1 

tpd(C-AE) Propagation delay time, CLKAt to AEA and CLKBt to AEB 1 

tpd(C-AF) Propagation delay time, CLKAt to AFA and CLKBf to AFB 1 

tpd(C-MF) 
Propagation delay time, CLKAt to MBF1 low or MBF2 high and 

0 
CLKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKAt to BO-B35t and CLKBf to 

3 
AO-A35* 

tpd(M-DV) 
Propagation delay time, MBA to AO-A35 valid and MBB to 

3 
BO-B35 valid 

tpd(R-F) 
Propagation delay time, RSn low to AEB low, AFA high, and 

1 
MBF1 high, and RST2 low to AEA low, AFB high, and MBF2 high 

ten 
Enable time, CSA and WlRA low to AO -A35 active and CSB low 

2 
and W/RB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high Impedance 

1 
and CSB high or W/RB low to BO- B35 at high Impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and MBB is high. 
* Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high. 
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MAX 

11 

8 

8 

8 

8 

8 

13.5 

11 

15 

12 

8 

'ACT3632-20 'ACT3632-30 

MIN MAX MIN MAX 
UNIT 

3 13 3 15 ns 

2 10 2 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

1 10 1 12 ns 

0 10 0 12 ns 

3 15 3 17 ns 

3 13 3 15 ns 

1 20 1 30 ns 

2 13 2 14 ns 

1 12 1 11 ns 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
va 

CLOCK FREQUENCY 

fdata = 1/2 fclock 
TA = 75°C 

250 CL = 0 pF -I----4----4--~---I--,.L.i 

o~-~-~-~-~-~--~~ 
o 10 20 30 40 50 60 70 

fclock - Clock Frequency - MHz 

Figure 17 

calculating power dissipation 

The ICC(f} current for the graph in Figure 17 was taken while simultaneously reading and writing a FIFO on the 
SN74ACT3632 with ClKA and ClKB set to fclock. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel and the number of SN74ACT3632 
inputs driven by TTL high levels are known, the power dissipation can be calculated with the equation below. 

With ICC(f} taken from Figure 17, the maximum power dissipation (PT) of the SN74ACT3632 can be calculated 
by: 

PT = VCC x [ICC(f} + (N x L\.ICC x dc)] + }:(CL x VCC2 x fo) 

where: 
N = number of inputs driven by TTL levels 
L\.lcc = increase in power supply current for each input at a TTL high level 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
CL = output capacitive load 
fa = switching frequency of an output 

When no reads or writes are occurring on the SN74ACT3632, the power dissipated by a single clock (ClKA or 
ClKB) input running at frequency fclock is calculated by: 

PT = VCC x fclock x 0.184 mNMHz 
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PARAMETER MEASUREMENT INFORMATION 

SV 

1.1 kQ 

From Output 
Under Test --e>----... 

6800 30pF 
(see Note A) 

LOAD CIRCUIT 

Timing --' 
Input Jr 1.S V 

3V 
High-Level ~ ~ ~ - 3V 

Input ---1l- 1.0 V ~ GND __ ......J.q. - - - - - GND 

tsu 1111 ~tIII ~I th l1li- tw --to! 
I I 

Data, ~-:;:- 3V 
Enable ---" 1.SV ~ 

Input GND LOW-~~;~ ::D 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

~;:~ J(,.5V \,.5V--- ::0 
-+\ II+- tPL2 --.1 14- tpZL 

Low-Level 
Output 

I I .--__ ....,."""'l---- .. 3V 

I 

High-Level 
Output 

--I-M 

I I 
I I 
~ ,+-tPHZ 

\4-tPZH 
I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

VOL 

VOH 

.. OV 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

--.J(,.5V \~5~--
3V 

GND 

tpd~ ~tpd 
1- _ VOH 

11.sv ~V 
VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 18. Load Circuit and Voltage Waveforms 
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SN74ACT3642 
1024 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

It Free-Running CLKA and ClKB Can Be 
Asynchronous or Coincident 

• Two Independent Clocked FIFOs Buffering 
Data In Opposite Directions 

• IRB. ORB. AEB. and AFB Flags 
Synchronized by ClKB 

• low-Power O.B-Mlcron Advanced CMOS 
Technology 

o Mailbox Bypass Register for Each FIFO • Supports Clock Frequencies up to 67 MHz 

• Programmable Almost-Full and 
Almost-Empty Flags 

It Microprocessor Interface Control logic 

• Fast Access Times of 11 ns 
• Pln-to-Pln Compatible With the 

SN74ACT3622 and SN74ACT3632 

• IRA. ORA. AEA. and AFA Flags 
Synchronized by ClKA 

• Available in Space-Saving 120-Pln Thin 
Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Fiat Package (PQ) 

A35 
A34 
A33 
A32 
Vcc 
A31 
A30 

GND 
A29 
A28 
A27 
A26 
A25 
A24 
A23 

GND 
A22 
Vcc 
A21 
A20 
A19 
A18 

GND 
A17 
A16 
A15 
A14 
A13 
Vcc 
A12 

PCB PACKAGE 
(TOP VIEW) 

omm~~~~MN~Omm~~~~MN~omm~~~~MN~ 

~~~~~~~~~~~~~~~~~~~~~mmmmmmmmm 
1 90 
2 89 
3 88 
4 87 
5 86 
6 85 
7 84 
8 83 
9 82 
10 81 
11 80 
12 79 
13 78 
14 77 
15 76 
16 75 
17 74 
18 73 
19 72 
20 71 
21 70 
22 69 
23 68 
24 67 
25 66 
26 65 
27 64 
28 63 
29 62 
30 61 
M~~~~~~~~~~~~~~~~~~g~~~~~~~ffimg 

835 
834 
833 
832 
GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 
GND 
823 
822 
821 
820 
819 
818 
GND 
817 
816 
VCC 
815 
814 
813 
812 
GND 
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SN74ACT3642 
1024 x 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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NC 
835 
834 
833 
832 

GND 
831 
830 
829 
828 
827 
826 
VCC 
825 
824 

GND 
823 
822 
821 
820 
819 
818 

GND 
817 
816 
VCC 
815 
814 
813 
812 

GND 
NC 
NC 

NC - No internal connection 
t Uses Yamaichi socket IC51-1324-828 
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PQPACKAGEt 
(TOP VIEW) 
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description 

SN74ACT3642 
1024 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

The SN74ACT3642 is a high-speed, low-power CMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz with read access times as fast as 11 ns. The two independent 1024 x 36 dual-port 
SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and 
full conditions and two programmable flags (almost full and almost empty) to indicate when a selected number 
of words is stored in memory. Communication between each port can bypass the FIFO via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Two or more devices can 
be used in parallel to create wider data paths. 

The SN74ACT3642 is a clocked FIFO, which means each port employs a synchronous interface. All data 
. transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The input-ready (IRA, IRB) flag and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port 
clock that writes data to its array. The output-ready (ORA, ORB) flag and almost-empty (AEA, AEB) flag of a 
FIFO are two-stage synchronized to the port clock that reads data from its array. Offset values for the almost-full 
and almost-empty flags of the FIFO can be programmed from port A. 

The SN74ACT3642 is characterized for operation from O°C to 70°C. 
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SN74ACT3642 
1024 x 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

functional block diagram 

I~------------------ MBF1 

,....-----_1-11 Mall1 11-4-------........, 
CLKA __ I--I----------~:~ Register I .... 

CSA -- Port-A r
l 
~-------------.. -_.'~ 

Wif!i.A -- Control 1--1-__. .--- __ 
ENA __ Logic I-- I-- ~.. II) 

MBA -- t- t- I ~ .! I 

RST1 -

FIF01, 
Mall1 
Reset 
Logic 

36 

II ~ ~ 1~~x,;6 ~! II 
t++-+-+-++~ S Q. Ii .... 

I;~ J...r 
I j~ j I 
I .. I Write II Read I ~ I I I Pointer Pointer r""- 1 
I -t t I 

IRA --........ J---+-I-+-H-t--!i~--__t' Status-Flag IJ----li---+-+-+-I+----- ORB 
AFA ~ I I Logic I I AEB 

36 
I 

I FIF01 1 I I 
~_ _ _____ ~-------J 

Programmable-
FSO ------+-1-1-+--+------1 Flag 
FS1 -----+~~~-=~---I AO-A35 10. Offset Registers .................. -- BO-B35 

.. 

r ',' , 
ORA __ .... ~I--_-HH-+-t _ _t!-F-IF-O-2-_t1 Status-Flag IJ-_____ f-il +-+-hl+---- IRB 

AEA ~ i i + LogIc f ~ i AFB 

! .. I Read II Write I - I 
I -. 1 Pointer Pointer I.... I 
I 'to' I 
I r-- ..-- I 

36 
. 

~ ~ ~ ~I 
FIF02, 
Mall2 
Reset ~RST2 

I ~ 1024x36 '6l I 

~
'i~ SRAM f-+~ I 
I OS ~ I ~ 

I I-- Port-B 
L~ ___________ ~ __ .J ,--1.--...1----,1 Control 

I.-_-I~ Logic 
'-__ -II Mall2 ~""""-I-_____ --I-I 

Logic 

~CLKB 
t:!=CSB 
~WIRB 
f+-ENB 
f-4-MBB L-_______ ...... :! Register 1 ........... 1--_____ --' ----' 

MBF2-------------------~1 
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TERMINAL 
VO 

NAME 

AO-A35 I/O 

AEA 
0 

(portA) 

AEB 
0 

(port B) 

AFA 
0 

(port~ 

AFB 
0 

(port B) 

BO-B35 I/O 

CLKA I 

ClKB I 

CSA I 

CSB I 

ENA I 

ENB I 

FS1, FSO I 

0 
IRA 

(portA) 

0 
IRB 

(port B) 

MBA I 

MBB I 

MBFl 0 

MBF2 0 

ORA 
0 

(portA) 

SN74ACT3642 
1024 x 36 x 2 

CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmable almost-empty flag synchronized to ClKA. AEA is low when the number of 
words in FIF02 is less than or equal to the value in the almost-empty A offset register, X2. 

Port-B almost-empty flag. Programmable almost-empty flag synchronized to ClKB. AEB is low when the number of 
words in FIFOl is less than or equal to the value in the almost-empty B offset register, Xl. 

Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA is low when the number of empty 
locations In FIFOl Is less than or equal to the value In the almost-full A offset register, Yl. 

Port-B almost-full flag. Programmable almost-full flag synchronized to CLKB. AFB Is low when the number of empty 
locations In FIF02 is less than or equal to the value in the almost-full B offset register, Y2. 

Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. CLKA is a continuous clock that synchronizes ail data transfers through port A and can be asynchronous 
or coincident to ClKB. IRA, ORA. AFA, and AEA are ail synchronized to the low-to-high transition of ClKA. 

Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. IRB, ORB, AFB, and AEB are synchronized to the low-to-high transition of ClKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 

Port-A enable. ENA must be high to enable a low-to-high transition of CLKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of CLKB to read or write data on port B. 

Flag offset selects. The low-to-high transition of a FIFO's reset input latches the values of FSO and FS1. If either FSO 
or FS1 is high when a reset input goes high, one of three preset values is selected as the offset for the FIFO almost-full 
and almost-empty flags. If both FIFOs are reset simultaneously and both FSO and FSl are low when RSTl and RST2 
go high, the first four writes to FIFOl program the almost-full and almost-empty offsets for both FIFOs. 

Input-ready flag. IRA is synchronized to the low-to-high transition of CLKA. When IRA is low, FIFOl is full and writes 
to its array are disabled. IRA is set low when FIFOl is reset and is set high on the second low-to-high transition of CLKA 
after reset. 

Input-ready flag. IRB is synchronized to the low-to-high transition of ClKB. When IRB is low, FIF02 is full and writes 
to its array are disabled.IRB is set low when FIF02 is reset and is set high on the second low-to-high transition of CLKB 
after reset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output-register data for output. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active, a high level on MBB selects data from the maill register for output and a low level selects 
FIFOl output-register data for output. 

Maill register flag. MBFl is set low by the low-to-high transition of ClKA that writes data to the maill register. Writes 
to the maill register are inhibited while MBF1 is low. MBF 1 Is set high by a low-to-high transition of ClKB when a port-B 
read is selected and MBB is high. MBF1 is set high when FIFOl is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKS that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of ClKA when a port-A 
read Is selected and MBA is high. MBF2 is also set high when FIF02 is reset. 

Output-ready flag. ORA is synchronized to the low-to-high transition of ClKA. When ORA is low, FIF02 is empty and 
reads from its memory are disabled. Ready data is present on the output register of FIF02 when ORA is high. ORA is 
forced low when FIF02 is reset and goes high on the third low-ta-high transition of ClKA after a word is loaded to empty 
memory. 
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1024 X 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

Terminal Functions (Continued) 

TERMINAL 
I/o DESCRIPTION 

NAME 

Output-ready flag. ORB is synchronized to the low-to-high transition of ClKB. When ORB is low, FIF01 is empty and 

ORB 
0 reads from Its memory are disabled. Ready data is present on the output register of FIF01 when ORB is high. ORB 

(port B) is forced low when FIF01 is reset and goes high on the third low-to-high transition of ClKS after a word is loaded to 
empty memory. 

FIF01 reset. To reset FIF01, four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 
RST1 I while RST1 is low. The low-to-high transition of RST1 latches the status of FSO and FS1 for AFA and AEB offset 

selection. FIF01 must be reset upon power up before data is written to its RAM. 

FIF02 reset. To reset FIF02, four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 
RST2 I while RST2 is low. The low-to-high transition of RST21atches the status of FSO and FS1 for AFB and AEA offset 

selection. FIF02 must be reset upon power up before data is written to Its RAM. 

W/RA I 
Port-A write/read select. A high on W/RA selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA. The AO-A35 outputs are in the high-impedance state when W/RA is high. 

W/RB I 
Port-B write/read select. A low on W/RB selects a write operation and a high selects a read operation on port B for a 
low-to-high transition of ClKS. The BO-B35 outputs are in the high-impedance state when W/RB is low. 

detailed description 

reset 

The FIFO memories of the SN74ACT3642 are reset separately by taking their reset (RST1, RST2) inputs low 
for at least four port-A clock (ClKA) and four port-B clock (ClKB) low-to-high transitions. The reset inputs can 
switch asynchronously to the clocks. A FI FO reset initializes the internal read and write pointers and forces the 
input-ready flag (IRA, IRB) low, the output-ready flag (ORA, ORB) low, the almost-empty flag (AEA, AEB) low, 
and the almost-full flag (A FA, AFB) high. Resetting a FIFO also forces the mailbox flag (MBF1, MBF2) of the 
parallel mailbox register high. After a FIFO is reset, its input-ready flag is set high after two clock cycles to begin 
normal operation. A FIFO must be reset after power up before data is written to its memory. 

A low-to-high transition on a FI FO reset (RST1, RST2) input latches the value ofthe flag-select (FSO, FS1) inputs 
for choosing the almost-full and almost-empty offset programming method (see almost-empty and almost-full 
flag offset programming). 

almost-empty flag and almost·full flag offset programming 

Four registers in the SN74ACT3642 are used to hold the offset values for the almost-empty and almost-full flags. 
The port-B almost-empty flag (AEB) offset register is labeled X1 and the port-A almost-empty flag (AEA) offset 
register is labeled X2. The port-A almost-full flag (AFA) offset register is labeled Y1 and the port-B almost-full 
flag (AFB) offset register is labeled Y2. The index of each register name corresponds to its FIFO number. The 
offset registers can be loaded with preset values during the reset of a FIFO or they can be programmed from 
port A (see Table 1). 
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Table 1. Flag Programming 

FS1 FSO RST1 RST2 X1 AND Y1 REGISTERSt X2 AND Y2 REGISTERS:t 

H H t X 64 X 

H H X t X 64 

H l t X 16 X 

H l X t X 16 

l H t x 8 X 

l H X t x 8 

l l t t Programmed from port A Programmed from port A 

t X1 register holds the offset for AEB; Y1 register holds the offset fer AFA. 
1: X2 register holds the offset for AEA; Y2 register holds the offset for AFB. 
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almost-empty flag and almost·full flag offset programming (continued) 

To load a FIFO almost-empty flag and almost-full flag offset registers with one of the three preset values listed 
in Table 1, at least one of the flag-select inputs must be high during the low-to-high transition of its reset input. 
For example, to load the preset value of 64 into X1 and Y1, FSO and FS1 must be high when FIF01 reset (RST1) 
returns high. Flag-offset registers associated with FIF02 are loaded with one of the preset values in the same 
way with FIF02 reset (RST2). When using one of the preset values for the flag offsets, the FIFOs can be reset 
simultaneously or at different times. 

To program the X1, X2, Y1, and Y2 registers from port A, both FIFOs should be reset simultaneously with FSO 
and FS1 low during the low-to-high transition of the reset inputs. After this reset is complete, the first four writes 
to FIF01 do not store data in RAM but load the offset registers in the order Y1, X1, Y2, X2. Each offset register 
uses port-A inputs (A9-AO). The highest numbered input is used as the most significant bit ofthe binary number 
in each case. Valid programming values for the registers range from 1 to 1020. After all the offset registers are 
programmed from port A, the port-B input-ready flag (IRB) is set high and both FIFOs begin normal operation. 

FIFO write/read operation 

The state of the port2' data (AO-A35) outputs is controlled by the port-A chip select (CSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either CSA or W/RA is 
high. The AO-A35 outputs are active when both CSA and W(RA are low. 

Data is loaded into FIF01 from the AO-A35 inputs on a low-to-high transition of ClKA when CSA is low, WiRA 
is high, ENA is high, MBA is low, and IRA is high. Data is read from FIF02 to the AO-A35 outputs by a low-to-high 
transition of ClKA when CSA is low, WiRA is low, ENA is high, MBA is low, and ORA is high (see Table 2). FIFO 
reads and writes on port A are independent of any concurrent port-B operation. 

Table 2. Port·A Enable Function Table 

eSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-Impedance state None 

L H H L t In high-impedance state FIF01 write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, FIF02 output register None 

L L H L t Active, FIF02 output register FIF02 read 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B control signals are identical to those of port A with the exception that the port-B write/read select 
(W/RB) is the inverse of the port-A write/read select (WiRA). The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (CSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either CSB is high or W/RB is low. The BO-B35 outputs are active when CSB 
is low and W/RB is high. 

Data is loaded into FIF02 from the BO-B35 inputs on a low-to-high transition of ClKB when CSB is low, W/RB 
is low, ENB is high, MBB is low, and IRB is high. Data is read from FIF01 tothe BO-B35 outputs by a low-to-high 
transition of ClKB when CSB is low, W/RB is high, ENB is high, MBB is low, and ORB is high (see Table 3). FIFO 
reads and writes on port B are independent of any concurrent port-A operation. 
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FIFO write/read operation (continued) 

Table 3. Port·B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-Impedance state None 

L L L X X In high-Impedance state None 

L L H L t In high-impedance state FIF02write 

L L H H t In high-Impedance state Mail2write 

L H L L X Active, FIF01 output register None 

L H H L t Active, FIF01 output register FIF01 read 

L H L H X Active, mail1 register None 

L H H H t Active, mail1 register Mail1 read (set MBF1 high) 

The setup and hold time constraints to the port clocks for the port chip selects and write/read selects are only 
for enabling write and read operations and are not related to high-impedance control of the data outputs. If a 
port enable is low during a clock cycle, the port's chip select and write/read select may change states during 
the setup and hold time window of the cycle. 

When a FIFO output-ready flag is low, the next data word is sent to the FIFO output register automatically by 
the low-to-high transition ofthe port clock that sets the output-ready flag high. When the output-ready flag is high, 
an available data word is clocked to the FIFO output register only when a FIFO read is selected by the port's 
chip select, write/read select, enable, and mailbox select. 

synchronized FIFO flags 

5-164 

Each FIFO is synchronized to its port clock through at least two flip-flop stages. This is done to improve 
flag-signal reliability by reducing the probability of metastable events when ClKA and ClKS operate 
asynchronously to one another (see the application report Metastability Performance of Clocked FIFOs in the 
1994 High-Performance FIFO Memories Data Book, literature #SCAD003S). ORA, AEA, IRA, and AFA are 
synchronized to ClKA. ORS, AEB, IRB, and AFB are synchronized to ClKS. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKB TOCLKA 

FIF01tf 
ORB AEB AFA IRA 

0 L L H H 

1 toX1 H L H H 

(X1 + 1) to [1024 - (Y1 + 1)] H H H H 

(1024 - Y1) to 1023 H H L H 

1024 H H L L 
t X1 is the almost-empty offset for FIF01 used by AEB. Y1 is the almost-full 

offset for FIF01 used by AFA. Both X1 and Y1 are selected during a reset 
of FIF01 or programmed from port A. 

t When a word loaded to an empty FIFO is shifted to the output register, its 
previous FIFO memory location is free. . 
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synchronized FIFO flngs (continued) 

Table 5. FIF02 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS IN TOCLKA TOCLKB 

FIF02t:1: 
ORA AEA AFB IRB 

0 L L H H 

1 toX2 H L H H 

(X2 + 1) to [1024 - (Y2 + 1)] H H H H 

(1024 - Y2) to 1023 H H L H 

1024 H H L L 

t X2 is the almost-empty offset for FIF02 used by AEA. Y2 is the almost-full 
offset for FIF02 used by AFB. Both X2 and Y2 are selected during a reset 
of FIF02 or programmed from port A. * When a word loaded to an empty FIFO is shifted to the output register. its 
previous FIFO memory location is free. 

output-ready flags (ORA, ORB) 

SCAS440-JUNE 1994 

The output-ready flag of a FIFO is synchronized to the port clock that reads data from its array. When the 
output-ready flag is high. new data is present in the FIFO output register. When the output-ready flag is low. the 
previous data word is present in the FIFO output register and attempted FIFO reads are ignored. 

A FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an output-ready flag monitors a write pOinter and read pOinter comparator that indicates when the 
FIFO SRAM status is empty. empty+ 1. or empty+2. From the time a word is written to a FIFO. it can be shifted 
to the FIFO output register in a minimum of three cycles of the output-ready flag synchronizing clock; therefore. 
an output-ready flag is low if a word in memory is the next data to be sent to the FIFO output register and three 
cycles of the port clock that reads data from the FIFO have not elapsed since the time the word was written. 
The output-ready flag of the FIFO remains low until the third low-to-high transition of the synchronizing clock 
occurs. simultaneously forcing the output-ready flag high and shifting the word to the FIFO output register. 

A low-to-high transition on an output-ready flag synchronizing clock begins the first synchronization cycle of a 
write if the clock transition occurs at time tsk1 or greater after the write. Otherwise. the subsequent clock cycle 
can be the first synchronization cycle (see Figures 7 and 8). 

Input-ready flags (IRA, IRS) 

The input-ready flag of a FIFO is synchronized to the port clock that writes data to its array. When the input-ready 
flag is high, a memory location is free in the SRAM to receive new data. No memory locations are free when 
the input-ready flag is low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, its write pointer is incremented. The state machine that controls an 
input-ready flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status 
is full, full-1, or full-2. From the time a word is read from a FIFO, its previous memory location is ready to be 
written in a minimum of two cycles of the input-ready flag synchronizing clock; therefore, an input-ready flag is 
low if less than two cycles of the input-ready flag synchronizing clock have elapsed since the next memory write 
location has been read. The second low-to-high transition on the input-ready flag synchronizing clock after the 
read sets the input-ready flag high. 

A low-to-high transition on an input-ready flag synchronizing clock begins the first synchronization cycle of a 
read if the clock transition occurs at time tsk1 or greater after the read. Otherwise. the subsequent clock cycle 
can be the first synchronization cycle (see Figures 9 and 10) . 
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almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write pointer and read painter comparator that indicates' 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the contents of register X1 for AEB and register X2 for AEA. These registers are loaded with preset 
values during a FIFO reset or programmed from port A (see almost-empty flag and almost-full flag offset 
programming). An almost-empty flag is low when its FIFO contains X or less words and is high when its FIFO 
contains (X + 1) or more words. A data word present in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for its· 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of its synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of its 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 

almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the contents 
of register Y1 for AFA and register Y2 for AFB. These registers are loaded with preset values during a FIFO reset 
or programmed from port A (see almost-empty flag and almost-full flag offset programming). An almost-full flag 
is low when the number of words in its FIFO is greater than or equal to (1024 - Y) for the SN74ACT3622 or 
(1024 - Y) for the SN74ACT3642. An almost-full flag is high when the number of words in its FIFO is less than 
or equalto [1024- (Y + 1)] forthe SN74ACT3622 or [1024- (y + 1)]forthe SN74ACT3642. A data word present 
in the FIFO output register has been read from memory. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for its 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [1024 - (y + 1)] 
or less words remains low if two cycles of its synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [1024 - (y + 1)]. An almost-full flag is set high by the second low-to-high 
transition of its synchronizing clock after the FIFO read that reduces the number of words in memory to 
[1024 - (y + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first 
synchronization cycle if it occurs at time tsk2 or greater after the read that reduces the number of words in 
memory to [1024 - (Y + 1)). Otherwise, the subsequent synchronizing clock cycle can be the first 
synchronization cycle (see Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register 
when a port-A write is selected by CSA, W/RA, and ENA and with MBA high. A low-to-high transition on ClKB 
writes BO-B35 data to the mail2 register when a port-B write is selected by CSB, W/RB, and ENB and with MBB 
high. Writing data to a mail register sets its corresponding flag (MBF1 or MBF2) low. Attempted writes to a mail 
register are ignored while the mail flag is low. 

When data outputs of a port are active, the data on the bus comes from the FIFO output register when the port 
mailbox select input is low and from the mail register when the port-mailbox select input is high. The mail1 
register flag (MBF1) is set high by a low-to-high transition on ClKB when a port-B read is selected by CSB, 
W/RB, and ENB and with MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on 
ClKA when a port-A read is selected by CSA, W/RA, and ENA and with MBA high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 
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CLKA 

-tI I.-- th(RS) 
CLKB 

I I I t 
-.J ~ tsu(RS) I I ~ h(FS) I 

___ ~I I I tSU(FS) ~ I I 
RST1 \. I I I I I I 

I I I 
FS1, FSO 

I tpd(C-IR) M I tpd(C-IR) ~ 
IRA S\~~~~~ I 1----

I lpd(C.QR) ~ 
ORB S\~~\\\S\\\\~~ 

tpd(R-F) ~ 

AEBS\~~~ 
tpd(R-F) ,.-..., 

AFA 1/T1ZZZ/.(Z?/1{ 
tpd(R-F)~ ~ 

Figure 1. FIF01 Reset Loading X1 and Y1 With a Preset Value of Elghtt 

t FIF02 is reset in the same manner to load X2 and Y2 with a preset value. 

CLKA 

FS1,FSO 

IRA 

ENA 

I I Flm_ 
(Yl) (Xl) (Y2) (X2) 

AO-A35 

CLKB 1 I 2 

tpd(C-IR) ~r 
IRB 

t tsk1 is the minimum time between the rising CLKA edge ~d a rising ClKS edge for IRB to transition high in the next cycle. If the time between 
the rising edge of ClKA and rising edge of CLKB is less than tsk1' then IRB may transition high one cycle later than shown. 

NOTE A: CSA = L, W/RA = H. MBA = L It is not necessary to program offset register on consecutive clock cycles. 

Figure 2. Programming the Almost-Full Flag and Almost-Empty Flag Offset Values After Reset 
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Figure 3. Port-A Write Cycle Timing for FIF01 
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Figure 4. Port-B Write Cycle Timing for FIF02 
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Figure 5. Port-B Read Cycle Timing for FIF01 
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Figure 6. Port-A Read Cycle Timing for FIF02 
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t tsk1 is the minimum time between a rising ClKA edge and a rising CLKB edge for ORB to transition high and to clock the next word to the FIF01 
output register in three ClKB cycles. If the time between the rising ClKA edge and rising ClKB edge is less than tsk1. then the transition of ORB 
high and load of the first word to the output register may occur one ClKB cycle later than shown. 

5-170 

Figure 7. ORB-Flag Timing and First Data Word Fallthrough When FIF01 Is Empty 
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t tsk1 is the minimum time between a rising ClKS edge and a rising CLKA edge for ORA to transition high and to clock the next word to the FIF02 

output register in three ClKA cycles. Ifthe time between the rising ClKS edge and rising ClKA edge is less than tsk1. then the transition of ORA 
high and load of the first word to the output register may occur one ClKA cycle later than shown. 

Figure 8. ORA-Flag Timing and First Data Word Fallthrough When FIF02 Is Empty 
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CSA low 1 

------------------------------------------------+1------------------
wiRA 1 

ENA 

AO-A35 

t tsk1 1s the minimum time between a rising ClKS edge and a rising CLKA edge for IRA to transition high In the next ClKA cycle. Ifthe time between 
the rising ClKS edge and rising ClKA edge Is less than tsk1. then IRA may transition high one ClKA cycle later than shown. 
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Figure 9. IRA-Flag Timing and First Available Write When FIF01 Is Full 
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tw(CLKH) :- ~ - -: tw(CLKl) 

C~ I \ I ' _____ I ''---'''/ 
' _____ I 

I '---
CSA __ lO_W __________ ~:----------------------------------------------------

I 
W~A __ lO_~_t __________ ~I----------------------------------------------------

I 
MBA __ lO_W __________ -rI~--------------------------------------------------

tsu(EN) 14=+f0(EN) 
ENA ____ ~~~/,~/,~/,~7 I '~~.S.0.~~ ____________________________________ ___ 

I 
ORA High I 

I.- t8 --.j 
I 

AO-A35 Previous Word In FIF02 Output Register _Ne_xt_W_o_rd_F_ro_m_F_IFO_2 _____________________________ _ 

d- tsk1t -..I 
r /010--- tc -tI 

tw(CLKH) I- ~ , tw(ClKl) 
ClKB ~ _____ I----' 11 " (2 , ___ ~( , ___ --Jr-

tpd(C-IR) I. ~ __ --!I:!:-==~-I tpd(C-IR) 
IRB FIF02 Full I I \ 
-------------------------------~ I ~--------

CSB low I 
----------------------------------------~I----------------

WIRB I 

MBB 

ENB 

BO-B35 

t tsk11s the minimum time between a riSing ClKA edge and a rising ClKB edge for IRB to transition high in the next ClKS cycle. 1ft he time between 
the riSing ClKA edge and rising ClKB edge is less than tsk1. then IRB may transition high one ClKB cycle later than shown. 

Figure 10. IRS-Flag Timing and First Available Write When FIF02 Is Full 
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SN'l4ACT3642 
1024 x 36 x 2 
CLOCKED FIRST-IN, FIRST-OUT MEMORY 
SCAS440-JUNE 1994 

''-_--'I ''-_--'I 
ENA ~;?:~~~$.$.$.0.$.$~~~ ________________________ _ 

~tsk2t -tI 
CLKB\ I , Y1 , 12 '~ __ ~I , I '---

tpd(C-AE) -,114-. ----tl~ tpd(C-AE) ~ .1 
Y (X1 + 1) Words In FIF01 ~! '-

I ..... /4-th(EN) 
AEB X1 Words In FIF01 

tsu(EN)~ ~ 
ENB _____________________________ -.''"''''2'"'''''/'"''''2'"'''''/'"''''2-*J~ ~ 

t tsk2 Is the minimum time between a rising ClKAedge and arising CLKB edge for AEB to transition high Inthe next ClKS cycle.lfthe time between 
the rising ClKA edge and rising ClKB edge Is less than tsk2' then AEB may transition high one ClKB cycle later than shown. 

NOTE A:. FIF01 write (CSA = l, W/RA = H, MBA = l), FIF01 read (CSB = l, W/RB = H, MBB = l). Data in the FIF01 output register has been 
read from the FIFO. 

Figure 11. Timing for AEB When FIF01 Is Almost Empty 

CLKB I , ( ' ___ I '~ __ ~I 
ts,E7F\ r- th(EN) 

''-_--'I ''-_--'I 

ENB ~;:;?:~~~~~$~0~~~0~~~---------------------------------­
jf- tsk2 t -.j 

CLKA \ I , Y1 ' ___ /2 ' ____ I \ I '---
tpd(C-AE) -*r ----tl~ tpd(C-AE) I. .\ 

AEA X2 Words In FIF02 Y (X2 + 1) Words In FIF02 ~! \.. 
t 

I..... /4- th(EN) S7E7)=!! I 

t tsk21s the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transition high in the next ClKA cycle. Ifthe time between 
the rising ClKB edge and rIsIng CLKA edge Is less than tsk2' then AEA may transition high one ClKA cycle later than shown. 

NOTE A:. FIF02 write (CSS = L, W/RB = L, MBS = l), FIF02 read (CSA = L. W/RA. = l, MBA = l). Data In the FIF02 output register has been 
read from the FIFO. 
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Figure 12. Timing for AEA When FIF021s Almost Empty 
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ClKA / , t , __ _ ~ tsk2t -tI 
/ I , 1'1 \ Y2 , I I 

tsu(EN) ~ I+- th(EN) 
ENA J5(J~~~~S.S.S.S.S.0~~~ ____ ~ __________________ +-____________ _ 

I I , I 
I 

tpd{C-AF) ,_ .1 

AFA [1024 - (Y1 + 1)] Words In FIF01 1,,-{1_02_4_-_Y_1_) _W_Or.,d_s_ln_F_IF_O_1 ___________ -' 

tpd{C-AF) I- ~ 

, 
CLKB-./ ' ___ I , ~---~\ 1 \--__ 1 '--tsu{EN) _~ 14- th{EN) 

ENB_. ________________ ~t~%.2.2.2.2.2J~ ~~S~S~S~~~S~$\~ ______________________ __ 
t tsk2 Is the minimum time between a rising ClKA edge and a rising ClKB edge for AFA to transition high in the next ClKA cycle.lfthe time between 

the rising ClKA edge and rising ClKS edge Is less than tsk2' then AFA may transition high one CLKS cycle later than shown. 
NOTE A:. FIF01 write (CSA = L. wiFi.A = H, MBA = l), FIF01 read (CSS = l, W/RB = H, MBB = l). Data In the FIF01 output register has been 

read from the FIFO. 

Figure 13_ Timing for AFA When FIF01 Is Almost Full 

CLKB / \ t \'--_..J 
tsu(EN) \.--=t! I+- th(EN) 

ENB t(/~~~~S.$.$.~.$.$.\~ ____ ~--------------------------------
tpd(C-AF) ,- tl 

AFB [1024 - (Y2 + 1)] Words In FIF02 I ",,{_1_02_4_-_Y_2_) W_or..,.d_s_ln_F_IF_O_2 __________ _ 

I 
ClKA-./ ' ___ I , ~---~\ / ' ___ I '--tsu(EN) 8 14- th(EN) 

ENA ________________ -'t.2.7.7.2.2~~ \;~S~0~S~0~~~$\~ ______________________ _ 
t tsk2 Is the minimum time between a rising CLKB edge and a rising ClKA edge for AF B to transition high in the next ClKB cycle.lfthe time between 

the rising ClKB edge and rising ClKA edge is less than tsk2' then AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L. W/RB= L. MBB = l), FIF02 read (CSA = L. W/RA = l, MBA = L). Data in the FIF02 output register has been 

read from the FIFO. 

Figure 14. Timing for AFB When FIF021s Almost Full 
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SN74ACT3642 
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CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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CLKA I , I , ____ / ' ..... _--,..,/ '-
tsu(EN) ~ r- th(EN) 

--------~~I-----------------------------------
I I 

W/RA ?IZZZlZZZlZ1 I W 
I I I 

M8A ?Z2ZZZZ2'Z2ZZ? I W 
I I I 

ENA '?/?/ZZZZZ??/{ I _ 

AO-A35 

I 
CLK8 I '~----~I--~/ I '~------~1 ,~-------

W/R8 

M88 

EN8 

80-835 

5-176 

I~ tpd(C.MF) ~ r tpd(C.MF) -.I 
-------------~------~\~------------~I------~}--~----

I I 

~~-----+l-------------------~:-----Jf 
~ I I t //ZZl/4 I I I~\\\\\\ 
I I I I 

______ ~! ____ ~/I L _. I 
I I I tsu(EN)~If--.c.r th(EN) I 
I II 1//7/1 ~ I 
I 1.1 ~~-""i--------

ten H Ao1 ---+-----+1 tdls -tl..-II -~.I 
W1 (remains valid In maIJ1 register after read) 

FIF01 Output Register 

Figure 15. Timing for MaH1 Register and MBF1 Flag 
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CLKB I , I , ____ / 

tsu(EN) I. --t{ r- th(EN) 

'''''---...,/ '--
--------~~I~---------------------------------

I I 

~ lw W/RB 

MBB 

I I I 
ENB 1/7/7/7/7/7/{ I _ 

BO-B35 

I 
CLKA I \_----~I--_/ ''''' ______ ~{ , _______ __ IF tpd(C-MF) -.j r tpd(C-MF) -.I 

W/RA 

MBA 

ENA 

AO-A35 

--------------~----~\~ ____________ I~-----J>--------
I I 

~~----+1--------------~:------J1 
7. I I ~ vzra( I I I$\>-~ 
I I I I ______ ~I ______ II L .1 i 
I I I tsu(EN) I ... ---+1111" th(EN) I 
I II h1?27 ~~S~S.~~~~I ______ __ 
I I'!I I 

ten I+--tI ~--+----tt leila -+1 .... --tt.1 
W1 (remains valid In mall2 register after read) 

FIF02 Output Register 

Figure 16. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 Vto Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... :t20 rnA 
Output clamp current, 10K (Vo < 0 or Vo > Vee) ........................................... :t50 rnA 
Continuous output current,lo (Vo = 0 to Vee) ............................................. :t50 rnA 
Continuous current through Vee or GND ................................................. :t400 rnA 
Operating free-air temperature range, TA ..........•......................•........•... O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

Vce 

VIH 

VIL 

IOH 

IOL 

TA 

5-178 

Supply voltage 

High-level input voltage 

Low-level input voltage 

High-level output current 

Low-level output current 

Operating free-air temperature 
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MIN 

4.5 

2 

0 

MAX UNIT 

5.5 V 

V 

0.8 V 

-4 mA 

8 mA 

70 °e 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC = 4.5 V. IOH=-4mA 2.4 V 

VOL VCC =4.5 V. IOl=8 mA 0.5 V 

II VCC = 5.5V. VI =VCC orO :i:5 IJA 
IOZ VCC= 5.5V. Va =VCC orO :i:5 IJA 
ICC VCC=5.5V. VI =VCC-0.2VorO 400 IJA 

CSA=VIH AO-A35 0 

CSB=VIH BO-B35 0 

toICC* 
VCC=5.5V. One input at 3.4 V. 

CSA=VIL AO-A35 1 mA 
Other inputs at VCC or GND 

CSB =Vll BO-B35 1 

All other inputs 1 

Ci VI =0. f = 1 MHz 4 pF 

Co VO=O. f = 1 MHz 8 pF 

t All typical values are at VCC = 5 V. TA = 25°C. 
* This is the supply current when each input is at one of the specified TTL voltage levels rather than 0 V or VCC. 

timing requiremenis over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 16) 

'ACT3642-15 • ACT3642-20 ' ACT3642-30 

MIN MAX MIN MAX MIN MAX 
UNIT 

fclock Clock frequency. CLKA or ClKS 66.7 50 33.4 MHz 

tc Clock cycle time. ClKA or CLKB 15 20 30 ns 

tw(CLKH) Pulse duration. ClKA and ClKB high 6 8 10 ns 

tw(ClKl) Pulse duration. CLKA and ClKB low 6 8 10 ns 

tsu(D) Setup time. AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN) 
Setup time. CSA. W/RA. ENA. and MBA before CLKAt: CSB. 

4 5 6 ns 
W/RB. ENB. and MBB before ClKBt 

tsu(RS) Setup time. RST1 or RST2 low before CLKA t or CLKB t § 5 6 7 ns 

tsu(FS) Setup time. FSO and FS1 before RST1 and RST2 high 5 6 7 ns 

th(D) Hold time. AO-A35 after ClKAt and BO-B35 after ClKBt 0 0 0 ns 

th(EN) 
Hold time. CSA. W/RA. ENA. and MBA after ClKAt: CSB. W/RB. 

0 0 0 ns 
ENB. and MBB after CLKBt 

th(RS) Hold time. RST1 or RST210w after ClKAt or ClKBt§ 4 4 5 ns 

th(FS) Hold time. FSO and FS1 after RST1 and RST2 high 2 3 3 ns 

tsk1'11 
Skew time. between CLKAt and ClKBt for ORA. ORB. IRA. and 

6 8 10 ns 
IRB 

tsk2'11 
Skew time. between CLKAt and ClKBt for AEA. AEB. AFA, and 

12 16 20 ns 
AFB 

§ Requirement to count the clock edge as one of at least four needed to reset a FIFO 
'II Skew time Is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 16) 

'ACT3642-15 

" :a o 

ta 

tpdJC-IR) 

tpd(C-OR) 

tpd(C-AE) 

tpd(C-AFl 

tpd(C-MF) 

tpd(C-MR) 

tpd(M-DV) 

tpd(R-F) 

ten 

ldis 

PARAMETER 
MIN 

Access time, CLKAt to AO-A35 and CLKBt to BO-B35 

Propagation delay time, CLKAt to IRA and CLKBt to IRB 

Propagation delay time, CLKA t to ORA and CLKS t to ORB 

Propagation delay time, CLKAt to AEA and CLKBt to AEB 

Propagation delay time, CLKAt to AFA and CLKBt to AFB 

Propagation delay time, CLKA t to MBF1 low or MBF2 high and 
CLKBt to MBF210w or MBPf high 

Propagation delay time, CLKAt to BO-B35t and CLKSt to 
AO-A35* 

Propagation delay time, MBA to AO-A3S valid and MBB to 
BO-B35 valid 

Propagation delay time, RSn low to AEB low, AFA high, and 
MBF1 high, and RST2 low to AEA low, AFB high, and MBF2 high 

Enable time, CSA and WIRA low to AO-A35 active and CSB low 
and W/RB high to BO-B35 active 

Disable time, GSA or WIRA high to AO-A3S at high impedance 
and CSB high or W/RB low to BO-B35 at high impedance 

C t Writing data to the maill register when the BO-B35 outputs are active and MBB is high. 
C * Writing data to the mail2 register when the AO-A35 outputs are active and MBA Is high. 

o 
~ 

" XI 
m 
< -m :e 
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MAX 

11 

11 

11 

11 

11 

11 

11 

9 

15 

10 

10 

' ACT3642-20 'ACT3642-30 
UNIT 

MIN MAX MIN MAX 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

13 15 ns 

11 13 ns 

20 30 ns 

12 14 ns 

12 14 ns 
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calculating power dissipation 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

J I , = 1/2 'clock 
TA = 75°C 

I- CL = 0 pF 

l-
DATA TO BE SUPPLIED 

f- AT PRODUCT RELEASE -
I--

o 10 20 30 40 50 60 70 80 

'clock - Clock Frequency - MHz 

Figure 17 

SCAS440-JUNE 1994 

With ICC(f) taken from Figure 17, the maximum power dissipation (PT) of the SN74ACT3622/3642 can be 
calculated by: 

PT = VCC x [ICC(f) + (N x ~Icc x dc)] + I(CL x VCc2 x fo) 

where: 

N = number of inputs driven by TIL levels 
~ICC = increase in power supply current for each input at a TIL high level 
dc = duty cycle of inputs at a TIL high level of 3.4 V 
CL = output capacitive load 
fo = switching frequency of an output 
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~N74A~T~~A? ....... ..-. ...... vv-.a. 

1024 x 36 x 2 
CLOCKED FIRST·IN, FIRST·OUT MEMORY 
SCAS440-JUNE 1994 

PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 kO 

From Output 
Under Test ---.f-----e 

6800 30pF 
(see Note A) 

LOAD CIRCUIT 

Timing 1,----- 3 V 
Input Ii 1.5 V 

---.q.----- GND 

tau 14 ~~ ~I th 
Data, ~ -:: ;:, - 3 V 

Enable ~ 1.5V ~ 
Input GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

~=: J(,.5Y \,.;Y--- ::0 
~ 11'- tPL2 -+\ 14- tpZL 

Low-Level 
Output 

High-Level 
Output 

1 1 _---"r""""t't---- -3V 

1 
-~.-

1 , 
I , . 
~ ,.-tPHZ 

VOL 
\4-tpZH 
I VOH 

-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

High-Level ~ ~ ~ - 3V 
Input --./fl.tlV ~ GND 

14- tw --.I 
I I 

LOW-~;~ ::0 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 18. Load Circuit and Voltage Waveforms 
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INTERNETWORKING 36-BIT CLOCKED FIFOS 
Features 

• 36-blt FI FO interface 

• Bidirectional option 

• Mailbox-register bypass 

• Microprocessor-control circuitry 

• Separate programmable AF and AE flags 
as well as multiple default values for 
separate AF and AE flags 

• Byte swapping/bus matching 

• Parity generation and check 

• TI has established alternate source 
options 

Benefits 

• Single-chip Implementation for high levels 
of integration 

• Two dual-port SRAMs allows true 
bidirectional capability 

• Quick access to priority Information 

• Interface matches most processors and 
DSP bus cycle timing and 
communications 

• Easy alternatives for flag settings 

• Allows for smooth interface between 
multiple processors or buses 

• Ensures valid data 

• 67% less board space than equivalent 
132-pln PQFPs; over 66% less board 
space than four 9-blt, 32-pln PLCC 
equivalents 



SN74ABT3613 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 

• Free-Running ClKA and ClKB Can Be 
Asynchronous or Coincident 

o 64 x 36 FIFO Buffering Data From Port A to 
Port B 

o Mailbox Bypass Registers In Each 
Direction 

o Dynamic Port-B Bus Sizing of 36 Bits (long 
Word), 18 Bits (Word), and 9 Bits (Byte) 

• Selection of Big- or Llttle-Endlan Format for 
Word and Byte Bus Sizes 

o Three Modes of Byte-Order Swapping on 
Port B 

e Programmable Almost-Full and· 
Almost-Empty Flags 

description 

SCBS12BC-JULY 1992-REVISED MARCH 1994 

• Microprocessor Interface Control logic 
• FF and AF Flags Synchronized by ClKA 
• EF and AE Flags Synchronized by ClKB 
• Passive Parity Checking on Each Port 
o Parity Generation Can Be Selected for Each 

Port 

• low-Power Advanced BICMOS Technology 
o Supports Clock Frequencies up to 67 MHz 

• Fast Access Times of 10 ns 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Quad 
Flat Package (PQ) 

The SN74ABT3613 is a high-speed,low-power BiCMOS clocked FIFO memory. It supports clock frequencies 
up to 67 MHz and has read-access times as fast as 10 ns. A 64 x 36 dual-port SRAM FIFO on board the chip 
buffers data from port A to port B. The FIFO has flags to indicate empty and full conditions and two 
programmable flags (almost fun and almost empty) to indicate when a selected number of words is stored in 
memory. FIFO data on port B can be output in 36-bit, 18-bit, and 9-bit formats with a choice of big- or Iittle-endian 
configurations. Three modes of byte-order swapping are possible with any bus-size selection. Communication 
between each port can bypass the FIFO via two 36-bit mailbox registers. Each mailbox register has a flag to 
signal when new mail has been stored. Parity is checked passively on each port and can be ignored if not 
desired. Parity generation can be selected for data read from each port. 

The SN74ABT3613 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple interface between microprocessors 
and/or buses controlled by a synchronous interface. 

The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 

The SN74ABT3613 is characterized for operation from O°C to 70°C. 
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SN74ABT3613 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 
SCBS128C-JULY 1992-REVISED MARCH 1994 

PCB PACKAGE 
(TOP VIEW) 

om~~~~VMN_om~~~~VMN-Om~~~~VMN_ N __________ OOOOOOOOOOmmmmmmmmm 

A23 1 --------------------- 00 

6-4 

A22 2 
A21 3 

GND 4 
A20 5 
A19 6 
A18 7 
A17 8 
A16 9 
A15 10 
A14 11 
A13 12 
A12 13 
A11 14 
A10 15 

GND 16 
A9 17 
A8 18 
A7 19 

Vee 20 
A6 21 
A5 22 

A4 23 
A3 24 

GND 25 
A2 26 
A1 27 
AO 28 
NC 29 

NC 30 
M~~~~~~~~~~~~~~~~~~~~~~~m~~mmg 

Ne - No Internal connection 
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89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 

822 
821 
GND 
820 
819 
818 
817 
816 
815 
814 
813 
812 
811 
810 
GND 
89 
88 
87 
Vee 
86 
85 
84 
83' 
GND 
82 
81 
80 
EF 
AI: 
NC 



GND 
NC 
NC 
AO 
A1 
A2 

GND 
A3 
A4 
AS 
A6 

VCC 
A7 
A8 
A9 

GND 
A10 
A11 

VCC 
A12 
A13 
A14 

GND 
A15 
A16 
A17 
A18 
A19 
A20 

SN74ABT3613 
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PC PACKAGEt 
(TOP VIEW) 

2 1 132 130 128 126 124 122 120 116 o 131 129 127 125 123 121 119 117 
116 

115 

GND 
AE 
EF 
BO 
B1 
B2 
GND 
B3 
B4 
B5 
B6 
VCC 
B7 
B8 
B9 
GND 
B10 
B11 
VCC 
812 

GND 
A21 
A22 
A23 64 

~~~M~~~~~~~~~~~~u~~ronnn~~ronn~oo~~~ 

813 
814 
GND 
815 
816 
817 
818 
819 
820 
GND 
821 
822 
823 

NC - No internal connection 
t Uses Yamaichi socket IC51-1324-828 
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functional block diagram 

CLKA ------I 
CSA -----I Port-A 

W/AA ------I Control 
ENA ------I Logic 

.-----------------MBF1 

MBA ------I I Parity rl-4 ____ --. 
..... -+-+-...... ___ ... -II ..... --M.l...al-11--....... ~ I Gen/Check ~ 

PEFB 

I .. I Register II~ ---=: Li==~J~ -::I:: 1======+-1 __ _ • r.... PGB 

r-::-----------~-~~I ~ 

RST 

0001 
EVEN 

FF 
AF 

FSO 
FS1 

AO-A35 

PGA 

PEFA 

MBF2 
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I g' L.... 64 x 36 La..... t- e L... ,: Ii Lo..- ~ I 
i a: rr SRAM r- III ~ r- "fi ~ r'I"'" 

........ -+--+--H.-t ~ a. Q) 10 (I) [I 
r I g. 0 :EQ) ~ H-

!, - 0>- 0 I 
~ "-- :::1m ~ 

I ,. 04,. ~ I 
-

Device 

- Control 

36, 
I .. I Write II Read I - I ; I Pointer Pointer I .... ; 
I ttl 

_C-__ -I-4--I----..:I;.-__ lr Status-Flag I I 

-C----I-4--I---J11-----I1 Logic I I 
~ 

~ 
~ 

L---~--4--~------~~~J 
Programmable-Flag 

Offset Register 

. 

L---~--~l--_-~:~ 1--~M~aillil?2-1:~~~ __ __ 
~ ~~~~R~e~gl~st~e~r_r-~ ___ ri-t,,~ 
---:I Parity . r 

--4----~:.:.::::::~~: Gen/Check I I ~ .... 

-.... 
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TERMINAL Vo 
NAME 

AO-A3S VO 

AE 
0 

(port B) 

AF 
0 

(portA) 

BO-B35 I/O 

BE I 

ClKA I 

ClKB I 

CSA I 

CSB I 

EF 
0 

(port B) 

ENA I 

ENB I 

0 
FF 

(portA) 

FS1,FSO I 

MBA I 

MBF1 0 

MBF2 0 

0001 
EVEN 

I 

PEFA 
0 

(portA) 

SN74ABT3613 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 
SCBS128C-JULY 1992- REVISED MARCH 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Almost-empty flag. Programmable almost-empty flag synchronized to ClKB. AE is low when the number of 36-bit words 
in the FIFO is less than or equal to the value in the offset register, X. 

Almost-full flag. Programmable almost-full flag synchronized to ClKA. AF is low when the number of 36-bit empty 
locations in the FIFO is less than or equal to the value in tho offset register, X. 

Port-B data. The 36-bit bidirectional data port for side B. 

Big-endian select. Selects the bytes on port B used during byte or word FIFO reads. A low on BE selects the most 
significant bytes on BO-B3S for use, and a high selects the least significant bytes. 

Port-A clock. ClKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. FF and AF are synchronized to the low-to-high transition of CLKA. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to CLKA. Port-B byte swapping and data port sizing operations are also synchronous to the low-to-high 
transition of ClKB. EF and AE are synchronized to the low-to-high transition of ClKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A3S outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B3S outputs are in the high-impedance state when CSB is high. 

Empty flag. EF is synchronized to the low-to-high transition of ClKB. When EF is low, the FIFO Is empty and reads from 
its memory are disabled. Data can be read from the FIFOto the output register when EF is high. EF is forced low when 
the device is reset and is set high by the second low-to-high transition of ClKB after data is loaded into empty FIFO 
memory. 

Port-A enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Full flag. FF is synchronized to the low-to-high transition of ClKA. When FF is low, the FIFO is full and writes to its 
memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
ClKA after reset. 

Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS1, which selects one offour preset 
values for the almost-empty flag and almost-full flag offset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A3S outputs are active, mail2 register data is output. 

Mail1 register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. Writes 
to the mail1 register are inhibited while MBF 1 is low. MBF 1 is set high by a low-to-high transition of ClKB when a port-B 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of ClKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 

Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 

Port-A parity error flag. When any byte applied to terminals AO-A3S fails parity, PEFA is low. Bytes are organized as 
AO-AS, A9-A 17, A 1S-A26, and A27 -A3S with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 
The parity trees used to check the AO-A3S inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA; therefore, if a mail2 read with parity generation is set up by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, the PEFA flag is forced high regardless of the state of the AO-A3S inputs. 
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Terminal Functions (Continued) 

TERMINAL I/O DESCRIPTION 
NAME 

Port-B parity error flag. When any valid byte applied to terminals BO-B35 fails parity. PEFB is low. Bytes are organized 
as BO-BS. B9-B17, B1S-B26. and B27-B35 with the most significant bit of each byte serving as the parity bit. A 

0 
byte is valid when it is used by the bus size selected for port B. The type of parity checked is determined by the state 

PEFB (port B) 
of the ODD/EVEN input. 
The parity trees used to check the BO - B35 in puts are sh ared by the maUl register to generate parity if parity generation 
is selected by PGB; therefore. if a maill read with parity generation is set up by having CSB low, ENB high. WiRB low. 
SIZl and SiZO high. and PGB high. the PEFB flag is forced high regardiess of the state of the BO-B35 Inputs. 

Port-A parity generation. Parity is generated fordata reads from the maif2 register when PGA is high. The type of parity 
PGA I generated is selected by the state ofthe ODD/EVEN input. Bytes are organized as AD-AS. A9-A 17. A lS-A26. and 

A27-A35. The generated parity bits are output in the most significant bit of each byte. 

Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
PGB I Is selected by the state of the ODD/EVEN input. Bytes are organized as BO-BS, B9 - B 17. B lS-B26. and B27 - B35. 

The generated parity bits are output in the most significant bit of each byte. 

Reset. To reset the device. four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 
RST I while RST is low. This sets the AF. MBF1, and MBF2 flags high and the EF. AE. and FF fiags low. The low-to-high 

transition of RST latches the status of the FSl and FSO inputs to select almost-full fiag and almost-empty flag offset. 

I 
Port-B bus size selects. The low-to-high transition of ClKS latches the states of SiZO. SIZ1. and BE. and the following 

SIZO.SIZl (port B) 
low-to-hlgh transition of CLKB Implements the latched states as a port-B bus size. Port-B bus sizes can be long word. 
word. or byte. A high on both SIZO and SIZl accesses the mailbox registers for a port-B 36-bit write or read. 

I 
Port-B byte swap selects. PJ. the beginning of each long word FIFO read. one of four modes of byte-order swapping 

SWO.SWl 
(port 8) 

Is selected by SWO and SW1. The four modes are no swap. byte swap, word swap. and byte-word swap. 8yte-order 
swapping Is possible with any bus-size selection. 

wiRA I 
Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-hlgh transition of CLKA. The AO-A35 outputs are In the high-Impedance state when wiRA Is high. 

WiR8 I 
Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port 8 for a 
low-to-hlgh transition of CLKB. The 80-835 outputs are In the high-Impedance state when WiR8 Is high. 

detailed description 

reset 

6-8 

The SN74ABT3613 is reset by taking the reset (RST) input low for at least four port-A clock (ClKA) and four 
port-B clock (ClKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the fuJI flag (FF) low, the empty flag 
(EF) low, the almost-empty flag (AE) low, and the almost-fuJI flag (AF) high. A reset also forces the mailbox flags 
(MBF1, MBF2) high. After a reset, FF is set high after two low-to-high transitions of ClKA. The device must be 
reset after power up before data is written to its memory. 

A low-to-high transition on the RST input loads the almost-fu" and almost-empty offset register (X) with the value 
selected by the flag-select (FSQ, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 

FS1 

H 

H 

l 

l 

Table 1. Flag Programming 

ALMOST-FULL AND 
FSO RST ALMOST-EMPTY FLAG 

OFFSET REGISTER (X) 

H t 16 

L t 12 

H t S 

l t 4 
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FIFO write/read operation 

SN74ABT3613 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 
SCBS128C-JULY 1992-REVISED MARCH 1994 

The state of the port.:!- data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. Data is loaded into the FIFO from the 
AO-A35 inputs on a low-to-high transition of GlKA when GSA is low, W/RA is high, ENA is high, M8A is low, 
and FFA is high (see Table 2). 

Table 2. Port·A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIFO write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, mail2 register None 

L L H L t Active, mail2 register None 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The state of the portj3 data (80-835) outputs is controlled by the port-8 chip select (GS8) and the p~rt-B 
write/read select (W/R8). The 80-835 outputs are in the high-impedance state when either GS8 or W/R8 is 
high. The 80-835 outputs are active when both GSB and W/R8 are low. Data is read from the FIFO to the 
80-835 outputs by a low-to-high transition of GlK8 when GSB is low, W/RB is low, EN8 is high, EFB is high, 
and either SIZO or SIZ1 is low (see Table 3). 

Table 3. Port·B Enable Function Table 

CSB W/RB ENB SIZ1, SIZO CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H One, both low f In high-impedance state None 

L H H Both high t In high-impedance state Mail2write 

L L L One, both low X Active, FIFO output register None 

L L H One, both low t Active, FIFO output register FIFO read 

L L L Both high X Active, mail1 register None 

L L H Both high t Active, mail1 register Mail1 read (set MBF1 high) 

The setup and hold time constraints to the port clocks for the port chip selects (GSA, GS8) and write/read selects 
(W/RA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select can 
change states during the setup and hold time window of the cycle. 
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synchronized FIFO flags 

Each FI FO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when ClKA and ClKS operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs In the 1994 
High-Performance FIFO Memories Data Book, literature #SCAD003B). FF and AF are synchronized to ClKA. 
EF and AE are synchronized to ClKB. Table 4 shows the relationship of each port flag to the level of FIFO fill. 

Table 4. FIFO Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF 36-BIT TOCLKB TOCLKA 

WORDS IN THE FIFOt 
EF AE AF FF 

0 L L H H 

1 toX H L H H 

(X + 1) to [64 - (X + 1)] H H H H 

(64 -X) to 63 H H L H 

64 H H L L 

t X Is the value in the almost-empty flag and almost-full flag offset register. 

empty flag (EF) 

The FIFO empty flag is synchronized to the port clock that reads data from its array (ClKS). When the empty 
flag is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty 
and attempted FIFO reads are ignored. When reading the FIFO with a byte or word size on port B, EF is set 
low when the fourth byte or second word of the last long word is read. 

The FIFO read pointer is Incremented each time a new word Is clocked to the output register. The state machine 
that controls the empty flag monitors a write-pointer and a read-pointer comparator that indicates when the FIFO 
SRAM status is emptY,empty+1, orempty+2. Award written tothe FIFO can be read to the FIFO output register 
in a minimum of three port-S clock (ClKB) cycles. An empty flag is low if a word in memory is the next data to 
be sent to the FIFO output register and two cycles of the port clock that reads data from the FIFO have not 
elapsed since the time the word was written. The empty flag of the FIFO is set high by the second low-to-high 
transition of ClKB, and the new data word can be read to the FIFO output register in the following cycle. 

A low-to-high transition on ClKB begins the first synchronization cycle of a write if the clock transition occurs 
at time tsk1 or greater after the write. Otherwise, the subsequent clock cycle can be the first synchronization cycle 
(see Figure 9). 

full flag (FF) 

6-10 

The FIFO full flag is synchronized to the port clock that writes data to its array (ClKA). When the full flag Is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to the FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write-pointer and a read-pointer comparator that indicates when the FIFO SRAM status is full, 
full-1, orfull-2. From the time a word is read from the FIFO, the previous memory location is ready to be written 
in a minimum of three ClKA cycles. A full flag is low if less than two ClKA cycles have elapsed since the next 
memory write location has been read. The second low-to-high transition on the full-flag synchronizing clock after 
the read sets the full flag high and data can be written in the following clock cycle. 

A low-to-high transition on ClKA begins the first synchronization cycle of a read if the clock transition occurs 
at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle can be the first synchronization cycle 
(see Figure 10). 
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almost-empty flag (AE) 
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The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (ClKB). The state 
machine that controls an almost-empty flag monitors a write-pointer and a read-pointer comparator that 
indicates when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty 
state is defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with 
one of four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains 
X or less long words in memory and is high when the FIFO contains (X + 1) or more long words. 

Two low-to-high transitions of ClKB are required after a FIFO write for the almost-empty flag to reflect the new 
level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) or more long words remains low if two 
ClKB cycles have not elapsed since the write that filled the memory to the (X + 1) level. An almost-empty flag 
is set high by the second low-to-high transition of ClKB after the FIFO write that fills memory to the (X + 1) level. 
A low-to-high transition of ClKB begins the first synchronization cycle if it occurs at time tsk2 or greater after the 
write that fills the FIFO to (X + 1) long words. Otherwise, the subsequent ClKB cycle can be the first 
synchronization cycle (see Figu re 11). 

almost-full flag (AF) 

The FI FO almost-full flag is synchronized to the port clock that writes data to its array (ClKA). The state machine 
that controls an almost-full flag monitors a write-pointer and a read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the value 
of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (see reset above). An almost-full flag is low when the FIFO contains (64 - X) or more long 
words in memory and is high when the FIFO contains [64- (X + 1)] or less long words. 

Two low-to-high transitions of ClKA are required after a FIFO read for the almost-full flag to reflect the new level 
of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] or less words remains low if two ClKA 
cycles have not elapsed since the read that reduced the number of long words in memory to [64 - (X + 1)]. An 
almost-full flag is set high by the second low-to-high transition of ClKA after the FIFO read that reduces the 
number of long words in memory to [64 - (X + 1 )]. A low-to-high transition of ClKA begins the first 
synchronization cycle if it occurs at time tsk2 or greater after the read that reduces the number of long words in 
memory to [64 - (X + 1)]. Otherwise, the subsequent ClKA cycle can be the first synchronization cycle 
(see Figure 12). 

mailbox registers 

Two 36-bit bypass registers (mail1, mail2) are on board the SN74ABT3613 to pass command and control 
information between port A and port B without putting it in queue. A low-to-high transition on ClKA writes 
AO-A35 data to the mail1 register when a port-A write is selected by CSA, WiRA, and ENA, and MBA is high. 
A low-to-high transition on ClKB writes BO-B35 data to the mail2 register when a port-B write is selected by 
(CSB, w/RB, and ENB) and both SIZO and SIZ1 are high. Writing data to a mail register sets the corresponding 
flag (MBF1 or MBF2) low. Attempted writes to a mail register are ignored while the mail flag is low. 

When the port-B data outputs (BO-B35) are active, the data on the bus comes from the FIFO output register 
when either one or both SIZ1 and SIZO are low and from the mail1 register when both SIZ1 and SIZO are high. 
The mail1 register flag (MBF1) is set high by a rising ClKB edge when a port-B read is selected by CSB, wiRB, 
and ENB, and both SIZ1 and SIZO are high. The mail2 register flag (MBF2) is set high by a rising ClKA edge 
when a port-A read is selected by CSA, W/RA, and ENA and MBA is high. The data in the mail register remains 
intact after it is read and changes only when new data is written to the register. 
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dynamic bus sizing 

6-12 

The port-B bus can be configured in a 36-bit long word, 18-bit word, or 9-bit byte format for data read from the 
FIFO. Word- and byte-size bus selections can utilize the most significant bytes of the bus (big endian) or least 
significant bytes of the bus (little endian). Port-B bus-size can be changed dynamically and synchronous to 
elKB to communicate with peripherals of various bus widths. 

The levels applied to the port-B bus size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each elKB low-to-high transition. The stored port-B bus-size selection is implemented by the next 
rising edge on elKB according to Figure 1. 

Only 36-bit long-word data is written to or read from the FIFO memory on the SN74ABT3613. Bus-matching 
operations are done after data is read from the FIFO RAM. Port-B bus sizing does not apply to mail register 
operations. 

A35 A27 A26 A18 A17 A9 A8 AO 

8YTE ORDER ON PORT A: c::J G ~ 8 Write to FIFO 

8E SlZ1 SIZO 

X L L 

8E SlZ1 SIZO 

L L H 

8E SlZ1 SIZO 

H L H 

835 827 826 818 817 89 88 80 

. c::J G ~ 8 Read From FIFO 

(a) LONG-WORD SIZE 

835 827 826 818 817 89 88 80 

Q G ~ ~ 1st: Read From FIFO. 

835 827 826 818 817 89 88 80 

~ G ~ ~ 2nd: Read From FIFO 

(b) WORD SIZE - 81G ENDIAN 

835 827 826 818 817 89 88 80 

~ ~ 8 81st:ReadFromFIFo 

835 827 826 818 817 89 88 80 

~ ~ 0 0 2nd: Read From FIFO 

(c) WORD SIZE - UTTLE ENDIAN 

Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) 

BE SlZ1 SIZO 

L H L 

BE SIZ1 SIZO 

H 'H L 

bus-matching FIFO reads 
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B35 B27 B26 B1B B17 B9 BB BO o ~ ~ ~ 1st: Read From FIFO 

B35 B27 B26 B1B B17 B9 BB 80 8 ~ ~ ~ 2nd: Read From FIFO 

835 827 826 818 817 89 88 80 

~ ~ ~ ~ 3rd: Read From FIFO 

835 827 826 818 817 89 88 80 

~ ~ ~ ~ 4th: Read From FIFO 

(d) 8YTE SIZE - 81G ENDIAN 

835 827 826 81B 817 89 88 80 

~ ~ ~ ~ 1st: Read From FIFO 

835 827 826 B1B 817 89 8B 80 

~ ~ ~ 8 2nd: Read From FIFO 

835 827 826 818 817 89 88 80 

~ ~ ~ 8 3rd: Read From FIFO 

835 827 826 818 817 89 88 80 

~ ~ ~ 0 4th: Read From FIFO 

(e) 8YTE SIZE - UTILE ENDIAN 

Figure 1. Dynamic Bus Sizing (continued) 

Data is read from the FIFO RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIFO output register upon a read. If byte or word size is implemented 
on port B, only the first one or two bytes appear on the selected portion of the FI FO output register with the rest 
of the long word stored in auxiliary registers. In this case, subsequent FIFO reads with the same bus-size 
implementation output the rest of the long word to the FIFO output register in the order shown by Figure 1. 

Each FIFO read with a new bus-size implementation automatically unloads data from the FIFO RAM to its output 
register and auxiliary registers. Implementing a new port-B bus size and performing a FIFO read before all bytes 
or words stored in the auxiliary registers have been read results in a loss of the unread data in these registers. 

When reading data from FIFO in byte or word format, the unused BO-B35 outputs remain inactive but static, 
with the unused FIFO output register bits holding the last data value to decrease power consumption. 
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port-B mall register access 

In addition to selecting port-B bus sizes for FIFO reads, the port-B bus size select (SIZO, SIZ1) inputs also access 
the mail registers. When both SIZO and SIZ1 are high, the mail1 register is accessed for a port-B long-word read 
and the mail2 register is accessed for a port-B long-word write. The mail register is accessed immediately and 
any bus-sizing operation that can be underway is unaffected by the the mail-register access. After the mail­
register access is complete, the previous FIFO access can resume in the next elKB cycle. The logic diagram 
in Figure 2 shows the previous bus-size selection is preserved when the mail registers are accessed from port B. 
A port-B bus size is implemented on each rising elKB edge according to the states of SIZO_a, SIZ1_a, and 
BE_a. 

eLKB 

SIZO 

SlZ1 

BE 

I IrD 
MUX 

~1 
"--

-1 

0 Q 

'1 

Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 

SIZO_Q 

SIZ1_Q 

BE_Q 

byte swapping 

6-14 

The byte-order arrangement of data read from the FIFO can be changed synchronous to the rising edge of 
elKB. Byte-order swapping is not available for mail-register data. Four modes of byte-order swapping 
(including no swap) can be done with any data port-size selection. The order of the bytes are rearranged within 
the long word, but the bit order within the bytes remains constant. 

Byte arrangement is chosen by the port-B swap select (SWO, SW1) inputs on a elKB rising edge that reads 
a new long word from the FIFO. The byte order chosen on the first byte or first word of a new long word read 
from the FIFO is maintained until the entire long word is transferred, regardless of the SWO and SW1 states 
during subsequent reads. Figure 3 is an example of the byte-order swapping available for long word reads. 
Performing a byte swap and bus size simultaneously for a FIFO read first rearranges the bytes as shown in 
Figure 3, then outputs the bytes as shown in Figure 1. 
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AZ1 A2.6 A18 A17 A9 A8 AO 

~. ~ 
B35 B27 B26 B18 B17 B9 B8 BO 

(a) NO SWAP 

A35 AZ1 A2.6 A18 A17 A9 A8 AO 

B35 B27 B26 B18 B17 B9 B8 BO 

(b) BYTE SWAP 

A35 AZ1 A2.6 A18 A17 A9 A8 AO 

B35 B27 B26 B18 B17 B9 B8 BO 

(e) WORD SWAP 

A35 AZ1 A2.6 A18 A17 A9 A8 AO 

B35 B27 B26 B18 B17 89 B8 BO 

(d) BYTE·WORD SWAP 

Figure 3. Byte Swapping for FIFO Reads (Long-Word Size Example) 
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parity checking 

The port-A data inputs (AO-A35) and port-B data inputs (BO-B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A parity failure on one or 'more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B data inputs that 
are valid for the bus-size implementation is reported by a low level on the port-B parity error flag (PEFB). Odd 
or even parity checking can be selected, and the parity error flags can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more valid bytes of a port is reported by a low level on the corresponding 
port-parity-error flag (PEFA, PEFS) output. 'Port-A bytes are arranged as AO-AS, A9-A17, A1S-A26, and 
A27-A35. Port-B bytes are arranged as BO-BS, B9-B17, B1S-B26, and B27-B35, and its valid bytes are 
those used in a port-B bus-size implementation. When odd/even parity is selected, a port-parity-error flag 
(PEFA, PEFS) is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the AO-A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO-A35 inputs. Likewise, the parity trees used to check the 
BO-B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with CSB low, ENB high, W/RB 
low, both SIZO and SIZ1 high, and PGB high, the port-B parity error flag (PEFS) is held high regardless of the 
levels applied to the SO-B35 inputs. 

parity generation 

6-16 

A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3613 to generate parity bits for port reads from a FIFO or maiibox register. Port-A bytes are arranged 
as AO-AS, A9-A17, A1S-A26, and A27-A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO-BS, B9-B17, B1S-B26, and B27-B35 with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless of the state of the parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels origninally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FI FO data are generated after the data is read from SRAM and before the data is written to the 
output register. The port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) have setup 
and hold time constraints to the port-A clock (ClKA) and the port-B parity generate select (PGB) and 
ODD/EVEN select have setup and hold-time constraints to the port-B clock (elKS). These timing constraints 
only apply for a riSing clock edge used to read a new long word to the FIFO output register. 

The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO-B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO-A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port chip 
select (CSA, CSS) is low, enable (ENA, ENB) is high, and write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port S), and port parity generate 
select (PGA, PGB) is high. Generating parity for mail-register data does not change the contents of the register. 
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Figure 4. Device Reset Loading the X Register With the Value of Eight 

14 te -I 
1+ tw(CLKH) +If. tw(CLKL) -.I 
1 I I 

\ r \ ( ~ I '\ Y 
I I I I I I 

High 
tsu(EN) r -l. J th(EN) 

I I I I I I I } I~ I '/ 
1 

tsu(EN) I. -I. ~ th(EN) I 
W/RA 22Z2277 /"/72;1' I 

l\$\~~~ I 'F tsu(EN) ,- ~.~ th(EN) I 
MBA I I 

tsu(EN) th(EN) tsu(EN) 14- th(EN) tsu(EN) ~ I+- th(EN) 

ENA ///ZZZZZZZZlj I ~ fu~ ~~" IVlZZZZZZi 
tsu(O) I- .,ul th(O) 

AO-A35 No Operation <><><><X>OO§ 
I I 

=~:; ~ 
PEFA 

t Written to the FIFO 

tpd(O.PE) Jt---+I tpd(O.PE) Jt---+I 

Figure 5. FIFO-Write-Cycle Timing 
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CLKB __ _ ' ___ I , ( , I 

EF High 

I I I 
I I I 
I I 
I I 
I I t 
I I I 

I: I Q;7//Z 

BO-B~ --------------------{:Jp~r~eV~IO~U~s~Da~ta~ 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on 80-835. * Data read from the FIFO 

DATA SWAP TA8LE FOR FIFO LONG·WORD READS 

FIFO DATA WRITE SWAP MODE FIFO DATA READ 

A~-A27 A26-A1B 

A 8 

A 8 

A B 

A 8 

6-1B 

A17-A9 AB-AO SW1 SWO 835-827 B26-B1B 

C D L L A 8 

C 0 L H 0 C 

C D H L C 0 

C 0 H H B A 

Figure 6. FIFO Long-Word Read-Cycle Timing 
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\ ~ \ I '---
I 
I 

UttIO{ Endlant BO-B17 -------0(''''-..,.....;._ ....... _ .............. _-,. _______ --' '--_....;..;.,;.-.;...;;;..,.. __ 

Endl:~i{B18-B35 ------~(r~~~~;t;'"~ '-________ '-__ .............. __ .J 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on 80-835. 
t Unused word 80-B17 or B1S-835 holds last FIFO output register data for word-size reads. 

DATA SWAP TABLE FOR FIFO·WORD READS 

FIFO·DATA WRITE SWAP MODE 
FIFO·DATA READ 

READ 
NO. 

BIG ENDIAN LlTILE ENDIAN 

A35-A27 A26-A18 A17-A9 

A 8 e 

A 8 C 

A B C 

A B C 

AS-AO SW1 SWO B35-B27 

D L L 
1 A 
2 e 

D L H 
1 D 
2 8 

0 H L 
1 C 
2 A 

0 H H 
1 B 
2 D 

Figure 7. FIFO-Word Read·Cycle Timing 
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B26-B18 B17-B9 BS-BO 

8 C 0 
D. A 8 

C 8 A 
A 0 C 

0 A B 
B C 0 

A 0 e 
e B A 
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CLKB 

EF High , , , 
CSB '\: 'I 

1 r I 'l 
WIRB 'SSS"*~ : }7zza 

, I , . ~ 
1 tsu(EN) +-tIHj th(EN) J 

ENB 2212?7/l)z»1 I ~I I ~ I '<&m" \\\§\ t'-!'/'/-Z"":(-Z7"'!V-
'r' ,.... :_ ~L~: No Operation, 

SW1,SWO 

_ts (SZ) I • .I. ... (~ I I I ~ 
BE' ~ 

, I I 1 
tsu(SZ) ~I th(SZ) I I I , 

SIZ1.SIZO _ +'1 .. ,)1 ~ 
Not (1" 1)t I Not (1, 1)t I Not (1, 1)t , , I 

PGB. 
ODD/EVEN .:¥~~"-¥.,;~~~~ 

ten J.-.I ~: . Ie -+1 I~ Ie ->i 1:- '. ->i /0-- '. --01 "". h 
BO-B8 ~ . * R~ 1 * R.ead 2 * Read 3 * Read 4 'J--

Previous Data , '" I 
I.- ta -.i I.- ta -tI I.- ta -tI I.- ta --.I tdls ~ 

B27-B35 (* Read 1 * Read 2 * Read 3 * Read 4 'J-­
Previous Data 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on BO-B35. 
NOTE: Unused bytes hold last FIFO output register data for byte-size reads. 
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Figure 8. FIFO-Byte Read-Cycle Timing 
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DATA SWAP TA8LE FOR FIFO-8YTE READS 

FIFO-DATA READ 

FIFO-DATA WRITE SWAP MODE READ 81G UTILE 
NO. ENDIAN 

A26-A10 A17-A9 AO-AO SW1 SWO 835-827 

1 A 

8 C 0 L L 
2 B 
3 C 
4 0 

1 0 

8 C 0 L H 
2 C 
3 8 
4 A 

1 C 

B C 0 H L 2 0 
3 A 
4 B 

1 B 

B C 0 H H 
2 A 
3 0 
4 C 

Figure 8. FIFO-Byte Read-Cycle Timing (continued) 
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ENDIAN 

80-80 

0 
C 
B 
A 

A 
B 
C 
0 

B 
A 
0 
C 

C 
0 
A 
B 
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CLKA 
I 
I 

CSA Low I 
I 

FF High I I 

AO-A35 

tsk1t 14 .I~ tc --.I 
tW(CLKH)-': M tw(CLKL) 

CLKS 2 

EF FIFO Empty 

CSB Low 
I 
I wffis __ LO_w __________________________________ ~I __________________________ ___ 

I 
SIZ1, SIZO Low I 

tSU(EN)~ !+- th(EN) 

ENS //ZZZZZZZZZ/2///ZV/I///n \\\~\'§S\" 
If- ta -tI 

BO-B35-----~W~1------

t tsk11s the minimum time between a rising CLKA edge and a rising CLKB edge for EF to transition high In the next CLKB cycle.lfthe time between 
the rising CLKA edge and rising CLKB edge Is less than tsk1. then the transition of EF high may occur one eLKB cycle later than shown. 

NOTE A:. Port-B size of long word Is selected for the FIFO read by SIZl = L. SIZO = L If port-B size Is word or byte. EF Is set low by the last word 
or byte read from the FIFO. respectively. 
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Figure 9. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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r-tc~ 
tw(CLKH) 14 1)/ 4 tI tw(CLKl) 

C~ I { ~ ' _____ I ',-__ ..,1 ' ___ I ,'----
1 

CSB __ lO_W __________ ~I------------------------------------------------------
1 W/RB low 
I 

SIZ1, SIZO -.;..l_OW __________ -+I _______________________________________________ __ 
tsu(EN) I~ th(EN) 

IIIVI I ~~\\ .... \ ... \ ..... \\~--------------------------________ _ ENB 

I 
High 

BO-B35 Next Word From the FIFO 

t+- tsk1 t --' 
141t---- te --.j 

tw(CLKH) 14 ~ ~ tw(CLKl) 

CLKA ~'-__ ......JI----' 11 '\ f2 ' ____ f , _____ r-
tpd(C-FF) 14 ~ .. I.--~.I tpd(C-FF) 

FF ______________ FI_FO __ FU_Jl ______________________ ~j : \~ ________ _ 
1 

CSA __ lo_w _____________________________________ ~I-------------

1 
W/RA H~ I 

tsu(EN) \f-+~ th(EN) 

MBA -S"l""'$"l""'~-S\-\~~~$~$"""I!S"""I!$-S-S-$~\:"l""'$"l""'\:"l""'S-0 ,,-~-\~~"""I!S"""I!S-~-~-$~S~$"l""'S"l""'S"l""'$-\:-~~~~~~i 1 rz....,2..,.2.,.2..,.2.,..2.,...2~Vl"""lz...,%....,?:.,.Z..,. 

tsu(EN) I+-.j....! th(EN) 

ENA 7ZZZZ1ZZ1T/Z/ /!I//Ta?/l/ZZZT!ZZT/ZII/~ I i\\~~~~ 
tsu(O) ~+-tI th(O) 

AO-A35 

To FIFO 

t tsk1 Is the minimum time between a rising ClKS edge and a rising ClKA edge for FF to transition high in the next ClKA cycle.lfthe time between 
the rising ClKS edge and rising ClKA edge is less than tsk1. then FF may transition high one CLKA cycle later than shown. 

NOTE A: Port-S size of long word is selected for the FIFO read by SIZ1 = L. SIZO = L If port-S size is word or byte. tsk1 is referenced from the 
rising ClKS edge that reads the first word or byte of the long word. respectively. 

Figure 10. FF-Flag Timing and First Available Write When the FIFO Is Full 
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ClKA 

tsu(EN) 14 -tl If- th(EN) 

ENA I/Zll/?l I ~ ..... ~~$~$~S"'Ioo..O~Ioo..O~~ __________________ _ 
I.- tsk2 t -+I 

ClKS 

tpd(C-AE) -I tpd(C-AE) j4-1 ---~ 
Ir---------------~------~ 

(X + 1) long Words In the'FIFO 

tsu(EN) H j4- th(EN) 

ENB ____________________________________ ~t/.~2~z~z~z~Z~~ ~~ 

AE X long Words In the FIFO 

t isk2ls the minimum time between a rising CLKA edge and a rising ClKS edge for AE to transition high In the next CLKS cycle. Ifthe time between 
the rising CLKA edge and rising ClKS edge is less than tsk2, then AE may transition high one CLKS cycle later than shown. 

NOTES: A. FIFO write (CSA = L, WiRA = H, MSA = l), FIFO read (CSS = l, wiRs = L, MSS = l) 
S. Port-S size of long word is selected for FIFO read by SIZ1 = l, SIZO = L If port-S size is word or byte, tsk2 Is referenced to the first 

word or byte read of the long word, respectively. 

Figure 11. Timing for AE When the FIFO Is Almost Empty 

k- tsk2t -tj 

ClKA / ' ___ { , ..... _~/,--+I-' yr-1---, 12 
-tI I II 

'---I 
ENA 

tsu(EN) ~ t+- th(EN) 

~~~~0~$~$~$~0·\~----~i------------------~i---------------
tpd(C-AF) j4 -, I tpd(C-AF)I ~4---tltj 

AF [64 _ (X + 1)] long Words In the FIFO' (64 - X) long Words In the FIFO 11--------
I 

ClKB ---.J ' ..... _...-/ 
I \ ,,----' ..... _...-/ ,'-_--1/ '--

t 
-..I I+- th(EN) 

su(EN)!t-=tI L ______________ ~'_z~2~2~z~2~2P ~_$.$_$_$_$~& ____________________ __ ENB 

t isk2 is the minimum time between a rising ClKA edge and a rising ClKS edge for AF to transition high in the next CLKA cycle. If the time between 
the rising CLKA edge and rising ClKS edge is less than tsk2, then AF may transition high one ClKS cycle later than shown. 

NOTES: A. FIFO write (CSA. L, WiRA .. H, MSA .. l), FIFO read (CSS .. l, wiRs .. l, MSS .. l) 
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B. Port-S size of long word is selected for FIFO read by SIZ1 = L, SIZO = L. If port-S size is word or byte, isk2 Is referenced from the 
first word or byte read of the long word, respectively. 

Figure 12. Timing for AF When the FIFO Is Almost Full 
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tsU(EN) ~ j4- th(EN) 

-------il I I ~ 1------------------------------------CSA ~ 
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WiRA 0VJ?VZ?Z? : W 
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1 I 

~ I I 1 
WiRB S\\\~ I : W/l/J//Z/ 

I 1 I 1 

SIZ1.SIZO 2Z?/ZZT!Z2??ll4f1 L .. I 
I 1 1 tsu(EN) I. -r-t th(EN) I 

1:1 cd l;w..\: __ \: ..... \:~\ ....... _+_: ___ _ 

1 I. Ii -I tpd(M.OV) 1 
ENB 

ten 14-+1. I ~ tpd(C-MR) tdls ~ 
~ ~ W1 (remains valid In mall1 register after read) ~ BO-B35 
FIFO Output Register 

NOTE A:. Port-B parity generation off (PGB = L) 

Figure 13. Timing for Mall1 Register and MBF1 Flag 
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Figure 14_ Timing for Mal/2 Register and MBF2 Flag 
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WITH BUS MATCHING AND BYTE SWAPPING 
SCBS128C-JULY 1992-REVISED MARCH 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Va (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) .........................................•..... ±20 rnA 
Output clamp current, 10K (VA < 0 or Va> Vee) ........................................... ±50 rnA 
Continuous output current, 10 (Va = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................ ±500 rnA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ......................................•................ -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicafed under ·recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are Observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

IOH High-level output current -4 rnA 

IOL Low-level output current 8 rnA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH Vee =4.5V, IOH =-4 rnA 

VOL Vee = 4.5 V. IOL=8mA 

II Vee =5.5V, VI =Vee orO 

IOZ Vee = 5.5 V, Vo =Vee orO 

Outputs high 

ICC Vee = 5.5 V, lo=OmA, VI = Vee or GND Outputs low 

Outputs disabled 

el VI =0, f = 1 MHz 

Co VO=O, f = 1 MHz 

* All typical values are at Vee = 5 V. TA = 25°C. 
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:50 ~ 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 18) 

'ABT3613-15 'ABT3613-20 'ABT3613-30 

MIN MAX MIN MAX MIN 
UNIT 

MAX 

fclock Clock frequency, ClKA or ClKB 66.7 50 33.4 MHz 

Ie Clock cycle time, ClKA or CLKB 15 20 30 ns 

tw(CLKH) Pulse duration, ClKA and ClKB high 6 8 12 ns 

tw(CLKl). Pulse duration, CLKA and ClKB low 6 8 12 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN) 
Setup time, CSA, W/RA. ENA. and MBA before CLKA t; CSB, 

5 5 6 ns 
w/RB, and ENB before CLKBt 

tsu(SZ) Setup time, SIZO, SIZ1, and BE before ClKBt 4 5 6 ns 

tsu(SW) Setup time, SWO and SW1 before ClKBt 5 7 8 ns 

tsu(PG) Setup time, ODD/EVEN and PGB before CLKBtt 4 5 6 ns 

tsu(RS) Setup time, RST low before ClKAt or CLKBt* 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST high 5 6 7 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 1 1 1 ns 

th(EN) 
Hold time, CSA. W/RA, ENA, and MBA after ClKAt; CSB, W/RB, 

1 1 1 ns 
and ENB after ClKBt 

thJSZ) Hold time, SIZO, SIZ1, and BE after ClKBt 2 2 2 ns 

th(SW) Hold time, SWO and SW1 after ClKBt 0 0 0 ns 

th(PG) Hold time, ODD/EVEN and PGB after ClKBtt 0 0 0 ns 

th(RS) Hold time, RST low after CLKAt or ClKBt* 5 6 7 ns 

th(FS) Hold time, FSO and FS1 after RST high 4 4 4 ns 

tsk1§ Skew time, between ClKAt and ClKBt for EF and FF 8 8 10 ns 

tsk2§ Skew time, between ClKA t and ClKB t for AE and AF 9 16 20 ns 

t Only applies for a clock edge that does a FIFO read 
* Requirement to count the clock edge as one of at least four needed to reset a FIFO 
§ Skew time Is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 4 through 18) 

'ABT3613-15 
PARAMETER 

MIN MAX 

ta Access time, CLKAt to AO-A35 and CLKBt to BO-B35 2 10 

tpd(C-FF) Propagation delay time, CLKAt to FF 2 10 

tpdiC-EFl Propagation delay timo, CLKBt to EF 2 10 

tpd(C-AE) Propagation delay time, CLKBt to AE 2 10 

tpd(C-AEl Propagation delay time, CLKA t to AF 2 10 

tpd(C-MF) 
Propagation delay time, CLKA t to MBF1 low or MBF2 high and 

1 9 
CLKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKAt to BO-B35t and CLKBt to 

3 11 
AO-A35:1: 

tpd(C-PEt§ Propagation delay time, CLKBt to PEFB 2 11 

tpd(M-DV) Propagation delay time, SIZ1, SIZO to BO-B35 valid 1 11 

tpd(D-PE) 
Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 

3 10 
valid to PEFB valid 

tpd(O-PE) Propagation delay time, ODD/EVEN to PEFA and PEFB 3 11 

tpd(O-PB)' 
Propagation delay time, ODD/EVEN to parity bits (A8, A 17, A26, 

2 12 
A35) and (B8, B17, B26, B35) 

tpd(E-PE) 
Propagation delay time CSA, ENA, W/RA, MBA, or PGA to 

1 11 
PEFA; CSB, ENB, W/RB, SIZ1, SIZO, or PGB to PEFB 

Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 

tpd(E-PB)' parity bits (A8, A 17, A26, A35); CSB, ENB, W/RB, SIZ1, SIZO, or 3 12 
PGB to parity bits (B8, B 17, B26, B35) 

tpd(R-F) 
Propagation delay time, RST to AE, EF low and AF, MBF1, 

1 15 
MBF2 high. 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 

2 10 
and W/RB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 

1 8 
and CSB high or W/RB low to BO-B35 at high impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and SIZ1 and SIZO are high. 
:I: Writing data to the mail2 register when the AO-A35 outputs are active. 
§ Only applies when a new port-B bus size is implemented by the rising CLKB edge. 
, Only applies when reading data from a mail register 
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'ABT3613-20 ' ABT3613-30 

MIN MAX MIN 
UNIT 

MAX 

2 12 2 15 ns 

2 :\2 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

1 12 1 15 ns 

3 12 3 15 ns 

2 12 2 13 ns 

1 11.5 1 12 ns 

3 11 3 13 ns 

3 12 3 14 ns 

2 13 2 15 ns 

1 12 1 14 ns 

3 13 3 14 ns 

1 20 1 25 ns 

2 12 2 14 ns 

1 9 1 11 ns 
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Figure 19 

calculating power dissipation 
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The ICC{f) current for the graph in Figure 19 was taken while simultaneously reading and writing the FIFO on 
the SN7 4ACT3613 with ClKA and ClKS set to fclock. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With ICC(f) taken from Figure 19, the maximum power dissipation (Pr) of the SN74AST3613 can be calculated 
by: 

Pr = VCC x ICC(f) + }:[CL x (VOH - VOlJ2 x fal 

where: 

CL = output capacitive load 
fo switching frequency of an output 
VOH = output high-level voltage 
VOL = output low-level voltage 

When no reads or writes are occurring on the SN74AST3613, the power dissipated by a single clock (ClKA or 
ClKS) input running at frequency fclock is calculated by: 

PT = VCC x fclock x 0.29 mNMHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 kO 

From Output 
Under Test --f3I-----.... 

6800 30pF 
(see Note A) 

LOAD CIRCUIT 

Timing _,----- 3 V 
Input 111.5 V 

----'.q. - - - - - GND 

High-Level ~ ~ ~ - 3V 
Input --'i 1.0 V ~ GND 

tsu ~ .~ "I th 

Data, ~:;;:,- 3V 

~ tw -.,I 
I I 

Enable ~1.5V ~ 
~put GND 

Low-Level ~15V ~ 3V 
Input ~ ~':"': _ GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

3V 
Output J, \.. 
Enable 1 1.5 V' (\1.5 V 

10...-. __ GND 

~ :+- tpLZ --.1 14- tpZL 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

Low-Level 
Output 

l 1 ___ -----r'~ l- - - - .. 3 V 

---t~ VOL 
\4-- tpZH 

Input --.J('.5V )..'.5-; - - ::0 
High-Level 

Output 

I 

1 I 
I I 
~ l+-tPHZ 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 
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In-Phase 

Output 
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__ ~ 1_- VOH 

__ -J11
.
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VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 20. Load Circuit and Voltage Waveforms 
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SN74ABT3614 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 

• Free-Running ClKA and ClKB Can Be 
Asynchronous or Coincident 

It Two Independent 64 x 36 Clocked FIFOs 
Buffering Data In Opposite Directions 

• Mailbox Bypass Register for Each FIFO 

• Dynamic Port-B Bus Sizing of 36 Bits (long 
Word), 18 Bits (Word), and 9 Bits (Byte) 

• Selection of Big- or L1ttle-Endlan Format for 
Word and Byte Bus Sizes 

• Three Modes of Byte-Order Swapping on 
Port B 

• Almost-Full and Almost-Empty Flags 
• Microprocessor Interface Control logic 

description 

SCBS126C- JUNE 1992 - REVISED JANUARY 1994 

• EFA, FFA, AEA, and AFA Flags 
Synchronized by ClKA 

• EFB, FFB, AEB, and AFB Flags 
Synchronized by ClKB 

• Passive Parity Checking on Each Port 
o Parity Generation Can Be Selected for Each 

Port 

• low-Power Advanced BICMOS Technology 
• Supports Clock Frequencies up to 67 MHz 
• Fast Access Times of 10 ns 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Quad 
Flat Package (PO) 

The SN74ABT3614 is a high-speed, low-power BiCMOS bidirectional clocked FI FO memory. It supports clock 
frequencies up to 67 MHz and has read-access times as fast as 10 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full 
conditions and two programmable flags (almost full and almost empty) to indicate when a selected number of 
words is stored in memory. FIFO data on port B can be input and output in 36-bit, 18-bit, and 9-bit formats with 
a choice of big- or little-end ian configurations. Three modes of byte-order swapping are possible with any bus 
size selection. Communication between each port can bypass the FIFOs via two 36-bit mailbox registers. Each 
mailbox register has a flag to Signal when new mail has been stored. Parity is checked passively on each port 
and can be ignored if not desired. Parity generation can be selected for data read from each port. 

The SN74ABT3614 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
Signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses controlled by a synchronous interface. 

The full flag and almost-full flag of a FIFO are two-stage synchronized to the port clock that writes data to its 
array. The empty flag and almost-empty flag of a FIFO are two-stage synchronized to the port clock that reads 
data from its array. 

The SN74ABT3614 is characterized for operation from O°C to 70°C. 

~~~~~~:o~1~ .1~~~~~~I~~~r::~!~~ ~ ,rx~:~~~~md.".:t~ 
standard warranty. Produetlon proceulng does nol necessarily Include 
testing of all parameters. "TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

Copyright © 1994, Texas Instruments Incorporated 
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A23 1 
A22 2 
A21 3 

GND 4 
A20 5 
A19 6 
A18 7 
A17 8 
A16 9 
A15 10 
A14 11 
A13 12 

A12 13 

A11 14 

A10 15 

GND 16 

A9 17 

A8 18 

A7 19 

Vee 20 

A6 21 

A5 22 

A4 23 

A3 24 

GND 25 

A2 26 

A1 27 

AO 28 

EFA 29 

AEA 30 
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PCB PACKAGE 
(TOP VIEW) 
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B22 
B21 
GND 
B20 
B19 
B18 
B17 
B16 
B15 
B14 
B13 
B12 
B11 
B10 
GND 
B9 
B8 
B7 

71 
Vee 
B6 
B5 

69 B4 
68 B3 
67 GND 
66 B2 
65 B1 
64 BO 
63 EFB 
62 AEB 
61 AFB 



GND 
AEA 
EFA 

AO 
A1 
A2. 

GND 
A3 
A4 
A5 
A6 

VCC 
A7 
A8 
A9 

GND 
A10 
A11 

VCC 
A12 
A13 
A14 

GND 
A15 
A16 
A17 
A18 
A19 
A2.0 

GND 
A2.1 
A2.2 
A2.3 

NC - No internal connection 
t Uses Yamaichi socket IC51-1324-828 

SN74ABT3614 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 

PQPACKAGEt 
(TOP VIEW) 
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Control 
logic 

.. 
~ 
~ ... 
~ .. 
..... 
.: .. , 

ClKB 
CSB 
W/RB 
ENB 
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PIN NAME I/O 

AO-A35 I/O 

AEA 
0 

(portA) 

AEB 
0 

(port 8) 

AFA 
0 

(portA) 

AF8 
0 

(port 8) 

80-835 I/O 

8E I 

ClKA I 

ClKB I 

CSA I 

CSB I 

EFA 
0 

(portA) 

EFB 
0 

(port 8) 

ENA I 

EN8 I 

0 
FFA 

(portA) 

0 
FFB 

(port B) 

FS1, FSO I 

MBA I 

MBF1 0 

MBF2 0 

SN74ABT3614 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 
SCBS126C-JUNE 1992-REVISED JANUARY 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmable almost-empty flag synchronized to ClKA. AEA is low when the number of 
36-bit words in FIF02 is less than or equal to the value in the offset register, X. 

Port-B almost-empty flag. Programmable almost-empty flag synchronized to ClKB. AEB is low when the number of 
36-bit words in FIF01 is less than or equal to the value in the offset register, X. 

Port-A almost-full flag. Programmable almost-full flag synchronized to ClKA. AFA is low when the number of 36-bit 
empty locations In FIF01 Is less than or equal to the value In the offset register, X. 

Port-8 almost-full flag. Programmable almost-full flag synchronized to CLK8. AF8 is low when the number of 36-bit 
empty locations in FIF02 is less than or equal to the value in the offset register, X. 

Port-8 data. The 36-bit bidirectional data port for side 8. 

8ig-endian select. Selects the bytes on port 8 used during byte or word data transfer. A low on BE selects the most 
significant bytes on BO-B35 for use, and a high selects the least significant bytes. 

Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of ClKA. 

Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. Port-B byte swapping and data port sizing operations are also synchronous to the low-to-high 
transition of ClKB. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of CLKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are in the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
80-835 outputs are in the high-Impedance state when CSB is high. 

Port-A empty flag. EFA is synchronized to the low-to-high transition of ClKA. When EFA is low, FI F02 is empty and reads 
from its memory are disabled. Data can be read from FIF02 to the output register when EFA is high. EFA is forced low 
when the device is reset and is set high by the second low-to-high transition of ClKA after data is loaded into empty 
FIF02 memory. 

Port-8 empty flag. EFB is synchronized to the low-to-high transition of ClKB. When EFB is low, FIF01 is empty and 
reads from its memory are disabled. Data can be read from FIF01 to the output register when EFB is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data is loaded into empty 
FIF01 memory. 

Port-A enable. ENA must be high to enable a low-te-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Port-A full flag. FFA is synchronized to the low-to-high transition of ClKA. When FFA is low, FIF01 is full and writes to 
its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKA after reset. 

Port-B full flag. FFB is synchronized to the low-to-high transition of ClKB. When FFB is low, FIF02 is full and writes to 
its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKB after reset. 

Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS 1, which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A35 outputs are active, a high level on MBA selects data from the maii2 register for output and a low level selects 
FIF02 output register data for output. 

Mail1 register flag. MBF1 is set low by the low-to-high transition of ClKA that writes data to the mail1 register. Writes 
to the mail1 register are inhibited while MBF1 is low. MBF1 is set high by a low-to-high transition of CLK8 when a port-8 
read is selected and both SIZ1 and SIZO are high. MBF1 is set high when the device is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of CLKA when a port-A 
read is selected and MBA is high. MBF2 is set high when the device is reset. 
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Terminal Functions (continued) 

PIN NAME I/O DESCRIPTION 

000/ 
Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity Is checked when 

EVEN 
I ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation Is enabled 

for a read operation. 

Port-A parity error flag. When any byte applied to terminals AO-A35 fails parity, PEFA is low. Bytes are organized as 
AO-AS, A9-A17, A1S-A26, and A27-A35, with the most significant bit of each byte serving as the parity bit. The 

PEFA 
0 type of parity checked Is determined by the state of the ODD/EVEN input. 

(portA) The parity trees used to check the AO-A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA. Therefore,lf a mail2 read with parity generation is setup by having WiRAlow, MBA high, and PGA 
high, the PEFA flag is forced high regardless of the state of the AO-A35 inputs. 

Port-B parity error flag. When any valid byte applied to terminals BO-B35 fails parity. PEFB is low. Bytes are organized 
as BO-BS. B9-B17. B1S-B26. and B27-B35. with the most significant bit of each byte serving as the parity bit. A 

a byte is valid when it Is used by the bus size selected for port B. The type of parity checked is determined by the state 
PEFB 

(port B) 
of the ODD/EVEN input. 
The parity trees used to check the BO-B35 Inputs are shared by the mail1 register to generate parity If parity generation 
is selected by PGB. Therefore, If a mail1 read with parity generation is setup by having wiRB low, SlZ1 and SIZO high. 
and PGB high. the PEFB flag Is forced high regardless of the state of the BO-B35 Inputs. 

Port-A parity generation. Parity is generated for data reads from port A when PGA is high. The type of parity generated 
PGA I Is selected by the state of the ODD/EVEN Input. Bytes are organized as AO -AS, A9-A 17, A 1S-A26, and A27 -A35. 

The generated parity bits are output In the most Significant bit of each byte. 

Port-B parity generation. Parity is generated for data reads from port B when PGB is high. The type of parity generated 
PGB I Is selected by the state ofthe ODD/EVEN Input. Bytes are organized as BO-BS, B9-B17. B 1S-B26. and B27-B35. 

The generated parity bits are output in the most significant bit of each byte. 

Reset. To reset the device. four low-to-high transitions of CLKA and four low-to-high transitions of ClKS must occur 

RST I 
while RST Is low. This sets the AFA, AFB. MBF1. and MBF2 flags high and the EFA. EFB. AEA, AEB. FFA, and FFB 
flags low. The low-to-high transition of RST latches the status ofthe FS1 and FSO inputs to select almost-full flag and 
almost-empty flag offset. 

I 
Port-B bus size selects. The low-to-high transition of CLKB latches the states of SIZO. SIZ1. and BE, and the following 

SIZO. SIZ1 
(port B) 

low-to-high transition of ClKB implements the latched states as a port-B bus size. Port-B bus sizes can be long word, 
word, or byte. A high on both SIZO and SIZ1 accesses the mailbox registers for a port-B 36-bit write or read. 

I 
Port-B byte swap selects. At the beginning of each long word transfer. one of four modes of byte-order swapping Is 

SWO.SW1 (port B) 
selected by SWO and SW1. The four modes are n~ swap, byte swap. word swap, and byte-word swap. Byte-order 
swapping Is possible with any bus-size selection. 

W/Fi.A I 
Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-te-high transition of ClKA. The AO-A35 outputs are In the high-impedance state when W/Fi.A Is high. 

wiRB I 
Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-te-high transition of ClKB. The BO-B35 outputs are In the high-impedance state when wiRB is high. 

detailed description 

reset 

6-40 

The SN74ABT3614 is reset by taking the reset (RST) input low for at least four port-A clock (ClKA) and four 
port-B clock (ClKB) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flags (FFA, FFB) low, the 
empty flags (EFA, EFB) low, the almost-empty flags (AEA, AEB) low, and the almost-full flags (AFA, AFB) high, 
A reset also forces the mailbox flags (MBF1, MBF2) high, After a reset, FFA is set high after two low-to-high 
transitions of ClKA and FFB is set high after two low-to-high transitions of ClKB. The device must be reset after 
power up before data is written to its memory. 

A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSQ, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 
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FIFO write/read operation 

SN74ABT3614 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH BUS MATCHING AND BYTE SWAPPING 
SCBS126C-JUNE 1992- REVISED JANUARY 1994 

Table 1. Flag Programming 

ALMOST-FULL AND 
FSO RST ALMOST-EMPTY FLAG 

OFFSET REGISTER (X) 

H t 16 

L t 12 

H t 8 

L t 4 

The state of the port-A data (AO-A35) outputs is controlled by the port-A chip select (CSA) and the port-A 
write/read select 0NiRA). The AO-A35 outputs are in the high-impedance state when either CSA or W/RA Is 
high. The AO-A35 outputs are active when both CSA and W/RA are low. Data is loaded into FIF01 from the 
AO-A35 inputs on a low-to-high transition of ClKA when CSA is low, W/RA is high, ENA is high, MBA is low, 
and FFA is high. Data is read from FI F02 to the AO-A35 outputs by a low-to-high transition of ClKA when CSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 

Table 2. Port-A Enable Function Table 

CSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIF01 write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, FIF02 output register None 

L L H L t Active, FIF02 output register FIF02 read 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The state of the port-B data (BO-B35) outputs is controlled by the port-B chip select (CSB) and the port-B 
write/read select 0N/RB). The BO-B35 outputs are in the high-impedance state when either CSB or W/RB is 
high. The BO-B35 outputs are active when both CSB and WiR.B are low. Data is loaded into FIF02 from the 
BO-B35 inputs on a low-to-high transition of ClKB when CSB is low, W/RB is high, ENB is high, FFB is high, 
and either SIZO or SIZ1 is low. Data is read from FIF01 to the BO-B35 outputs by a low-to-high transition of 
ClKB when CSB is low, W/RB is low, ENB is high, EFB is high, and either SIZO or SIZ1 is low (see Table 3). 

The setup and hold time constraints to the port clocks for the port chip selects (CSA, CSB) and write/read selects 
0NiRA, W/RB) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select can 
change states during the setup and hold time window of the cycle. 
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FIFO writer/read operation (continued) 

Table 3. Port-B Enable Function Table 

CSB W/RB ENB SIZ1, SIZO CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H One, both low t In high-impedance state FIF02write 

L H H Both high t In high-impedance state Mail2write 

L L L One, both low X Active, FIFOl output register None 

L L H One, both low t Active, FIFOl output register FIFOl read 

L L L Both high X Active, maill register None 

L L H Both high t Active, maill register Maill read (set MBFl high) 

synchronized FIFO flags 

6-42 

Each FIFO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when ClKA and ClKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCAD003B). EFA, AEA, FFA, and AFA are 
synchronized to ClKA. EFB, AEB, FFB, and AFB are synchronized to ClKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF 36·BIT TOCLKB TOCLKA 
WORDS IN FIF01 t 

EFB AEB AFA FFA 

0 L L H H 

1 toX H L H H 

(X + 1) to [64- (X+ 1)] H H H H 

(64 -X) to 63 H H L H 

64 H H L L 

Table 5. FIF02 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF 36·BIT TOCLKA TOCLKB 
WORDS IN FIF02t 

EFA AEA AFB FFB 

0 L L H H 

HoX H L H H 

(X + 1) to [64- (X+ 1)] H H H H 

(64-X) to 63 H H L H 

64 H H L L 

t X is the value inthe almost-empty flag and almost-full flag offset register. 
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The empty flag of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 
is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty and 
attempted FIFO reads are ignored. When reading FIF01 with a byte or word size on port B, EFB is set low when 
the fourth byte or second word of the last long word is read. . 

The read pOinter of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty, empty+ 1, or empty+2. A word written to a FIFO can be read to the FIFO output 
register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FI FO is 
set high by the second low-to-high transition of the synchronizing clock, and the new data word can be read to 
the FIFO output register in the following cycle. 

A low-to-high transition on an empty flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time tsk1 or greater after the write. Otherwise, the subsequent clock cycle can 
be the first synchronization cycle (see Figures 13 and 14). 

full flags (FFA, FFB) 

The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls a full 
flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status is full, 
full-1, or full-2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
in a minimum of three cycles of the full flag synchronizing clock. Therefore, a full flag is low if less than two cycles 
ofthe full flag synchronizing clock have elapsed since the next memory write location has been read. The second 
low-to-high transition on the full flag synchronizing clock after the read sets the full flag high and data can be 
written in the following clock cycle. 

A low-to-high transition on a full flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 15 and 16). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see reset above). An almost-empty flag is low when the FIFO contains 
X or less long words in memory and is high when the FIFO contains (X + 1) or more long words. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more long words remains low if two cycles of the synchronizing clock have not elapsed since the write that 
filled the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of 
the synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) long words. Otherwise, the subsequent synchronizing clock cycle can 
be the first synchronization cycle (see Figures 17 and 18). 
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almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost fu11-1, or almost fu11-2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one offour preset values during 
a device reset (see reset above). An almost-full flag is low when the FIFO contains (64 - X) or more long words 
in memory and is high when the FIFO contains [64 - (X + 1)] or less long words. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] 
or less words remains low if two cycles of the synchronizing clock have not elapsed since the read that reduced 
the number of long words in memory to [64 - (X + 1 )]. An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of long words in memory to 
[64 - (X + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at time tsk2 or greater after the read that reduces the number of long words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 19 and 20). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register 
when a port-A write is selected by CSA, WiRA, and ENA, and MBA is high. A low-to-high transition on ClKB 
writes BO-B35 data to the mail2 register when a port-B write is selected by CSB, WiRB, and ENS and both SIZO 
and SIZ1 are high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted 
writes to a mail register are ignored while the mail flag is low. 

When the port-A data outputs (AO-A35) are active, the data on the bus comes from the FIF02 output register 
when MBA is low and from the mail2 register when MBA is high. When the port-S data outputs (BO-B35) are 
active, the data on the bus comes from the FIF01 output register when either one or both SIZ1 and SIZO are 
low and from the mail2 register when both SIZ1 and SIZO are high. The mail1 register flag (MBF1) is set high 
by a rising ClKB edge when a port-B read is selected by CSB, wiRB, and ENB and,both SIZ1 and SIZO are 
high. The mail2 register flag (MBF2) is set high by a rising ClKA edge when a port-A read is selected by CSA, 
WiRA, and ENA and MBA is high. The data in the mail register remains intact after it is read and changes only 
when new data is written to the register. 

dynamic bus sizing 

6-44 

The port-B bus can be configured in a 36-bit long word, 18-bit word, or 9-bit byte format for data read from FIF01 
or written to FIF02. Word- and byte-size bus selections can utilize the most Significant bytes of the bus (big 
end ian) or least significant bytes of the bus (little endian). Port-B bus size can be changed dynamically and 
synchronous to ClKS to communicate with peripherals of various bus widths. 

The levels applied to the port-B bus size select (SIZO, SIZ1) inputs and the big-endian select (BE) input are 
stored on each ClKB low-to-high transition. The stored port-B bus size selection is implemented by the next 
rising edge on ClKB according to Figure 1. 

Only 36-bit long-word data is written to or read from the two FIFO memories on the SN74ABT3614. 
Bus-matching operations are done after data is read from the FI F01 RAM and before data is written to the FI F02 
RAM. Port-B bus sizing does not apply to mail register operations. 
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dynamic bus sizing (continued) 

BYTE ORDER ON PORT A: 

BE SIZ1 SIZO 

X L L 

BE SIZ1 SIZO 

L L H 

BE SIZ1 SIZO 

H L H 

BE SIZ1 SIZO 

L H L 

A35 AZl A26 A1S A17 A9 AS AO o 8 ~ 0 WrltotoFIF01/ReadFromFIF02 

B35 BZl B26 B1S B17 B9 BS BO o 8 ~ 8 Read From FIF01/Wrlte to FIF02 

(a) LONG WORD SIZE 

B35 BZl B26 B1S B17 B9 BS BO o 8 ~ ~ 1st:ReadFromFIF01/WrltotoFIF02 

B35 BZl B26 B1S B17 B9 BS BO 

~ G ~ ~ 2nd: Read From FIF01/WritetoFIF02 

(b) WORD SIZE - BIG ENDIAN 

B35 BZl B26 B1S B17 B9 BS BO 

~ ~ ~ 81st:ReadFromFIFo1/WritetoFIF02 

B35 BZl B26 B1S B17 B9 BS BO 

~ ~ 8 8 2nd: Read From FIF01/Write to FIF02 

(e) WORD SIZE - UTILE ENDIAN 

B35 BZl B26 B1S B17 B9 BS BO o ~ ~ ~ 1st:ReadFromFIF01/WritetoFIF02 

B35 BZl B26 B1S B17 B9 BS BO 8 ~ ~ ~ 2nd:ReadFromFIF01/WrltotoFIF02 

B35 BZl B26 B1S B17 B9 BS BO 

~ ~ ~ ~ 3rd:ReadFromFIF01/WrltetoFIF02 

B35 BZl B26 B1S B17 B9 BS BO 8 ~ ~ ~ 4th:ReadFromFIF01/WritotoFIF02 

(d) BYTE SIZE - BIG ENDIAN 

Figure 1. Dynamic Bus Sizing 
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dynamic bus sizing (continued) 

835 827 826 818 817 89 88 80 

8E SIZ1 SIZO 

H H L 
~ ~ ~ ~ 1st:ReadFromFIF01/WrltetoFIF02 

835 827 826 818 817 89 88 80 

~ ~ ~ 8 2nd:ReadFromFIF01/WrltetoFIF02 

835 827 826 818 817 89 88 80 

~ ~ ~ 8 3rd:ReadFromFIF01/WrltetoFIF02 

835 827 826 818 817 89 88 80 

~ ~ ~ 84th: Read From FIF01/Wrlte to FIF02 

(e) 8YTE SIZE - UTTLE ENDIAN 

Figure 1. Dynamic Bus Sizing (continued) 

bus-matching FIF01 reads 

Data is read from the FIF01 RAM in 36-bit long-word increments. If a long-word bus size is implemented, the 
entire long word immediately shifts to the FIF01 output register. If byte or word size is implemented on port B, 
only the first one or two bytes appear on the selected portion of the FIF01 output register with the rest of the 
long word stored in auxiliary registers. In this case, subsequent FIF01 reads with the same bus-size 
implementation output the rest of the long word to the FIF01 output register in the order shown by Figure 1. 

Each FIF01 read with a new bus-size implementation automatically unloads data from the FIF01 RAM to its 
output register and auxiliary registers. Therefore, implementing a new port-B bus size and performing a FIF01 
read before all bytes or words stored in the auxiliary registers have been read results in a loss of the unread 
long-word data .. 

When reading data from FIF01 in byte or word format, the unused BO-B35 outputs remain inactive but static 
with the unused FIF01 output register bits holding the last data value to decrease power consumption. 

bus-matching FIF02 writes 

6-46 

Data is written to the FIF02 RAM in 36-bit long-word increments. FIF02 writes, with a long-word bus size, 
immediately store each long word in FIF02 RAM. Data written to FIF02 with a byte or word bus size stores the 
initial bytes or words in auxiliary registers. The elKS rising edge that writes the fourth byte or the second word 
of long word to FIF02 also stores the entire long word in FIF02 RAM. The bytes are arranged in the manner 
shown in Figure 1. 

Each FIF02 write with a new bus-size implementation resets the state machine that controls the data flow from 
the auxiliary registers to the FIF02 RAM. Therefore, implementing a new bus size and performing a FIF02 write 
before bytes or words stored in the auxiliary registers have been loaded to FIF02 RAM results in a loss of data. 
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In addition to selecting port-B bus sizes for FIFO reads and writes, the port-B bus size select (SIZO, SIZ1) inputs 
also access the mail registers. When both SIZO and SIZ1 are high, the mail1 register is accessed for a port-B 
long-word read and the mail2 register is accessed for a port-B long-word write. The mail register is accessed 
immediately and any bus-sizing operation that can be underway is unaffected by the the mail register access. 
After the mail register access is complete, the previous FIFO access can resume in the next elKB cycle. The 
logic diagram in Figure 2 shows the previous bus-size selection is preserved when the mail registers are 
accessed from port B. A port-B bus size is implemented on each rising elKB edge according to the states of 
SIZO_O, SIZ1_0, and BE_a. 

eLKB 

SIZO 

SlZ1 

BE 

byte swapping 

IrD 
MUX 

~1 
-

'---- 1 

D Q 

1" 

Figure 2. Logic Diagram for SIZO, SIZ1, and BE Register 

SIZO_Q 

SIZ1_Q 

BE_Q 

The byte-order arrangement of data read from FIF01 or data written to FIF02 can be changed synchronous 
to the rising edge of elKB. Byte-order swapping is not available for mail register data. Four modes of byte-order 
swapping (including no swap) can be done with any data port size selection. The order of the bytes are 
rearranged within the long word, but the bit order within the bytes remains constant. 

Byte arrangement is chosen by the port-B swap select (SWO, SW1) inputs on a elKB rising edge that reads 
a new long word from FI F01 or writes a new long word to FI F02. The byte order chosen on the first byte or first 
word of a new long word read from FIF01 or written to FIF02 is maintained until the entire long word is 
transferred, regardless of the SWO and SW1 states during subsequent writes or reads. Figure 3 is an example 
of the byte-order swapping available for long words. Performing a byte swap and bus size simultaneously for 
a FIF01 read first rearranges the bytes as shown in Figure 3, then outputs the bytes as shown in Figure 1. 
Simultaneous bus-sizing and byte-swapping operations for FIF02 writes, first loads the data according to 
Figure 1, then swaps the bytes as shown in Figure 3 when the long word is loaded to FIF02 RAM. 
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byte swapping (continued) 

~ 
~ 

ffi L H 

~ H L 

~ 
~ 

A35 A'Z1 A26 A18 A17 A9 A8 AO 

835 827 826 818 817 89 8S 80 

(a) NO SWAP 

A35 A'Z1 A26 A1S A17 A9 AB AO 

835 827 826 818 817 89 88 80 

(b) 8YTE SWAP 

A35 A'Z1 A26 A18 A17 A9 A8 AO 

835 827 826 81B 817 89 88 80 

(e) WORD SWAP 

A35 A'Z1 A26 A18 A17 A9 A8 AO 

835 827 826 81B 817 89 88 80 

(d) 8YTE-WORD SWAP 

Figure 3. Byte Swapping (Long-\Vord Size Example) 
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The port-A data inputs (AO-A35) and port-B data inputs (BO-B35) each have four parity trees to check the parity 
of incoming (or outgoing) data. A parity failure on one or more bytes of the port-A data bus is reported by a low 
level on the port-A parity error flag (PEFA). A parity failure on one or more bytes of the port-B data inputs that 
are valid for the bus-size implementation is reported by a low level on the port-B parity error flag (PEFB). Odd 
or even parity checking can be selected, and the parity error flags can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more valid bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO-A8, A9-A17, A18-A26, and A27-A35. 
Port-B bytes are arranged as BO-B8, B9-B17, B18-B26, and B27-B35, and its valid bytes are those used 
in a port-B bus-size implementation. When odd/even parity is selected, a port parity error flag (PEFA, PEFB) 
is low if any valid byte on the port has an odd/even number of low levels applied to the bits. 

The four parity trees used to check the AO-A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO-A35 inputs. Likewise, the parity trees used to check the 
BO-B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with CSB low, ENB high, and W/RB 

, low, both SIZO and SIZ1 high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the 
levels applied to the BO- B35 inputs. 

parity generation 

A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN7 4ABT3614 to generate parity bits for port reads from a FIFO or mailbox register. Port-A bytes are arranged 
as AO-A8, A9-A 17, A 18-A26, and A27 -A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO-B8, B9-B17, B18-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all nine inputs of a byte 
regardless ofthe state ofthe parity generate select (PGA, PGB) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels origninally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. Therefore, the port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setup and hold time constraints to the port-A clock (ClKA) and the port-B parity generate select (PGB) 
and ODD/EVEN have setup and hold-time constraints to the port-B clock (ClKB). These timing constraints only 
apply for a rising clock edge used to read a new long word to the FIFO output register. 

The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO-B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO-A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port chip 
select (CSA, CSB) is low, enable (ENA, EMB) is high, write/read select (W/RA, W/RB) input is low, the mail 
register is selected (MBA is high for port A; both SIZO and SIZ1 are high for port B), and port parity generate 
select (PGA, PG B) is high. Generating parity for mail register data does not change the contents of the register. 
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CLKA 

-./ I.- th(RS) 

CLKB I 
-..I ~ tsu(RS) I l tsu(FS) ~ th(FS) I I 

RST----~ I I III : I 
I l I I I I I 

FS1,FSO 

I tpd(C-FF) ~ tpd(C-FF) ~ 
FFA &\~~~~\M : 1'---

I tpd(C-EF) ~ +- ~ I 
EFA ~\\\"~~ I 

~ II.-.! I 
I tpd(C-FF) ..1. I tpd(C-FF) jf-tI 

FFB M~~\\\\ y--
I tPd(C~FJ ~ i 

EFB~~~~ 
tpd(R-F) ~ I I I 

~:~ VZT!ZZZI7a :: I 
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tpd(C-AE) \4 I -t 

AEA'S\\~~~ 
tpd(C-AF) I.. 1 tI 

AFA ?l/ 
tpd(C-AE) Ie ~ 

AEB ~\\\\\\\\~\\~\\~ 
tpd(C-AF) ~ -I 

Figure 4. Device Reset Loading the X Register With the Value of Eight 
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I- tc tl 

~ tw(CLKH) -t- tw(CLKL) ... 1 

CLKA 1 '\ r 
1 , 

FFA High I {-, th(EN) tau (EN) • , 
CSA } I~ 

tsu(EN) ,. tl. ~ th(EN) 

WiRA VZ2??/Z?74 IF 
tSU(EN) ,. t'_~ th(EN) 

MBA 1 
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\ y \ ( '--1 , , , 
1 , 
I , , 
, '/ I 
I 1 
I 

:\\~~~ 1 
1 1 
1 1 

tsu(EN) th(EN) tsu(EN) 14- th(EN) tsu(EN) I4-ij ,4- th(EN) 

ENA 'lZZZZZZZ2'Z/d ' ~ ~\\\\\\\\ Vzzzzzi// 
tsu(D) I. + ~ th(D) 

AO-A35 No Operation $888X&$8? 
I I 

=~:: ~ 
PEFA 

t Written to FIF01 

tpd(D-PE) p--+I tpd(D-PE) p-+I 

Figure 5. Port-A Write Cycle Timing for FIF01 
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eLK8 ___ ( , ___ .-Jj( ' _____ 1 , ___ --Jl( 

I I I 
High I I 

ODD/~ 

EVEN ~~--------------------~----------~~----------------------------

t SIZO = Hand SIZ1 = H writes data to the mail2 register. 

SWAP MODE 

SW1 SWO 

L L 

L H 

H L 

H H 
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DATA SWAP TA8LE FOR LONG·WORD WRITES TO FIF02 

DATA WRITTEN TO FIF02 DATA READ FROM FIF02 

835-827 826-818 817-89 88-80 A35-AZl A26-A18 A17-A9 

A 8 C D A B 

D C B A A B 

C 0 A B A B 

B A 0 C A B 

Figure 6. Port-B Long-Word Write Cycle Timing for FIF02 
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FFB High 

CSB 

WIRB 

ENB 

( 
I 
I 
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\ ___ ----of 
1 
1 
I 

r-.I th(EN) 

I ) 

'-

I I th(SZ) tSU(SZ):+1 -~, f--toI th(SZ) 

SIZ1.SIZO W<~(0""'.1~)-~ (0.1l ~Not(1.1)f~ 

{ ~tSU(D) I .~ ~th(D) 
Uttle BO-B17 ---.,.~ 

Endlan -' -----',-

10u(0) ~ 'r ~ ~ 
End~~~ { B18-B35 ~ r ~,-..... ---------,~~ 

ODD~VEN ~~ __________________ ~ __________________________ __ 

I 
-- I_~_---
PEFB Valid ~ 

t SIZO = Hand SiZ1 = H writes data to the mail2 register. 
NOTE A: PEF8 indicates parity errorfor the following bytes: 835 - 827 and 826-8 18 for big-endian bus, and 817 - 89 and 88-80 for littie-endian 

bus. 

SWAP MODE WRITE 
NO. 

SW1 SWO 

L L 
1 
2 

L H 
1 
2 

H L 
1 
2 

H H 
1 
2 

DATA SWAP TABLE FOR WORD WRITES TO FIF02 

DATA WRITTEN TO FIF02 
DATA READ FROM FIF02 

BIG ENDIAN UTTLE ENDIAN 

B35-B27 B26-B18 B17-B9 BS-80 A35-A27 A26-A1S 

A 8 C 0 
A 8 

C 0 A 8 

0 C 8 A 
A 8 

8 A 0 C 

C 0 A 8 
A 8 

A 8 C 0 

8 A 0 C 
A 8 

0 C 8 A 

Figure 7. Port-B Word Write Cycle Timing for FIF02 
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A17-A9 

C 

C 

C 

C 

AS-AO 

0 

0 

D 

0 
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ClKB 

I I 
I , 

High I I 
I I 

tsu{EN) I+-tI It-tI th(EN) 

1'1 11'-
I \~~1--------------------------4.~! 
I tSU(EN) H I 

WiRB V7ff~/7771 I : 

I '.U(EN)~~ ~ 'r~ 
ENB VZTff/22VZf I ~ \;200<Y ~ ~ 

~:-Jj~ SW1,SWO 

tsu SZ) ,. ~.~ th(SZ) I I 
_ I I I~I Y:> 
BE _ _ _ ~6'~~~~~~~ 

tsu(SZ) th(SZ) I I I 
I I tsu(SZ) th(SZ) 

SIZ1,SIZO (1,0) (1,0) (1,0) (1,0) ~ 
I 

UtIle ~~~~~~ Not (.,')! 

Endlan{ BO-B.~ 
B,gf ~::u: ~II I 

Endlan B27-B35 ~ _ _ ~ 
, I I 

ODDIEVEN iQX :: : :~ 
tpd(C.PE) ~tpd(O.PE) H tpd(D.PE) H tpd(O.PE) H 

PEFB~~~~ 
Valid 

t SIZO = Hand SIZ1 = H writes data to the mail2 register. 
NOTE A; PEF8 indicates parity error for the following bytes: 835-827 for big-end ian bus and 817-89 for little-end ian bus. 
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Figure 8. PO'rt-B Byte Write Cycle Timing for FIF02 
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SW1 SWO 

L L 

L H 

H L 

H H 
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DATA SWAP TA8LE FOR 8YTE WRITES TO FIF02 

DATA WRITTEN 
TO FIF02 

WRITE DATA READ FROM FIF02 

NO. 
81G UTTLE 

ENDIAN ENDIAN 

835-827 88-80 A35-AZ/ A26-A18 A17-A9 AB-AO 

1 A D 
2 B C 

A B C D 
3 C B 
4 D A 

1 D A 
2 C B 

A B C D 
3 B C 
4 A D 

1 C B 
2 D A 

A B C D 3 A D 
4 B C 

1 B C 
2 A D 

A B C D 3 D A 
4 C 8 

Figure 8. Port·B Byte Write Cycle Timing for FIF02 (continued) 
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CLKB __ _ '----'If 
I 

,---..... ~ 
I 
I 

' ____ 1 '--
EFB High 

BO-B35 ----------~_P_re_vl_ou_s_D_at_a__.l 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on 80-835. * Data read from FIF01. 

DATA SWAP TABLE FOR LONG·WORD READS FROM FIF01 

DATA WRITTEN TO FIF01 SWAP MODE DATA READ FROM FIF01 

A35-A2.7 

A 

A 

A 

A 
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A26-A18 A17-A9 AB-AO SW1 SWO B35-B27 B26-B1B B17-B9 

8 C 0 L L A 8 C 

8 C 0 L H 0 C 8 

8 C 0 H L C 0 A 

8 C 0 H H 8 A 0 

Figure 9. Port-B Long-Word Read Cycle Timing for FIF01 
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\ ( \ I '--
I 
I 

Uttle{ 
Endlant BO-B17 ------~L~~~~~ 

Endl:~i {B18-B35 ---------j(r-1ifEWTciU:S"5'irta"'- '-__ .....;..;.;;.;;;.;;; _____ J '-______ _ 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on 80-835. 
t Unused word 80-817 or 818-835 holds last FIF01 output register data for word-size reads. 

DATA SWAP TA8LE FOR WORD READS FROM FIF01 

DATA READ FROM FIF01 
DATA WRITTEN TO FIF01 SWAP MODE READ 

NO. 
81G ENDIAN 

A35-A27 A26-A18 A17-A9 A8-AO SW1 SWO 835-827 826-818 

A 8 C 0 L L 
1 A B 
2 C 0 

A 8 C D L H 
1 0 C 
2 B A 

A B C D H L 
1 C D 
2 A B 

A B C D H H 
1 B A 
2 0 C 

Figure 10. Port-B Word Read Cycle Timing for FIF01 
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LITTLE ENDIAN 

817-89 88-80 

C 0 
A 8 

B A 
0 C 

A B 
C D 

0 C 
B A 
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CLKB 

EFB High I 
I 
I 

CSB 1 ~ I 1 
W~~~ I I hzaz 

I ' I 1 I 
I tsu(EN) ~ th(EN) 1 

ENB azzqz;r44 I ~ I ~ I ~ : "'-'00\ ND d( //ZZZ 

SW1.SWO 

BE'" = 
tsu(SZ) ~I th(SZ) I I I I : 

SIZ1.SIZO _ ~D1(I.')f ~ 
Not (1" 1)t I Not (1,1)t Not (1,1)t I I I 
tsu(PG) ~ th(PG) I I I I 

PGB, I 

ODD/EVEN ~ 
. I I 

"'n i+-->I :- .. -, ~ fa --..I !+- '. --..I r- '. -.! 'dl. J+-OI 
BO-B8 t . * R~ 1 * R.ead 2 * Read 3 * Read 4 'J---

Previous Data I I I. I I 
i.- ta -.i I.- ta -tI 14- ta -tI I.- ta -./ tctlSI.-.t 

B27-B35 (* Read 1 * Read 2 * Read 3 * Read 4 'J--­
Previous Data 

t SIZO = Hand SIZ1 = H selects the mail1 register for output on BO-835. 
NOTE A:. Unused bytes hold last FIF01 output register data for byte-size reads. 
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Figure 11. Port-B Byte Read Cycle Timing for FIF01 
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DATA SWAP TABLE FOR BYTE READS FROM FIF01 

DATA READ 
FROM FIF01 

DATA WRITTEN TO FIF01 SWAP MODE READ 
NO. 

BIG UTTLE 
EN DIAN ENDIAN 

A35-AZ7 A26-A18 A17-A9 A8-AO SW1 SWO B35-B27 88-80 

1 A D 

A B C D L L 
2 B C 
3 C B 
4 D A 

1 D A 

A B C D L H 
2 C B 
3 B C 
4 A D 

1 C B 

A B C D H L 
2 D A 
3 A D 
4 B C 

1 B C 

A B C D H H 
2 A D 
3 D A 
4 C B 

Figure 11. Port-B Byte Read Cycle Timing for FIF01 (continued) 

CLKA \ 

EFA High 

CSA } 
I 

W/RA \\\\\) 
I 

MBA I ). 

AO-A35 -----

PGA, 

( 
1 
1 
1 
I 
1 
1 
1 
1 

\ ..... ----':, 
1 
1 
1 
1 

'-

II 

tsu(EN) I 
1.=--+1 

I+- th(EN) I-t\ 

tss~~ 

I 
I 
!.-- th(EN) 

tzz;v;/?/ 

ODD/EVEN ~--~-~- '-----' ~~~~~ '----' ""'~~~~~~~~~~~~~ 

t Read from FIF02 

Figure 12. Port-A Read Cycle Timing for FIF02 
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CLKA 
1 
1 

CSA low 1 
I 

WiRA High . l 
t I+-t' I 
su(EN) I -+J 14- th(EN) 

MBA '~~I ~I_~M' ~Z-?6"'7'6-r2'7"Z~Z~Z~V""'/:"""/:""'Z-?Z"'7'Z-r2'7"Z~;:~V~/:""'/:"""Z""';:-?Z"'7'Z-rZ'7"2~2~2~V-'. /:"""/:""'Z""'Z-?Z"'7'Z-rZ'7"Z""""'Z; 
~N~~ 

ENA 1 

1 I 
FFA High 1 1 

tSU(D) Jt-.!! 1_ I 

AO-A35 

tsk1t I" 11'14- te -./ 

tw(ClKH) b~ tw(ClKl) 

ClKS 1 2 

EFS FIF01 Empty 

CSB low 
i 
1 wiRs __ lO_W __________________________________ ~I ____________________________ __ 

I 
SIZ1, SIZO low I 

tau EN :::;i f*- th(EN) 

ENS VZZZZ;Z;V/ZZl/i/ZZl/Z//~ffi ~~~\S§\'§ 
14- ta --.I 

BO-S35~----~----W~1---------

t tsk 1 is the minimum time between a rising CLKA edge and a rising ClKS edge for EF S to transition high in the next ClKS cycle.lfthe time between 
the rising ClKA edge and rising ClKS edge is less than tsk1' then the transition of EFS high may occur one ClKS cycle later than shown. 

NOTE A: Port-S size of long word is selected for FIF01 read by SIZ1 = l, SIZO = L If port-S size is word or byte, EFS is set low by the last word 
or byte read from FIF01, respectively. 
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Figure 13. EFS-Flag Timing and First Data Read When FIF01 Is Empty 
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CSB Low I 
I 

V/iRB High I 
tsu(EN) !4-!1 

I ~ t+- th(EN) 

SIZ1, SIZO """''-\:~\:~S''''''or\:''''''orS-S-tJ {'/"""':;:""Z.;.,Z....;Z-":;:""Z""Z"":;:""Z"":;:""Z""Z""Z"":;:""Z7""/,7""27""27""/I:""-::'/,""-::'/,"""''/,''"''''/,''"'''2''''2-''2-''Z-"2""2""Z""/,""Z""2""Z""2""2""2""Z"":;:-2-2-2"-/,"""7/ 
tsu(EN) --., \4- th(EN) 

ENB t!?7z/; I x .... :>~S~S~~~\,~ ___________________ _ 
I 1 

FFB High I I 
tsu(O) HI I 

I -+I I+- th(O) 

BO-B35 

t t I. 14- te ---ot 
sk1 ~ I~ tw(CLKL) 

tw(CLKH) ~ 1 

CLKA 

EFA ________ FI_Fo_2_E_m~p_~ ________ tP_d_(C_.E_F_)_1~4_-_-_-_-~}--~t====~~~tP_d(_C_.E_F_) ________________ _ 

I 
CSA Low 1 

------------------------------------~I----------------------------
W/RA Low I 

I 
I 

MBA Low I 

F,I 14- th(EN) 
tsu(EN) ~ 

ENA 02/Z/l/2VZZZZl7L1/l/Z/VT///G )'~~~\\\\\\"~)S' 
k- ta ----' 

AO-A35~--------~W~1----------

t tsk1 is the minimum time between a rising CLKBedge and a rising CLKA edge for EFA to transition high in the next CLKA cycle.lfthe time between 
the rising CLKB edge and rising CLKA edge is less than tsk1. then the transition of EFA high may occur one CLKA cycle later than shown. 

NOTE A: Port-B size of long word is selected for FIF02 write by SIZ1 = l, SIZO = L. If port-B size is word or byte. tsk1 is referenced to the rising 
CLKB edge that writes the last word or byte of the long word. respectively. 

Figure 14. EFA-Flag Timing and First Data Read When FIF021s Empty 
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r--tc~ 
tw(CLKH) ," .,. -, tw(ClKl) 

ClKB I \. k ' ___ I ' ___ I 
,'---..,/ ''---, 

CSB __ lo_w ___________ I~--------------------------------------------------

wmB __ lO_W __________ ~,----------------------------------------------------I 
SIZ1,SIZO _lo_w __________ -+-l ____________________________ ~ ____________________ __ 

ENB 

High 

tsu(EN)'~ th(EN) 

I/l/)j I ~110...,;\\:~~~~~~ _________________ _ 
I 

Next Word From FIF01 

t+- tsk1 t -tI 
Iif-·--tc~ 

tw(ClKH) ,. .~ -t tw(ClKl) 

CLKA ~,-_--,I"'-""""" 11 '\ f2 ' ___ I ' __ ~r-
tpd(C-FF) ,. ., I .... ---tl_1 tpd(C-FF) 

FFA ______________ F_IF_o_1_F_u_" ____________________ ~1 I \~ ______ __ 
, 

CSA low I ---------------------------------------------+,-----------------, 
wmA High I 

tsu(EN) It-+~ th(EN) 

MBA ~'S-$-$~$~$~0~$~~~\\:~~~0~~~$~$~~-$~~~$~$~~~$~$~$\:~~~~~$~$~~-$-~~$~$~0~0~$~~ I t.,.,.2"7"2"7"2.,...2.,...2~?:--V-.'/,,...,'/,,...,'/,,...,2...,.2~ 

tsu(EN) k--.j...l th(EN) 

ENA T=/IIZZI/IIZ2ZZIZ/t? I ~"\~~ 
tsu(O) ~4-./ th(O) 

AO-A35 

To F/F01 

t tsk1/s the minimum time between a rising ClKS edge and a rising CLKA edge for FFAto transition high in the next ClKA cyc/e.lfthe time between 
the rising ClKS edge and rising ClKA edge Is less than tsk1. then FFA may transition high one ClKA cycle later than shown. 

NOTE A: Port-S size of long word is selected for FIF01 read by SIZl = l. SIZO = L.lf port-S size is word or byte. tskl/s referenced from the rising 

EH32 

Figure 15. FFA-Flag Timing and First Available Write When FIF01 Is Full 
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I I 
tw(CLKH) I" ~.. ·1 tw(CLKL) 

CLKA I \ I '\.-_oJl 
, __ --.J

1 
, __ --.J

1 ,'------1 
1 

CSA __ Lo~w __________ ~1 __________________________________________________ __ 
1 

- Low 1 
W~A ~~ __________ ~I __________________________________________________ __ 

1 MBA __ LO_W __________ ~I __________________________________________________ __ 

tsu(EN) I~I th(EN) 

ENA __ "-//"""",2 ... 2"",71 : ~"_$_\:_S_S\~ __________________ _ 
I 

High 

AO-A35 Previous Word In FIF02 Output Register Next Word From FIF02 

\l1li- tsk1 t -ill 
I ...... --tc--l 

tw(CLKH) I" tft ./ tw(CLKL) 
CLKB ,, ___ /---, 11 '\ (2 ' ___ I , __ --Jr-

tpd(C.FF) I" .1 ~1"_---toI.1 tpd(C'FF) 
FFB _______ FI_FO_2_F_ul_1 _________ --1; : '\ -

I 
CSB Low 1 -----------------------------------TI---------------

I 
WiRB High 

SIZ1, SIZO 

ENB V2///lAV/ZZZZZZT/Z//T//Z/Zl ///T//i a I~~\\\\'S 
1 I 1 

tsu(D) ~.-.I th(D) 

BO-B35 

To FIF02 

t tsk1 is the minimum time between a rising ClKA edge and a rising ClKS edge for FFStotransition high inthe next ClKS cycle.lfthetime between 
the rising ClKA edge and rising ClKS edge Is less than tsk1. then FFS may transition high one ClKS cycle later than shown. 

NOTE A: Port-S size of long word Is selected for FIF02 write by SIZl = l. SIZO = L. If port-S size is word or byte. FFS Is set low by the last word 
or byte write of the long word. respectively. 

Figure 16. FFB-Flag Timing and First Available Write When FIF02 Is Full 
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CLKA 

tsu(EN) I" -:1 tt- th(EN) 

ENA 1//ZZZ7l : ~~S:_\:_~_S_S_:\"Io.Jo __________________ _ 
!.- tsk2 t -.! 

CLKB 

tpd(C-AE) l AEB X Long Words In FIF01 
~ tpd(C-AE) /" 

ex + 1) Long Words In FIF01 

tSU(EN) M /4-th(EN) 

ENB _________________________________ ~t2~6~2~7.~6~2~~ ~~~ 

t tsk2 is the minimum time between a rising ClKA edge and a rising CLKB edge for AEB to transition high In the next ClKB cycie.lfthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk2,then AEB may transition high one ClKB cycie later than shown. 

NOTES: A. FIF01 write (CSA = L, WiRA = H, MBA = l), FIF01 read (CSB = l, W/RB = l, MBB = l). 
B. Port-B size of long word is selected for FIF01 read by SIZ1 = L, size = L If port-B size is word or byte, AEB is set low by the first 

word or byte read of the long word, respectively. 

Figure 17. Timing for AEB When FIF011s Almost Empty 

CLKB 

ENB 

tsu(EN) I" -:1 It- th(EN) 

/27~ I~~S~S~$~S~$~~~ ________________________________ __ 
If- tsk2 t -tI 

CLKA 

tpd(C-AE) 

AEA X Long Words In FIF02 

I 14----tl_, tpd(C-AE) r -I 
j ex + 1) Long Words In FIF02 \.. 

L ~ j4-th(EN) 

~ ~~~L __________________________________ ~t/,~2~2~6~2~?I ~ 

t tsk2 is the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transition high inthe next ClKA cycie.lfthe time between 
the rising ClKB edge and rising ClKA edge is less than tsk2' then AEA may transition high one ClKA cycie iater than shown. 

NOTES: A. FiF02 write (CSB = L, W/RB = H, MBB = l), FiF02 read (CSA = l, WiRA = l, MBA = l). 

6-64 

B. Port-B size of long word is selected for FIF02 write by SIZ1 = l, size = L If port-B size is word or byte, tsk2 is referenced from the 
rising ClKS edge that writes the last word or byte of the long word, respectively. 

Figure 18. Timing for AEA When FIF02 Is Almost Empty 
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~ tSk2t ~ 
1 I , Y1 \ 12 I 1 

I 1 

\ / 
, 'su(EN) A j4-- 'h(EN) 

I 1 IIZZT~ ~~"\ 1 . I 
I I 1 

tpd(C-AF) Iii tl I tpd(C-AF) I-
I 

[64 - (X + 1)) long Words In FIF01 (64 - X) long Words In FIF01 

I 
I \ ,-----'~----I 

t ... -!'! 14- th(EN) 
su(EN)..-... L 

______________ ~t~Y,~7~6~2~2~z7 ~~$~$~~~0~0~\~ __________________ __ 

''---_I ''---_I 

t tsk2 is the minimum time between a rising ClKA edge and a rising ClKB edge for AFA to transition high in the next ClKA cycle.lfthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk2' then AFA may transition high one ClKB cycle later than shown. 

NOTES: A. FIF01 write (CsA = L, W/RA = H, MBA = l), FIF01 read (CsB = l, wiRB = l, MBB = L). 
B. Port-B size of long word is selected for FIF01 read by sIZ1 = l, slZO = L If port-B size is word or byte, tsk2 is referenced from the 

first word or byte read of the long word, respectively. . 

Figure 19. Timing for AFA When FIF01 Is Almost Full 

j4- tSk2t ~ 

ClKB I \ I \~ ____ /---~I-'~ ____ Y~1----\ (2 
tsu(EN) ~ ~ th(EN) I 1 

,~--_/ 

ENB awn :~~ I : 
tpd(C-AF) I. ~: I tpd(C-AF) 14-1·---11111 

AFB [64 - (X + 1)] Long Words In FIF02 
(64 - X) Long Words In FIF02 

I 

CLKA ----I \~ ___ ~I \ } \ 1 '--
tsu(EN) ~ 14- th(EN) 

______________ ~,~/~/~Z~2~2~? l~S~~~S~S~0~~~~ __________________ __ ENA 

t tsk21s the minimum time between a rising CLKB edge and a rising ClKA edge for AF B to transition high in the next ClKB cycle. If the time between 
the rising ClKB edge and rising ClKA edge Is less than tsk2' then AFB may transition high one CLKA cycle later than shown. 

NOTES: A. FIF02 write (CsB = L, W/RB= H, MBB = l), FIF02 read (CsA = l, W/RA = L, MBA;= l). 
B. Port-B size of long word is selected for FIF02 write by sIZ1 = l, slZO = L. If port-B size is word or byte, AFB is set low by the last 

word or byte write ofthe long word, respectively. 

Figure 20. Timing for AFB When FIF02 Is Almost Full 
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CLKA I ,'-__ -J1 

CLK8 I 

SIZ1, SIZO 

EN8 

' ____ ..,1 '--

,'-----

80-835 W1 (remains valid in mail1 register after read) 

FIF01 Output Register 

NOTE A:. Port-B parity generation off (PGB = l) 

6--66 

Figure 21. Timing for Mall1 Register and MBF1 Flag 
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CLKBI \ ( \ I \ I '-
tsu(EN) ~ ~th(EN) 

CSB ----------~~------------------------------------------
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tou(sZ) I~ r th(SZ) 
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~S~ BO-B35 

I 
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I' 1 
I I 
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!J I I I 
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FIF02 Ou1put Register 

NOTE k Port-A parity generation off (PGA = U 

Figure 22. Timing fot Mail2 Register and MBF2 Flag 
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NOTE A: ENA Is high and CSA Is low. 

0001 
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Figure 23. ODD/EVEN, WiRA, MBA, and PGA to PEFA Timing 
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NOTE A: ENB Is high and CSB Is low. 

6-£8 

Figure 24. ODD/EVEN, wiRB, SIZ1, SIZO, and PGB to PEFB Timing 
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\-----------------------------I 
I 
I 
I 

~~-------------------~l --------------------------------I I 
vT41/ZZZ2f I 

I I I 

/d(zzz!7/Jk I )-------
I 
,...-- tpd(E.PB) ~ 

Generated Parity *~M~all~2 O~a~ta 

I 14- tpd(E.PB) --./ I 
I+- ton ~ \4- tpd(M.OV) -tI I 14- tpd(O.PB) ~ 
----~ Generated Parity * 

Mall2 
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NOTE A'. ENA is high. 

0001 
EVEN 

w/RB 

Low 

Figure 25. Parity-Generation Timing When Reading From the Mall2 Register 

\-----------------------------------------I 
I 
I 
I 

~ I 
I I 

~~.~ I 
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B26,B35 

~ I ) ______________________ __ 
I 14- tpd(E.PB) --./ I I 
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~-~_~~ __ I_~_~......-__ I~~-
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NOTE A'. ENB is high. 

Figure 26. Parity-Generation Timing When Reading From the Mail1 Register 
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WITH BUS MATCHING AND BYTE SWAPPING 
SCBS126C-JUNE 1992-REVISED JANUARY 1994 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range. Vee .......................................................... -0.5 V to 7 V 
Input voltage range. VI (see Note 1) .......................................... -0.5 Vto Vee + 0.5 V 
Output voltage range. Va (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current. 11K (VI < 0 or VI> Vee) ............................................... ±20 rnA 
Output clamp current. 10K (VA < 0 or Va> Vee) ........................................... ±50 rnA 
Continuous output current. 10 (VA = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ±500 rnA 
Operating free-air temperature range. TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating condHlons" Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings may be exceeded provided the Input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -4 rnA 

10L Low-level output current 8 rnA 

TA Operating free-air temperature 0 70 ·e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH Vee = 4.5 V. 10H =-4mA 

VOL Vee = 4.5 V. IOL=8 rnA 

II Vee = 5.5 V. VI = Vee orO 

loz Vee = 5.5 V. Vo =Vee orO 

Outputs high 

ICC Vee = 5.5 V. 10 =OmA, VI = Vee or GND Outputs low 

Outputs disabled 

ei VI=O, f = 1 MHz 

Co VO=O, f = 1 MHz 

* All typical values are at Vee = 5 V. TA = 25°C. 

6-70 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 4 through 26) 

'ABT3614-15 'ABT3614-20 'ABT3614-30 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

fclock Clock frequency, ClKA or ClKB 66.7 50 33.4 MHz 

tc Clock cycle time, ClKA or CLKB 15 20 30 ns 

tw(CLKH) Pulse duration, ClKA and ClKB high 6 8 12 ns 

tw(CLKl) Pulse duration, CLKA and ClKB low 6 8 12 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN) 
Setup time, CSA, W/RA. ENA, and MBA before CLKAt: CSB, 

5 5 6 ns 
wiRB, and ENB before ClKBt 

tsu(SZ) Setup time, SIZO, SIZ1, and BE before ClKBt 4 5 6 ns 

tsu(SW) Setup time, SWO and SW1 before ClKBt 5 7 8 ns 

tsu(PG) 
Setup time, ODD/EVEN and PGA before CLKAt; ODD/EVEN and 

4 5 6 ns 
PGB before ClKBtt 

tsu(RS) Setup time, RST low before ClKAt or CLKBt; 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST high 5 6 7 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 1 1 1 ns 

th(EN) 
Hold time, CSA, W/RA, ENA, and MBA after ClKAt; CSB, W/RB, 

1 1 1 ns 
and ENB after ClKBt 

th(SZ) Hold time, SIZO, SIZ1, and BE after ClKBt 2 2 2 ns 

th(SW) Hold time, SWO and SW1 after ClKBt a 0 0 ns 

th(PG) 
Hold time, ODD/EVEN and PGA after ClKA t: ODD/EVEN and a a a ns 
PGB after CLKBtt 

th(RS} Hold time, RST low after CLKA f or ClKBt; 5 6 ~ 7 ns 

th(FS) Hold time, FSO and FS1 after RST high 4 4 4 ns 

tsk1§ 
Skew time, between ClKA t and ClKB t for EFA, EFB, FFA, and 

8 8 10 ns 
FFB 

tsk2§ 
Skew time, between ClKA t and ClKBt for AEA, AEB, AFA, and 

9 16 20 ns 
AFB 

t Only applies for a clock edge that does a FIFO read 
; Requirement to count the clock edge as one of at least four needed to reset a FIFO 
§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 4 through 26) 

'ABT3614-15 
PARAMETER 

MIN MAX 

ta Access time, ClKAt to AO-A35 and ClKBt to BO-B35 2 10 

tpd(C-FF) Propagation delay time, CLKA t to FFA and ClKBt to FFB 2 10 

tpd(C-EF) Propagation delay time, CLKAt to EFA and ClKBt to EFB 2 10 

tpd(C-AE) Propagation delay time, CLKAt to AEA and ClKBt to AEB 2 10 

tpd(C-AF) Propagation delay time, CLKAt to AFA and CLKBt to AFB 2 10 

tpd(C-MF) 
Propagation delay time, ClKAt to MBF1 low or MBF2 high and 

1 9 
ClKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKA t to BO-B35t and ClKBt to 

3 11 
AO-A35; 

tpd(C-PE)§ Propagation delay time, CLKBt to PEFB 2 11 

tpd(M-DV) 
Propagation delay time, MBA to AO-A35 valid and SIZ1, SIZO to 

1 11 
80-835 valid 

tpd(D-PE) 
Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 

3 10 
valid to PEFB valid 

tpd(O-PE) Propagation delay time, ODD/EVEN to PEFA and PEFB 3 11 

tpd(O-PB)~ 
Propagation delay time, ODD/EVEN to parity bits (A8, A 17, A26, 

2 11 
A35) and (B8, B17, B26, B35) 

tpd(E-PE) 
Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 

1 11 
PEFA; CSB, ENB, WiRB, SIZ1, SIZO, or PGB to PEFB 

Propagation delay time, CSA, ENA. W/RA, MBA, or PGA to 

tpd(E-PB)~ parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, SIZ1, SIZO, or 3 12 
PGB to parity bits (B8, B17, B26, 835) 

tpdCR-F) Propagation delay time, RST to (MBF1, MBF2) high. 1 15 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 

2 10 
and W/RB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 

1 8 
and CSB high or W/RB low to 80-B35 at high impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and SIZ1, SIZO are high. 
; Writing data to the mail2 register when the AO-A3S outputs are active and MBA is high. 
§ Only applies when a new port-B bus size is implemented by the rising ClKB edge. 
~ Only applies when reading data from a mail register 
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' ABT3614-20 'ABT3614-30 

MIN MAX MIN MAX 
UNIT 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

1 12 1 15 ns 

3 13 3 15 ns 

2 12 2 13 ns 

1 11.5 1 12 ns 

3 11 3 13 ns 

3 12 3 14 ns 

2 12 2 14 ns 

1 12 1 14 ns 

3 13 3 14 ns 

1 20 1 30 ns 

2 12 2 14 ns 

1 9 1 11 ns 
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TYPICAL CHARACTERISTICS 
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fclock - Clock Frequency - MHz 

Figure 27 

The ICC(f) current for the graph in Figure 28 was taken while simultaneously reading and writing the FIFO on 
the SN7 4ACT3614 with ClKA and ClKS set to fclock.AII data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-outpulchannel is known, the power dissipation can 
be calculated with the equation below. 

With ICC(f) taken from Figure 28, the maximum power dissipation (PT) of the SN7 4AST36.14 can be calculated 
by: 

PT = Vce x ICC(f) + }:(CL x VOH2 x fo) 

where: 

CL = output capacitive load 
fo switching frequency of an output 
VOH = output high-level voltage 

When no reads or writes are occurring on the SN74AST3614, the power dissipated by a single clocl< (ClKA or 
ClKS) input running at frequency fclock is calculated by: 

PT = VCC x fclock x 0.290 mNMHz 

~TEXAS 
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64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH BUS MATCHING AND BYTE SWAPPING 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 28. Load Circuit and Voltage Waveforms 
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H-B (HIGH-BANDWIDTH) COMPUTING 36-BIT CLOCKED FIFOS 

Features 

• 36-bit FIFO interface 

• Bidirectional option 

• Mailbox-register bypass 

• Microprocessor-control circuitry 

• Multiple default values for separate AF 
and AE flags 

• Parity generation and check 

• EIAJ standard 120-pin thin quad flat 'packs 
(TQFP) 

• TI has established an alternate source 

Benefits 

• Single-chip implementation for high levels 
of integration 

• Two dual-port SRAMS allows true 
bidirectional capability 

• Quick access to priority information 

• Interface matches most processors and 
DSP bus cycle timing and 
communications 

• Easy alternatives for flag settings 

• Ensures valid data 

• 67% less board space than equivalent 
132-pin PQFPs; over 66% less board 
space than four 9-bit 32-pin PLCC 
equivalents 

• Standardization that comes from a 
common second source 



SN74ABT3611 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCBS127C-JULY 1992-REVISEOAPRIL 1994 \·J=;=========-======------------............................ Iiiiiii ___ ==:::i 

o Free-Running ClKA nnd ClKB Can Be 
Asynchronous or Coincident 

o 64 x 36 Clocked FIFO Buffering Data From 
Port A to Port B 

o Mailbox Bypass Register In Each Direction 
o Programmable Almost-Full and 

Almost-Empty Flags 
o Microprocessor Interface Control logic 
o Full Flag (FF) and Almost-Full Flag (AF) 

Synchronized by ClKA 

description 

• Empty Flag (EF) and Almost-Empty 
Flag (AE) Synchronized by ClKB 

• Passive Parity Checking on Each Port 
• Parity Generation Can Be Selected for Each 

Port 

• low-Power Advanced BICMOS Technology 
o Supports Clock Frequencies up to 67 MHz 
o Fast Access Times of 10 ns 

• Available In Space-Saving 120-Pln Thin 
Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PC) 

The SN74AST3611 is a high-speed, low-power SiCMOS clocked FI FO memory. It supports clock frequencies 
up to 67 MHz and has read access times as fast as 10 ns. A 64 x 36 dual-port SRAM FIFO buffers data from 
port A to port S. The FIFO has flags to indicate empty and full conditions and two programmable flags (almost 
full and almost empty) to indicate when a selected number of words are stored in memory. Communication 
between each port can take place through two 36-bit mailbox registers. Each mailbox register has a flag to signal 
when new mail has been stored. Parity is checked passively on each port and can be ignored if not desired. 
Parity generation can be selected for data read from each port. Two or more devices can be used in parallel 
to create wider data paths. 

The SN74AST3611 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The full flag (FF) and almost-full flag (AF) of the FIFO are two-stage synchronized to the port clock that writes 
data to its array (ClKA). The empty flag (EF) and almost-empty (AE) flag of the FIFO are two-stage 
synchronized to the port clock that reads data from array (ClKS). 

The SN74ABT3611 is characterized for operation from O°C to 70°C. 

~~~e~~:o~T~ s~O:~~II~~I~~~:~:~~ : ,rx~!I~~;~~m~~~ 
standard warranty. Production processing does not nlCuuriIy Includ. 
teallng of all pUlmtltl'1. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

Copyright © 1994. Texas Instruments Incorporated 
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90 822 
89 821 
88 GND 
87 820 
86 819 
85 818 
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83 816 
82 815 
81 814 
80 813 
79 812 
78 811 
77 810 
76 GND 
75 89 
74 88 
73 87 
72 VCC 
71 86 
70 85 
69 84 
68 83 
67 GND 
66 82 
65 81 
64 80 
63 EF8 
62 AE8 
61 NC 
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t Uses Yamaichi socket IC51-1324-828 
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functional block diagram 
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TERMINAL Vo 
NAME 

AO-A35 I/O 

AE 0 

AF 0 

SO-S35 I/O 

ClKA I 

ClKS I 

CSA I 

CSS I 

EF 0 

ENA I 

ENS I 

FF 0 

FS1, FSO I 

MSA I 

MSS I 

MSF1 0 

MBF2 0 

000/ 
EVEN 

I 

PEFA 
0 

(~ortA) 

SN74ABT3611 
64 x 36 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Almost-empty flag. Programmable almost-empty flag synchronized to ClKS. AE is low when the number of words In 
the FIFO is less than or equal to the value in the offset register, X. 

Almost-full flag. Programmable almost-full flag synchronized to ClKA. AF is low when the number of empty locations 
In the FIFO is less than or equal to the value in the offset register, X. 

Port-S data. The 36-bit bidirectional data port for side S. 

Port-A clock. ClKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKS. FF and AF are synchronized to the low-to-high transition of ClKA. 

Port-S clock. ClKS is a continuous clock that synchronizes all data transfers through port S and can be asynchronous 
or coincident to CLKA. EF and AE are synchronized to the low-to-high transition of ClKS. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are In the high-impedance state when CSA is high. 

Port-S chip select. CSS must be low to enable a low-to-high transition of ClKS to read or write data on port S. The 
SO-S35 outputs are In the high-Impedance state when CSS is high. 

Empty flag. EF is synchronized to the low-to-high transition of ClKS. When EF is low, the FIFO is empty and reads from 
its memory are disabled. Data can be read from the FIFO to its output register when EF is high. EF is forced low when 
the device is reset and is set high by the second low-to-high transition of ClKS after data is loaded into empty FIFO 
memory. 

Port-A enable. ENA must be high to enable a low-to-high transition of ClKA to read or write data on port A. 

Port-S enable. ENS must be high to enable a low-to-high transition of ClKS to read or write data on port S. 

Full flag. FF is synchronized to the low-to-high transition of ClKA. When FF is low, the FIFO is full and writes to its 
memory are disabled. FF is forced low when the device is reset and is set high by the second low-to-high transition of 
ClKA after reset. 

Flag-offset selects. The low-to-high transition of RST latches the values of FSO and FS 1, which loads one of four preset 
values into the almost-full and almost-empty offset register (X). 

Port-A mailbox select. A high level on MSA chooses a mailbox register for a port-A read or write operation. 

Port-S mailbox select. A high level on MSS chooses a maiibox register for a port-S read or write operation. When the 
SO-S35 outputs are active, a high level on MSS selects data from the mail1 register for output and a low level selects 
the FIFO output register data for output. 

Mail1 register flag. MSF1 is set low by the low-to-high transition of ClKA that writes data to the maii1 register. Writes 
to the mail1 register are inhibited whiie MBF1 is low. MBF1 is set high by a low-to-high transition of ClKS when a port-S 
read is selected and MSB is high. MBF1 is set high when the device is reset. 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the maii2 register. Writes 
to the mail2 register are inhibited while MBF2 is low. MBF2 is set high by a low-to-high transition of ClKA when a port-A 
read is selected and MSA is high. MBF2 is set high when the device is reset. 

Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity is checked when 
ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation is enabled 
for a read operation. 

Port-A parity error flag. When any byte applied to terminals AO-A35 fails parity, PEFA is low. Sytes are organized as 
AO-AB, A9-A 17, A 1B-A26, and A27-A35, with the most-significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 

The parity trees used to check the AO-A35 inputs are shared by the mail2 register to generate parity if parity generation 
is selected by PGA. Therefore, if a mail2 read with parity generation is setup by having CSA low, ENA high, W/RA low, 
MBA high, and PGA high, the PEFA flag is forced high regardless of the state of the AO -A35 inputs. 
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Terminal Functions (Continued) 

TERMINAL 
VO DESCRIPTION 

NAME 

Port-B parity error flag. When any byte applied to terminals BO-B35 fails parity, PEFB is low. Bytes are organized as 
BO-BS, B9-B17, B1S-B26, and B27 -B35, with the most significant bit of each byte serving as the parity bit. The type 
of parity checked is determined by the state of the ODD/EVEN input. 

PEFB 
0 

(port 8) The parity trees used to check the 80-B35inputs are shared by the mail1 register to generate parity if parity generation 
is selected by PGB. Therefore, if a mail1 read with parity generation is setup by having CSB low, ENB high, wiRB low, 
MBB high, and PGB high, the PEFB flag is forced high regardless of the state of the 80-B35 inputs. 

Port-A parity generation. Parity is generated for mail2 register reads from port A when PGA is high. The type of parity 

PGA I generated is selected by the state of the ODD/EVEN input. 8ytes are organized as AO-AS, A9-A 17, A 18-A26, and 
A27 -A35. The generated parity bits are output in the most significant bit of each byte. 

Port-8 parity generation. Parity is generated for data reads from port 8 when PG8 is high. The type of parity generated 

PGB I is selected by the state ofthe ODD/EVEN input. Bytes are organized as BO-8S, 89-B17, 81S-B26, and 827-835. 
The generated parity bits are output in the most significant bit of each byte. 

Reset. To reset the device, four low-to-high transitions of CLKA and four low-to-high transitions of ClKB must occur 
RST I while RST is low. This sets the AF, MBF1, and MBF2 flags high and the EF, AE, and FF flags low. The low-to-high 

transition of RST latches the status ofthe FS1 and FSO inputs to select almost-full and almost-empty flag offset. 

wiRA I 
Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of CLKA. The AO-A35 outputs are in the high-impedance state when wiRA is high. 

WiRB I 
Port-B write/read select. W/RB high selects a write operation and a low ,selects a read operation on port B for a 
low-to-high transition of CLKB. The BO-B35 outputs are in the high-impedance state when WiRB is high. 

detailed description 

reset 

7-8 

The SN74ABT3611 is reset by taking the reset (RST) input low for at least four port-A clock (CLKA) and four 
port-B clock (ClKS) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of the FIFO and forces the full flag (FF) low,the empty flag 
(EF) low, the almost-empty flag (AE) low, and the almost-full flag (A F) high. A reset also forces the mailbox flags 
(MBF1, MBF2) high. After a reset, FF is set high after two low-to-high transitions of CLKA. The device must be 
reset after power up before data is written to its memory. 

A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 

FS1 

H 

H 

l 

l 

Table 1. Flag Programming 

ALMOST-FULL AND 
FSO RST ALMOST-EMPTY FLAG 

OFFSET REGISTER (X) 

H t 16 

l t 12 

H t S 

l t 4 
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FIFO write/read operation 
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The state of the port2' data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the p~rt-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. Data is loaded into the FIFO from the 
AO-A35 inputs on a low-to-high transition of GlKA when GSA is low, W/RA is high, ENA is high, M8A is low, 
and FF is high (see Table 2). 

Table 2_ Port·A Enable Function Table 

CSA W/RA ENA MBA ClKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

l H l X X In high-impedance state None 

L H H l t In high-impedance state FIFO write 

L H H H t In high-impedance state Mail1 write 

L L L l X Active, mail2 register None 

L L H L t Active, mail2 register None 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-8 control signals are identical to those of port A. The state of the port-8 data (80-835) outputs is 
controlled by the port-8 chip select (GS8) and the port-8 write/read select (W/R8). The 80-835 outputs are 
in the high-impedance state when either GS8 or W/R8 is high. The 80-835 outputs are active when both GS8 
and W/R8 are low. Data is read from the FIFO to the 80-835 outputs by a low-to-high transition of GlK8 when 
GS8 is low, W/R8 is low, EN8 is high, M88 is high, and EF is high (see Table 3). 

Table 3. Port·B Enable Function Table 

CSB W/RB ENB MBB ClKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state None 

L H H H t In high-impedance state Mail2write 

L L L L X Active, FIFO output register None 

l L H L t Active, FIFO output register FIFO read 

L L L H X Active, mail1 register None 

L L H H t Active, mail1 register Mail1 read (set MBF1 high) 

The setup and hold-time constraints to the port clocks for the port chip selects (GSA, GS8) and write/read selects 
(W/RA, W/R8) are only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port's chip select and write/read select can 
change states during the setup and hold-time window of the cycle. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 7-9 



SN74ABT36ii 
64 x 36 CLOCKED FIRST·IN, FIRST·OUT MEMORY 

SCBS127C - JULY 1992 - REVISED APRIL 1994 

synchronized FIFO flags 

Each FI FO flag is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on their outputs when CLKA and CLKS operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCAD003S). FF and AF are synchronized to CLKA. 
EF and AE are synchronized to CLKS. Table 4 shows the relationship of the flags to the FIFO. 

Table 4. FIFO Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKB TOCLKA 

IN THE FIFO 
EF AE AF FF 

0 L L H H 

1 toX H L H H 

(X + 1) to [64 - (X + 1)] H H H H 

(64-X) to 63 H H L H 

64 H H L L 

t X is the value in the almost-emply flag and almost-full flag offset register. 

empty flag (EF) 

The FIFO empty flag is synchronized to the port clock that reads data from its array (CLKS). When the empty 
flag is high, new data can be read to the FIFO output register. When the empty flag is low, the FIFO is empty 
and attempted FIFO reads are ignored. 

The FIFO read pointer is incremented each time a new word is clocked to its output register. The state machine 
that controls an empty flag monitors a write pointer and read pointer comparator that indicates when the FIFO 
SRAM status is empty, empty+1, or empty+2. Award written tothe FIFO can be read tothe FIFO output register 
'in a minimum ofthree port-S clock (CLKS) cycles; therefore, an empty flag is low if a word in memory is the next 
data to be sent to the FIFO output register and two CLKS cycles have not elapsed since the time the word was 
written. The empty flag of the FIFO is set high by the second low-to-high transition of CLKS, and the new data 
word can be read to the FI FO output register in the following cycle. 

A low-to-high transition on CLKS begins the first synchronization cycle of a write if the clock transition occurs 
at time tsk1 or greater after the write. Otherwise, the subsequent CLKS cycle can be the first synchronization 
cycle (see Figure 4). 

full flag (FF) 

7-10 

The FIFO full flag is synchronized to the port clock that writes data to its array (CLKA). When the full flag is high, 
an SRAM location is free to receive new data. No memory locations are free when the full flag is low and 
attempted writes to the FIFO are ignored. 

Each time a word is written to the FIFO, its write pointer is incremented. The state machine that controls the full 
flag monitors a write pointer and read pointer comparator that indicates when the FIFO SRAM status is full, 
full-1, or full-2. From the time a word is read from the FIFO, its previous memory location is ready to be written 
in a minimum ofthree port-A clock cycles. A full flag is low if less than two CLKA cycles have elapsed since the 
next memory write location has been read. The second low-to-high transition on CLKA after the read sets the 
full flag high and data can be written in the following clock cycle. 

A low-to-high transition on CLKA begins the first synchronizati9n cycle of a read if the clock transition occurs 
at time tsk1 or greater after the read. Otherwise, the subsequent clock cycle can be the first synchronization cycle 
(see Figure 5). 
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almost-empty flag (AE) 
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The FIFO almost-empty flag is synchronized to the port clock that reads data from its array (ClKB). The state 
machine that controls the almost-empty flag monitors a write pointer and read pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+ 1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see rese~. The almost-empty flag is low when the FIFO contains X 
or less words in memory and is high when the FIFO contains (X + 1) or more words. 

Two low-to-high transitions on the port-B clock (ClKB) are required after a FIFO write for the almost-empty flag 
to reflect the new level of fill. The almost-empty flag of a FIFO containing (X + 1) or more words remains low 
if two ClKB cycles have not elapsed since the write that filled the memory to the (X + 1) level. The almost-empty 
flag is set high by the second ClKB low-to-high transition after the FIFO write that fills memory to the (X + 1) 
level. A low-to-high transition on ClKB begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent ClKB cycle can be the first 
synchronization cycle (see Figure 6). 

almost-full flag (AF) 

The FIFO almost-full flag is synchronized to the port clock that writes data to its array (ClKA). The state machine 
that controls an almost-full flag monitors a write pointer and read pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost full-1, or almost full-2. The almost-full state is defined by the value 
of the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values 
during a device reset (see rese~. The almost-full flag is low when the FIFO contains (64 - X) or more words in 
memory and is high when the FIFO contains [64 - (X + 1)] or less words. 

Two low-to-high transitions on the port-A clock (ClKA) are required after a FIFO read for the almost-full flag to 
reflect the new level of fill. The almost-full flag of a FIFO containing [64 - (X + 1)] or less words remains low if 
two ClKA cycles have not elapsed since the read that reduced the number of words in memory to [64- (X + 1)]. 
The almost-full flag is set high by the second ClKA low-to-high transition after the FIFO read that reduces the 
number of words in memory to [64 - (X + 1)]. A low-to-high transition on ClKA begins the first synchronization 
cycle if it occurs at time tsk2 or greater after the read that reduces the number of words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent ClKA cycle can be the first synchronization cycle (see Figure 7). 

mailbox registers 

Two 36-bit bypass registers are on the SN74ABT3611 to pass command and control information between port 
Aand port B. The mailbox-select (MBA. MBB) inputs choose between a mail register and a FIFO for a port data 
transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register when a port-A 
write is selected by(CSA, W/RA, and ENA) with MBA high. A low-to-high transition on ClKB writes BO-B35 data 
to the mail2 register when a port-B write is selected by (CSB, W/RB, and ENB) with MBB high. Writing data to 
a mail register sets its corresponding flag (MSF1 or MSF2) low. Attempted writes to a mail register are ignored 
while its mail flag is low. 

When the port-S data (SO-B35) outputs are active, the data on the bus comes from the FIFO output register 
when the port-S mailbox select (MBB) input is low and from themail1registerwhenMBBishigh.Mail2 data 
is always present on the port-A data (AO-A35) outputs when they are active. The mail1 register flag (MBF1) 
is set high by a low-to-high transition on ClKS when a port-S read is selected by (CSB, wiRs, and ENB) with 
MBB high. The mail2 register flag (MBF2) is set high by a low-to-high transition on ClKA when a port-A read 
is selected by (CSA, W/RA, and ENA) with MBA high. The data in a mail register remains intact after it is read 
and changes only when new data is written to the register. 

parity checking 

The port~A (AO-A35) inputs and port-B (BO-B35) inputs each have four parity trees to check the parity of 
incoming (or outgoing) data. A parity failure on one or more bytes of the input bus is reported by a low level on 
the port parity error flag (PEFA, PEFB). Odd or even parity checking can be selected, and the parity error flags 
can be ignored if this feature is not desired. 
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parity checking (continued) 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO-AB, A9-A17, A1B-A26, and A27-A35, and 
port-B bytes are arranged as BO-BB, B9-B17, B1B-B26, and B27-B35. When odd/even parity is selected, 
a port parity error flag (PEFA, PEFB) is low if any byte on the port has an odd/even number of low levels applied 
to its bits. 

The four parity trees used to check the AO-A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with CSA low, ENA high, W/RA low, MBA high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO-A35 inputs. Likewise, the parity trees used to check the 
BO-B35 inputs are shared by the mail1 register when parity generation is selected for port-B reads (PGB = high). 
When a port-B read from the mail1 register with parity generation is selected with CSB low, ENB high, W/RB 
low, MBB high, and PGB high, the port-B parity error flag (PEFB) is held high regardless of the levels applied 
to the BO-B35 inputs. 

parity generation 

7-12 

A high level on the port-A parity generate select (PGA) or port-B parity generate select (PGB) enables the 
SN74ABT3611 to generate parity bits for port reads from a FIFO or mailbox register. PO'rt-A bytes are arranged 
as AO-AB, A9-A17, A1B-A26, and A27-A35, with the most significant bit of each byte used as the parity bit. 
Port-B bytes are arranged as BO-BB, B9-B17, B1B-B26, and B27-B35, with the most significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all thirty-six inputs 
regardless of the state of the parity generate select (PGA, PG B) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. Therefore, the port-B parity generate select (PGB) and ODD/EVEN have setup and hold-time 
constraints to the port-B clock (ClKB) for a rising edge of ClKB used to read a new word to the FIFO output 
register. 

The circuit used to generate parity for the mail1 data is shared by the port-B bus (BO-B35) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO-A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port write/read 
select 0NiRA, W/RB) input is low, the port mail select (MBA, MBB) input is high, chip select (CSA, CSB) is low, 
enable (ENA, ENB) is high, and port parity generate select (PGA, PGB) is high. Generating parity for mail 
register data does not change the contents of the register. 
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Figure 1. Device Reset Loading the X Register With the Value of Eight 
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Figure 2. FIF01-Write-Cycle Timing 
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Figure 4. EF-Flag Timing and First Data Read When the FIFO Is Empty 
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the rising ClKB edge and rising ClKA edge Is less than tsk1. then FF may transition high one CLKA cycle later than shown. 

Figure 5. FF-Flag Timing and First Available Write When the FIFO Is Full 
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t tsk21s the minimum time between a rising ClKA edge and a rising ClKB edge for AE to transition high in the next ClKB cycle.lfthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk2. then AE may transition high one ClKB cycle later than shown. 

NOTE A: FIFO write (CSA = l. w/pA = H. MBA = L). FIFO read (CSB = l. W/RB = L. MBB = l). 

Figure 6. Timing for AE When the FIFO Is Almost Empty 
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the rising ClKA edge and rising ClKB edge is less than tsk2. then AF may transition high one ClKB cycle later than shown. 

NOTE A: FIFO write (CSA = l. W/PA = H. MBA = L). FIFO read (CSB = l. W/RB = L. MBB = l). 
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Figure 7. Timing for AF When the FIFO Is Almost Full 
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Figure 9. Timing for Mall2 Register and MBF2 Flag 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Va (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... ± 20 rnA 
Output clamp current, 10K (VA < 0 or Va> Vee) ........................................... ± 50 rnA 
Continuous output current, 10 (Va = 0 to Vee) ............................................. ± 50 rnA 
Continuous current through Vee or GND ................................................. ± 500 rnA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current. -4 mA 

10L Low-level output current 8 mA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH Vee =4.5V. 10H =-4mA 

VOL Vee =4.5V. IOL=8mA 

II Vee = 5.5 V. VI = Vee orO 

10Z Vee = 5.5V. Vo = Vee or 0 

Outputs high 

lee Vee=5.5V. 10=OmA, VI = Vee or GND Outputs low 

Outputs disabled 

ei VI =0. f = 1 MHz 

eo Vo=O, f = 1 MHz 

* All typical values are at Vee = 5 V, TA = 25°e. 
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2.4 V 

0.5 V 

=50 !lA 
=50 !lA 

60 

130 mA 

60 

4 pF 

8 pF 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 13) 

'ABT3611-15 'ABT3611-20 'ABT3611-30 

MIN MAX MIN MAX MIN MAX 
UNIT 

fclock Clock frequency, CLKA or ClKB 66.7 50 33.4 MHz 

tc Clock cycle time, ClKA or ClKS 15 20 30 MHz 

tw(CLKH) Pulse duration, CLKA and ClKB high 6 8 12 ns 

tw(CLKl) Pulse duration, ClKA and CLKB low 6 8 12 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before ClKBt 4 5 6 ns 

tsu(EN1) 
Setup time, CSA, W/RA before CLKAt: CSB, W/RB, before 

6 6 7 ns 
ClKSt 

tsu(EN2) Setup time, ENA before ClKAt: ENB before CLKBt 4 5 6 ns 

tsu(EN3) Setup time, MBA before ClKAt: ENB before ClKBt 4 5 6 ns 

tsu(PG) Setup time, ODD/EVEN and PGB before ClKSt t 4 5 6 ns 

tsu(RS) Setup time, AST low before ClKA t or ClKS t * 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before AST high 5 6 7 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 1 1 1 ns 

th(EN1) Hold time, CSA, W/RA after ClKAt: CSB, W/RB after ClKBt 1 1 1 ns 

th(EN2) Hold time, ENA after CLKAt: ENB after ClKBf 1 1 1 ns 

th(EN3) Hold time, MBA after ClKAf; MBB after CLKBf 1 1 1 ns 

th(PG) Hold time, ODD/EVEN and PGB after CLKB t t 0 0 0 ns 

th(RS) Hold time, RST low after ClKAt or CLKBt* 6 6 7 ns 

th(FS) Hold time, FSO and FS1 after RST high 4 4 4 ns 

tsk1§ 
Skew time, between ClKAf and ClKBt for 

8 8 10 ns 
EFA, EFB, FFA, and FFB 

tsk2§ 
Skew time, between ClKAt and ClKBt for AEA, AEB, AFA, and 

9 16 20 ns 
AFB 

t Only applies for a rising edge of ClKB that does a FIFO read 
* Requirement to ,count the clock edge as one of at least four needed to reset a FIFO 
§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 13) 

'ABT3611·15 
PARAMETER 

MIN 

fclock Clock frequency, CLKA or ClKB 

ta Access time, ClKBt to BO-B35 2 

tpd(C-FF) Propagation delay time, CLKAt to FF 2 

tpd(C-EF) Propagation delay time, CLKBt to EF 2 

tpd(C-AE) Propagation delay time, CLKBt to AE 2 

tpd(C-AF) Propagation delay time, CLKAt to AF 2 

tpd(C-MF) 
Propagation delay time, CLKAt to MBF1 low or MBF2 high and 

1 
ClKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKAt to BO-B35t and CLKBt to 

3 
AO-A35* 

tpd(M-DV) Propagation delay time, MBB to BO-B35 valid 1 

tpd(D-PE) 
Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 

3 
valid to PEFB valid 

tpd(O-PE) Propagation delay time, ODD/EVEN to PEFA and PEFB 3 

tpd(O-PB)§ 
Propagation delay time, ODD/EVEN to parity bits (A8, A 17, A2.6, 

2 
A35) and (B8, B17, B26, B35) 

tpd(E-PE) 
Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 

1 
PEFA; CSB, ENB, wiRB, MBB, or PGB to PEFB 

Propagation delay time, CSA, ENA, W/RA, MBA, or PGA to 

tpd(E-PB)§ parity bits (A8, A17, A26, A35); CSB, ENB, W/RB, MBB, or PGB 
to parity bits (B8, B17, B26, B35) 

3 

tpd(R-F) 
Propagation delay time, RST to AE low and (AF, MBF1, MBF2) 

1 
high 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 

2 
and W/RB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 

1 
and CSB high or W/RB low to BO-B35 at high impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and MBB is high. 
* Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high. 
§ Only applies when reading data from a mail register 
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MAX 

66.7 

10 

10 

10 

10 

10 

9 

12 

11 

12 

11 

12 

12 

14 

15 

10 

9 

'ABT3611·20 'ABT3611-30 

MIN MAX MIN 
UNIT 

MAX 

50 33.4 MHz 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

1 12 1 15 ns 

3 14 3 16 ns 

1 11.5 1 12 ns 

3 13 3 14 ns 

3 12 3 14 ns 

2 13 2 15 ns 

1 13 1 15 ns 

3 15 3 16 ns 

1 20 1 30 ns 

2 12 2 14 ns 

1 10 1 11 ns 
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TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

fdata = 1/2 fclock 
TAo= 25°C 
CL =0 pF 

o~~--~--~--~--~~~~--~ 
o 10 20 30 40 50 60 70 80 

fclock - Clock Frequency - MHz 

Figure 14 

calculating power dissipation 

7-26 

The ICC(f) data for the graph was taken while sim ultaneously reading and writing the FI FO on the SN74ACT3613 
with ClKA and ClKB operating at frequency fclock. All data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With ICC(f) taken from Figure 14, the maximum power dissipation (PT) of the SN7 4ABT3613 can be calculated 
by: 

PT = VCC x ICC(f) + I(CL x (VOH - Vod2 x fd 

where: 

CL = output capacitive load 
fo switching frequency of an output 
VOH = output high-level voltage 
VOL = Qutut low-level voltage 

When no reads or writes are occurring on the SN74ABT3613, the power dissipated by a single clock (ClKA or 
ClKB) input running at frequency fclock is calculated by: 

PT = Vee x fclock x 0.290 mNMHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 kO 

From Output 
Under Test ---G-----O 

6800 30 pF 
(see Note A) 

LOAD CIRCUIT 

Timing 1~---- 3 V 
Input Ii 1.5 V 

___ -J.q. - - - - - GND 

Hlgh.Level ~~ ~ - 3V 
Input --.If l.~ V ~ GND 

tsu~th /4- tw -f>/ 
I I 

Data, ~:;:,- 3V 
Enable ~ 1.5V ~ 
~put GND Low-~;~ ~ ::0 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

~:.~~ --'i'1_SV \1_~--- ::0 
~ 11..- tPL2 ----I 14-- tpZL 

Low·Level 
Output 

Hlgh·Level 
Output 

I 1 ___ ---~l---- -3V 

I 
_-+OJ 

1 I 
1 I 
~ l~tpHZ 

VOL 
I4-tPZH 
I VOH 

-OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

Input J('-5V \~S:-- ::0 
tpd~ ~tpd 

In.Phase 1/---""'\ I - - VOH 
Output T 1.5 V \L 1.5 V 

-----'. ~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTE A: Includes probe and jig capacitance 

Figure 15. Lond Circuit nnd Voltage Waveforms 
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SN74ABT3612 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

• Free-Running CLKA and ClKB Can Be 
Asynchronous or Coincident 

• Two Independent 64 x 36 Clocked FIFOs 
Buffering Data In Opposite Directions 

o Mailbox Bypass Register for ~ach FIFO 

• Programmable Almost-Full and 
Almost-Empty Flags 

• Microprocessor Interface Control logic 
.. EFA, FFA, AEA, and AFA Flags 

Synchronized by CLKA 

description 

SCBS129D - JULY 1992 - REVISED JANUARY 1994 

• EFB, FFB, AEB, and AFB Flags 
Synchronized by ClKB 

• Passive Parity Checking on Each Port 
• Parity Generation Can Be Selected for Each 

Port 

• low-Power Advanced BICMOS Technology 
• Supports Clock Frequencies up to 67 MHz 
• Fast Access Times of 10 ns 
• Available In Space-Saving 120-Pln Thin 

Quad Flat Package (PCB) or 132-Pln Plastic 
Quad Flat Package (PO) 

The SN74ABT3612 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. It supports clock 
frequencies up to 67 MHz and has read access times as fast as 10 ns. Two independent 64 x 36 dual-port SRAM 
FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to indicate empty and full 
conditions and two programmable flags (almost-full and almost-empty) to indicate when a selected number of 
words is stored in memory. Communication between each port can bypass the FIFOs via two 36-bit mailbox 
registers. Each mailbox register has a flag to signal when new mail has been stored. Parity is checked passively 
on each port and may be ignored if not desired. Parity generation can be selected for data read from each port. 
Two or more devices can be used in parallel to create wider data paths. 

The SN74ABT3612 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a port clock by enable signals. The clocks for 
each port are independent of one another and can be asynchronous or coincident. The enables for each port 
are arranged to provide a simple bidirectional interface between microprocessors and/or buses with 
synchronous control. 

The full flag (FFA, FFB) and almost-full (AFA, AFB) flag of a FIFO are two-stage synchronized to the port clock 
that writes data to its array. The empty flag (EFA, EFB) and almost-empty (AEA, AEB) flag of a FIFO are 
two-stage synchronized to the port clock that reads data from its array. 

The SN74ABT3612 is characterized for operation from O°C to 70°C. 
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A23 
A22 
A21 

GND 
A20 
A19 
A18 
A17 
A16 
A15 
A14 
A13 
A12 
A11 
A10 

GND 
A9 
AB 
A7 

Vec 
A6 
A5 
A4 
A3 

GND 
A2 
A1 
AO 

EFA 
AEA 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

PCB PACKAGE 
(TOP VIEW) 

'<t It) <0 01"- CO m ~ 0.,.... C\I ('I) '<t It) ~ It) '<t ('I) C\I.,.... 0 ~ m CO I"- 0 <0 It) '<t ('I) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Om~~~~~M~~Om~~~~~M~~om~~~~~M~~ 

~~~~~~~~~~~g~~~~~~~e~mmmmmmmmm 

r~/~~~g~ o«I~IC\I~"""Olz~ouuuuml"""lmm om mec/m/m ~~ z L~~ffi~~~~W~ZZZZZ~~~~~~~Z~~ 
Wu~ ~~~ ~ ~ ~~~ ~UWO 

0 
0 
0 

Ne - No internal connection 
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90 822 
89 821 
88 GND 
87 820 
86 819 
85 818 
84 817 
83 816 
82 815 
81 814 
80 813 
79 812 
78 811 
77 810 
76 GND 
75 89 
74 88 
73 87 
72 Vee 
71 86 
70 85 
69 84 
68 83 
67 GND 
66 82 
65 81 
64 80 
63 EF8 
62 AEB 
61 AF8 



GND 
AEA 
EFA 

AO 
A1 
A2 

GND 
A3 
A4 
AS 
A6 

VCC 
A7 
A8 
A9 

GND 
A10 
A11 
VCC 
A12 
A13 
A14 

GND 
A15 
A16 
A17 
A18 
A19 
A20 

GND 
A21 
A22 
A23 

, NC - No internal connection 
t Uses Yamaichi socket IC51-1324-828 

SN74ABT3612 
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PQPACKAGEt 
(TOP VIEW) 

2 1 132 130 128 126 124 122 120 113 o 131 129 127 125 123 121 119 117 
116 
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115 

GND 
AE6 
EF6 
60 
61 
62 
GND 
63 
64 
65 
66 
VCC 
67 
68 
69 
GND 
610 
611 

VCC 
612 
613 
614 
GND 
615 
616 
617 
818 
819 
820 
GND 
821 
622 
823 
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functional block diagram 

CLKA ------I 
CSA------1 

W/RA ------i 
ENA -------I 
MBA -------I 

Port-A 
Control 
Logic 

.----------------------------------MBF1 

Device 
0001 _ Control 
EVEN 

r:pa-r-:-Ity-~ I~-:.-:.-:.-:.-:.-:.-:.-:.-:._:.------ PEFB 

.... ~I-+-~ ____ ~. Mall1 r:-t Gen/Checkh 

I .. Reglster~ 1~-=l===~=1:=======+_L----- PGS 

r-==~---------;E-;;,~~ 
L i ~ lii CI) 

r:r-I 1il g ~ 1 
1 ~ 64x36 .~~~ ~ 1 
i ~ ~ SRAM ~ ~ [I 

.... -+-+-+-...... !-+-4 g. ~ s ~ 36 
1 - 0 1 
1 i.-.-.~ .~ i.-.- i.-.- 1 
! .. I Write Read I 1 
; -po I Pointer Pointer I ... ; 
1 t -f 1 

--+-------f-+--hl-t----i'-------II Status-Flag I-I __________ -t' ____ +-+-I-II_I_---
--4-----~~~-r--+_I-----~1 Logic II-----------~I----+-+~I_I_----

FFA ~ 

~ AFA 

FSO 
FS1 

36, L~~ __ ~ __ ~~--~------J 
Programmable-Flag 

Offset Register 
AO-A35 

.... .. BO-B35 
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r---------i-------, 
_-+-_____ f-+-HI-t-__ -t-I_F_IF_O_2 ______ --1r Status-Flag 11-____ .... 1 ---l~44-1------
--+-------f-+-HH----~ I ________ _li Logic 11-------,1---+-1-+4-11-----

EFA 
~ AEA 

I + t I 
1 • I Read Write ~ 1 
; . I Pointer Pointer'" ; , 

1 d, ~. 1 
I ",!t - ~I!_. 
-----...-, ~ g t; ~, 

g' ... ~~.... 64x36 .... Cl 
1 a: I"'" i lii r-. SRAM f'I' ~ 1 

~ 
S D.; S i 

1 ~ ~ ~ 1 
~ L~_~ _________ ~_J 

PGA 

~ Parity Register I-~"'----+-+ ,-+-+-+-...... I r p= Mall2 r ~ 1 

PEFA -------':-:.-:.:-~. --------.. -1-1: Gen/Check I 
MBF2 ~ 
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Port-S 
Control 
Logic 
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PIN NAME I/O 

AO-A35 1/0 

AEA 
0 

(portA) 

AEB 
0 

(port B) 

AFA 
0 

(portA) 

AFB 
0 

(port B) 

BO-B35 1/0 

ClKA I 

ClKB I 

CSA I 

CSB I 

EFA 
0 

(portA) 

EFB 
0 

(port B) 

ENA I 

ENB I 

0 
FFA 

(portA) 

0 
FFB 

(port B) 

FS1, FSO I 

MBA I 

MBB I 

MBFl 0 

SN74ABT3612 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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Terminal Functions 

DESCRIPTION 

Port-A data. The 36-bit bidirectional data port for side A. 

Port-A almost-empty flag. Programmable almost-empty flag synchronized to ClKA. AEA is low when the number of 
words in FIF02 is less than or equal to the value in the offset register, X. I 

Port-B almost-empty flag. Programmable almost-empty flag synchronized to ClKB. AEB Is low when the number of 
words In FIFOl Is less than or equal to the value In the offset register, X. 

Port-A almost-full flag. Programmable almost-full flag synchronized to CLKA. AFA Is low when the number of empty 
locations in FIFOl Is less than or equal to the value in the offset register, X. 

Port-B almost-full flag. Programmable almost-full flag synchronized to CLKS. AFB is low when the number of empty 
locations in FIF02 is less than or equal to the value In the offset register, X. 

Port-B data. The 36-bit bidirectional data port for side B. 

Port-A clock. CLKA is a continuous clock that synchronizes all data transfers through port A and can be asynchronous 
or coincident to ClKB. EFA, FFA, AFA, and AEA are synchronized to the low-to-high transition of ClKA. 

Port-B clock. CLKB is a continuous clock that synchronizes all data transfers through port B and can be asynchronous 
or coincident to ClKA. EFB, FFB, AFB, and AEB are synchronized to the low-to-high transition of ClKB. 

Port-A chip select. CSA must be low to enable a low-to-high transition of ClKA to read or write data on port A. The 
AO-A35 outputs are In the high-impedance state when CSA is high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to read or write data on port B. The 
BO-B35 outputs are in the high-impedance state when CSB is high. 

Port-A empty flag. EFA is synchronized to the low-to-high transition of ClKA. When EFA is low, FI F02 is empty and reads 
from its memory are disabled. Data can be read from FIF02 to the output register when EFA is high. EFA is forced low 
when the device is reset and is set high by the second low-to-high transition of ClKA after data is loaded into empty 
FIF02 memory. 

Port-B empty flag. EFB is synchronized to the low-to-high transition of ClKB. When EFB is low, FIFOl is empty and 
reads from its memory are disabled. Data can be read from FIFOl to the output register when EFB Is high. EFB is forced 
low when the device is reset and is set high by the second low-to-high transition of CLKB after data Is loaded Into empty 
FIFOl memory. 

Port-A enable. ENA must be high to enable a low-ta-high transition of ClKA to read or write data on port A. 

Port-B enable. ENB must be high to enable a low-to-high transition of ClKB to read or write data on port B. 

Port-A full flag. FFA is synchronized to the low-to-high transition of ClKA. When FFA Is low, FIFOl Is full and writes to 
its memory are disabled. FFA is forced low when the device is reset and is set high by the second low-to-high transition 
of CLKA after reset. 

Port-B full flag. FFB is synchronized to the low-to-high transition of ClKB. When FFB is low, FIF02 is full and writes to 
its memory are disabled. FFB is forced low when the device is reset and is set high by the second low-to-high transition 
of ClKB after reset. 

Flag offset selects. The low-to-high transition of RST latches the values of FSO and FS 1, which selects one of four preset 
values for the almost-empty flag and almost-full flag offset. 

Port-A mailbox select. A high level on MBA chooses a mailbox register for a port-A read or write operation. When the 
AO-A35 outputs are active, a high level on MBA selects data from the mail2 register for output and a low level selects 
FIF02 output register data for output. 

Port-B mailbox select. A high level on MBB chooses a mailbox register for a port-B read or write operation. When the 
BO-B35 outputs are active, a high level on MBB selects data from the maill register for output and a low level selects 
FIFOl output register data for output. 

Maill register flag. MBFl is set low by the low-to-high transition of ClKA that writes data to the maill register. Writes 
to the maill register are inhibited while MBFl is low. MBFl is set high by a low-to-high transition of CLKB when a port-B 
read is selected and MBB is high. MBFl is set high when the device is reset. 
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Terminal Functions (continued) 

PIN NAME I/O DESCRIPTION 

Mail2 register flag. MBF2 is set low by the low-to-high transition of ClKB that writes data to the mail2 register. Writes 
MBF2 0 to the mail2 register are Inhibited while MBF21s low. MBF2 is set high by a low-to-hlgh transition of ClKA when a port-A 

read Is selected and M8A Is high. MBF2 is set high when the device is reset. 

000/ 
Odd/even parity select. Odd parity is checked on each port when ODD/EVEN is high, and even parity Is checked when 

EVEN 
I ODD/EVEN is low. ODD/EVEN also selects the type of parity generated for each port if parity generation Is enabled 

for a read operation. 

Port-A parity error flag. When any byte applied to terminals AO-A35 fails parity, PEFA is low. Bytes are organized as 
AO-AS, A9-A17, A1S-A26, and A27-A35, with the most significant bit of each byte serving as the parity bit. The 

PEFA 
0 type of parity checked Is determined by the state of the ODD/EVEN Input. 

(portA) The parity trees used to check the AO-A35 inputs are shared by the mail2 register to generate parity if parity generation 
Is selected by PGA. Therefore, if a mail2 read with parity generation Is setup by having W/RA low, M8A high, and PGA 
high, the PEFA flag Is forced high regardless of the state of the AO-A35 inputs. 

Port-8 parity error flag. When any byte applied to terminals 80-835 fails parity, PEFB is low. 8ytes are organized as 
80-8S, 89-817, 81S-826, and 827-835, with the most significant bit of each byte serving as the parity bit. The 

PEFB 
0 type of parity checked Is determined by the state of the ODD/EVEN input. 

(port B) The parity trees used to check the BO-835 inputs are shared by the mail1 register to generate parity if parity generation 
is selected by PG8. Therefore, if a mail1 read with parity generation is setup by having W/R810w, MBS high, and PG8 
high, the PEFB flag is forced high regardless of the state of the 80-B35 inputs. 

Port-A parity generation. Parity Is generated for data reads from port A when PGA is high. The type of parity generated 
PGA I is selected by the state of the ODD/EVEN input. 8ytes are organized as AO-AS, A9-A 17, A lS-A26, and A27 -A35. 

The generated parity bits are output in the most significant bit of each byte. 

Port-8 parity generation. Parity is generated for data reads from port 8 when PG8 is high. The type of parity generated 
PG8 I is selected by the state of the ODD/EVEN input. 8ytes are organized as 80-8S, 89-817, 81S-826, and 827-835. 

The generated parity bits are output in the most significant bit of each byte. 

Reset. To reset the device, four low-to-high transitions of ClKA and four low-to-high transitions of ClKB must occur 

RST I 
while RST Is low. This sets the AFA, AFB, MBF1, and MBF2 flags high and the EFA, EFB, AEA, AEB, FFA, and FFB 
flags low. The low-to-high transition of RST latches the status of the FS1 and FSO inputs to select almost-full flag and 
almost-empty flag offset. 

W/RA I 
Port-A write/read select. W/RA high selects a write operation and a low selects a read operation on port A for a 
low-to-high transition of ClKA. The AO-A35 outputs are in the high-impedance state when W/RA Is high. 

W/RB I 
Port-B write/read select. W/RB high selects a write operation and a low selects a read operation on port B for a 
low-te-high transition of ClKB. The BO-B35 outputs are In the high-impedance state when wiRB Is high. 

detailed description 

reset 

7-34 

The SN74AST3612 is reset by taking the reset (RST) input low for at least four port-A clock (ClKA) and four 
port-S clock (ClKS) low-to-high transitions. The reset input can switch asynchronously to the clocks. A device 
reset initializes the internal read and write pointers of each FIFO and forces the full flags (FFA, FFB) low, the 
empty flags (EFA, EFS) low, the almost-empty flags (AEA, AEB) low, and the almost-full flags (AFA. AFS) high. 
A reset also forces the mailbox flags (MBF1, MBF2) high. After a reset, FFA is set high after two low-to-high 
transitions of ClKA and FFB is set high after two low-to-high transitions of ClKS. The device must be reset after 
power up before data is written to its memory. 

A low-to-high transition on the RST input loads the almost-full and almost-empty offset register (X) with the value 
selected by the flag-select (FSO, FS1) inputs. The values that can be loaded into the register are shown in 
Table 1. 
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reset (continued) 

FS1 

H 

H 

L 

L 

FIFO write/read operation 
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Table 1. Flag Programming 

ALMOST-FULL AND 
FSO RST ALMOST-EMPTY FLAG 

OFFSET REGISTER (X) 

H t 16 

L t 12 

H t 8 

L t 4 

The state of the port-A data (AO-A35) outputs is controlled by the port-A chip select (GSA) and the port-A 
write/read select (W/RA). The AO-A35 outputs are in the high-impedance state when either GSA or W/RA is 
high. The AO-A35 outputs are active when both GSA and W/RA are low. Data is loaded into FIF01 from the 
AO-A35 inputs on a low-to-high transition of GlKA when GSA is low, W/RA is high, ENA is high, MBA is low, 
and FFA is high. Data is read from FIF02 to the AO-A35 outputs by a low-to-high transition of GlKA when GSA 
is low, W/RA is low, ENA is high, MBA is low, and EFA is high (see Table 2). 

Table 2. Port-A Enable Function Table 

eSA W/RA ENA MBA CLKA AO-A35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIF01 write 

L H H H t In high-impedance state Mail1 write 

L L L L X Active, FIF02 output register None 

L L H L t Active, FIF02 output register FIF02 read 

L L L H X Active, mail2 register None 

L L H H t Active, mail2 register Mail2 read (set MBF2 high) 

The port-B control signals are identical to those of port A. The state of the port-B data (BO-B35) outputs is 
controlled by the port-B chip select (GSB) and the port-B write/read select (W/RB). The BO-B35 outputs are 
in the high-impedance state when either GSB or W/RB is high. The BO-B35 outputs are active when both GSB 
and W/RB are low. 

Data is loaded into FIF02 from the BO-B35 inputs on a low-to-high transition of GlKB when GSB is low, W/RB 
is high, ENB is high, MBB is low, and FFB is high. Data is read from FIF01 to the BO-B35 outputs by a 
low-to-high transition of GlKB when GSB is low, W/RB is low, ENB is high, MBB is high, and EFB is high (see 
Table 3). 

The setup and hold time constraints to the port clocks for the port chip selects (GSA, GSB) and write/read selects 
(W/RA, W/RB) are'only for enabling write and read operations and are not related to high-impedance control 
of the data outputs. If a port enable is low during a clock cycle, the port chip select and write/read select may 
change states during the setup and hold time window of the cycle. 
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FIFO write/read operation (continued) 

Table 3. Port-B Enable Function Table 

CSB WIRB ENB MBB CLKB BO-B35 OUTPUTS PORT FUNCTION 

H X X X X In high-impedance state None 

L H L X X In high-impedance state None 

L H H L t In high-impedance state FIF02write 

L H H H t In high-impedance state Mail2write 

L L L L X Active, FIF01 output register None 

L L H L t Active, FIF01 output register FIF01 read 

L L L H X Active, mail1 register None 

L L H H t Active, mail1 register Mail1 read (set MBF1 high) 

synchronized FIFO flags 

7-36 

Each FIFO is synchronized to its port clock through two flip-flop stages. This is done to improve flag reliability 
by reducing the probability of metastable events on the output when ClKA and ClKB operate asynchronously 
to one another (see the application report Metastability Performance of Clocked FIFOs in the 1994 
High-Performance FIFO Memories Data Book, literature #SCAD003B). EFA, AEA, FFA, and AFA are 
synchronized to ClKA. EFB, AEB, FFB, and AFB are synchronized to ClKB. Tables 4 and 5 show the 
relationship of each port flag to FIF01 and FIF02. 

Table 4. FIF01 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKB TOCLKA 

IN FIF01t 
EFB AEB AFA FFA 

0 L L H H 

1 toX H L H H 

(X +1) to [64 - (X +1)] H H H H 

(64-X) to 63 H H L H 

64 H H L L 

t X is the value in the almost-empty flag and almost-full flag offset register. 

Table 5. FIF02 Flag Operation 

SYNCHRONIZED SYNCHRONIZED 
NUMBER OF WORDS TOCLKA TOCLKB 

IN FIF02t 
EFA AEA AFB FFB 

0 L L H H 

1 toX H L H H 

(X +1) to [64 - (X +1)] H H H H 

(64-X) to 63 H H L H 

64 H H L L 

t X is the value in the almost-empty flag and almost-full flag offset register. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 



empty flags (EFA, EFB) 

SN74ABT3612 
64 x 36 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCBS129D-JULY 1992-REVISED JANUARY 1994 

The empty flag of a FIFO is synchronized to the port clock that reads data from its array. When the empty flag 
is high. new d~ta can be read to the FIFO output register. When the empty flag is low. the FIFO is empty and 
attempted FIFO reads are ignored. 

The read pointer of a FIFO is incremented each time a new word is clocked to the output register. The state 
machine that controls an empty flag monitors a write-pointer and read-pointer comparator that indicates when 
the FIFO SRAM status is empty. empty+ 1, or empty+2. A word written to a FIFO can be read to the FIFO output 
register in a minimum of three cycles of the empty flag synchronizing clock; therefore, an empty flag is low if 
a word in memory is the next data to be sent to the FIFO output register and two cycles of the port clock that 
reads data from the FIFO have not elapsed since the time the word was written. The empty flag of the FIFO is 
set high by the second low-to-high transition of the synchronizing clock, and the new data word can be read to 
the FIFO output register in the following cycle. 

A low-to-high transition on an empty flag synchronizing clock begins the first synchronization cycle of a write 
if the clock transition occurs at time tsk1 or greater after the write. Otherwise. the subsequent clock cycle can 
be the first synchronization cycle (see Figures 6 and 7). 

full flags (FFA, FFB) 

The full flag of a FIFO is synchronized to the port clock that writes data to its array. When the full flag is high, 
a memory location is free in the SRAM to receive new data. No memory locations are free when the full flag is 
low and attempted writes to the FIFO are ignored. 

Each time a word is written to a FIFO, the write pointer is incremented. The state machine that controls the full 
flag monitors a write-pointer and read-pointer comparator that indicates when the FIFO SRAM status is full, 
full-1, or full-2. From the time a word is read from a FIFO, the previous memory location is ready to be written 
in a minimum of three cycles of the full flag synchronizing clock; therefore, a full flag is low if less than two cycles 
ofthe full flag synchronizing clock have elapsed since the next memory write location has been read. The second 
low-to-high transition on the full flag synchronizing clock after the read sets the full flag high and data can be 
written in the following clock cycle. 

A low-to-high transition on a full flag synchronizing clock begins the first synchronization cycle of a read if the 
clock transition occurs at time tsk1 or g~eater after the read. Otherwise, the subsequent clock cycle can be the 
first synchronization cycle (see Figures 8 and 9). 

almost-empty flags (AEA, AEB) 

The almost-empty flag of a FIFO is synchronized to the port clock that reads data from its array. The state 
machine that controls an almost-empty flag monitors a write-pointer and read-pointer comparator that indicates 
when the FIFO SRAM status is almost empty, almost empty+1, or almost empty+2. The almost-empty state is 
defined by the value of the almost-full and almost-empty offset register (X). This register is loaded with one of 
four preset values during a device reset (see reset). An almost-empty flag is low when the FIFO contains X or 
less words in memory and is high when the FIFO contains (X + 1) or more words. 

Two low-to-high transitions of the almost-empty flag synchronizing clock are required after a FIFO write for the 
almost-empty flag to reflect the new level of fill; therefore, the almost-empty flag of a FIFO containing (X + 1) 
or more words remains low if two cycles of the synchronizing clock have not elapsed since the write that filled 
the memory to the (X + 1) level. An almost-empty flag is set high by the second low-to-high transition of the 
synchronizing clock after the FIFO write that fills memory to the (X + 1) level. A low-to-high transition of an 
almost-empty flag synchronizing clock begins the first synchronization cycle if it occurs at time tsk2 or greater 
after the write that fills the FIFO to (X + 1) words. Otherwise, the subsequent synchronizing clock cycle can be 
the first synchronization cycle (see Figures 11 and 12). 
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almost-full flags (AFA, AFB) 

The almost-full flag of a FIFO is synchronized to the port clock that writes data to its array. The state machine 
that controls an almost-full flag monitors a write-pointer and read-pointer comparator that indicates when the 
FIFO SRAM status is almost full, almost fu11-1, or almost fu11-2. The almost-full state is defined by the value of 
the almost-full and almost-empty offset register (X). This register is loaded with one of four preset values during 
a device reset (see reset). An almost-full flag is low when the FIFO contains (64 - X) or more words in memory 
and is high when the FIFO contains [64 - (X + 1)) or less words. 

Two low-to-high transitions of the almost-full flag synchronizing clock are required after a FIFO read for the 
almost-full flag to reflect the new level of fill; therefore, the almost-full flag of a FIFO containing [64 - (X + 1)] 
or less words remains low iftwo cycles ofthe synchronizing clock have not elapsed since the read that reduced 
the number of words in memory to [64 - (X + 1 ))" An almost-full flag is set high by the second low-to-high 
transition of the synchronizing clock after the FIFO read that reduces the number of words in memory to 
[64 - (X + 1)]. A low-to-high transition of an almost-full flag synchronizing clock begins the first synchronization 
cycle if it occurs at Ume tsk2 or greater after the read that reduces the number of words in memory to 
[64 - (X + 1 )]. Otherwise, the subsequent synchronizing clock cycle can be the first synchronization cycle (see 
Figures 13 and 14). 

mailbox registers 

Each FIFO has a 36-bit bypass register to pass command and control information between port A and port B 
without putting it in queue. The mailbox-select (MBA, MBB) inputs choose between a mail register and a FIFO 
for a port data transfer operation. A low-to-high transition on ClKA writes AO-A35 data to the mail1 register 
when a port-A write is selected by CSA, WiRA, and ENA 'and MBA is high. A low-to-high transition on ClKB 
writes BO-B35 data to the mail2 register when a port-B write is selected by CSB, wiRB, and ENB and MBB 
is high. Writing data to a mail register sets the corresponding flag (MBF1 or MBF2) low. Attempted writes to a 
mail register are ignored while the mail flag is low. 

When a port's data outputs are active, the data on the bus comes from the FIFO output register when the port 
mailbox-select input (MBA, MBB) is low and from the mail register when the port mailbox-select input is high. 
The mail1 register flag (MBF1) is set high by a low-to-high transition on ClKB when a port-B read is selected 
by CSB, wiRB, and ENB and MBB is high. The mail2 register flag (MBF2) is set high by a low-to-high transition 
on CLKA when a port-A read is selected by CSA, wiRA, and ENA and MBA is high. The data in a mail register 
remains intact after it is read and changes only when new data is written to the register. 

parity checking 

7-38 

The port-A inputs (AO-A35) and port-B inputs (BO-B35) each have four parity trees to check the parity of 
incoming (or outgoing) data. A parity failure on one or more bytes of the input bus is reported by a low level on 
the port parity error flag (PEFA, PEFB). Odd or even parity checking can be selected, and the parity error flags 
can be ignored if this feature is not desired. 

Parity status is checked on each input bus according to the level of the odd/even parity (ODD/EVEN) select 
input. A parity error on one or more bytes of a port is reported by a low level on the corresponding port parity 
error flag (PEFA, PEFB) output. Port-A bytes are arranged as AO-A8, A9-A17, A18-A26, and A27-A35, with 
the most significant bit of each byte used as the parity bit. Port-B bytes are arranged as BO-B8, B9-B17, 
B18-B26, and 827-B35, with the most significant bit of each byte used as the parity bit. When odd/even parity 
is selected, a port parity error flag (PEFA, PEFB) is low if any byte on the port has an odd/even number of low 
levels applied to the bits. 
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The four parity trees used to check the AO-A35 inputs are shared by the mail2 register when parity generation 
is selected for port-A reads (PGA = high). When a port-A read from the mail2 register with parity generation is 
selected with wiRA low, GSA low, ENA high, M8A high, and PGA high, the port-A parity error flag (PEFA) is 
held high regardless of the levels applied to the AO-A35 inputs. Likewise, the parity trees used to check the 
80-835 inputs are shared by the mail1 register when parity generation is selected for port-8 reads (PG8 = high). 
When a port-8 read from themail1registerwithparitygenerationisselectedwithWiR810w.GS8 low, EN8 high, 
M88 high, and PG8 high, the port-8 parity error flag (PEF8) is held high regardless of the levels applied to the 
80-835 inputs. 

parity generation 

A high level on the port-A parity generate select (PGA) or port-8 parity generate select (PG8) enables the 
SN74A8T3612 to generate parity bits for port reads from a FIFO or mailbox register. Port~A bytes are arranged 
as AO-A8, A9-A 17, A 18-A26, and A27 -A35, with the most significant bit of each byte used as the parity bit. 
Port-8 bytes are arranged as 80-88, 89-817, 818-826, and 827-835, with the most Significant bit of each 
byte used as the parity bit. A write to a FIFO or mail register stores the levels applied to all thirty-six inputs 
regardless ofthe state ofthe parity generate select (PGA, PG8) inputs. When data is read from a port with parity 
generation selected, the lower eight bits of each byte are used to generate a parity bit according to the level on 
the ODD/EVEN select. The generated parity bits are substituted for the levels originally written to the most 
significant bits of each byte as the word is read to the data outputs. 

Parity bits for FIFO data are generated after the data is read from SRAM and before the data is written to the 
output register. Therefore, the port-A parity generate select (PGA) and odd/even parity select (ODD/EVEN) 
have setup and hold time constraints to the port-A clock (GlKA) and th& port-8 parity generate select (PG8) 
and ODD/EVEN have setup and hold-time constraints to the port-8 clock (elK8). These timing constraints only 
apply for a rising clock edge used to read a new word to the FIFO output register. 

The circuit used to generate parity for the mail1 data is shared by the port-8 bus (80-835) to check parity and 
the circuit used to generate parity for the mail2 data is shared by the port-A bus (AO-A35) to check parity. The 
shared parity trees of a port are used to generate parity bits for the data in a mail register when the port write/read 
select (WiRA, W/R8) input is low, the port mail select (M8A, M88) input is high, chip select (GSA, CS8) is low, 
enable (ENA, EN8) is high, and port parity generate select (PGA, PG8) is high. Generating parity for mail 
register data does not change the contents of the register. 
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CLKB 

7-40 

Figure 1. Device Reset Loading the X Register With the Value of Eight 
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Figure 3. Port-B Write Cycle Timing for FIF02 
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Figure 5. Port-A Read Cycle Timing for FIF02 
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Figure 6. EFB-Flag Timing and First Data Read When FIF01 Is Empty 
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Figure 7. EFA-Flag Timing and First Data Read When FIF02 Is Empty 
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Figure 8. FFA-Flag Timing and First Available Write When FIF01 Is Full 
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t tsk 1 is the minimum time between a rising ClKA edge and a rising ClKB edge for FF B to transition high in the next ClKB cycle. Ifthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk1' then FFB may transition high one ClKB cycle later than shown. 

7~8 

Figure 9. FFB-Flag Timing and First Available Write When FIF02 Is Full 
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ENA 

CLKB 
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tSUCEN:f-=E :-- th(EN2) 
t222?~~~$~$~$~$~$~\~ ____________________________________ __ 

~tSk2t ~ 

~---tltt tpd(C.AE) 1111 11\ 

AEB X Words In FIF01 Y (X + 1) Words In FIF01 j '­
tsu(EN2) ~ 14- th(EN2) 

ENB ________________________________________ ~//~?~Z~Z~Z~Z~~ ~" 

t tsk2 is the minimum time between a rising ClKAedge and a rising CLKB edge for AEB to transition high in the next ClKB cycle. 1ft he time between 
the rising ClKA edge and rising ClKB edge is less than tsk2. then AEB may transition high one ClKB cycle later than shown. 

NOTE k. FIF01 write (CSA = L. wif5.A = H. MBA = l). FIF01 read (CSB = L. WiRB = l. MBB = l). 

Figure 10. Timing for AEB When FIF01 Is Almost Empty 

CLKB 

ENB 

tSU(EN2) JdI :-- th(EN2) 

1!?:!2/~\R~$~~~~~$~$~\----------------------------------------
. If- tsk2 t -i1/ 

CLKA 

AEA X Words In FIF02 

~---tltt tpd(C-AE) \,. -I 
Y (X + 1) Words In FIF02 J 'L 

tsu(EN2) ~ r- th(EN2) 
ENA ________________________________________ ~~~Z~/.~/.~/.~/.~~~~~ 

t tsk2 is the minimum time between a rising ClKB edge and a rising CLKA edge for AEA to transition high in the next ClKA cycle. Ifthe time between 
. the rising ClKB edge and rising CLKA edge is less than tsk2. then AEA may transition high one ClKA cycle later than shown. 
NOTE k. FIF02 write (CSB = L. W/RB = H. MBB = l). FIF02 read (CSA = L. W/RA = l. MBA = l). 

Figure 11. Timing for AEA When FIF021s Almost Empty 
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k- tsk2t --I 
CLKA I , I ',---1'--+1 ''''''�,'-_--JY-1---, Y2 

tsu(EN2) 14-::1 .r- th(EN2) 1 1 

ENA tZZZlT/ll \\\\.~ \\\ 1 : 

' __ ...JI 

tpd(C-AF) 14 tpd(C-AF) 1+1.--... " 
AFA [64 - (X + 1)) Words In FIF01 

1_----
1 

CLKB--./ ',-__ I '--,'---...,/ ~~~~-L-:-t-:"""IE~'--2)---'1 
ENB _______________ ~t(~2~2~7~/.~2~~'~~~~~~_~~~~~S~,~ ________________ ___ 

t tsk21s the minimum time between a rising ClKA edge and a rising ClKB edge for AFA to transition high in the next ClKAcycle, Ifthe time between 
the rising ClKA edge and rising ClKB edge is less than tsk2. then AFA may transition high one ClKB cycle later than shown, 

NOTE A: FIF01 write (CSA = L. w/Fi.A = H. MBA = l). FIF01 read (CSB = L. w/RB = l. MBB = l). 

Figure 12. Timing for AFA When FIF01 Is Almost Full 

k- tSk2t --I 
CLKB I , I ,'----'1,--+1 """I''-_ __'y-1---''-_ __'Y 2 

tsu(EN2) ~ J: th(EN2) 1 1 

ENB //7/7/ /1l \.." " \\. '\&. 1 : 

' __ ...JI 

tpd(C-AF) 14 tpd(C-AF) 1+1. --~~ 

AFB [64 - (X + 1)] Words In FIF02 
1,-----

1 

CLKA--./ ''-----'I , -!----~\ I ',-__ I '--
""(EN2) H l:th(EN2) 

ENA ________________ ~t2~2~?~2~2~2~~ ~~~~0~S~0.~.$.\~ ___________________ __ 
t tsk2 is the minimum time between a rising ClKB edge and a rising ClKA edge for AFB to transition high in the next ClKB cycle. Ifthe time between 

the rising ClKB edge and rising ClKA edge is less than tsk2. then AFB may transition high one CLKA cycle later than shown. 
NOTE A: FIF02 write (CSB = L. W/RB= H. MBB = l). FIF02 read (CSA = l. w/Fi.A = L. MBA = l). 
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Figure 13. Timing for AFB When FIF02 Is Almost Full 
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CLKA I , I , ____ / 
tsu(EN1) ~ r- th{EN1) 

,'----,..,/ '-
------~~~I~---------------------------------

I I 

?!//lJ?//J?Z? l ~ W/RA 

MBA 

I I I 

ZZZZZVZZZZZ? l~ 
I I I 

ENA '//7/7/// ////{ I .. 

AO-A35 

I 
ClKB I ''-----~l--~/ I ''---------1 ,---------

1'- tpd(C-MF) ~ r tpd(C-MF) -.I 
--------------~I------~\'_ ____________ ~I ______ -J}---------

I I 
,~ ________ II~------__ ------------~I--------JI 1- I I 

~$~);-s-s-);or"""'O~ I : ~..,..2..,.2..,..2..,..2.,.2.,.2.,.2.,.2.,..; W/RB 

ENB 

I I I I 
-----", ___ --/1 I 

I I I tsu(EN2) '14-11 -~O~ th(EN2) I 
I II O//!l ~ I !I) ""-lIo..O~_'""'II _______ _ 
I ~~I. __ ~ ____ ~ ;~ ~ 

tenH ,... tdis ~ 

MBB 

BO-B35 W1 (remains valid In mall1 register after read) 

FIF01 Output Register 

NOTE A: Port-B parity generation off (PGB = L) 

Figure 14_ Timing for Mall1 Register and MBF1 Flag 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAu.AS, TEXAS 75265 7-51 



SNi 4ABi36i 2 
64 x 36 x 2 CLOCKED FIRST·IN, FIRST·OUT MEMORY 

SCBS129D - JULY 1992 - REVISED JANUARY 1994 

CLKB I , I ,~ ____ ~/ ,'----.,,/ '--
tsu(EN1) ~ r- th(EN1) 

------~~~I-----------------------------------
I I 

w/RB 'l/27//?/llZf I W 
MBB 

I I I 
ENB VZZ?/ZZ?/Z{ I _ 

BO-B35 

I 
CLKA I '~---t:--_/ I '-----1 ,-----

I~ tpd(C-MF) ~ r tpd(C-MF) -./ 

---------------r------~\~ ____________ I~-----J>--------
I I 

, I I I 
I'--------~I------------------------~I--------~I 

ENA 

v/~: : ~~~ 
-------1--------/1 I I : : II tsu(EN2) ... 1 .. _-.l.~h(EN2) I 

I ///ld \S\\\ I I 1 .. 1 ~~-"'I---------
ten H ;+1 ---+--~ !dIs j.-.I 

WiRA 

MBA 

AO-A35 W1 (remains valid In mall2 register after read) 

FIF02 Output Register 

NOTE A: Port-A parity generation off (PGA = L) 
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Figure 15. Timing for Mall2 Register and MBF2 Flag 
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MBA 

PGA 
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" I I I 
I 1 \~ _____ t 
I I I I 

VZ7//?!(ZV/ZZZZZILZ{zzzZ2?Z2VZZ4 ~ 

VZZI/lTftZ//!ZZZ?/74ZVVVL?LZZ4 ~\\\\ 
tpd(O.PE) ~ tpd(O·PE) ~ tpd(E.PE) H tpd(E.PE) M 

Valid * Valid * Valid I \ Valid 

1 I I 1 

NOTE A: ENA is high and CSA is low. 

0001 
EVEN 

W/RB 

MBB 

PGB 

Figure 16. ODD/EVEN, W/RA, MBA, and PGA to PEFA Timing 

" I I 1 I I \~ ________ ~t 
I I 1 I 

//Z??ZZW/ZT/T//?/ZZzzzzazv7/1z? tsssss\~" 

tpd(O.PE) If-.tI tpd(O·PE) ~ tpd(E.PE) ~ tpd(E.PE) 1.-.1 
Valid * Valid * Valid I { Valid 

NOTE A: ENB is high and CSB is low. 

Figure 17. ODD/EVEN, W/RB, MBB, and PGB to PEFB Timing 
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0001 
EVEN \~--------------------------

W/RA 

MBA 

PGA 

A8,A17, 
A26,A35 

Low 

I 
I 
I 
I 

~~----------------~I--------------------------I I 

rdzT/VZZ4 I 
I I I 

rd(v//Z/Jk I 
I 14- tpd(E.PB) -.! I 
I+- ten -tI k- tpd(M.OV)-ti I j4- tpd(O.PB) 4 
----~ Generated Parity X 

).-------
I 
~ tpd(E.PB) -.: 

Generated Parity ~~M":""a~1I2~0~a~ta 
Mall2 
Data 

NOTE A'. ENA is high. 

0001 
EVEN 

W/RB 

MBB 

PGB 

Figure 18. Parity-Generation Timing When Reading From the Mall2 Register 

\~--------------------------
Low 

I 
I 
I 
I 

~-------------------+I---------------------------I I 

zzjzzvJZZ4 I 
I I I 

zd(zzzzzz4 I 
I 14- tpd(E.PB) --.j I 

)~------
I+- ten -+I k- tpd(M.OV) -tI I j4- tpd(O.PB) 4 

B8,B17, _____ ~ \JJ 
B26, B35 ~ Generated Parity A 

~ tpd(E.PB) -.: 

Generated Parity XI'".M~a~II~1 O~a-ta 
Mall1 
Data 

NOTE A'. ENB is high. 

Figure 19. Parity-Generation Timing When Reading From the Mall1 Register 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Output voltage range, Vo (see Note 1) ........................................ -0.5 V to Vee + 0.5 V 
Input clamp current, 11K (VI < 0 or VI> Vee) ............................................... ±20 rnA 
Output clamp current, 10K No < 0 or Vo > Vee) ........................................... ±50 rnA 
Continuous output current, 10 No = 0 to Vee) ............................................. ±50 rnA 
Continuous current through Vee or GND ................................................. ±500 rnA 
Operating free-air temperature range, TA ........................... . . . . . . . . . • . . . . . . . .. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output voltage ratings may be exceeded provided the input and output current ratings are observed. 

recommended operating conditions 

MIN MAX UNIT 

Vce Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage O.S V 

10H High-level output current -4 mA 

10L Low-level output current S mA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH Vee = 4.5 V. 10H =-4mA 

VOL Vee = 4.5 V, 10L= SmA 

II Vee = 5.5 V, VI = Vee or 0 

10Z Vee = 5.5 V. Vo=Vee orO 

Outputs high 

ICC Vee = 5.5 V, 10=OmA, VI = Vee or GND Outputs low 

Outputs disabled 

ei VI =0, f= 1 MHz 

Co VO=O, f = 1 MHz 

* All typical values are at Vee = 5 V, TA = 25°C. 
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MIN TYP* MAX UNIT 

2.4 V 

0.5 V 

:50 j.iA 

:50 j.iA 

60 mA 

130 mA 

60 mA 

4 pF 

S pF 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 19) 

'ABT3612·15 'ABT3612·20 'ABT3612·30 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

fclock Clock frequency, ClKA or ClKS 66.7 50 33;4 MHz 

lc Clock cycle time, ClKA or CLKS 15 20 30 ns 

tw(CLKH} Pulse duration, ClKA and ClKS high 6 8 12 ns 

tw(CLKl) Pulse duration, CLKA and ClKS low 6 8 12 ns 

tsu(D) Setup time, AO-A35 before ClKAt and BO-B35 before CLKBt 4 5 6 ns 

tsu(EN1) 
Setup time, CSA, W/RA before ClKAt: CSB, W/RB before 

6 6 7 ns 
ClKBt 

tsu (EN2) Setup time, ENA before ClKAt: ENB before ClKBt 4 5 6 ns 

tsu(EN~>- Setup time, MBA before CLKAt: MBB before CLKBt 4 5 6 ns 

tsu(PG) 
Setup time, ODD/EVEN and PGA before CLKAt; ODD/EVEN and 

4 5 6 ns PGB before ClKBt t 

tsu(RSl Setup time, RST low before ClKAt or CLKBt* 5 6 7 ns 

tsu(FS) Setup time, FSO and FS1 before RST high 5 6 7 ns 

th(D) Hold time, AO-A35 after ClKAt and BO-B35 after ClKBt 2.5 2.5 2.5 ns 

th(EN1) Hold time, CSA. W/RA after ClKAt: CSB, W/RB after ClKBt 2 2 2 ns 

th(EN2) Hold time, ENA after ClKAt: ENB after ClKBt 2.5 2.5 2.5 ns 

th(EN3) Hold time, MBA after ClKAt: MBB after ClKBt 1 1 1 ns 

th(PG) 
Hold time, ODD/EVEN and PGA after ClKAt: ODD/EVEN and 

1 1 1 ns 
PGB after CLKStt 

th(RS) Hold time, RST low after CLKAt or ClKBt* 5 6 7 ns 

th(FS) Hold time, FSO and FS1 after RST high 4 4 4 ns 

tsk1§ 
Skew time, between ClKA t and ClKB t for EFA, EFB, FFA, and 

8 8 10 I ns 
FFB 

tsk2§ 
Skew time, between ClKA t and ClKB t for AEA, AEB, AFA, and 

9 16 20 ns 
AFS 

t Only applies for a clock edge that does a FIFO read * Requirement to count the clock edge as one of at least four needed to reset a FIFO 
§ Skew time is not a timing constraint for proper device operation and is only included to illustrate the timing relationship between ClKA cycle and 

CLKB cycle. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 30 pF (see Figures 1 through 19) 

'ABT3612-15 
PARAMETER 

MIN 

ta Access time, CLKAt to AO-A35 and CLKBt to BO-B35 2 

tpd(C-FF) Propagation delay time, CLKAt to FFA and CLKBt to FFB 2 

tpd(C-EF) Propagation delay time, CLKAt to EFA and CLKBt to EFB 2 

tpd(C-AE) Propagation delay time, CLKAt to AEA and CLKBt to AEB 2 

tpd(C-AF) . Propagation delay time, CLKAt to AFA and CLKBt to AFB 2 

tpd(C-MF) 
Propagation delay time, CLKAt to MBF1 low or MBF2 high and 

1 
CLKBt to MBF210w or MBF1 high 

tpd(C-MR) 
Propagation delay time, CLKAt to 80-B35t and CLK8t to 

3 
AO-A35t: 

tpd(M-DV) 
Propagation delay time, MBA to AO-A35 valid and MBB to 

1 
BO-B35 valid 

tpd(D-PE) 
Propagation delay time, AO-A35 valid to PEFA valid; BO-B35 

3 
valid to PEFB valid 

~d(O-PE) Propagation delay time, ODD/EVEN to PEFA and PEFB 3 

tpd(O-PB)§ 
Propagation delay time, ODD/EVEN to parity bits (A8, A 17, A26, 

2 
A35) and (B8, B17, 826, 835) 

tpd(E-PE) 
Propagation delay time, W/RA, CSA, ENA, MBA, or PGA to 

1 
PEFA; WiRB, CSB, ENB, MBB, or PGB to PEFB 

Propagation delay time, W/RA, CSA, ENA. MBA, or PGA to 

tpd(E-PB)§ parity bits (A8, A17, A26, A35); wiRB, CSB, ENB, MBB, or PGB 
to parity bits (B8, B17, 826, B35) 

3 

tpd(R-F) 
Propagation delay time, RST to (AEA, AEB) low and (AFA. AFB, 

1 
MBF1, MBF2) high. 

ten 
Enable time, CSA and W/RA low to AO-A35 active and CSB low 

2 
and W/RB high to BO-B35 active 

tdis 
Disable time, CSA or W/RA high to AO-A35 at high impedance 

1 
and CSB high or W/RB low to BO-B35 at high impedance 

t Writing data to the mail1 register when the BO-B35 outputs are active and MBB is high. 
t: Writing data to the mail2 register when the AO-A35 outputs are active and MBA is high. 
§ Only applies when reading data from a mail register 
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MAX 

10 

10 

10 

10 

10 

9 

11 

11 

10 

11 

11 

11 

12 

15 

10 

8 

'ABT3612-20 ' ABT3612-30 

MIN MAX MIN MAX 
UNIT 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

2 12 2 15 ns 

1 12 1 15 ns 

3 13 3 15 ns 

1 11.5 1 12 ns 

3 11 3 13 ns 

3 12 3 14 ns 

2 12 2 14 ns 

1 12 1 14 ns 

3 13 3 14 ns 

1 20 1 30 ns 

2 12 2 14 ns 

1 9 1 11 ns 
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<C 
E 
I 

E 
~ 
:J o 
>­
Q. 
Co 
:J 
(/) 

I 

400 

350 

TYPICAL CHARACTERISTICS 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

fdata = 1/2 fclock 
TA = 25°C --f--I----+--+--+__:.~ 
CL=O pF 

100~-4--~~~--+---r-~---+--~ 

50~~~-+--~--+---r-~---+--~ 

O~~--~--~--~--~~--~--~ 
o 10 20 30 40 50 60 70 80 

fclock - Clock Frequency - MHz 

Figure 20 

calculating power dissipation 

7-58 

The ICC(f) current for the graph in Figure 20 was taken while simultaneously reading and writing the FIFO on 
the SN74ACT3612 with ClKA and ClKS set to fclock.AII data inputs and data outputs change state during each 
clock cycle to consume the highest supply current. Data outputs were disconnected to normalize the graph to 
a zero-capacitance load. Once the capacitive load per data-output channel is known, the power dissipation can 
be calculated with the equation below. 

With ICC(f} taken from Figure 28, the maximum dynamic power dissipation (PD) of the SN74AST3614 can be 
calculated by: 

PD = Vce x ICC(f) + I(CL x VCC x (VOH - Vod x to) 

where: 

CL = output capacitive load 
to switching frequency of an output 
VOH = output high-level voltage 
VOL = output low-level voltage 

When no reads or writes are occurring on the SN74AST3612, the power dissipated by a single clock (CLKA or 
ClKS) input running at frequency fclock is calculated by: 

PT = Vce x fclock x 0.290 rnA/MHz 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1.1 kO 

From Output 
Under Test --0-----0 

6800 30pF 
(see Noto A) 

LOAD CIRCUIT 

TImIng t,----- 3 V 

Input ___ -"" ~ ~ __ _ 
-to GND 

tsu 4CI ~ ~I th 

Data, rl - - - 3 V 
Enable 1.5 V 1.5 V 
~put GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output L 
Enable --.Ii 1.5 V 

~ :.-tPLZ 

\1.5V---

--.1 kl-tPZL I l----

3V 

GND 

.. 3V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

VOL 
kl-tPZH 

I I ~----r-~ 
Low-Level I 

Output -~f-I' Input J('o5V \~5~-- ::0 
High-Level 

Output I I 
I I 
~ l<4-tPHZ 

I 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 

VOH 

.. OV 
In-Phase 

Output 

tpd~ ~tpd 
,..-__ ,",\; I _ _ VOH 

)11.5 V \L ~.5 V 
----, ~ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

Figure 21. Load Circuit and Voltage Waveforms 
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18-BIT CLOCKED FIFOS 

Features 

• Member of Texas Instruments Widebus 1M 

family 

• Advanced BiCMOS process 

• O.a-J.lm CMOS process 

• TI's advanced clocked interface 

• 
• 

• 

• 

• 

• 
• 
• 
• 

• 
• 

• 
• 

Support clock rates up to 80 MHZ 

Fast access times 

High drive capabilites 

Depths from 64 to 4K words 

Latched input and output registers 

Grey-code flag architecture 

First-word fallthrough 

Programmable AF/AE flag 

Multistage flag synchronization 

Output edge control (OEC TM) circuitry 

Distributed Vee and GND 

Fine-pitch package options 

EIAJ 80-pin TQFP packages 

• 

• 

• 

Benefits 

Combines wider data-path capability with 
reduced board space area 

Fast access time for improved system 
cycle time and performance 

Fast access times combined with low 
power 

• Supports free-running clocks with enables 

• Supports high-performance systems 

• Access times as low as 9 ns for Improved 
performance 

• Drive capability as high as -12 rnA to 
24 rnA for high fanout and bus 
applications 

• Multiple depths to optimize system 
applications 

o Allows for fast access times and reduced 
setup and hold times 

• 
• 
• 
• 

• 
• 

Elim inates race conditions 

Eases system interface requirements 

Increases design flexibility 

Increases reliability by increasing MTBF 
(mean time between failures) 

Improved reliability 

Improved noise immunity and mutual 
coupling effects 

• Significantly reduces critical board space 

• Board-space savings of up to 70% over 
68-pin PLCC option 

The following table lists military FIFO Widebus ™ devices currently targeted for market 
introduction. Customers interested in learning more about TI's plans for these devices should 
contact military Advanced System Logic marketing at (915) 561-7289. 

DEVICE PACKAGE DESCRIPTION 

SNJ54ACT7811-XX 68 CQFP, 68 PGA 1 K x 18-Bit Unidirectional Clocked FIFO 

SNJ54ABT7819·XX 68 CQFP. 68 PGA 512 x 18·Bit Bidirectional Clocked FIFO 



SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

~~: ====-=-=========-==-~=-__________________ -=-======S=C~==19=9=-=JA=N=U=AR=Y=1=99=1=-=R=~=IS=E=D=AP=R=IL=1~9~ 
o Member of the Texas Instruments 

Wldebus T .. Family 

o Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

• Read and Write Operations Synchronized to 
Independent System Clocks 

o Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• 64 Words by 18 Bits 
G low-Power Advanced CMOS Technology 
o Half-Full Flag and Programmable 

Almost-Full/Almost-Empty Flag 
G Bidirectional Configuration and Width 

Expansion Without Additional logic 
o Fast Access Times of 12 ns With a 50-pF 

load and All Data Outputs Switching 
Simultaneously 

o Data Rates From 0 to 67 MHz 
o Pin Compatible With SN74ACT7803 and 

SN74ACT7805 
G Packaged In Shrink Small-Outline 300-mll 

Package (Dl) Using 25-mil Center-to-Center 
Spacing 

description 

The SN74ACT7813 is a 64-word x 18-bit FIFO 
suited for buffering asynchronous data paths at 
67-MHz clock rates and 12-ns access times. Its 
56-pin shrink small-outline package (Dl) offers 

RESET 
017 
016 
015 
014 
013 
012 
011 
010 

Vee 
09 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 

WRTCLK 
WRTEN2 
WRTEN1 

IR 

DLPACKAGE 
(TOP VIEW) 

1 U 56 

2 55 
3 54 
4 53 
5 52 
6 51 
7 50 
8 49 
9 48 
10 47 
11 46 
12 45 
13 44 
14 43 ~ 
15 42 ) 
16 41 
17 40 
18 39 

19 38 
20 37 
21 36 
22 35 ] 
23 34 
24 33 
25 32 
26 31 
27 30 
28 29 

OE1 
017 
016 
015 
GNO 
014 
Vee 
013 
012 
011 
010 
09 
GNO 
08 
07 
06 
05 
Vee 
04 
03 
02 
GNO 
01 
00 
ROCLK 
ROEN 
OE2 
OR 

greatly reduced board space over DIP, PlCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed Vcc and GND pins along with Tl's 
patented output edge control (OEC™) circuit dampen simultaneous switching noise. 

The write clock (WRTCll<) and read clock (RDCll<) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN1 is high, WRTEN2 is low, 
and IR is high. Data is read from memory on the rising edge of RDClK when RDEN, OE1, and OE2 are low and 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1. and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 

The FIFO can be reset asynchronously to WRTClK and RDClK. RESET must be asserted while at least four 
WRTClK and four RDClK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7813 is characterized for operation from O°C to 70°C. 

Widebus and OEe are trademarks of Texas Instruments Incorporated. 

~~~~~~:o~i~ II:'~C~~I~':,. ~t~~:r!~ ~ fu~:~~~f~mde~~ 
Itandard warranty. Production procullng do .. ncl nec .. llrUy Includt 
tntlng of all param.t.rs. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

Copyright © 1992. Texas Instruments Incorporated 
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64 X 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

ROCLK 

OEl 

OE2 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 "-
25 

Z1 

26 "-
32 

56 
'" 

30 - " 
~ 

"-
31 "-
23 

'" 

21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

c!> 
FIFO 64)( 18 

RESET SN74ACT7813 

WRTCLK 

UWRTEN IN ROY 

HALF·FULL 
ROCLK 

rlEN1 ALMOST FULUEMPTY 

OUTRDY 

~ 
ROEN 

r--
PROGRAM ENABLE ., r 
0 0 

~ ~1V 

17 17 

tThis symbol is in accordance with ANSi/IEEE Std 91-1984 and IEC Publication 617-12. 
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28 

22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

48 

49 

51 

53 

54 

55 

IR 

HF 

AF/AE 

OR 

co 
01 

Q2 

03 

04 

05 

as 
07 

08 

Q9 

010 

011 

012 

013 

014 

015 

016 

017 



functional block diagram 

00-017 

ROCLK 

WRTCLK 
WRTEN1 
WRTEN2 

-
-

I 
I 

'--

'---

Output 
Control 

Synchronous 
Read 

Control 

Synchronous 
Write 

Control 

Reset 
Logic 

. 
~ -

r-

SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

I Read I pOinter: 

I 

I Write I 

I Pointer I 
I 

I 
.../ 

Status-
Flag 

_ .. Logic r 
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d 
Location 1 

Location 2 

64)( 18 RAM 

Location 63 

Location 64 

~J 
Register 

I 

CO-Q17 

OR 

IR 
HF 

AF/AE 
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TERMINAL 

NAME NO. 

AF/AE 24 

DO-D17 
21-14,12-11, 

9-2 

HF " 22 

IR 28 

OE1, OE2 56,30 

OR 29 

PEN 23 

33-34, 36-38, 
00-017 40-43, 45-49, 

51,53-55 

RDCLK 32 

RDEN 31 

RESET 1 

WRTCLK 25 

WRTEN1, 
27,26 

WRTEN2 

VO 

0 

I 

0 

0 

I 

0 

I 

0 

I 

I 

I 

I 

I 

Terminal Functions 

DESCRIPTION 

A1most-full/almost-empty flag. Depth offset values can be programmed for AF/AE. or the default 
value of a can be used for both the almost-empty offset (X) and the almost-full offset M. AF/AE is 
high when memory contains X or less words or (64 - Y) or more words. AF/AE is high after reset. 

la-bit data input port 

Half-full flag. HF is high when the FIFO memory contains 32 or more words. HF is low after reset. 

Input-ready flag. IR is synchronized to the low-to-high transition of WRTCLK. When IR is low, the 
FIFO is full and writes are disabled. IR is low during reset and goes high on the second low-to-high 
transition of WRTCLK after reset. 

Output enables. When OE1, OE2, and RDEN are low and OR is high, data is read from the FIFO 
on a low-to-high transition of RDCLK When either OEl or OE2 is high, reads are disabled and the 
data outputs are in the high-impedance state. 

Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK When OR is low, the 
FIFO is empty and reads are disabled. Ready data is present on 00-017 when OR is high. OR is 
low during reset and goes high on the third low-to-high transition of RDCLK after the first word is 
loaded to empty memory. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 
DO-D4 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

18-bit data output port. After the first valid write to empty memory, the first word is output on 00-017 
on the third rising edge of RDCLK OR is also asserted high at this time to indicate ready data. When 
OR is low, the last word read from the FIFO is present on 00-017. 

Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK. A 
low-to-high transition of RDCLK reads data from memory when OE1, OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition or RDCLK 

Read enable. When RDEN, OE1, and OE2 are low and OR is high, data is read from the FIFO on 
the low-to-high transition of RDCLK. 

Reset. To reset the FIFO. four low-to-high transitions of RDCLK and four low-to-high transitions of 
WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 

Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low. WRTENl is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK. 

Write enables. When WRTENl is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK 

~TEXAS 
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WRTCLK 

WRTEN1 

00-017 

RDCU{ 

00-017 

AF/AE 

SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS199-JANUARY 1991-REVISEDAPRIL 1992 

1 1 

1 1 J<J<NVVV< 1 1 

1 1 
1 1 12 3 4 1 1 

~ I I I V'Sc;'.~~ : ~YYYYY-fY--
1 1 1 1 

1 

~ 
1 I! 1 

Invalid 

1 i I 

~";"*'~ 

1 1 
~~VV~VV~VV~VV~ 1 

HF Don't Care 
_vvvyyyv_ I 

Define the AF/AE Flag Using 
the Default Value of X = V = B 

Figure 1. Reset Cycle 
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8-8 

WRTCLK 

I I I I 
I I I I 

WRTEN1 

I I I I WRTEN2 ~~ ________________________ ~I ______ -+I ______ ~I ________ I __ _ 

: l I I 

@W1AA1W2tAAJW3®W'.W~.". w~ q+"RAAa + B 
I I I I 

~~~~ I I I 

00-017 

ROCLK 

I I I 
OE1 _________________ -+ ________ ~I------~I------~~------~I----

I I I 
I I I I: I 
I I I 
I I I 
I I I 

OE2 I I I .... ----------------~I--------~I------~I------~~------~I---

I I ~I 1 : QO-Q17 ______ I_"V_81_ld ___ --t>< .... ______ ....-______ ..,-______ .....-_______ .,.-_ 
I I 

OR ------------- I I 
I I 
I I 
I I 

AF/AE I I 
I I 

I I 
HF ---------------------------------~. I 

IR 

Figure 2. Write 
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SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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RESET 

WRTCLI< 

I I 
WRTEN1--n l 

I I 
I I 

WRTEN2 I I 

I I 00-017)+_ 
I I 

ROCLI< I ~I ~r--fl--,~r-S1--f1-
I I I I I 
I I I I I 

OE1 __ ~ ____ ~ ______ ~I ______ -+I ______ ~I ________ ~I~ __________ -+I __ __ 
I I I I I 

I I I I 
I I I I I 
I I I I I 

Figure 3. Read 
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SN74ACT78i j 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 8 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (64 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on 00-04 is 
stored as the almoSt-empty offset value (X) and the almost-full offset value M. Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on 00-04 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 31 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 8, PEN must be held high. 

WRTCLK 

00-04 

IR I 

WRTEN1 

WRTEN2 

Figure 4. Programming X and Y Separately 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......... ~ ............................................... -0.5 V to 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS199 - JANUARY 1991 - REVISED APRIL 1992 

recommended operating conditions 

'ACT7813-15 'ACT7813-2Q 

MIN MAX MIN MAX 

VCC Supply voltage 4.5 5.5 4.5 5.5 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 0.8 

IOH High-level output current a output:., Flag:. ..,.0 -8 

a outputs 16 16 
IOL Low-level output current 

Flags 8 8 

fclock Clock frequency 67 50 

WRTCLK high or low 6 7 

tw Pulse duration ROCLK high or low 6 7 

PEN low 8 9 

00-017 before 
4 5 

WRTCLKt 

WRTEN 1, WRTEN2 
4 5 

before WRTCLKf 

OE1, OE2 
5 5 

tsu Setup time before RDCLKf 

RDEN before ROCLKt 4 5 

Reset: RESET low 
before first WRTCLKf 5 6 
and ROCLKtt 

PEN before WRTCLKt 5 6 

00-017 after a a 
WRTCLKt 

WRTEN 1, WRTEN2 
0 a 

after WRTCLKt 

OE1. OE2. ROEN a a 
after RDCLKt 

th Hold time Reset: RESET low 
after fourth WRTCLKt 2 2 
and ROCLKtt 

PEN high a a 
after WRTCLKI 

PEN low after 
2 2 

WRTCLKf 

TA Operating free-air temperature a 70 a 70 
.. t To permit the clock pulse to be utilized for reset purposes 

~TEXAS 
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'ACT7813-25 'ACT7813-40 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 rnA 

16 16 
rnA 

8 8 

40 25 MHz 

8 12 

8 12 ns 

9 12 

5 5 

5 5 

6 6 
ns 

5 5 

6 6 

6 6 

a 0 

a 0 

a a 

ns 

2 2 

a a 

2 2 

a 70 a 70 °C 
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64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC =4.5V, IOH=-8mA 2.4 V 

I Flags VCC = 4.5 V, IOL=8mA 0.5 
VOL V I Q outputs VCC = 4.5 V, 10L= 16 rnA 0.5 

II VCC= 5.5 V, VI =VCC orO %5 ~ 

10Z VCC = 5.5 V, Vo=VccorO %5 ~ 

ICC VI =VCC-0.2VorO 400 ~ 

~ICc1: VCC = 5.5 V, One Input at 3.4 V, Other Inputs at VCC or GND 1 rnA 

Ci VI =0, f= 1 MHz 4 pF 

Co VO=O, f= 1 MHz 8 pF 

t All typical values are at VCC = 5 V, TA = 25°C. 
1: This is the supply current for each input that is at one of the specified TIL voltage levels rather than 0 V or VCC. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (see Figures 9 and 10) 

FROM TO 'ACT7813-15 ' ACT7813-20 'ACT7813-25 'ACT7813-40 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt MAX MIN 

fmax 
WRTCLKor 

67 
RDCLK 

tpd 4 9.5 12 

tpd§ 
RDCLKt AnyQ 

8.5 

tpd WRTCLKt IR 3 8.5 

tpd RDCLKt OR 3 8.5 

WRTCLKt 7 16.5 
tpd AF/AE 

RDCLKt 7 17 

tpLH WRTCLKt 7 15 
HF 

tpHL RDCLKt 7 15.5 

tPLH 
RESET low 

AF/AE 2 9 

tpHL HF 2 10 

ten 
OE1,OE2 

2 8.5 
AnyQ 

tdis 2 9.5 

§ This parameter is measured with a 30-pF load (see Figure 5). 

operating characteristics, Vee = 5 V, T A = 25°C 
PARAMETER 

Cpd Power dissipation capacitance Outputs enabled 

~I t TEXAS 
NSTRUMENTS 

50 

4 

3 

3 

7 

7 

7 

7 

2 

2 

2 

2 
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MAX MIN MAX MIN MAX 

40 25 

13 4 15 4 20 

11 3 13 3 15 

11 3 13 3 15 

19 7 21 7 23 

19 7 21 7 23 

17 7 19 7 21 

18 7 20 7 22 

11 2 13 2 15 

12 2 14 2 16 

11 2 11 2 11 

11 2 14 2 14 

TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



typ+S 

II) 
typ+6 

£: 
I 

II) 

E 
F 
>- typ+4 
co 
Gi 
Q 
c:: 
0 

ii typ+2 
CI 
co a. 
2 
Do 
I typ " E-

typ-2 

200 

180 

160 

~ 140 
I 

C 
120 f :; 

0 100 
>-
Q. 
a. SO :::l 
t/) 

I 60 s: 
0 
~ 40 

20 

0 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCCLSV 
- TA = 25°C 

~ 

RL=Soo 0 / 
V 

/ 
/ 

/ 
V 

/ 
/ 

V 
/ 

/ 
o 50 100 1SO 200 250 300 

I 
TA = 7S0C 

r- CL=O pF 

CL - Load Capacitance - pF 

Figure 5 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

VCC=5.5V 
I ./ 

VCC=5V~ V 
/ IY 

/ ~/ :/ 

.I 

/ 

/ 
./ 

V/ / VCC =4.SV 

h ~ 
~ ~ 

AP , 
o 10 20 30 40 50 60 70 

'clock - Clock Frequency - MHz 

Figure 6 
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SN74ACT7813 
64 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS199-JANUARY 1991-REVISEDAPRIL 1992 

TYPICAL CHARACTERISTICS 

calculating power dissipation 

8-14 

With lee(f) taken from Figure 6, the maximum power dissipation (Pr) based on all data outputs changing states 
on each read can be calculated using: 

Pr = Vee x [Iee(f) + (N x ~Iee x dc)] + I(CL x Vee2x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

Pr = Vee x [Icc + (N x ~Iee x dc)] + I(Cpd x Vee2 x fj) + I(CL x Vee2 x fo) 

where: 

ICC power-down ICC maximum 
N number of inputs driven by a TIL device 
~ IcC increase in supply current 
dc duty cycle of inputs at a TIL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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CLOCK A 

W/RA 

CSA 

AO-A17 

WRTCLK 

WRTEN1 

00-035 

18, 
, 

36, 
I 

IA -0= --
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APPLICATION INFORMATION 

SN74ACT7813 
WATCLK AOCLK 

WATEN1 OE1 

WATEN2 ADEN 
~ OE2 

00-017 00-017 

SN74ACT7813 
- p> AOCLK WATCLK 

- OE1 WATEN1 

ADEN WATEN2 

L OE2 

00-017 00-017 

Figure 7. Bidirectional Configuration 

SN74ACT7813 
_ WATCLK AOCLK ..... 

WATEN1 ADEN 

WATEN2 OE1 
IA OA 

OE2 

00-017 00-017 

V SN74ACT7813 
- >WATCLK AOCLK 

- WATEN1 ADEN 

WATEN2 OE1 

IA OA - -
OE2 -

00-017 00-017 

Figure 8. Word-Width Expansion: 64 x 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

Fr~~d~r~~=n 
RL=5001l I CL=50pF 

Input L \ 1.5V --- 3V 

---..II I . GND 

Output 

~14~~~ I I 
tpd I I 14 ~ tpd 

I I 

II~------~~r 3V 
1.5V - -- - ________ J OV 

LOAD CIRCUIT TOTEM·POlE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 

__ ----- 3V 

Input 1.5V ____ a. ____ ov 

~ I 
tPLZ -+j ~ 

I I -3.5V 

R1 
Output I ' __ i.. 

From Output 
Under Test -----4.--.---e-- Test Point 

tpZH -.! 
--.- VOL 

tpHZ +I I+- L 0.3 V 

~_--_r-I ..l_ - VOH R2 

LOAD CIRCUIT 

Output __ --', 1.5 V ~ V _ OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

PARAMETER R1, R2 Clf S1 

ten 
tpZH 

500 Cl 50pF 
Open 

tPZl Closed 

!dis 
tpHZ 

500 Cl 50pF 
Open 

tpLZ Closed 

tpd 5000 50pF Open 

t Includes probe and test-fixture capacitance 

Figure 10. 3-State Outputs (Any Q) 
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o Member of the Texas Instruments 
Wldebus T" Family 

o Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

o Read and Write Operations Synchronized 
to Independent System Clocks 

• Input-Ready Flag Synchronized to Write 
Clock 

• Output-Ready Flag Synchronized to Read 
Clock 

• 256 Words by 18 Bits 
o Low-Power Advanced CMOS Technology 

o Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

o Bidirectional Configuration and Width 
Expansion Without Additional Logic 

o Fast Access Times of 12 ns With Q 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

o Data Rates From 0 to 67 MHz 

o Pin Compatible With SN74ACT7803 and 
SN74ACT7813 

o Packaged In Shrink Smail-Outline 300-mll 
Package (OL) Using 25-mll Center-to-Center 
Spacing 

description 

The SN74ACT7805 is a 256-word x 18-bit clocked 
FIFO suited for buffering asynchronous data 
paths at 67-MHz clock rates and 12-ns access 
times. Its 56-pin shrink small-outline package (DL) 

RESET 
017 
016 
015 
014 
013 
012 
011 
010 
Vee 

09 
08 

GND 
07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 

WRTCLK 
WRTEN2 
WRTEN1 

IR 

DLPACKAGE 
(TOP VIEW) 

1 U 56 D 
2 55 ~ 
3 54 
4 53 
5 52 
6 51 
7 50 J 
8 49 ~ 
9 48 
10 47 
11 46 
12 45 
13 44 

14 43 
15 42 
16 41 
17 40 
18 39 
19 38 
20 37 
21 36 
22 35 

[ 23 34 
[ 24 33 

25 32 
26 31 
27 30 
28 29 

OE1 
017 
016 
015 
GNO 
014 
Vee 
013 
012 
011 
010 
09 
GNO 
08 
07 
06 
05 
Vee 
04 
03 
02 
GNO 
01 
00 
ROCLK 
ROEN 
OE2 
OR 

offers greatly reduced board space over DIP, PLCC, and conventional SOIC packages. Two devices can be 
configured for bidirectional data buffering without additional logic. Multiple distributed Vec and GND pins along 
with Tl's patented Output Edge Control (OEC"') circuit dampen simultaneous switching noise. 

The write clock (WRTCLK) and read clock (RDCLK) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTCLK when WRTEN 1 is high, WRTEN2 is low, 
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OE1, and OE2 are low and 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1, and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 

The FIFO can be reset asynchronously to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK rising edges occur to clear the synchronizing registers. Resetting the FI FO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7805 is characterized for operation from O°C to 70°C. 

W1debus and OEC are trademarks of Texas Instruments Incorporated. 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

RDCLK 

OE1 

OE2 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 "-
25 

27 

26 "-
32 

56 .f'... 

30 ... f'... 

~ 
"-

31 f'... 

23 "-

21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

~ 

FIFO 256 x 18 
RESET SN74ACT7805 

WRTCLK 

LJWRTEN 
IN ROY 

ROCLK 
HALF-FULL 

~EN1 ALMOST FULUEMPTY 

OUT ROY 

~ 
ROEN 

r---
PROGRAM ENABLE ., r 
0 0 

~ ~1V 

17 17 

tThis symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

48 

49 

51 

53 

54 

55 

IR 

HF 

AF/AE 

OR 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

on 
012 

013 

014 

015 

016 
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functional block diagram 

OE1 -ri Output 
OE2 Control 

00-017 

L...- Location 1 
ROCLK Synchronous .. I I 

- Read r---.- I Read I 
ROEN Control Pointer I 

Location 2 

I 
256 x 18 RAM 

WRTCLK -t--+--II
I Synchronous ...1 I 

WRTEN1 Write t-+--+-~-+--II Write t::==:)h~:fu;-;~-I 
WRTEN2 Control t-r- Pointer I Location 255 I Location 256 

t , 

Register 00-017 

"-____ -1 Status- 1------------ OR 
Flag IR 

Reset I--
Logic It-___ ...... __ -I 

-
L...--

RESET---i Logic 
I------------HF 

PEN---------------~ t------------ AF/AE 

I~TEXAS NSTRUMENTS 
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TERMINAL 

NAME NO. 
I/O 

AF/AE 24 0 

00-017 21-14,12-11,9-2 I 

HF 22 0 

IR 28 0 

OE1,OE2 56,30 I 

OR 29 0 

PEN 23 I 

33-34, 36-38, 
00-017 40-43,45-49,51, 0 

53-55 

ROCLK 32 I 

RDEN 31 . I 

RESET 1 I 

WRTCLK 25 I 

WRTEN1, 
27,26 I 

WRTEN2 

8-20 

Terminal Functions 

DESCRIPTION 

A1most-fuIValmost-empty flag. Oepth offset values can be programmed for AF/AE, or the default 
value of 32 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE 
Is high when memory contains X or less words or (256 - Y) or more words. AF/AE Is high after 
reset. 

la-bit data Input port 

Half-full flag. HF is high when the FIFO memory contains 128 or more words. HF Is low after reset.· 

Input-readyflag.IR Is synchronized to the low-to-hlgh transition ofWRTCLI<. When IR Is low, the 
FIFO Is full and writes are disabled. I R is low during reset and goes high on the second low-to-hlgh 
transition of WRTCLK after reset. 

Output enables. When OE1, OE2, and RDEN are low and OR is high, data is read from the FIFO 
on a low-to-high transition of ROCLK When either OEl or OE2 is high, reads are disabled and 
the data outputs are In the high-Impedance state. 

Output-ready flag. OR is synchronized to the low-to-high transition of RDCLI<. When OR Is low, 
the FIFO Is empty and reads are disabled. Ready data Is present on 00-017 when OR Is high. 
OR is low during reset and goes high on the third low-to-high transition of ROCLK after the first 
word is loaded to empty memory. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 
00-06 Is latched as an AF/AE offset value when PEN is low and WRTCLI< Is high. 

18-bit data output port. After the first valid write to empty memory, the first word Is output on 
00-017 on the third rising edge of RDCLK. OR is also asserted high at this time to Indicate ready 
data. When OR Is low, the last word read from the FIFO is present on 00-017. 

Read clock. ROCLI< is a continuous clock and can be asynchronous or coincident to WRTCLK 
A low-to-hlgh transition of ROCLI< reads data from memory when OE1, OE2, and RDEN are low 
and OR Is high. OR Is synchronous to the low-to-hlgh transition or RDCLI<. 

Read enable. When RDEN, OE1, and OE2 are low and OR is high, data is read from the FIFO 
on the low-to-high transition of RDCLK 

Reset. To reset the FIFO, four low-to-high transitions of ROCLK and four low-to-high transitions 
of WRTCLK must occur while RESET is low. This sets HF, IR, and OR low and AF/AE high. 

Write clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK 
A low-to-hlgh transition of WRTCLK writes data to memory when WRTEN2 Is low, WRTENl Is 
high, and IR Is high. IR Is synchronous to the low-to-high transition of WRTCLI<. 

Write enables. When WRTENl is high, WRTEN2 is low, and IR is high, data Is written to the FIFO 
on a low-to-high transition of WRTCLI<. 
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WRTCLK 

1 1 

~-DO-D17~'tf:r;A 

1 1 1 1 
1 1 

RDCLI< 1 1 12 3 4 1 

1 

-~ OE1 Don't care. 
vyyyy y 

1 1 1 1 

CO-Q17 

1 i I 

~1~m.~ 

Invalid 

Define the AF/A Flag Using the 
Default Value of X = Y = 32 

Figure 1. Reset Cycle 
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WRTCLK 

WRTEN1 

00-017 

ROCLK 

00-017 

OR 

AF/AE 

HF 

IR 

8-22 

~r--f1-,~r--fl-
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

~~------------------~I~----~: ______ ~I ______ ~I __ : I I I 

@?I M @l W2 m w, R5<S1 w. Q w~." ~ M~ .w+~q + I?< 
I I I I 

~~~r-flL I I I 
I I I 
I I I 
I I I 
I I I 
I : I 
I I I 
I I I 
I I I 
I I I 

I I I 

I W11: 
_______ I_nv_a_"d ______ ~><~--------------~------~.~------~--

Figure 2. Write 
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WRTCLK 

I I 
WRTEN1 ~ I 

I I 
I I 

WRTEN2 I I 

I I 

DO-D17l ~57 
I I 

SN74ACT7805 
256 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS201-MARCH 1991-REVISEDAPRIL 1992 

o 

o 

o 

RDCLK I ~I ~~r--fL,r---fLfL 
I I 

OE1 I 
I 
I 
I 

RDEN I 
I 
I 

OE2 I 
I 
I 
>GX 00-017 W1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

; .. 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

Figure 3. Read 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

o 

8-23 



SN74ACT7805 
256 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS201 - MARCH 1991 - REVISED APRIL 1992 

offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 32 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (256 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK Is low. On the following low-to-high transition of WRTCLK, the bina~ue on DO-D6 Is 
stored as the almost-empty offset value (X) and the almost-full offset value M. Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on DO-D6 at the time of the second 
WRTCLK low-to-high transition. When the offsets are being programmed, writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 127 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 32, PEN must be held high. 

00-06 

IR I 
WRTEN1 

WRTEN2 

Figure 4. Programming X and Y Separately 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI ............•........................................................•...•.. 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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SN74ACT7805 
256 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

recommended operating conditions 
, ACT7805-15 ' ACT7805-20 

MIN MAX MIN 

VCC Supply voltage 4.5 5.5 4.5 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

IOH High-level output current a outputs, Flags -8 

a outputs 16 
IOL Low-level output current 

Flags 8 

fclock Clock frequency 67 

WRTCLK high or low 6 7 

tw Pulse duration RDCLK high or low 6 7 

PEN low 8 9 

DO-D17 before 
4 5 

WRTCLKt 

WRTEN1, WRTEN2 
4 5 

before WRTCLKt 

OE1.0E2 
5 5 

before RDCLKt 

tsu Setup time RDEN before RDCLKt 4 5 

Reset: RESET low 
before first WRTCLKt 5 6 
and RDCLKtt 

PEN before WRTCLKt 5 6 

Define AF/AE: PEN 
5 6 

before WRTCLKt 

DO-D17) after 
0 0 

WRTCLKt 

WRTEN1. WRTEN2 
0 0 

afterWRTCLKt 

OE1. OE2. RDEN 
0 0 

th Hold time after RDCLKt 

Reset: RESET low 
after fourth WRTCLKt 2 2 
and RDCLKtt 

Define AF/AE: PEN 
2 2 

afterWRTCLKt 

TA Operating free-air temperature 0 70 0 
.. 

t To permit the clock pulse to be utilized for reset purposes 

~TEXAS 
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MAX 

5.5 

0.8 

-8 

16 

8 

50 

70 

SCAS201-MARCH 1991-REVISEDAPRIL 1992 

' ACT7805-25 ' ACT7805-40 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 mA 

16 16 
mA 

8 8 

40 25 MHz 

8 12 

8 12 ns 

9 12 

5 5 

5 5 

6 6 

5 5 ns 

6 6 

6 6 

6 6 

0 0 

0 0 

0 0 
ns 

2 2 

2 2 

0 70 0 70 °c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVPt MAX UNIT 

VOH VCC=4.5V, 10H =-8 rnA 2.4 V 

I Flags VCC = 4.5 V. IOL=8 rnA 0.5 
VOL I Q outputs 

V 
VCC =4.5V, 10L= l6mA 0.5 

II VCC = 5.5 V. VI = VCC orO :t:5 I!A 
10Z VCC =5.5V, Vo =Vcc orO :t:5 I!A 
ICC VI =VCC-0.2VorO 400 I!A 
6lcc* VCC = 5.5 V, One input at 3.4 V, Other inputs at VCC or GND 1 rnA 

Ci VI=O, f = 1 MHz 4 pF 

Co VO=O, f = 1 MHz 8 pF 

t All typical values are at VCC = 5 V, TA = 25°C. 
* This is the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or V CC. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 9 and 10) 

FROM TO 'ACT7805-15 ' ACT7805-20 ' ACT7805-25 
PARAMETER 

(INPUT) (OUTPUT) TVPt MIN MAX MIN MAX MIN MAX 

fmax 
WRTCLKor 

67 50 40 
RDCLK 

tpd 4 9.5 12 4 13 4 15 
RDCLKt AnyQ 

tpd§ 8.5 

tpd WRTCLKt IR 3 8.5 3 11 3 13 

tpd RDCLKt OR 3 8.5 3 11 3 13 

WRTCLKt 7 16.5 7 19 7 21 
tpd AF/AE 

RDCLKt 7 17 7 19 7 21 

tpLH WRTCLKt 7 15 7 17 7 19 
HF 

tpHL RDCLKt 7 15.5 7 18 7 20 

tpLH AF/AE 2 9 2 11 2 13 
RESET low 

tpHL HF 2 10 2 12 2 14 

ten 
OE1, 0E2 

2 8.5 2 11 2 11 
AnyQ 

!dis 2 9.5 2 11 2 14 

§ This parameter is measured with a 30-pF load (see Figure 5). 

operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per FIFO channel Outputs enabled 

~TEXAS 
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'ACT7805-40 
UNIT 

MIN MAX 

25 MHz 

4 20 
ns 

3 15 ns 

3 15 ns 

7 23 
ns 

7 23 

7 21 
ns 

7 22 

2 15 
ns 

2 16 

.2 11 
ns 

2 14 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC Lsv 
- TA=2SoC 

RL = 500 Q / 

/ 
/ 

/ 
V 

/ 
/ 

V 
/ 

/ 

/ 

/ 

o 50 100 150 200 2S0 300 

I 

CL - Load Capacitance - pF 

Figure 5 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

100 
TA = 75°C 

.I 

I- CL=O pF Vce =5.5V V 
160 

140 

120 

100 

00 

60 

40 

20 

a 

/ 

VCC=5V~ lL ~ 
/ IV /' 

/ ~/ / 
// ~ VCC =4.SV 

// ~ 
/j ~ 

A'P , 
o 10 20 30 40 50 60 70 

fclock - Clock Frequency - MHz 

Figure 6 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

8-28 

With ICC(f) taken from Figure 6, the maximum power dissipation (PT) based on all data outputs changing states 
on each read can be calculated using: 

PT = VCC x [ICC(f) + (N x ~ICC x dc)] + l:(CL x VCc2 x fa) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = VCC x [ICC + (N x ~ICC x dc)] + l:(Cpd x VCC2 x fj) + l:(CL x VCC2 x fa) 

where: 

ICC power-down ICC maximum 
N number of inputs driven by a TTL device 
~ ICC = increase in supply current 
dc duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data Input frequency 
fa = data output frequency 
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CLOCK A 

WiRA. 

CSA 

AO-A17 

WRTCLK 

WRTEN1 

00-035 

18/ 

36/ 
I 

IR --0= --
" 
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APPLICATION INFORMATION 

SN74AC17805 
WRTCLK ROCLK 

WRTEN1 OE1 

WRTEN2 ROEN 0 OE2 

00-017 00-017 

SN74AC17805 
'-- :> ROCLK WRTCLK 

- OE1 WRTEN1 

ROEN WRTEN2 

L OE2 

00-017 00-017 

Figure 7. Bidirectional Configuration 

SN74AC17805 
WRTCLK ROCLK ....... JO. 

WRTEN1 ROEN 

r2 
WRTEN2 OE1 
IR OR 

OE2 

00-017 00-017 

? SN74AC17805 - I>WRTCLK ROCLK 

- WRTEN1 ROEN 

WRTEN2 OE1 

IR OR - -
OE2 -

00-017 00-017 

Figure 8. Word-Width Expansion: 256 x 36 Bits 
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~ 
18/ 

CLOCKB 

W/RB 

CSB 

BO-B17 

ROCLK 

D- OR 

36/ 
I 00-035 
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PARAMETER MEASUREMENT INFORMATION 

Fr~~d~r~~=n 
RL= 50011 T CL=50pF 

Input L \ 1.~--- 3V 

--'I I· GND 

Output 

~!.._...,J I I 
tpd I - ~ 14 ~ tpd 

I I 

I
I ,.----.... ~1-- 3V 

1.5V - -- - ________ J OV 

lOAD CIRCUIT TOTEM·POLE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 

Input 

Rl=R1 =R2 

Output 

,----- 3V 

1.5V 

'--_--J[L - - - - 0 V 

~ I 
tPLZ -+f ~ 

I I -3.5V 

I ' __ t.. 
--.- VOL 

tpHZ +I 14- L 0.3 V 

i----r-' J. - - VOH 

From Output 
Under Test -~ ___ -tl>--___ - Test Point 

R2 

lOAD CIRCUIT 

Output ___ ",5 V ~V_OV 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 

PARAMETER R1,R2 clt S1 

ten 
tPZH 

6000 60 pF 
Open 

tPZL Closed 

ldis 
tPHZ 

6000 60 pF 
Open 

tPLZ Closed 

tpd 6000 60 pF Open 

t Includes probe and test-fixture capacitance 

Figure 10. 3·State Outputs (Any Q) 
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SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

• Member of the Texas Instruments 
Wldebus T" Family 

• Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

o Read and Write Operations Synchronized 
to Independent System Clocks 

• Input-Ready Flag Synchronized to Write 
Clock 

o Output-Ready Flag Synchronized to Read 
Clocl< 

• 512 Words by 18 Bits 
• low-Power Advanced CMOS Technology 

• Half-Full Flag and Programmable 
Almost-Full/Almost-Empty Flag 

o Bidirectional Configuration and Width 
Expansion Without Additional logic 

o Fast Access Times of 12 ns With a 50-pF 
load and All Data Outputs Switching 
Simultaneously 

o Data Rates From 0 to 67 MHz 
o Pin Compatible With SN74ACT7805 and 

SN74ACT7813 
o Packaged In Shrink Smail-Outline 300-mll 

Package (Dl) Using 25-mll Center-to-Center 
Spacing 

description 

The SN74ACT7803 is a 512-word x 18-bit FIFO 
suited for buffering asynchronous data paths at 
67-MHz clock rates and 12-ns access times. Its 
56-pin shrink small-outline package (Dl) offers 

SCAS191 - MARCH 1991 - REVISED MARCH 1992 

DLPACKAGE 
(TOP VIEW) 

[1 U 56 ] RESET OE1 
[ 2 55 ] 017 017 

3 54 016 016 
4 53 015 015 
5 52 014 GNO 
6 51 013 014 

012 
011 
010 

Vcc 
D9 

08 
GND 

07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 

WRTCLK 
WRTEN2 
WRTEN1 

IR 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 

~ 27 
[ 28 

50 J 
49] 
48 j 
47 ~ 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 

Vce 
013 
012 
011 
010 
09 
GND 
08 
07 
06 
05 

Vee 
04 
03 
02 
GNO 
01 
00 
RDCLK 

OE2 
OR 

greatly reduced board space over DIP, PlCC, and conventional SOIC packages. Two devices can be configured 
for bidirectional data buffering without additional logic. Multiple distributed VCC and GND pins along with Tl's 
patented output edge control (OEC"') circuit dampen simultaneous switching noise. 

The write clock (WRTCll<) and read clock (RDCll<) should be free running and can be asynchronous or 
coincident. Data is written to memory on the rising edge of WRTClK when WRTEN1 is high, WRTEN2 is low, 
and IR is high. Data is read from memory on the rising edge of RDClK when RDEN, OE1, and OE2 are low and 
OR is high. The first word written to memory is clocked through to the output buffer regardless of the RDEN, 
OE1, and OE2 levels. The OR flag indicates that valid data is present on the output buffer. 

The FIFO can be reset asynchronously to WRTClK and RDClK. RESET must be asserted while at least four 
WRTClK and four RDClK rising edges occur to clear the synchronizing registers. Resetting the FIFO initializes 
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7803 is characterized for operation from O°C to 70°C. 

Widebus and OEC are trademarks of Texas Instruments Incorporated. 

~~C:~~~o:l~ .~.clflc~~I~':wlape~~~!~~ ~ fu~:~~~m~~~ 
ItInclard warranty. Production procullng do .. not nlCullrUy Inc Iud. 
luting 01 all peram.t.r.. • TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright (C) 1992, Texas Instruments Incorporated 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

ROCLK 

OE1 

OE2 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 
'" 

25 

27 

26 

'" 32 

56 
'" 30 - '" 
~ 

'" 31 
'" 23 

'" 
21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

ct> 
FIFO 512 x 18 

RESET SN74ACT7803 

WRTCLK 

JWRTEN IN ROY 

HALF·FULL 
ROCLK 

~EN1 
ALMOST FULLJEMPTY 

OUT ROY 

~ 
ROEN 

I-
PROGRAM ENABLE 

"1 r 
0 0 

~ ~1'V 

17 17 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 
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functional block diagram 

OE1 

OE2 

00-017 

RDCLK 

RDEN 

WRTCLK 
WRTEN1 
WRTEN2 

RESET 

PEN 

--< ~ 

-
L.-.-

--: 

'----

Output 
Control 

Synchronous 
Read 

Control 

Synchronous 
Write 

. Control 

Reset 
Logic 

.. 
t-r-

I--

SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

I I Read I 
Pointer I 

I 
I I Write 

I Pointer : 

J 
./ 

Status-
Flag 

Logic 
F 

I
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d 
Location 1 

Location 2 

512 )(18 RAM 

Location 511 

Location 512 

~ 
Register 00-Q17 

OR 

IR 
HF 

AF/AE 
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TERMINAL 

NAME NO. 

AF/AE 24 

DO-D17 
21-14,12-11, 

9-2 

HF 22 

IR 28 

OE1, 0E2 56,30 

OR 29 

PEN 23 

33-34,36-38, 
00-017 40-43,45-49, 

51,53-55 

RDCLK 32 

RDEN 31 

RESET 1 

WRTCLK 25 

WRTEN1, 
27,26 

WRTEN2 

8-34 

VO 

0 

I 

0 

0 

I 

0 

I 

0 

I 

I 

I 

I 

I 

Terminal Functions 

DESCRIPTION 

Almost-fuIValmost-emptyfiag. Depth offset values can be programmed for AF/AE, orthe default value 
of 64 can be used for both the almost-empty offset (X) and the almost-full offset M. AF/AE Is high 
when memory contains X or less words or (512 - Y) or more words. AF/AE Is high after reset. 

18-bit data input port 

Half-full flag. HF Is high when the FIFO memory contains 256 or more words. HF Is low after reset. 

Input-ready flag. IR Is synchronized to the low-to-high transition of WRTCLK When IR Is low, the 
FIFO Is full and writes are disabled. IR Is low during reset and goes high on the second low-to-hlgh 
transition of WRTCLK after reset. 

Output enables. When OE1, OE2, and RDEN are low and OR Is high, data is read from the FIFO on 
a low-to-hlgh transition of RDCLK. When either OEl or OE21s high, reads are disabled and the data 
outputs are In the high-Impedance state. 

Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK When OR is low, the 
FIFO is empty and reads are disabled. Ready data is present on 00-017 when OR is high. OR is 
low during reset and goes high on the third low-to-high transition of RDCLK after the first word Is 
loaded to empty memory. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 
00-07 is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

18-bit data output port. After the first valid write to empty memory, the first word is output on 00-017 
on the third rising edge of RDCLK OR is also asserted high at this time to indicate ready data. When 
OR is low, the last word read from the FIFO is present on 00-017. 

Read clock. RDCLK Is a continuous clock and can be asynchronous or coincident to WRTCLK A 
low-to-high transition of RDCLK reads data from memory when OE1, OE2, and RDEN are low and 
OR is high. OR is synchronous to the low-to-high transition of RDCLK 

Read enable. When RDEN, OE1, and OE2 are low and OR is high, data Is read from the FIFO on 
the low-to-high transition of RDCLK. 

Reset. To reset the FIFO, four low-to-high transitions of RDCLK and four low-to-high transitions of 
WRTCLK must occur while RESET Is low. This sets HF, IR, and OR low and AF/AE high. 

Write clock. WRTCLK Is a continuous clock and can be asynchronous or coincident to RDCLK A 
low-to-high transition of WRTCLK writes data to memory when WRTEN2 Is low, WRTEN1 Is high, 
and IR is high. IR is synchronous to the low-to-high transition of WRTCLK 

Write enables. When WRTEN1 is high, WRTEN2 is low, and IR is high, data is written to the FIFO 
on a low-to-high transition of WRTCLK 
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WRTCLK 

WRTEN1 

00-017 

RDCLK 

00-017 

SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS191- MARCH 1991- REVISED MARCH 1992 

I I 

~-~on't car~ I I JVVvv. ?<J< I I 

I I 
I 1 2 3 4 I 

I 

~I I VVVVVUVV oon'c~. __ 
yyyyy y 

I I I I 

I I! I 

~ I 

Invalid 

Define the AF/AE Flag Using the 
Default Value of X = Y = 64 

Figure 1. Reset Cycle 
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WRTCLK ~~~r-fl-
I I I I 
I I I I 
I I I I 
I I I I 

WRTEN1 

I I I I 
WRTEN2 ~~ ________________________ ~I ______ -+� ______ ~I _________ I ___ 

: : I I m W1 AA1 W2 tAAJ W3 ® W4 • w~+~ d'yo,r-W-2-'57~~~I):'''''W-(5..1.;~-¥)''d~'''~n-w...Ii"-13-f;(:'-
I I I I 

~~~~ 
00-017 

ROCLK 

I I 
I I 

OE1 __________________ ~--------+I------~I--------~------~--

I I 
I I 
I I 
I I 
I I 
I I 

I I I 
I I I , 

00-Q17 ________ In_v8_''_d ______ --f><~ ________ -------W~1------~------~r__--
I 

OR 

AF/AE 

HF ____________________________________ ~ 

IR 

Figure 2", Write 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 

L 

o 

o 

o 

o 

o 

1 
o 



RESET 

SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
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o 

------------------------------------------------------------- 1 PEN 0 

I I 
WRTEN1--n I 

I I 
I I 

WRTEN2 I I 

I I 

00-017 ~~13 
I I 

RDeLK I '-+---1\1 ~~~r--fL-fl-
I 

OE1 

RDEN 

OE2 

00-017 

OR I 
I 
I 

AF/AE· l 
I 
I 

HF I 
I 
I 

W1 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 
>GX : w, 

IR 1'-_____ ---' 
Figure 3. Read 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 64 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (512 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on 00-07 is 
stored as the almost-empty offset value (X) and the almost-full offset value M. Holding PEN low for another 
low-to-high transition of WRTCLK reprograms Y to the binary value on 00-07 at the time of the second 
WRTCLK low-ta-high transition. When the offsets are being programmed, writes to the FIFO memory are 
disabled regardless of the state of the write enables (WRTEN1, WRTEN2). A maximum value of 255 can be 
programmed for either X or Y (see Figure 4). To use the default values of X = Y = 64, PEN must be held high. 

WRTCLK 

00-07 

IR I 
WRTEN1 

WRTEN2 

Figure 4. Programming X and Y Separately 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 

'ACT7803-15 'ACT7803-2Q 

MIN MAX MIN MAX 

VCC Supply voltage 4.5 5.5 4.5 5.5 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 0.8 

IOH High-level output current a outputs. Flags -8 -8 

a outputs 16 16 
IOL Low-level output current 

Flags 8 8 

fclock Clock frequency 67 50 

WRTCLK high or low 6 7 

tw Pulse duration RDCLK high or low 6 7 

PEN low 8 9 

DO-D17 before 
4 5 

WRTCLKt 

WRTEN1. WRTEN2 
4 5 

before WRTCLKt 

OE1.0E2 
5 5 

tsu Setup time before RDCLKt 

RDEN before RDCLKt 4 5 

Reset: RESET low 
before first WRTCLKt 5 6 
and RDCLKtt 

PEN before WRTCLKt 5 6 

DO-D17 after 
0 0 

WRTCLKt 

WRTEN1. WRTEN2 
0 0 

afterWRTCLKt 

OE1. OE2. RDEN 
0 0 

after RDCLKt 

th Hold time Reset: RESET low 
after fourth WRTCLKt 2 2 
and RDCLKtt 

PEN high 
0 0 

after WRTCLK, 

PEN low after 
2 2 

WRTCLKt 

TA Operating free-air temperature 0 70 0 70 

t To permit the clock pulse to be utilized for reset purposes 
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' ACT7803-25 'ACT7803-40 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 rnA 

16 16 
rnA 

8 8 

40 25 MHz 

8 12 

8 12 ns 

9 12 

5 5 

5 5 

6 6 
ns 

5 5 

6 6 

6 6 

0 0 

0 0 

0 0 

ns 

2 2 

0 0 

2 2 

0 70 0 70 °c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC=4.SV. IOH=-8mA 2.4 V 

I Flags VCC = 4.SV. IOL= 8 rnA O.S 
VOL I Qoutputs 

V 
VCC = 4.S V. IOL=16mA O.S 

II VCC =S.SV. VI =VCC orO :tS IlA 
IOZ VCC = S.SV. Vo =VCC orO :tS IlA 
ICC VI =VCC-0.2 Vor 0 400 IlA 
l\ICC* VCC = 5.S V. One input at 3.4 V. Other inputs at VCC or GND 1 rnA 

CI VI=O. f = 1 MHz 4 pF 

Co VO=O. f = 1 MHz 8 pF 

t All typical values are at VCC = 5 V. TA = 25°C. * This Is the supply current for each Input that Is at one of the speclfJed TTL voltage levels rather than 0 V or VCC. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 9 and 10) 

FROM TO 'ACT7803-15 ·ACT7803-20 'ACT7803-25 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN MAX MIN MAX MIN MAX 

fmax 
WRTCLKor 

67 50 40 
RDCLK 

tpd 4 9.5 12 4 13 4 15 

tpd§ 
RDCLKt AnyQ 

8.S 

tpd WRTCLKt IR 3 8.5 3 11 3 13 

tpd RDCLKt OR 3 ,8.S 3 11 3 13 

tpd WRTCLKt AF/AE 7 16.5 7 19 7 21 

tpd RDCLKt AF/AE 7 17 7 19 7 21 

tpLH WRTCLKt 7 15 
HF 

7 17 7 19 

tpHL RDCLKt 7 15.S 7 18 7 20 

tpLH AF/AE 2 9 2 11 2 13 
RESET low 

tpHL HF 2 10 2 12 2 14 

ten 
OEf.OE2 

2 8.S 2 11 2 11 
AnyQ 

ldis 2 9.5 2 11 2 14 

§ This parameter is measured with a 30-pF load (see Figure 5). 

operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance 

8-40 

Outputs enabled 
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f= 5 MHz 

• ACT7803-40 
UNIT 

MIN MAX 

25 MHz 

4 20 
ns 

3 15 ns 

3 15 ns 

7 23 ns 

7 23 ns 

7 21 
ns 

7 22 

2 15 
ns 

2 16 

2 11 
ns 

2 14 



typ+8 

I/) 
typ+6 

c 
I 

CD 
E 
F 
>- typ+4 co 
Qi 
c 
c 
0 
1ij typ+2 
CI co a. e 
0.. 
I 

typ 'C a. ... 

typ-2 

200 

180 

160 

~ 140 
I 
C 

120 f! 
:; 
0 100 
~ 
a. a. 80 ::I 
In 
I 60 S 

0 
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20 

0 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC Lsv 
f- TA = 2S0C 

RL = SOO {) / 

~ 
L 

/ 
V 

V 
/ 

V 
I 

/ 

/ 

V 

o so 100 1S0 200 2S0 300 

I 
TA = 7SoC 
CL=O pF 

CL - Load Capacitance - pF 

Figure 5 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

VCC = S.SV 
I / 

VCC=SV~ / 
/ Y 

/ V/ / 

" V 

V 
/' 

V/ ~ VCC =4.SV 

~ ~ 
~ ~ 

~p , 
o 10 20 30 40 SO 60 70 

'clock - Clock Frequency - MHz 

Figure 6 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

8-42 

With ICC(f) taken from Figure 6, the maximum power dissipation (PT) based on all data outputs changing states 
on each read can be calculated using: 

PT = VCC x [ICC(f) + (N x L\lcc x dc)) + l:(CL x VCc2 x fa) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = VCC x [ICC + (N x L\lcc x dc)) + l:(Cpd x Vcc2 x fj) + l:(CL x Vcc2 x fa) 

where: 

Icc 
N 
L\lcc 
dc 
Cpd 
CL 
fj 
fa 

= 

= 

= 

power-down Icc maximum 
number of inputs driven by a TIL device 
increase in supply current 
duty cycle of inputs at a TIL high level of 3.4 V 
power dissipation capacitance 
output capacitive load 
data input frequency 
data output frequency 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



CLOCK A 

W/RA 

CSA 

AO-A17 

WRTCLK 

WRTEN1 

00-035 

18/ .. 
I 

36/ 
I 

IR -0= r-

r-

SN74ACT7803 
512 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

APPLICATION INFORMATION 

SN74ACT7803 
WRTCLK RDCLK 

WRTEN1 OE1 

WRTEN2 RDEN 

OE2 0 

OO-D17 00-017 

SN74ACT7803 
"-- > RDCLK WRTCLK 

- OE1 WRTEN1 

RDEN WRTEN2 

L OE2 

00-017 DO-D17 

Figure 7. Bidirectional Configuration 

SN74ACT7803 
WRTCLK RDCLK 

WRTEN1 RDEN 

r2 
WRTEN2 OE1 

IR OR 

OE2 

DO-017 00-017 

SN74ACT7803 
'--- P>WRTCLK RDCLK 

- WRTEN1 RDEN 

WRTEN2 OE1 

IR OR ~ -
OE2 I-

DO-017 00-017 

SCAS191-MARCH 1991-REVISED MARCH 1992 

, 

~, 

18/ 
I 

I 

7 

36/ 
I 

CLOCKB 

W/RB 

CSB 

BO-B17 

RDCLK 

OR 

00-035 

Figure 8. Word-Width Expansion: 512 x 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

lOAD CIRCUIT 

Input L \. 1,~--- 3V 

---1\ , . GND 

tpd -i414r---.!~ ~ J tpd , , 
Output I' ~-----~r-- 3V 

1,5V 
________ J OV 

TOTEM·POLE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 

Input 

R1 
Output 

,..------ 3V 

1,5V 

'------I~ - - - - 0 V 
I+- I 

tpLZ ~ ~ 
, I .. 3,5V 

, ' __ t. 
From Output 

Under Test -~I---e-..... - Test Point 
--.- VOL 

tpHZ -+I I+- L 0,3 V 

~ L--t-- VOH R2 

lOAD CIRCUIT 

OutPut __ .....J!'.5V ~V_OV 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES 

PARAMETER R1,R2 clt S1 

ten 
tpZH 

5000 50pF 
Open 

tpZL Closed 

ldis 
tpHZ 

5000 50 pF 
Open 

tpLZ Closed 

tpd 5000 50pF Open 

t Includes probe and test-fixture capacitance 

Figure 10, 3-State Outputs (Any Q) 
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SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH 3-STATE OUTPUTS 
SCAS151A- JANUARY 1991 - REVISED FEBRUARY 1992 

• Member of the Texas Instruments 
Wide bus ™ Family 

• Independent Asynchronous Inputs and 
Outputs 

• 1024 Words x 18 Bits 

• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable In Word Width and/or Word 
Depth 

o Fast Access Times of 15 ns With a 50-pF 
Load • Read and Write Operations Can Be 

Synchronized to Independent System 
Clocks 

• High Output Drive for Direct Bus Interface 

• Programmable Almost-Full/Almost-Empty 
Flag 

o Available In 68-Pln PLCC (FN) or 
Space-Saving 80-Pln Thin Quad Flat 
Packages (PN) 

• Pln-to-Pln Compatible With SN74ACT7881, 
SN74ACT7882, and SN74ACT7884 

014 
013 
012 
011 
010 

FNPACKAGE 
(TOP VIEW) 

o c3 m m ~ UO 0 
~ ..... C\I II-

~~~ZOOOWW uza: u~~z~ 
ooo~a:a:a:oa:>~o~oo~o 

9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 
10 6 

11 

12 

13 

14 

Vee 
014 
013 
GNO 

012 
09 15 011 

Vee 16 Vee 
08 17 010 

GNO 18 09 
07 19 GNO 
06 ~ 08 
05 21 07 

04 ~ Vee 
03 23 06 
02 ~ 05 
01 25 GNO 
00 26 04 

27 28 2930 31 32 33 34 35 36 37 38 39 40 41 42 43 

Widebus is a trademark of Texas Instruments Incorporated. 
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1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH 3-STATE OUTPUTS 
SCAS151A-JANUARY 1991 ~ REVISED FEBRUARY 1992 

NC 
GND 
GND 
016 
017 
VCC 

OR 
GND 
Vee 

RESET 
OE 

RDEN2 
RDEN1 
RDCLK 

GND 
017 
016 
015 
NC 
Ne 

• 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

PNPACKAGE 
(TOP VIEW) 

80 79 78 n 7675 74 73 72 71 70 69 68 67 66 6564 63 62 61 

~~~~~~~~~~~~~~~$~~~~ 

U "Itt'? N...- 00) UCOO,....COLO "It t'? N ...- O/lL. U z...-...-...-...-...-o UOZOOO OOOO0C§z 
00000::> (!) 

NC - No Internal connection 

60 VCC 
59 VCC 
58 NC 
57 03 
56 02 
55 GND 
54 01 
53 00 
52 Vee 
51 HF 
50 IR 
49 GND 
48 GND 
47 AF/AE 
46 VCC 
45 WRTEN2 
44 WRTEN1 
43 WRTCLK 
42 GND 
41 NC 

description 

8-46 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7811 is a 1024- x 18-bit FIFO for high speed and fast access times. It processes data 
at rates up to 40 MHz and access times of 15 ns in a bit-parallel format. Data outputs are noninverting with 
respect to the data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7811 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent read and write (interrupts, requests) to their respective system 
clock. 

The SN74ACT7811 is characterized for operation from O°C to 70°C. 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

ROCLK 

ROEN1 

OE 

ROEN2 

OAF 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 
" 29 

30 

31 

5 

4 
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3 

27 ,...., 

26 

25 

24 

23 

22 

21 

20 

19 

17 

15 

14 

13 

12 

11 

10 

9 

8 

7 

SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH 3-:STATE OUTPUTS 
SCAS151A-JANUARY 1991-REVISED FEBRUARY 1992 

<l» 
FIFO 1024 x 18 
SN74ACT7811 

RESET 

r-. WRTCLK tJ INRDY 
WRTEN HALF FULL 

ROCLK ALMOSTFULUEMPTY 

~ OUT ROY 
& 

EN1 ROEN 

r--
OEF ALMOST FULL 

:1 r 
0 0 

~ ~1V 

17 17 

35 

36 

33 

63 

38 

39 

41 

42 

44 

46 

47 

49 

50 

52 

53 

55 

56 

58 

59 

61 

63 

64 

IR 

HF 

AF/AE 

OR 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

tThls symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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WITH 3-STATE OUTPUTS 
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functional block diagram 

OE 

00-017 

ROCLK 

ROEN1 
ROEN2 

WRTCLK 
WRTEN1 

WRTEN2 

L 

Li 

Synchronous 
Read 

Control 

Synchronous 
Write 

Control 

Reset 
Logic 

. 

. 

... 
r 

f-I-

, 
~~ .. 
I 

i Read I 
Pointer I . I 

I 

~i Write I 
Pointer ~ 

I 
'v 

Status-
Flag 

Logic 
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1t 
Location 1 

Location 2 

1024 x 18 RAM 

Location 1023 

Location 1024 

1 
Register QO-Q17 

OR 
IR 
HF 

AF/AE 



NAME 

TERMINAL 

NO. 
Vo 

AF/AE 33 0 

OAF 27 I 

DO-D17 26-19,17, 15-7 I 

HF 36 0 

IR 35 0 

OE 2 I 

OR 63 0 

38-39, 41-42, 44, 

QO-Q17 
46-47,49-50, 

0 52-53, 55-56, 
58-59, 61, 63-64 

RDCLK 5 I 

RDEN1, 4 
I 

RDEN2 3 

RESET 1 I 

SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH 3-STATE OUTPUTS 
SCAS151A-JANUARY 1991-REVISED FEBRUARY 1992 

Terminal Functions 

DESCRIPTION 

Almost-fuIValmost-empty flag. The AR/AE boundary is defined by the almost-fuIValmost-empty offset 
value (X). This value can be programmed during reset, orthe default value of256 can be used. AF/AE 
is high when the FIFO contains (X + 1) or less words or (1 025 - X) or more words. AF/AE is low when 
the FIFO contains between (X +2) and (1024 - X) words. 
Programming procedure for AF/AE - The almost-fuIValmost-empty flag is programmed during each 
reset cycle. The aimost-fuil/aimost-empty offset value (X) is either a user-defined value or the default 
of X = 256. Instructions to program AF/AE using both methods are as follows: 

User-defined X 

Step 1: Take DAF trom high to low. 

Step 2: If RESET is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines the AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

~ 

To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 

Define-almost-full. The high-to-Iow transition of DAF stores the binary value of data inputs as the 
almost-full/almost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 
AF/AE flag using X. 

Data inputs for 18-bit-wide data to be stored in the memory. Data lines DO - D8 also carry the 
almost-full/almost-empty offset value (X) on a high-to-Iow transition of the DAF. 

Half-full flag. HF is high when the FIFO contains 513 or more words and is low when it contains 512 
or less words. 

Input-ready-flag. IR is high when the FI FO is not full and low when the device is full. During reset, IR 
is driven low on the riSing edge ofthe second WRTCLKpulse.IR Is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR Is driven low, 
IR Is driven high on the second WRTCLK pulse after the first valid read. 

Output enable. The data-out (QO-Q17) outputs are in the high-Impedance state when OE Is low. OE 
must be high before the rising edge of RDCLK to read a word from memory. 

Output ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, OR 
is set Iowan the rising edge of the third RDCLK pulse. OR is set high on the rising edge of the third 
RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising edge 
of the first RDCLK pulse after the last word is read. 

Data outputs. The first data word to be loaded into the FIFO is moved to QO-Q17 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. The RDEN1 and RDEN2 inputs do not 
affect this operation. Following data is unloaded on the rising edge of RDCLKwhen RDEN1, RDEN2. 
OE, and the OR are high. 

Read clock. Data is read out of memory on a low-to-high transition RDCLK if OR, OE, and RDEN1 
and RDEN2 control inputs are high. RDCLK is a tree-running clock and functions as the 
synchronizing clock for all data transfers out of the FIFO. OR Is also driven synchronously with 
respect to RDCLK. 

Read enable. RDEN1 and RDEN2 must be high before a rising edge on RDCLKto read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 

A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pOinters are reset and OR, HF, and 
IR are low and AF/AE is high. The FIFO must be reset upon power up. With DAF at a low level, a low 
pulse on RESET defines the AF/AE status flag using the almost-full/almost-empty offset value (X), 
where X is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines 
the AF/AE flag using the default value of X = 256. 
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SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH 3-STATE OUTPUTS 
SCAS151A-JANUARY 1991-REVISED FEBRUARY 1992 

Terminal Functions (continued) 

TERMINAL 
I/O DESCRIPTION 

NAME NO. 

Write ciock. Data is written into memory on a low-to-high transition of WATCLK if lA, WATEN1, and 
WATCLK 29 I WATEN2 are high. WATCLK is a free-running clock and functions as the synchronizing clock for all 

data transfers into the FiFO. IA is also driven synchronously with respect to WATCLK. 

WATEN1, 30 
Write enables. WATEN1 and WATEN2 must be high before a rising edge on WATCLK for a word 

I to be written into memory. WATEN1 and WATEN2 do not affect the storage of the 
WATEN2 31 almost-fuIValmost-empty offset value (X). 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

RDEN2 

OE 

QO-Q17 
I I i 

AF/AE a>!it;fAri~ I 
HF ~!~~~f${lh:d I 
IR ~it;firi~ 

Store the Value of DO-DB as X 

t X is the binary value of 00-08 only. 

I 
I 
I 
I 
I 
I 
I 
I 

o 

Define the AF/AE Flag Using the 
Value of X 

Figure 1. Reset Cycle: Define AF/AE Using the Value of X 
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SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH 3-STATE OUTPUTS 
SCAS151A-JANUARY 1991 -REVISED FEBRUARY 1992 

RESET ,~ __________________ ~ 

OAF ~p:~~'!1,a~~ 
I 

WRTCLK I 

WRTEN1 

WRTEN2 

00-017 

ROCLK 

ROEN1 

ROEN2 

OE 

00-Q17 Invalid 
I I I 

AF/AE R~cit\~ S'ate~ I 
HF ~:pgn:t ~~! §1 l 
IR ?§§§s&J~nIJ~ale~ 

Define the AF/AE Flag 
Using the Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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WRTCLK 

WRTEN1 

WRTEN2 

00-017 

ROCLK 

ROEN1 

ROEN2 

OE 

QO-Q17 

OR 

AF/AE 

HF 

IR 

8-52 

~~r---fL,~ 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

I I I I I 
I I I 

I I I I 
: I I I I 
I I I I I 
i I I I I 
I I I I I 
I I I I I 

_______ I_nV_al_ld ______ ~><~--------------W~'1------~:------~: ___ 

I 

Figure 3. Write 
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I I 

WRTEN1 ~ : 

I I 

WRTEN2 --n l 
I I 

DO-D17 } w,:", 
I I 

ROeLl< I ,-+----,\1 ~~r-fl-,r--fl-f1-
: I I I 

RDEN1 J I I I I I 
I I I I I 
I I I I I 

~t-------~------~------~I--------~I------------_I----
RDEN2 I I I I I I 

~l~--~ I I I 
I I I I I OE--r I~~I ------~------~------~------~I------------~I----
IH I I I I 

I w~.~ ~t"~('4~_.,.~'_02_5 __ 00-017 

OR I 
I 
I 
I 

AF/AE I 
I 
! 

HF I 
I 
I 

IR IL.. _____ --' 

I I I 
I I L--
I I 
I I I ~, -------------
I 

i 

Figure 4. Read 
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SN74ACT78i i 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 
WITH 3-STATE OUTPUTS 
SCAS151A-JANUARY 1991-REVISED FEBRUARY 1992 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range ................................................... DoC to 70°C 
Storage temperature range, TA ..................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions' Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -8 rnA 

10L Low-level output current 16 rnA 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER 

VOH Vee =4.5V, 

VOL Vee =4.5V, 

II Vee = 5.5 V, 

10Z Vee = 5.5 V. 
VI =Vee-0.2VorOV 

lecg 
One input at 3.4 V, 

Ci VI = 0 V. f = 1 MHz 

Co Vo = 0 V, f = 1 MHz 

* All typical values are at Vee = 5 V, TA = 25°C. 
§ ICC tested with outputs open. 

8-54 

TEST CONDITIONS 

10H =-8 rnA 

10L= 16 rnA 

VI =Vee orOV 

Vo =Vee orOV 

Other inputs at Vee or GND 
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timing requirements (see Figures 1 through 8) 

'ACT7811-15 'ACT7811-18 

MIN MAX MIN MAX 

fclock Clock frequency 40 35 

Data In (00-017) high or low 10 12 

WRTCLKhigh 7 8.5 

WRTCLKlow 10 11 

RDCLKhigh 7 8.5 

tw Pulse duration RDCLKlow 10 11 

OAF high 10 10 

WRTEN1, WRTEN2 
10 10 

high or low 

CE, RDEN1. RDEN2 
10 10 

high or low 

00-017 before WRTCLKt 5 5 

WRTEN1, WRTEN2 high 
5 5 

before WRTCLKt 

CE, RDEN1. RDEN2 high 
5 5 

before RDCLKt 

Reset: RESET low before first 
7 7 

tsu Setup time WRTCLK and RDCLKt 

Define AF/AE: 00-08 before 
5 5 

DAF~ 

Define AF/AE: OAF ~ before 
7 7 

RESETt 

Define AF/AE (default): 
5 5 

OAF high before RESETt 

00-017 after WRTCLKt 1 1 

WRTEN1, WRTEN2 high after 
1 1 

WRTCLKt 

CE, RDEN1. RDEN2 high after 
1 1 

RDCLKt 

Reset: RESET low after fourth 
0 0 

th Hold time WRTCLK and RDCLKt 

Define AF/AE: 00-08 after 
1 1 

DAF~ 

Define AF/AE: OAF low after 
0 0 

RESETt 

Define AF/AE (default): 
1 1 

OAF high after RESETt 

t To permit the clock pulse to be utilized for reset purposes 
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'ACT7811-20 'ACT7811-25 
UNIT 

MIN MAX MIN MAX 

28.5 16.7 MHz 

14 20 

10 17 

14 23 

10 17 

14 23 ns 
10 10 

10 10 

10 10 

5 5 

5 5 

5 5 

7 7 
ns 

5 5 

7 7 

5 5 

1 1 

1 1 

1 1 

0 0 
ns 

1 1 

0 0 

1 1 
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switching characteristics over recommended operating free-air temperature range (see Figures 9 
and 10) 

VCC = 4.5 V to 5.5 V, 
CL = 50 pF, 

FROM TO RL=5000, 
PARAMETER (INPUT) (OUTPUT) TA = O°C to 70°C 

'ACT7811·15 'ACT7811·18 'ACT7811·20 'ACT7811·25 

MIN TYP MAX MIN MAX MIN MAX MIN MAX 

fmax 
WRTCLKor 

40 35 28.5 16.7 
RDCLK 

tpd 4 12 15 4 18 4 20 4 25 

tpdt RDCLKt Any 0 
10.5 

tpd WRTCLKt IR 2 10 2 12 2 14 2 16 

tpd RDCLKt OR 2 10 2 12 2 14 2 16 

WRTCLKt 6 20 6 22 6 24 6 26 
tpd 

RDCLKt 
AF/AE 

6 20 6 22 6 24 6 26 

tpLH WRTCLKt 6 19 6 21 6 23 6 25 
HF 

tpHL RDCLKt 6 19 6 21 6 23 6 25 

tpLH 
RESET~ 

AF/AE 3 19 3 21 3 23 3 25 

HF tPHL 4 21 4 23 4 25 4 27 

ten 2 11 2 11 2 11 2 11 
OE Any 0 

tells 2 14 2 14 2 14 2 14 

t This parameter is measured with CL = 30 pF (see Figure 5). 

operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Cpd Power diSSipation capacitance per 1 K bits CL=50pF, f=5MHz 
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TYPICAL CHARACTERISTICS 

TYPICAL PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC ~5V 
_ TA=25°C 

o 

RL=5000 
/' 

./ 
V 

/ 
V 

/ 
i"" 

II 
/ 
I 

50 1 00 150 200 250 300 

C L- Load Capacitance - pF 

Figure 5 
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11. 
Co 
I 

CD 
0 c: 
~ 
0 
10 
Co 
10 
0 
c: 
0 

i 
Co 

~ 
is 
"-
CI) 

== 0 
Q. 

I 
'C 
Co 

TYPICAL CHARACTERISTICS 

TYPICAL POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 

68 I I 
fl = 5 MHz 

67 

66 

65 

64 

63 

TA = 25°e ./ 
eL= 50 pF Y 

/ 

V 
Y 

y V 

V 
V 

V 
62 

4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

Vee - Supply Voltage - V 

Figure 6 

calculating power dissipation 
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The maximum power dissipation (PT) of the SN74ACT7811 can be calculated by: 

PT = VCC x [ICC + (N x ~ICC x dc)) + l: (Cpd x Vcc2 x fj) + l: (CL x Vcc2 x fo) 

where: 

ICC = power-down IcC maximum 
N number of inputs driven by a TTL device 
~ ICC = increase in supply current 
dc duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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INSTRUMENTS 

POST OFFICE BOX 655303 • OAUAS. TEXAS 75265 



SN74ACT7811 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

WITH 3-STATE OUTPUTS 
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APPLICATION INFORMATION 

expanding the SN74ACT7811 

The SN74AC17811 is expandable in width and depth. Expanding in word depth offers special timing 
considerations: 

After the first data word is loaded into the FIFO, the word is unloaded, and the output-ready flag output (OR) 
goes high after (N x 3) read clock (RDCll<) cycles, where N is the number of devices used in depth 
expansion. 

After the FIFO is filled, the input-ready flag output (IR) goes low, the first word is unloaded, and the IR flag 
output is driven high after (N x 2) write clock cycles, where N is the number of devices used in depth 
expansion. 

CLOCK 

WRTCLK 

WRTEN1 

WRTEN2 

IR 

00-017 

WRTCLK 

WRTEN 

018-035 

IR 

00-017 

1 SN74ACT7811 SN74ACT7811 
WRTCLK ROCLK - WRTCLK ROCLK 

WRTEN1 OR .... WRTEN1 ROEN1 

WRTEN2 ROEN1 n L WRTEN2 ROEN2 

IR ROEN2 IR OR -
OE f--5V OE 

-" .. 
) 00-017 00-017 ) 00-017 00-017 

" .. 

Figure 7. Word-Depth Expansion: 2048 Words x 18 Bits, N = 2 

I 

SN74ACT7811 
WRTCLK ROCLK 

WRTEN1 ROEN1 

WRTEN2 ROEN2 

IR OR rI 
OE 

to. 

) 00-017 00-017 .. 

SN74ACT7811 
'--- WRTCLK ROCLK 

WRTEN1 ROEN1 - -
WRTEN2 ROEN2 

IR OR 

OE ,-

... 
) 00-017 00-017 

Figure 8. Word-Width Expansion: 1024 Words x 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

From Output 
underTest~ 

RL=500D 1 T CL=SOpF 

Input --.1.1 ~.;-v----- 3V 

1 I ov 
14- tpd ~ __ tpd ___ 

- -- -
Output ,,.-----~ :: 

lOAD CIRCUIT TOTEM·POlE OUTPUTS 

Figure 9. Standard CMOS Outputs 

Inpm ~"SV \ :~---:: 
tpZL ~ i'PLZ ~ ~ 

Rl= R1 = R2 

R1 

From Output - __ -_e---.-­
Under Test 

Test 
Point 

__ I~I I I -3.5V 

Oulpul : \ ,.sV :~ VOL 

lOAD CIRCUIT 

HO 

I tpHZ -.I 1+ "f 0.3 V 
tpZH -.I ~ I j. 

R2 

~
-A---:' VOH 

Output 1.5 V ~ 0.3 V 

-OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 clt S1 

ten 
I tpZH 500 {2 50pF 

Open 

tpZL Closed 

idis 
I tpHZ 500 {2 50pF 

Open 

tpLZ Closed 

tpd 500 {2 50pF Open 

t Includes probe and test fIXture capacitance 

Figure 10. 3-State Outputs (Any Q) 
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SN74ACT7881 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS227 A - FEBRUARY 1993 - REVISED JUNE 1994 

• Member of the Texas Instruments 
Wldebus riot Family 

• Independent Asynchronous Inputs and 
Outputs 

• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable In Word Width and/or Word 
Depth 

• Fast Access Times of 11 ns With a 50-pF 
Load 

• Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks • High Output Drive for Direct Bus Interface 

• Programmable Almost-Full/Almost-Empty 
Flag 

o Pln-to-Pln Compatible With SN74ACT7882, 
SN74ACT7884, and SN74ACT7811 

• Available In S8-Pln PLCC (FN) or 
Space-Saving 80-Pln Shrink Quad Flat (PN) 
Packages 

014 
013 
012 
011 
010 
09 

Vee 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
DO 

FNPACKAGE 
(TOP VIEW) 

o .... zz 0 0 '" _ N I~ 
~~~zg~~wfB 0za: O~~z~ 
ooo~a:a:a:oa:~~o~oo~o 

,L...J IL...J 

9 8 7 6 5 4 3 2 1 68 676665 64 6362 61 
10 60 

11 59 

12 58 

13 57 

14 56 

15 55 

16 54 

17 53 
18 52 
19 51 

20 50 

21 49 
22 48 
23 47 
24 46 
25 45 

26 44 
27 282930 3132 33 34 35 36 37 38 3940 41 42 43 
r-1 r-1 " r-1 

IU- 0 ~ or- C\I 0 W 0 a: U- 0 0 or- 0 C\I C? 0 
~z""ZZO~z-~ooOzoOo 
o~UWW> i:i:'~ > ~ > 

~~~ ~ 
~~~ 

Widebus is a trademark of Texas Instruments Incorporated. 
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NC 1 

GND 2 

GND 3 

016 4 

017 5 

Vce 6 
OR 7 

GND 8 

Vce 9 
RESET 10 

OE 11 

RDEN2 12 

RDENl 13 

RDCLK 14 

GND 15 

D17 16 

D16 17 

D15 18 

NC 19 

NC 

PN PACKAGE 
(TOP VIEW) 

80 7978 77 76 7574 73 7271 70 69 68 67 6665646362 61 

• 

NC - No internal connection 

60 Vee 
59 Vce 
58 NC 
57 03 
56 02 
55 GND 
54 01 
53 00 
52 Vee 
51 HF 
50 IR 
49 GND 
48 GND 
47 AF/AE 

46 Vcc 
45 WRTEN2 
44 WRTENl 
43 WRTCLK 
42 GND 
41 NC 

description 

8-62 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7881 is organized as 1024 x 18 bits. The SN74ACT7881 processes data at rates up 
to 67 MHz and access times of 11 ns in a bit-parallel format. Data outputs are non inverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7881 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACT7881 is characterized for operation from O°C to 70°C. 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

ROCLK 

ROEN1 

OE 

ROEN2 

OAF 

DO 

01 

02 

03 

04 

05 

06 

07 

OS 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 "-
29 

30 

31 

5 

4 

2 

3 

27 
'" 

26 

25 

24 

23 

22 

21 

20 

19 

17 

15 

14 

13 

12 

11 

10 

9 

S 

7 

SN74ACT7881 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

<l> 
FIFO 

SN74ACT7881-1024)( 1S 

RESET 

WRTCLK 

t]WRTEN IN ROY 

HALF FULL 

ROCLK ALMOST FULL/EMPTY 
~ 

& OUT ROY 

EN1 ROEN 

- OEF ALMOST FULL , r 

0 0 

~~1~ 

17 17 

SCAS227 A - FEBRUARY 1993 - REVISED JUNE 1994 

35 

36 

33 

66 

38 

39 

41 

42 

44 

46 

47 

49 

50 

52 

53 

55 

56 

58 

59 

61 

63 

64 

IR 

HF 

AF/AE 

OR 

00 

01 

02 

03 

04 

05 

06 

07 

OS 

09 

010 

011 

012 

013 

014 

015 

016 

017 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 8-63 

~ 
W 
:> 
W 
a: 
C-
I-
0 
::> 
C 
0 
a: 
a. 



" :D 
0 
C 
C 
0 
-I 

" :D 
m 
~ 
m 
~ 

SN74ACT7881 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS227A - FEBRUARY 1993 - REVISED JUNE 1994 

functional block diagram 

OE 

00-017 

ROCLI< 
ROEN1 
ROEN2 

WRTCLK 
WRTEN1 
WRTEN2 

RESET 

OAF 

8-64 

L 
Synchronous 

Read 
Control 

Synchronous 
Write 

Control 

~ Reset Logic 

l-f--

~ 

~ 
I 

r 

I R d I I po~~er J 
I 

I Write I I Pointer ~ 

I 
V 7 

Status-
Flag 

Logic 
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d 
Location 1 

Location 2 

RAM 
1024 x 18 

. . 
lJ 

Register 00-017 

OR 

IR 

HF 

AF/AE 



NAME 

TERMINAL 

NO. 
VO 

AF/AE 33 0 

DAF 27 I 

DO-D17 26-19.17.15-7 I 

HF 36 0 

IR 35 0 

OE 2 I 

OR 66 0 

38-39.41-42.44. 

00-017 
46-47.49-50. 

0 52-53. 55-56. 
58-59. 61. 63-64 

RDCLK 5 I 

RDEN1. 4 
I 

RDEN2 3 

RESET 1 I 

SN74ACT7881 
1024 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS227A- FEBRUARY 1993 - REVISED JUNE 1994 

Terminal Functions 

DESCRIPTION 

Almost-fuIValmost-empty flag. The AF/AE boundary is defined by the almost-fuIVaimost-empty offset 
value (X). This value can be programmed during reset orthe default value of 256 can be used. AF/AE 
is high when the number of words In memory is less than or equal to X. AF/AE Is also high when the 
number of words In memory Is greater than or equal to (1024 - X). 
Progrrunmlng procedure for AF/AE Is programmed during each reset cycle. The almost-fulValmost 
empty offset value (X) Is either a user-defined value or the default of X = 256. Instructions to program 
AF/AE using both methods are as follows: 

User-defined X 

Step 1: Take DAF from high to low. The low-to-high transition of DAF Input stores the binary 
value on the data inputs as X. The following bits are used. listed from most significant 
bit to least significant bit (D8-DO). 

Step 2: If RESET is not already low. take RESET low. 

Step 3: With DAF held low, take RESET high. This defines AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

~ 

To redefine AF/AE using the default value of X = 256. hold DAF high during the reset cycle. 

Define-almost-full. The high-to-Iow transition of DAF stores the binary value of data Inputs as the 
almost-fuIValmost-empty offset value (X). With DAF held low. a low pulse on RESET defines the 
almost-fuIValmost-empty (AF/AE) flag using X. 

Data inputs for 18-bit-wide data to be stored In the memory. A high-te-Iow transition on DAF captures 
data for the a1most-empty/almost-fuli offset (X) from 08-00. 

Half-full flag. HF is high when the FIFO contains 512 or more words and Is low when the number of 
words In memory is less than half the depth of the FIFO. 

Input-ready flag. IR is high when the FIFO is not full and low when the device is full. During reset. IR 
is driven Iowan the rising edge of the second WRTCLK pulse. IR Is then driven high on the rising edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO Is filled and IR Is driven low. 
IR is driven high on the second WRTCLK pulse after the first valid read. 

Output enable. The 00-017 outputs are in the high-impedance state when OE is low. OE must be 
hig~ before the rising edge of RDCLK to read a word from memory. 

Output-ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset. OR 
is set low on the rising edge of the third RDCLK pulse. OR is set high on the rising edge of the third 
RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the rising edge 
of the first RDCLK pulse after the last word Is read. 

Data outputs. The first data word to be loaded into the FIFO is moved to 00-017 on the rising edge 
of the third RDCLK pulse to occur after the first valid write. RDENl and RDEN2 do not affect this 
operation. Following data is unloaded on the rising edge of RDCLKwhen RDEN1. RDEN2. OE. and 
OR are high. 

Read clock. Data is read out of memory on the low-to-high transition at RDCLK if OR. OE. RDEN1. 
and RDEN2 are high. RDCLK is a free-running clock and functions as the synchronizing clock for all 
data transfers out of the FIFO. OR Is also driven synchronously with respect to the RDCLK signal. 

Read enablo. RDEN1 and RDEN2 must be high before a rising edge on RDCLK to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored in memory. 

Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR. HF. 
IR are low. AF/AE Is high. The FIFO must be reset upon power up. With OAF at a low level. a low pulse 
on RESET defines AF/AE using the a1most-fuIVaimost-empty offset value (X). where X is the value 
previously stored. With DAF at a high level. a low-level pulse on RESET defines the AF/AE flag using 
the default value of X = 256. 
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NAME 

WRTCLK 

WRTEN1, 
WRTEN2 

8-66 

TERMINAL 

NO. 

29 

30 
31 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

RDEN2 

OE 

QO-Q17 

AF/AE 

I/O 

I 

I 

Terminal Functions (continued) 

DESCRIPTION 

Write clock. Data is written into memory on a low-to-high transition of WRTCLK if IR, WRTEN1, and 
WRTEN2 are high. WRTCLK is a free-running clock and functions as the synchronizing ciock for ail 
data transfers into the FiFO. IR is also driven synchronously with respect to WRTCLK. 

Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLKfor a word to 
be written Into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-fuIVaimost-
empty offset value (X). 

Invalid 

I 
I' 
I 
I 

I 
I 
I 

Store the Value of Data as X I Define the AF/AE Flag Using the 
Value of X 

t X Is the binary value on 08-00. 

Figure 1. Reset Cycle: Deijne AF/AE Using a Programmed Value of X 
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OAF 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

OE 

Don't Care 

SN74ACT7881 
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--------~--------------------~ 

----" 

QO-Q17 Invalid 
iii i 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Define the AF/AE Flag Using 

the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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WRTCLK 

WRTEN1 

WRTEN2 ---1 
00-017 I W1 I W2 I 
RDCLK 

RDEN1 

RDEN2 

OE 

00-017 Invalid 

OR 

AF/AE 

HF 

IR 

8-68 

~~~r-fL 
I i i I 
I I I I 
I I I I 
I i I I 
I I I I 

I W3 I W4 I :l$r=1~*$ 
i ~~~r-fh-

I I I I 
I I I I I 
I I 1 I I 
I "I 1 I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

~ : :W1 : : 
I I I 

I I 
I I 
I I 
I I 

I 
I 
I 
I 

L 
DATA WORD NUMBERS FOR FLAG TRANSITIONS 

TRANSITION WORD 

A B C 

W513 W(1025-X) W1025 

Figure 3. Write 
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WRTEN1 ~~------~-------------------------------

RDEN1 .J I 
RDEN2 - ... l-~ I I 

OE i1-4 I I I 
00-Q17 _.;-_____ :::;:_-_~_r, ____ .,..;-_W(X_+_2)_~_A......;.~--.-B-~~-C...,..~--D--~~-E __ :~:.:~..,.r:::: 

OR I I i L-
I I I I I ~I-------------------AF/AE 

HF 
I 
I 
I 

IR IL.. ______ ..I 

A 

W513 

DATA WORD NUMBERS FOR FLAG TRANSITIONS 

B 

W514 

TRANSITION WORD 

C D 

W(1024-X) W(1025-X) 

Figure 4. Read 
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absolute maximum ratings over operating free-air temperature ranget 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI .................................. ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................................................ ooe to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level Input voltage 0.8 V 

IOH High-level output current -8 rnA 

IOL Low-level output current 16 rnA 

TA Operating free-air temperature 0 70 °e 

o electrical characteristics over recommended operating free-air temperature range (unless 
C otherwise noted) 
c: 
n 
-I 
-a 
:c 
m 
< -m 
=E 

PARAMETER 

VOH Vee = 4.5 V. 
VOL Vee =4.5V, 

II Vee = 5.5 V, 

IOZ Vee = 5.5 V. 

lee§ 
VI =Vee-0.2VorO 

One input at 3.4 V, 

ei VI =0, 

Co VO=O, 

:t All typical values are at Vee = 5 V, TA = 25°C. 
§ ICC tested with outputs open. 

8-70 

TEST CONDITIONS 

IOH =-8 rnA 

IOL = 16 rnA 

VI = Vee orO 

Vo=Vee orO 

Other Inputs at Vee or GND 

f= 1 MHz 

f= 1 MHz 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 

'ACT7881·15 'ACT7881·20 'ACT7881-30 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

fclock Clock frequency 67 50 33.4 MHz 

WRTCLKhigh 6 7 8.5 

WRTCLKlow 6 7 11 

tw Pulse duration RDCLKhigh 6 7 8.5 ns 

RDCLKlow 6 7 11 

DAF high 6 7 10 

DO-D17 before WRTCLKt, 4 5 5 

WRTEN1, WRTEN2 high before WRTCLKt 4 5 5 

OE, RDEN1, RDEN2 high before RDCLKt 4 5 5 

tsu Setup time 
Reset: RESET low before first WRTCLKt and 

5 6 7 
RDCLKtt ns 

Define AF/AE: DO-D8 before DAF~ 4 5 5 

Define AF/AE: DAF ~ before RESETt 5 6 7 

Define AF/AE (default): DAF high before RESETt 4 5 5 

DO-D17 afterWRTCLKt 0 0 0 

WRTEN1, WRTEN2 high after WRTCLKt 0 0 1 

OE, RDEN1, RDEN2 high after RDCLKt 0 0 1 

th Hold time 
Reset: RESET low after fourth WRTCLKt and 

0 0 0 
RDCLKtt ns 

Define AF/AE: DO-D8 after DAF ~ 0 0 1 

Define AF/AE: DAF low after RESETt 0 0 0 

Define AF/AE (default): DAF high after RESETt 0 0 1 

t To permit the clock pulse to be utilized for reset purposes 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (s'ee Figures 7 and 8) 

FROM TO 'ACT7881·15 
PARAMETER 

(INPUT) (OUTPUT) MIN MAX 

fmax WRTCLK or RDCLK 67 

tpd 4 11 

tpd* 
RDCLKt AnyQ 

tpd WRTCLKt IR 2 9 

tpd RDCLKt OR 2 9 

WRTCLKf 6 17 
tpd 

RDCLKt 
AF/AE 

6 17 

tpLH WRTCLKf 6 15 
HF 

tpHL RDCLKf 6 15 

tpLH 
RESET~ 

AF/AE 3 16 

HF tpHL 4 18 

ten 2 11 
OE AnyQ 

tdis 2 14 

* This parameter is measured with CL = 30 pF (see Figure 5). 
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'ACT7881·20 'ACT7881-30 

MIN MAX MIN MAX 
UNIT 

50 33.4 MHz 

4 13 4 18 
ns 

2 9.5 2 12 
ns 

2 9.5 2 12 

6 19 6 22 
ns 

6 19 6 22 

6 17 6 21 
ns 

6 17 6 21 

3 17 3 21 
ns 

4 19 4 23 

2 11 2 11 

2 14 2 
ns 

14 
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operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS 

Power dissipation capacitance per 1 K bits CL • 50 pF, t- 5 MHz 

18 

17 
! 
I 16 • E 

1= 
15 g 

! 
c 14 
0 

1& 
Q 13 !. e a. 

12 I 

.J 
11 

10 

8-72 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
va 

LOAD CAPACITANCE 

VCC~5V 
_ RL-SooO 

TA-25°C 

./ 
/' 

/ 
V 

/ 
;I' 

I( 

/ 
I 

V 

o 50 100 150 200 250 

CL - Load Capacitance - pF 

Figure 5 
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68 

IL 
Q. 

I 
0 07 
0 
c: 
S 
u co 66 Q. 
co 
0 
c: 
0 

1i 65 
Q. 

11 c ... 64 
Q) 

~ 
0 a. 
I 63 "C 

8" 

62 

TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 

fJ =15M~Z 
TA = 25°C 
CL=GO pF 

/ 
/ 

/' 
/ 

V 
V 

/ 
V 

,/ 

/ 

4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

VCC - Supply Voltage - V 

Figure 6 

calculating power dissipation 

The maximum power dissipation (PT) of the SN74ACT7881 can be calculated using: 

PT = Vee x [Icc + (N x ~Iee x dc)] + }:(Cpd x Vee2 x fj) + }:(CL x Vee2 x faJ 

where: 

ICC = power-down ICC maximum 
N = number of inputs driven by a TTL device 
~Iee increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fi data input frequency 
fo data output frequency 
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PARAMETER MEASUREMENT INFORMATION 

From Output 
underTest~ 

RL-5000 1 T CL=50pF 

- -- -
lOAD CIRCUIT 

Input --J 
I 
14- tpd~ 

1
1 

Output ____ -J 

TOTEM·POlE OUTPUTS 

Figure 7. Standard CMOS Outputs 

Inpm ~'.5V \ "5V---:: 

'PZL ~ i'PLZ ~ ~ 

8-74 

51 

R1 

From Output Test 
__ ...;.I~I I I ... 3.5V 

Ompm : \ '.5V :~ VOL Under Test Point 

lOAD CIRCUIT 

I tpHZ -.! 1+ l. 0.3 V 
tpZH -.I I+- I j 

Ompm 1 .. 5 V \:=~~ VOH 

... ov 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 Clf 51 

ten 
I tpZH 5000 50pF 

Open 

tpZL Closed 

tdis 
I tpHZ 5000 50pF 

Open 

tpLZ Closed 

tpd 5000 50 pF Open 

t Includes probe and test fIXture capacitance 

Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7881 

The SN74ACT7881 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7881 devices configured for depth expansion. The common clock between the devices can be tied 
to either the write clock (WRTClK) of the first device or the read clock (RDClK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (I R) ofthe next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure10 is an example of two SN74ACT7881 devices in word-width expansion. Width expansion is 
accomplished by simply connecting all common control Signals between the devices and creating composite 
input-ready (IR) and output-ready (OR) signals. The almost-full/almost-emptyflag (AF/AE) and half-full flag (HF) 
can be sampled from anyone device. Depth expansion and width expansion can be used together. 

CLOCK 

WRTCLK 
WRTEN1 

WRTEN2 

IR 

00-017 

WRTCLK 

WRTEN 

018-035 

IR 

00-017 

SN74ACT7881 1 SN74ACT7881 

WRTCLK ROCLK WRTCLK RDCLK 
WRTEN1 OR WRTEN1 RDEN1 

WRTEN2 ROEN1 
~ 

L WRTEN2 RDEN2 

IR ROEN2 IR OR -
OE f-5V OE ... 

00-017 00-017 00-017 00-017 

" " 

Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 

SN74ACT7881 

WRTCLK RDCLK 
WRTEN1 ROEN1 

WRTEN2 RDEN2 

I 
I-- IR OR Q OE T 

00-017 00-017 
" 

I SN74ACT7881 I 
- WRTCLK RDCLK 

- WRTEN1 ROEN1 I--
WRTEN2 ROEN2 

IR OR 

OE -
/ 00-017 00-017 

" 

Figure 10. Word-Depth Expansion: 1024 Words x 36 Bits 
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• Member of the Texas Instruments 
Wldebus TN Family 

• Independent Asynchronous Inputs and 
Outputs 

• Input-Ready, Output-Ready, and Half-Full 
Flags 

o Cascadable In Word Width and/or Word 
Depth 

• Fast Access Times of 11 ns With a 50-pF 
Load 

• Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks o High Output Drive for Direct Bus Interface 

o Programmable Almost-Full/Almost-Empty 
Flag 

• Pln-to-Pln Compatible With SN74ACT7881, 
SN74ACT7884, and SN74ACT7811 

o Available in S8-Pln PLCC (FN) or 
Space-Saving 80-Pln Shrink Quad Flat (PN) 
Packages 

FN PACKAGE 
(TOP VIEW) 

:l Z ~ ltD 
~~~~g~~wf:3 O~a:: O~~~~ 
ooo~a::a::a::oa::~~o~oo~o 

,L....J 
987654321 

D14 10 
68 676665 64 6362 61 ,r 

6ol. Vee 
59( 014 
58t 013 
57 GND 
56 012 

D13 11 

D12 12 

D11 13 

D10 14 
55 011 D9 

Vee 
D8 

GND 
D7 

15 

16 

17 

18 

19 

54 Vee 
53 

52 

51 

00 ~ w 
D5 021 49 
~ ~ ~ 

00 ~ ~ 

~ ~ ~ 

D1 25 45 ~ 
DO 26 44[ 

27 282930 31 32 33 34 3536 3738 3940 41 4243 
,-,,-, 1'-' 1'-'- - 1'-' 

Widebus is a trademark of Texas Instruments Incorporated. 

010 
09 
GND 
08 
07 
Vce 
06 
05 
GND 
04 

PRODUCT PREVIEW Infannatlon concern. producta In thllannatlv. or 
design pha" 01 development. Characte~ltlc data and other 
IptClllcatlonl art dtllgn goail. TlXlIinltrumentl r ... rv .. the right to 
chang. or discontlnulthes. product. without nolle •• ~TEXAS 

INSTRUMENTS 

Copyright © 1994, Texas Instruments Incorporated 
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NC 1 

GNO 
GNO 
016 
017 

GNO 

Vee 
RESET 

OE 11 

ROEN2 12 

ROEN1 13 

ROCLK 14 

GNO 15 

017 16 

016 17 

015 18 

PN PACKAGE 
(TOP VIEW) 

80 7978 77 767574 73 7271 70 69 68 67 6665646362 61 

• 60 VCC 

59 VCC 
58 NC 
57 03 
56 02 
55 GNO 
54 01 
53 00 
52 VCC 

51 HF 
50 IR 
49 GNO 
48 GNO 
47 AF/AE 
46 Vee 
45 WRTEN2 
44 WRTEN1 
43 WRTCLK 
42 GNO NC 19 

NC 20 41 NC 
21 22 2324 25 26 272829 30 31 32 33 343536 373839 40 

Ne - No internal connection 

:e description 

8-78 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7882 is organized as 2048 x 18 bits. The SN74ACT7882 processes data at rates up 
to 67 MHz and access times of 11 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7882 has normal input-bus-to-output-bus asynchronous operation. The special enable circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACT7882 is characterized for operation from O°C to 70°C. 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

RDCLK 

RDEN1 

OE 

RDEN2 

OAF 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 .. f'-. 

29 

30 

31 

5 

4 

2 

3 

27 "-

26 

25 

24 

23 

22 

21 

20 

19 

17 

15 

14 

13 

12 

11 

10 

9 

8 

7 

«l> 
FIFO 

SN74ACT7882-2048 x 18 

RESET 

WRTCLK 

~WRTEN IN ROY 

HALF FULL 

ROCLK ALMOST FULUEMPTY - & OUT ROY 

EN1 ROEN 

I--
OEF ALMOST FULL ., r 

0 0 

c§) ~19 

17 17 

tThis symbol is in accordance with ANSI/IEEE Sid 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for Ihe FN package. 
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35 

36 

33 

66 

38 

39 

41 

42 

44 

46 

47 

49 

50 

52 

53 

55 

56 

58 

59 

61 

63 

64 

IR 

HF 

AF/AE 

OR 

00 

01 

02 

03 

04 

05 

06 

07 

oa 
09 

Q10 

Q11 

Q12 

Q13 

Q14 

Q15 

Q16 

Q17 
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functional block diagram 

OE 

00-017 

RDCLI< 
ROEN1 
ROEN2 

WRTCLK 
WRTEN1 
WRTEN2 

RESET 

OAF 

8-80 

--

L 
Synchronous 

Read 
Control 

Synchronous 
Write 

Control 

Y Reset Logic 

f0o-

j 

r 
I 

l-

, 

I I I Read 
Pointer 

I 

-I Writ. 
Pointer I 

I 
'v'" 

Status-
Flag 

Logic 
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11 
Location 1 

Location 2 

RAM 
2048)( 18 

. . 
1J 

Register QO-Q17 

OR 

IR 

HF 
AF/AE 



NAME 

TERMINAL 

NO. 
VO 

AF/AE 33 0 

DAF 27 I 

DO-D17 26-19,17,15-7 I 

HF 36 0 

IR 35 0 

OE 2 I 

OR 66 0 

38-39, 41-42, 44, 

00-017 
46-47, 49-50, 

0 
52-53, 55-56, 

58-59, 61, 63-64 

RDCLK 5 I 

RDEN1, 4 
I 

RDEN2 3 

RESET 1 I 

SN74ACT7882 
2048 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS445-JUNE 1994 

Terminal Functions 

DESCRIPTION 

A1most-full/almost-emptyflag. The AF/AE boundary is defined by the almost-fuIValmost-empty offset 
value (X). This value can be programmed during reset orthe default value of 256 can be used. AF/AE 
Is high when the number of words In memory Is less than or equal to X. AF/AE Is also high when the 
number of words in memory is greater than or equal to (2048 - X). 
Programming procedure for AF/AE I:; programmed during oach reset cycle. The almost-fulValmost-
empty offset value (X) Is either a user-defined value or the default of X = 256. Instructions to program 
AF/AE using both methods are as follows: 

User-defined X 

Step 1: Take DAF from high to low. The low-to-hlgh transition of DAF Input stores the binary 
value on the data inputs as X. The following bits are used,listed from most Significant 
bit to least significant bit D9-DO. 

Step 2: If RESET Is not already low, take RESET low. 

Step 3: With DAF held low, take RESET high. This defines AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep DAF low. 

.omauJ1.X 
To redefine AF/AE using the default value of X = 256, hold DAF high during the reset cycle. 

Define-almost-full. The high-to-Iow transition of DAF stores the binary value of data inputs as the 
a1most-fuIValmost-empty offset value (X). With DAF held low, a low pulse on RESET defines the 
almost-fuIValmost-empty (AF/AE) flag using X. 

Data Inputs for 18-bit-wide data to be stored in the memory. A high-to-Iow transition on DAF captures 
data for the almost-empty/almost-full offset (X) from D9-DO. 

Half-full flag. HF Is high when the FIFO contains 1024 or more words and Is low when the number 
of words in memory is less than half the depth of the FIFO. 

Input-ready flag. IR Is high when the FIFO Is not full and low when the device Is full. During reset, IR 
Is driven low on the rising edge of the second WRTCLK pulse.IR is then driven high on the riSing edge 
of the second WRTCLK pulse after RESET goes high. After the FIFO is filled and IR Is driven low, 
IR Is driven high on the second WRTCLK pulse after the first valid read. 

Output enable. The 00-017 outputs are In the high-impedance state when OE Is low. OE must be 
high before the rising edge of RDCLK to read a word from memory. 

Output-ready flag. OR is high when the FIFO is not empty and low when it is empty. During reset, OR 
Is set low on the rising edge of the third RDCLK pulse. OR Is set high on the rising edge of the third 
RDCLK pulse to occur after the first word is written into the FIFO. OR is set low on the riSing edge 
of the first RDCLK pulse after the last word Is read. 

Data out. The first data word to be loaded into the FIFO is moved to 00-017 on the rising edge of 
the third RDCLK pulse to occur after the first valid write. RDENl and RDEN2 do not affect this 
operation. Following data Is unloaded on the rising edge of RDCLK when RDEN 1, RDEN2, OE, and 
OR are high. 

Read clock. Data is read out of memory on the low-to-hig h transition at RDCLK if OR, OE, and RDEN1 
and RDEN2 are high. RDCLK Is a free-running clock and functions as the synchronizing clock for all 
data transfers out of the FIFO. OR is also driven synchronously with respect to RDCLK. 

Read enable. RDEN1 and RDEN2 must bo high boforo a rising odgo on RDCLKto read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored In memory. 

Reset. A reset Is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE Is high. The FIFO must be reset upon power up. With DAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-full/almost-empty offset value (X), where X 
Is the value previously stored. With DAF at a high level, a low-level pulse on RESET defines the 
AF/AE flag using the default value of X = 256. 
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NAME 

WRTCLK 

WRTEN1, 
WRTEN2 

8-82 

Terminal Functions (continued) 

TERMINAL 
I/O DESCRIPTION 

NO. 

Write clock. Data Is written Into memory on a low-to-hlgh transition of WRTCLK If IR, WRTEN 1, and 
29 I WRTEN2 are high. WRTCLK Is a free-running clock and functions as the synchronizing clock for all 

data transfers Into the FIFO. IR Is also driven synchronously with respect to WRTCLK. 

30 
Write enable. WRTEN1 and WRTEN2 must be high before a rising edge on WRTCLK for a word to 

I be written Into memory. WRTEN1 and WRTEN2 do not affect the storage of the almost-fuIValmost-
31 . empty offset value (X). 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

RDEN2 

OE 

00-017 Invalid 
I I i 

Store the Value of Data as X 

t X is the binary value on 09-00. 

Define the AF/AE Flag Using the 
Value of X 

Figure 1. Reset Cycle: Deilne AF/AE Using a Programmed Value of X 
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OAF ________ ~~-D-on-'t-c-ar-e------------~ 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK ---
RDEN1 

RDEN2 

OE 

00-Q17 Invalid 
iii 

~ Jc l' >CXXXXS<hxxsrl 
OR ?<?<?<?yyyx*")~I~~ 

AF/AE~ 
I 

HF~ I 

IR~~~E~ 

I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Define the AF/AE Flag Using 

the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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WRTCLK 

WRTEN1 

WRTEN2 --.-J 
00-017 I W1 I W2 I 
RDCLK 

RDEN1 

ROEN2 

OE 

QO-Q17 Invalid 

OR 

AF/AE 

HF 

IR 
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r-fL-,~~r-fL 
I I I I 
I- I I I 
I I I I 
I I I I 
I I I I 

I W3 I W4 I :~*$* 
I ~~~rfiL 

I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I t I I t 
I I I I I 

~ : :W1 : : 
I I I 

I I 
I I 
I I 
I I 

I 
I 
I 
I 

L 
OAT A WORD NUMBERS FOR FLAG TRANSITIONS 

TRANSITION WORD 

A B C 

W1025 W(2049-X) W2049 

Figure 3. Write 
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WRTEN1 ~~ ____________ ~ ______________________________________ ___ 

RDEN1 -.J I 
RDEN2 _ ... : _--' :: 

OE~ I: I 
00-Q17 -J~ __ ,~~_~~~~~W~~_+2~)~~~ __ ~r ___ 

OR 

AF/AE 

HF I 
I 

I I L--
I I 
I ~I ---------------
I 

IR ,1...-_____ ---' 

A 

W1025 

DATA WORD NUMBERS FOR FLAG TRANSITIONS 

B 

W1030 

TRANSITION WORD 

C D 

W(2048-X) W(2049-X) 

Figure 4. Read 
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absolute maximum ratings over operating free-air temperature ranget 

Supply voltage range, Vee .' ......................................................... -0.5 V to 7 V 
Input voltage, VI ............................................................................. 7 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................................ : ............... O°C to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -8 rnA 

10L Low-level output current 16 rnA 

TA Operating free-air temperature 0 70 °e 

o electrical characteristics over recommended operating free-air temperature range (unless 
C otherwise noted) 
c::: 
o 
-I 
"'C 
:xl 
m 
< -m 
=E 

PARAMETER 

VOH Vee =4.5V. 

VOL Vee = 4.5 V. 
II Vee = 5.5 V. 

10Z Vee = 5.5 V. 

lee§ 
VI =Vee-0.2VorO 

One input at 3.4 V. 

ei VI =0. 

eo Vo=O. 

* All typical values are at Vee = 5 V. TA = 25°e. 
§ lee tested with outputs open. 

8-86 

TEST CONDITIONS 

10H =-8 rnA 

10L= l6mA 

VI = Vee or 0 

Vo=Vee orO 

Other inputs at Vee or GND 

f= 1 MHz 

f= 1 MHz 
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2.4 V 

0.5 V 

:1:5 !lA 
:t5 !lA 

400 !lA 
1 rnA 

4 pF 

8 pF 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 

'ACT7882-15 ' ACT7882-20 ' ACT7882-30 

MIN MAX MIN MAX MIN MAX 
UNIT 

fciock Clock frequency 67 50 33.4 MHz 

WRTCLKhigh 6 7 8.5 

WRTCLKlow 6 7 11 

tw Pulse duration RDCLKhigh 6 7 8.5 ns 

RDCLKlow 6 7 11 

DAF high 6 7 10 

Data In (DO-017) before WRTCLKt 4 5 5 

WRTEN 1. WRTEN2 high before WRTCLK t 4 5 5 

OE. ROEN1. RDEN2 high before ROCLKt 4 5 5 

tsu Setup time 
Reset: RESET low before first WRTCLKt and 
RDCLKtt 

5 6 7 ns 

Define AF/AE: 00-08 before DAF ~ 4 5 5 

Define AF/AE: OAF ~ before RESETt 5 6 7 

Define AF/AE (default): OAF high before RESETt 4 5 5 

Data in (DO-017) after WRTCLKt 0 0 0 

WRTEN1. WRTEN2 high afterWRTCLKt 0 0 1 

OE, ROEN1. ROEN2 high after RDCLKt 0 0 1 

th Hold time 
Reset: RESET low after fourth WRTCLKt and 
RDCLKtt 

0 0 0 ns 

Define AF/AE: 00-08 after OAF~ 0 0 1 

Define AF/AE: OAF low after RESETt 0 0 0 

Define AF/AE (default): DAF high after RESETt 0 0 1 

t To permit the clock pulse to be utilized for reset purposes 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 7 and 8) 

FROM TO 'ACT7882-15 
PARAMETER 

(INPUT) (OUTPUT) MIN MAX 

fmax WRTCLK or ROCLK 67 

tpd 4 11 

tpd* 
ROCLKt AnyQ 

tpd WRTCLKt IR 2 9 

~d ROCLKt OR 2 9 

WRTCLKt 6 17 
tpd AF/AE 

ROCLKt 6 17 

tpLH WRTCLKt 6 15 
HF 

tpHL ROCLKt 6 15 

tpLH 
RESET~ 

AF/AE 3 16 

HF tpHL 4 18 

ten 2 11 
OE AnyQ 

tdis 2 14 

* This parameter is measured with CL = 30 pF (see Figure 5). 
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' ACT7882-20 ' ACT7882-30 

MIN MAX MIN MAX 
UNIT 

50 33.4 MHz 

4 13 4 18 
ns 

2 9.5 2 12 
ns 

2 9.5 2 12 

6 19 6 22 
ns 

6 19 6 22 

6 17 6 21 
ns 

6 17 6 21 

3 17 3 21 
ns 

4 19 4 23 

2 11 2 11 

2 14 2 
ns 

14 
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operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per 1 K bits CL = 50 pF. f = 5 MHz 

18 

17 
It) 
c 
I 16 

CD 
E 
1= 
~ 15 
'ai 
c 
c 14 
0 

ii 
CI 13 cu 
Co e 
Q. 

12 I 

J. 
11 

10 

8-88 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC~5V 
_RL=5OO0 

TA = 25°C 

L 
/" 

/ 
V 

/ 
'/ 

II 
/ 
I 

,./ 

o 50 100 150 200 250 

CL - Load Capacitance - pF 

Figure 5 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 
68 

u. 
Q. 

I 
CD 67 u c 

~ ca 66 Q. 
ca 
0 
c 
0 

i 65 
Q. 

i 
is .. 64 
CD 
~ 
0 
D.. 
I 63 '0 

8" 

fJ =15M~Z 
TA = 25°C /' I- CL=50pF 

V 
/ 

/ 
V 

/ 
V 

V 
V 

V 
62 

4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

Vcc - Supply Voltage - V 

Figure 6 

calculating power dissipation 

The maximum power dissipation (PT) of the SN74ACT7882 can be calculated using: 

PT = Vee x [Icc + (N x ~Iee x dc)] + ~(Cpd x Vee2 x fj) + ~(CL x Vee2 x fo) 

where: 

ICC power-down IcC maximum 
N = number of inputs driven by a TTL device 
~Iee = increase in supply current 
dc duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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PARAMETER MEASUREMENT INFORMATION 

From Output 
underTest~ 

RL=500Q r r CL=50pF 

LOAD CIRCUIT 

Input --A 
I 
14- tpd--.j 

1
1 

Output ------
TOTEM-POLE OUTPUTS 

Figure 7. Standard CMOS Outputs 

RL=R1 =R2 

Inpm ~1.5V \ uv ---:: 

'P2L ~ itpLZ -.: ~ 

8-90 

S1 

R1 

From Output Test 
__ -;.1""1 I I -3.5V 

Output : \ 1.5 V : r;:T Under Test Point 

LOAD CIRCUIT 

-I- VOL 
I tpHZ -.I 1+ L 0.3 V 

tpZH -./ ~ I J. __ 

~
VOH 

Output 1.5 V - '[;'3 ~ 
-OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 CLt S1 

ten 
I tpZH 5000 50pF 

Open 

tpZL Closed 

~is 
I tpHZ 5000 50pF 

Open 

tpLZ Closed 

!Pd 5000 50pF Open 

t Includes probe and test fIXture capacitance 

Figure 8. 3·State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7882 

The SN74AC17882 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows two 
SN74ACT7882 devices configured for depth expansion. The common clock between the devices can be tied 
to either the write clock (WRTClK) of the first device or the read clock (RDClK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (I R) ofthe next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 10 is an example of two SN74AC17882 devices in wor9-width expansion. Width expansion is 
accomplished by simply connecting all common control signals between the devices and creating composite 
input-ready (IR) and output-ready (OR) signals. The almost-full/almost-emptyflag (AF/AE) and half-full flag (HF) 
can be sampled from anyone device.-Depth expansion and width expansion can be used together. 

CLOCK 

WRTCLK 
WRTEN1 

WRTEN2 

IR 

00-017 

WRTCLK 

WRTEN 

018-035 

IR 

DO-017 

SN74ACT7882 1 SN74ACT7882 

WRTCLK ROCLK WRTCLK ROCLK -
WRTEN1 OR ."'" WRTEN1 ROEN1 

WRTEN2 ROEN1 '1 
L WRTEN2 ROEN2 

IR ROEN2 IR OR 

OE -5V OE ... 
/ 

00-017 00-017 00-017 00-017 
r r 

Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 

SN74ACT7882 

WRTCLK ROCLK 
WRTEN1 ROEN1 

WRTEN2 ROEN2 

I 
- IR OR 

~ OE 

00-017 00-017 

I SN74ACT7882 I 
- WRTCLK ROCLK 

'---- WRTEN1 ROEN1 - ,--

WRTEN2 ROEN2 

IR OR 

OE I--

/ 00-017 00-017 

" 

Figure 10. Word-Depth Expansion: 2048 Words x 36 Bits 
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SN74ACT7884 
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o Members of the Texas Instruments 
Wldebus TN Family 

• Independent Asynchronous Inputs and 
Outputs 

o Read and Write Operations Can Be 
Synchronized to Independent System 
Clocks 

o Programmable Almost-Full/Almost-Empty 
Flag 

• Pln-to-Pln Compatible With SN74ACT7881, 
SN74ACT7882, and SN74ACT7811 

SCAS444-JUNE 1994 

• Input-Ready, Output-Ready, and Half-Full 
Flags 

• Cascadable In Word Width and/or Word 
Depth 

o Fast Access Times of 11 ns With 0 50-pF 
Load 

• High Output Drive for Direct Bus Interface 
• Available In S8-Pln PLCC (FN) or 

Space-Saving 80-Pln Shrink Quad Flat (PN) 
Packages 

FNPAeKAGE 
{TOP VIEW) 

014 
013 
012 
011 
010 
09 

Vee 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
DO 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 

8 7 654321 68 676665 64 636261 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 

27 282930 31 32 33 34 35 36 37 38 3940 41 42 43 

Widebus is a trademark of Texas Instruments Incorporated. 

Vee 
014 
013 
GNO 
012 
011 
Vee 
010 
09 
GNO 
08 
07 
Vee 
06 
05 
GNO 
04 

PRODUCT PREVIEW Information conc.m. producta In the formltlv. or 
design ph... of d.velopment. Characteristic data Ind oth.r 
lpeclflClllon. are d"lgn goa ... Tnl. Instrum.ntl reatrv" th. right to 
ching. or dlacontlnu.th.at producta without notlc .. .1ExAs 
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PN PACKAGE 
(TOP VIEW) 

II) OVMOON_OO 0 0 00 -O--ZZ __ O_mZ~~O~II)ZZV 
O~OO~~OO>OO~OO~OO~~O 

80 7978 77 76 7574 73 7271 70 69 68 67 6665646362 61 

• 60 Vee 
GNO 59 Vee 
GNO 58 NC 
016 57 03 
017 56 02 
Vee 55 GNO 
OR 7 54 01 

GNO 8 53 00 
Vee 9 52 Vee 

RESET 10 51 HF 
OE 11 50 IR 

RDEN2 12 49 GNO 
RDEN1 13 48 GNO 
ROCLK 14 47 AF/AE 

GND 15 46 Vee 
017 16 45 WRTEN2 
016 17 44 WRTEN1 
015 18 43 WRTCLK 
NC 19 42 GNO 
NC NC 

z-----OOOzOOOOOOOO~Z 
OVMN-omO~O~~II)VMN-OrO 

OOCOO > ~ 0 

Ne - No internal connection 

description 

8-94 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7884 is organized as 4096 x 18 bits. The SN74ACT7884 processes data at rates up 
to 67 MHz and access times of 11 ns in a bit-parallel format. Data outputs are noninverting with respect to the 
data inputs. Expansion is easily accomplished in both word width and word depth. 

The SN74ACT7884 has normal input-bus-to-output-bus asynchronous operation. The special enable Circuitry 
adds the ability to synchronize independent reads and writes to their respective system clocks. 

The SN74ACTI884 is characterized for operation from O°C to 70°C . 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1 

WRTEN2 

RDCLK 

RDEN1 

OE 

RDEN2 

OAF 

DO 

01 

02 

03 

04 

OS 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 "-
29 

30 

31 

5 

4 

2 

3 

27 "-

26 

25 

24 

23 

22 

21 

20 

19 

17 

15 

14 

13 

12 

11 

10 

9 

8 

7 

cI» 
FIFO 

SN74ACT7884-4096 x 18 

RESET 

WRTCLK 

UWRTEN 
IN ROY 

HALF FULL 

ROCLK ALMOST FULUEMPTY 

~ OUT ROY 

EN1 RDEN 

r---
OEFALMOSTFULL ., r-

0 0 

[§) [$ 1~ 

17 17 

t This symbol is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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36 

33 

66 

38 

39 

41 

42 

44 

46 

47 

49 

50 

52 

53 

55 

56 

58 

59 

61 

63 

64 

IR 

HF 

AF/AE 

OR 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

Q17 
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functional block diagram 

OE 

00-017 

ROCLK 
ROEN1 
ROEN2 

WRTCLK 
WRTEN1 
WRTEN2 

RESET 

OAF 

8-96 

L 
Synchronous 

Read 
Control 

Synchronous 
Write 

Control 

~ Reset Logic 

-

I 
I 

-

1 

I R d I I po~~ter l 
I 

I Write I I Pointer I 
I 

y'? 

Status-
Flag 

Logic 
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d 
Location 1 

Location 2 

RAM 
4096)( 18 

. . 
~J 

Register 

-

00-017 

OR 

IR 

HF 
AF/AE 



TERMINAL 
I/O 

NAME NO. 

AF/AE 33 0 

OAF 27 I 

00-017 26-19,17,15-7 I 

HF 36 0 

IR 35 0 

OE 2 I 

OR 66 0 

38-39, 41-42, 44, 

00-017 
46-47, 49-50, 

0 52-53, 55-56, 
58-59, 61, 63-64 

RDCLI< 5 I 

RDEN1, 4 
I RDEN2 3 

RESET 1 I 

SN74ACT7884 
4096 x 18 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS444 - JUNE 1994 

Terminal Functions 

DESCRIPTION 

Almost-fuIValmost-emptyflag. The AF/AE boundary Is defined by the almost-fuIValmost-empty offset 
value (X). This value can be programmed during reset orthe default value of 256 can be used. AF/AE 
Is high when the number of words In memory Is less than or equal to X. AF/AE Is also high when the 
number of words In memory Is greater than or equal to (4096 - X). 
Programming procedure for AF/AE Is programmed during each reset cycle. The almost-fuIValmost-
empty offset value (X) Is either a user-defined value or the default of X = 256. Instructions to program 
AF/AE using both methods are as follows: 

User-defined X 

Step 1: Take OAF from high to low. The low-to-high transition of OAF stores the binary value 
on the data Inputs as X. The following bits are used, listed !rom most significant bit 
to least significant bit 010-00. 

Step 2: If RESET Is not already low, take RESET low. 

Step 3: With OAF held low, take RESET high. This defines AF/AE using X. 

Step 4: To retain the current offset for the next reset, keep OAF low. 

omawt.X 
To redefine AF/AE using the default value of X = 256, hold OAF high during the reset cycle. 

Define-almost-full. The hlgh-to-Iow transition of OAF stores the binary value of data Inputs as the 
almost-fuIValmost-empty offset value (X). With OAF held low, a low pulse on RESET defines the 
almost-fuIValmost-empty (AF/AE) flag using X. 

Data Inputs for 18-bit-wide data to be stored In the memory. A high-to-Iow transition on OAF captures 
data for the almost-empty/almost-full offset (X) from 010-00. 

Half-full flag. HF Is high when the FIFO contains 2048 or more words and Is low when the number 
of words In memory Is less than haH the depth of the FIFO. 

Input-ready flag. IR Is high when the FIFO Is not full and low when the device Is full. During reset, IR 
Is driven low on the rising edge of the second WRTCLI<pulse.IR Is ~hen driven high on the rising edge 
of the second WRTCLI< pulse after RESET goes high. After the FIFO Is filled and IR Is driven low, 
IR Is driven high on the second WRTCLI< pulse after the first valid read. 

Output enable. The 00-017 outputs are In the high-Impedance state when OE Is low. OE must be 
high before the rising edge of RDCLI< to read a word from memory. 

Output-ready flag. OR Is high when the FIFO Is not empty and low when It Is empty. During reset, OR 
Is set low on the rising edge of the third RDCLI< pulse. OR is set high on the rising edge of the third 
RDCLI< pulse to occur after the first word is written Into the FIFO. OR Is set low on the rising edge 
of the first RDCLI< pulse after the last word is read. 

Data out. The first data word to be loaded Into the FIFO Is moved to 00-017 on the rising edge of 
the third RDCLI< pulse to occur after the first valid write. RDEN1 and RDEN2 do not affect this 
operation. Following data Is unloaded on the rising edge of RDCLI< when RDEN1, RDEN2, OE, and 
OR are high. 

Read clock. Data Is read out of memory on the low-to-high transition at RDCLI< if OR, OE, RDEN1, 
and RDEN2 are high. RDCLI< is a free-running clock and functions as the synchronizing clock for all 
data transfers out of the FIFO. OR Is also driven synchronously with respect to ROCLI<. 

Read enable. ROEN1 and ROEN2 must be high before a rising edge on ROCLI< to read a word out 
of memory. RDEN1 and RDEN2 are not used to read the first word stored In memory. 

Reset. A reset is accomplished by taking RESET low and generating a minimum of four RDCLK and 
WRTCLK cycles. This ensures that the Internal read and write pointers are reset and that OR, HF, 
and IR are low, and AF/AE is high. The FIFO must be reset upon power up. With OAF at a low level, 
a low pulse on RESET defines AF/AE using the almost-fuIValmost-empty offset value (X), where X 
Is the value previously stored. With OAF at a high level, a low-level pulse on RESET defines AF/AE 
using the default value of X • 256 . 
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NAME 

WATCLK 

WATEN1, 
WRTEN2 

8-98 

Terminal Functions (continued) 

TERMINAL 
I/O DESCRIPTION 

RESET 

OAF 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

RDEN2 

OE 

QO-Q17 

OR 

AF/AE 

HF 

IR 

NO. 

Write clock. Data is written into memory on a low-to-high transition of WATCLK if lA, WATEN 1, and 
29 I WATEN2 are high. WATCLK Is a free-running clock and functions as the synchronizing ciock for ali 

data transfers into the FiFO. IA is also driven synchronously with respect to WATCLK. 

30 
Write enable. WATEN 1 and WATEN2 must be high before a rising edge on WATCLK for a word to 

I be written Into memory. WATEN1 and WATEN2 do not affect the storage of the almost-fuIValmost-
31 empty offset value (X). 

, 

~!i~n~~:r~ 
I 

yyyy 

I 1 2 3 I 

Invalid 
I I I 

~r'ltd'~ v'!,':~()" 
I 

~~~~~~ I 
I 

8Zjtw'8Kcik~ I 
'U')'VY' I 

~"I"''''lfd~ "R~~ " 

Store the Value of Data as X Define the AF/AE Flag Using the 
Value of X 

t X Is the binary value on 010-00. 

Figure 1. Reset Cycle: Define AF/AE Using a Programmed Value of X 
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OAF ________ ~~-o-on_'t-C-ar-e------------~ 

WRTCLK 

WRTEN1 

WRTEN2 

00-017 

RDCLK 

RDEN1 

RDEN2 

OE 

00-Q17 Invalid 
I I I 

HF~ 

IR~~raH~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I Define the AF/AE Flag Using 

the Default Value of X = 256 

Figure 2. Reset Cycle: Define AF/AE Using the Default Value 
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WRTCLK 

WRTEN1 

WRTEN2 ----1 
00-017 I W1 I W2 I 
RDCLK 

RDEN1 

RDEN2 

OE 

00-017 Invalid 

OR 

AF/AE 

HF 

IR 

8-100 

~~~r--f1-
i I I i 
I I I I 
I I I I 
I I I I 
I i I I 

I W3 I I W4 I :~~*$ 
I ~~~r1iL 

I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

~ : :Wl : : 
I i 

I 
I 
I 
I 
I 
i 
I 
I 

L 
DATA WORD NUMBERS FOR FLAG TRANSITIONS 

TRANSITION WORD 

A B C 

W2049 W(4097-X) W4097 

Figure 3. Write 
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WRTEN1 -rL.------+---------------------

RDEN1 .J: 
RDEN2 _ .. : _-" 

OE ll--i 
00-Q17 

OR 

AF/AE 

HF I 
I 

I i 
I I 
I I 

I I I 

,~~~,~-~~~~~r-
I i L--
I I 
I ~I ---------------

IR IL. ______ _ 

A 

W2049 

DATA WORD NUMBERS FOR FLAG TRANSITIONS 

B 

W20S0 

TRANSITION WORD 

C D 

W(4096-X) W(4097-X) 

Figure 4. Read 
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absolute maximum ratings over operating free-air temperature ranget 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI ............................................................................. 7 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................... ~ ............................ O°C to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

MIN MAX UNIT 

Vee Supply voltage 4.5 5.5 V 

VIH High-level Input voltage 2 V 

VIL Low-level input voltage O.S V 

10H High-level output current -S rnA 

10L Low-level output current 16 rnA 

TA Operating free-air temperature 0 70 ·e 

o electrical characteristics over recommended operating free-air temperature range (unless 
C otherwise noted) 
C 
o 
-I 
"'C 
l:J 
m 
!S 
m :e 

PARAMETER 

VOH Vee = 4.5 V. 
VOL Vee = 4.5 V. 
II Vee = 5.5 V. 

10Z Vee = 5.5 V. 

lee§ 
VI =Vee-0.2VorO 

One input at 3.4 V, 

ei VI=O, 

eo Vo=O, 

:t: All typical values are at Vee = 5 V, TA:: 25·e. 
§ ICC tested with outputs open. 

8-102 

TEST CONDITIONS 

10H=-SmA 

10L= 16 rnA 

VI =Vee orO 

Vo=Vee orO 

Other inputs at Vee or GND 

f= 1 MHz 

f= 1 MHz 

"TEXAS 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see Figures 1 through 4) 

'ACT7884-15 ' ACT7884-20 ' ACT7884-30 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

fclock Clock frequency 67 50 33.4 MHz 

WRTCLKhigh 6 7 8.5 

WRTCLKlow 6 7 11 

tw Pulse duration RDCLKhigh 6 7 8.5 ns 

RDCLKlow 6 7 11 

DAF high 6 7 10 

Data in (DO-D17) before WRTCLKt 4 5 5 

WRTEN1, WRTEN2 high before WRTCLKt 4 5 5 

OE. RDEN1. RDEN2 high before RDCLKt 4 5 5 

tsu Setup time 
Reset: RESET low before first WRTCLKt and 

5 6 7 
RDCLKtt ns 

Define AF/AE: DO-D8 before DAF ~ 4 5 5 

Define AF/AE: DAF~ before RESETt 5 6 7 

Define AF/AE (default): DAF high before RESETt 4 5 5 

Data in (DO-D17) after WRTCLKt 0 0 0 

WRTEN1. WRTEN2 high after WRTCLKt 0 0 1 

OE. RDEN1. RDEN2 high after RDCLKt 0 0 1 

th Hold time 
Reset: RESET low after fourth WRTCLKt and 

0 0 0 
RDCLKtt ns 

Define AF/AE: DO-DB after DAF ~ 0 0 1 

Define AF/AE: DAF low after RESETt 0 0 0 

Define AF/AE (default): DAF high after RESETt 0 0 1 

t To permit the clock pulse to be utilized for reset purposes 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 7 and 8) 

FROM TO 'ACT7884-15 
PARAMETER 

(INPUT) (OUTPUT) MIN MAX 

fmax WRTCLK or RDCLK 67 

tpd 4 11 

tpd* 
RDCLKt AnyQ 

tpd WRTCLKt IR 2 9 

tpd RDCLKt OR 2 9 

WRTCLKt 6 17 
tpd AF/AE 

RDCLKt 6 17 

tpLH WRTCLKt 6 15 
HF 

tpHL RDCLKt 6 15 

tpLH 
RESET~ 

AF/AE 3 16 

HF tpHL 4 18 

ten 
OE 

2 11 
AnyQ 

tdis 2 14 

* This parameter is measured with CL = 30 pF (see Figure 5). 
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' ACT7884-20 ' ACT7884-30 

MIN MAX MIN MAX 
UNIT 

50 33.4 MHz 

4 13 4 18 
ns 

2 9.5 2 12 
ns 

2 9.5 2 12 

6 19 6 22 
ns 

6 19 6 22 

6 17 6 21 
ns 

6 17 6 21 

3 17 3 21 
ns 

4 19 4 23 

2 11 2 11 
ns 

2 14 2 14 
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operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

Cpd Power dissipation capacitance per 1 K bits CL = 50 pF, f = 5 MHz 

18 

17 
f) 
c 
I 16 

4D 
E 
F 

15 ~ 
Gi c 
c 14 
0 

i 
CI 13 ca 
Q. 

e 
Do 

12 I 

J 
11 

10 

8-104 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC~5V 
I- RL = 500 0 

TA = 25°C 

./ 
/' 

./ 
V 

/ 
I" 

1/ 
/ 
I 

'/ 

o 50 100 150 200 250 

CL - Load Capacitance - pF 

Figure 5 
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TYPICAL CHARACTERISTICS 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 

~ =15 M~Z 
TA = 25°C 
CL= 50 pF 

V 
/' 

1/ 
/ 

/ 
V 

/ 
V 

/' 

/ 

4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

V CC - Supply Voltage - V 

Figure 6 

calculating power dissipation 

The maximum power dissipation (PT) of the SN74ACT7884 can be calculated using: 

PT = Vee x [Icc + (N x ~Iee x dc)) + }:(Cpd x Vee2 x fj) + }:(CL x Vee2 x foJ 

where: 

ICC = power-down ICC maximum 
N number of inputs driven by a TTL device 
~Ice increase in supply current 
dc duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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PARAMETER MEASUREMENT INFORMATION 

Input --A \1.5V 

I 1 

3V 

OV 
From Output 
underTest~ 

RL = 500 a 1 T CL=50pF 
14- tpd ~ M-- tpd ~ 

Output )tr ................ --~ :: 
~ -=-

lOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 7. Standard CMOS Outputs 

R1 

-3V 

Input ~1.5V \_1_.5_V __ OV 

tPZL ~ i'PL2 ~ ~ S1 

From Output Test 
__ -;.1..,. 1 1 1 -3.5V 

1\1.5V :p 
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Under Test Point Output 
I. . ---X- VOL 

lOAD CIRCUIT 

1 tpHZ -.I 1+ L 0.3 V 
tpZH -.! 14- 1 j. 

Output '1.5 V \'[;~ VOH 

-OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 clt S1 

ten 
I tpZH 5000 50pF 

Open 

tpZL Closed 

idis 
I tpHZ 5000 50pF 

Open 

tpLZ Closed 

tpd 5000 50 pF Open 

t Includes probe and test fIXture capacitance 

Figure 8. 3-State Outputs (Any Q) 
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APPLICATION INFORMATION 

expanding the SN74ACT7884 

The SN74ACT7884 is expandable in both word width and word depth. Word-depth expansion is accomplished 
by connecting the devices in series such that data flows through each device in the chain. Figure 9 shows tWQ 
SN74ACT7884 devices configured for depth expansion. The common clock between the devices can be tied 
to either the write clock (WRTClK) of the first device or the read clock (RDClK) of the last device. The 
output-ready flag (OR) of the previous device and the input-ready flag (I R) of the next device maintain data flow 
to the last device in the chain whenever space is available. 

Figure 10 is an example of two SN74ACT7884 devices in word-width expansion. Width expansion is 
accomplished by simply connecting all common control signals between the devices and creating composite 
input-ready (I R) and output-ready (OR) signals. The almost-full/almost-empty flag (AF/AE) and half-full flag (HF) 
can be sampled from anyone device. Depth expansion and width expansion can be used together. 

CLOCK 

WRTCLK 
WRTEN1 

WRTEN2 

IR 

00-017 

WRTCLK 

WRTEN 

018-035 

IR 

00-017 

SN74ACT78B4 1 SN74ACT78B4 

WRTCLK ROCLK WRTCLK RDCLK 
WRTEN1 OR 

L 
WRTEN1 RDEN1 

WRTEN2 ROEN1 1 WRTEN2 RDEN2 

IR ROEN2 IR OR 

OE -5V OE 

/ 
00-017 00-017 00-017 00-017 

" " 

Figure 9. Word-Depth Expansion: 2048/4096/8192 Words x 18 Bits, N = 2 

SN74ACT7884 

WRTCLK RDCLK 
WRTEN1 ROEN1 

WRTEN2 ROEN2 

I 
I- IR OR r=-l OE 

00-017 00-017 

I SN74ACT7884 I 
L-- WRTCLK ROCLK 

- WRTEN1 ROEN1 f-f-

WRTEN2 ROEN2 

IR OR 

OE f-

" '\ 00-017 00-017 

" 

Figure 10. Word-Depth Expansion: 4096 Words x 36 Bits 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 

... 

" 
" 

ROCLK 
ROEN1 

ROEN2 

OR 

OE 

00-017 

ROCLK 
ROEN 

OE 

018-035 

OR 

00-017 

8-107 

3: 
W 
:; 
W 
a: 
a. 
I-
0 
::J 
C 
0 
a: 
a. 



8-108 



SN74ABT7819 
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SCBS125B - JULY 1992 - REVISED AUGUST 1994 

o Microprocessor Interface Control logic • Member of the Texas Instruments 
Wide bus ™ Family 

e Free-Running ClKA and ClKB Can Be 
Asynchronous or Coincident 

o Programmable Almost-Full/Almost-Empty 
Flags 

o Read and Write Operations Synchronized 
to Independent System Clocks 

o Two Separate 512 x 18 Clocl<ed FIFOs 
Buffering Data In Opposite Directions 

• Fast Access Times of 9 ns With a 50-pF 
load and Simultaneous Switching Data 
Outputs 

o Data Rates up to 80 MHz 
o Advanced BICMOS Technology 

• IRA and ORA Synchronized to ClKA 
o IRB and ORB Synchronized to ClKB 

• Available In SO-Pin Quad Flat Packages 
(PH) and Space-Saving 80-Pln Thin Quad 
Flat Packages (PN) 

PH PACKAGE 
(TOP VIEW) 

~ ct;2ct cococo co 
~ ~ ~ m ...J m ~ u u ~ m :J m ~ ~Im 3:(!)3:ua:.o~~oa:.u3:(!)3:u 

RSTA 
PENA 

AF/AEA 
HFA 
IRA 

GND 
AO 
A1 

Vce 
A2 
A3 

GND 
A4 
AS 

GND 
A6 
A7 

GND 
A8 
A9 

Vee 
A10 
A11 

GND 
25262728293031323334353637383940 

C\IC") O'<tLOOCO .......... COOLO '<t OC")C\1 
.,.....,.... u""""""z"""""""""""" z.,.....,.... u"""""" ct ct > ct ct (!) ct ct co co (!) co co > co co 

Widebus is a trademark of Texas Instruments Incorporated. 

~:e~~~o:I: .~or:~:I~~ ~~'ft:~n:! ~ ,rx~:~~~\~~'i:t~ 
lIandard warranty. Production proc ... lng doel not nacll .. rUy Inc Iud. 
tilting of III param.t.ra. ~TEXAS 
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POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

RSTB 
PENB 

62 AF/AEB 
61 HFB 
60 IRB 
59 GND 
58 BO 
57 B1 
56 Vee 
55 B2 
54 B3 
53 GND 
52 B4 
51 B5 
50 GND 
49 B6 
48 B7 
47 GND 
46 B8 
45 B9 
44 Vee 
43 B10 
42 811 
41 GND 

Copyright © 1994, Texas Instruments Incorporated 
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HFA 
IRA 
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AO 
A1 

Vee 
K2 
A3 

GND 
A4 
A5 

GND 
A6 
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A8 
A9 

Vce 
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PN PACKAGE 
(TOP VIEW) 
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60 AF/AEB 
59 HFB 
58 IRB 
57 GND 
56 BO 
55 B1 
54 Vee 
53 B2 
52 83 
51 GND 
50 B4 
49 B5 
48 GND 
47 86 
46 B7 
45 GND 
44 B8 
43 B9 
42 Vee 
41 810 

description 
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A FIFO memory is a storage device that allows data to be read from its array in the same order it is written. The 
SN74ABT7819 is a high-speed, low-power BiCMOS bidirectional clocked FIFO memory. Two independent 
512 x 18 dual-port SRAM FIFOs on board the chip buffer data in opposite directions. Each FIFO has flags to 
indicate empty and full conditions, a half-full flag, and a programmable almost-full/almost-empty flag. 

The SN74ABT7819 is a clocked FIFO, which means each port employs a synchronous interface. All data 
transfers through a port are gated to the low-to-high transition of a continuous (free-running) port clock by enable 
signals. The continuous clocks for each port are independent of one another and can be asynchronous or 
coincident. The enables for each port are arranged to provide a simple bidirectional interface between 
microprocessors and/or buses with synchronous control. 

The state ofthe AO-A 17 outputs is controlled by CSA and W/RA. When both CSA and W/RA are low, the outputs 
are active. The AO-A 17 outputs are in the high-impedance state when either CSA or W/RA is high. Data is 
written to FIFOA-B from port A on the low-to-high transition of CLKA when CSA is low, W/RA is high, WENA 
Is high, and the IRA flag is high. Data is read from FIFOB-A to the AO-A 17 outputs on the low-to-high transition 
of CLKA when CSA is low, W/RA is low, RENA is high, and the ORA flag is high. 
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description (continued) 

SN74ABT7819 
512 x 18 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCBS125B-JULY 1992- REVISED AUGUST 1994 

The state ofthe BO-B17 outputs is controlled by CSB and WlR.B. When both CSB and WlRB are low, the outputs 
are active. The BO-B17 outputs are in the high-impedance state when either CSB or W/RB is high. Data is 
written to FIFOB-A from port B on the low-to-high transition of ClKB when CSB is low, WiRB is high, WENB 
is high, and the IRB flag is high. Data is read from FIFOA-B to the BO-B17 outputs on the low-to-high transition 
of ClKB when CSB is low, W/RB is low, RENB is high, and the ORB flag is high. 

The setup and hold-time constraints for the chip selects (CSA, CSB) and write/read selects (W/RA, W/RB) are 
for enabling write and read operations on memory and are not related to the high-impedance control of the data 
outputs. If a port's read enable (RENA or RENB) and write enable (WENAor WENB) are set low during a clock 
cycle, the chip select and write/read select can switch at any time during the cycle to change the state of the 
data outputs. 

The input-ready and output-ready flags of a FIFO are two-stage synchronized to the port clocks for use as 
reliable control signals. ClKA synchronizes the status of the input-ready flag of FIFOA-B (IRA) and the 
output-ready flag of FIFOB-A (ORA). ClKB synchronizes the status of the input-ready flag of FIFOB-A (IRB) 
and the output-ready flag of FIFOA-B (ORB). When the input-ready flag of a port is low, the FIFO receiving input 
from the port is full and writes are disabled to its array. When the output-ready flag of a port is low, the FIFO that 
outputs data to the port is empty and reads from its memory are disabled. The first word loaded to an empty 
memory is sent to the FIFO output register at the same time its output-ready flag is asserted (high). When the 
memory is read empty and the output-ready flag is forced low, the last valid data remains on the FIFO outputs 
until the output-ready flag is asserted (high) again. In this way, a high on the output-ready flag indicates new 
data is present on the FIFO outputs. 

The SN74ABT7819 is characterized for operation from O°C to 70°C. 
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logic symbolt 

CLKA 

CSA 

WiRA 

WENA 

RENA 
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" 75 

1 
" 

ell 
CLOCK A FIFO 512)C 18)C 2 CLOCKB 

-r SN74ABT7819 --r-
OE1 OE2 

- ;:::::= -
& WRITE WRITE & 

ENABLE ENABLE 

FIFOA-B FIFOB-A 
~ ----~ r--

& READ READ & 
ENABLE ENABLE 
FIFOB-A FIFOA-B 

~ ----
RESET FIFO A-B RESET FIFO B-A 

.-"'1 

~t 

d-

/1 

kt 
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" PROGRAM ENABLE VI PROGRAM ENABLE 

IRA 

ORA 

HFA 
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14 
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17 
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32 

FIFOA-B FIFO B-A 

INPUT-READY INPUT-READY 
PORTA PORTB 
OUTPUT-READY OUTPUT-READY 
PORTA PORTB 
HALF-FULL HALF-FULL 
FIFOA-B FIFOB-A 
ALMOST-FULlJEMPTY ALMOST-FULlJEMPTY 
~FOA-B FIFOB-~ 

0 0 

1V 2V 

~ ~ 

17 17 

tThls symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the PH package. 
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functional block diagram 
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enable logic diagram (positive logic) 
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CSA ----.... --cr-""'" 
W~A ~-------- WEN 

FIFOA-B WENA ----4~-~ __ ~ 

AO-A17 (output enable) 

RENA -------------i f---- REN FIFOB-A 

~-,~~----- CSB 
WEN FIFOB-A ---------1 W/RB 

WENB 
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FUNCTION TABLES 
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L H 
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BO-B17 
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PORT-A OPERATION 

None 

Write AO-A 17 to FIFOA-8 

Read FIF08-A to AO-A17 

PORT-B OPERATION 

None 

Write 80-817to FIF08-A 

Read FIFOA-8 to 80-817 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 



PIN NAME I/O 

AO-A17 I/O 

AF/AEA 0 

AFJAEB 0 

BO-B17 I/O 

ClKA I 

ClKB I 

eSA I 

CSB I 

HFA 0 

HFB 0 

IRA 0 

IRB 0 

ORA 0 

ORB 0 

PENA I 

PENB I 

RENA I 

RENB I 

RSTA I 

RSTB I 

WENA I 

SN74ABT7819 
512 x 18 x 2 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCBS125B -JULY 1992- REVISED AUGUST 1994 

Terminal Functions 

DESCRIPTION 

Port-A data. The 18-bit bidirectional data port for side A. 

FIFOA-B almost-fuIValmost-empty flag. Depth offsets can be programmed for AFJAEA or the default .value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset M. AFJAEA is high when X or less words or 
(512 - Y) or more words are stored in FIFOA-B. AFJAEA is forced high when FIFOA-B is reset. 

FIFOB-A almost-fuIValmost-empty flag. Depth offsets can be programmed for AFJAEB or the defauit value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset M. AF/AEB is high when X or less words or 
(512 - Y) or more words are stored in FIFOB -A. AF/AEB is forced high when FIFOB -A is reset. 

Port-B data. The 18-bit bidirectional data port for side B. 

Port-A clock. ClKA is a continuous clock that synchronizes all data transfers through port A to its low-to-high transition 
and can be asynchronous or coincident to CLKB. 

Port-B clock. ClKB is a continuous clock that synchronizes all data transfers through port B to its low-to-high transition 
and can be asynchronous or coincident to CLKA. 

Port-A chip select. eSA must be low to enable a low-to-high transition of ClKA to either write data from AO-A 17 to 
FIFOA-B or read data from FIFOB-A to AO-A17. The AO-A17 outputs are in the high-impedance state when eSA is 
high. 

Port-B chip select. CSB must be low to enable a low-to-high transition of ClKB to either write data from BO-B17 to 
FIFOB-A or read data from FIFOA-B to BO-B17. The BO-B17 outputs are in the high-impedance state when eSB is 
high. 

FIFOA-B half-full flag. HFA is high when FIFOA-B contains 256 or more words and is low when FIFOA-B contains 255 
or less words. HFA is set low after FIFOA-B is reset. 

FIFOB -A half-full flag. HFB is high when FIFOB-A contains 256 or more words and is low when FIFOB-A contains 255 
or less words. HFB is set low after FIFOB -A is reset. 

Port-A input-ready flag. IRA is synchronized to the low-to-hlgh transition of CLKA. When IRA is low, FIFOA-B is full and 
writes to its array are disabled. IRA is set low during a FIFOA-B reset and is set high on the second low-to-high transition 
of CLKA after reset. 

Port-B input-ready flag. IRB is synchronized to the low-to-high transition of CLKB. When IRB is low, FIFOB-A is full and 
writes to its array are disabled. IRB is set low during a FIFOB -A reset and is set high on the second low-to-high transition 
of CLKB after reset. 

Port-A output-ready flag. ORA is synchronized to the low-to-high transition ofCLKA. When ORA is low, FIFOB-A is empty 
and reads from its array are disabled. The last valid word remains on the FIFOB-A outputs when ORA is low. Ready data 
is present for the AO-A 17 outputs when ORA is high. ORA is set low during a FIFOB-A reset and goes high on the third 
low-te-high transition of ClKA after the first word is loaded to an empty FIFOB -A. 

Port-B output-ready flag. ORB is synchronized to the low-to-high transition of ClKB. When ORB is low, FI FOA-B is empty 
and reads from its array are disabled. The last valid word remains on the FIFOA-B outputs when ORB is low. Ready data 
is present for the BO-B17 outputs when ORB is high. ORB is set low during a FIFOA-B reset and goes high on the third 
low-to-high tranSition of ClKB after the first word is loaded to an empty FIFOA-B. 

AF/AEA program enable. After FIFOA-B is reset and before a word is written to its array, the binary value on AO-A7is 
latched as an AFJAEA offset when PENA is low and ClKA is high. 

AF/AEB program enable. After FIFOB -A Is reset and before a word is written to its array, the binary value on BO-B7 is 
latched as an AFJAEB offset when PENB is low and ClKB is high. 

Port-A read enable. A high level on RENA enables data to be read from FIFOB-A on the low-to-high transition of CLKA 
when CSA is low, W/RA is low, and ORA is high. 

Port-B read enable. A high level on RENB enables data to be read from FIFOA-B on the low-to-high transition of ClKB 
when CSB is low, W/RB is low, and ORB is high. 

FIFOA-B reset. To reset FIFOA-B, four low-to-high transitions of CLKA and four low-to-high transitions of elKB must 
occur while RSTA is low. This sets HFA low, IRA low, ORB low, and AFJAEA high. 

FIFOB -A reset. To reset FIFOB -A, four low-to-high transitions of ClKA and four low-to-high transitions of CLKB must 
occur while RSTB is low. This sets HFB low, IRB low, ORA low, and AFJAEB high. 

Port-A write enable. A high level on WENA enables data on AO-A17 to be written into FIFOA-B on the low-to-high 
transition of CLKA when W /RA is high, CSA is low, and IRA is high. 
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Terminal Functions (continued) 

PIN NAME I/O DESCRIPTION 

WENB I 
Port-B write enable. A high level on WENB enables data on BO-B17 to be written into FiFOB-A on the low-to-high 
transition of CLKB when W lRB is high, CSB is low, and IRB is high. 

Port-A write/read select. A high on W/RA enables AO-A 17 data to be written to FIFOA-B on a iow-to-high transition of 

wiFi.A I 
ClKA when WENA is high, CSA is low, and IRA is high. A low on wiFi.A enables data to be read from FIFOB-A on a 
low-te-hlgh transition of CLKA when RENA is high, CSA is low, and ORA is high. The AO-A 17 outputs are in the 
high-Impedance state when wiFi.A is high. 

Port-B write/read seiect. A high on W/RB enables BO-B17 data to be written to FIFOB-A on a low-to-high transition of 

W/RB I 
ClKB when WENB Is high, CSB is low, and IRB is high. A low on W/RB enables data to be read from FIFOA-B on a 
low-te-high transition of CLKB when RENB is high, CSB is low, and ORB is high. The BO-B17 outputs are in the 
high-Impedance state when WiRB is high. 

ClKA 

ClKS 

RSTA \ I 
~------~I----~------~ IRA_ 

i ORS_ 
HFA~ 

AF/AEA~ 

t FIFOB -A is reset in the same manner. 
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Figure 1. Reset Cycle for FIFOA-Bt 
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Figure 2. Write Timing - Port A 
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Figure 3. Write Timing - Port 8 
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CLKA 

I 
I 

CSA I 
I 
! 

o 

WIRA I 
I 0 

WENA &@ ~~ .... ~...,;~ ________________ _ 
--.I I+- tsu 

AO-A17 

CLKB 
I I 
I I 

ORB I '" I } ....... _____ _ 
F tpd -., I+- tpd -+I 

CSB ~~--------------------------~l -------+1----------------------
I I 

WIRB ~~ __________________________ ~I------~:----------------------
I I 

RENB_~ 
I 

~tpd --.t I \ 

---- ~~------------------~--
BO-B17 • W1FromFIFOA-B 

Figure 4. ORB-Flag Timing and First Data Word Fallthrough When FIFOA-B Is Emptyt 

t Operation of FIFOB-A is identical to that of FIFOA-B. 
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CSB I o I 
I 

W/RB I o 
I 
I 

RENB 1//// ~~~~ ________________ _ 
BO-B17 

ClKA 

IRA 

WENA 

wifi.A 

AO-A17 

I 
____________ )(~ _______________ F_r_om __ FI_FO_A_-_B ______________________ __ 

----------------~--~1 I ~~----------------
t hi Id '" t pd .. I'" ... pd 

I 
I 0 

. I 
I 
I 0 
I 
I 

ToFIFOA-

Figure 5. Write-Cycle and IRA-Flag Timing When FIFOA-8 Is Fullt 

t Operation of FIFOB-A Is identical to that of FIFOA-B. 
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CLKA 

ORA 

RENA~~~~~ 
ten 14 ~ 14- tpd -.I --.j 14-- ~I. 

AO-A17 ~ Word1t * Word2t X Word3t X Word4t ) .. 1 ____ _ 

t Read from FIFOB-A 

Figure 6. Read Timing - Port A 

ClKB 

ORB 

}~----------~---------------------------------~1 
1 1 

WJRB-~~~~ I I ~r"r'7""""'''''''''''''''~~ 

1 1 I 

RENB~~~~~ 
ten 14 ~ I+- tpd -.I ~ 14- ~II 

1 . 1 1 
BO-B17 ~ Word 1t X Word 2t X Word 3t X Word 4t )i------

t Read from FIFOA-B 
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Figure 7. Read Timing - Port B 
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ORB 'S I i I i ~V::=\;::j 
: i '/, I ',S II,~ >G~~ I BO-BI7~: WI ',~ I ',t, :" !: I--~j : I I I I I ------------11 :. . I 

I AF/AEA I 

HFA 

NOTES: CSA, CSB = 0, WiRA = 1, W/RB = 0 
X is the almost-empty offset and Y is the almost-full offset for AF/AEA. 
HFB and AF/AEB function in the same manner for FIFO B-A. 

Figure 8. FIFOA-B (HFA, AF/AEA) Asynchronous Flag Timing 
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offset values for AF/AE 

The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value M. They can be programmed from the input of the FIFO after it is reset and 
before a word is written to its memory. An AF/AE flag is high when its FI FO contains X or less words or (512 - Y) 
or more words. 

To program the offset values for AF/AEA, PENA is brought low after FIFOA-B is reset and only when ClKA is 
low. On the following low-to-high transition of ClKA, the binary value on AO-A7 is stored as the almost-empty 
offset value (X) and the almost-full offset value M. Holding PENA low for another low-to-high transition of ClKA 
reprograms Y to the binary value on AO-A7 at the time of the second ClKA low-to-high transition. 

During the first two ClKA cycles used for offset programming, PENA can be brought high only when ClKA is 
low. PENA can be brought high at any time after the second ClKA pulse used for offset programming returns 
low. A maximum value of 255 can be programmed for either X or Y (see Figure 9). To use the default values 
of X = Y = 128, PENA must be tied high. No data is stored in FIFOA-B while the AF/AEA offsets are 
programmed. The AF/AEB flag is programmed in the same manner with PENB enabling ClKB to program the 
offset values taken from BO-B7. 

_____ I 

CLKA 

IRA 

eSA 

Wffi,A 

WENA 

--------------~/ 

AO-A7 XandY X,-__ Y __ ~ 

8-122 

Figure 9. Programming X and Y Separately for AF/AEA 
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absolute maximum ratings over operating free'-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage range. VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Voltage range applied to any output in the high state or power-off state, Vo ............. -0.5 V to 5.5 V 
Current into any output in the low state, 10 •••.•...•.•..••.••.••••••..••.•••••••••••.••.•••• 48 rnA 
Input clamp current. 11K (VI < 0) .......................................................... -18 rnA 
Output clamp current. 10K % < 0) ....................................................... -50 rnA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VI Input voltage 0 Vee V 

10H High-level output current -12 rnA 

10L Low-level output current 24 rnA 

AtlAv Input transition rise or fall rate 5 ns/V 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VIK Vee =4.5V, 11=-18mA 

Vee = 4.5 V, 10H =-3 rnA 2.5 

VOH VCC=5V, 10H =-3 rnA 3 

Vee = 4.5 V, 10H =-12mA 2 

VOL Vee = 4.5 V, 10L= 24 rnA 

II Vee =5.5V, VI = Vee or GND 

10ZH§ Vee = 5.5 V, VO=2.7V 

10ZL§ Vee =5.5V, Vo =0.5V 

10' Vee = 5.5 V, Vo =2.5V -40 

Outputs high 

ICC Vee =5.5V, 10=0, VI = Vee or GND Outputs low 

Outputs disabled 

ei Control inputs VI = 2.5 V or 0.5 V 

Co Flags Vo = 2.5 VorO.5 V 

eio Aor B ports Vo = 2.5 Vor 0.5 V 

* All typical values are at Vee = 5 V, TA = 25°C. 
§ The parameters 10ZH and 10ZL include the input leakage current. 
, Not more than ohe output should be tested at a time, and the duration of the test should not exceed one second. 
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TYP* MAX UNIT 

-1.2 V 

V 

0.5 V 

=1 ~ 
50 ~ 

-50 ~ 
-100 -180 rnA 

15 

95 rnA 

15 

6 pF 

4 pF 

8 pF 
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timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) (see Figures 1 through 8) 

'ABT7819-12 'ABT7819-15 

MIN MAX MIN MAX 

fclock Clock frequency 80 67 

tw Pulse duration CLKA, CLKB high or low 4.5 6 

AO-A17 before CLKAt and 
3 4 

BO-B17 before CLKBt 

CSA before CLKA t and CSB 
6 6 

before CLKBt 

W/RA before CLKA t and 
6 6 

wiRB before CLKBt 

tsu Setup time 
WENA before CLKA t and 

4 4 
WENB before CLKBt 

RENA before CLKA t and 
5 5 

RENB before CLKBt 

PENA before CLKA t and 
3 4 

PENB before CLKBt 

RSTA or RSTB low before first 
3 4 

CLKAt and CLKBt t 
AO-A17 after CLKAt and 

0 0 
BO-B17 after CLKBt 

CSA after CLKA t and CSB 
0 0 

after CLKBt 

W/RA after CLKA t and W/RB 
0 0 

after CLKBt 

th Hold time 
WENA after CLKA t and 

0 0 
WENB after CLKBt 

RENA after CLKA t and RENB 
0 0 

after CLKBt 

PENA after CLKA low and 
2 2 

PENB after CLKB low 

RSTA or RSTB low after fourth 
3 3 

CLKAt and CLKBt t .. t To permit the clock pulse to be utilized for reset purposes 
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'ABT7819-20 'ABT7819-30 

MIN MAX MIN 
UNIT 

MAX 

50 33.3 MHz 

8 11 ns 

5 5 

7 7 

7 7 

5 5 ns 

5 6 

5 5 

5 5 

0 0 

0 0 

0 0 

0 0 ns 

0 0 

2 2 

4 4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 10 and 12) 

FROM TO 'ABT7819-12 'ABT7819-15 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt MAX MIN 

fmax CLKAor CLKB 80 67 

CLKAt AO-A17 4 7 9 4 
tpd 

CLKBf BO-B17 4 7 9 4 

CLKAt AO-A17 6 
tpd; 

CLKBt BO-B17 6 

CLKAf IRA 4 9 4 
tpd 

CLKBt IRB 4 9 4 

CLKAt ORA 3.5 9 3.5 
tpd 

CLKBt ORB 3.5 9 3.5 

CLKAt 8 17 8 
tpd AF/AEA 

CLKBt 8 17 8 

tpLH RSTA AF/AEA 4 12 4 

CLKAt 8 17 8 
tpd AF/AEB 

CLKBt 8 17 8 

RSTB AF/AEB 4 12 4 
tpLH 

CLKAt HFA 8 17 8 

CLKBt 8 17 8 
tPHL HFA 

RSTA 4 12 4 

tPHL CLKAt HFB 8 17 8 

tpLH CLKBt 8 17 8 
HFB 

tpHL RSTB 4 12 4 

CSA 2.5 8 2.5 
ten AO-A17 

W/RA 2.5 8 2.5 

CSB 2.5 8 2.5 
ten 80-B17 

W/RB 2.5 8 2.5 

CSA 2.5 8 2.5 
telis AO-A17 

W/RA 2.5 8 2.5 

CSB 2.5 8 2.5 
telis BO-817 

W/RB 2.5 8 2.5 

t All typical values are at VCC = 5 V, TA = 25°C. * This parameter is measured with a 30-pF load (see Figure 10). 
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MAX 

10 

10 

10 

10 

10 

10 

17 

17 

14 

17 

17 

14 

17 

17 

14 

17 

17 

14 

9 

9 

9 

9 

9 

9 

9 

9 

' ABT7819-20 ' ABT7819-30 

MIN MAX MIN MAX 
UNIT 

50 33.3 MHz 

4 12 4 14 
ns 

4 12 4 14 

ns 

4 12 4 14 
ns 

4 12 4 14 

3.5 12 3.5 14 
ns 

3.5 12 3.5 14 

8 18 8 20 
ns 

8 18 8 20 

4 15 4 16 ns 

8 18 8 20 
ns 

8 18 8 20 

4 15 4 16 
ns 

8 18 8 20 

8 18 8 20 
ns 

4 15 4 16 

8 18 8 20 ns 

8 18 8 20 
ns 

4 15 4 16 

2.5 10 2.5 11 
ns 

2.5 10 2.5 11 

2.5 10 2.5 11 
ns 

2.5 10 2.5 11 

2.5 10 2.5 11 
ns 

2.5 10 2.5 11 

2.5 10 2.5 11 
ns 

2.5 10 2.5 11 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC~5V 
~ f- TA = 25°C 

L RL =500 0 

~'t' 

/ 
'/ 

./ 
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// 

/ 
/ 

'/ 

o 50 100 150 200 250 300 

CL - Load Capacitance - pF 
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Figure 10 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With ICC(f) taken from Figure 11, the maximum power dissipation (PT) based on all outputs changing states on 
each read can be calculated using: 

PT = Vce x ICC(f) + ~(CL x VOH2 x fd 
where: 

ICC(f) maximum ICC per clock frequency 
CL = output capacitive load 
fo data output frequency 
VOH typical output high level 

PARAMETER MEASUREMENT INFORMATION 

Input -J,.5V \~5~-------- :: 
R1 Output 

tpZL -.: 1..- -.1 11..- tpLZ 

--+1_1 I 
From Output Test 

Under Test -...--_e_-...- Point ! '\ '.5V ! r---~-_-_-~-=-O~-3-~ 
R2 

lOAD CIRCUIT 

I :f:--=-~ • 
: tpHz ~ 1'- . I 

tpZH ~ I..-,--__ -+-I ___ + _ 

Output 

___ 1"5 V t--o:~T 

PARAMETER R1, R2 

ten ~ 5000 
tpZL 

tdis 
I tpHZ 5000 

tpLZ 

tpd 5000 

clt 

50pF 

50pF 

50 pF 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

S1 

Open 

Closed 

Open 

Closed 

Open 

t Includes probe and test-fixture capacitance 

Figure 12. Load Circuit and Voltage Waveforms 
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-3.5V 

VOH 

-OV 
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18-BIT STROBED FIFO.$ 

Features 

• Member of Texas Instruments Widebus TN 

family 

• Advanced BiCMOS process 

• O.S-JA,m CMOS process 

• Supports clock rates up to 67 MHZ 

• 

• 

• 
• 

Fast access times 

High drive capabilities 

Depth from 16 to 2K words 

Load/unload clock rising edge triggered 

• Asynchronous load/unload clock 

• Grey-code flag architecture 

• Output edge control (OEC TN) circuitry 

• Distributed Vee and GND 

• Fine-pitch package options 

• Available In EIAJ SO-pin TQFP packages 

Benefits 

• Combines wider data-path capability with 
reduced package area 

• Fast access time for improved system 
cycle time and performance 

• Fast access times combined with low 
power 

• Supports high-performance systems 

• Access times as low as 12 ns for 
improved performance 

o Drive capability as high as -12 mA to 
24 mA for high fanout and bus 
applications 

• Allows greater system optimization 

• 

• 
• 
• 
• 

Reduces timing and pulse-shaping 
requirements 

Independent read and write capabilities 

Eliminates race conditions 

Improved reliability 

Improved noise immunity and mutual 
coupling effects 

• Significantly reduces critical board space 

• Board-space savings of up to 70% over 
68-pin PLCC option 

The following table lists military FIFO Widebus TN devices currently targeted for market 
introduction. Customers interested in learning more about Tl's plans for these devices should 
contact military Advanced System Logic marketing at (915) 561-7289. 

DEVICE PACKAGE DESCRIPTION 

SNJ54ABT7820-XX 68 CQFP, 68 PGA 512 x 18-Bit Bidirectional Strobed FIFO 



SN74ACT7814 
64 x 18 FIRST-IN, FIRST-OUT MEMORY 

• Member of the Texas Instruments 
Wide bus ™ Family 

• load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

• 64 Words by 18 Bits 
o low-Power Advanced CMOS Technology 

• Full, Empty, and Half-Full Flags 
o Programmable Almost-Full/Almost-Empty 

Flag 

• Fast Access Times of 15 ns With a 50-pF 
load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 50 MHz 

• 3-State Outputs 
• Pin Compatible With SN74ACT7804 and 

SN74ACT7806 

• Packaged In Shrink Smail-Outline 300-mll 
Package (Dl) Using 25-mll Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7814 is a 
64-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 15 ns in a bit-parallel 
format. 

Data is written into memory on a low~to-high 
transition at the load clock (LDCK) input and is 

RESET 
017 
016 
015 
014 
013 
012 
011 
010 

Vce 
09 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 
LOCK 

NC 
NC 

FULL 

SCAS209-APRIL 1992 

DLPACKAGE 
(TOP VIEW) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

OE 
017 
016 
015 

52 GNO 
51 014 
50 Vee 
49 013 
48 012 
47 011 
46 010 
45 09 

GNO 
08 
07 
06 
05 
Vee 
04 
03 

36 02 
35 GNO 
34 01 
33 00 
32 UNCK 
31 NC 

NC 

read out on a low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of 
words clocked in exceeds the number of words clocked out by 64. When the memory is full. LDCK signals have 
no effect on the data residing in memory. When the memory is empty. UNCK signals have no effect. 

Status of the FIFO memory is monitored by the full (FULL). empty (EMPTY). half-full (HF). and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FI FO contains 32 or more words and is low when it contains 31 or less words. The AF / AE 
status flag is a programmable flag. The first one or two low-to-high transitions of LDCK after reset are used to 
program the almost-empty offset value (X) and the almost-full offset value (Y) if program enable (PEN) is low. 
The AF/AE flag is high when the FIFO contains X or less words or (64 - Y) or more words. The AF/AE flag is 
low when the FIFO contains between (X + 1) and (63 - Y) words. 

A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high. HF low. and EMPTY 
low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power up. The first 
word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. It is 
important to note that the first word does not have to be unloaded. The data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (DE) input is high. 

The SN74ACT7814 is characterized for operation from O°C to 70°C. 

Widebus is a trademark of Texas Instruments Incorporated. 

~~~~~:o~l! .=~~~~ lapt~':::':' ~ ,fx~~rn~~md.";~ 
atandard warranty. Production proc ... lng dOlI nDC nec .... rIIy Inc Iud. 
,ullng of aU param.t.n. ~TEXAS 
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logic symbolt 

RESET 

LOCK 

UNCK 

OE 

PEN 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 -'" 
25 

32 

56 "-
23 

" 
21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

cl» 
FIFO 64)( 18 

SN74ACT7814 

RESET 

"' LOCK FULL" 

UNCK 
HALF·FULL 

ALMOST FULlJEMPTY 
EN1 

EMPTY 
PROGRAM ENABLE ., r 
0 0 

~ ~1V 

17 17 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and lEG Publication 617-12. 
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functional block diagram 

OE 

00-017 

Read 
UNCK Pointer 

1 

1 
LOCK Write 

Pointer 

Reset 
Logic 

TERMINAL 

NAME NO. 
VO 

AF/AE 24 0 

00-017 
21-14.12-11. 

I 
9-2 

EMPTY 29 0 

FULL 28 0 

HF 22 0 

LOCK 25 I 

OE 56 I 

PEN 23 I 

33-34.36-38. 
00-Q17 40-43.45-49. 0 

51.53-55 

RESET 1 I 

UNCK 32 I 
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_ .. . 

~ I--

t-
I . 

J 
Location 1 

Location 2 

64 x 18 SRAM 

" 
Location 63 
Location 64 

I 

Status-
Flag 

Logic 

Terminal Functions 

DESCRIPTION 

,I' 
~ 00-017 

EMPTY 

FULL 

HF 

AF/AE 

Almost-fulValmost-empty flag. Depth offset values can be programmed for AF/AE. or the default value 
of 8 can be used for both the almost-empty offset (X) and the almost-full offset M. AF/AE is high when 
memory contains X or less words or (64 - Y) or more words. AF/AE is high after reset. 

18-bit data input port 

Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory 
Is empty or upon assertion of RESET. 

Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL Is low when 
the FIFO memory is full. 

Half-full flag. HF Is high when the FIFO memory contains 32 or more words. HF Is low after reset. 

Load clock. Data is written to the FIFO on the rising edge of LOCK when FULL is high. 

Output enable. When OE is high. the data outputs are in the high-impedance state. 

Program enable. After reset and before the first word is written to the FIFO. the binary value on 00-04 
is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

18-bit data output port 

Reset. A low level on this Input resets the FIFO and drives FULL high and HF and EMPTY low. 

Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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offset values for AF/AE 

9-6 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value M. They can be programmed after the FIFO is reset and before the first word is written 
to memory. The AF/AE flag will be high when the FIFO contains X or less words or (64 - Y) or more words. 

To program the offset values, PEN can be brought low after reset only when LOCK is low. On the following 
low-to-high transition of LOCK, the binary value on 00-04 is stored as the almost-empty offset value (X) and 
the almost-full offset value M. Holding PEN low for another low-to-high transition of LOCK reprograms Y to the 
binary value on 00-04 at the time of the second LOCK low-to-high transition. Writes to the FIFO memory are 
disabled while the offsets are programmed. A maximum value of 31 can be programmed for either X or Y 
(see Figure 1). To use the default values of X = Y = 8, PEN must be held high. 

LOCK 

X,--_Y --JX'--___ _ 

Figure 1. Programming X and Y Separately 
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Figure 2. Write, Read, and Flag Timing Reference 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI .........................................•...................•.......•...... 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free~air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range •...................................................... -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 
'ACT7814-20 ' ACT7814-25 'ACT7814-40 

UNIT 
MIN MAX MIN MAX MIN MAX 

Vee Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 V 

VIH High-level Input voltage 2 2 2 V 

VIL Low-level Input voltage 0.8 0.8 0.8 V 

10H High-level output current a outputs, Flags -8 -8 -8 rnA 

a outputs 16 16 16 
10L Low-level output current rnA 

Flags 8 8 8 

fclock Clock frequency 50 40 25 MHz 

LOCK high or low 7 8 12 

UNCK high or low 7 8 12 
tw Pulse duration ns 

PEN low 7 8 12 

RESET low 10 10 12 

00-017 before LOCKt 5 5 ' 5 

tsu Setup time PEN before LOCKt 5 5 5 ns 

LOCK Inactive before RESET high 5 6 6 

00-017 after LOCKt 0 0 0 

LOCK Inactive after RESET high 5 6 6 
th Hold time ns 

PEN low after LOCKt 3 3 3 

PEN high after LOCKI 0 0 0 

TA Operating free-air temperature 0 70 0 70 0 70 °c 

electrical characteristics over recommended operating free-air te~perature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH Vee =4.5V, IOH=-8mA 

I Flags Vee =4.5V, IOL=8mA 
VOL I Qoutputs VCC =4.5V, 10L= 16 rnA 

II VCC = 5.5 V, VI =Vce orO 

10Z Vee =5.5V, Vo =VccorO 

lec VI =VeC-0.2VorO 

.6.lee§ Vee = 5.5 V, One Input at 3.4 V, Other Inputs at VCC or GNO 

el VI =0, f= 1 MHz 

eo Vo=o, f= 1 MHz 

* All typical values are at VCC = 5 V, TA = 25°C. 
§ This Is the supply current for each Input that Is at one of the specified TTL voltage levels rather 0 V or Vce. 
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2.4 V 

0.5 
V 

0.5 

:t:5 JAA 
:t:5 JAA 

400 JAA 
1 rnA 

4 pF 

8 pF 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 5 and 6) 

FROM TO 'ACT7814-20 'ACT7814-25 'ACT7614-40 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN 

fmax LDCKor UNCK 50 

LDCKt 9 
tpd 

UNCKt AnyQ 6 11.5 

tpd:l: UNCKt 10.5 

tpLH LDCKt 6 

UNCKt EMPTY 6 
tpHL 

RESET low 4 

tpHL LDCKt 6 

UNCKt FULL 6 
tpLH 

RESET low 4 

LDCKt 7 
tpd 

UNCKt AF/AE 7 

tpLH RESET low 2 

tpLH LDCKt 5 

UNCKt HF 7 
tpHL 

RESET low 3 

len OE 
2 

AnyQ 
ldis 2 

t All typical values are at VCC = 5 V, TA = 25°C. 
:I: This parameter is measured at CL = 30 pF (see Figure 3). 

operating characteristics, Vee = 5 V, TA = 25°C 

Cpd 

PARAMETER 

Power dissipation capacitance per FiFO channel Outputs enabled 
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MAX MIN MAX- MIN MAX 

40 25 

20 9 22 9 24 

15 6 18 6 20 

15 6 17 6 19 

15 6 17 6 19 

16 4 18 4 20 

15 6 17 6 19 

15 6 17 6 19 

18 4 20 4 22 

18 7 20 7 22 

18 7 20 7 22 

10 2 12 2 14 

18 5 20 5 22 

18 7 20 7 22 

12 3 14 3 16 

9 2 10 2- 11 

10 2 11 2 12 

TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

vccLsv 
- TA = 25°C 

RL=500 0 L 
/ 

/ 
/ 

V 

V 
/ 

V 
/ 

/ 

~ 

/ 

o 50 100 150 200 250 300 

I 

CL - Load Capacitance - pF 

Figure 3 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

TA = 75°C 
-I 

r- CL=O pF VCC =5.5V / 

o 

I ./ 

VCC=SV" V /' 
/ rY /' 

/ ~/ '/ 
// / VCC =4.SV 

b ~ 
~ ~ 

~W , 
10 20 30 40 50 60 70 

'clock - Clock Frequency - MHz 

Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With ICC(f) taken from Figure 4, the maximum power dissipation (Pr) based on all data outputs changing states 
on each read can be calculated using: 

Pr = VCC x [ICC(f) + (N x L\ICC x dc)] + I(CL x VCC2 x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

Pr = VCC x [ICC + (N x L\ICC x dc)] + I(Cpd x VCC2 x fj) + I(CL x VCC2 x fo) 

where: 

ICC power-down ICC maximum 
N = number of inputs driven by a TTL device 
L\ ICC increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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APPLICATION INFORMATION 

SN74ACT7814 
LOCK LOCK UNCK 

~ 
FULL EMPTY 

OE 

018-035 ) 00-017 00-017 

SN74ACT7814 
~ > LOCK UNCK 

FULL EMPTY ----

OE -
... 

00-017 ) 00-017 00-017 .. 

Figure 5. Word·Wldth Expansion: 64 Words by 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT 

Input L \ -:;:~--- 3V 

---1/ I· GND 

tpd ~~---...~ I I 
-I 14 ~ tpd 
I I 

Output 1
1~------~~r--3V 

1.SV 

--------~ OV 

TOTEM-POLE OUTPUTS 

Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 

~---3V 

Input 

l+-
I .. 3.SV 

Output I __ L 
From Output 

Under Test --"'-~I---"""- Test Point 
--.- VOL 

tpHZ -+l I+- L 0.3 V 

i,..---rl .J. - - VOH R2 

LOAD CIRCUIT 

PARAMETER R1, R2 

ten 
tpZH 

5000 
tpZL 

lclis 
tpHZ 

5000 
tpLZ 

tpd 5000 

OutPut __ ....J! .. 5V ~V_OV 

CLt 

50pF 

50pF 

50pF 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

S1 

Open 

Closed 

Open 

Closed 

Open 

t Includes probe and test-fixture capacitance 

Figure 7. 3-State Outputs (Any Q) 
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SN74ACT7806 
256 x 18 FIRST-IN, FIRST-OUT MEMORY 

o Member of the Texas Instruments 
Wldebus T" Family 

o Load Clocl< and Unload Clock Can Be 
Asynchronous or Coincident 

o 256 Words by 18 Bits 

o Low-Power Advanced CMOS Technology 

., Full, Empty, and Half-Full Flags 

o Programmable Almost-Full/Almost-Empty 
Flag 

o Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

o Data Rates From 0 to 50 MHz 

o 3-State Outputs 

., Pin Compatible With SN74ACT7804 and 
SN74ACT7814 

• Packaged In Shrink Small-Outline 300-mll 
Package (DL) Using 25-mll Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7806 Is a 
256-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 15 ns in a bit-parallel 
format. 

Oata is written into memory on a low-to-high 
transition at the load clock (LOCK) input and is 

RESET 
017 
016 

015 
014 
013 
012 
011 
010 
Vee 

09 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 
LOCK 

NC 
NC 

DLPACKAGE 
(TOP VIEW) 

1 V 56 

2 55 
3 54 
4 53 
5 52 
6 51 
7 50 
8 49 
9 48 
10 47 
11 46 
12 45 
13 44 
14 43 
15 42 
16 41 
17 40 

[ 18 39 ] 
19 38 
20 37 
21 36 
22 35 
23 34 
24 33 
25 32 
26 31 
27 30 
28 29 

OE 
Q17 
Q16 
Q15 
GNO 
Q14 

Vee 
Q13 
Q12 
Q11 
Q10 
Q9 
GNO 
Q8 
Q7 
Q6 
Q5 
Vee 
Q4 
Q3 
Q2 

GNO 
Q1 

SCAS436-APRIL 1992 

QO 
UNCK 
NC 
NC 
EMPTY 

read out on a low-to-high transition at the unload clock (UNCI<) input. The memory is full when the number of 
words clocked in exceeds the number of words clocked out by 256. When the memory is full, LOCK signals have 
no effect on the data residing in memory. When the memory is empty, UNCK signals have no effect. 

Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 128 or more words and is low when it contains 127 or less words. The 
AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LOCK after reset are 
used to program the almost-empty offset value (X) and the almost-full offset value M if program enable (PEN) 
is low. The AF/AE flag is high when the FIFO contains X or less words or (256 - Y) or more words. The AF/AE 
flag is low when the FIFO contains between (X + 1) and (255 - Y) words. 

A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, HF low, and EMPTY 
low. The Q outputs are not reset to any specific logic level. The FIFO must be reset upon power up.Thefirstword 
loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. It is important 
to note that the first word does not have to be unloaded. The data outputs are non inverting with respect to the 
data inputs and are in the high-impedance state when the output-enable (OE) input is high. 

The SN74ACT7806 is characterized for operation from ooe to 70°C. 

Widebus is a trademark of Texas Instruments Incorporated. 

~~~~~~~o~i: .~r:cO:~~I~~ Itpe~':.'~~~ ~ ,.rx~:r~~m~~~ 
standard warranty. Production proc ... lng do .. nOl nec .... rUy Inc Iud. 
t .. tlng 01 an perameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1992, Texas Instruments Incorporated 

9-15 



~ ... ., A A " ... .,""~ 
~1111f'"'\.I1 IOVO 

256 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS436-APRIL 1992 

logic symbolt 

RESET 

LOCK 

UNCK 

OE 

PEN 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 "-
25 

32 

56 "-
23 "-

21 

20 

19 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

cl> 
FIFO 256)( 18 
SN74ACT7806 

RESET 

LOCK FULL 

UNCK 
HALF-FULL 

ALMOST FULlJEMPTY 
EN1 

EMPTY 
PROGRAM ENABLE ., r 
0 0 

~ ~1~ 

17 17 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 

9-16 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • OAUAS. TEXAS 75265 

28 

22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

48 

49 

51 

53 

54 

55 

FULL 

HF 
AF/AE 
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QO 
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Q2 
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010 
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015 

016 

017 



functional block diagram 

OE 

DO-D17 

Read 
UNCK Pointer 

1 
1 

LDCK Write 
Pointer 

Reset 
Logic 

TERMINAL 

NAME NO. 
VO 

AF/AE 24 0 

00-017 
21-14,12-11, 

I 
9-2 

EMPTY 29 0 

FULL 28 0 

HF 22 0 

LOCK 25 I 

OE 56 I 

PEN 23 I 

33-34, 36-38, 
00-017 40-43, 45-49, 0 

51,53-55 

RESET 1 I 

UNCK 32 I 

SN74ACT7806 
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J 
Location 1 

Location 2 
" 

256)( 18 SRAM 

I 

~ i- Location 255 
Location 256 

I " ~ 00-Q17 . 

t- Status-
I Flag 

Logie 

Terminal Functions 

DESCRIPTION 

EMPTY 

FULL 

HF 

AF/AE 

A1most-fuIValmost-empty flag. Depth offset values can be programmed for AF/AE, or the default value 
of 32 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE Is high when 
memory contains X or less words or (256 - Y) or more words. AF/AE is high after reset. 

18-bit data input port 

Empty flag. EMPTY is high when the FIFO memory is not empty; EMPTY is low when the FIFO memory 
is empty or upon assertion of RESET. 

Full flag. FULL is high when the FIFO memory is not full or upon assertion of RESET; FULL Is low when 
the FIFO memory is full. 

Half-full flag. HF Is high when the FIFO memory contains 128 or more words. HF Is low after reset. 

Load clock. Data is written to the FIFO on the rising edge of LOCK when FULL is high. 

Output enable. When OE is high, the data outputs are in the high-Impedance state. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 00-06 
is latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

18-bit data output port 

Reset. A low level on this input resets the FIFO and drives FUll high and HF and EMPTY low. 

Unload clock. Data Is read from the FIFO on the rising edge of UNCK when EMPTY Is high. 
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offset values for AF/AE 

9-18 

The almost-fuIValmost-empty flag has two programmable limits, the almost-empty offset value (X) and the 
almost-full offset value M. They can be programmed after the FIFO is reset and before the first word is written 
to memory. The AF/AE flag will be high when the FIFO contains X or less words or (256 - Y) or more words. 

To program the offset values, PEN can be brought low after reset only when LOCK is low. On the following 
low-to-high transition of LOCK, the binary value on 00-06 is stored as the almost-empty offset value (X) and 
the almost-full offset value M. Holding PEN low for another low-to-high transition of LOCK reprograms Y to the 
binary value on 00-06 at the time of the second LOCK low-to-high transition. Writes to the FIFO memory are 
disabled while the offsets are programmed. A maximum value of 127 can be programmed for either X or Y 
(see Figure 1). To use the default values of X = Y = 32, PEN must be held high. 

RESET ~,-____ -,I 
LOCK 

00-06 ~ XandY X~ __ Y~X~ ______ __ 

Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee ...............................................•.......... -0.5 V to 7 V 
Input voltage, VI ................................................................•........... 7 V 
Voltage applied to a disabled 3-state output ......................•........................... 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 
, ACT7806-20 'ACT7806-25 ' ACT7806-40 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

VCC Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 V 

VIH High-level Input voltage 2 2 2 V 

VIL Low-level Input voltage 0.8 0.8 0.8 V 

IOH High-level output current Q outputs, Flags -8 -8 -8 rnA 

Q outputs 16 16 16 
IOL Low-level output current rnA 

Flags 8 8 8 

fclock Clock frequency 50 40 25 MHz 

LDCK high or low 7 B 12 

UNCK high or low 7 B 12 
tw Pulse duration ns 

PEN low 7 B 12 

RESET low 10 10 12 

DO-D17 before LDCKt 5 5 5 

tsu Setup time, PEN before LDCKt 5 5 5 ns 

LDCK inactive before RESET high 5 6 6 

DO-D17 after LDCKt 0 0 0 

LDCK inactive after RESET high 5 6 6 
th Hold time ns 

PEN low after LDCKt 3 3 3 

PEN high after LDCKJ 0 0 0 

TA Operating free-air temperature 0 70 0 70 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH VCC = 4.5 V. IOH=-BmA 2.4 

I Flags VCC = 4.5 V, IOL=BmA 
VOL I Qoutputs VCC = 4.5 V. IOL= 16 rnA 

II VCC =5.5V, VI =VCCorO 

IOZ VCC= 5.5 V, Vo =VCC orO 

ICC VCC = 5.5 V. VI =VCC-0.2VorO 

.:\Iee§ Vee = 5.5 V, One input at 3.4 V. Other inputs at Vee or GND 

e, VI =0, f= 1 MHz 

eo Vo=O, f = 1 MHz 

* All typical values are at Vee = 5 V, TA = 25°e. 
§ This is the supply current for each Input that Is at one of the specified TTL voltage levels rather than 0 V or Vee. 
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1 rnA 
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switching characteristics 'over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 5 and 6) 

FROM TO ' ACT7806-20 ' ACT7806·25 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt 

fmax LDCKor UNCK 50 

LDCKt 9 
tpd 

UNCKt AnyQ 6 11.5 

tpd* UNCKt 10.5 

tpLH LDCKt 6 

UNCKt EMPTY 6 
tpHL 

RESET low 4 

tpHL LDCKt 6 

UNCKt FULL 6 
tpLH 

RESET low 4 

LDCKt 7 
tpd 

UNCKt AF/AE 7 

tpLH RESET low 2 

tpLH LDCKt 5 

UNCKt HF 7 
tpHL 

RESET low 3 

ten 
OE 

2 
AnyQ 

idis 2 

t All typical values are at VCC = 5 V. TA = 25°C. 
* This parameter Is measured at CL = 30 pF (see Figure 3). 

operating characteristics, Vee = 5 V, TA = 25°C 

Cpd 

PARAMETER 

Power dissipation capacitance per FIFO channel Outputs enabled 

~TEXAS 
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MAX MIN MAX 

40 

20 9 22 

15 6 18 

15 6 17 

15 6 17 

16 4 18 

15 6 17 

15 6 17 

18 4 20 

18 7 20 

18 7 20 

10 2 12 

18 5 20 

18 7 20 

12 3 14 

9 2 10 

10 2 11 

TEST CONDITIONS 

CL = 50 pF. f = 5 MHz 

' ACT7806-40 
UNIT 

MIN MAX 

25 MHz 

9 24 

6 20 ns 

6 19 

6 19 ns 

4 20 

6 19 

6 19 ns 

4 22 

7 22 

7 22 ns 

2 14 

5 22 

7 22 ns 

3 16 

2 11 
ns 

2 12 
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typ+8 

~ 
typ+6 

c 
I 

CD 
E 
1= 
>- typ+4 
10 
iii 
c 
c 
0 

~ typ+2 
CI 
10 
Q. 
0 n. 
I 

typ } 

typ-2 

200 

180 

~ 
160 

I 140 
1: 
~ 120 
:I 
u 

100 >-
Q. 
Q. 
:I 80 
U) 

I 

s: 60 
U 
U 40 

20 

0 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

VCC Lsv 
-TA=2SoC 

./ 

RL=SooO / 
:/ 

/ 
L 

/ 
V 

!/ 
/ 

/ 
L 

/ 
o 50 100 150 200 2S0 

I 
TA =7SOC 
CL =0 pF 

CL - Load Capacitance - pF 

Figure 3 

SUPPLY CURRENT 
vs 

CLOCK FREQUENCY 

VCC= S.SV 
/ 

VCC =SV" V 
/ IY 

/ V/ :/ 

-I 

V 

l/ 
/ 

V/ / VCC=4.SV 

h ~ 
~ ~ 

~'P' , 

300 

o 10 20 30 40 SO 60 70 

fclock - Clock Frequency - MHz 

Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With ICC(f) taken from Figure 4, the maximum power dissipation (Pr) based on all data outputs changing states 
on each read can be calculated using: 

Pr = VCC x [ICC(f) + (N x ~ICC x dc)) + ~(CL x VCc2 x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

Pr = VCC x [Icc + (N x ~Icc x dc)] + ~(Cpd x Vcc2 x fj) + ~(CL x Vcc2 x fo) 

where: 

ICC power-down ICC maximum 
N number of inputs driven by a TTL device 
~ ICC increase in supply current 
dc duty cycle of inputs at a TTL high level of 3.4 V 
Cpd power dissipation capacitance 
CL = output capacitive load 
fj data input frequency 
fo data output frequency 
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APPLICATION INFORMATION 

SN74ACT7806 
LOCK LOCK UNCK 

~ 
FULL EMPTY 

OE 

... 
018-035 ) 00-017 00-017 

r 

SN74ACT7806 - f> LOCK UNCK 

FULL EMPTY ~ r-

OE f-
A 

00-017 ) 00-017 00-017 
" 

Figure 5. Word·Wldth Expansion: 256 Words by 36 Bits 
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PARAMETER MEASUREMENT INFORMATION 

Fr~~d~~ic~=n 
RL = 5000 T CL=SOpF 

Input L \ 1.~--- 3V 

---11 I· GND 

tpd -tCI~I--DiJ I I 
-I ~ ~tpd 
I I 
I ~---~t--- 3V 

OutPut ____ ooJl \1.5V ov - -- -

lOAD CIRCUIT TOTEM·POLE OUTPUTS 

Figure 6. Standard CMOS Outputs (FULL, EMPTY. HF. AF/AE) 

Input 

Rl= R1 = R2 

R1 
Output 

,----- 3V 

1.SV 

'--_-J~ ____ OV 

~ I 
tpLZ -+j \4-

, I .. 3.SV 

I ' __ t.. 
--4"- VOL 

tpHZ -+I ~ L 0.3 V r l.J. __ VOH 

From Output 
Under Test ---j~--O--O-- Test Point 

R2 

lOAD CIRCUIT 

PARAMETER R1,R2 

ten 
tpZH 

5000 
tpZL 

!dis 
tpHZ 

5000 
tpLZ 

tpd 5000 

OutPut __ -..I'1.SV ~V_OV 

clt 

50 pF 

50pF 

50pF 

VOLTAGE WAVEFORMS 
ENA8LE AND DISABLE TIMES 

S1 

Open 

Closed 

Open 

Closed 

Open 

t Includes probe and test-fixture capacitance 

Figure 7. 3-State Outputs (Any Q) 
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SN74ACT7804 
512 x 18 FIRST-IN, FIRST-OUT MEMORY 

• Member of the Texas Instruments 
Wldebus TN Family 

o Load Clock and Unload Clock Can Be 
Asynchronous or Coincident 

o 512 Words by 18 Bits 

o Low-Power Advanced CMOS Technology 
o Full, Empty, and Half-Full Flags 

• Programmable Almost-Full/Almost-Empty 
Flag 

• Fast Access Times of 15 ns With a 50-pF 
Load and All Data Outputs Switching 
Simultaneously 

• Data Rates From 0 to 50 MHz 

• 3-State Outputs 
• Pin Compatible With SN74ACT7806 and 

SN74ACT7814 

• Packaged In Shrink Smail-Outline 300-mil 
Package (DL) Using 25-mll Center-to-Center 
Spacing 

description 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The SN74ACT7804 is a 
512-word by 18-bit FIFO for high speed and fast 
access times. It processes data at rates up to 
50 MHz and access times of 15 ns in a bit-parallel 
format. 

Oata is written into memory on a low-to-high 

RESET 
017 
016 
015 
014 
013 
012 
011 
010 

Vee 
09 
08 

GNO 
07 
06 
05 
04 
03 
02 
01 
00 
HF 

PEN 
AF/AE 
LOCK 

NC 
NC 

FULL 

DLPACKAGE 
(TOP VIEW) 

1 U 56 

2 55 
3 54 
4 53 

[ 5 52 
6 51 
7 50 
8 49 
9 48 
10 47 
11 46 
12 45 
13 44 
14 43 
15 42 
16 41 
17 40 
18 39 
19 38 
20 37 
21 36 
22 35 
23 34 g 
24 33 ] 
25 32 ~ 
26 31 ] 

~ 27 
[ 28 

30 g 
29 ] 

OE 
017 
016 
015 
GNO 
014 
Vee 
013 
012 
011 
010 
09 
GNO 
08 
07 
06 
05 

Vee 
04 
03 
02 
GNO 
01 

SCAS204-APRIL 1992 

00 
UNCK 
NC 
NC 

transition at the load-clock (LOCI<) input and is Ne - No internal connection 
read out on a low-to-high transition at the 
unload-clock (UNCI<) input. The memory is full 
when the number of words clocked in exceeds the 
number of words clocked out by 512. When the memory is full, LOCK signals have no effect on the data residing 
in memory. When the memory is empty, UNCK signals have no effect. 

Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high when the FIFO contains 256 or more words and is low when it contains 255 or less words. The 
AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LOCK after reset are 
used to program the almost-empty offset value (X) and the almost-full offset value M if program enable (PEN) 
is low. The AF/AE flag is high when the FI FO contains X or less words or (512 - Y) or more words. The AF/AE 
flag is low when the FIFO contains between (X + 1) and (511 - Y) words. 

A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF 
low, and EMPTY low. The Q outputs are not reset'to any specifiC logic level. The FIFO must be reset upon 
power up. 

Widebus is a trademark of Texas Instruments Incorporated. 

~~~~~~~o~l! .I~o:~~~r;,.lapt~~~r:,~ ~ ,rx~~~~~:m~~~ 
atandard warranty. Production proc ... lng do .. not necn .. rUy Includl 
tilting of all para m.tll1. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1992, Texas Instruments Incorporated 
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description (continued) 

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the a outputs. 
It is important to note that the first word does not have to be unloaded. The data outputs are non inverting with 
respect to the data inputs and are in the high-impedance state when the output-enable (OE) input is high. 

The SN74ACT7804 is characterized for operation from DoC to 70°C. 

logic symbolt 

RESET 

LOCK 

UNCK 

OE 

PEN 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 r-... 

25 

32 

56 
" 

23 r-... 

21 

20 

19 . 

18 

17 

16 

15 

14 

12 

11 

9 

8 

7 

6 

5 

4 

3 

2 

cl> 
FIFO 512 x 18 
SN74ACT7804 

RESET 

LOCK FULL ~ 

UNCK 
HALF-FULL 

ALMOST FULLJEMPTY 
EN1 EMPTY r-... 
PROGRAM ENABLE , r 
0 0 

~ ~1V 

17 17 

t this symbol Is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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28 

22 

24 

29 

33 

34 

36 

37 

38 

40 

41 

42 

43 

45 

46 

47 

48 

49 

51 

53 

54 

55 

FULL 

HF 

AF/AE 

EMPTY 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 



functional block diagram 

OE 

00-017 

Rc::d 

SN74ACT7804 
512 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS204 -APRIL 1992 

I 

! 
Location 1 

Location 2 
UNCK Pointer ~ 

..I. 

T 

LOCK 
Write 

Pointer 

Reset 
Logic 

TERMINAL 

NAME NO. 
VO 

AF/AE 24 0 

00-017 
21-14,12-11, 

I 
9-2 

EMPTY 29 0 

FULL 28 0 

HF 22 0 

LOCK 25 I 

OE 56 I 

PEN 23 I 

33-34, 36-38, 
00-017 40-43, 45-49, 0 

51,53-55 

RESET 1 I 

UNCK 32 I 

512x 18SRAM 

... 
t-r- Location 511 

Location 512 

.1' 
:t 00-Q17 

(- Status-
I Flag 

Logic 

Terminal Functions 

DESCRIPTION 

EMPTY 

.FULL 

HF 

AF/AE 

Almost-fuIValmost-empty flag. Depth offset values can be programmed for AF/AE, or the default value 
of 64 can be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE Is high when 
memory contains X or less words or (512 - Y) or more words. AF/AE Is high after reset. 

18-bit data input port 

Empty flag. EMPTY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low. 

Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 

Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset. 

Load clock. Data Is written to the FIFO on the rising edge of LDCK when FULL is high. 

Output enable. When OE is high, the data outputs are in the high-impedance state. 

Program enable. After reset and before the first word is written to the FIFO, the binary value on 00-07 
is latched as an AF/AE offset value when PEN is low and LOCK is high. 

18-bit data output port 

Reset. A low level on this input resets the FIFO and drives AF/AE and FULL high and HF and EMPTY 
low. 

Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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offset values for AF/AE 

9-30 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. The AF/AE flag is high when the FIFO contains X or less words or (512 - Y) or more words. 

To program the offset values, PEN can be brought low after reset only when LOCK is low. On the following 
low-to-high transition of LOCK, the binary value on 00 -07 is stored as the almost-empty offset value (X) and 
the almost-full offset value M. Holding PEN low for another low-to-high transition of LOCK reprograms Y to the 
binary value on 00-07 at the time of the second LOCK low-to-high transition. Writes to the FIFO memory are 
disabled while the offsets are programmed. A maximum value of 255 can be programmed for either X or Y 
(see Figure 1). To use the default values of X = Y = 64, PEN must be held high. 

LOCK 

00-07 ~ XandY X ___ Y -JX"--__ 

Figure 1. Programming X and Y Separately 
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en 
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RESET 

PEN 

LOCK 
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UNCK 
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OE 
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Ii: I l I 

I 

00-Q17 

EMPTY 

AF/AE 

HF ~ I 
FULL ill U 

Define the AF/AE Flag Using 
the Default Value of X and Y 

Figure 2. Write, Read, and Flag Timing Reference 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-5tate output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 
, ACT7804-20 ' ACT7804-25 'ACT7804-40 

MIN MAX MIN MAX 
UNIT 

MIN MAX 

VCC Supply voltage 4.5 5.5 4.5 5.5 4.5 5.5 V 

VIH High-level Input voltage 2 2 2 V 

VIL Low-level input voltage 0.8 0.8 0.8 V 

IOH High-level output current a outputs, Flags -8 -8 -8 mA 

a outputs 16 16 16 
IOL Low-level output current mA 

Flags 8 8 8 

fclock Clock frequency 50 40 25 MHz 

LOCK high or low 7 8 12 

UNCK high or low 7 8 12 
tw Pulse duration ns 

PEN low 7 8 12 

RESET low 10 10 12 

00-017 before LOCKf 5 5 5 

tsu Setup time PEN before LOCKf 5 5 5 ns 

LOCK Inactive before RESET high 5 6 6 

00-017 after LOCKf 0 0 0 

LOCK Inactive after RESET high 5 6 6 
th Hold time ns 

PEN low after LOCKf 3 3 3 

PEN high after LOCKI 0 0 0 

TA Operating free-air temperature 0 70 0 70 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VOH VCC = 4.5 V. IOH =-8 mA 

I Flags VCC = 4.5 V. IOL=8mA 
VOL I a outputs VCC=4.5V. IOL=16mA 

II VCC =5.5V. VI = VCC or 0 

IOZ VCC = 5.5 V. VO=VCCorO 

ICC VCC =5.5V. VI = VCC - 0.2 V or 0 

~ICC§ VCC = 5.5 V. One input at 3.4 V. Other inputs at VCC or GNO 

Ci VI =0. f= 1 MHz 

Co VO=O. f= 1 MHz 

* All typical values are at VCC = 5 V. TA = 25°C. 
§ This Is the supply current for each input that Is at one of the specified TIL voltage levels rather 0 V or V CC. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 5 and 6) 

FROM TO 'ACT7804-20 I ACT7804-25 I ACT7804-40 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt 

fmax LOCKorUNCK 50 

tpd LOCKt 9 

tp_d UNCKt AnyQ 6 11.5 

tpd* UNCKt 10.5 

tPLH LOCKt 6 

tpHL UNCKt EMPTY 6 

tpHL RESET low 4 

tPHL LOCKt 6 

tPLH UNCKt FULL: 6 

tpLH RESET low 4 

tpd LOCKt 7 

tpd UNCKt AF/AE 7 

tpLH RESET low 2 

tpLH LOCKt 5 

tPHL UNCKt HF 7 

tpHL RESET low 3 

ten OE 
2 

AnyQ 
lciis 2 

t All typical values are at VCC = 5 V, TA = 25°C. * This parameter is measured at CL = 30 pF (see Figure 3). 

operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER 

Power dissipation capacitance per FIFO channel Outputs enabled 

~TEXAS 
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MAX MIN MAX MIN MAX 

40 25 

20 9 22 9 24 

15 6 18 6 20 

15 6 17 6 19 

15 6 17 6 19 

16 4 18 4 20 

15 6 17 6 19 

15 6 17 6 19 

18 4 20 4 22 

18 7 20 7 22 

18 7 20 7 22 

10 2 12 2 14 

18 5 20 5 22 

18 7 20 7 22 

12 3 14 3 16 

9 2 10 2 11 

10 2 11 2 12 

TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 
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typ+8 

CIt typ+6 
c 
I 

CD 
E 
1= 
>- typ+4 C'CI 
'ii c 
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0 
;l typ+2 C'CI 
DI 
C'CI a. e 

11. 
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200 
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a. 
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TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
VB 

LOAD CAPACITANCE 

vccLsv 
f- TA =2SoC 

RL=500Q ./ 

V 
/ 

/ 
V 

/ 
/ 
~ 

/ 
/ 

L 

V 

o 50 100 150 200 250 300 

I 
TA = 75°C 
CL = 0 pF 

CL - Load Capacitance - pF 

Figure 3 

SUPPLY CURRENT 
VB 

CLOCK FREQUENCY 

VCC =5.SV 
I ,/ 

VCC=SV~ V 
/ ¥ 

/ "/ "/ 

" V 

l/ 
/' 

// // VCC=4.SV 

U ~ 
~ ~ 

~~ ,. 
o 10 20 30 40 50 60 70 

fclock - Clock Frequency - MHz 

Figure 4 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lee(f) taken from Figure 4, the maximum power dissipation (PT) based on all data outputs changing states 
on each read can be calculated using: 

PT = Vee x [Iee(f) + (N x ~Iee x dc)] + ~(CL x Vee2 x fd 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = Vee x [Ice + (N x ~Iee x dc)] + ~(Cpd x Vee2 x fj) + ~(CL x Vce2 x fo) 

where: 

Ice 
N 
~Iee 

, dc 

Cpd 
CL 
fj 
fo 

power-down IcC maximum 
number of inputs driven by a TTL device 
increase in supply current 

= duty cycle of inputs at a TTL high level of 3.4 V 
power dissipation capacitance 
output capacitive load 
data input frequency 
data output frequency 
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APPLICATION INFORMATION 

SN74ACT7804 
LOCK LOCK UNCK 

~ 
FULL EMPTY 

OE 

... 
018-035 ) 00-017 00-017 

SN74ACT7804 - p> LOCK UNCK 

FULL EMPTY - -

OE -
... 

00-017 ) 00-017 00-017 

Figure 5. Word-Width Expansion: 512 Words by 36 Bits 
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512 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS204-APRIL 1992 

PARAMETER MEASUREMENT INFORMATION 

lOAD CIRCUIT 

Input L \ ~~--- 3V 

~ I ' GND 
tpd ~-tct---Oi~ I I 

I ~ 1 ~d 
Output 1

1~------~~r--3v 
1.5V 

________ J ov 

TOTEM-POLE OUTPUTS 

Figure 6. Standard CMOS Outputs (FULL, EMPTY, HF, AF/AE) 

Input 

Output 

From Output Tost Point 
UnderTost --<~-G~-O--

R2 

,..-.--- 3V 

1.5V 

"---..I'~ - - - - 0 V 
j.- I 

tpLZ ~ I+-
, I -3.5V 

I ' __ i.. 
--.- VOL 

tpHZ +I 14- L 0.3 V 

~ L..i-_ VOH 

Output , •. 5V \-E;'sv 
-----..I. ~ -OV 

lOAD CIRCUIT 

PARAMETER R1,R2 

ten 
tPZH 

5000 
tpZl 

!dis 
tpHZ 

5000 
tPLZ 

tpd 5000 

clt 

50pF 

50pF 

50pF 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

S1 

Open 

Closed 

Open 

Closed 

Open 

t Includes probe and test·fixture capacitance 

Figure 7. 3·State Outputs (Any Q) 
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SN74ACT7802 
1024 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS187A-AUGUST 1990- REVISED AUGUST 1993 

• Load and Unload Clocks Can Be 
Asynchronous or Coincident 

G Low-Power Advanced CMOS Technology 

• 1024 Words x 18 Bits 

• Fast Access Times of 30 ns With a 50-pF 
Load 

o Fall-Through Time ••. 20 ns Typical 
o Data Rates From 0 to 40 MHz 

.. Programmable Almost-Full/Almost-Empty 
Flag 

• High-Output Drive for Direct Bus Interface 
G 3-State Outputs 

o Empty. Full. and Half-Full Flags • Available In S8-Pln PLCC (FN) Packages 
or 80-Pln Thin Quad Flat (PN) Packages 

014 
013 
012 
011 
010 

09 
Vee 

08 
GNO 

07 
06 
05 
04 
03 
02 
01 
DO 

FNPACKAGE 
(TOP VIEW) 

o 5 1m u 0 I~ u r-. 0 ~~~zzuuwwuz~ ~~z~ 
ooo~~zzo~>~w~oo~o 

9 8 7 654321 68 67 66 65 64 63 62 61 
10 60 

11 59 

12 58 

13 57 

14 56 

15 55 

16 54 

17 53 

18 52 
19 51 

20 50 

21 49 

22 48 

23 47 
24 46 
25 45 

26 44 
27 282930 31 32 33 343536 3738 39 40 41 42 43 

<Czuzz u<cz~J: uOOzoo u Ill.. 0 ~ u u U W 01:J ll.. u 0 ~ 0 C\I (") U 
O~9 ~~~ll.. ~ ~ ~ 

Ne - No Intemal connection 

Vce 
014 
013 
GNO 
012 
011 
Vee 
010 
09 
GNO 
08 
07 
Vee 
06 
05 
GNO 
04 
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NC 
GNO 
GNO 
016 
017 

Vee 
EMPTY 

Vee 
RESET 

OE 
NC 
NC 

UNCK 
GNO 
017 
016 
015 
NC 
NC 

• 1 
2 
3 
4 
5 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

PN PACKAGE 
(TOP VIEW) 

80 7978 77 76 7574 73 7271 70 69 68 676665646362 61 

60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 

u v C? C\I ,... 0 0') (,) co 0 ,.... <0 It) V C? C\I ,... 01l1. U 
Z""""""""""O(,)OzOOOOOOOO~z 

00000 > ~ 0 

Ne - No internal connection 

Vee 
Vee 
NC 
03 
02 
GNO 
01 
00 
Vee 
HF 
FULL 
GNO 
GNO 
AF/AE 
Vee 
NC 
NC 
LOCK 
GNO 
NC 

description 

9-40 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7802 is a 1024-word by 18-bit FIFO for high-speed applications. It processes data 
in a bit-parallel format at rates up to 40 MHz and access times of 30 ns. 

Oata is written Into the FIFO memory on a low-to-high transition on the load-clock (LOCK) input and Is read out 
on a low-to-high transition on the unload-clock (UNCK) input. The memory is full when the number of words 
clocked in exceeds by 1024 the number of words clocked out. When the memory is full, LOCK has no effect on 
the data in the memory; when the memory is empty. UNCK has no effect. 

A low level on the reset (RESET) input resets the FIFO internal clock stack pointers and sets FULL high. AF/AE 
high. HF low. and EMPTY low. The Q outputs are not reset to any specific logic level. The FIFO must be rese~ 
upon power up. The Q outputs are noninverting and are in the high-impedance state when the output-enable 
(OE) input is low. 

When writing to the FIFO after a reset pulse orwhen the FIFO is empty. the first active transition on LOCK drives 
EMPTY high and causes the first word written to the FIFO to appear on the Q outputs. Therefore. an active 
transition on UNCK is not required to read the first word written to the FIFO. Each subsequent read from the 
FIFO requires an active transition on UNCK. 

The SN74ACT7802 can be cascaded in the word-width direction but not in the word-depth direction. 

The SN74ACT7802 is characterized for operation from O°C to 70°C. 

"TEXAS 
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SN74ACT7802 
1024 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS187 A - AUGUST 1990 - REVISED AUGUST 1993 

offset value values for AF/AE 

The FIFO memory status is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-fuIValmost-empty (AF/AE) flags. The FULL output is low when the memory is full; the EMPTY output is 
low when the memory is empty. The HF output is high when the memory contains 512 or more words and low 
when it contains less than 512 words. The level of the AF/AE flag is determined by both the number of words 
in the FIFO and a user-definable offset X. AF/AE is high when the FIFO is almost full or almost empty, i.e., when 
it contains X or less words or (1024 - X) or more words. The almost-full/almost-empty offset value is either 
user-defined or the default value of 256; it is programmed during each reset cycle as follows: 

user-defined X: 

Take OAF from high to low. 

If RESET is not already low, take RESET low. 

With OAF held low, take RESET high. This defines the AF/AE flag using X. 

default X: 

To redefine the AF/AE flag using the default value of X = 256, hold OAF high during the reset cycle. 

~TEXAS 
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logic symbolt 

RESET 

LOCK 

UNCK 

OE 

OAF 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 

1 
" 

29 

5 

2 

Z1 "-

26 

25 

24 

23 

22 

21 

20 

19 

17 

15 

14 

13 

12 

11 

10 

9 

8 

7 

«l> 
FIFO 1024)( 18 
SN74ACT7802 

RESET 

LOCK FULL t-.... 

UNCK HALF FULL 

EN1 
ALMOST FULUEMPTY 

EMPTY '" 
OEF ALMOST FULL , r 

0 0 

~ ~1V 

17 17 

t This symbol is in accordance with ANSI/iEEE Std 91-1984 and IEC Publication 617-12. 
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35 

36 

33 

66 

38 

39 

41 

42 

44 

46 

47 

49 

50 

52 

53 

55 

56 

58 

59 

61 

63 

64 

FULL 

HF 

AF/AE 

EMPTY 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

010 

011 

012 

013 

014 

015 

016 

017 



functional block diagram 

OE 

00-017 

LOCK 
Write 

Control 

UNCK Read 
Control 

Reset 
Logic 

TERMINAL 

NAi.ii: r~o. 
VO 

AF/AE 33 0 

DAF 27 I 

DO-D17 
26,19,17, 

I 
15-7 

EMPTY 66 0 

FULL 35 0 

HF 36 0 

LOCK 29 I 

OE 2 I 

38-39,41-42, 
44,46-47, 

00-017 _ 49-50, 52-53, 0 
55-56, 58-59, 

61,63-64 

RESET 1 I 

UNCK 5 I 

SN74ACT7802 
1024 x 18 FIRST·IN, FIRST·OUT MEMORY 

SCAS187 A - AUGUST 1990 - REVISED AUGUST 1993 

. 

.. ... 

.. -
r-~ 

t-

d 
I I Location 1 I Read I "-

/ Location 2 Pointer I '" 
I 

I Wrlto : 
.. 
) 1024 x 18 RAM 

I Pointer J -
Location 1023 

V 
Location 1024 

... ~ I 

Status-
Flag 

Logic 

Terminal Functions 

DESCRIPTION 

.~ 
~ 00-017 

EMPTY 

FULL 

HF 

AF/AE 

A1most-fuIValmost-empty flag. Depth offset values can be programmed for AF/AE, or the default value 
of 256 can be used for the almost-empty almost-full offset (X). AF/AE is high when memory contains X 
or less words or (1024 - X) or more words. AF/AE is high after reset. 

Define almost full flag. The high-to-Iow transition of DAF stores the binary value of data inputs as 
the almost-fuIValmost-empty offset value (X). With DAF held low, a low pulse on RESET defines AF/AE 
using X. 

18-bit data input port 

Empty flag. EMPTY is low when the FiFO is empty. A FIFO reset also causes EMPTY to go low. 

Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high. 

Half-full flag. HF is high when the FIFO memory contains 512 or more words. HF is low after reset. 

Load clock. Data is written to the FIFO on the riSing edge of LDCK when FULL Is high. 

Output enable. When OE is low, the data outputs are in the high-impedance state. 

18-bit data output port 

Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and EMPTY low. 

Unload clock. Data is read from the FIFO on the rising edge of UNCK when EMPTY is high. 
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I 
~ 

I 

~ 
III 

-i I 
~ ... 
~~ ... I 
m ~r;;I 

~f~ I 
~tr1 I 

i~ I 
~ en 

RESET -u u-
OAF 

LOCK 

00-017 

UNCK 

I I l I Don'tCare~ I E& 
I I 

~~~rn~ . l 
llx$~l&1-~~_~:~on,:c.r.~ 

I I I I I I ~~~~r-fl.fI--t---
I I I I I I I I I I I. 

OE 

00-017 

EMPTY 

AF/AE 

HF 

FULL 

I 1 1--1 - 1-- , ,-, .-,---- '----1 

I I I I I I I I I I I 

--+---It! X : WI:: ~$$$~--'-i 
3a I I I I I I I I I 
¥,,;I-"'-+-I -'. I I I I I . I 

2J I I . : I l I l 
I I I 

~ I I , 
. I I I I 

~: U : 
I I 
I I 

Define the AF/AE Offset Value (X) 
Using the Data on DO - 08 

Define the AF/AE Offset Value (X) 
Using the Default Value of 256 

Figure 2. Write, Read, and Flag Timing Reference 
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> en c 
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3: 
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SN74ACT7802 
1024 x 18 FIRST-IN, FIRST-OUT MEMORY 

SCAS187A-AUGUST 1990- REVISED AUGUST 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................................................ O°C to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

VCC 

VIH 

VIL 

IOH 

IOL 

fclock 

tw 

tsu 

th 

TA 

• ACT7802·25 

MIN 

Supply voltage 

High-level input voltage 

Low-level input voltage 

High-level output current 

Low-level output current 

Clock frequency 

LOCK high or low 

Pulse duration 
UNCK high or low 

OAF high 

RESET low 

00-07 before LDCKt 

RESET inactive (high) before LDCKt 

Setup time Define AF/AE: 00-08 before DAFI 

Define AF/AE: OAF I before RESETt 

Define AF/AE (default): OAF high before RESETt 

00-07 after LDCKt 

Hold time 
Define AF/AE: 00-08 after DAFI 

Define AF/AE: OAF low after RESETt 

Define AF/AE (default): OAF high after RESETt 

Operating free-air temperature 
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40 

10 

10 

10 

20 

4 

5 

5 

7 

5 

1 

0 

0 

0 

0 
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MAX 

5.5 

0.8 

-8 

16 

70 

'ACT7802-40 'ACT7802-60 

MIN MAX MIN 
UNIT 

MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 rnA 

16 16 rnA 

25 16.7 MHz 

14 20 

14 20 
ns 

10 10 

25 25 

5 5 

5 5 

5 5 ns 

7 7 

5 5 

2 2 

0 0 
ns 

0 0 

0 0 

0 70 0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC = 4.5 V, IOH=-8mA 2.4 V 

VOL VCC = 4.5 V, IOL = 16 mA 0.5 V 

II VCC = 5.5 V, VI =VCC orO 2:5 I!A 
IOZ VCC = 5.5 V, VO=VCCorO 2:5 I!A 
ICC* VI =VCC-0.2VorO 400 I!A 
alcc* VCC = 5.5 V, One Input at 3.4 V, Other Inputs at VCC or GND 1 mA 

CI VI =0, f = 1 MHz 4 pF 

Co VO=O, f= 1 MHz 8 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF {see Figures 4 and 5} 

FROM TO 'AC17802·25 'AC17802-40 'AC17802-60 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN 

fmax LOCK or UNCK 40 

tpd LDCKt Any 0 8 

tpd UNCKt Any 0 12 

tpd§ UNCKt Any 0 

tpLH LDCKt 
EMPTY 

4 

tpHL UNCKt 2 

tPHL RESETl EMPTY 2 

tpHL LDCKt FULL 4 

UNCKt 
FULL 

4 
tpLH 

RESETl 2 

LDCKt 2 
tpd 

UNCKt 
AF/AE 

2 

tpLH RESETl AF/AE 2 

tpLH LDCKt HF 2 

UNCKt 2 
tpHL HF 

RESETl 2 

ten OE Any 0 2 

tdis OE Any 0 2 

t All typical values are at VCC = 5 V, TA = 25°C. 
* ICC tested with outputs open 
§ This parameter Is measured with CL = 30 pF (see Figure 1). 

operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER 

Cpd Power dissipation capacitancer per channel 

~TEXAS 
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MAX MIN MAX MIN MAX 

25 16.7 

30 8 35 8 45 

30 12 35 12 45 

18 4 20 4 22 

18 2 20 2 22 

18 2 20 2 22 

18 4 20 4 22 

17 4 19 4 21 

17 2 19 2 21 

20 2 22 2 24 

20 2 22 2 24 

17 2 19 2 21 

18 2 20 2 22 

18 2 20 2 22 

17 2 19 2 21 

12 2 14 2 16 

14 2 16 2 18 

TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



(I) 
c 
I 

C) 

E 
F 
>-
~ 

Ci c 
c 
0 

~ 
0) 
~ 
Q. 

e 
D. 
I 

J. 

11. 
Q. 

I 
0 
(.) 
c 
~ 
(.) 
~ 
Q. 
~ 
0 
c 
0 

~ 
Q. 

~ 
C .. 
C) 

== 0 
D. 
I 

8-

typ+8 

typ+6 

typ+4 

typ+2 

typ 

typ-2 

typ+:l 

typ+2 

typ+1 

typ 

typ-1 

typ-2 

typ-3 

SN74ACT7802 
1024 x 18 FIRST·IN, FIRST·OUT MEMORY 

SCAS187A-AUGUST 1990-REVISED AUGUST 1993 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
va 

LOAD CAPACITANCE 

I 

VCC =5V L 
RL = 500 Cl /' TA = 25°C 

/ 
V 

V 
/ 

V 
/ 

V 
/ 

/ 
a 50 100 150 200 250 300 

CL - Load Capacltanco - pF 

Figure 1 

POWER DISSIPATION CAPACITANCE 
VB 

SUPPLY VOLTAGE 

I I 
1=5 MHz 
TA = 25°C 

!- CL = 50 pF 

/ 
/ 

V 
/ 

/ 
V 

/ 
V 

V 

/ 

4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

VCC - Supply - V 

Figure 2 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

9-48 

Pr = Vee x [Icc + (N x Alec x dc)] + I(Cpd x Vee2 x fj) + I(CL x Vee2 x fo) 

where: 

ICC = power-down ICC maximum 
N number of inputs driven by a TIL device 
A Icc increase in supply current 
dc duty cycle of inputs at a TIL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj = data input frequency 
fo data output frequency 
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00-017 

~ 
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APPLICATION INFORMATION 

SN74ACT7802 
LOCK UNCK UNCK 

FULL EMPTY 
I 

OE OE 

" 
) 00-017 00-017 018-035 

r -y 

SN74ACT7802 
L...- LOCK UNCK 

EMPTY t--t-

FULL 

OE t--

o. 

) 00-017 00-017 ) 00-017 .. 

Figure 3. Word·Wldth Expansion: 1024 Word by 36 Bit 
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9-50 

PARAMETER MEASUREMENT INFORMATION 

lOAD CIRCUIT 

Input L \~~--- 3V 

--../I I· GND 

tpd -1'11~-~~ 1 I 
-I 14 ~ tpd 
I I 

Output 1
1~------__ ~r--3V 

1.5V 
________ J OV 

TOTEM·POlE OUTPUTS 

Figure 4. Standard CMOS Outputs (FULL, AF/AE, EMPTY) 

7V 

Rl = R1 = R2 S1 

Input ~1.5V \;.~------ 3V 

1 I OV 

From Output 
Under Test 

R1 

LOAD CIRCUIT 

tpZl -.1 I+- -.1 I+- tpLZ 
---""" __ 1 I 1 _---- .. 3.5 V 

i \15V i h~~~~ 
R2 

Test 
Point 

Output 

1 tpHZ -.j I+- t 
tPZH-+i r----tl~ ___ t... 

! 1.5V ----3 
Output ~3V 

____ ..J 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

PARAMETER R1,R2 clt S1 

ten 
tpZH 

5000 50pF 
Open 

tPZL Closed 

tdis 
tpHZ 

5000 50pF 
Open 

tpLZ Closed 

tpd 5000 50 pF Open 

t Includes probe and test-fixture capacitance 

Figure 5. 3-State Outputs (Any Q) 
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SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS20SA - AUGUST 1991 - REVISED AUGUST 1992 
, 

o Member of the Texas Instruments 
),: Wldebus T .. Family 

o Independent Asynchronous Inputs and 
Outputs 

o Produced In Advanced BICMOS 
Technology 

o Two Separate 512 x 1s FIFOs Buffering 
Data In Opposite Directions 

• Programmable Almost-Full/Almost-Empty 
Flags 

o Empty. Full. and Half-Full Flags 

• Fast Access Times of 12 ns With a 50-pF 
Load and Simultaneous Switching Data 
Outputs 

• Supports Clock Rates up to 67 MHz 
• Available In SO-Pin Quad Flat Packages 

(PH) and Space-Saving SO-Pin Thin Quad 
Flat Packages (PN) 

PH PACKAGE 
(TOP VIEW) 

I~ ~;2~ ;2~~ 
««ClUUa..uuuu a..U()ClCDCD 

ffiffia95~$'$'$'$' ~59a~~ 

o 80797877767574737271706968676665 

RSTA 1 RSTB 
PENA 2 PENB 

AF/AEA 3 AF/AEB 
HFA 61 HFB 

FULLA 60 FULLB 
GND GND 

AO BO 
A1 B1 

Vee 56 Vee 
A2 55 B2 
A3 54 B3 

GND 53 GND 
A4 52 B4 
A5 51 B5 

GND 50 GND 
A6 49 B6 
A7 48 B7 

GND 47 GND 
A8 46 B8 
A9 45 B9 

Vee 44 Vee 
A10 43 B10 
A11 42 B11 

GND 41 GND 
25262728293031323334353637383940 

C\JC')UVIOCl<DI'-I'-<DClIOVUC')C\J 
........ U""""z"""""" ""z"""" u"""" « « > « « (!) « « CD CD (!) CD CD > CD CD 

Widebus is a trademark of Texas Instruments Incorporated. 
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AF/AEA 
HFA 

FULLA 
GND 

AO 
A1 

Vee 
A2. 
A3 

GND 
A4 
AS 

GND 
A6 
A7 

GND 
A8 
A9 

Vee 
A10 

PNPACKAGE 
(TOP VIEW) 

• 80797877 76 75 7473 72 71 7069 68 6766 656463 62 61 

2 

3 

4 

5 
6 

7 

8 

9 

10 

11 

12 
13 

14 

15 
16 

17 

18 

19 

20 

2122 23242526272829 30 31 3233 3435 3637 38 3940 

-CNMov~cm~~mc~vOMNC-

<z«~«z«~~z~~~~~z~ 
~ ~ ~ ~ 

60 AF/AEB 
59 HF8 
58 FULL8 
57 GND 
56 80 
55 81 
54 Vee 
53 82 
52 83 
51 GND 
50 84 
49 85 
48 GND 
47 86 
46 87 
45 GND 
44 88 
43 89 
42 Vee 
41 810 

description 

9-52 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ABT7820 is arranged as two 512 by 18-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 67 MHz with access times of 12 ns in a bit-parallel format. 

The SN74ABT7820 consists of bus transceiver circuits, two 512 x 18 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable inputs 
GAB and GBA control the transceiver functions. The SAB and SBA control inputs select whether real-time or 
stored data is transferred. The circuitry used for select control eliminates the typical decoding glitch that occurs 
in a multiplexer during the transition between stored and real-time data. Figure 1 illustrates the eight 
fundamental bus-management functions that can be performed with the SN74ABT7820. 

The SN74ABT7820 is characterized for operation from O°C to 70°C. 
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TERMINAL I/O 

AO-A17 I/O 

AF/AEA 0 

AF/AEB 0 

BO-B17 I/O 

EMPTYA 0 

EMPTYB 0 

FULLA 0 

FULLB 0 

GAB I 

G8A I 

HFA 0 

HF8 0 

LOCKA I 

LDCK8 I 

PENA I 

PENB I 

RSTA I 

RST8 I 

SA8 I 

S8A I 

UNCKA I 

UNCKB I 

SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 

Terminal Functions 

DESCRIPTION 

Port-A data. The 18-bit bidirectional data port for side A. 

FIFO A almost-fuIValmost-empty flag. Depth offset values can be programmed for AF/AEA or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEA Is high when FIFO A contains X or 
less words or (512 - Y) or more words. AF/AEA Is set high after FIFO A is reset. 

FIFO B almost-fuIValmost-empty flag. Depth offset values can be programmed for AF/AEB or the default value of 128 can 
be used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AEB Is high when FIFO B contains 
X or less words or (512 - Y) or more words. AF/AEB Is set high after FIFO B Is reset. 

Port-B data. The 18-bit bidirectional data port for side B. 

FIFO A empty flag. EMPTYA is low when FIFO A Is empty and high when FIFO A is not empty. EMPTYA Is set low after 
FIFO A is reset. 

FIFO B empty flag. EMPTYB is low when FIFO B is empty and high when FIFO B is not empty. EMPTYB is set low after 
FIFO B is reset. 

FIFO A full flag. FULLA is low when FIFO A is full and high when FIFO A is not full. FULLA is set high after FIFO A is reset. 

FIFO B full flag. FULLB is low when FIFO B is full and high when FIFO B is not full. FULLB is set high after FIFO B Is reset. 

Port-B output enable. BO-B 17 outputs are active when GAB is high and in the high-impedance state when GAB is low. 

Port-A output enable. AO-A 17 outputs are active when G8A is high and in the high-impedance state when G8A Is low. 

FIFO A half-full flag. HFA is high when FIFO A contains 256 or more words and Is low when FIFO A contains 255 or less 
words. HFA Is set low after FIFO A Is reset. 

FIFO 8 half-full flag. HF8 is high when FIFO 8 contains 256 or more words and is low when FIFO 8 contains 255 or less 
words. HF8 is set low after FIFO 8 is reset. 

FIFO A load clock. Data is written into FIFO A on a low-to-high transition of LOCKA when FULLA is high. The first word 
written into an empty FIFO A is sent directly to the FIFO A data outputs. 

FIFO B load clock. Data is written into FIFO B on a low-to-high transition of LDCK8 when FULL8 is high. The first word 
written into an empty FIFO 8 is sent directly to the FIFO 8 data outputs. 

FIFO A program enable. After reset and before a word is written into FIFO A, the binary value on AO-A7 is latched as 
an AF/AEA offset value when PENA is low and LOCKA is high. 

FIFO 8 program enable. After reset and before a word Is written into FIFO B, the binary value on 80-87 Is latched as 
an AF/AEB offset v<lluo when PEN8 I:; 10\'1 cnd LDCK8 Is high. 

FIFO A reset. A low level on RSTA resets FIFO A forcing EMPTYA low, HFA low, FULLA high, and AF/AEA high. 

FIFO 8 reset. A low level on RST8 resets FIFO 8 forcing EMPTY8 low, HFB low, FULLB high, and AF/AEB high. 

Port-8 read select. SA8 selects the source of 80-817 read data. A low level selects real-time data from AO-A17. Ahlgh 
level selects the FIFO A output. 

Port-A read select. S8A selects the source of AO-A 17 read data. A low level selects real-time data from 80 - 817. A high 
level selects the FIFO 8 output. 

FIFO A unload clock. Data is read from FIFO A on a low-to-high transition of UNCKA when EMPTYA is high. 

FIFO 8 unload clock. Data is read from FIFO 8 on a low-to-high transition of UNCKB when EMPTY8 is high. 
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512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A-AUGUST 1991 - REVISED AUGUST 1992 

logic symbolt 
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SBA 

GAB 

GBA 
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65 

80 
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'" 2 
'" 77 

69 

:}MODE 
EN1 

EN2 

RESET A 

PROGENA 

LOCKA 

UNCKA 

<l> 
FIFO 

512 x 1B x 2 
SN74ABT7B20 

RESETB /I 

PROG ENB A 

LOCKB 

UNCKB 

RSTA 

PENA 

LOCKA 

UNCKA 

FULLA 
5 

./ FULLA FULLB i'.. 

EMPTYA 

AF/AEA 

HFA 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

A9 

A10 

A11 
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70 
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./ EMPTYA EMPTYB i'-.. 

ALMOST FULL/ ALMOST FULL/ 
ALMOST EMPTY A ALMOST EMPTY B 

HALF·FULLA HALF-FULLB ., r 

0 0 

~ ~ 

17 17 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617·12. 
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SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 

logic diagram (positive logic) 
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512 X 18 x 2,FIRST-IN, FIRST-OUTMEMORY 

SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 

BusA 

8usA 

8usA 

8usA 

SAB SBA GAB GBA 
L X H L 

SA8 S8A GA8 G8A 
X L L H 

SA8 S8A GA8 G8A 
H X H L 

SAB,S8A GA8 G8A 
X H L H 

BusB 

8us8 

Bus8 

8us8 

BusA 

8usA 

8usA 

8usA 

SAB SBA GAB G8A 
X X L L 

SA8 S8A GA8 G8A 
H L H H 

SA8 S8A GA8 G8A 
L H H H 

SA8 S8A GA8 G8A 
H H H H 

Figure 1. Bus-Management Functions 

9-66 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

BusB 

8us8 

8us8 

8us B 



CONTROL 

SBA SAB 

L L 

H L 

L H 

H H 

CONTROL 

GBA GAB 

L L 

H L 

L H 

H H 

SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 

SELECT·MODE CONTROL TABLE 

OPERATION 

ABUS BBUS 

Real-time B to A bus Real-time A to B bus 

FIFO B to A bus Real-time A to B bus 

Real-time B to A bus FIFO A to B bus 

FIFO B to A bus FIFO A to B bus 

OUTPUT·ENABLE CONTROL TABLE 

OPERATION 

ABUS BBUS 

Isolation/input to A bus Isolation/input to B bus 

A bus enabled Isolation/input to B bus 

Isolation/input to A bus B bus enabled 

A bus enabled B bus enabled 
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offset values for AF/AE 

SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A - AUGUST 1991 - REVISED AUGUST 1992 

The almost-full/almost-empty flag of each FIFO has two programmable limits: the almost-empty offset value (X) 
and the almost-full offset value (Y). The offsets of a flag can be programmed from the input of its FIFO after it 
is reset and before any data is written to its memory. An AF/ AE flag is high when its FI FO contains X or less words 
or (512 - Y) or more words. 

To program the offset values for AF/AEA, PENA can be brought low after FIFO A is reset and only when LOCKA 
is low. On the following low-to-high transition of LOCKA, the binary value on AO-A7 is stored as the 
almost-empty offset value (X) and the almost-full offset value (Y). Holding PENA low for another low-to-high 
transition of LOCKA reprograms Y to the binary value on AO-A7 at the time of the second LOCKA low-to-high 
transition. 

PENA can be brought back high only when LOCKA is low during the first two LOCKA cycles. PENA can be 
brought high at any time after the second LOCKA pulse returns low. A maximum value of 255 can be 
programmed for either X or Y (see Figure 2). To use the default values of X = Y = 128 for AF/AEA, PENA must 
be tied high. No data is stored in the FIFO when its AF/AE offsets are programmed. The AF/AEB flag is 
programmed in the same manner. PENB enables LOCKB to program the AF/AEB offset values taken from 
BO-B7. 

LOCKA 

AO-A17 ~ :::ndY )(~ __ Y ____ ~)(~ ______ w_o_rd_1 ______ _ 

EMPTYA ~ 
Figure 2. Programming X and Y Separately for AF/AEA 
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SCAS206A- AUGUST 1991 - REVISED AUGUST 1992 

absolute maximum ratings over operating free-air temperature (unless otherwise noted)t 

Supply voltage range, Vee ....................•....•.................•.............. -0.5 V to 7 V 
Input voltage range, VI (see Note 1) .......................................... -0.5 V to Vee + 0.5 V 
Voltage range applied to any output in the high state or power-off state, Vo ............. -0.5 V to 5.5 V 
Current into any output in the low state, 10 ................................................. 48 rnA 
Input clamp current, 11K (VI < 0) .......................................................... -18 rnA 
Output clamp current, 10K (Vo < 0) ....................................................... -50 rnA 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under ·absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under ·recommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: The Input and output negative-voltage ratings may be exceeded If the Input and output clamp-current ratings are observed. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 4.5 5.5 V 

VIH High-level Input voltage 2 V 

Vil low-level Input voltage 0.8 V 

VI Input voltage 0 Vee V 

10H High-level output current I -12 rnA 

10l low-level output current 24 rnA 

~t/~v Input transition rise or fall rate 5 ns/V 

TA Operating free-air temperature 0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VIK Vee =4.5V. 11=-18mA 

Vee =4.5V. 10H =-3 rnA 2.5 

VOH Vee=5V. IOH=-3mA 3 

Vee =4.5V. 10H =-12 rnA 2 

VOL Vee =4.5V. IOl=24mA 

II Vee =5.5V. VI = Vee or GND 

10ZH§ Vee =S.5V. VO=2.7V 

10Zl§ Vee = 5.SV. VO=0.5V 

10' Vee =S.5V. Vo =2.5V -40 

Outputs high 

ICC Vee = 5.5V. 10=0. VI = Vee or GND Outputs low 

Outputs disabled 

el Control inputs VI = 2.5 V or 0.5 V 

Co Flags Vo = 2.5 Vor O.S V 

eio Aor B ports Vo = 2.5 V or O.S V 

i All typical values are at Vee = 5 V. TA = 25°C. 
§ The parameters 10ZH and 10Zl Include the Input leakage current. 
11 Not more than one output should be tested at a time. and the duration of the test should not exceed one second. 
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TYpt MAX UNIT 

-1.2 V 

V 

0.55 V 

:1:5 I!A 
SO I!A 

-50 I!A 
-100 -180 rnA 

15 

95 rnA 

15 

6 pF 

4 pF 

8 pF 



SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A- AUGUST 1991 - REVISED AUGUST 1992 

timing requirements over recommended operating free-air temperature range (unless otherwise 
noted) 

fclock 

tw 

tsu 

th 

'ABT7820-15 ' ABT782Q-20 

MIN MAX MIN MAX 

Clock frequency 67 50 

Pulse 
duration 

Setup time 

Hold time 

LOCKA, LDCKB high 4 

LOCKA, LOCKB low 4 

UNCKA, UNCKB high 4 

UNCKA, UNCKB low 4 

RSTA, RSTB low 6 

AO-A17 before LOCKAt and 
3 

BO-B17 before LOCKBt 

PENA before LOCKA t and 
5 

PENS before LOCKBt 

LOCKA inactive before RSTA high 
and LoCKB inactive before RSTB 3 
high 

AO-A17 after LOCKAt and 
0 

BO-B17 after LOCKBt 

PENA after LOCKA low and 
2 

PENB after LOCKB low 

LOCKA inactive after RSTA high and 
3 

LOCKS inactive after RSTB high 
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'ABT7820-25 ' ABT7820-30 

MIN MAX MIN MAX 
UNIT 

40 33 MHz 

9 11 

9 11 

9 11 ns 

9 11 

10 12 

4 4 

5 5 
ns 

4 4 

0 0 

2 2 ns 

4 4 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figure 5) 

FROM TO 'ACT7820·15 ' ACT7820·2Q 'ACT7820·25 'ACT7820-30 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN MAX MIN MAX MIN MAX MIN MAX 

fmax LDCK, UNCK 67 50 40 33.3 

LOCKAt, 
4 14 4 15 4 18 4 20 

LOCKBt 
tpd 

UNCKAt, 
BfA 

UNCKBt 
4 9 12 4 13.5 4 15 4 17 

tpd* 
UNCKAt, 

BfA 8 
UNCKBt 

tpLH 
LDCKAt, 

4 14 4 15 4 17 4 19 
LOCKBt EMPTYA, 

EMPTYB UNCKAt, 
tpHL UNCKBt 

4 13 4 14 4 16 4 18 

tpHL 
RSTAlow, EMPTYA, 

6 16 6 16 6 18 6 20 
RSTB low EMPTYB 

tpHL 
LOCKAt, FULlA, 

6 13 6 14 6 16 6 18 
LOCKBt FULLS 

UNCKAt, 
6 15 6 15 6 17 6 19 

UNCKBt FULLA, 
tpLH FULLB RSTAlow, 

RSTB low 
8 20 8 20 8 22 8 22 

LOCKAt, 
8 16 8 17 8 18 8 20 

tpd 
LOCKBt AFfAEA, 

AFfAEB UNCKAt, 
UNCKBt 

8 16 8 17 8 18 8 20 

tpLH 
RSTAlow, AFfAEA, 

2 12 2 14 2 16 2 18 
RSTB low AFfAEB 

tpLH 
LOCKAt, 

HFA, HFB 8 15 8 15 8 17 8 19 
LOCKBt 

UNCKA, UNCKB 8 15 8 15 8 17 8 19 

tpHL RSTAlow, HFA, HFB 
2 12 2 16 

RSTB low 
2 14 2 18 

SAB/SBA§ 2 10 2 11 2 12 2 14 
tpd 

A/B 
BfA 

2 9 2 10 2 11 2 13 

ten GSA/GAB A/B 2 6.5 2 8 2 10 2 12 

tdis GBA/GAB A/B 2 11 2 12 2 13 2 14 

t All typical values are at 5 V, TA = 25°C. 
* This parameter is measured with a 30-pF load (see Figure 3). 
§ These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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SN74ABT7820 
512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A- AUGUST 1991 - REViseD AUGUST 1992 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
va 

LOAD CAPACITANCE 

VCC ~5V 
j r- TA = 25°C 

/ RL = 500 C 

/" 
./ 

V 

./ 
/ 

..IV 
:/ 

/ 
/ 

o 50 100 150 200 250 300 

TA=75°C 
CL= 0 pF 

/ ~ 

CL - Load Capacltanco - pF 

Figure 3 

SUPPLY CURRENT 
va 

CLOCK FREQUENCY 

I I -'-
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Figure 4 
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512 x 18 x 2 FIRST-IN, FIRST-OUT MEMORY 

SCAS206A- AUGUST 1991 - REVISED AUGUST 1992 

TYPICAL CHARACTERISTICS 

calculating power dissipation 

With ICC(f) taken from Figure 4, the maximum power dissipation (PT) based on all outputs changing states on 
each read can be calculated using: 

PT = Vec x ICC(f) + l:(CL x VCc2 x fo) 

where: 

ICC(f) = maximum ICC per clock frequency 
CL = output capacitive load 
fo data output frequency 

PARAMETER MEASUREMENT INFORMATION 

~'05V \'O5~--------Input 

7V 1 I 
~ RL= R1 =R2 1 I+- I 

I+- tpLZ S1 tPZL -'1 -'1 
1 

I I Output 
R1 1 I \'05V r::f;~~ From Output Test 1 I 

I Under Test 

CL R2 

':' 

LOAD CIRCUIT 
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Point 1 
1 I 

I+- t 1 
tPHZ -+J 

tPZH -+I I+- 1 _____ +_ 
J.~V t------0.3 v-.t 

Output 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

PARAMETER R1, R2 Clf Sl 

ten ~ 5000 50pF 
Open 

tpZL Closed 

tdis 
I tPHZ 5000 50pF 

Open 

tpLZ Closed 

tpd 5000 50pF Open 

t Includes probe and test-fIXture capacitance 

Figure 5. Load Circuit and Voltage Waveforms 
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Features 

9·BIT CLOCKED/STROBED FIFOS 

Benefits 

• C.S-Ilm CMOS process 

• Supports clock rates up to 67 MHZ 

• Fast access times 

• High drive capabilities 

• Depths from 32 to 2K words 

• Output edge control (OEC TN) circuitry 
coupled with distributed Vee and GND 

• Available in JEDEC reduced-height 64-pin 
TQFP. PCMCIA Type I compliant 

• Fast access times combined with low 
power 

• Supports high-performance systems 

• Access times as low as 12 ns for 
improved performance 

• -S-mA to 16-mA drive capability for 
high-fanout and bus applications 

• Allows greater system optimization 

• Improved noise immunity and mutual 
coupling effects 

• Board-space savings of up to 23% over 
32-pin PLCC option 



SN74ACT7807 
2048 x 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

o Free-Running Read and Write Clocks Can 
Be Asynchronous or Coincident 

It Read and Write Operations Synchronized to 
Independent System C?locks 

o Input-Ready Flag Synchronized to Write 
Clocl< 

I» Output-Ready Flag Synchronized to Read 
Clock 

o 2048 Words by 9 Bits 

o Low-Power Advanced CMOS Technology 

o Programmable Almost-Full/Almost-Empty 
Flag 

description 

SCAS200A - JANUARY 1991 - REVISED AUGUST 1994 

• Input-Ready, Output-Ready, and Half-Full 
Flags . 

• Cascadable In Word Width and/or Word 
Depth 

• Fast Access Times of 12 ns With a 50-pF 
Load 

• Data Rates From 0 to 67 MHz 

• 3-State Outputs 
• Available In 44-Pln PLCC (FN), 

Space-Saving 64-Pin Thin Quad Flat 
Packages (PM), or Reduced-Height 64-Pin 
Thin Quad Flat Packages (PAG) 

The SN74ACT7807 is a 2048-word by 9-bit FIFO with high speed and fast access times. It processes data at 
rates up to 67 MHz and access times of 12 ns in a bit-parallel format. Data outputs are noninverting with respect 
to the data inputs. Expansion is easily accomplished in both word width and word depth. 

The write clock (WRTCLI<) and read clock (RDCLI<) inputs should be free running and can be asynchronous 
or coincident. Data is written to memory on the rising edge ofWRTCLK when the write-enable (WRTEN1/DP9, 
WRTEN2) inputs are high and the input-ready (IR) flag output is high. Data is read from memory on the rising 
edge of RDCLK when the read-enable (RDEN1, RDEN2) and output-enable (OE) inputs are high and the 
output-ready (OR) flag output is high. The first word written to memory is clocked through to the output buffer 
regardless of the levels on RDEN1, RDEN2, and OE. The OR flag indicates that valid data is present on the 
output buffer. 

The FIFO can be reset asynchronous to WRTCLK and RDCLK. RESET must be asserted while at least four 
WRTCLK and four RDCLK cycles occur to clear the synchronizing registers. Resetting the FIFO initializes the 
IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up. 

The SN74ACT7807 is characterized for operation from O°C to 70°C. 

~~~~~:o~T~ .1~~~~I~~I~.~~~:~!r:,~ ~ ~~:~~~~md:~~ 
standard w.rr.nty. Production proc ... lng do •• nOl n.c .... rlly Includ. 
tilting oI.n param.t.rs. ~TEXAS . 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

Copyright © 1994, Texas Instruments Incorporated 
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10-4 

NC 
00 

GNO 
GNO 

OE 
NC 

Vee 
Vee 

RESET 
PEN 
GNO 
GNO 

AF/AE 
HF 

Vee 
Vcc 

DO 
01 
02 

GNO 
03 
04 
05 

Vcc 
06 
07 
08 

FN PACKAGE 
(TOPVJEW) 

U ~ 0lzl~ U 0 
~~~~~~~~~~8 
654 3 2 1 444342 41 40 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
18 19 20 21 22 23 2425 2627 28 

PAG OR PM PACKAGE 
(TOP VIEW) 

3 

3 

3 

3 

3 

3 

3 
3 

3 

2 

01 
Vcc 
02 
03 
GNO 
04 
Vcc 
05 
06 
GNO 
07 

646362 61 60 5958 57 5655 5453 5251 5049 

17 18 19 2021 22 2324 25 26 2728 29 3031 32 

UO.-NOOMVULn 00(0 ...... <00 
zOOOzzOCZO ooCCCz 

(!)(!) :>:> 

48 NC 
08 47 

46 Vcc 
45 Vcc 
44 ROCLK 
43 ROEN1 
42 NC 
41 ROEN2 
40 OR 
39 IR 

38 WRTEN2 
37 WRTEN1/0P9 
36 WRTCLK 
35 GNO 
34 GNO 
33 NC 

NC - No internal connection 
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logic symbolt 

RESET 

WRTCLK 

WRTEN1/0P9 

WRTEN2 

ROCLI< 

OE 

ROEN1 

ROEN2 

PEN 

DO 

01 

02 

03 

04 

OS 

06 

07 

OS 

1 ...... 

19 

20 

21 

26 

42 

25 T 
L 

24 

2 
'" 

7 

S 

9 

11 

12 

13 

1S 

16 

17 

SN74ACT7807 
2048 x 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS200A - JANUARY 1991 - REVISED AUGUST 1994 

c%» 

FIFO 2048 )( 9 
SN74ACT7B07 

RESET 

WRTCLI< 

JWRTEN IN ROY 

HALF FULL 

ROCLI< ALMOST FULLIEMPTY 

EN1 OUT ROY 

"""'& 
ROEN 

I--
PROGRAM ENABLE ., r 

0 0 

~ ~1V 

S S 

22 

S 

4 

23 

40 

39 

37 

36 

34 

32 

31 

29 

2S 

IR 

HF 

AF/AE 

OR 

ao 
01 

02 

03 

04 

OS 

Q6 

07 

OS 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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functional block diagram 

OE 

DO-DB 

ROCLK 
RDEN1 
RDEN2 

WRTCLK 
WRTEN1/DP9 

WRTEN2 

-

-

'--

r--

:-.. ...-

L=t 

Synchronous 
Read 

Control 

Synchronous 
Write 

Control 

Reset 
Logic I 

I 

I I 
~ . I Read I 
~ Pointer I 

1 
I 

I--
I Write I 

Pointer I 

I 
"-

Status-
Flag 

Logic 
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~} 
Location 1 

Location 2 

204S x9RAM 

Location 2047 

Location 2048 

t 
Register co-as 

OR 

IR 

HF 

AF/AE 



TERMINAL 
I/O 

NAME 

AF/AE 0 

DO-D8 I 

HF 0 

IR 0 

OE I 

OR 0 

PEN I 

00-08 0 

RDCLI< I 

RDEN1. 
I RDEN2 

RESET I 

WRTCLI< I 

WRTEN1/DPS I 

WRTEN2 I 

SN74ACT7807 
2048 x 9 CLOCKED FIRST-IN, FIRST-OUT MEMORY 

SCAS200A - JANUARY 1991 - REVISED AUGUST 1994 

Terminal Functions 

DESCRIPTION 

Almost-full/almost-empty flag. Depth offset values can be programmed for AF/AE or the default value of 256 can be 
used for both the almost-empty offset (X) and the almost-full offset (Y). AF/AE is high when memory contains X or less 
words or (2048 - Y) or more words. AF/AE is high after reset. 

Nine-bit data input port 

Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 

Input-ready flag.IR is synchronized to the low-to-high transition of WRTCLK. When IR is low. the FIFO is full and writes 
are disabled. IR is low during reset and goes high on the second low-to-high transition of WRTCLI< after reset. 

Output enable. When OE. RDEN1. RDEN2 and OR are high. data is read from the FIFO on a low-te-high transition 
of RDCLK. When OE is low. reads are disabled and the data outputs are in the high-impedance state. 

Output-ready flag. OR is synchronized to the low-to-high transition of RDCLK When OR is low. the FIFO is empty and 
reads are disabled. Ready data is present on 00-017 when OR is high. OR is low during reset and goes high on the 
third low-to-high transition of RDCLK after the first word is loaded to empty memory. 

Program enable. After reset and before the first word is written to the FIFO. the binary value on DO-D8 and DPS Is 
latched as an AF/AE offset value when PEN is low and WRTCLK is high. 

Nine-bit data output port. After the first valid write to empty memory. the first word is output on 00-08 on the third rising 
edge of RDCLK. OR is also asserted high at this time to indicate ready data. When OR is low. the last word read from 
the FIFO is present on 00-08. 

Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK A low-to-high transition 
of RDCLK reads data from memory when RDEN1. RDEN2. OE. and OR are high. OR is synchronous to the low-to-high 
transition or RDCLK. 

Read enables. When RDEN1. RDEN2. OE. and OR are high. data is read from the FIFO on the low-to-high transition 
ofRDCLK 

Reset. To reset the FIFO. four low-to-high transitions of RDCLKand four low-Io-high transitions ofWRTCLK must occur 
while RESET is low. This sets HF. IR. and OR low and AF/AE high. 

Write clock. WRTCLI< is a continuous clock and can be asynchronous or coincident to RDCLI<. A low-to-high transition 
of WRTCLK writes data to memory when WRTEN1/DPS. WRTEN2. and IR are high. IR is synchronous to the 
low-to-high transition of WRTCLK. 

Write enable/data pin S. When WRTEN1/DPS. WRTEN2. and IR are high. data is written to the FIFO on a low-to-high 
transition ofWRTCLK. When programming an AF/AE offset value. WRTEN1/DP9 is used as the most significant data 
bit. 

Write enable. When WRTEN1/DPS. WRTEN2. and IR are high. data is written to the FIFO on a low-to-high transition 
ofWRTCLK. 

~TEXAS 
INSTRUMENTS 
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offset values for AF/AE 

10-8 

The almost-fulValmost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value M. They can be programmed after the FIFO is reset and before the first word Is written 
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag Is high 
when the FIFO contains X or less words or (2048 - Y) or more words. 

Program enable (PEN) should be held high throughout the reset cycle. PEN can be brought low only when IR 
Is high and WRTCLK is low. On the following low-to-high transition of WRTCLK, the binary value on 00-08 and 
WRTEN1/DP9 is stored as the almost-empty offset value (X) and the almost-full offset value M. Holding PEN 
low for another low-to-high transition of WRTCLK reprograms Y to the binary value on DO-DB and 
WRTEN1/DP9 at the time of the second WRTCLK low-to-high transition. While the offsets are programmed, 
data Is not written to the FIFO memory regardless of the state of the write enables (WRTEN1/DP9, WRTEN2). 
A maximum value of 1023 can be programmed for either X or Y (see Figure 1). To use the default values of 
X = Y = 256, PEN must be held high. 

_--I 

00-08 XandY X Y ~ 

IR __ -JI 

WRTEN1/DP9 X ~~~ Y X YMSB Y 

WRTEN2 \'-__ _ 

Figure 1. Programming X and Y Separately 

• TEXAS 
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o 

WRTCLK 

WRTEN2~)~E{C3G:~ I 

~vvvvv~ DO-DB Don't car~ 
I I JVVVV<1A I 1 

I I 
RDCLK I 1 12 3 4 I 1 

~l RDEN1 Don't Care I 
___ -vyyyy ... ':'y-___ 

I 1 I I 
OE I I I I 

I I I I 

oo-os 
I I! I 

Invalid 

Define the AF/A Flag Using the 
Default Value of X = V = 256 

Figure 2. Reset Cycle 
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WRTCLK 

WRTEN1/DP9 

WRTEN2 

00-08 

ROCLK 

ROEN1 

ROEN2 

OE 

00-08 

OR 

AF/AE 

HF 

IR 

10-10 

r---fl-,r---fl-,~~ 
I I I· I 
I I I I 
I I I I 
I I I I 
I I 

I I ! I I 
I I i I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I ~11 : : 
_______ I_nV_al_ld ______ ~><~--------------~------~.~------~. __ 

I 

I I 

Figure 3. Write 
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I I 
WRTEN1/-rl I 

DP9 I· I 
I I 

WRTEN2 -n ! 
I I 
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o 

o 

co-cB1+_ 
I I 

RDCLK I ~I ~~~r---fLf1-
I I 
I I I I 

Figure 4. Read 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage, VI ................. , .......................................................... 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range .....•.........•................................•...•.. -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

'ACT7807-15 'ACT7807-20 

MIN MAX MIN 

VCC Supply voltage 4.5 5.5 4.5 

VIH High-level input voltage 2 2 

VIL Low-level input voltage 0.8 

IOH High-level output current a outputs. Flags -6 

a outputs 16 
IOL Low-level output current 

Flags 6 

fclock Clock frequency 67 

WRTCLK high or low 6 8 

tw Pulse duration RDCLK high or low 6 6 

PEN low 6 9 

DO-D6 before 
4 5 

WRTCLKt 

WRTEN1. WRTEN2 
4 5 

before WRTCLKt 

tsu Setup time 
OE, RDEN1. RDEN2 

5 6 
before RDCLKt 

Reset: RESET low 
before first WRTCLKt 7 8 
and RDCLKt* 

PEN before WRTCLKt 4 5 

DO-D8 after WRTCLKt 0 0 

WRTEN1. WRTEN2 
0 0 

after WRTCLKt 

OE, RDEN1. RDEN2 
0 0 

after RDCLKt 

th Hold time Reset: RESET low after 
fourth WRTCLKt and 5 5 
RDCLKt* 

PEN high after 
0 0 

WRTCLKI 

PEN low after 
3 3 

WRTCLKt 

TA Operating free-air temperature 0 70 0 

* To permit the clock pulse to be utilized for reset purposes 

10-12 
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MAX 

5.5 

0.8 

-6 

16 

6 

50 

70 

'ACT7807·25 'ACT7807-40 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.6 V 

-8 -6 rnA 

16 16 
rnA 

8 8 

40 25 MHz 

9 13 

9 13 ns 

9 13 

5 5 

5 5 

6 6.5 ns 

8 8 

5 5 

0 0 

0 0 

0 0 

ns 
5 5 

0 0 

3 3 

0 70 0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC =4.5V. 10H =-8 rnA 2.4 V 

I Flags VCC =4.5V. 10L= 8 rnA 0.5 
VOL I Q outputs 

V 
VCC =4.5V. 10L= 16 rnA 0.5 

II VCC = 5.5V. VI =VCC orO ~5 I!A 
10Z VCC = 5.5V. Vo =VccorO ~5 I!A 
ICC VCC = 5.5V. VI =VCC-0.2VorO 400 I!A 

.\ICC* 
I WRTEN1/DP9 2 

I Other Inputs 
VCC=5.5V. One input at 3.4 V. Other inputs at VCC or GND rnA 

1 

Ci VI=O. f~ 1 MHz 4 pF 

Co VO=O. f= 1 MHz 8 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 9 and 10) 

FROM TO 'ACT7807-15 'ACT7807-2Q 'ACT7807-25 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN MAX MIN MAX MIN MAX 

fmax 
WRTCLKor 

67 50 40 
RDCLK 

tpd 3 9 12 3 13 3 18 

tpd§ 
RDCLKt AnyQ 

8 

tp_d WRTCLKt IR 1 9 1 12 1 14 

tpd RDCLKt OR 1 9 2 12 2 14 

WRTCLKt 2 16 2 20 2 25 
tpd AF/AE 

RDCLKt 2 17 2 20 2 25 

tpLH WRTCLKt 2 19 2 21 2 23 
HF 

tPHL RDCU<t 2 16 2 18 2 20 

tpLH 
RESET low 

AF/AE 1 12 1 18 1 22 

tpHL HF 2 12 2 18 2 22 

ten 2 10 2 13 2 15 
OE AnyQ 

tdis 1 11 1 13 1 15 

t All typical values are at VCC = 5 V. TA = 25°C. 
* This Is the supply current for each input that Is at one of the specified TIL voltage levels rather 0 V or V CC. 
§ This parameter is measured with CL = 30 pF (see Figure 5). 

operating characteristics, Vee = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

'ACT7807-40 

MIN MAX 

25 

3 25 

1 16 

2 16 

2 30 

2 30 

2 25 

2 22 

1 24 

2 24 

2 18 

1 18 

Cpd Power dissipation capacitance per FIFO channel Outputs enabled CL = 50 pF. f = 5 MHz 

~TEXAS 
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MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TYPICAL CHARACTERISTICS 

typ+O 

typ+6 

typ+4 

typ+2 

typ 

PROPAGATION DELAY TIME 
VB 

LOAD CAPACITANCE 

VCC .. 5V 
- RL-500C 

/~ TA" 25°C 

/ 
/' 

V 
/ 

/ 

/ 
/ 

/ 
I 

/ 

typ-2 0 
50 100 150 200 250 300 

200 

100 

160 

140 

120 

100 

00 

60 

40 

20 

o 

I 

CL - Load Capacitance - pF 

Figure 5 

ACTIVE Icc 
va 

FREQUENCY 

- TA=25°C 
VCC=5.5V 

/ 
VCC .. 5 V """" / /. 

/~ /' 
~ /' 

~ V VCC" 4.SV 

A. ~ , 

/ 

V/ 
V., 
V 

o 10 20 30 40. 50 60 70 

f - Frequency' - MHz 

Figure 6 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With lee(t) taken from Figure 6, the maximum power dissipation (PT) of the SN74ACT7807 can be calculated 
using: 

PT = Vee x [Iee(t) + (N x Alec x dc)) + I (CL x Vee2 x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = Vee x [Icc + (N x Alec x dc)) + I (Cpd x Vee2 x fj) + I (CL x Vee2 x fo) 

where: 

ICC = power-down ICC maximum 
N = number of inputs driven by a TTL device 
A ICC = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL = output capacitive load 
fj = data input frequency 
fo = data output frequency 

.1ExAs 
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CLOCK 

WRTCLK 

WRTEN1 

WRTEN2 

IR 

~O-OS 

WRTCLK 

WRTEN 

09-017 

IR 

~O-OS 
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APPLICATION INFORMATION 

SN74ACT7807 1 SN74ACT7807 

WRTCLK ROCLK WRTCLK ROCLK 

WRTEN1/DP9 OR .. WRTEN1/DP9 ROEN1 

WRTEN2 ROEN1 D 
L WRTEN2 ROEN2 

IR ROEN2 - IR OR 

OE r--- 5V OE 
.. 

) ~O-OS 00-08 ) DO-OS OO-OS 

" " 

Figure 7. Word-Depth Expansion: 4096 Words by 9 Bits 

SN74ACT7807 
WRTCLK ROCLK 

WRTEN1/DP9 ROEN1 

WRTEN2 RDEN2 

IR OR r-=--l 
OE 

) ~O-OS oo-OS .. 
--.J-~ SN74ACT7S07 

'--- > WRTCLK RDCLK 

WRTEN1/DP9 RDEN1 - -
WRTEN2 RDEN2 

IR OR 

OE -
.. 
) ~O-OS oo-OS .. 

Figure 8. Word-Width Expansion: 2048 Words by 18 Bits 
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PARAMETER MEASUREMENT INFORMATION 

3V 

From Output 
UndorTom ~ 

RL=5000 1 T CL=50pF 

Input J \1.5V-----

ov 
I I 
14- tpd-l>l Ict-tpd -lilt 

-=- -=-
I \2 3V 

Output 
OV 

LOAD CIRCUIT TOTEM·POlE OUTPUTS 

Figure 9. Standard CMOS Outputs (IR, OR, HF, AF/AE) 

Input ~1.5V \\",1_.5_V __ -:: 

'PZ1. 4 i'PLZ ~ ~ 
__ ~I""'I I I -3.5V 

: \ 1.5V : ~VOL From Output ---()---G----r-- Test 
Under Test Point Output 

LOAD CIRCUIT 

R2 I tpHZ -1>1 14- t. 0.3 V 
tpZH -.I 14- I j 

V ~-r---:" VOH Output T 1.5V LO.3V 

----'. -OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 clt S1 

ten 
I tpZH 5000 50pF 

Open 

tpZl Closed 

ldis 
tpHZ 

5000 50pF 
Open 

r---
tpLZ Closed 

tpd 5000 50pF Open 

t Includes probe and test fixture capacitance 

Figure 10. 3·State Outputs (Any Q) 
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o load Clocks and Unload Clocks Can Be 
Asynchronous or Coincident 

o 2048 Words by 9 Bits 
o low-Power Advanced CMOS Technology 

o Fast Access Times of 15 ns With a 50-pF 
load 

o Programmable Almost-Full/Almost-Empty 
Flag 

description 

SN74ACT7808 
2048 x 9 FIRST-IN, FIRST-OUT MEMORY 

SCAS205A- FEBRUARY 1991 - REVISED AUGUST 1994 

• Expansion logic for Depth Cascading 
o Empty. Full. and Half-Full Flags 
o Fall-Through Time of 20 ns Typ 

• Data Rates From 0 to 50 MHz 

• 3-State Outputs 
o Available In 44-Pin PlCC (FN). 

Space-Saving 54-Pin Thin Quad Flat 
Packages (PM). or Reduced-Height 54-Pin 
Quad Flat Packages (PAG) 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT7808 is a 2048-word by 9-bit FIFO designed for high speed and fast access times. 
It processes data at rates up to 50 MHz and access times of 15 ns in a bit-parallel format. 

Data is written into memory on a low-to-high transition at the load clock (LOCK) input and is read out on a 
low-to-high transition at the unload clock (UNCK) input. The memory is full when the number of words clocked 
in exceeds the number of words clocked out by 2048. When the memory is full, LOCK signals have no effect 
on the data residing in memory. When the memory is empty, UNCK signals have no effect. 

Status of the FIFO memory is monitored by the full (FULL), empty (EMPTY), half-full (HF), and 
almost-full/almost-empty (AF/AE) flags. The FULL output is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when the memory is empty and high when it is not empty. The HF 
output is high whenever the FIFO contains 1024 or more words and is low when it contains 1023 or less words. 
The AF/AE status flag is a programmable flag. The first one or two low-to-high transitions of LOCK after reset 
can be used to program the almost-empty offset value (X) and the almost-full offset value M if program enable 
(PEN) is low. The AF/AE flag is high when the FIFO contains X or less words or (2048 - Y) or more words. The 
AF/AE flag is low when the FIFO contains between (X + 1) and (2047 - Y) words. 

A low level on the reset (RESET) input resets the internal stack pointers and sets FULL high, AF/AE high, HF 
low, and EMPTY low. The Q outputs are not resetto any specific logic level. The FIFO must be reset upon power 
up. 

The first word loaded into empty memory causes EMPTY to go high and the data to appear on the Q outputs. 
It is important to note that the first word does not have to be unloaded. Data outputs are noninverting with respect 
to the data inputs and are in the high-impedance state when the output-enable (OE) input is low. OE does not 
affect the output flags. 

Cascading is easily accomplished in the word-width and word-depth directions. When not using the FIFO in 
depth expansion, cascade enable (CASEN) must be tied high. 

The SN74ACT7808 is characterized for operation from O°C to 70°C. 
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<II 
FIFO 2046 x 9 
SN74ACT7606 
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t This symbol is in accordance with ANSI/iEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the FN package. 
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functional block diagram 
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Terminal Functions 

DESCRIPTION 

Almost-full/almost-empty flag. Depth offset values can be programmed for this AF/AE or the default value of 256 can be 
used for both the almost-empty offset (X) and the almost-full offset M. AF/AE is high when memory contains X or less 
words or (204S - Y) or more words. AF/AE is high after reset. 

Cascade enable. When multiple SN74ACT7S0S devices are depth cascaded, every device must have CASEN tied low. 
CASEN must be tied high when a device is not used in depth expansion. 

Nine-bit data input port 

OP9 is used as the most significant bit when programming the AF/AE offset values. 

Empty flag. EMPTY is low when the FIFO memory is empty. A FIFO reset also causes EMPTY to go low. 

When multiple SN74ACTISOS devices are depth cascaded, the first device in the chain must have its FL input tied low 
and all other devices must have their FL inputs tied high. 

Full flag. FULL is low when the FiFO is full. A FiFO reset causes FULL to go high. 

Half-full flag. HF is high when the FIFO memory contains 1024 or more words. HF is low after reset. 

Load clock. Data is written to the FiFO on the rising edge of LOCK when FULL is high. 

Output enable. When OE is low, DO-OS are in the high-impedance state. 

Program enable. After reset and before the first word is written to the FiFO, the binary value on DO-OS and OP9is latched 
as an AF/AE offset value when PEN is low and LOCK is high. 

Nine-bit data output port 

Reset. A low level on RESET resets the FIFO and drives FULL and AF/AE high and HF and EMPTY low. 

Unload clock. Data is read from the FiFO on the rising edge of UNCK when EMPTY is high. 

Expansion input (XI) and expansion output (XO). When multiple SN74ACTISOS devices are depth cascaded, the XO 
of one device must be connected to the XI of the next device in the chain. The XO of the last device in the chain is 
connected to the Xi of the first device in the chain. 

t See Figures 4 and 5 for application information on FIFO word-width and word-depth expansions, respectively. 
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offset values for AF/AE 

The almost-full/almost-empty flag has two programmable limits: the almost-empty offset value (X) and the 
almost-full offset value (Y). They can be programmed after the FIFO is reset and before the first word is written 
to memory. If the offsets are not programmed, the default values of X = Y = 256 are used. The AF/AE flag is high 
when the FIFO contains X or less words or (2048 - Y) or more words. 

To program the offset values, PEN can be brought low after reset only when LDCK is low. On the following 
low-to-high transition of LDCK, the binary value on DO-D8 and DP9 is stored as the almost-empty offset value 
(X) and the almost-full offset value M. Holding PEN low for another low-to-high transition of LDCK reprograms 
Y to the binary value on DO-D8 and DP9 at the time of the second LDCK low-to-high transition. Writes to the 
FIFO memory are disabled while the offsets are programmed. A maximum value of 1023 can be programmed 
for either X or Y (see Figure 1). To use the default values of X = Y = 256, PEN must be held high. 

10-24 

\'-~/ 
LOCK 

DO-OS XandY X ____ Y ~X ___ _ 

0P9 X and Y MSB X Y MSB X'-______ _ 

Figure 1. Programming X and Y Separately 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range. Vee .......................................................... -0.5 V to 7 V 
Input voltage. VI ........•................................................................... 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range. TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

recommended operating conditions 

VCC 

VIH 

VIL 

IOH 

IOL 

fclock 

tw 

tsu 

th 

TA 
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'ACT7808-20 ' AC17808-25 

MIN MAX MIN 

Supply voltage 4.5 5.5 4.5 

XI 3.85 3.85 
High-level input voltage 

Other Inputs 2 2 

Low-level input voltage 0.8 

High-level output current -8 

Q outputs 16 
Low-level output current 

Flags 8 

Clock frequency 50 

LOCK high or low 8 9 

UNCK high or low 8 9 
Pulse duration 

PEN low 9 9 

RESET low 10 13 

00- 08, OP9 before 
5 5 

LOCKt 

Setup time LOCK inactive 
5 5 

before RESET high 

PEN before LOCKt 5 5 

00-08. OP9 after 
0 0 

LOCKt 

LOCK inactive after 
5 5 

Hold time RESET high 

PEN low after LOCKt 4 4 

PEN high after LOCK 
0 0 

low 

Operating free-air temperature 0 70 0 
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MAX 

5.5 

0.8 

-8 

16 

8 

40 

70 

' AC17808-30 'AC17808-40 

'MIN 
UNIT 

MIN MAX MAX 

4.5 5.5 4.5 5.5 V 

3.85 3.85 
V 

2 2 

0.8 0.8 V 

-8 -8 mA 

16 16 
mA 

8 8 

33.3 25 MHz 

11 13 

11 13 
ns 

11 13 

16 19 

5 5 

5 5 
ns 

5 5 

0 0 

5 5 
ns 

4 4 

0 0 

0 70 0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VOH VCC = 4.5 V, IOH =-8 rnA 2.4 V 

I Flags VCC = 4.5 V, IOL=8 rnA 0.5 
VOL I Q outputs 

V 
VCC = 4.5 V, IOL= 16 rnA 0.5 

II Vce = 5.5 V, VI =VCC orO :5 ~ 

IOZ VCC = 5.5 V, Vo =VCC orO :5 ~ 

ICC VCC= 5.5 V, VI =VCC-0.2VorO 400 ~ 

~ICCi VCC = 5.5 V. One input at 3.4 V. Other inputs at VCC or GND 1 rnA 

Ci VI =0, f= 1 MHz 4 pF 

Co VO=O, f= 1 MHz 8 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 7 and 8) 

FROM TO 'ACT7808-20 ' ACT7808-25 ' ACT7808-30 ' ACT7808-40 
PARAMETER 

(INPUT) (OUTPUT) MIN TYpt MAX MIN MAX MIN MAX MIN MAX 

fmax LDCKorUNCK 50 40 33.3 25 

LDCKt 5 20 5 22 5 25 5 28 
tpd 

AnyQ 4.5 11 15 4.5 18 4.5 20 4.5 22 

tpd§ 
UNCKt 

10 

tpLH LDCKt 4 15 4 17 4 19 4 21 

UNCKt EMPTY 2 15 2 17 2 19 2 21 
tpHL 

RESET low 2 16 2 18 2 20 2 22 

tpHL LDCKt 4 15 4 17 4 19 4 21 

UNCKt FULL 4 14 4 16 4 18 4 20 
tpLH 

RESET low 2 18 2 20 2 22 2 24 

LDCKt 2 16 2 18 2 20 2 22 
tpd 

UNCKt AF/AE 2 16 2 18 2 20 2 22 

tpLH RESET low 0 10 0 12 0 14 0 16 

tpLH LDCKt 2 19 2 21 2 23 2 25 

UNCKt HF 2 16 2 18 2 20 2 22 
tpHL 

RESET low 2 12 2 14 2 16 2 18 

tpLH UNCKt 2 11 2 13 2 15 2 17 
XO 

tpHL LDCKt 2 11 2 13 2 15 2 17 

tan 1 10 1 12 1 14 1 16 
OE AnyQ 

idis 1 9 1 11 1 13 1 15 

ten XI high 3 13 3 15 3 17 3 19 
AnyQ 

idis XO high 4 4 4 4 

t All typical values are at VCC = 5 V, TA = 25°C. 
i This is the increase in supply current for each input, excluding XI, that is at one of the specified TIL voltage levels rather 0 V or VCC. 
§ This parameter is measured with CL = 30 pF (see Figure 3). 

operating characteristics, Vee = 5 V, TA = 25°C 

Cpd 

PARAMETER 

Power dissipation capacitance per FIFO channel Outputs enabled 
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TEST CONDITIONS 

CL = 50 pF, f = 5 MHz 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TYPICAL CHARACTERISTICS 

typ+S 
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Figure 3 
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TYPICAL CHARACTERISTICS 

calculating power dissipation 

With ICC(f} taken from Figure 4, the maximum power dissipation (PT) of the SN74ACT7808 can be calculated 
using: 

PT = VCC x [ICC(f} + (N x ~lcC x dc)] + I (CL x VCC2 x fo) 

A more accurate power calculation based on device use and average number of data outputs switching can be 
found using: 

PT = VCC x [ICC + (N x ~ICC x dc)] + I (Cpd x VCc2 x fj) + I (CL x VCc2 x fo) 

where: 

ICC = power-down ICC maximum 
N = number of inputs driven by a TTL device 
~ ICC = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL = output capacitive load 
fj = data input frequency 
10 = data output frequency 
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APPLICATION INFORMATION 

SN74ACl7808 
LOCK LOCK UNCK 
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SN74ACT780S - f> LOCK UNCK 

FULL EMPTY 
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Figure 5. Word-Width Expansion: 2048 Words by 18 Bits 
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depth cascading (see Figure 6) 

SN74ACT7808 
2048 x 9 FIRST-IN, FIRST-OUT MEMORY 
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The SN74AC17808 provides expansion logic necessary for cascading an unlimited number of the FIFOs in 
depth. CASEN must be low on all FIFOs used in depth expansion. FL must be tied low on the first FIFO in the 
chain; all others must have FL tied high. The expansion-out (XO) output of a FIFO must be tied to the 
expansion-in (XI) input of the next FIFO in the chain. The XO output of the last FIFO is tied to the XI input of 
the first FIFO to complete the loop. Data buses are common to each FIFO in the chain. A composite EMPTY 
and FULL Signal must be generated to indicate boundary conditions. 

00-08 

LOCK 

JL JL I H IL I H IL 

FL CASEN FL CASEN FL CASEN 

SN74ACT7BOS SN74ACT7S0S SN74ACT7S08 

'-- XI XO XI XO XI XO r--

"---- RESET OE I--- "--- RESET OE f- "--- RESET OE I--

- oo-osoo-CS - - oo-osco-CS - - DO-OSCO-cs "-

LOCK ~LOCK~_ 
9 

>LOCK .~ 
9 

- ~ UNctt 
r-- -

9 9 UNCK 9 UNCK 

FULL EMPTY FULL EMPTY FULL EMPTY 

~ ~ ~ 
9 

"- " " 9 9 

.--.. 

~ -s--~ 

J 
~ 

Figure S. Depth Cascading to Form a SK x 9 FIFO 
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PARAMETER MEASUREMENT INFORMATION 

From Output 

underTest~ 

RL=SOOIl 1 T CL=50pF 

lOAD CIRCUIT 

Input -A \1.;-V-----

I I 
14- tpd~ If-tpd -.. 

Output I ~ 
TOTEM·POLE OUTPUTS 

Figure 7. Standard CMOS Outputs (XO, EMPTY, FULL, AF/AE, HF) 

3V 

ov 

3V 

ov 

Rl=R1 =R2 

Inp~ ~1~V \ 1~~---:: 
'PZL ~ ;'PLZ ~ ~ 

R1 
__ ~I""'I I I -3.5V 

Output I " 1.5V :.p From Output _ ...... ____ -~-- Test 
Under Test Point 

lOAD CIRCUIT 

1Q-32 

I. . --I- VOL 

I tpHZ -.I 1+ L 0.3 V R2 

tpZH -./ /4- I ~ 

O~P~ '105 V \. -[~~ VOH 

-OV 

VOLTAGE WAVEFORMS 

PARAMETER R1,R2 clt S1 

ten 
I tpZH 5000 50 pF 

Open 

tpZL Closed 

tdis 
I tpHZ 

5000 50 pF 
Open 

tpLZ Closed 

tpd 5000 50pF Open 

t Includes probe and test fIXture capacitance 

Figure 8. 3·State Outputs (Any Q) 
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• Independent Asynchronous Inputs and • Empty. Full. and Half-Full Flags 
Outputs • Access Times of 25 ns With a 50-pF Load 

• Low-Power Advanced CMOS Technology • Data Rates From 0 to 50 MHz 
• Bidirectional • Fall-Through Times of 22 ns Max 
• 1024 Words by 9 Bits Each • High Output Drive for Direct Bus Interface 
• Progrnmmnble Almost-Full/Almost-Empty 

Flag 
• Available In 44·Pln PLCC (FN). 

Space-Saving 64-Pln Thin Quad Flat 
Packages (PM). or Reduced-Height 64-Pln 
Thin Quad Flat Packages (PAG) 
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181920 21 22 2324 25 2627 28 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlAS, TEXAS 75265 

82 
83 
84 
Vcc 
85 
86 
87 
88 
GNO 
AF/AE8 
HF8 

Copyright ~ 1994, Texas Instruments Incorporated 
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PAG OR PM PACKAGE 
(TOPVJEW) 
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Vee 
A3 
A4 

Vee 

1. ~ 

description 

GND 
GND 

AS 
A6 

Vee 
Vee 
A7 

A8 
GND 
GND 

AF/AEA 

HFA 
17 18 19.2021 22 232425 26 272829 3031 32 

NC - No Internal connection 

47 

46 

45 

44 

43 

42 
41 

40 

39 

38 

37 

36 
35 

34 

33 

NC 

Vee 
83 
84 
GND 
GND 
Vee 
85 
86 
Vee 
87 
88 
GND 
GND 
AF/AE8 

HF8 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT2235 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times. 
It processes data at rates from a to 50 MHz with access times of 25 ns in a bit-parallel format. 

The SN74ACT2235 consists of bus-transceiver circuits, two 1024 x 9 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable GAB 
and G BA inputs are provided to control the transceiver functions. The SAB and SBA control inputs are provided 
to select whether real-time or stored data is transferred. The circuitry used for select control will eliminate the 
typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. 
Figure 1 shows the eight fundamental bus-management functions that can be performed with the 
SN74ACT2235. 

The SN74ACT2235 is characterized for operation from O°C to 70°C. 
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logic symbolt 

SAB 

SBA 

GAB 

GBA 

RSTA 

OAF 

LOCKA 

UNCKA 

FULLA 

EMPTYA 

AF/AEA 

HFA 

AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AB 

44 

1 

43 

2 

22 

21 

17 

26 

1B 

25 

15 

16 

4 

5 

6 

7 

B 

10 

11 

12 

13 

SN74ACT2235 
1024 x 9 x 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS148B -DECEMBER 1990- REVISED AUGUST 1994 

c%» 

FIFO 

:} MODE 

1024 x 9 x 2 
SN74ACT2235 

EN1 

EN2 

" Reset A RESETB 
......, 

" OEF A FLAG OEF B FLAG 
......, 

LOCKA LOCKB 

I-"'"' UNCKA UNCKB 

./ FULLA FULLB 

./ EMPTYA EMPTYB I'-.. 

ALMOST·FULL} ALMOST·FULLJ 
ALMOST·EMPTY A ALMOST·EMPTY A 

HALF·FULLA HALF·FULLB .., r 

0 0 

~~ 

B B 

23 

24 

2B 

19 

27 

20 

30 

29 

41 

40 

39 

3B 

37 

35 

34 

33 

32 

RSTB 

OBF 

LOCKB 

UNCKB 

FULLB 

EMPTYB 

AF/AEB 

HFB 

BO 

B1 

B2 

B3 

B4 

B5 

B6 

97 

BB 

t This symbol is in accordance with ANSI/IEEE Std 91·1984 and IEC Publication 617·12. 
Pin numbers shown are for the FN package. 
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logic diagram (positive logic) 

SAB 

SBA 

HFB 

AF/AEB 

EMPTYB 

UNCKB 

I 
-
I 

Ln 
~-

Ln 
~ 

~ 

GBA r-~ 
;" I 
~ - I 
I _I 
I ! 
lOne of Nine Channels I 

GAB 

RSTA 

OAF 

FULLA 
LOCKA 

r 

L __________ .J 

To Other Channels ' , 

$ I 
.. ,.. FIFO A - 1024)( 9 .. -r '"' ,.. 

'"' , -

$ 

FIFOB 
1024)( 9 

-'"' 
, 
Q 

'"' ... 
~ 

~ ~ 

~ 

r 
0 , 

.. 

.. 
... 

AO 

I ., [ 

r~ 0 Q 
I I 
I .,... I 
I -- ! 
i I 
I I 
I - One of Nine Channels I 
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~ r 

RSTB 

OBF 

FULLB 

LOCKB 

BO 

HFA 

AF/AEA 

EMPTYA 
UNCKA 



TERMINAL 

NAME NO. 

AF/AEA, 
15,30 

AF/AEB 

AO-AS 4-S, 10-13 

BO-BS 
32-35, 
37-41 

OAF,OBF 21,24 

EMPTYA, 
20,25 

EMPTYB 

FULLA, 
1S,27 

FULLB 

HFA,HFB 16,29 

LOCKA, 
17,2S 

LOCKB 

GAB,GBA 2,43 

RSTA, RSTB 22,23 

SAB, SBA 1,44 

UNCKA, 
UNCKB 

19,26 

VO 

0 

I/O 

I/O 

I 

0 

0 

0 

I 

I 

I 

I 

I 

SN74ACT2235 
1024 x 9 x 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 
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Terminal Functions 

DESCRIPTION 

Almost fulValmost empty flags. The almost-fuIVaimost-empty A flag (AF/AEA) is defined by the 
almost-fuIValmost-empty offset value for FIFO A (X). AF/AEA is high when FIFO A contains X or less 
words or 1 024-X words. AF/AEA is low when FIFO A contains between X + 1 or 1023 - X words. 
The operation of the almost-fuIValmost-empty B flag (AF/AEB) is the same as AF/AEA for FIFO B. 

A data inputs and outputs 

B data Inputs and outputs 

Define-flag inputs. The high-to-Iow transition of OAF stores the binary value on AO-AS as the 
almost-fuIValmost-empty offset value for FIFO A (X). The hlgh-to-Iow transition of OBF stores the 
binary value of BO-BS as the almost-fuIValmost-empty offset value for FIFO B M. 
Empty flags. EMPTY A and EMPTYB are low when their corresponding memories are empty and high 
when they are not empty. 

Full flags. FULLA and FULLB are low when their corresponding memories are full and high when they 
are not full. 

Half-full flags. HFA and HFB are high when their corresponding memories contain 512 or more words 
and low when they contain 511 or less words. 

Lead clocks. Oata on AO-AS is written into FIFO A on a low-to-high transition of LOCKA. Oata on 
BO-BS is written into FIFO B on a low-to-high transition of LDCKB. When the FIFOs are full, load 
clock signals have no effect on the data residing in memory. 

Output enables. GAB, GBA control the transceiver functions. When GBA is low, AO-AS are in the 
high-impedance state. When GAB is low, BO-BS are in the high-impedance state. 

Resets. A reset is accomplished in each direction by taking RSTA and RSTB low. This sets EMPTYA, 
EMPTYB, FULLA, FULLB, and AF/AEB high. Both FIFOs must be reset upon power up. 

Select-control inputs. SAB and SBA select whether real-time or stored data is transferred. A low level 
selects real-time data, and a high level selects stored data. Eight fundamental bus-management 
functions can be performed as shown in Figure 1. 

Unload clocks. Data in FIFO A is read to BO-BS on a low-to-high transition of UNCKB. Data in FiFO 
B is road to AO-AS cn ~ lew-te-high transition of UNCKB. When the FIFOs are empty, unload clock 
signals have no effect on data residing in memory. 

programming procedure for AF/AEA 

The almost-full/almost-empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The 
aim ost-full/almost-em pty offset value FIFO A (X) and for FIFO B M are either a user-defined value or the default 
values of X = 256 and Y = 256. Below are instructions to program AF/AEA using both methods. AF/AEB is 
programmed in the same manner for FIFO B. 

user-defined X 

Take OAF from high to low. This stores AD thru AS as X. 
If RSTA is not already low, take RSTA high. 
With OAF held low, take RSTA high. This defines AF/AEA using X. 
To retain the current offset for the next reset, keep OAF low. 

default X 

To redefine AF/AE using the default value of X = 256, hold OAF high during the reset cycle. 
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BusA 

SAB SBA GAB GBA 
L X H L 

BusA ~1IIr..iiii. 

SAB SBA GAB GBA 
X L L H 

BusB BusA 

BusB BusA 

SAB SBA GAB GBA 
X X L L 

SAB SBA GAB GBA 
H L H H 

BusB 

BusB 

BusA BusB BusA 1I1I1I1I1I1I1I"~~Bu9B 

BusA 

10-38 

SAB SBA GAB GBA 
H X H L 

SAB SBA GAB GBA 
X H L H 

BusA 
BusB 

SAB SBA GAB GBA 
L H H H 

SAB SBA GAB GBA 
H H H H 

Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 

CONTROL OPERATION 

SAB SBA ABUS BBUS 

L L Real-time B to A bus Real-time A to B bus 

L H FIFO B to A bus Real-time A to B bus 

H L Real-time B to A bus FIFO A to B bus 

H H FIFO B to A bus FIFO A to B bus 

OUTPUT-ENABLE CONTROL TABLE 

CONTROL OPERATION 

GAB GBA ABUS BBUS 

H H A bus enabled B bus enabled 

L H A bus enabled Isolation/input to B bus 

H L IsolatiorVlnput to A bus B bus enabled 

L L IsolatiorVinput to A bus Isolation/input to B bus 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .......................................................... -0.5 V to 7 V 
Input voltage: Control inputs .................................................................. 7 V 

I/O ports ..................................................................... 5.5 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................................................ O°C to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 
Maximum junction temperature ....................................•........••.............. 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extende,d periods may affect device reliability. 
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recommended operating conditions 

VCC 

VIH 

VIL 

IOH 

IOL 

fclock 

tw 

tsu 

th 

TA 

I ACT2235-20 I ACT2235-30 

MIN MAX MIN 

Supply voltage 4.5 5.5 4.5 

High-level input voltage 2 2 

Low-level input voltage 0.8 

A or B ports -8 
High-level output current 

Status flags -8 

Aor B ports 16 
Low-level output current 

Status flags 8 

LDCKA or LDCKB 50 
Clock frequency 

UNCKAorUNCKB 50 

RSTA or RSTB low 20 20 

LDCKA or LDCKB low 8 10 

LDCKA or LDCKB high 8 10 
Pulse duration 

UNCKA or UNCKB low 8 10 

UNCKA or UNCKB high 8 10 

DAF or DBF high 10 10 

Data before LDCKA or 
4 4 

LDCKBt 

Define AF/AE: DO-D8 
5 5 

before DAF or DBF ~ 

Define AF/AE: DAF or 
DBF, before RSTA or 7 7 

Setup time RSTBt 

Define AF/AE (default): 
DAF or OBF high before 5 5 
RSTA or RSTBt 

RSTA or RSTB inactive 
(high) before LOCKA or 5 5 
LOCKBt 

Data after LDCKA or 
1 1 

LDCKBt 

Define AF/AE: DO-D8 
0 0 

after DAF or OBF ~ 

Hold time Define AF/AE: OAF or 
OBF low after RSTA or 0 0 
RSTBt 

Define AF/AE (default): 
DAF or OBF high after 0 0 
RSTA or RSTBt 

Operating free-air temperature 0 70 0 
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MAX 

5.5 

0.8 

-8 

-8 

16 

8 

33 

33 

70 

I ACT2235-40 I ACT2235-60 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 
rnA 

-8 -8 

16 16 
rnA 

8 8 

25 16.7 
MHz 

25 16.7 

25 25 

14 20 

14 20 
ns 

14 20 

14 20 

10 10 

5 5 

5 5 

7 7 
ns 

5 5 

5 5 

2 2 

0 0 

ns 
0 0 

0 0 

0 70 0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH VCC= 4.5V. 10H =-8 mA 2.4 

VOL 
I Flags VCC = 4.5 V. 10L= 8 mA 

I I/O ports VCC = 4.5 V. IOL=16mA 

II VCC = 5.5 V. VI =VccorO 

10Z VCC =5.5V. Va =VCC orO 

ICC* VI = VCC-0.2 Vor 0 

6ICC§ VCC =5.5V. One Input at 3.4 V. Other Inputs at VCC or GNO 

Ci VI=O. f = 1 MHz 

Co VO=O. f = 1 MHz 

t All typical values are at VCC = 5 V. TA = 25°C. 
* ICC tested with outputs open. 
§ This Is the supply current when each Input Is at one of the specified TIL voltage levels rather than 0 V or VCC. 

TYpt MAX UNIT 

V 

0.5 
V 

0.5 

:t5 ~ 
:t5 ~ 

10 400 ~ 
1 mA 

4 pF 

8 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL = 50 pF (unless otherwise noted) (see Figures 4 and 5) 

FROM TO ' ACT2235-20 ' ACT2235-30 ' ACT2235-40 
PARAMETER 

(INPUl) (OUTPUT) TYpt MIN MAX MIN MAX MIN MAX 

LOCK 50 33 25 
fmax 

UNCK 50 33 25 

tpd LOCKt. LOCKBt BorA 8 22 8 22 8 24 

tpd 
UNCKAt. 

BorA 12 17 25 12 25 12 35 
UNCKBt 

tpLH LOCKt. LOCKBt 
EMPTYA. 

4 15 4 15 4 17 
EMPTYB 

tpHL 
UNCKAt. EMPTYA. 

2 17 2 17 2 19 
UNCKBt EMPTYB 

tpHL RSTM.RSTB, 
EMPTYA. 

2 18 2 18 2 20 
EMPTYB 

tpHL LOCKt. LOCKBt FULLA. FULLB 4 15 4 15 4 17 

tpLH 
UNCKAt. 

FULlA, FULLB 4 15 4 15 4 17 
UNCKBt 

tpLH I RSTM. RSTB, FULlA, FULLB 2 15 2 15 2 17 

tpLH RSTA" RSTB, AF/AEA. AF/AEB 2 15 2 15 2 17 

tpLH LOCKt. LOCKBt HFA, HFB 2 15 2 15 2 17 

tPHL 
UNCKAt. 

HFA, HFB 4 18 4 18 4 20 
UNCKBt 

tpHL RSTM.RSTB, HFA, HFB 1 15 1 15 1 17 

tpd SABorSBA'II BorA 1 11 1 11 1 12 

tpd AorB BorA 1 11 1 11 1 12 

tpd LOCKt. LOCKBt AF/AEA. AF/AEB 2 18 2 18 2 20 

tpd 
UNCKAt. 

AF/AEA, AF/AEB 2 18 2 18 2 20 
UNCKBt 

ten GBA or GAB AorB 2 11 2 11 2 13 

tdis GBAorGAB Aor B 1 9 1 9 1 11 

t All typical values are at VCC = 5 V. TA = 25°C. 
'II These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 
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' ACT2235-60 
UNIT 

MIN MAX 

16.7 
MHz 

16.7 

8 26 ns 

12 45 ns 

4 19 ns 

2 21 ns 

2 22 ns 

4 19 ns 

4 19 ns 

2 19 ns 

2 19 ns 

2 19 ns 

4 22 ns 

1 19 ns 

1 14 ns 

1 14 ns 

2 22 ns 

2 22 ns 

2 15 ns 

1 13 ns 
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operating characteristics, VCC = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS TYP 

I Outputs enabled 71 
Cpd Power dissipation capacitance per 1 K bits I Outputs disabled 

CL=50pF, f= 5 MHz 
57 

TYPICAL CHARACTERISTICS 

typ+8 

PROPAGATION DELAY TIME 
vs 

LOAD CAPACITANCE 

POWER DISSIPATION CAPACITANCE 
vs 

SUPPLY VOLTAGE 

UNIT 

pF 

VCC !5V 
~ 

II) 
- TA = 25°C V 

lL typ+2 
c. 
I 

CD 

VCIC =5
1
V 

/' fJ =5 MHz 
TA = 25°C / 'f typ+6 

CD 
e 
1= 
~ 
ai typ+4 
C 
c:: 
o 
~ 

~tyP+2 
CIS c. e 
D-
I '&. typ ... 

typ-2 

RL = 500 0 / 

V 
/ 

/ 
V 

/ 
/ 

/ 
I 

/ 
300 

o 
~ typ + 1 

U 
CIS 
C. 
CIS 

~ typ 
o 
~ c. 
'2i typ-1 
C ... 
CI) 

~ 
D- typ-2 
I 
"C 
C. 

o 
typ-3 

V 
V 

./ 

V 
V 

./ 

/' 
V 

o 50 100 150 200 250 
4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5.5 

CL - Load Capacitance - pF Vce - Supply Voltage - V 

Figure 2 Figure 3 

calculating power dissipation 

PT = Vcc x [Icc + (N x L\lcc x dc)] + l:(Cpd x Vcc2 x fj) + l:(CL x Vcc2 x fo) 

where: 

Icc power-down ICC maximum 
N number of inputs driven by a TIL device 
L\ICC = increase in supply current 
dc duty cycle of inputs at a TIL high level of 3.4 V 
Cpd power dissipation capacitance 
CL output capacitive load 
fj data input frequency 
fo data output frequency 
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PARAMETER MEASUREMENT INFORMATION 

lOAD CIRCUIT 

Input L \ ~;y--- 3V 

----11 I . GND 
t --..14 -~J 1 I 
pd r -I 14 ~ tpd 

I I 

Output I
I ,.----~\2::t--- 3 V 

1.5V 
_______ J OV 

TOTEM-POLE OUTPUTS 

Figure 4. Standard CMOS Outputs (FULL, AF/AE, EMPTY) 

7V 
~ 3V 

Rl=R1 = R2 S1 Input t'-~'_5_V_--J4~~ ______ oV 

From Output 
Under Test 

1D-44 

R1 

lOAD CIRCUIT 

Test 
Point 

tpZL -.1 I.- -.1 I+- tPL2 

_-..&.I~ I 1 I ,,---- -3.5V 

! \15V ! k~~~ Output 

1 tpHZ --.j I+- f 
tpZH ~ I+- I -l 

VOL 

R2 

VOH 
Output _____ /15V t--~;-;-S 

. ...----- -OV 

VOLTAGE WAVEFORMS 

PARAMETER R1.R2 clt S1 

ten 
tpZH 

5000 50pF 
Open 

tpZL Closed 

!dis 
tpHZ 

5000 50pF 
Open 

tpLZ Closed 

tpd - 50pF Open 

t Includes probe and test-fixture capacitance 

Figure 5. 3·State Outputs (AO-AS, BO-BS) 
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o Independent Asynchronous Inputs and • Empty. Full. and Half-Full Flags 
Outputs • Access Times of 25 ns With a 50-pF Load 

o Low-Power Advanced CMOS Technology • Data Rates From 0 to 50 MHz 
• Bidirectional • Fall-Through Times of 23 ns Max 
• 1024 Words by 9 Bits Each • High Output Drive for Direct Bus Interface 
o Programmable Almost-Full/Almost-Empty 

Flag 

FNPACKAGE 
(TOP VIEW) 

, IL-J 

• 3-State Outputs 

A3 7 6 5 4 3 2 1 44 43 42 41 ~9 ~ B2 

38~ B3 
37[ B4 
36[ 

description 

A4 8 

9 Vee 
AS 10 

A6 11 

A7 12 

A8 13 

GND 14 

AF/AEA 15 

HFA 16 

LDCKAP17 
18192021 

35 

34 

33 

Vee 
B5 
B6 
B7 

32 B8 
31 GND 
30 AF/AEB 

22 23 24 25 26 27 2829 [ HFB 
, ...... 

A FIFO memory is a storage device that allows data to be written into and read from its array at independent 
data rates. The SN74ACT2236 is arranged as two 1024 by 9-bit FIFOs for high speed and fast access times. 
It processes data at rates from 0 to 50 MHz with access times of 25 ns in a bit-parallel format. 

The SN74ACT2236 consists of bus-transceiver circuits, two 1024 x 9 FIFOs, and control circuitry arranged for 
multiplexed transmission of data directly from the data bus or from the internal FIFO memories. Enable OE and 
DIR inputs are provided to control the transceiver functions. The SAB and SBA control inputs are provided to 
select whether real-time or stored data is transferred. The Circuitry used for select control will eliminate the 
typical decoding glitch that occurs in a multiplexer during the transition between stored and real-time data. 
Figure 1 shows the five fundamental bus-management functions that can be performed with the SN74ACT2236. 

The SN74ACT2236 is characterized for operation from O°C to 70°C. 

~~~=~o~I: 1=~~I~1lI ~~~:r:. ~ ,rx~:~~~I~m~~~ 
lundard warranty. Production proceliing dou nOl necu .. rUy Include 
tutlng of all paramettrs. ~TEXAS 
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logic symbolt 

SAB 

SBA 

OE 

44 

1 

43 

2 

22 

21 

17 

26 

18 

,...... 

L 
'" 
'" 
,...... 

<l> 
FIFO 

1024x9x2 
SN74ACT2236 

:} MODE 

3EN1 [BA] 
3EN2[AB] 

G3 
1/1 

RESETA RESETB 
.A 

DEF A FLAG DEF B FLAG 

LOCKA LOCKB 

UNCKB UNCKA 
FULLB '" FULLA 

OIR 

RSTA 

OAF 

LOCKA 

UNCKA 

FILLA 

EMPTYA 

AF/AEA 

25 

15 
"" EMPTYA EMPTYB '" 

HFA 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

16 

4 

5 

6 

7 

8 

10 

11 

12 

13 

ALMOST·FULLJ ALMOST·FULLJ 
ALMOST·EMPTY A ALMOST·EMPTY B 
HALF·FULLA HALF·FULLB , r 

0 1~ 2~ 0 

~~ 

8 8 

t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
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23 

24 

28 

19 

27 

20 

30 

29 

41 

40 

39 

38 

37 

35 

34 

33 

32 

RSTB 

OBF 

LOCKB 

UNCKB 

FULLB 

EMPTYB 

AF/AEB 

HFB 

BO 

B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 
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logic diagram (positive logic) 

SAB 

SBA 

HFB 

AF/AEB 

EMPTYB 

UNCKB 

OIR 

RSTA 

OAF 

FULLA 

LOCKA 

AO 

~ 
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Terminal Functions 

TERMINAL 
VO DESCRIPTION 

NAME NO. 

Almost fulValmost empty flags. The almost-fulValmost-empty A flag (AF/AEA) Is defined by the 
AF/AEA, 

15,30 0 
almost-fuIValmost-empty offset value for FIFO A (X). AF/AEA Is high when FIFO A contains X or less 

AF/AEB words or 1 024-X words. AF/AEA Is low when FIFO A contains between X + 1 or 1023 - X words. 
The operation of the almost-fuIValmost-empty B flag (AF/AEB) Is the same as AF/AEA for FIFO B. 

AO-AS 4-8,10-13 I/O A data Inputs and outputs 

BO-BS 
32-35, 

I/O B data Inputs and outputs 
37-41 

Define-flag Inputs. The high-to-Iow transition of OAF stores the binary value on AO-AS as the 
OAF,OBF 21,24 I almost-fuIValmost-empty offset value for FIFO A (X). The high-to-Iow transition of OBF stores the 

binary value of BQ-8S as the almost-fuil/almost-empty offset value for FIFO B (Y). 

EMPTYA, 
20,25 0 

Empty flags. EMPTYA and EMPTYB are low when their corresponding memories are empty and high 
EMPTYB when they are not empty. 

FULLA, 
18,27 0 

Full flags. FULLA and FULLB are low when their corresponding memories are full and high when they 
FULLB are not full. 

HFA, HFB 16,29 0 
Half-full flags. HFAand HFB are high when their corresponding memories contain 512 or more words, 
and low when they contain 511 or less words. 

LOCKA, 
Lead clocks. Data on AG-AS is written into FIFO A on a low-te-high transition of LOCKA. Data on 

LOCKB 
17,2S I BO-BS is written into FIFO B on a low-to-high transition of LDCKB. When the FIFOs are full, load 

clock signals have no effect on the data residing in memory. 

Enable inputs. DIR and OE control the transceiver functions. When OE is high, both AO-AS and 

DIR,OE 2,43 I 
BO-BS are in the high-impedance state and can be used as inputs. With OE low and DIR high, the 
A bus is in the high-impedance state and B bus is active. When both OE and 01 R are low, the A bus 
is active and the B bus is in the high-impedance state. 

Resets. A reset is accomplished in each direction by taking RSTA and RSTB low. This sets EMPTYA, 
RSTA,RSTB 22,23 I 

EMPTYB, FULLA, FULLB, and AF/AEB high. Both FiFOs must be reset upon power up. 

Select-control Inputs. SAB and SBA select whether real-time or stored data Is transferred. A low level 
SAB,SBA 1,44 I selects real-time data, and a high level selects stored data. Eight fundamental bus-management 

functions can be performed as shown In Figure 1. 

UNCKA, 
Unload clocks. Data In FIFO A Is read to BO-BS on a low-to-hlgh transition of UNCKB. Data In FIFO 

UNCKB 
19,26 I B is read to AO-AS on a low-to-high transition of UNCKB. When the FIFOs are empty, unload clock 

signals have no effect on data residing In memory. 

programming procedure for AF/AEA 

The almost-full/almost-empty flags (AF/AEA, AF/AEB) are programmed during each reset cycle. The 
almost-full/almost-empty offset value FIFO A (X) and for FIFO B M are either a user-defined value or the default 
values of X = 256 and Y = 256. Below are instructions to program AF/AEA using both methods. AF/AEB is 
programmed in the same manner for FIFO B. 

user-defined X 

Take OAF from high to low. This stores AO thru AS as X. 
If RSTA is not already low, take RSTA high. 
With OAF held low, take RSTA high. This defines the AF/AEA flag using X. 
To retain the current offset for the next reset, keep OAF low. 

default X 

To redefine the AF/AE flag using the default value of X = 256, hold DAF high during the reset cycle. 
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BusA 

SN74ACT2236 
1024 x 9 x 2 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SAB SBA DIR OE 
L X H L 

SAB SBA DIR OE 
X L L L 

SAB SBA DIR OE 
X H L L 

BusB 

BusA 

BusB 

SCAS149-APRIL 1990-REVISED DECEMBER 1990 

SAB SBA DIR OE 
X X X H 

SAB SBA DIR OE 
H X H L 

BusB 

BunB 

Figure 1. Bus-Management Functions 
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SELECT-MODE CONTROL TABLE 

CONTROL OPERATION 

SAB SBA ABUS BBUS 

L L Real-time B to A bus Real-time A to B bus 

L H FIFO B to A bus Real-time A to B bus 

H L Real-time B to A bus FIFO A to B bus 

H H FIFO B to A bus FIFO A to B bus 

OUTPUT-ENABLE CONTROL TABLE 

CONTROL OPERATION 

DIR OE ABUS BBUS 

X H Input Input 

L L Output Input 

H L Input Output 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee .•........................................................ -0.5 V to 7 V 
Input voltage: Control inputs ...........................................•...................... 7 V 

110 ports ...................................................................... 5.5 V 
Voltage applied to a disabled 3-state output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range, TA ................................................ O°C to 70°C 
Storage temperature range ........................................................ -65°C to 150°C 
Maximum junction temperature .............................................................. 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 
, ACT2236-20 ' ACT2236-30 

VCC 

VIH 

VIL 

IOH 

IOL 

fclock 

tw 

tsu 

th 

TA 

10-52 

MIN MAX 

Supply voltago 4.5 5.5 

High-level Input voltage 2 

Low-level Input voltage 0.8 

A or B ports -8 
High-level output current 

Status flags -8 

A or B ports 16 
Low-level output current 

Status flags 8 

LOCKA or LOCKB 50 
Clock frequency 

UNCKAorUNCKB 50 

ASTA or ASTB low 20 

LOCKA or LOCKB low 8 

LOCKA or LOCKB high 8 
Pulse duration 

UNCKA or UNCKB low 8 

UNCKA or UNCKB high 8 

OAF or OBF high 10 

Data before LOCKA or 
4 

LOCKBt 

Define AF/AE: 00-08 
5 

before OAF or OBF, 

Define AF/AE: OAF or 
OBF, before ASTA or 7 

Setup time ASTBt 

Define AF/AE (default): 
OAF or OBF high before 5 
ASTA or ASTBt 

ASTA or ASTB inactive 
(high) before LOCKA or 5 
LOCKBt 

Data after LOCKA or 
1 

LOCKBt 

Define AF/AE: 00-08 
0 

after OAF or OBF, 

Hold time Define AF/AE: DAF or 
DBF low after ASTA or 0 
ASTBt 

Define AF/AE (default): 
OAF or OBF high after 0 
ASTA or ASTBt 

Operating free-air temperature 0 70 

~1EXAS 
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MIN 

4.5 

2 

20 

10 

10 

10 

10 

10 

4 

5 

7 

5 

5 

1 

0 

0 

0 

0 
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MAX 

5.5 

0.8 

-8 

-8 

16 

8 

33 

33 

70 

., ACT2236-40 ' ACT2236-60 
UNIT 

MIN MAX MIN MAX 

4.5 5.5 4.5 5.5 V 

2 2 V 

0.8 0.8 V 

-8 -8 
mA 

-8 -8 

16 16 
mA 

8 8 

25 16.7 
MHz 

25 16.7 

25 25 

14 20 

14 20 
ns 

14 20 

14 20 

10 10 

5 5 

5 5 

7 7 
ns 

5 5 

5 5 

2 2 

0 0 

ns 
0 0 

0 0 

0 70 0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN 

VOH Vce =4.5V, 10H =-8 rnA 2.4 

I Flags Vee =4.5V, IOL=8mA 
VOL J I/O ports Vee = 4.5 V. IOL = 16 rnA 

II Vee = 5.5 V. VI =Vee orO 

10Z Vee = 5.5 V. Vo=VCcorO 

ICC; VI =Vce-0.2VorO 

~ICC§ 
IOIR,OE 

I Other inputs 
VCC=5.5V. One input at 3.4 V. Other inputs at VCC or GNO 

CI VI =0. f = 1 MHz 

Co VO=O. f= 1 MHz 

t Ail typical values are at VCC = 5 V. TA = 25°C. 
; ICC tested with outputs open. 
§ This Is the supply current when each Input Is at one of the specified TTL voltage levels rather than 0 V or vec. 

TYpt MAX UNIT 

V 

0.5 
V 

0.5 

:i:5 I!A 
:i:5 I!A 

10 400 I!A 
2 

1 
rnA 

4 pF 

8 pF 

switching characteristics over recommended ranges of supply voltage and operating free-air 
.temperature, CL = 50 pF (unless otherwise noted) (see Figures 4 and 5) 

FROM TO 'ACT2236-20 • ACT2236-30 ' ACT2236-40 
PARAMETER 

(INPUT) (OUTPUT) TYpt MIN MAX MIN MAX MIN MAX 

LOCK 50 33 25 
fmax 

UNCK 50 33 25 

tpd LOCKt, LOCKBt BorA 8 23 8 23 8 25 

tpd 
UNCKAt, 

BorA 10 17 25 10 25 10 35 
UNCKBt 

tpLH LOCKt. LOCKBt 
EMPTYA. 

4 15 4 15 4 17 
EMPTYB 

tpHL 
UNCKAt, EMPTYA. 

2 17 2 17 2 19 
UNCKBt EMPTYB 

tpHL RSTA~. RSTB~ 
EMPTYA. 

2 18 2 18 2 20 
EMPTYB 

tPHL LOCKt, LOCKBt FULLA. FULLB 4 15 4 15 4 17 

tpLH 
UNCKAt, 

FULLA, FULLB 4 15 4 15 4 17 
UNCKBt 

tpLH RSTM. RSTBI FULLA. FULLB 2 15 2 15 2 17 

tpLH RSTM. RSTB~ AF/AEA. AF/AEB 2 15 2 15 2 17 

tpLH LOCKt, LOCKBt HFA, HFB 2 15 2 15 2 17 

tpHL 
UNCKAt, 

HFA.HFB 4 19 4 19 4 21 
UNCKBt 

tpHL RSTAL RSTBI HFA.HFB 1 15 1 15 1 17 

tpd SAB orSBA' BorA 1 11 1 11 1 13 

tpd AorB BorA 1 11 1 11 1 13 

tpd LOCKt. LOCKBt AF/AEA. AF/AEB 2 19 2 19 2 21 

tpd 
UNCKAt. 

AF/AEA. AF/AEB 2 19 2 19 2 23 
UNCKBt 

ten OIR.OE Aor B 2 12 2 12 2 14 

tdis OIR,OE Aor B 1 10 1 10 1 12 

t Ail typical values are at VCC = 5 V. TA = 25°C. 
, These parameters are measured with the internal output state of the storage register opposite to that of the bus input. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

' ACT2236-60 
UNIT 

MIN MAX 

16.7 
MHz 

16.7 

8 27 ns 

10 45 ns 

4 19 ns 

2 21 ns 

2 22 ns 

4 19 ns 

4 19 ns 

2 19 ns' 

2 19 ns 

2 19 ns 

4 23 ns 

1 19 ns 

1 15 ns 

1 15 ns 

2 23 ns 

2 23 ns 

2 16 ns 

1 14 ns 
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operating characteristics, Vee = 5 V, TA = 25°C 
PARAMETER TEST CONDITIONS TYP UNIT 

Power dissipation capacitance per 1 K bits 
I Outputs enabled 

CL=50 pF. 
71 

Cpd I Outputs disabled 
f= 5 MHz pF 

57 

TYPICAL CHARACTERISTICS 

PROPAGATION DELAY TIME 
vs 

POWER DISSIPATION CAPACITANCE 
vs 

typ+8 

II) 

'f typ+6 
CD 
E 
i= 
~ 

CD typ+4 
C 
c: 
o 

+:3 
~ typ +2 
co c. 
E 
Q. 
I 
'&. typ ... 

typ-2 

LOAD CAPACITANCE 

VCC ~5V 
~. 

!- TA = 25°C / 
RL=5oo 0 / 

/ 
/ 

// 

/ 
/ 

/ 
/ 

/ 
50 100 150 200 250 300 

u. typ+2 
c. 
I 

CD 

g typ+1 
.s 
u 
co c. 
co o typ 
c 
0 

~ c. 
'iii typ-1 en 
C ... 
CD 
~ 
0 

typ-2 Q. 
I 

" c. 
0 

typ-3 

SUPPLY VOLTAGE 

I 

VCC =5V 

Y '1 = 5 MHz 
TA = 25°C /' 

/' 
/' 

./ 

/' 
V 

./ 

/' 
V 

o 
4.5 4.6 4.7 4.8 4.9 5 5.1 5.2 5.3 5.4 5. 

CL - Load Capacitance - pF VCC - Supply Voltage - V 

Figure 2 Figure 3 

calculating power dissipation 

PT = Vee x [Icc + (N x alec x dc)] + ~(Cpd x Vee2 x fj) + ~(CL x Vee2 x fo) 

where: 

10-54 

ICC = power-down ICC maximum 
N = number of inputs driven by a TTL device 
alec = increase in supply current 
dc = duty cycle of inputs at a TTL high level of 3.4 V 
Cpd = power dissipation capacitance 
CL = output capacitive load 
fj = data input frequency 
fo == data output frequency 
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PARAMETER MEASUREMENT INFORMATION 

Input L \ ~~--- 3V 

---1\ I· GND 

tpd~ I I 
,- -I ~tpd 

I I 

I
I ,.---~~t--- 3V 

Output 1.5 V 
________ J OV 

lOAD CIRCUIT TOTEM-POLE OUTPUTS 

Figure 4. Standard CMOS Outputs (All Flags) 

! VCC 

~ r------- 3V 

Input ~ 1.5 V /1.5 V 

1'-----'1 -------- OV 

tpZL~1 I+- ~I 14- tpLZ 
-----I......, : I I 

--r-1 S1 

From Output Rl i ".5V i K"~~~~ Output 

VOL 
Under Test 

TeL i S2 

1 tpHZ ~ I+- t 
tpZH ~ 14- I 1 

VOH 
Output 

- -- -

I ~ __ L 

! 1.5V ----3 
O.3V 

____ ..I .... ---- .. ov 

lOAD CIRCUIT 

PARAMETER Rl 

tpZH 
ten 600 0 

tpZL 

tpHZ 
tdis 600 0 

tpLZ 

tpd ortt -

clt 

60 pF 

60 pF 

50 pF 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

S1 S2 

Open Closed 

Closed Open 

Open Closed 

Closed Open 

Open Open 

t Includes probe and test-fixture capacitance 

FigureS. 3·State Outputs (AO-AS, 80-8S) 
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o Independent Asynchronous Inputs and 
Outputs 

o 64 Words by 8 Bits 
o Data Rates From 0 to 40 MHz 

• Fall-Through Time ••• 20 ns Typical 

• 3-State Outputs 

description 

This 512-bit memory uses advanced low-power 
Schottky IMPACT-Xl" technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 8 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The function is used as a 
buffer to couple two buses operating at different 
clock rates. This FIFO is designed to process data 
at rates from a to 40 MHz in a bit-parallel format, 
word by word. 

Data is written into memory on a low-to-high 
transition of the load clock (LOCK) input and' is 
read out on a low-to-high transition of the unload 
clock (UNCI<) input. The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LOCK Signals have no effect on the data 
residing in memory. When the the memory is 
empty, UNCK Signals have no effect. 

02 
03 

Vec 
NC 
04 
05 
06 

NT PACKAGE 
(TOP VIEW) 

RST 
DO 2 
01 
02 
03 

Vcc 6 
04 
05 
06 9 
07 

FULL 
LOCK 

FN PACKAGE 
(TOP VIEW) 

DE 
00 
01 
02 
03 
GNO 
04 
05 
06 
07 
EMPTY 
UNCK 

...-0 I~ ow 0...­
ClCl o:zooo 
4 3 2 1 282726 

5 0 25 
6 24 
7 23 
B 22 
9 21 
10 20 
11 19 

1213 14 15161718 

Status of the FIFO memory is monitored by the NC- No internal connection 

FULL and EMPTY output flags. The FULL output 
is low when the memory is full and high when the 
memory is not full. The EMPTY output is low when 
the memory is empty and high when it is not empty. 

A low level on the reset (RST) input resets the internal stack control pointers and also sets EMPTY low and FULL 
high. The outputs are not reset to any specific logic levels. The first low-to-high transition on LOCK, either after 
a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the Q outputs. 
The first word does not have to be unloaded. Data outputs are noninverting with respect to the data inputs and 
are at a high-impedance state when the output-enable (OE) input is low. The OE input does not effect either the 
FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction, but is not possible 
in the word-depth direction. 

The SN74ALS2232A is characterized for operation from aoc to 7aoC. 

IMPACT-X is a trademark of Texas Instruments Incorporated. 

PRODUCTION DATA Inlormallon I. current II 01 pubncilion dale. 
Produc\l conform 10 Ip.clflcatlona per the I.rml 01 Tu .. Inslrument. 
slandard warranty. Production precnllng dots noC necuurUy Includl 
tilting 01 all plram.I.rt. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • OAl..1AS, TEXAS 75265 

Copyright © 1990. Texas Instruments Incorporated 
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logic symbolt 

LOCK 

UNCK 

OE 

DO 

01 

02 

03 

04 

05 

06 

07 

1 

12 

13 

24 

2 

3 

4 

5 

7 

8 

9 

10 

FIFO 64 x 8 

"- CT=O (CT = 64) G1 

1(+/C2) 

3- (CT= 0) G3 

EN4 , r: 
20 4V 

11 

14 

23 

22 

21 

20 

18 

17 

16 

15 

00 

Q1 

02 

03 

04 

05 

06 

07 

t This symbol Is In accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12. The symbol Is functionally accurate but does not 
show the details of implementation; for these, see the logic diagram. The symbol represents the memory as If it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is Invalid when the counter content (eT) Is O. 

Pin numbers shown are for the NT package. 
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logic diagram (positive logic) 

OE 

LOCK 

UNCK 

RST 
DO 
01 
02 
03 
04 
05 
06 
07 

24 

" 

12 

13 

1 

2 

3 
4 

5 

7 
8 
e 
10 

I r-
~1'-~ C1 

C2 

20 -/ 
r-
\. I -

L L_ 
PL COMP PL. QL 

PL. QL+ 1 C"-1 "'-- QL PL. QL-l 

I 

SN74ALS2232A 
64 x 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 
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-I , 
1 -

Low 

~CTRDIVa 
+ a PL 

CT.11-7 
a.J-t-f 

l Hlllh 
CTRDlva 

ENI 
a PH 

-<;> 1+ 

~ CT.l 

Low 

t+CTRDlva 
8 QL 

CT.1 1 - 7 
1 a~ 

l Hlllh 
CTRDlva QH 

EN1 a 

-<> 1+ 

CT.1 

8 
a 

a 
a 

1 ~ I 1 = ,....-
-R 

......-< R 

-s 

Wrl1e 
DECODE 
LATCH 

J: 
1PL a. co 

..!!.. + 
oJ 

Cl a. . 
a. 

lPH 

Reed 
DECODE 
LATCH 

lQL J: a co Q 
+ 

Cl oJ a . 
a 

lQH 

P.Q 

CTa56 
-"\. 

H-J 

RAM 

~ EN 
64,,8 

44 .... lA1/64 
44 

2A 1/64 

'--- > CO 

..., 
lA, 30 

r-
2A'iJ 

11 

~ 
~ 
~ 
r2!-
.-!!.. 
~ 
r--!!-
r-1!-

FU 

QO 

01 
Q2 
03 
04 
05 
06 
07 

~ Hlllh - ""'--

,PH 
COMP PH. Q~l=l- - R 

PH. QH-1 CTsa -R LLJ 
14 

.QH PH. QH + 1 EM 

Pin numbers shown, are for the NT package. 

- --
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tlminig diagram 

RST~ 
I 

LDCLK I --_--4 
00-07 ~ B}J I§I B888&~~X~aX·d588&I B8 ~~ Ba'~ 

1 W2 W3 Wl W2 W63 W64 

UNCK 

00-Q7 

I I . 
I I I 
I 

Initialize Load 
Pointers W1 

Unload 
W2 

Empty Full 

absolute maximum ratings over opera~ing free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) .............................................................. 7 V 
Input voltage ..............................................................................• 7 V 
Voltage applied to a disabled 3-~tate output ........................•......................... 5.5 V 
Operating free-air temperature range, TA .............................................. ooe to 700 e 
Storage temperature range .•...........................••........................ - 65°e to 1500 e 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. This Is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions· section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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SN74ALS2232A 
64 x 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS248 - FEBRUARY 1988 - REVISED MARCH 1990 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

a outputs -2.6 
IOH High-level output current rnA 

FULL. EMPTY -0.4 

a outputs 24 
IOL Low-level output current rnA 

FULL. EMPTY 8 

fclock Clock frequency LOCK, UNCK 0 40 MHz 

RSTlow 25 

LOCK low 13 

tw Pulse duration LOCK high 12 ns 

UNCKlow 13 

UNCKhigh 12 

tsu1 Setup time, data before LOCKf 5 ns 

tsu2 Setup time, RST high (inactive) before LOCKf 5 ns 

th Hold time, data after LOCKf 5 ns 

TA Operating free-air temperature 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP* MAX UNIT 

VIK VCC= 4.5 V, 11=-18mA -1.2 V 

a outputs VCC= 4.5 V, 10H =-2.6 rnA 2.4 3.2 
VOH V 

FULL. EMPTY VCC = MIN to MAX, 10H =0.4mA VCC-2 

IOL=12mA 0.25 0.4 a cutput:: VCC = 4.5V 
IOL=24mA 0.35 0.5 

VOL V 
IOL=4mA 0.25 0.4 

FULL. EMPTY VCC= 4.5V 
IOL=8mA 0.35 0.5 

10ZH VCC = 5.5 V, Vo = 2.7V 20 ~ 

10ZL VCC = 5.5 V, Vo = 0.4 V -20 ~ 

II VCC = 5.5 V, VI=7V 0.1 rnA 

IIH VCC = 5.5 V, VI=2.7V 20 ~ 
CLKs -0.2 

IlL VCC = 5.5 V, VI =0.4V rnA 
Others -0.1 

lo§ 
a outputs -20 -130 

VCC = 5.5 V, Vo = 2.25 V rnA 
FULL. EMPTY -20 -112 

ICC VCC = 5.5V 175 270 rnA 
.. 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions . 
:1= All typical values are at VCC = 5 V, TA = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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switching characteristics (see Figure 1) 

FROM TO 
PARAMETER (INPUT) (OUTPUT) 

VCC=5V. 
CL=50 pF. 
R1 =5000, 
R2 = 500 0, 
TA = 25°C 

MAX TYP 

fmax LDCK, UNCK 

LDCKt 
tpd 

UNCKt 

tPLH LDCKt 

tpHL UNCKt 

tPHL RSrl 

tpHL LDCKt 

UNCKt 
tpLH 

RSrl 

ten OEt 

tdis OEI 

1o--a2 

AnyQ 

EMPTY 

EMPTY 

FULL 

FULL 

Q 

Q 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

18 

18 

12 

12 

12 

16 

10 

13 

11 

11 

Vcc = 4.5 V to 5.5 V. 
CL=50 pF. 
R1 = 500 0, 
R2 = 500 0, UNIT 

TA = O°C to 70°C 

MAX MIN MAX 

40 MHz 

26 30 
ns 

24 27 

16 18 
ns 

17 20 

17 20 ns 

21 22 ns 

15 18 
ns 

19 23 

15 17 ns 

17 19 ns 



SN74ALS2232A 
64 x 8 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS248 - FEBRUARY 1988 - REVISED MARCH 1990 

PARAMETER MEASUREMENT INFORMATION 

Open 
S1 

From Output --o-~)--o-- Test Point 
Under Tost 

CL'" 50 pF 
(soo Noto A) 

R2 '" 500 C 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

TIming 
Input 

Data 
Input 

3.5 V 

i~3~ __ _ 
--_oJ-t- 0.3 V 

tau ---t4 J)~ "1 th 

~-:~-3.5V 
--f 1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

Input - - - - 3.5V 
(seo Noto B) L 1.3 V '\ 1.3 V --Ii I . 0.3V 

tpLH ~~ ~ tpHL 

In-Phaso I 1/ { ~.; VOH 
Output I T 1.3 V I '\2:. V 

--"'1 --' I VOL 
~tpLH 

tpHL~ I 
Out-of-Phase \L v::: VOH 

Output \. 1.3V T 1.3V 
. . - - VOL 

Hlgh-Lovol 
Pulse 

Low-Lovol 
Pulao 

Output 
Control 

Waveform 1 
S1 Closed 

(see Note C) 

Waveform 2 
S10pen 

(see Note C) 

SWITCH POSITION TABLE 

TEST S1 

tpLH Opon 

tpHL Open 

tpZH Open 

tpZL Closed 

tpHZ Opon 

tpLZ Closed 

I I 
~tw-.l 
I I 

~1'lV ~ 
~~.~V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

VOLTAGE WAVEFORMS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

VOL.TAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABL.E TIMES, 3-STATE OUTPUTS 

NOTES: A CL includes probe and jig capacitance. 
B. All input pulses are supplied by generators having the following characteristics: PRR " 1 MHz, Zo .. 50 0, tr '" 2 ns, tf'" 2 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALS2233A 
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

• Independent Asynchronous Inputs and 
Outputs 

• 64 Words by 9 Bits 
o Data Rates From 0 to 40 MHz 

o Fall-Through Time .•• 20 ns Typical 

• 3-State Outputs 

description 

This 576-bit memory uses advanced low-power 
Schottky IMPACT-X T .. technology and features 
high speed and fast fall-through times. It is 
organized as 64 words by 9 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. The function is used as a 
buffer to couple two buses operating at different 
clock rates. This FIFO is designed to process data 
at rates from 0 to 40 MHz in a bit-parallel format, 
word by word. 

Data is written into memory on a low-to-high 
transition of the load clock (LOCK) input and is 
read out on a low-to-high transition of the unload 
clock (UNCK) input. The memory is full when the 
number of words clocked in exceeds by 64 the 
number of words clocked out. When the memory 
is full, LOCK signals have no effect on the data 
residing in memory. When the the memory is 
empty, UNCK signals have no effect. 

Status of the FIFO memory is monitored by the 
FULL, EMPTY, almost-full/almost-empty (AF/AE), 
and half-full (HF) output flags. The FULL output is 
low when the memory is full and high when the 
memory is not full. The EMPTY output is low when 
the memory is empty, and high when it is not 
empty. The AF/AE flag is high when the FIFO 

03 
Vcc 

04 
05 
06 
07 
08 

SCAS249 - FEBRUARY 1988 - REVISED MARCH 1990 

RST 

00 
01 
02 
03 

VCC 
04 
05 
06 
07 
08 

AF/AE 
FULL 
LOCK 

N PACKAGE 
(TOP VIEW) 

1 

2 27 

3 26 

4 25 

5 24 

6 23 

7 22 

8 21 

9 20 

10 19 

11 18 

FN PACKAGE 
(TOP VIEW) 

OE 

00 
01 
02 
03 
GNO 
04 
05 
06 
07 
08 
HF 
EMPTY 
UNCK 

C\I ...- 0 It;; W 0 ...­
CCCCI:OOO 

4 321 28 27 26 
5 

0 
25 

6 24 

7 23 

8 22 

9 21 

10 20 

02 
03 
GNO 
04 
05 
06 

11 19 07 
121314 15 16 1718 

contains eight or less words or 56 or more words. The AF/AE flag is low when the FIFO contains between nine 
and 55 words. The HF flag is high when the FIFO contains 32 or more words and is low when the FIFO contains 
31 words or less. . 

A low level on the reset (RST) input resets the internal stack control painters and also sets EMPTY low and FULL 
high. The outputs are not reset to any specific logic levels. The first low-to-high transition on LOCK, either after 
a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the Q outputs. 
The first word does not have to be unloaded. Data outputs are noninverting with respect to the data inputs and 
are at a high-impedance state when the output-enable (OE) input is low. The OE input does not effect either the 
FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction, but is not possible 
in the word-depth direction. 

The SN74ALS2233A is characterized for operation from O°C to 70°C. 

I MPACT-X is a trademark of Texas Instruments Incorporated. 
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logic symbolt 

LOCK 

UNCK 

OE 

DO 

01 

02 

03 

04 

05 

06 

07 

08 

1 

14 

15 

28 

2 

3 

4 

5 

7 

8 

9 

10 

11 

'" 

FIFO 64 )(9 

CTR CT:t32 

CT=O 
CT $ 8/CT:t 56 

1(+/C2) (CT=64)G1 ....... 

3- (CT=O) G3 ....... 

EN4 , r 
20 4'\7 

17 

12 

13 

16 

27 

26 

25 

24 

22 

21 

20 

19 

18 

HF 

AF/AE 

FULL 

EMPTY 

00 

01 

02 

03 

04 

05 

a6 
07 

08 

tThis symbol is in accordance with ANSI/iEEE Standard 91-1984 and IEC Publication 617-12. The symbol is functionally accurate but does not 
show the details of implementation; forthese, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (Cl') is O. 
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logic diagram (positive logic) 

OE 

LOCK 

UNCK 

RST 
DO 
01 
02 
03 
04 
05 
06 
07 
DB 

28 

14 

15 

1 

2 

3 
4 
5 

7 
a 
II 

10 
11 

1,-lID- "'-I '-
C1 

I 

C2 

20 --/ 
r-
\. I -

L, low 
COMP Pl.Ol 

Pl. Ol+ 1 ..... Ol Pl .. OL-1 

High 

- PH COMP PH: OH 

~ PH.OH-1 

PH. OH + 1 

OH PH. OH + 4 

SN74ALS2233A 
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 
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.--"\ 
I J -

Wrt1e 
DECODE 

low LATCH 

~c CTRDIVa 
+ II Pl :z: CT .. 1 1-7 1Pl ~ aJ-r-l + ~ ..J 

C1 "-. 
"-l Hlah 

CTRDIVa 
EN1 

a PH 
1PH 

~P-1+ 

~ CT.1 
Read 

DECODE 
low LATCH 

CTRDlva 
+ 

a Ol :z: 1-7 10l CT .. 1 a 
al-+J ro 0 + 

C1 
..J a Il High 
. 

CTROIVa OH 
a 

EN1 a 
10H 

t--< P-1+ 

CT.1 

8 
a 

a 
a 

1 ......... P.o 
I 1 -= ~ 

~ 
r-- R CTa58 t:n 
~R ...../ 

r-S L=-1) 

~ ~ r-: S CTs8 -

;::::: 
R 

R - S -
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RAN 

...... EN 
64,,8 

~ 1A 1/64 
64 

2A1/64 

I...-- I> C3 

~ 
1A, 3D 

... 
2A"V 

11 

12 

18 

17 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

FU 

00 
01 
Q2 

03 
04 
05 
06 
07 
OB 

AF/ AE 

PTY EM 

HF 
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SN74ALS2233A 
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS249 - FEBRUARY 1988 - REVISED MARCH 1990 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ........................... ; ................................. 7 V 
Input voltage ..........................................................................•.... 7 V 
Voltage applied to a disabled 3-5tate output .................................................. 5.5 V 
Operating free-air temperature range, TA ............................................. O°C to 70°C 
Storage temperature range ....................................................... - 65°C to 150°C 

t Stresses beyond thoso listed under "absoluto maximum ratings" may cause permanent damage to the device. This Is a stress rating only, and 
functional operation of the device at these or any other conditions beyond those indicated in the "recommended operating conditions' section 
of this specification is not implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GNO. 

recommended operating conditions 

VCC 

VIH 

VIL 

IOH 

IOL 

fclock 

tw 

tsu1 

tsu2 

th 

TA 

Supply voltage 

High-level input voltage 

Low-level input voltage 

a outputs 
High-level output current 

Flag outputs 

a outputs 
Low-level output current 

Flag outputs 

Clock frequency LOCK, UNCK 

RSTlow 

LOCK low 

Pulse duration LOCK high 

UNCKlow 

UNCKhigh 

Setup time, data before LOCKt 

Setup time, RST high (inactive) before LOCKt 

Hold time, data after LOCKt 

Operating free-air temperature 

~TEXAS 
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MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-2.6 
rnA 

-0.4 

24 
rnA 

8 

0 40 MHz 

25 

13 

12 ns 

13 

12 

5 ns 

5 ns 

5 ns 

0 70 °c 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONSt MIN TYP* MAX UNIT 

VIK Vee = 4.5 V. II =-18 rnA -1.2 V 

a outputs Vee = 4.5 V, 10H =-2.6mA 2.4 3.2 
VOH V 

Flag outputs Vee = MIN to MAX, IOH =0.4mA Vee-2 

10l = 12 rnA 0.25 0.4 a outputs Vee=4.5V 
10l = 24 rnA 0.35 0.5 

VOL V 
10l = 4 rnA 0.25 0.4 

Flag outputs Vee =4.5V 
IOl=8mA 0.35 0.5 

10ZH Vee = 5.5 V. VO=2.7V 20 JAA 
10Zl Vee = 5.5 V. Vo =0.4V -20 JAA 
II Vee = 5.5 V, VI =7V 0.1 rnA 

IIH Vee = 5.5 V. VI=2.7V 20 JAA 
elKs -0.2 

III Vee = 5.5 V, VI =0.4V rnA 
Others -0.1 

lo§ 
a outputs -20 -130 

Vee = 5.5 V, VO=2.25V rnA 
Flag outputs -20 -112 

ICC Vee = 5.5V 175 290 rnA 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. * All typical values are at Vee = 5 V. TA = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN74ALS2233A 
64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS249 - FEBRUARY 1988 - REVISED MARCH 1990 

switching characteristics (see Figure 1) 

FROM 
PARAMETER (INPUl) 

fmax LDCK, UNCK 

LDCKt 
tpd 

UNCKt 

tpLH LDCKt 

tpHL UNCKt 

tpHL RST~ 

tpHL LDCKt 

UNCKt 
tpLH 

RST~ 

tpLH 
LDCKt 

tPHL 

tpLH 
UNCKt 

tpHL 

tpLH RST~ 

tPLH LDCKt 

tpHL RST~ 

tpHL UNCKt 

ten OEt 

tdis OE~ 

TO 
(OUTPUl) 

AnyQ 

EMPTY 

EMPTY 

FULL 

FULL 

AF/AE 

AF/AE 

AF/AE 

HF 

HF 

Q 

Q 

~TEXAS 
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VCC =5V, 
CL= 50 pF, 
R1 = 500 Q, 

R2 = 500 Q, 

TA = 25°C 

MIN TYP 

18 

18 

12 

12 

12 

16 

10 

13 

22 

19 

22 

17 

12 

22 

28 

16 

11 

11 

POST OFFICE BOX 655303 • OAUAS, TEXAS 75265 

VCC = 4.5 V to 5.5 V, 
CL=50 pF, 
R1 = 500 a, 
R2 = 500 a, UNIT 

TA = O°C to 70°C 

MAX MIN MAX 

40 MHz 

26 30 
ns 

24 27 

16 18 
ns 

17 20 

17 20 ns 

21 22 ns 

15 18 
ns 

19 23 

27 30 
ns 

25 28 

27 30 
ns 

23 26 

16 18 ns 

27 30 
ns 

32 35 

22 25 ns 

15 17 ns 

17 19 ns 
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64 x 9 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 
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PARAMETER MEASUREMENT INFORMATION 

SWITCH POSITION TABLE 

Open TEST S1 

51 tpLH Open 

tPHL Open 

tpZH Open 

From Output --e-~t-___ -- Test Point tpZL Closed 
Under Test 

CL. 50 pF 
(see Note A) 

R2=500C 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing 
Input 

Data 
Input 

3.5V 
t~3~ ___ _ 

---~-r 0.3 V 
tau~th 
~-;~-3.5V 

--I 1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

High-Level 
Pulse 

Low-Level 
Pulse 

tPHZ Open 

tPLZ Closed 

I I 
14- tw -.I 
I I 

~ 1 'l V _v::::-
~~.~V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.5V 

0.3 V 

3.SV 

0.3 V 

Output 1.3 V 1.3 V ~r--E
3'5V 

Control 1 

Input--, \- - - - 3.5 V 
(see Note B) 1.3 V 1.3 V 

I I. 0.3V 

tpZL --.I I+- 1----- 0.3V 

~
I : - ~~r-tpLZ 3.5V 

tpLH~ ~tpHL 
In-Phase 1 1/ IJ - - VOH 

Output 1 T 1.3 V 1 \2:. V 
---r-I -- 1 VOL 

1_ ,... ~tpLH 
~HL~ 1 

Waveform 1 1 1.3 V I I .L. 
S1 Closed 1 --~ 

(see Note C) I ~ I - - L VOL 

-.! tpHZ ~ ~ 0.3 V 

Out-of-Phase 1.3 V 1.3 V , I ·FVOH 

Output . , _ _ VOL 

wa;~~: 'PZH 1.3~1 ~:3;OH 
VOLTAGE WAVEFORMS 

PROPAGATION DELAY TIMES 

(see Note C) _ _ _ _ _ _ OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: A. CL Includes probe and Jig capacitance. 

10-72 

B. All input pulses are supplied by generators having the following characteristics: PRR ~ 1 MHz, Zo = 50 C, tr :s: 2 ns, tf:S: 2 ns. 
C. Waveform 1 Is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output with Internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

o Independent Asychronous Inputs and 
Outputs 

o Bidirectional 
o 32 Words by 9 Bits 

• Programmable Depth 
o Data Rates from 0 to 40 MHz 

o Fall-Through Time •.. 22 ns Typ 
o 3-State Outputs 

description 

This 576-bit memory uses advanced low-power 
Schottky IMPACT-X™ technology and features 
high speed and fast fall-through times. It consists 
of two FIFOs organized as 32 words by 9 bits 
each. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. These FIFOs are 
designed to process data at rates from 0 to 40 MHz 
in a bit-parallel format, word by word. 

The SN74ALS2238 consists of bus-transceiver 
circuits, two 32 x 9 FIFOs, and control circuitry 
arranged for multiplexed transmission of data 
directly from the data bus orfrom the internal FIFO 
memories. Enables GAB and G BA are provided to 
control the transceiver functions. The SAB and 
SBA control pins are provided to select whether 
real-time or stored data is transferred. The 
circuitry used for select control eliminates the 
typical decoding glitch that occurs in a multiplexer 
during the transition between stored and real-time 
data. A low level selects real-time data and a high 
selects stored data. Eight fundamental 
bus-management functions can be performed as 
shown in Figure 1. 

Oata on the A or B data bus, or both, is written into 
the FIFOs on a low-to-high transition at the load 
clock (LOCKA or LOCKB) input and is read out on 
a low-to-high transition at the unload clock 
(UNCKA or UNCKB) input. The memory is full 
when the number of words clocked in exceeds, by 
the defined depth, the number of words clocked 
out. 

When the memory is full, LOCK signals have no 
effect on the data residing in memory. When the 
memory is empty, UNCK signals have no effect. 

I MPAeT-X is a trademark of Texas Instruments Incorporated. 

GNO 
Vcc 

A3 
A4 
AS 
A6 

GNO 
Vee 

A7 
A8 

LOCKA 
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RSTA 

OAF 

AO 
A1 
A2. 

GNO 
A3 
A4 
AS 
A6 

GNO 
Vee 

A7 
A8 

LOCKA 
FULLA 

UNCKB 
EMPlYB 

SAB 

GAB 

N PACKAGE 
(TOP VIEW) 

1 U 40] 

2 39 ] 
3 38 ] 

4 37 
5 36 
6 35 
7 34 
8 33 
9 32 
10 31 
11 30 
12 29 
13 28 

[ 14 27 
15 26 
16 25 
17 24 
18 23 
19 22 J 

[ 20 21 P 

FN PACKAGE 
(TOP VIEW) 

RSTB. 

OBF 

BO 
B1 
B2 
GNO 
B3 
B4 
B5 
B6 
GNO 
Vec 
B7 
B8 
LOCKB 
FULLB 

UNCKA 
EMPlYA 
SBA 

GBA 

01u.1~1~1u. 0 ~_Oa<CI)(/)COao-
<t:~ 00:0:0 coco 

654321 44 4342 41 40 
7 39 
8 38 
9 37 
10 36 
11 35 
12 34 
13 33 
14 32 
15 31 
16 30 
17 29 

18 19 20 21 22 23 24 25 26 27 28 

B2 
GNO 
Vee 
B3 
B4 
B5 
B6 
GNO 
Vee 
B7 
B8 

Copyright ~ 1990. Texas Instruments Incorporated 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 10-73 



SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

description (continued) 

Status of the FIFO memories is monitored by the FULLA, FULLS, EMPTYA, and EMPTYS output flags. The 
FULLA and FULLS are definable full flags. A high-to-Iow transition on OAF stores the binary value of AD through 
A4 into a register for use as the value of X. A high-to-Iow transition on OSF stores the binary value of 80 through 
S4 into a register for use as the value of Y. In this way, the depth of either FIFO can be defined to be one to 
32 words deep. The value of X and Y must be defined after power up or the stored value of X and Y will be 
ambiguous. The FULLA and FULLS outputs are low when their corresponding memories are full and high when 
the memories are not full. 

The EMPTYA and EMPTYS outputs are low when their corresponding memories are empty and high when they 
are not empty. The status flag outputs are always active. 

A low-level pulse on the RSTA or RSfi3 inputs resets the control pointers on FIFO A or FIFO S and also sets 
EMPTYA low and FULLA high or EMPTYS low and FULLS high. The outputs are not reset to any specific logic 
levels. With OAF at a low level, a low-level pulse on RSTA sets FIFO A to a depth of 32 - X, where X is the value 
stored above. With OAF. at a high level, a low level pulse on RSTA sets FIFO A to a depth of 32 words. The depth 
of FIFO S is set in a similar manner. The first low-to-high transition on LOCKA or LOCKS, either after a reset 
pulse or from an empty condition, will cause EMPTYA or EMPTYS to go high and the data to appear on the 
Q outputs. It Is important to note that the first word does not have to be unloaded. Cascading Is easily 
accomplished in the word-width direction, but is not possible in the word-depth direction. 

The SN74ALS2238 is characterized for operation from O°C to 70°C. 
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t This symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the N package. 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

logic diagram (positive logic) 

SAB 

SBA 

EMPTYB 

UNCKB 

GBA 

GAB 

RSTA 
OAF 

FULLA 

LOCKA 

AO 

19 

22 

18 ~ 

17 

21 

20 

Ir 

1 
2 

16 
15 

~ 

3 
.... 

1 Ln-
f".... 

1 Ln-

r~ I I 
! I 
I 
I ! 
I Ono of Nine Channels I L. __________ .J 

To Other Channels 

I 
cl> 

"-
FIFOA 
32x9 

"-

, r 
0 Q 

cl> 
FIFOB V1 
32x9 

V1 

, r 
~ 

Q 0 

Ir 1 

r~ I I 
I I 
! ! 

i I 
I One of Nine Channels I L. ________ ..;._.J 

, To Other Channels 

Pin numbers shown are for the N package. 
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Figure 1. Bus-Management Functions 
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timing diagram for FIFO At 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

SELECT-MODE CONTROL TABLE 

CONTROL OPERATION 

SAB SBA ABUS BBUS 

L L Real-time B to A bus Real-time A to B bus 

L H FIFO B to A bus Real-time A to B bus 

H L Real-time B to A bus FIFO A to B bus 

H H FIFO B to A bus FIFO A to B bus 

OUTPUT-ENABLE CONTROL TABLE 

CONTROL OPERATION 

GAB GBA ABUS BBUS 

H H A bus enabled B bus enabled 

L H A bus enabled Isolation/input to B bus 

H L Isolation/Input to A bus B bus enabled 

L L Isolation/lnput to A bus Isolation/Input to B bus 

programming procedure for depth of FIFO At 

Program: 

Step 1. With RSTA at a high level. take OAF from a high level to a low level. The high-to-Iow transition on 
OAF stores the binary value of AO-A4 for use as the value of X in defining the depth of FIFO A. 

Step 2. With OAF held low. pulse the RSTA signal low. On the"low-to-high transition of RSTA. FIFO A is set 
to a depth of 32 - X. where X is the value of AO-A4 stored above. 

Step 3. To redefine the depth of FI FO A to 32 words. hold OAF at a high level and pulse the RSTA signal low. 

t The programming procedures used to define the depth of FIFO B are the same as the procedure above. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 

Supply voltage. Vee ............................................................... -0.5 V to 7 V 
Input voltage: Control inputs •..•.........•...•••...••.•••.••••••••••••••.••••••••.•..•.•.•••• 7 V 

I/O ports ..•..........•....••..••.•••••••••.••••.••••.•••••••••••••••.•••.••• 5.5 V 
Voltage applied to a disabled 3-state output .••.•..••••.•..••.••••••••..••••••••••••••••••••.• 5.5 V 
Operating free-air temperature range. TA .........•..•.•..• • • . • • • • • . • • . • • • . • • . . . • • • . • •• O°C to 70°C 
Storage temperature range •.••.•.•..••.....•..••...•.•••.•••.•••...••••••••.•.•.• -65°C to 150°C 
Maximum junction temperature .........•.•............•••.•••••••••••••••.•••••••.•••••••• 150°C 

* Stresses beyond those listed under Mabsolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under ·recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

recommended operating conditions (see Note 1) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

A or B ports -15 
IOH High-level output current rnA 

Status flags -0.4 

A or B ports 24 
IOL Low-level output current rnA 

Status flags 8 

LDCKA or LDCKB 0 40 
fclock Clock frequency 

UNCKA or UNCKB 
MHz 

0 40 

RSTA or RSTB low 17 

LDCKA or LDCKB low 12.5 

LDCKA or LOCKS high 10 
tw Pulse duration ns 

UNCKA or UNCKB low 12.5 

UNCKA or UNCKB high 10 

DAF or DBF high 10 

Data before LDCKA or LDCKBt 7 

Define depth: D4-DO before DAF or DBF~ 6 

tsu Setup time Define depth: DAF or DBF ~ before RSTA or RSTB t 45 ns 

Define depth (32): DAF or DBF high before RSTA or RSTBt 32 

LDCKA or LOCKB (inactive) before RSTA or RSTBt 5 

Data after LDCKA or LDCKBt 3 

Define depth: D4-DO after DAF or DBF ~ 4 

th Hold time Define depth: DAF or DBF low after RSTA or RSTBt 0 ns 

Define depth (32): DAF or DBF high after RSTA or RSTBt 0 

LDCKA or LOCKS (inactive) after RSTA or RSTBt 5 

TA Operating free-air temperature 0 70 °c 
NOTE 1: To ensure proper operation ofthis high-speed FIFO device. it is necessary to provide a clean signal to the LOCKA or LOCKS and UNCKA 

or UNCKB clock inputs. Any excessive noise or glitching on the clock inputs (which violates the VIL. VIH. or minimum pulse duration 
limits) can cause a false clock or improper operation of the internal read and write pointers. 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC =4.5V, II =-18 rnA -1.2 V 

Status flags VCC = 4.5 V to 5.5 V, 10H =-0.4 rnA VCC-2 

VOH 
VCC = 4.5 V, 10H =-2mA VCC-2 

V 
Aor B ports VCC = 4.5 V, IOH=-3mA 2.4 3.2 

VCC = 4.5 V, 10H =-15mA 2 

VCC =4.5V, 10l= 12mA 0.25 0.4 
Aor B ports 

VCC = 4.5 V, IOl=24mA 0.35 0.5 
VOL 

IOl=4mA 
V 

VCC = 4.5 V, 0.25 0.4 
Status flags 

VCC =4.5V, IOl=8mA 0.35 0.5 

OAF, OBF, RSTA, RSTB, GAB, GBA, SAB, 
0.1 

II SBA, lOCKA, LOCKS, UNCKA, UNCKS VCC= 5.5 V, VI=7V rnA 
Aor B ports 0.2 

OAF, OBF, RSTA, RSTB, GAB, GBA. SAB, 
20 

IIH SBA, lOCKA, LOCKS, UNCKA, UNCKB VCC =5.5V. VI=2.7V IlA 
A or B ports* 40 

OAF, OBF. RSTA, RSTB, GAB. GBA, SAB, 
-0.2 

III SBA.lCKA.LDCKB,UNCKA.UNCKB VCC=5.5V. VI =0.4V rnA 
A or B ports* -0.4 

10§ 
Aor B ports* -20 -130 

VCC= 5.5 V, Vo = 2.25 V rnA 
Status flags -15 -100 

ICC VCC=5.5V 190 350 rnA 

t All typical values are at VCC = 5 V, TA = 25°C. 
* For I/O ports. the parameters IIH and III Include the offstate output current. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 

SCAS250-APRIL 1990 

switching characteristics over recommended ranges of supply voltage and operating free-air temperature 
(see Figure 2) 

CL= 50 pF, 

FROM TO R1 =5000. 
PARAMETER 

(INPUT) (OUTPUT) R2=5OO0 

MIN TYpt 

fmax LOCK. UNCK 40 

LDCKAt. LDCKBt 7 22 
tpd B.A 

UNCKAt. UNCKBt 7 20 

tpLH LDCKAt. LDCKBt 5 12 
EMPTYA. EMPTYB 

tpHL UNCKAt. UNCKBt 5 12 

tpHL RSTM. RSTB~ EMPTYA. EMPTYB 5 12 

tpHL LDCKAt. LDCKBt FULLA. FULLB 5 12 

UNCKAt. UNCKBt 
FULLA, FULLB 

5 12 
tpLH 

RSTAl. RSTB~ 6 15 

SAB.SBAl 2 11 
tpd B.A 

NB 2 8 

ten GBA.GAB A,B 2 6 

tdis GBA.GAB A,B 1 5 

t All typical values are at VCC = 5 V. TA = 25°C. * These parameters are measured with the Internal output state of the storage register opposite to that of the bus input. 
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SN74ALS2238 
32 x 9 x 2 ASYNCHRONOUS BIDIRECTIONAL FIRST-IN, FIRST-OUT MEMORY 
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PARAMETER MEASUREMENT INFORMATION 

SWITCH POSITION TABLE 

TEST S1 

S1 tpLH Open 

tpHL Open 

tpZH Open 

From Output ---e-~It----e-- Test Point tpZL Closed 
Under Test 

CL. SO pF 
(see Note A) 

R2=SOOO 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

TIming 
Input 

Data 
Input 

3.SV 

i~3~ __ _ 
--_..J-r 0.3 V 

leu~th 
~-:~-3.5V 

--f 1.3V ~. 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

High-Level 
Pulse 

Low-Level 
Pulse 

tpHZ Open 

tpLZ Closed 

I I 
J4.- tw--.l 
I I 

~1~V ~ 
~~':,V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.5V 

0.3 V 

3.5V 

0.3 V 

Output 1.3 V 1.3 V ~~
3'5V 

Control 1 

Input - - - - 3.5V 
(see Note B) L 1.3 V \ 1.3 V --'i I . 0.3V 

tpZL --.i I+- 1----- 0.3V 

-rs
l 

: - -z~r-tpLZ 3.5V tpLH~ ~tpHL 
In-Phase I 1/ I { -;.; VOH 

Output 1 T 1.3 V 1 '\2: V 
--""1 -oJ 1 VOL 

~tpLH 
tpHL~ 1 

Waveform 1 1 1.3 vii ..1. 

S1 Closed 1 --~ 
(see Note C) 1 ~ I - - L VOL 

-+I tpHZ -Pj I+- 0.3 V 

Out-of-Phase { !r.:: VOH 
Output '\ 1.3 V T 1.3 V 

~~f~':.~ tPZH 1'3~1 ~:':OH 
. , -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(see Note C) _ _ _ _ _ _ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 

10-82 

B. All input pulses are supplied by generators having the following characteristics: PRR :I: 1 MHz, Zo = 50 0, tr :I: 2 ns, tf:l: 2 ns. 
C. Waveform 1 Is for an output with Internal conditions such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 2. Load Circuit and Voltage Waveforms 
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9-BIT ASYNCHRONOUS FIFOS 

Features 

• Multiple speed sort options 

• Depth from 256 to 4K words 

• Fast data access time of 15 ns 

• Bit-width and word-depth expandable 

• Empty, full, and half-full flags 

• Compatible to 720x pinout 

• TI has established an alternate source 

Benefits 

• Design flexibility 

• Optimize depth for specific application 

• Increased system performance 

• Allows interface to larger and deeper data 
paths 

• Multiple status flags to ease design efforts 

• Drop-in replaceable to existing layouts 
and deSigns 

• Standardization that comes from a 
common-product approach 



SN74ACT7200L, SN74ACT7201 LA, SN74ACT7202LA 
256 x 9, 512 x 9, AND 1 K x 9 

FIRST-IN, FIRST-OUT MEMORIES 

• Reads and Writes Can Be Asynchronous 
or Coincident 

• Organization: 
- SN74ACT7200L - 256 x 9 
- SN74ACT7201LA-512 x 9 
- SN74ACT7202LA-1K x 9 

• Fast Data Access Times of 15 ns 
• Read and Write Frequencies up to 40 MHz 
• Blt·Wldth and Word·Depth Expansion 

• Fully Compatible With the 
IDT7200/7201/7202 

• Retransmit Capability 
• Empty. Full. and Half·Full Flags 
• TTL-Compatlble Inputs 
• Available In 28·Termlnal Plastic DIP (NP) 

and Small·Outline (DV) Packages and 
32· Terminal Plastic J·Leaded Chlp·Carrler 
(RJ) Packages 

description 

The SN74ACT7200L, SN74ACT7201 LA, and 
SN74ACT7202LA are constructed with dual-port 
SRAM and have internal write and read address 
counters to provide data throughput on a first-in, 
first-out (FIFO) basis. Write and read operations 
are independent and can be asynchronous or 
coincident. Empty and full status flags prevent 
underflow and overflow of memory, and 
depth-expansion logic allows combining the 
storage cells of two or more devices into one 
FIFO. Word-width expansion is also possible. 

Data is loaded into memory by the write-enable 
(W) input and unloaded by the read-enable (R) 
input. Read and write cycle times of 25 ns 
(40 MHz) are possible with data access times of 
15 ns. 

SCAS221 - FEBRUARY 1993 - REVISED JUNE 1993 

DV OR NP PACKAGE 
(TOP VIEW) 

1 U 28 J 
27 J 

W Vce 
OS 04 2 

3 26 ] 03 05 
4 25 ] 02 06 
5 24 01 07 
6 23 00 FLIRT 
7 22 Xi RS 
8 21 FF EF 
9 20 00 XO/HF 
10 19 01 Q7 
11 18 02 06 
12 17 03 05 
13 16 OS 04 

[ 14 15 ] GNO R 

RJ PACKAGE 
(TOP VIEW) 

C')CO OU VLO 
C CI 13: z ;? c C 

4 3 2 1 3231 30 
02 5 0 29 06 
01 6 28 07 
00 7 27 NC 
Xi 8 26 FLIRT 
FF 9 25 RS 
00 10 24 EF I 

01 11 23 XO/HF 
NC 12 22 07 
02 13 21 06 

14 15 16 17 18 19 20 

NC - No intemal connection 

These devices are particularly suited for providing a data channel between two buses operating at 
asynchronous rates. Applications include use as rate buffers from analog-to-digital converters in data 
acquisition systems, temporary storage elements between buses and magnetic or optical memories, and 
queues for communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus 
a parity bit or packet-framing information. The read pointer can be reset independently of the write pointer for 
retransmitting previously read data when a device is not used in depth expansion. 

The SN74ACT7200L, SN74ACT7201 LA, and SN74ACT7202LA are characterized for operation from O°C 
to 70°C. 

~~~~~~~~o:I: .1~or:~~I~~I~~,::~,:,~ ~ fu::i~~~~m~~~ 
mndard warranty. Production procH,lng do .. not nee .... rlly Inc Iud. 
tHllng or an paramtl.1'I. ~TEXAS 
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SN74ACT7200L, SN74ACT7201LA, SN74ACT7202LA 
256 x 9, 512 x 9, AND 1K x 9 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS221 - FEBRUARY 1993 - REVISED JUNE 1993 

SN74ACT7200L logic symbolt 
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DO 
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D2 
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22 
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23 

15 
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24 
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"-

f= 
"-
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~ 
- "-e 

FIFO 256 )(9 
~ 

SN74ACT7200L 

2,4 CT = 0 (RST) 

6(WR PNTR) 2(CT = 255) G6 

> 6C1 4(CT = 255) G6 

G2 (CT =256) G6 

(EXPAND) 
(CT= 0) G5 

(1ST LOAD) 

2,4 (REXMIT) (EXPAND) 

5 (AD PNTR) CT> 128 

5EN3 

G4 

(CT = WR PNTR - RD PNTR) ., r 
1D 3'\7 

t This symbol is In accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
Pin numbers shown are for the DVand NP packages. 
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SN74ACT7201 LA logic symbolt 
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SN74ACT7200L, SN74ACT7201 LA, SN74ACT7202LA 
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FIFO 512 x 9 
cl> 

SN74ACT7201LA 

2,4 CT = 0 (RST) 

6' (WRPNTR) 2(CT = 511) G6 

d P 6'C1 4(CT = 511) G6 

G2 (CT= 512) G6 

(EXPAND) 
(CT=O) GS " 

(1ST LOAD) 
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~ S(RD PNTR) CT>256 

SEN3 

G4 
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tThis symbol is in accordance wilh ANSI/IEEE Sid 91-1S34 and IEC Publication 017-12. 
Pin numbers shown are for the DV and NP packages. 
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SN74ACT7202LA logic symbolt 
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10 3"1 

t This symbol Is In accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the DVand NP packages. 
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Location 1 

Location 2 

256 x 9 or 

.1 Write ~ 512)( 9 or ~ Read I I Pointer 1024 x 9 Pointer 
RAMt 

~ . ~ 4 

9 . 
L:f 

CO-cs 

.. Status-.. Flag 

r Logic 

I • .. 
.A Expansion 

Logic 

t 256)( 9 for SN74ACTI200L; 512)( 9 for SN74ACTI201LA; 1024)( 9 for SN74ACTI202LA 

INPUTS 

RS FLJRT XI 

L X L 

H L L 

H H L 

INPUTS 

RS FLJRT XI 

L L * 
L H * 
H X * 

RESET AND RETRANSMIT FUNCTION TABLE 
(single-device depth; single-or multiple-device width) 

INTERNAL TO DEVICE OUTPUTS 

READ POINTER WRITE POINTER EF FF XO/HF 

Location zero Location zero L H 

Location zero Unchanged X X 

Increment if EF high Increment if FF high X X 

RESET AND FIRST·LOAD FUNCTION TABLE 
(multiple-device depth; single-or multlple-device width) 

INTERNAL TO DEVICE OUTPUTS 

H 

X 

X 

READ POINTER WRITE POINTER EF FF 

Location zero Location zero L H 

Location zero Location zero L H 

X X X X 

* XI is connected to XO/HF of the previous device in the daisy chain (see Figure 15) • 
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FUNCTION 

Reset device 

Retransmit 

Read/write 

FUNCTION 

Reset first device 

Reset all other devices 

Read/write 
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TERMINAL 
1/0 

NAME 

00-08 I 

EF 0 

FF 0 

FLIRT I 

GND 

00-08 0 

R I 

RS I 

VCC 

iN I 

Xi I 

XO/HF 0 
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Terminal Functions 

DESCRIPTION 

Data inputs 

Empty-flag output. EF is low when the read pointer is equal to the write pointer, inhibiting any operation initiated by a read 
cycle. When the FIFO Is empty, a data word can be read automatically at 00-08 by holding R low when loading the data 
word with a low-level pulse on iN. 
Full-flag output. FF Is low when the write pointer is one location less than the read pointer, indicating that the device Is 
full and inhibiting any operation Initiated by a write cycle. FF goes low when the number of writes after reset exceeds the 
number of reads by 256 for the SN74ACT7200L, 512 for the SN74ACT7201LA, and 1024 for the SN74ACT7202LA. 
When the FIFO is full, a data word can be written automatically into memory by holding iN low while reading out another 
data word with a low-level pulse on R. 
First-Ioad/retransmit input. FLIRT performs two separate functions. When cascading two or more devices for word-depth 
expansion, FLIRT is tied to ground on the first device in the daisy chain to indicate that it is the first device loaded and 
unloaded; it is tied high on all other devices in the depth expansion chain. 

A device is not used In depth expansion when Its expansion (Xi) Input Is tied to ground. In that case, FLIRT acts as a 
retransmit enable. A retransmit operation is Initiated when FURT is pulsed low. This sets the internal read pointer to the 
first location and does not affect the write pointer. Rand iN must be at a high logic level during the low-level FLIRT 
retransmit pulse. Retransmit should be used only when less than 256/512/1024 writes are performed between resets; 
otherwise, an attempt to retransmit can cause the loss of unread data. The retransmit function can affect XO/HF 
depending on the relative locations of the read and write pointers. 

Ground 

Data outputs. 00-08 are in the high-impedance state when R is high or the FIFO is empty. 

Read-enable input. A read cycle begins on the falling edge of R if EF is high. This activates 00-08 and shifts the next 
data value to this bus. The data outputs return to the high-impedance state as R goes high. As the last stored word Is 
read by the falling edge of R, EF transitions low but 00-08 remain active until R returns high. When the FIFO is empty, 
the Internal read pointer is unchanged by a pulse on R. 

Reset input. A reset is performed by taking RS low. This initializes the internal read and write pointers to the first location 
and sets EF low, FF high, and HF high. Both R and iN must be held high for a reset during the window shown in Figure 7. 
A reset is required after power up before a write operation can take place. 

Supply voltage 

Write-enable input. A write cycle begins on the falling edge of W if FF is high. The value on 00-08 is stored in memory 
as iN returns high. When the FIFO is full, FF is low, inhibiting iN from performing any operation on the device. 

Expansion-in input. XI performs two functions. XI is tied to ground to indicate that the device is not used in depth 
expansion. When the device is used in depth expansion, Xi is connected to the expansion-out (XO) output of the previous 
device in the depth-expansion chain. 

Expansion-ouVhalf-full-fiag output. XO/HF performs two functions. When the device is not used in depth expansion (i.e., 
when Xi is lied to ground), XO/HF indicates when half the memory locations are filled. After half of the memory is filled, 
the falling edge on iN for the next write operation drives XO/HF low. XO/HF remains low until a rising edge ofR reduces 
the number of words stored to exactly half of the total memory. 

When the device is used in depth expansion, XO/HF is connected to Xi of the next device in the daisy chain. XO/HF drives 
the daisy chain by sending a pulse to the next device when the previous device reaches the last memory location. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee (see Note 1) .............................................. -0.5 V to 7 V 
Input voltage range (any input), VI .................................................... -0.5 V to 7 V 
Continuous output current, 10 ...............................................•.............. 50 rnA 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -55°C to 125°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under 'recommended operating conditions· Is not 
Implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

IXI 2.6 
VIH High-level input voltage I Other inputs 

V 
2 

Vil low-level input voltage 0.8 V 

IOH High-level output current -2 rnA 

IOl low-level output current 8 rnA 

TA Operating free-air temperature 0 70 °c 

electrical characteristics over recommended operating free-air temperature range, Vee = 5.5 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VOH VCC =4.5V. IOH =-2 rnA 2.4 V 

VOL VCC=4.5V. IOl=8 rnA 0.4 V 

IOZH VO=VCC. R~VIH ::1:10 ~ 

IOZl Vo =0.4V. R~VIH ::1:10 ~ 

II VI = Oto 5.5 V -1 1 ~ 
ta = 15 and 25 ns 125' 

ICC1* rnA 
ta = 35 and 50 ns 50 80 

ta = 15 and 25 ns 15 
ICC2* R. W. RS. and FLJRT at VIH rnA 

ta = 35 and 50 ns 5 8 

ICC3* 
ta = 15 and. 25 ns 0.5 

VI =VCC-O.2V rnA 
ta = 35 and 50 ns 0.5 

Ci§ VI =0. TA = 25°C. f = 1 MHz 8 pF 

Co§ VO=O. TA = 25°C. f = 1 MHz 8 pF 

* ICC1 = supply current; ICC2 = standby current; ICC3 = power-down current. ICC measurements are made With outputs open (only capacitive 
loading). 

§ This parameter is sampled and not 100% tested. 
'11 Tested at fclock = 20 MHz 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'ACT7200L·15 ' ACT7200L·25 
'ACT7201 LA·15 'ACT7201 LA·25 

FIGURE 'ACT7202LA·15 ' ACT7202LA-25 

MIN MAX MIN MAX 

fclock Clock frequency, R or W 40 28.5 

leeR) Cycle time, read 1 (a) 25 35 

tc(W) Cycle time, write 1 (b) 25 35 

tc(RS) Cycle time, reset 7 25 35 

tc(RT) Cycle time, retransmit 4 25 35 

tw(RL) Pulse duration, R low 1 (a) 15 25 

tw(WL) Pulse duration, W low 1 (b) 15 25 

tw(RH) Pulse duration, R high 1 (a) 10 10 

tw(WH) Pulse duration, W high 1 (b) 10 10 

tw(RT) Pulse duration, FURT low 4 15 25 

tw(RS) Pulse duration, RS low 7 15 25 

tw(Xll) Pulse duration, XI low 10 15 25 

tw(XIH) Pulse duration, XI high 10 10 10 

tsu(D) Setup time, data before Wt 1 (b), 6 11 15 

tsu(RT) 
Setup time, Rand W high 

4 15 25 
before FURTt * 

tsu(RS) 
Setup time, Rand W high 

7 15 25 
before RSf* 

tsu(XI-R) 
Setup time, XI low 

10 10 10 
before RI 

tsu(XI-W) 
Setup time, XI low 

10 10 10 
before WI 

th(D) Hold time, data after Wt 1 (b), 6 0 0 

th(E-R) Hold time, R low after EFt 5, 11 15 25 

th(F-W) Hold time, W low after FFf 6, 12 15 25 

th(RT) 
Hold time, Rand W high 

4 10 10 
after FURTt 

th(RS) 
Hold time, Rand W high 

7 10 10 
after RSt 

t Released in RJ package only 
* These values are characterized but not currently tested. 
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'ACT7201 LA·35t 
' ACT7200L·50 

, ACT7202LA-35t 'ACT7201 LA·50 
' ACT7202LA-50 UNIT 

MIN MAX MIN MAX 

22.2 15 MHz 

45 65 ns 

45 65 ns 

45 65 ns 

45 65 ns 

35 50 ns 

35 50 ns 

10 15 ns 

10 15 ns 

35 50 ns 

35 50 ns 

35 50 ns 

10 10 ns 

18 30 ns 

35 50 ns 

35 50 ns 

10 15 ns 

10 15 ns 

0 5 ns 

35 50 ns 

,35 50 ns 

10 15 ns 

10 15 ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 13) 

'ACT7200L-15 ' AC17200L-25 
, ACT7201 LA-15 ' AC17201 LA·25 

PARAMETER FIGURE , ACT7202LA-1S ' AC17202LA·25 

MIN MAX MIN MAX 

fmax Clock frequency, R or W 40 28.5 

ta 
Access time, R~ or EFt to 1(a),3, 

15 25 
data out valid 5 

tv(RH) 
Valid time, data out valid 

1 (a) 5 5 
after Rt 

ten (R-QX) 
Enable time, R~ to a 

1 (a) 5 5 
outputs at low impedance* 

Enable time, Wt to a 
ten(W-QX) outputs at low 5 5 5 

Impedancet § 

Disable time, R t to a 
tdis(R) outputs at high 1 (a) 15 18 

impedancet 

tw(FH) 
Pulse duration, FF high in 

6 15 25· 
automatic write mode 

tw(EH) 
Pulse duration, EF high In 

5 15 25 
automatic read mode 

tpd(W-F) 
Propagation delay time, 

2 15 25 
W~ to FF low 

tpd(R-F) 
Propagation delay time, 

2,6,12 15 25 
Rt to FF high 

tpd(RS-F) 
Propagation delay time, 

7 25 35 
RS ~ to FF high 

tpd(RS-HF) 
Propagation delay time, 

7 25 35 
RS~ to XO/HF high 

tpd(W-E) 
Propagation delay time, 

3,5,11 15 25 
Wt to EF high 

tpd(R-E) 
Propagation delay time, 

3 15 25 
R~ to EF low 

tpd(RS-E) 
Propagation delay time, 

7 25 35 
RS~ to EF low 

tpd(W-HF) 
Propagation delay time, 

8 25 35 
W ~ to XO/HF low 

tpd(R-HF) 
Propagation delay time, 

8 25 35 
R t to XO/HF high 

tpd(R-XOL) 
Propagation delay time, 

9 15 25 
R~ to XO/HF low 

tpd(W-XOL) 
Propagation delay time, 

9 15 25 
W ~ to XO/HF low 

tpd(R-XOH) 
Propagation delay time, 

9 15 25 
R t to XO/HF high 

tpd(W-XOH) 
Propagation delay time, 

9 15 25 
Wt to XO/HF high 

tpd(RT-FL) 
Propagation delay time, 

4 25 35 
FLIRT ~ to HF, EF, FF valid 

t Released in RJ package only 
t These values are characterized but not currently tested. 
§ Only applies when data is automatically read (see Figure 5) 
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'ACT7201 LA-3st 
' AC17200L-SO 

, AC17202LA-3st ' AC17201 LA·SO 
' AC17202LA·SO UNIT 

MIN MAX MIN MAX 

22.2 15 MHz 

35 50 ns 

5 5 ns 

10 10 ns 

5 15 ns 

20 30 ns 

30 45 ns 

30 45 ns 

30 45 ns 

30 45 ns 

45 65 ns 

45 65 ns 

30 45 ns 

30 45 ns 

45 65 ns 

45 65 ns 

45 65 ns 

35 50 ns 

35 50 ns 

35 50 ns 

35 50 ns 

45 65 ns 
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PARAMETER MEASUREMENT INFORMATION 

l4~---tC(R) ---•• rl4--tW(RL)--{ 

I 1 1 I 
I I ~ ·1 tw(RH) I I 

:'-ta~ I ~ta~ l 
R ---~ ! "'---\ ! {,....-------
ten(R.QX) ~I : :.- tv(RH) ~I : 14- tdls(R) 4 

QO-QB ----------~ ____ v_al_ld ____ ~~~ __ ~_II_d __ ~~~----
(a) READ 

~ tc(W) ~I 
I I 
~ tw(WL) .14- tw(WH) ~ 
I I I 

w--\~ __ ~f \~ __ ~/ 
1 I 1 
j4- tsu(D) -¥- th(D) -+j 

DO-DB ---------c:( Valid ))-1 -----c('-____ va_lId ____ -J)>----

R 

w 

FF 

(b) WRITE 

Figure 1. Asynchronous Waveforms 

I I 
Last Write 

Ignored I 
Write I First Read I Additional Reads 

I 

1\J 
: I 

I I I 

I!\JI I 
I I I 

'--------'. I I I 
r.--"P1~~ tpd(W-F) I I tpd(R-F) --r'II1~1----•• 1 

\ 
I 
I~ 

I I I I ---+-----\ :: !-~--------

Figure 2. Full-Flag Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

I I 
Last Read I Ignored I 

I Read I First Wrlto Additional Writes 

w---+------------+i------~~~~----------~ 

I I I 
I I I 'K ~-II~I ----+:~~----------------------

I I 
~ ~I tpd(R-E) I I 1<lq.-..--~tWl- tpd(W-E) 

I I I I I I 

EF --~--+i,----~ I I )1r---------------
I ~ __ ~I--------~I--------~--J 
I~ta~ I I 

I I I 
00-08 --~----__ ~------.I--------~---------------------

Figure 3. Empty-Flag Waveforms 

~ tc(Rl) -----P~I 
~ tW(Rl) ~I I 

----~~I l',~---~-------------------
FLIRT 1\ . 

I I 
I I I 

W. R ~~.......:~~~'-"-'"*-" I i }""' ___________ _ 
I j<I-- tsu(Rl) ~~ th(RT) ~I 

XO~~~.FF ~r----------v-a-lId-F-la-g-----------

I I 
t<J tpd(RT-FL) ~ 

NOTE A:. The EF. FF. and XO/HF status flags is valid after completion of the retransmit cycle. 

Figure 4. Retransmit Waveforms 
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w 

PARAMETER MEASUREMENT INFORMATION 

:.- th(E-R) ~ 
I y~-------
I 
1 

EF _______ -.1 _____ 1 ~'-----------
14- tw(EH) ~ 

tpd(W-E) ~ .:4 .1 ta 

ten(W-QX) ~ ~ I 
OO-Q8-------------------~----v-a-lId----)~------------
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Figure 5. Automatic-Read Waveforms 

R~,--_-,{ 
: :.- th(F-W) ~ 
I! "',.......------

tpd(R-F) -,1,... __ ~~ 1 
I 1 1 

t \: 

w 

___________ ----J ~ tw(FH) -..: '""""":_~-------

4j I th(D) 

DO-D8------------------------------~I<---v-al-ld---)~-------------
I 

Ic-tsU(D)~ 

Figure 6. Automatic-Write Waveforms 
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PARAMETER MEASUREMENT INFORMATION 

~ ~R~ ~ 
~ tw(RS) .1 I 

~ l'~~'~------
RS ~~ __________________________ ~'I : 

I I I 
I I I 

W~-~~~~~~~~~~-----~I~--\,~ ________ _ 
I I I 

R~!! 
I tsu(RS) --1110-4 ---OI~liCl-4 _--o~f-I th(RS) 

EF~ 
14- tpd(RS-E) 1>1 

XOIHF.FF_ 

I I 
j<I- tpd(RS-HF) ~ 
~ tpd(RS-F) ~ 

Half Full or Less I 
I 

\ W 
I 
I 
I 

R I 
I 
14 
I 

XO/HF I 
I 

Figure 7. Master Reset Waveforms 

More Than Half Full 

I 
tpd(R-HF) 

.1 
1 

\ 
tpd(W~HF) 

'\ 
Figure 8. Half·Full Flag Waveforms 
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I Half Full or Less 
I 
I 
I 
I 
loCI ~ I y I 

I 
I I 
I I 
I I 
I Y I 
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PARAMETER MEASUREMENT INFORMATION 

Write to Last 
W Physical Location 

(/~ I I· Read From Last L 
I tpd(W-XOH)~ Physical Location /I 
~ tpd(W-XOL} I .... ~ --I~*-I tpd(R-XOL}~ ... - ___ ~4- tpd(R-XOH}· 

XO/HF 
I "1;-\' I I '\ f'po-I ---\ 1 

W 

Figure 9. Expanslon-Qut Waveforms 

r- tw(XIL} ---l.~:4t-. - tw(XIH} -.: 

XI } __ ----'l 11"'-----'/ 
14 ~I tsu(XI-W} I 

---'" I Write to First 1"""""1)--1""'\ -------------
W Physical Location I 

1~4--lH- tsu(XI-R} 

Read From First 
Physical Location 

Figure 10. Expansion-In Waveforms 

\'--____ 1 
tpd(W-E} /4 ~, .\t----

EF t1 
--------------------------------------~, 

~ th(E-R} ~ 
R ,,...----

Figure 11. Minimum Timing for an Empty Flag-Coincident Read Pulse 
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PARAMETER MEASUREMENT INFORMATION 

R \ I 
1 

tpd(R-F) 14 ~ 
FF )f~------------

1 
th(F-W) -+1--" ---O!~ 

W yr--
Figure 12. Minimum Timing for a Full Flag-Coincident Write Pulse 
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PARAMETER MEASUREMENT INFORMATION 

5V 

11000 

From Output 
Under Test ---.------... 

TIming i 3V 

Input ___ ,.,q. ~ ~ ___ GND 

tsu I~ ~14 ~I th 

Data, ~:;:,- 3V 
Enable ~1.5V ~ 

Input GND 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Output L 
Enable --..Ii 1.5 V 

--.j :~tPLZ 

6800 30 pF 

LOAD CIRCUIT 

3V 

"GND 

(see Note A) 

Hlgh-~~;~ 3 V 

I I GND 

14- tw ~ 
I I 
~ __ •• ~3V 

LOW-~';~ ~ ~.~ _ GND 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

Low-Level 
: I __ ----r-~ 

Input --A',.5V \~.s-; -- ::0 Output _-+.JI 

High-Level 
Output I I 

I I 
~ l~tpHZ 

VOL 
14- tpZH 
I VOH 

.. OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

NOTE A: Includes probe and jig capacitance 
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SN74ACT7200L,SN74ACT7201LA,SN74ACT7202LA 
256 x 9, 512 x 9, AND 1Kx 9 

FIRST·IN, FIRST·OUT MEMORIES 
SCAS221 - FEBRUARY 1993 - REVISED JUNE 1993 

APPLICATION INFORMATION 

Combining two or more devices to create one FIFO with a greater number of memory bits is accomplished in two 
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth 
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications 
requiring more than 256,512, or 1024 words of storage. Width expansion and depth expansion can be used together. 

width expansion 

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the 
same depth. Status flags (EF, FF, and HF) can be monitored from anyone device. Figure 14 shows two FIFOs 
in a width-expansion configuration. Both devices have their expansion-in (XI) inputs tied to ground. This disables 
the depth-expansion function of the device, allowing the first-load/retransmit (FLJRn input to function as a 
retransmit (Rn input and the expansion-out!half-full (XO/HF) output to function as a half-full (HF) flag. 

depth expansion 

The SN74ACT7200L/7201 LA/7202LA is easily expanded in depth. Figure 15 shows the connections used to 
depth expand three SN74ACT7200L/7201 LA/7202LA devices. Any depth can be attained by adding additional 
devices to the chain. The SN74ACT7200L/7201 LA/7202LA operates in depth expansion under the following 
conditions: 

1. The first device in the chain is designated by tying FL to ground. 

2. All other devices must have their FL inputs at a high logic level. 

3. XO of each device must be tied to XI of the next device. 

4. External logic is needed to generate a composite FF and EF (all FF outputs must be ORed together, and 
all EF outputs must be ORed together). 

5. RT and HF functions are not available in the depth-expanded configuration. 

combined depth and width expansion 

Both expansion techniques can be used together to increase depth and width. This is done by first creating 
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 16). 
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APPLICATION INFORMATION 
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Figure 14. Word-Width Expansion: 256/512/1024 Words x 18 Bits 
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APPLICATION INFORMATION 

SN74ACT7200L/7201 LA/7202LA 
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Figure 15. Word-Depth Expansion: 768/1536/3072 Words x 9 Bits 
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APPLICATION INFORMATION 
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o Reads and Writes Can Be Asynchronous 
or Coincident 

o Organization: 
- SN74ACT7203L- 2048"x 9 
- SN74ACT7204L - 4096 x 9 

o Fast Data Access Times of 15 ns 

o Read and Write Frequencies up to 40 MHz 
.. Bit-Width and Word-Depth Expansion 

• Fully Compatible With the IDT7203/7204 
o Retransmit Capability 
o Empty, Full, and Half-Full Flags 

o TTL-Compatible Inputs 
It Available In 28-Termlnal Plastic DIP (NP) 

and Smail-Outline (DV) Packages and 
32-Terminal Plastic J-Leaded Chip-Carrier 
(RJ) Packages 

description 

The SN74ACT7203L and SN74ACT7204L are 
constructed with dual-port SRAM and have 
internal write and read address counters to 
provide data throughput on a first-in, first-out 
(FIFO) basis. Write and read operations are 
independent and can be asynchronous or 
coincident. Empty and full status flags prevent 
underflow and overflow of memory, and 
depth-expansion logic allows combining the 
storage cells of two or more devices into one 
FIFO. Word-width expansion is also possible. 

Data is loaded into memory by the write-enable 
(W) input and unloaded by the read-enable (R) 
input. Read and write cycle times of 25 ns 
(40 MHz) are possible with data access times of 
15 ns. 

These devices are particularly suited for providing 
a data channel between two buses operating at 
asynchronous rates. Applications include use as 

SN74ACT7203L, SN74ACT7204L 
2048 x 9 AND 4096 x 9 

FIRST-IN, FIRST-OUT MEMORIES 
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02 
01 

Xi 
FF 
00 
01 
02 
03 
08 

GNO 

NPPACKAGE 
(Top VIEW) 

25 
24 
23 
22 
21 

9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

RJPACKAGE 
(TOP VIEW) 

VCC 
04 
05 
06 
07 
FLIRT 
RS 
EF 
XO/HF 
07 
06 
05 
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MCO UOVLO 
CI 0 13: z ~ CI CI 

4 3 2 1 32 31 30 
5 0 29 
6 28 
7 27 
8 26 

25 
10 24 
11 23 
12 22 

06 
07 
NC 
FLIRT 
RS 
EF 
XO/HF 
07 

13 21 06 
14 15 16 17 18 19 20 

NC - No internal connection 

rate buffers from analog-to-digital converters in data acquisition systems, temporary storage elements between 
buses and magnetic or optical memories, and queues for communication systems. A 9-bit-wide data path is 
provided for the transmission of byte data plus a parity bit or packet-framing information. The read pointer can 
be reset independently of the write pointer for retransmitting previously read data when a device is not used in 
depth expansion. 

The SN74ACT7203L and SN74ACT7204L are characterized for operation from O°C to 70°C. 

~~~~~~:o:l! ,I~~!~I~':,. "pe~~:r!! : fu~:~~:mdl~~ 
'tandard warranty. Production proc .. ,lng do .. nol nec .... rUy Inc Iud. 
t .. tlng 01 all paramltlrt. " ~TEXAS 
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SN74ACT7203L logic symbolt 
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G4 
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10 3"1 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984 and IEC Publication 617-12. 
Pin numbers shown are for the NP package. 
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SN74ACT7204L logic symbolt 
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FIFO 4096 x 9 
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tThis symbol is in accordanca with ANSI/iEEE Std 91-1C!34 end lEe Pubnc~ticn 617·12. 
Pin numbers shown are for the NP package. 
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functional block diagram 

9 
00-08 Location 1 

Location 2 

w I Write I .. I Write !-.- 2048 x 9 or +-1 Read I 4096 x 9 I Control I r I Pointer RAMt Pointer 

i 4 . . 
I Reset I I Logic I I .. 

Status-... 
4 .. Flag ... 

r Logic 

~ Read I I 
I I Control 1 

.. ... 
... Expansion , 

Logic 
... 

t 2048)( 9 for SN74ACT7203L; 4096)( 9 for SN74ACT7204L 

INPUTS 

RESET AND RETRANSMIT FUNCTION TABLE 
(single-device depth: single-or multiple-device width) 

INTERNAL TO DEVICE OUTPUTS 

4 4 

9 

. 5 
00-08 

FUNCTION 
RS FLJRT XI READ POINTER WRITE POINTER EF FF XO/HF 

11-26 

L X L 

H L L 

H H L 

INPUTS 

RS FLJRT XI 

L L * 
L H * 
H X * 

Location zero Location zero L H 

Location zero Unchanged X X 

Increment if EF high Increment if FF high X X 

RESET AND FIRST· LOAD FUNCTION TABLE 
(multlple-devlce depth: slngle-or multlple-devlce width) 

INTERNAL TO DEVICE OUTPUTS 

H 

X 

X 

READ POINTER WRITE POINTER EF FF 

Location zero Location zero L H 

Location zero Location zero L H 

X X X X 

* XI is connected to XO/HF of the previous device in the daisy chain (see Figure 15). 
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TERMINAL 
I/O 

NAME 

~O-OS I 

EF 0 

FF 0 

FLIRT I 

GNO 

OO-OS 0 

R I 

RS I 

VCC 

iN I 

Xi I 

XO/HF 0 

Terminal Functions 

DESCRIPTION 

Data inputs 

SN74ACT7203L,SN74ACT7204L 
2048 x 9 AND 4096 x 9 

FIRST-IN, FIRST-OUT MEMORIES 
SCAS226 - FEBRUARY 1993 - REVISED JUNE 1993 

Empty-flag output. EF is low when the read pointer is equal to the write pointer, inhibiting any operation initiated by a read 
cycle. When the FIFO is empty, a data word can be read automatically at OO-OS by holding R low when loading the data 
word with a low-level pulse on W. 
Full-flag output. FF is low when the write pointer is one location less than the read pointer, Indicating that the device is 
full and inhibiting any operation initiated by a write cycle. FF goes low when the number of writes after reset exceeds the 
number of reads by 204S for the SN74ACT7203L and 4096 for the SN74ACT7204L. When the FIFO is full, a data word 
can be written automatically into memory by holding iN low while reading out another data word with a low-level pulse 
onR. 

First-load/retransmit input. FLIRT performs two separate functions. When cascading two or more devices for word-depth 
expansion, FLIRT is tied to ground on the first device in the daisy chain to indicate that it is the first device loaded and 
unloaded; it is tied high on all other devices in the depth expansion chain. 

A device is not used in depth expansion when its expansion-in (Xi) input is tied to ground. In that case, FLIRT acts as 
a retransmit enable. A retransmit operation is initiated when FLIRT is pulsed low. This sets the internal read pointer to 
the first location and does not affect the write pointer. R) and iN must be at a high logic level during the low-level FLIRT 
retransmit pulse. Retransmit should be used only when less than 204S/4096 writes are performed between resets; 
otherwise, an attempt to retransmit can cause the loss of unread data. The retransmit function can affect XO/HF 
depending on the relative locations of the read and write pointers. 

Ground 

Data outputs. OO-OS are In the high-impedance state when R is high or the FIFO Is empty. 

Read-enable input. A read cycle begins on the falling edge of R if EF is high. This activates OO-OS and shifts the next 
data value to this bus. The data outputs return to the high-impedance state as R goes high. As the last stored word is 
read by the falling edge of R, EF transitions low but OO-OS remain active until R returns high. When the FIFO Is empty, 
the Internal read pointer is unchanged by a pulse on R. 

Reset input. A reset is performed by taking RS low. This initializes the internal read and write pointers to the first location 
and sets EF low, FF high, and HF high. Both R and iN must be held high for a reset during the window shown in Figure 7. 
A reset is required after power up before a write operation can take place. 

Supply voltage 

Write-enable input. A write cycle begins on the falling edge ofW if FF is high. The value on DO-OS is stored in memory 
as iN returns high. When the FiFO is full, FF is low inhibiting iN from performing any operation on the device. 

Expansion-in input. XI performs two functions. XI is tied to ground to indicate that the device is not used In depth 
expansion. When the device is used in depth expansion, Xi is connected to the expansion-out (XO) output of the previous 
device In the depth-expansion chain. 

Expansion-out/half-full-fiag output. XO/HF performs two functions. When the device Is not used In depth expansion (I.e., 
when Xi is tied to ground), XO/HF indicates when half the memory locations are filled. After half of the memory Is filled, 
the falling edge on iN for the next write operation drives XO/HF low. XO/HF remains low until a rising edge of R reduces 
the number of words stored to exactly half of the total memory. 

When the device is used in depth expansion, XO/HF is connected to Xi ofthe next device In the daisy chain. XO/HF drives 
the daisy chain by sending a pulse to the next device when the previous device reaches the last memory location. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee (see Note 1) .............................................. -0.5 V to 7 V 
Input voltage range (any input), VI .................................................... -0.5 V to 7 V 
Continuous output current, 10 .......•.......•...•..•..............•..........•...•...•..••. 50 rnA 
Voltage applied to a disabled 3-state output ..............•.........•..............•.........• 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range .•..•.................................................. -55°C to 125°C 

t Stresses beyond those listed under Mabsolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under Mrecommended operating conditions· Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 
I MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

IXI 2.6 
VIH High-level input voltage I Other Inputs 

V 
2 

VIL Low-level Input voltage 0.8 V 

IOH High-level output current -2 mA 

IOL Low-level output current 8 mA 

TA Operating free-air temperature 0 70 °c 

electrical characteristics over recommended operating free-air temperature range, Vee = 5.5 V 
(unless otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH VCC =4.5V, IOH =-2 mA 2.4 V 

VOL VCC =4.5V, IOL=8mA 0.4 V 

IOZH Vo =VCC, R;"VIH :1:10 !!A 
IOZL Vo = 0.4 V, R;"VIH :1:10 !!A 
II VI = 0 to 5.5 V -1 1 !!A 
ICC1* fclock = 20 MHz 120 rnA 

ICC2* R, W, RS, and FLIRT at VIH 12 rnA 

ICC3* VI = VCC-0.2V 2 rnA 

Ci§ VI =0, TA = 25°C, f = 1 MHz 10 pF 
Co§ VO=O, TA = 25°C, f= 1 MHz 10 pF 

* ICC1 = supply current; ICC2 = standby current; ICC3 = power-down current. ICC measurements are made with outputs open (only capacitive 
loading). 

§ This parameter is sampled and not 100% tested. 
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timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 

'ACT7203L-15 
FIGURE 'ACT7204L-15 

MIN MAX 

fclock Clock frequency, R or W 40 

tc(R) Cycle time, read 1 (a) 25 

tc(W) Cycle time, write 1 (b) 25 

tc(RS) Cycle time, reset 7 25 

tc(Rn Cycle time, retransmit 4 25 

tw(RL) Pulse duration, R low 1 (a) 15 

tw(WL) Pulse duration, W low 1 (b) 15 

tw(RH) Pulse duration, R high 1 (a) 10 

tw(WH) Pulse duration, W high 1 (b) 10 

tw(Rn Pulse duration, FLIRT low 4 15 

tw(RS) Pulse duration, RS low 7 15 

tw(XIL) Pulse duration, XI low 10 15 

tw(XIH) Pulse duration, XI high 10 10 

tsu(D) Setup time, data before Wt 1 (b), 6 11 

tsu(Rn Setup time, Rand W high before FL/RTtt 4 15 

tsu(RS) Setup time, Rand W high before RStt 7 15 

tsu(XI-R) Setup time, XI low before Rl 10 10 

tsu(XI-W) Setup time, XI low before W l 10 10 

th(D) Hold time, data after Wt 1 (b), 6 0 

th(E-R) Hold time, R low after EFt 5,11 15 

th(F-W) Hold time, W low after FFt 6, 12 15 

th(Rn Hold time, Rand W high after FL/RTt 4 10 

th(RS) Hold timo, R cnd W high after RSt 7 10 

t These values are characterized but not currently tested. 
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' ACT7203L-25 'ACT7203L-50 
' ACT7204L-25 ' ACT7204L-50 UNIT 

MIN MAX MIN MAX 

28.5 15 MHz 

35 65 ns 

35 65 ns 

35 65 ns 

35 65 ns 

25 50 ns 

25 50 ns 

10 15 ns 

10 15 ns 

25 50 ns 

25 50 ns 

25 50 ns 

10 10 ns 

15 30 ns 

25 50 ns 

25 50 ns 

10 15 ns 

10 15 ns 

0 5 ns 

25 50 ns 

25 50 ns 

10 15 ns 

10 15 n::l 

11-29 



SN74ACT7203L, SN74ACT7204L 
2048 x 9 AND 4096 x 9 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS226 - FEBRUARY 1993 - REVISED JUNE 1993 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 13) 

'AC17203L-15 ' AC17203L-25 ' ACT7203L-50 

PARAMETER FIGURE 'AC17204L-15 'AC17204L-25 'ACT7204L-50 UNIT 

MIN MAX MIN MAX MIN MAX 

fmax Clock frequency, R or W 40 28.5 15 MHz 

ta Access time, RL or EFt to data out valid 1 (a), 3, 5 15 25 50 ns 

tv(RH) Valid time, data out valid after Rt 1 (a) 5 5 5 ns 

ten(R-QX) 
Enable time, R L to Q outputs at 

1 (a) 5 5 10 ns 
low impedance t 

ten(W-QX) 
Enable time, Wt to Q outputs at 

5 5 5 15 ns 
low Impedance H 

tdis(R) 
Disable time, R t to Q outputs at 

1 (a) 15 18 30 ns 
high impedance t 

tw(FH) 
Pulse duration, FF high in 

6 15 25 45 ns 
automatic-write mode 

tw(EH) 
Pulse duration, EF high in 

5 15 25 45 ns 
automatic-read mode 

tpd(W-F) Propagation delay time, W L to FF low 2 15 25 45 ns 

tpdCR-F) Propagation delay time, Rt to FF high 2,6,12 15 25 45 ns 

tpd(RS-F) Propagation delay time, RSL to FF high 7 25 35 65 ns 

tpd(RS-HF) 
Propagation delay time, RSL to XO/HF 

7 25 35 65 ns 
high 

tpdCW-E) Propagation delay time, Wt to EF high 3,5,11 15 25 45 ns 

tpd(R-E) Propagation delay time, RL to EF low 3 15 25 45 ns 

tpdCRS-E) Propagation delay time, RS L to EF low 7 25 35 65 ns 

tpd(W-HF) 
Propagation delay time, W L to XO/HF 

8 25 35 65 ns 
low 

tpd(R-HF) 
Propagation delay time, R t to XO/HF 

8 25 35 65 ns 
high 

tpdCR-XOL) Propagation delay time, RL to XO/HF low 9 15 25 50 ns 

tpd(W-XOl,J 
Propagation delay time, W L to XO/HF 

9 15 25 50 ns 
low 

tpd(R-XOH) 
Propagation delay time, Rt to XO/HF 

9 15 .25 50 ns 
high 

tpd(W-XOH) 
Propagation delay time, Wt to XO/HF 

9 15 25 50 ns 
high 

tpd(RT-FL) 
Propagation delay time, 

4 25 35 65 ns 
FLJRTL to HF, EF, FF valid 

t These values are characterized but not currently tested. * Only applies when data is automatically read (see Figure 5). 
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PARAMETER MEASUREMENT INFORMATION 

11~--- tc(R) ---~~~rr- tw(RL) --l 
I ~ 1 I 
I I 1 ~ tw(RH) I I 

~ta~ I :'-tA~ I 
R --\ I 1"--" ! 'I ,....------

I : I I 
ten(R-QX) .~ I j4- tw(RH) ~I I 14- tctls(R) ~ 

00-08 ---------~ ____ ~_al_ld _____ ~ ____ ~_"_d ___ ~------
(8) READ 
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1141------- tc(W) ~I 

I 1 
~ tw(WL) ~14- tw(WH) ~ 
1 1 I W--, _______ { ,, ______ ~/ 

1 I 1 if" tau(D) ¥- th(O) --r 
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Figure 1. Asynchronous Waveforms 

1 1 
Last WrIte 1 Ignored 1 FIrst Read 

I WrIt. I 
1 l'---i I 
I 
I I 
1 1 

/l\.J 
1 
I 
1 I 
14 ~ tpd(W-F) 1 tpd(R-F) 

I I I 

\ I 
I 

Figure 2. Full-Flag Waveforms 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 6S5303 • OALLAS, TEXAS 75265 

1 
I AddItIonal Reads 
I 

IV 

~I 
I 

f 

11-31 



SN74ACT7203L,SN74ACT7204L 
2048 x 9 AND 4096 x 9 
FIRST-IN, FIRST-OUT MEMORIES 
SCAS226 - FEBRUARY 1993 - REVISED JUNE 1993 

PARAMETER MEASUREMENT INFORMATION 
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VI 

PARAMETER MEASUREMENT INFORMATION 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 7. Master-Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
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PARAMETER MEASUREMENT INFORMATION 
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PARAMETER MEASUREMENT INFORMATION 
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APPLICATION INFORMATION 

Combining two or more devices to create one FIFO with a greater number of memory bits Is accomplished in two 
different ways. Width expansion increases the number of bits in each word by connecting FIFOs with the same depth 
in parallel. Depth expansion uses the built-in expansion logic to daisy-chain two or more devices for applications 
requiring more than 2048 or 4096 words of storage. Width expansion and depth expansion can be used together. 

width expansion 

Word-width expansion is achieved by connecting the corresponding input control to multiple devices with the 
same depth. Status flags (EF, FF, and HF) can be monitored from anyone device. Figure 14 shows two FIFOs 
in a width-expansion configuration. Both devices have their expansion-in (XI) inputs tied to ground. This disables 
the depth-expansion function of the device, allowing the first-load/retransmit (FLIRT) input to function as a 
retransmit (RT) input and the expansion-ouVhalf-fuli (XO/HF) output to function as a half-full (HF) flag. 

depth expansion 

The SN74ACT7203L/7204L is easily expanded in depth. Figure 15 shows the connections used to depth 
expand three SN74ACT7203L/7204L devices. Any depth can be attained by adding additional devices to the 
chain. The SN74ACT7203L/7204L operates in depth expansion under the following conditions: 

1. The first device in the chain is designated by connecting FL to ground. 

2. All other devices have their FL inputs at a high logic level. 

3. XO of each device must be connected to XI of the next device. 

4. External logic is needed to generate a composite FF and EF. All FF outputs must be ORed together, and 
all EF outputs must be ORed together. 

5. RT and HF functions are not available in the depth-expanded configuration. 

combined depth and width expansion 

11-38 

Both expansion techniques can be used together to increase depth and width. This is done by creating 
depth-expanded units and then connecting them in a width-expanded configuration (see Figure 16) . 
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APPLICATION INFORMATION 
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Figure 14. Word-Width Expansion: 2048/4096 Words x 18 Bits 
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APPLICATION INFORMATION 
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Figure 15. Word-Depth Expansion: 6144/12288 Words x 9 Bits 
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9·BIT SYNCHRONOUS FIFOS 

Features 

• Data I/O employs synchronous control 
architecture 

• Multiple speed sort options 

o Depth from 512 to 4K words 

o Write and read cycle times of 15 ns 

• Bit-width expandable 

• Empty, full, programmable-empty and 
programmable-full flags 

o Compatible to 722X1 pinout 

• TI has established an alternate source 

Benefits 

• Allows for simultaneous read and write 

• Design flexibility 

• Optimize depth for specific application 

• Increased system performance 

• Allows interface to larger data path 
architectures 

• 

• 

Multiple status flags to ease design efforts 

Drop-in replaceable to existing layouts 
and designs 

• Standardization that comes from a 
common-product approach 



SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241 L 
512 x 9,1024 x 9, 204B x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

o Read and Write Clocks Can Be 
Asynchronous or Coincident 

o Organization: 
- SN74ACT72211L-512 x 9 
- SN74ACT72221L-1024 x 9 
- SN74ACT72231 L - 2048 x 9 
- SN74ACT72241 L - 4096 x 9 

o Write and Read Cyclc Tlmco of 15 no 
o Bit-Width Expandable 
o Empty and Full Flags 
o Programmable Almost-Empty and 

Almost-Full Flags With Default Offsets 
of Empty+7 and Full-7, Respectively 

o TTL-Compatible Inputs 
o Fully Compatible With the 

IDT72211/72221/72231/72241 
o Available In 32-Pln Plastic J-Leaded 

Chip Carrier (RJ) 

description 

PAF 7 
PAE 8 

GND 9 

RJ PACKAGE 
(TOP VIEW) 

NM"<:tLOCOI'-CO 
0000000 

4 3 2 1 3231 30 
o 29 RS 

28 WEN1 
27 WCLK 

26 WEN2/LD 

REN1 10 

RCLK 11 

25 Vee 
24 08 
23 07 

12 22 

13 21 
14 15 16 17 18 19 20 

06 
05 

The SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, and SN74ACT72241 L are constructed with 
CMOS dual-port SRAM and are arranged as 512, 1024,2048, and 4096 9-bit words, respectively. Internal write 
and read address counters provide data throughput on a first-in, first-out (FIFO) basis. Full and empty flags 
prevent memory overflow and underflow, and two programmable flags (almost full and almost empty) are 
provided. 

The SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, and SN74ACT72241 L are synchronous FIFOs, 
which means the data input port and data output port each employ synchronous control. Write-enable (WEN1, 
WEN2/LD) signals allow the low-to-high transition 'of the write clock (WCLK) to store data in memory, and 
read-enable (REN1, REN2) signals allow the low-to-high transition of the read clock (RCLK) to read data from 
memory. WCLK and RCLK are independent of one another and can operate asynchronously or be tied together -
for single-clock operation. 

The empty-flag (EF) output is synchronized to RCLK and the full-flag (FF) output is synchronized to WCLK to 
indicate absolute boundary conditions. Write operations are prohibited when FF is low, and read operations are 
prohibited when EF is low. Two programmable flags, programmable almost empty (PAE) and programmable 
almost full (PAF), can both be programmed to indicate any measure of memory fill. After reset, PAE defaults 
to empty+7 and PAF defaults to full-7. Flag-offset programming control is similar to a memory write with the 
use of the load (WEN2/LD) signal. 

These devices are suited for providing a data channel between two buses operating at asynchronous or 
synchronous rates. Applications include use as rate buffers for graphics systems and high-speed queues for 
communication systems. A 9-bit-wide data path is provided for the transmission of byte data plus a parity bit 
or packet-framing information. 

The SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, and SN74ACT72241 L are characterized for 
operation from O°C to 70°C. 

~~~~~~~o~i~ sl=~~I~~ ~.~'::~r!~ ~ ,rx~:~~~:m~~~ 
standard warrlnty. Production proc.ulng do .. nOl n.c.uarUy Inc Iud. 
ttiling 01111 parameters. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

Copyright © 1993, Texas Instruments Incorporated 
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functional block diagram 
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

Terminal Functions 

DESCRIPTION 

Data inputs 

Empty-flag. When memory Is empty, EF Is low and further data reads are Ignored by the device. When EF Is 
high, the memory Is not empty and data reads are allowed. EF Is synchronized to RCLK by one flip-flop. 

Full-flag. When memory is full, FF is low and data writes are inhibited. FF Is synchronized to WCLK by one 
flip-flop. 

Ground 

Output-enable. 00-08 are in the high-impedance state when OE is high. 00-08 are active when OE is low. 

Programmable almost-empty-flag. PAE is low when the FIFO is almost empty based on the value in its offset 
register. The default value for the register is empty+ 7. PAE is synchronized to RCLK by one flip-flop. 

Programmable almost-full-flag. PAF is low when the FIFO is almost full based on the value in its offset register. 
The default value for the register is full-7. PAF is synchronized to WCLK by one flip-flop. 

Data outputs 

Read-clock. A data read is performed by the low-to-high transition of RCLK when REN1 and REN2 are 
asserted and EF is high. 

Read-enable. Data is read from the FIFO on a low-to-high transition of RCLK when REN 1 and REN2 are low 
and EF is high. 

Reset. When RS is set low, the read and write pointers are initialized to the first RAM location and the FIFO 
is empty. FF and PAF are set high, and EF and PAE are set low. Each bit in the data output r~gister Is set low 
by a device reset. The FIFO must be reset after power up before data is written. 

Supply voltage 

Write-clock. Data is written by the low-to-high transition of WCLK when WEN 1 and WEN2/LD are asserted and 
FF is high. 

Write-enable 1. WEN 1 is the only write enable terminal if the device is configured to have programmable flags. 
Data Is written on a low-to-high transition of WCLK when WEN1 is low and FF is high. If the FIFO Is not 
configured for programmable flags, data is written on a low-to-high transition ofWCLKwhen WEN1 and WEN2 
are asserted and FF is high. 

Write-enable 2/1oad. This is a dual-purpose input. The FIFO can have either two write enables or 
programmable flags. To use WEN2/LD as a WEN2, WEN2/LD must be held high at reset. When WEN2 and 
WEN1 are asserted and FFls high, a low-to-hightransition of WCLK writes data. To use WEN2/LD as the LD 
terminal, it must be held low at reset. In this case, LD is asserted low to write or read the programmable offset 
registers. 

~TEXAS 
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detailed description 

device reset 

A reset is performed by taking the reset (RS) input low. This initializes both the write and read pointers to the 
first memory location. After a reset, the full flag (FF) and programmable almost-full flag (PAF) are high and the 
empty flag (EF) and programmable almost-empty flag (PAE) are low. Each bit in the data output register 
(00-08) is set low, and the flag offset registers are loaded with the default offset values. A FIFO must be reset 
after power up before a write cycle is allowed. 

The logic level on the dual-purpose input write enable 2/load (WEN2/LD) during reset determines its function. 
If WEN2/LD is high when RS returns high at the end of the reset cycle, the input is a second write enable (see 
FIFO writes and reads) and the programmable flags (PAF, PAE) can only use the default values. If WEN2/LD 
is low when RS returns high at the end of the reset cycle, the input is the load (LD) enable for writing and reading 
flag offset registers (see flag programming). 

FIFO writes and reads 

Data is written to memory by a low-to-high transition of write clock (WCLK) when write enable 1 (WEN1) is low, 
WEN2/LD is high, and FF is high. This stores 00-08 data in the dual-port SRAM and increments the write 
pOinter. 

If no reads are performed after reset (RS = Vld, FF is set low upon the completion of 512 writes to the 
SN74ACT72211, 1024 writes to the SN74ACT72221 , 2048 writes to the SN74ACT72231, and 4096 writes to 
the SN74ACT72241. Attempted write cycles are ignored when FF is low. FF is set high by the first low-to-high 
transition of WCLK after data is read from a full FIFO. FF and PAF are each synchronized to the low-to-high 
transition of WCLK by one flip-flop. 

If a device is configured to have two write enables (see device reset), data is read by the low-to-high transition 
of read clock (RCLK) when both read enables (REN1, REN2) are low and EF is high. WEN2/LD must also be 
high if the device is configured to have programmable flags. A read from the FIFO puts RAM data on 00-08 
and increments the read pointer in the same sequence as the write pointer. New data is not shifted to the output 
register while either one or both of the read enables are high. 

EF and PAE are each synchronized to the low-to-high transition of RCLK by one flip-flop. When the device is 
empty, the write and read pointers are equal and EF is set low. Attempted read cycles are ignored while EF is 
set low. EF is set high by the first low-to-high transition of RCLK after data is written to an empty FIFO. 

WCLK and RCLK can be asynchronous or coincident to one another. Writing data to FIFO memory is 
independent of reading data from FIFO memory and vice versa. 

flag programming 

12-6 

When WEN2/LD is held low during a device reset (RS = Vld, the input is the load (LD) enable for flag offset 
programming. In this configuration, WEN2/LD can be used to access the four 8-bit offset registers contained 
in the SN74ACT72211 L/-72221 L/-72231 L/-72241 L for writing or reading data. 

When the device is configured for programmable flags and both WEN2/LD and WEN1 are low, the first 
low-to-high transition of WCLK writes data from the data inputs to the empty offset least significant bit (LSB) 
register. The second, third, and fourth low-to-high transitions of WCLK store data in the empty offset most 
significant bit (MSB) register, full offset LSB register, and full offset MSB register, respectively, when WEN2/LD 
and WEN1 are low. The fifth low-to-high transition of WCLK while WEN2/LD and WEN1 are low writes data to 
the empty LSB register again. Figure 1 shows the register sizes and default values for the various device types. 

It is not necessary to write to all the offset registers at one time. A subset of the offset registers can be written; 
then, by bringing the WEN2/LD input high, the FIFO is returned to normal read and write operation. The next 
time WEN2/LD is brought low, a write operation stores data in the next offset register in sequence. 
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flag programming (continued) 

The contents of the offset registers can be read to the data outputs when WEN2/LD is low and both REN1 and 
REN2 are low. Low-to-high transitions of RCLK read the register contents to the data outputs. Writes and reads 
should not be performed simultaneously on the offset registers (see Figure 1 and Table 1). 

8 

8 

8 

SN74ACT72211L-512)( 9-Slt 

7 

7 

Empty Offset (LSS) Register 

Default Value = 007h 

Full Offset (LSS) Register 

Default Value = 007h 

SN74ACT72231L-2048)( 9-Slt 

7 

Empty Offset (LSS) Register 

Default Value = 007h 

o 

o 

o 

8 

8 

8 

8 

SN74ACT72221L-1024)( 9-Slt 

7 

7 

Empty Offset (LSB) Register 

Default Value = 007h 

Full Offset (LSS) Register 

Default Value = 007h 

SN74ACT72241L-4096)( 9-Slt 

7 

Empty Offset (LSS) Register 

Default Value = 007h 

8 2 o 8 3 

8 7 

(MSS) 

000 

Full Offset (LSS) Register 

Default Value = 007h 

o 8 7 

(MSS) 

0000 

Full Offset (LSS) Register 

Default Value = 007h 

8 2 o 8 3 

(MSS) 

000 

Figure 1. Offset Register Location and Default Values 
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(MSS) 

0000 

o 

o 

o 

o 

o 

o 

o 
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SN7 4ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241 L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

flag programming (continued) 

Table 1. Writing the Offset Registers 

LD WEN1 WCLKt SELECTION 

Empty offset (LSB) J 
0 0 t 

Empty offset (MSB) 
Full offset (lSB) 
Full offset (MSB) 

0 1 t No operation 

1 0 t Write into FIFO 

1 1 t No operation 

t The same selection sequence applies to reading from 
the registers. RENl and REN2 are enabled and a read 
is performed on the low-to-high transition of RCLK. 

programmable flag (PAE, PAF) operation 

12-8 

. Whether the flag offset registers are programmed as described in Table 1 or the default values are used, the 
programmable almost-empty flag (PAE) and programmable almost-full flag (PAF) states are determined by their 
corresponding offset registers and the difference between the read and write pointers. 

The number formed by the empty offset least significant bit register and empty offset most significant bit register 
is referred to as n and determines the operation of PAE. PAE is synchronized to the low-to-high transition of 
RCLK by one flip-flop and is low when the FIFO contains n or fewer unread words. PAE is set high by the 
low-to-high transition of RCLK when the FIFO contains (n + 1) or greater unread words. 

The number formed by the full offset least Significant bit register and full offset most Significant bit register is 
referred to as m and determines the operation of PAF. PAF is synchronized to the low-to-high transition ofWCLK 
by one flip-flop and is set low when the number of unread words in the FIFO is greater then or equal to (512- m) 
for the SN74ACT72211L, (1024 - m) for the SN74ACT72221L, (2048 - m) for the SN74ACT72231L, and 
(4096 - m) for the SN74ACT72241 L. PAF is set high by the low-to-high transition of WCLK when the number 
of available memory locations is greater than m (see Table 2). 

Table 2. Status Flags 

NUMBER OF WORDS IN FIFO 

SN74ACT72211 L SN74ACT72221 L 

0 0 

1 to nt 1 to nt 

(n + 1) to (n + 1) to 
[512- (m + 1)] [1024 - (m + 1)] 

(512-m)*t0511 (1024 - m)* to 1023 

512 1024 

t n = empty offset (default value = 7) * m = full offset (default value = 7) 

SN74ACT72231 L SN74ACT72241L 

0 0 

1 to nt 1 to nt 

(n + 1) to (n + 1) to 
[2048 - (m + 1)] [4096 - (m + 1)] 

(2048 - m)* to 2047 (4096 - m) * to 4095 

2048 4096 
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OUTPUTS 

FF PAF PAE EF 

H H L L 

H H L H 

H H H H 

H L H H 

l l H H 



WEN2/LD 
(see Note A) 

co-as 

SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

kJ- tpd(RS-O) ~ - r-- tpd(RS.O) ~ 
~--------~~~~~---------

NOTES: A. Holding WEN2/lD high during reset makes it act as a second write enable. Holding WEN2/lD low during reset makes it act as a 
load enable for the programmable flag offset registers. 

B. After reset, the outputs are low if OE is low and at the high-impedance level if OE is high. 
C. The clocks (RClK, WClK) can be free running during reset. 

Figure 2. Reset Timing 
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

WCLK 

DO-DB 

WEN2 
(If applicable) 

\\-----J/ 

NOTE A: tsk1 is the minimum time between a rising RCLI< edge and a subsequent rising WCLK edge for FF to change logic levels during the 
current clock cycle. if the time between the rising edge of RCLK and the subsequent rising edge ofWCLK is less than tsk1. then FF may 
not change its logic level until the next WCLI< rising edge. 
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Figure 3. Write-Cycle Timing 
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L,SN74ACT72241 L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

1<3 tc ~ 

14- tw(CLKH) + tw(CLKL) ~ 

RCU< 1 '\ l'--~\ 1 
I_~*-t N 1 tsu(EN) h 1 h(E) 1 

HEN',HEN. ~:Iff! NaOpe'etlan I ~\",;~~ __________ _ 
14-- tpd(R-EF) -.1 j4- tpd(R-EF) -'1 
1 1 1 1-----------

EF 1 \t- 1 I 
1 ~~ __ ~I-----~. 
!cs- 1 1 
1- ta 1)1 

QO-Q8 ~~-v-a-lid-Da·~.-~»--------------
I 1 ; 1 

ten-t>l 14- 1 14-- tdls ----i>1 
OE ----"""\ 'pd(OE.Q) ~I )tr---i~--------------

~ tsk1 (see Note A) 

WCLKJ \ Y \ 1 

\~-----------------------
WEN2 _---'I 

NOTE A:. tsk1 Is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the 
current clock cycle. If the time between the rising edge ofWCLK and the subsequent rising edge of RCLK is less than tsk1. then EF may 
not change its logic level until the next RCLK rising edge. 

Figure 4. Read-Cycle Timing 
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SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241 L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

WCLI< 

~O-OS 

I rt tsu(O) 

"'t"l~""""'~~~~ WO (1stvalldwrlteX W1 X W2 X W3 X 
I '-___ --J '--___ --J '------

~ .. ~-~~ .. :- tsu(EN) 

I I 
I 

WEN2 
(If applicable) P);! 

RCLK 

,....----..,1- tsk1 (see Note A) 
I 

I I 
tpd(R.EF)14 14I--~~~1 I 

EF ______________ -J)t~-~:-----~--------------

I 
I 

REN1, I 
REN2 Low I 

--------------------------------~I----------~----------------
14- ta -.I j+ ta -+I 

~~~~~ I ~-----__ 1,-___ _ 
OO-OS -------------------.....,I-----~ WO X,-__ W_1 __ 

ten ~ ~ : 

------------------~ tpd(OE.O) ~ 
OE '-

NOTE k. tsk1 Is the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change during the current clock 
cycle. If the time between the rising edge of WCLK and the rising edge of RCLK is less than tsk1. then EF may not change state until 
the next RCLK edge. 
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Figure 5. Flrst-Data-Word-Latency Timing 
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WCLK 

00-08 

FF 

WEN1 

WEN2 
(if applicable) 

RCLK 

SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241 L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

~ No Wrlto -;.J, 
1 I 

1.;(- No Wrlto ~I 

1 I 

tsk1 

I 
14 .' 14 ~I tpd(W-FF) tpd(W-FF) + ~ tpd(W-FF) 1 1 1 

1 ! '\ 
I 

/ 1 I 1 I 
1 

\ 1 
I 
1 
1 

J 
I 
I 
I 
I 
I 
I 

1 I 

tsu(EN) ~ .14 ~ th(EN) tsu(EN) 14 
I .1ct-4- th(EN) 

REN1, \ :1 '\ II REN2 

~ ta ~ 
OE Low I 

I l 
I rc- ta -.I 
I I 

00-08 Data In Output Register Data Read Next Data Read 

NOTE A:. tsk1 Is the minimum time between a rising RCLK edge and a subsequent rising WCLK edge for FF to change logic levels during the 
current clock cycle. 1ft he time between the rising edge of RCLK and the subsequent rising edge ofWCLK is less than tsk1. then FF may 
not change its logic level until the next WCLK rising edge. 

Figure 6. Full-Flag Timing 
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SN74ACT72211 L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241 L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

WCLK 

1 I 1 . I 
I~ tsu(O) I~ tsu(O) 

DO-DB ~ataWrlt., ~at.Wrlt.2 ~ 
tsu(EN) ~i4-+l- th(EN) tsu(EN) I~ .~ th(EN) 

~ I I~----~------------~~I li~---------------
WEN1" I If ~ I /1 

I I I I I I 

? I I ;@ II 
WEN2 I \1 II '\! 

(If applicable) I \. , 
I ~.--------------------~~ I ~----------------
14 ~14---I*-

RCLK 

tpd(R.EF) -...--~~ MI~---II.oI-: tpd(R.EF) tpd(R.EF) -4--~.: 
EF ____________ !~~I--~\~ __________ ~!~--

\~----~-------------------------
Low 

~ta --.I 
----------------------------~I~----------------------------

Data In Output Register X~ ________ O_at_a_R_ea_d ____ __ QO-Q8 

NOTE A: tsk1 15 the minimum time between a rising WCLK edge and a subsequent rising RCLK edge for EF to change logic levels during the 
current clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than tsk 1. then EF may 
not change its logic level until the next RCLK rising edge. 

12-14 

Figure 7. Empty-Flag Timing 
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tw(CLKH) 

WCLK 

SN74ACT72211L, SN74ACT72221 L, SN74ACT72231 L, SN74ACT72241L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

tsu(EN) ~ th(EN) : 

----r~~i- : W...,...;..,..;---ri-----------L.----
I I I I 

WEN2 
(If applicable) ------~~~ : ~~~---ri----------------+-------

RCLK 

NOTES: A. PAF offset = m 

tpd(W-AF) 

[Full- (m + 1)] Words In FIFO 
(see Note A) 

1'4 
(Full- m) Words In FIFO 

(see Note 8) 

. ..---....- tpd(W-AF) 

B. (512 - m) words for SN7 4ACT72211 L, (1024 - m) words for SN74ACTI2221 L, (2048 - m) words for SN7 4ACTI2231 L. (4096 - m) 
words for SN74ACTI2241 L 

C. tsk2 is the minimum time between a rising RCLKedge and the subsequent rising WCLKedge for PAF to change its logic level during 
that clock cycle. If the time between the rising edge of RCLK and the subsequent rising edge of WCLK is less than tsk2, then PAF 
may not change its logic level until the next WCLK rising edge. 

D. If a write is performed on this rising edge of the write clock, there will be [Full- (m - 1)] words in the FIFO when PAF goes low. 

Figure 8_ Programmable Almost-Full Flag Timing 
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9,1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

tw(CLKH) 

WCLK 

tsu(EN) ~.-.I- th(EN) 

~:~~------------------------------------
I 1 1 

~N2 _____ ~~~~~ :\ ~~~ ______________________________________ __ (If applicable) ~ ~ 

1 I See Note A 

PAE n Words In FIFO 1 I. ____________ -+, ________ -J, 
14 .1 

(n + 1) Words In FIFO L 
tpd(R-AE) ~--.-t.1 

(see Note C) 

RCLK 

. tsu(EN) ~~ th(EN) 

~~~~----------------------------------~~~ : ~~rr--------------
NOTES: A. PAE offset = n 

12-16 

B. tsk2 is the minimum time between a rising WCLK edge and the subsequent rising RCLK edge for PAE to change its logic level during 
that clock cycle. If the time between the rising edge of WCLK and the subsequent rising edge of RCLK is less than tsk2, then PAE 
may not change its logic level until the next RCLK rising edge. 

C. If a write is performed on this rising edge of the write clock, there will be [Empty + (n - 1)] words in the FIFO when PAE goes low. 

Figure 9. Programmable Almost-Empty Flag Timing 
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SN74ACT72211L,SN74ACT72221L,SN74ACT72231L,SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

tw(CLKH) ~--~--fl_ 

WCLK 

00-07 

PAE 
Offset 
(LSS) 

PAE 
Offset 
(MSS) 

PAF 
Offset 
(LSS) 

Figure 10. Write-Offset-Reglsters Timing 

tw(CLKH) 

RCLK 

00-Q7 

1 

tsu(EN) 14 .14 ~ th(EN) 

-~~~ !-
tsu(EN) ~ 

--Wl~ ! 
1 
14- ta ~I __________________ ~I---------

Data In Output Register PAE Offset (LSS) 

Figure 11. Read-Offset-Reglsters Timing 
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PAF 
Offset 
(MSS) 

PAF Offset (lSS) 

PAF Offset (MSS) J 
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SN74ACT72211L,SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 
SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, Vee (see Note 1) .............................................. -0.5 V to 7 V 
Input voltage range, any input, VI (see Note 1) ......................................... -0.5 V to 7 V 
Continuous output current, 10 ... .'......................................................... ±50 rnA 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA ..............•..•............................ O°C to 70°C 
Storage temperature range under bias •................•..••..........••........•.. -55°C to 125°C 
Storage temperature range ...............................•..........•............ -55°C to 125°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those Indicated under Mrecommended operating conditions" Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage ,2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -2 mA 

10L Low-level output current 8 mA 

TA Operating free-air temperature 0 70 °c 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN MAX UNIT 

VOH High-level output voltage VCC = 4.5 V, . 10H =-2 mA 2.4 V 

VOL Low-level output voltage VCC = 4.5 V, 10L = 8 mA 0.4 V 

II Input current VCC = 5.5 V, VI =VCC orOV :1 I!A 
10Z High-impedance output current VCC = 5.5 V, Vo =VccorOV :10 I!A 
Ci* Input capacitance VI=O, f = 1 MHz 10 pF 

Co* Output capacitance VO=O, f = 1 MHz, OE:r:VIH 10 pF 

SN74ACT72211L 140§ 

ICClI Active supply current fclock = 20 MHz SN74ACT72221L, SN74ACT72231L, 
160# 

mA 
SN74ACT72241 L 

.. 
:j: Specified by design but not tested 
§ ICC measurements are made with outputs open (only capacitive loading). Typical ICC = 65 + (fclock x 1.1/MHz) + (fclock x CL x 0.03/MHz-pF) mA 

(CL = external capacitive load). ' 
'1/ The ICC limits are valid for tc = 15, 20, 25, and 50 ns. 
# ICC measurements are made with outputs open (only capacitive loading). Typical ICC = 80 + (fclock x 2.1/MHz) + (fclock x CL x O.03/MHz-pF) mA 

(CL = external capacitive load). 
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SN74ACT72211L, SN74ACT72221L, SN74ACT72231L, SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 

SYNCHRONOUS FIRST-IN, FIRST-OUT MEMORIES 
SCAS222 - FEBRUARY 1993 - REVISED JUNE 1993 

timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 2 through 13) 

'ACT72211L-15 'ACT72211 L-20 
'ACT72221L-15 'ACT72221L-20 
'ACT72231L-15 'ACT72231L-20 
'ACT72241 L-15 'ACT72241 L-20 

MIN MAX MIN MAX 

fclock Clock frequency, RCLK or WCLK 66.7 50 

tc Clock cycle time, RCLK or WCLK 15t 20 

tw(CLKH) 
Pulse duration, RCLK or WCLK 

6 8 
high 

tw(CLKL) Pulse duration, RCLK or WCLK low 6 8 

tw(RS) Pulse duration, RS low 15 20 

tsu(D) Setup time, DO-D8 before RCLKt 4 5 

Setup time, WEN1, WEN2t , and 

tsu(EN) LD§ before WCLKt; REN1, REN2, 4 5 
and LD§ before RCLKt 

tsu(RS) 
Setup time, REN1, REN2, WEN1, 

15 20 
and WEN2/LD before RS high 

th(D) Hold time, DO-D8 after RCLKt 1 1 

Hold time, WEN1, WEN2t , and 

th(EN) LD§ afterWCLKt; REN1, REN2, 1 1 
and LD§ after RCLKt 

th(RS) 
Hold time, REN1, REN2, WEN1, 

15 20 
and WEN2/LD after RS high 

Skew time between RCLKt and 

tsk1 
WCLKt to allow EF or FF to 

6 8 
change logic levels during the 
current clock cycle 

Skew time between RCLKt and 

tsk2 
WCLKt to allow PAF or PAE to 

28 35 
change logic levels during the 
current clock cycle 

t Valid for PAE or PAF program values as follows: 
s 63 bytes from the respective boundary for the SN74ACT72211L; 
s 511 bytes from the respective boundary for the SN74ACT72221 LJ-72231 LJ-72241 L; 
minimum tc is 20 ns for program values greater than those indicated above. * Applicable when the device is configured with two write-enable inputs (WEN2/LD = WEN2). 

§ Applicable when the device is configured to have programmable flags (WEN2/LD = LD). 
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'ACT72211L-25 'ACT72211L-50 
'ACT72221 L-25 'ACT72221 L-50 
'ACT72231 L-25 'ACT72231L-50 UNIT 
'ACT72241L-25 'ACT72241 L-50 

MIN MAX MIN MAX 

40 20 MHz 

25 50 ns 

10 20 ns 

10 20 ns 

25 50 ns 

6 10 ns 

6 10 ns 

25 50 ns 

1 2 ns 

1 2 ns 

25 50 

10 15 ns 

40 45 ns 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figures 2 through 13) 

PARAMETER 

ta 
Access time, RCLKt to 00-08 
valid 

tpd(OE-O) 
Propagation delay time, OE low to 
00-08 valid 

tpd(R-EF) 
Propagation delay time, RCLKt to 
EF low or high 

tpd(W-FF) 
Propagation delay time, WCLKt to 
FF low or high 

tpd(R-AE) 
Propagation delay time, RCLKt to 
PAE low or high 

tpd(W-AF) 
Propagation delay time, WCLKt to 
PAF low or high 

Propagation delay time, RS low to 

tpd(RS-O) FF and PAF high and EF, PAE, and 
00-08 low 

ten 
Enable time, OE low to 00-08 at 
the low-Impedance levelt 

!dIs 
Disable time, OE high to 00-08 at 
the high-Impedance levelt 

t These values are characterized but not tested. 
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'ACT72211L-15 ' ACT72211 L-20 
'ACT72221L-15 'ACT72221L-20 
'ACT72231L-15 'ACT72231L-20 
'ACT12241L-15 ' ACT72241 L-20 

MIN MAX MIN MAX 

2 10 2 12 

3 8 3 10 

10 12 

10 12 

10 12 

10 12 

15 20 

0 0 

3 8 3 10 
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'ACT72211L-25 'ACT72211L-50 
' ACT72221 L-25 ' ACT72221 L-50 
' ACT72231 L-25 'ACT72231 L-50 UNIT 
' ACT72241 L-25 ' ACT72241 L-50 

MIN MAX MIN MAX 

3 15 3 25 ns 

3 13 3 28 ns 

15 30 ns 

15 30 ns 

15 30 ns 

15 30 ns 

25 50 ns 

0 0 ns 

3 13 3 28 ns 



SN74ACT72211L, SN74ACT72221L,SN74ACT72231L, SN74ACT72241L 
512 x 9, 1024 x 9, 2048 x 9, AND 4096 x 9 
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APPLICATION INFORMATION 

width-expansion configuration 

Word width is increased by connecting the corresponding input control signals of multiple devices. Composite 
empty and full flags should be created by monitoring all devices in width expansion. Almost-full and 
almost-empty status can be obtained from anyone device. Figure 12 shows an 18-bit-wide data path formed 
by using two SN7 4ACT72211 L/72221 L/72231 L/72241 L devices. 

In Figure 12, read enable 2 (REN2) is grounded and read enable 1 (REN1) acts as the only read control. The 
write enable 2/load (WEN2/LD) input of only one device is set low at reset to configure the device for 
programmable flags and to have it act as a load control for reading and writing the programmable flag offset 
registers. 

RS 

WCLK 

WEN1 

LO 

PAF 

FF 

00-017 ~ 

SN74ACT72211 L/72221L/72231 L/72241L 

RS RCLK 

WCLK REN1 

WEN1 REN2 

-b WEN2/L0 

PAF PAE 

FF EF 
9 9 

, OO-OS CO-CS 
00-08 CO-C8 

SN74ACT72211 L/72221 L/72231 L/72241 L 

RS RCLK 

WCLK REN1 

WEN1 REN2 

.1-5V WEN2/L0 

FF EF 
9 9 

OO-OS CO-CS 
09-017 C9-C17 

Figure 12. Word·Wldth Expansion for 512/1024/2048/4096 x 18 FIFO 
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RCLK 

REN1 

PAE 

EF 

CO-C17 
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PARAMETER MEASUREMENT INFORMATION 

5V 

1100 0 

Fro.m Output 
Under Test -__.------e 

6800 30pF 
(see Note A) 

LOAD CIRCUIT 

Timing 3V 
Input /1.5 V , 

__ -J.q. - - - - - 'GND 

Input 

In-Phase 
Output 

VOLTAGE WAVEFORMS 

High-Level ~ ~-
Input --If 1.0 V ~ 

*-tw~ 
I I 

3V 

GND 

tsu~th 
Data ~ct--- 3V 

Input 1.5 V . 1.5 V 
Low-Level ~1.5V ~ 3V 

Input ~ ~.~ _ GND 
GND 

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

NOTE A: Includes probe and jig capacitance 

Figure 13. Load Circuit and Voltage Waveforms 

~TEXAS ' 
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REDUCED-WIDTH FIFOS 

Features 

• Frequencies up to 40 MHZ 

• 3-state outputs 

• 
• 

Depths available from 16 to 64 words 

Package options include SOIC PLCC, and 
DIP 

• 

• 

Benefits 

Multiple frequencies for greater 
system-performance flexibility 

Disables output from the data path 

• Shallow depths for elastic store 

• Multiple package options for high-volume 
production requirements 



SN74ALS232B 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

o Independent Asynchronous Inputs and 
Outputs 

o 16 Words by 4 Bits 
o Data Rates From 0 to 40 MHz 

It Fall-Through Time ••• 14 ns Typ 

o 3-State Outputs 
o Package Options Include Plastic 

Smail-Outline Packages (OW). Plastic Chip 
Carriers (FN). and Standard Plastic 300-mll 
DIPs (N) 

description 

This 64-bit memory use advanced low-power 
Schottky technology and features high speed and 
fast fall-through times. It is organized as 16 words 
by 4 bits each. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. This FI FO 
is deSigned to process data at rates from 0 to 
40 MHz in a bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load-clock (LOCK) input and is 
read out on a low-to-high transition at the 
unload-clock (UNCK) input. The memory is full 
when the number of words clocked in exceeds by 
16 the number of words clocked out. When the 
memory is full, LOCK signals have no effect on the 
data residing in memory. When the memory is 
empty, UNCK Signals have no effect. 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 

OW OR N PACKAGE 
(TOP VIEW) 

OE 1 U 16 VCC 
FULL 2 15 UNCK 
LOCK 3 14 EMPTY 

00 4 13 00 
01 5 12 01 
02 6 11 02 
03 7 10 03 

GNO 8 9 RST 

FNPACKAGE 
(TOP VIEW) 

~ 

I~ w 0 o~ u.oz~;::J 

LOCK 3 2 1 20 19 
EMPTY 4 18 

DO 5 17 00 
NC 6 16 NC 
01 7 15 01 
02 8 14 02 

9 10 11 12 13 

C") Q 011- C") QzzCl)O 
(!) a: 

NC - No internal connection 

Status of the FIFO memory is monitored by the FULL and EMPTY output flags. The FULL output is low when 
the memory is full and high when it is not full. The EMPTY output is low when the memory is empty and high 
when it is not empty. 

A low level on the reset (RST) input resets the internal stack-control pointers and also sets EMPTY low and sets 
FULL high. The Q outputs are not reset to any specific logic level. The first low-to-high transition on LOCK. after 
either a RST pulse or from an empty condition, causes EMPTY to go high and the data to appear on the 
Q outputs. It is important to note that the first word does not have to be unloaded. Oata outputs are noninverting 
with respect to the data inputs and are at high impedance when the output-enable (DE) input is low. OE does 
not affect the FULL or EMPTY output flags. Cascading is easily accomplished in the word-width direction but 
is not possible in the word-depth direction. 

The SN74ALS2328 is characterized for operation from O°C to 70°C. 

~~~~~~o~I! l~ormc~~I~~ Iapt~U::r:,~ ~ fu~:~~~~m~~~ 
Itlndard warranty. Production prOCHIing dOH ncC n.c .... rUy Inc Iud. 
t.ltlng of an parameter-. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 

Copyright © 1993, Texas Instruments Incorporated 
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SN74ALS2328 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 

logic symbolt 

RST 

LOCK 

UNCK 

OE 

00 

01 

02 

03 

9 "-
3 

15 

1 

4 

5 

6 

7 

FIFO 16)(4 

CTR 
CT=O 

1(+/C2) 
(CT = 16) G1 

(CT =0) G3 r.... 
3-

EN4 ., r 
20 4'V 

2 

14 

13 

12 

11 

10 

ao 
01 

Q2 

03 

t This symbol Is In accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol Is functionally accurate but does not 
show the details of Implementation; forthese, see the logic diagram. The symbol represents the memory as If it were controlled by a single counter 
whose content Is the number of words stored at the time. Output data Is Invalid when the counter content (Cl) Is O. 

Pin numbers shown are for the OW and N packages. 

I~TEXAS NSTRUMENTS 
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SN74ALS2328 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 

logic diagram (positive logic) 

Ring 
Counter 1 

CTR 2 
DIV 16 : 

5 
6 
7 

~---'--------~~-Cl>+ 
8 
9 

10 
Wrlto 11 

Address 12 
13 

CT = 1 14 
15 
16 

Ring 
Counter 1 

CTR 2 

DIV 16 : 

5 
6 
7 

~------------+++-~+ 
8 
9 

10 
Read 11 RST __ 9 ___________ .. 

Address 12 
13 
14 

~--------------HH~CT=1 15 
16 

RAM16x4 

EN 

1 
1Ai6 

16 1 
1'+-r--i2A 16 

~-------r+-~~C3 

DO __ 4 ____________ +-_____________ ~-------r+-__; 

D1~5~----------------~------------~----------_+4_--~----~ 
D2~6--------------------t----------~--------------~----t_------1 
D3~7~ ________________ ~------------~----------_+4_--~----~ 

COMP 
P = 0 I------~------------_O 

0-_______________ 14_ EMPTY 

'----i0 P=0+11----------f_J 
1---+-----l_.J 

P=Q-1~--------------~ 

~ _______________ 2_ FU~ 
n-------l_.J 

Pin numbers shown,are for the OW and N packages. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 
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SN74ALS232B 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 

timing diagram 

LOCK 

00-03 

UNCK 

-1 
I 
I 

8?§§1:~ t8l @?§§{~oR1~aXe~ f§I q 0 ~ 
I ~1 W2 W3 W1 W2 W15 ~16 , 

I I I 
-+-1 --!-I-----t 

I I I 

QO-Q3 $I< Word. ~ ....... ___ w_o_r_d_1--l!~---'~ 
I I I Word 2 Word 3 I I Word 2 Word 3 Word 4 

EMPTY I I ! ! I I 
l I I I 1 I 

FULL I I I, ~ 
II Load I I 

W1 I I 
Initialize Unload Empty Full 
Pointers W2 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee ........................................................................ 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-state output ...............................................•.. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This Is a stress rating only, and 
functional operation ofthe device at these or any other conditions beyond those Indicated In the "recommended operating conditions" section of 
this specification Is not Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability . 
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SN74ALS2328 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251- FEBRUARY 1989- REVISED SEPTEMBER 1993 

recommended operating conditions (see Note 1) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

Q outputs -2.6 
10H High-level output current mA 

FULL, EMPTY -0.4 

Q outputs 24 
10L Low-level output current mA 

FULL, EMPTY 8 

LOCK 0 40 
fclockt Clock frequency MHz 

UNCK 0 40 

RSTlow 18 

LOCK low 15 

tw Pulse duration LOCK high 10 ns 

UNCKlow 15 

UNCKhigh 10 

Data before LDCKf 8 
tsu Setup time ns 

LOCK Inactive before RSTf 5 

Data after LDCKf 5 
th Hold time ns 

LOCK inactive after RSTt 5 

TA Operating free-air temperature 0 70 ·C 

t The maximum possible clock frequency is 40 MHz. The maximum clock frequency when using a 50% duty cycle Is 33.3 MHz. 
NOTE 1: To ensure proper operation ofthis high-speed FIFO device. it is necessary to provide a clean signal to the LDCKand UNCK clock Inputs. 

Any excessive noise or glitching on the clock inputs that violates limits for maximum VIL. minimum VIH. or minimum pulse duration can 
cause a false clock or improper operation of the internal read and write pointers. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TVP; MAX UNIT 

VIK VCC=4.5V. 11=-18mA -1.2 V 

Qoutputs VCC = 4.5V. 10H =-2.6 mA 2.4 3.2 
VOH V 

FULL, EMPTY VCC = 4.5 Vto 5.5 V. 10H =-O.4mA VCC-2 

IOL=12mA 0.25 0.4 
Q outputs VCC=4.5V 

IOL=24mA 0.35 0.5 
VOL V 

IOL=4mA 0.25 0.4 
FULL, EMPTY VCC=4.5V 

10L = 8 mA 0.35 0.5 

10ZH VCC = 5.5V. Vo = 2.7V 20 !lA 
10ZL VCC = 5.5V. Vo = 0.4 V -20 !lA 
II VCC = 5.5 V. VI=7V 0.1 mA 

IIH VCC= 5.5V. VI =2.7V 20 !lA 
IlL VCC= 5.5V. VI =0.4V -0.2 mA 

10§ VCC =5.5V. VO=2.25V -30 -112 mA 

ICC VCC=5.5V 80 125 mA 

* All typical values are at VCC = 5 V. TA = 25°C. 
§ The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 13-7 



SN74ALS2328 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251- FEBRUARY 1989-REVISED SEPTEMBER 1993 

switching characteristics (see Figure 1) 

VCC=sv, VCC = 4.S V to S.S v, 
CL = 50 pF, CL= so pF, 

PARAMETER 
FROM TO R1 =500 0, R1 =500 0, 

(INPUT) (OUTPUT) R2 = SOOO, R2=SOO 0, 
TA = 2SoC TA = MIN to MAXt 

MIN lYP MAX MIN MAX 

fmax LOCK, UNCK 50 40 

LOCKt 14 23 6 30 
tpd 

UNCKt 
AnyQ 

15 23 6 30 

tpLH LOCKt 
EMPTY 

13 20 5 25 

tpHL UNCKt 15 22 6 27 

tPHL RSH EMPTY 15 21 5 26 

tpHL LOCKt FULL 15 22 6 27 

UNCKt 
FULL 

13 20 5 25 
tpLH 

RST~ 16 23 7 28 

ten OEt Q 5 12 1 14 

tdis OE~ Q 5 12 1 16 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
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SN74ALS232B 
16 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS251 - FEBRUARY 1989 - REVISED SEPTEMBER 1993 

PARAMETER MEASUREMENT INFORMATION 

S1 

From Output --+----<I)---G-­ Tost Point 
UndorTost 

CL= 50 pF 
(see Note A) 

R2 =500 C 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing 
Input 

Data 
Input 

3.5 V 

f, :"3':.. __ _ 
----'-r 0.3 V 
tau 4CI .104 .1 th 

~-:~-3.5V 
--f 1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

InputJ( \---- 3.5V 
(see Note B) 1.3 V 1.3 V 

I I. 0.3V 

tpLH ~-~ ~ tpHL 

In-Phase I 1/ I - - VOH 
Output I T 1.3 V I \:: V 

--t""'I-J I VOL 

L .. ~, ~tpLH 
tpHL -,.-., I 

Out-of-Phaso \L ~ VOH 
Output \. 1.3 V T 1.3 V 

. , - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

Hlgh-Lovol 
Pulso 

Low-Lovel 
Pulso 

SWITCH POSITION TABLE 

TEST S1 

tpLH Opon 

tpHL Opon 

tpZH Opon 

tpZL Closod 

tpHZ Opon 

tpLZ Closod 

I I 
14- tw-.l 
I I 

~ 1 ~ v Jr::':"'" 
~~.~V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.5V 

0.3 V 

3.5V 

0.3 V 

Output 
Control ~~

3.5V 

I 1.3V ~~ __ _ 

.1 I 0.3V 

Waveform 1 
S1 Closed 

(seo Note C) 

tpZL~ ~ 

~
I: __ ~~r-tPLZ 3.5 V 

I 1.3V I I .I. I __ 'L 

--L VOL 

~ tpHZ -.j j.- 0.3 V 

Wavoform 2 - A -
t~PZH I~ ~I ...Y __ VOH 

S10pon _ 1.3_V ___ ""L- 0.3V

OV 
(soo Nato C) 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. All Input pulses are supplied by generators having the following characteristics: PRR ::s: 1 MHz, Zo = 50 C, tr ::s: 2 ns, tf:S; 2 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by tho output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits 
o DC to 10-MHz Data Rate 

• 3-State Outputs 
o Packaged In Standard Plastic 300-mll DIPs 

description 

This BO-bit active-element memory is a monolithic 
Schottky-clamped transistor-transistor logic 
(STIl) array organized as 16 words by 5 bits. A 
memory system using the SN74S225 can easily 
be expanded in multiples of 16 words or of 5 bits 
as shown in Figure 2. The 3-stat9 outputs 
controlled by a single output-enable (OE) input 
make bus connection and multiplexing easy. 

ClKA 
IR 

UNCKOUT 
DO 
01 

N PACKAGE 
(TOP VIEW) 

1 U 20 

2 19 

3 18 

4 17 

5 16 

Vee 
ClKS 
ClR 
OR 
UNCKIN 

02 6 15 00 
03 7 14 01 
04 a 13 02 
OE 9 12 03 

GNO 10 11 04 '----.... 

A first-in, first-out (FIFO) memory is a storage device that allows data to be written into and read from its array 
at independent data rates. This FIFO is designed to process data at rates from dc to 10 MHz in a bit-parallel 
format, word by word. 

Reading or writing is done independently utilizing separate asynchronous data clocks. Data can be written Into 
the array on the low-to-high transition of either load-clock (ClKA, ClKS) input. Data can be read out ofthe array 
on the low-to-high transition of the unload-clock (UNCK IN) input (normally high). Writing data into the FIFO can 
be accomplished in one of two manners: 

1. In applications not requiring a gated clock control, best results will be achieved by applying the clock 
input to one of the clocks while tying the other clock input high. 

2. In applications needing a gated clock, the load clock (gate control) must be high in order for the FIFOto 
load on the next clock pulse. 

ClKA and ClKS can be used interchangeably for either clock gate control or clock input. 

Status of the SN74S225 is provided by three outputs. The input-ready (IR) output monitors the status of the last 
word location and signifies when the memory is full. This output is high whenever the memory is available to 
accept any data. The unload-clock (UNCK OUT) output also monitors the last word location. This output 
generates a low-logic-level pulse (synchronized to the internal clock pulse) when the location is vacant. The third 
status output, output ready (OR), is high when the first word location contains valid data and UNCK IN Is high. 
When UNCK IN goes low, OR will go low and stay low until new valid data is in the fir~t word position. The first 
word location is defined as the location from which data is provided to the outputs. 

The data outputs are non inverted with respect to the data inputs and are 3-state with a common control input 
(OE). When OE is low, the data outputs are enabled to function as totem-pole outputs. A high logiC level forces 
each data output to a high-impedance state while all other inputs and outputs remain active.The clear (ClR) 
input invalidates all data stored in the memory array by clearing the control logic and setting OR to a low logic 
level on the high-to-Iow transition of a low-active pulse. 

The SN74S225 is characterized for operation from O°C to 70°C. 

~~~~~o~r~ .~O:!~I~"n.lape~~~:' ~ r.;~2~~~:m~a.!t~ 
atlndlnl WllTlnty. ProductIon prOCH.lng dOH nol nec .... rlIy Inc Iud. 
IHllng of III param.t ..... ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © 1993. Texas Instruments Incorporated 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

logic symbolt 

OE 

UNCKIN 

CLKA 

ClKS 

00 

01 

02 

03 

04 

9 ...... 

16 

L 
18 "'-

1 

19 

4 

5 

6 

7 

8 

FIFO 16 x 5 
ENG 2 

Z1 5,2 

1>3- CTR 1,3 

CT=O CT<16 G2 

10- CT>O G3 
& I> 2+ 

C4 !> 2 1J'l )Z5 
-. r 
40 6~ 

t This symbol Is In accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12. 
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3 

2 

17 

1G 

15 

13 

12 

11 

UNCKOUT 

IR 

OR 

ao 
a1 
a2 
a3 
a4 
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C) 
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DmaOutputs 

SN74S225 
16 x 5 ASYNCHRONOUS FIRST·IN, FIRST·OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

I~ ______ ~A~ ______ ~\ 

8 8 5 a a 0 I~ a: o 

o 
C 

I--t-I ~!r111 

1 
01 
iSl 
ml 
~I 
~I I I I 

1 I I I 
ItlICDI"ICOI 
.... N('I)~ 
ecce 

\~------~v~------~ 

SllldulU180 

~ ... 
o::J 
zO 
::J 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

schematics of Inputs and outputs 

Vcc 

Input 

EQUIVALENT OF 
DATA INPUTS 

EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 

TYPICAL OF 
ALL OUTPUTS 

Vcc----e--- -----I..--Vcc 

Input 

Output 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ............................................................. 7 V 
Input voltage, VI ..................................• .. . . . . . . . . . . . . . . . . • • . . • . . . . . . . . . . . . . . . .. 5.5 V 
Off-state output voltage .................................................................... 5.5 V 
Operating free-air temperature range, TA ................................................. ooe to 70° 
Storage temperature range ....................................................... -65°e to 1500 e 

t Stresses beyond those listed under Mabsolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under -recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

~TEXAS 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2 V 

ViL Low-level input voltage 0.8 V 

10H High-level output current 
a outputs -6.5 

All other outputs 
rnA 

-3.2 

10L Low-level output current 
a outputs 16 

All other outputs 
rnA 

8 

CLKA or CLKB high 25 

tw Pulse duration UNCKIN low 7 ns 

CLRiow 40 

Data (see Note 2) -20 
tsu Set up time before CLKAt or CLKBt 

CLR inactive 
ns 

25 

th Hold time after CLKAt or CLKBt 70 ns 

TA Operating free-air temperature 0 70 °c 

NOTE 2: Data must be set up within 20 ns after the load clock positive transition. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

VIK VCC = 4.75 V, II =-18 rnA 

a outputs Vce = 4.75 V, IOL=-6.5mA 
VOH 

VCC = 4.75 V, All others IOL=-3.2mA 

a outputs Vce = 4.75 V, . 10L = 16 rnA 
VOL 

All others Vce = 4.75 V, IOL=8 rnA 

10ZH Vee = 5.25 V, VO=2.4V 

10ZL VCC = 5.25 V, VO=0.5V 

II Vce = 5.25 V, VI = 5.5V 

Data 
IIH 

All others 
VCC = 5.25 V, VI =2.7V 

Data 
IlL 

All others 
Vce = 5.25 V, VI =0.5V 

10S* Vce = 5.25 V, VO=O 

ICC§ Vec = 5.25V 

t All typical values are at Vee = 5 V, TA = 25°C. * Duration of the short circuit should not exceed one second. 
§ ICC is measured with all inputs grounded and the output open. 

~TEXAS 
INSTRUMENTS 
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MIN TYpt MAX UNIT 

-1.2 V 

2.4 2.9 
V 

2.4 2.9 

0.35 0.5 
V 

0.35 0.5 

50 tlA 
-50 ItA 

1 rnA 

40 

25 
tlA 

-1 
rnA 

-0.25 

-30 -100 rnA 

80 120 rnA 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

CLKA 

fmax CLKS 

UNCKIN 

tw UNCKOUT 

tdis OE 

ten OE 

tpLH 
UNCKIN 

tPHL 

tpLH CLKAor CLKB 

tpLH 
UNCKIN 

tpHL 

CLR 

CLKA or CLKB 
tpHL 

UNCKIN 

CLKAor CLKB 

UNCKIN 

tpLH CLR 

ORt 

t All typical values are at VCC = 5 V. TA = 25°C. 

13-16 

TO 
TEST CONDITIONS 

(OUTPUT) 

AnyQ 

AnyQ 

AnyQ 

OR 

OR 

OR 

UNCKOUT 

IR 

IR 

AnyQ 

• TEXAS 
INSTRUMENTS 

CL= 30 pF 

CL = 5 pF 

CL= 30 pF 

POST OFFICE BOX 655303 • DALlAS. TEXAS 75265 

MIN 

10 

10 

10 

7 

TYpt MAX UNIT 

20 

20 MHz 

20 

14 ns 

10 25 ns 

25 40 ns 

50 75 
ns 

50 75 

190 300 ns 

40 60 
ns 

30 45 

35 60 

25 45 
ns 

270 400 

55 75 

255 400 

16 35 ns 

10 20 



SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

PARAMETER MEASUREMENT INFORMATION 

Open 
S1 

From Output --q-~..--o-­
UndorTost 

Test Point 

CL= 50 pF 
(soe Noto A) 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing 
Input 

Data 
Input 

3.5V 

f,~3~ __ _ ___ oJ;- 0.3 V 

tGU~th 
~-;.;:- 3.5V 

--f 1.3V ~ 

VOLTAGE WAVEFORMS 
SET UP AND HOLD TIMES 

0.3 V 

Input---.t \- - - - 3.5 V 
(see Noto B) 1.3 V 1.3 V 

I I, 0.3V 

1 -.!--~ ~ tpHL 
PLH ~ ~ I J 

In-Phaso 1 II )L --;.; VOH 
Output 1 i 1.3 V 1 '\2:. V 

-_1-- 1 VOL 

tpHL~ ~tPLH 
Out-of-PhaGo \L v::: VOH 

Output " 1.3 V T 1.3 V 
, , -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

High-Level 
Pulso 

Low-Level 
Puis. 

SWITCH POSITION TABLE 

TEST S1 

tpLH Open 

tpHL Open 

tpZH Open 

tpZL Closod 

tpHZ Opon 

tpLZ Closod 

I I 
14- tw-+l 
I I 

~1'lV ~ 
~~.~V _ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.5 V 

0.3 V 

3.5V 

O.3V 

~~
3'5V 

~~~~! 1 1.3V ~: __ _ 

tPZL -.I ~ 1 0.3 V 

II-+! j.- tPLZ 

~
---rl-';;;-- 3.5V 

Waveform 1 1 1.3 V ~I ..J.. 
S1 Closed I - - 'L 

(see Not. C) I ~ I - - L VOL 

-+I tpHZ ~ I+- 0.3 V 

t~PZH I~ ~I ..i __ VOH 
Waveform 2 - '4 -

S10pen 1.3V L.... 0.3V 
(see Note C) _ _ _ _ _ _ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. All input pulses are supplied by generators having the following characteristics: PRR s: 1 MHz, Zo = 50 0, tr =' 2 ns, tf =' 2 ns. 
C. Waveform 1 Is for an output with Internal conditions such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output with Internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 

~TEXAS· 
INSTRUMENTS 
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SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207 - SEPTEMBER 1976 - REVISED SEPTEMBER 1993 

s 
c-
.5 

CIJ 
S 
c-
S 
0 

13-18 

APPLICATION INFORMATION 

I' ,t 

" 
Ij 

ClKA ""~'VI 11'----__ ----\'~'I---, __ 
".. '----- ,J 

ClKB """""-"V1 rfI~----------~~~~-------
o 388888l Word 1 B888I Word 2 ~ Word 16 

Word 3 

UNCK &&88iI 
IN 

- I \-4 IR _.1 v 

UNCK U OUT 

OR 
-, 

1 -

Is Low 

" i, 

V-n-, 

Lr'IJ 
rt ,; 

u u 

u u 

't---J r-­
l L-I 

II l, 

(I 
,; 

s.,..'------I Word 3,: Word 
j) 16 

Q --------_' .... 1 _w_o_rd_1_...1,,,~_w_o_rd_1 ___ --,1 Word 2 
Ij 

H~ 
Clear Load 

Word 1 

Load 
Words 3-15 

load 
Word 2 

load 
Word 16 

Unload 
Word 1 

Unload 
Word 2 

Figure 2. Typical Waveforms for a 16·Word FIFO 

~TEXAS 
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Unload 
Words 3-15 

Unload 
Word 16 



CLK 

NC 

5_Blt{ 
Data 

In 

IR 

NC 

5_Blt{ 
Data 

In 

-

(hlgh)-

r-

f-CJ= 
(high) -

-

SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDLS207-SEPTEMBER 1976-REVISED SEPTEMBER 1993 

APPLICATION INFORMATION 

>CLKB (hlgh)- >CLKB (hlgh)-

CLKA OR CLKA OR 
UNCK UNCK 
OUTUNCK OUTUNCK 

IN ...... IN ...... 
IR NC- IR NC-
DO 00 DO ao 
01 01 01 01 
02 02 02 Q2 

03 03 03 03 
04 04 04 04 

CLR OE CLR OE 

1 1 

~ ~ ~ ~ 
CLR OE CLR OE 

P CLKB (hlgh)-P CLKB (hlgh)-

CLKA OR CLKA OR 
UNCK UNCK 
OUTUNCK OUTUNCK 

IN"" IN ...... 
IR NC- IR NC-
DO ao DO ao 
01 01 01 01 
02 02 02 Q2 

03 03 03 03 
04 04 04 04 

>CLKB 
CLKA OR 

UNCK 
OUTUNCK 

IN 
IR 
DO 00 
01 01 
02 02 
03 03 
04 04 

CLR OE 

CLR OE 

>CLKB 
CLKA OR 

UNCK 
OUTUNCK 

IN ...... 
IR 
DO 00 
01 01 
02 02 
03 03 
04 04 

~ 

-

OR 

UNCKIN 

} 
5-Blt 
Data 
Out 

} 
5-Bit 
Data 
Out 

Figure 3. Expanding the SN74S225 FIFO (48 words of 10 bits shown) 
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SN74ALS229B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

• Independent Asychronous Inputs and 
Outputs 

• 16 Words by 5 Bits 
o Data Rates From 0 to 40 MHz 
o Fall-Through Time •.• 14 ns Typ 
o 3-State Outputs 
e Package Options Include Plastic 

Smail-Outline Packages (OW), Plastic Chip 
Carriers (FN), and Standard Plastic 300-mll 
DIPs (N) 

description 

This aD-bit memory uses advanced low-power 
Schottky technology and features high speed and 
fast fall-through times. It is organized as 16 words 
by 5 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. This FIFO is designed to 
process data at rates from 0 to 40 MHz in a 
bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock (LOCI<) input and is 
read out on a low-to-high transition at the unload 
clock (UNCI<). The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LOCK signals have no effect. When the 
memory is empty. UNCK signals have no effect. 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

OW OR N PACKAGE 
(TOP VIEW) 

OE 
FULL-2 

FULL 
LOCK 

00 
01 
02 
03 
04 

GNO 

1 U 20 

2 19 

3 18 

4 17 

[ 5 16 ] 

6 15 

7 14 

8 13 

9 12 

10 11 

FNPACKAGE 
(TOP VIEW) 

Vcc 
EMPTY+2 
UNCK 
EMPTY 
00 
01 
02 
03 
04 
RST 

LOCK 
00 

3 2 1 20 19 
UNCK 

01 
02 
03 

4 18 

5 17 EMPTY 

16 00 6 

7 15 01 
8 14 02 

9 10 11 12 13 

Status of the FIFO memory is monitored by the FULL, EMPTY, FULL-2, and FULL+2 output flags. The FULL 
output is low when the memory is full and high when it is not full. The FULL-2 output is low when the memory 
contains 14 data words. The EMPTY output is low when the memory is empty and high when it is not empty. 
The EMPTY +2 output is low when two words remain in memory. 

A low level on the reset (RSf) input resets the internal stack control pointers and also sets EMPTY low and sets 
FULL, FULL-2, and EMPTY +2 high. The Q outputs are not reset to any specific logic level. The first low-to-high 
transition on LOCK after either a RST pulse or from an empty condition causes EMPTY to go high and the data 
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs 
are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE) input 
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is 
not possible in the word-depth direction. 

The SN74ALS2298 is characterized for operation from O°C to 70°C. 

~TEXAS 
INSTRUMENTS 
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SN74ALS229B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

logic symbolt 

LOCK 

UNCK 

OE 

DO 

01 

02 

03 

04 

11 

4 

18 

1 

5 

6 

7 

8 

9 

"-

FIFO 16 x 5 

CTR 

CT=O (CT = 16) G1 

CT=14 "-

1(+/C2) CT=2 

3- (CT = 0) G3 

EN4 , r-
20 4V' 

3 

2 

19 

17 

16 

15 

14 

13 

12 

FULL 

fU[[::2 

EMPTY+2 
EMPTY 

00 

01 

02 

03 

04 

t This symbol Is In accordance with ANSI/IEEE Standard 91-1984 and IEC Publication 617-12. The symbol Is functionally accurate but does not 
show the details of Implementation; for these, see the logic diagram. The symbol represents the memory as if it were controlled by a single counter 
whose content is the number of words stored at the time. Output data is invalid when the counter content (C1) is O. 

Pin numbers shown are for the OW and N packages. 
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SN74ALS229B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

logic diagram (positive logic) 

11 
RST 

Ring 
Count~r ~ 

CTR 
0lV16 : 

~--~--------~+-a>+ 

6 
6 
7 
B 
9 

Write 10 
11 

Addross12 
13 
14 

CT = 1 15 
16 

Ring 1 
Counter 2 

CTR 3 
0lV16 4 

5 
6 
7 
B 

+ 9 
10 

Road 11 
Address 12 

13 

CT.1 
14 
15 
16 

16 

DO _5 ____________________ -+ ______________ -+ ______________ ~--_4 
6 

01 ----------------------+---------------+-------------~+_--~ 

1A,30 2A 
16 

15 

02~7~----------------4_------------~----~----~~--_t----__1 14 

03~B~----------------+_------------~----------~~~r_----1 
04 _9 ____________________ -+ ______________ ~--------------~--~ 

13 

16 16 

P 

COMP 
P=Q~----~--------------_e 

..... -....04Q P=Q+2 

P=Q-2~r_--+_--~ 

Pin numbers shown are for the DW and N packages. 

~TEXAS 
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12 
L.... __ --' 

17 
EMPTY 

3 
FULL 

2 
FULL-2 

19 
EMPTY+2 

QO 

Q1 
Q2 

Q3 

Q4 
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SN74ALS2298 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

timing diagram 

LOCK 

00-04 

UNCK 

00-Q4 

EMPTY+2 

--.J 
I 
I 

I 
I I 

Initialize I 
Pointers I 

I 
Load 
W1 

Unload 
W2 

~ 
I 

Empty 

I 
I 

W 

Empty +2 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 

W I 
I I 

LJ LJ 
I 

Full-2 Full 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 

Supply voltage, Vee .......•............•................................................... 7 V 
Input voltage, VI ...........•..•............................•..•...•................ '. . . . . . • .. 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. ooe to 700e 
Storage temperature range ..........•............................................ -65°e to 1500 e 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

13-24 
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SN74ALS2298 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

recommended operating conditions (see Note 1) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

a outputs -1.6 
10H High-level output current mA 

Status flags -0.4 

a outputs 24 
10L Low-level output current mA 

Status flags 8 

LDCK 0 40 
fclock Clock frequency 

UNCK 
MHz 

0 40 

RSTlow 18 

LDCKlow 15 

tw Pulse duration LDCKhigh 10 ns 

UNCKlow 15 

UNCKhigh 10 

Data before LDCKt 8 

tsu Setup time RST (inactive) before LDCKf 5 ns 

LDCK Qnactive) before RSTt 5 

th Hold time Data after LDCKt 5 ns 

TA Operating free-air temperature 0 70 °c 

NOTE 1: To ensure proper operation ofthis high-speed FIFO device. it is necessary to provide a clean signal to the LDCKand UNCK clock Inputs. 
Any excessive noise or glitching on the clock inputs that violates the VIL. VIH. or minimum pulse duration limits can cause a false clock 
or improper operation of the internal read and write pointers. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC = 4.5V. 11=-18mA -1.2 V 

a outputs VCC = 4.5 V. 10L =-2.6 mA 2.4 3.2 
VOH V 

Status flags Vce = 4.5 Vto 5.5 V. 10L =-0.4 mA VCC-2 

Vce =4.5V. IOL=12mA 0.25 0.4 a outputs 
Vce =4.5V. IOL=24mA 0.35 0.5 

VOL V 
Vce =4.5V. IOL=4mA 0.25 0.4 

Status flags 
Vce =4.5V. 10L= 8 mA 0.35 0.5 

10ZH Vce = 5.5V. Vo = 2.7V .20 ~ 

10ZL VCC = 5.5V. VO=0.4V -20 ~ 

II Vce = 5.5 V. VI=7V 0.1 mA 

IIH Vce = 5.5 V. VI =2.7V 20 ~ 

IlL Vce = 5.5V. VI =0.4V -0.2 mA 

10* VCC =5.5V. Vo = 2.25 V -30 -112 mA 

ICC VCC = 5.5V 85 140 mA 

t All typical values are at Vce = 5 V. TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 

~TEXAS 
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SN74ALS2298 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

switching characteristics (see Figure 1) 

PARAMETER 

fmax 

tpd 

tpLH 

tpHL 

tPHL 

tpd 

tpLH 

tpd 

tpLH 

tpHL 

tpLH 

ten 

tdis 

13-26 

FROM 
(INPUT) 

LDCK, UNCK 

LDCKt 

UNCKt 

LDCKt 

UNCKt 

RSn 

LDCKt 

UNCKt 

RSn 

LDCKt 

UNCKt 

RSn 

LDCKt 

UNCKt 

RSn 

OEt 

OE~ 

TO 
(OUTPUT) 

AnyQ 

EMPTY 

EMPTY 

EMPTY+2 

EMPTY+2 

FULL-2 

FULL-2 

FULL 

FULL 

• TEXAS 
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Q 

Q 

POST OFFICE BOX 655303 • DAlLAS, TEXAS 75265 

Vee = 4.5 V to 5.5 V, 
el= 50 pF, 
R1 =500 0, 
R2 = 500 0, UNIT 

TA = coe to 70°C 

MIN MAX 

40 MHz 

6 30 
ns 

6 30 

5 25 
ns 

6 27 

5 26 ns 

7 33 
ns 

9 35 

9 33 ns 

7 33 
ns 

9 35 

9 33 ns 

6 27 ns 

5 25 
ns 

8 31 

2 15 ns 

1 15 ns 



SN74ALS229B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS252 - MARCH 1990 - REVISED JUNE 1992 

PARAMETER MEASUREMENT INFORMATION 

Opon 
S1 

From Output --0---4:'--0-- Tost Point 
UndorTost 

CL- SO pF 
(see Noto A) 

R2-S000 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing 
Input 

Data 
Input 

3.SV 

i~3~ __ _ ___ ..J;- 0.3 V 

tau 1ct ~14 ~ th 

~-:;-~- 3.SV 
--f 1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

Input--.t ~ - - - - 3.S V 
(see Noto B) 1.3 V i\ 1.3 V 

I I, 0.3 V 

tpLH ~ ~~ t?HL 

1 1 I V 
In-Phase 1/ \L -:;.; OH 

Output I T 1.3V 1 ~V 
-"""1 -J I VOL 

t 
I~~, ~tpLH 

PHL~ 1 

Out-of-Phase "- v:-:: VOH 
Output '\ 1.3 V T 1.3 V 

, . - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Hlgh-Lovol 
Pulso 

Low-Lovol 
Pulse 

SWITCH POSITION TABLE 

TEST S1 

tpLH Open 

tpHL Open 

tpZH Opon 

tpZL Closed 

tpHZ Opon 

tpLZ Closed 

I I 
~ tw--.l 
I I 

~ 1 ~ v JI':":':"'" 
~~.~V _ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.SV 

0.3 V 

3.SV 

0.3 V 

Output 
Control ~~

3'SV 

1 1.3V ~~ __ _ 

tpZL ~ t4- I 0.3 V 

Waveform 1 
S1 Closed 

(seo Note C) ~
I: -Ji;!-~r-=-tpLZ 3.SV 

1 1.3V 1 I .l. I __ 'L. 

~ IpHZ -./ ~-L~~\ 
Wavoform 2 - r -

t~PZH ,kJ-: ~I ...Y __ VOH 

S1 Open 1.3 V L- 0.3 V 
(see Noto C) _ _ _ _ _ _ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. All input pulses are supplied by generators having the following characteristics: PRR ~ 1 MHz, Zo .. 50 0, tr ~ 2 ns, tf ~ 2 ns. 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltage Waveforms 
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SN74ALS233B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

o Independent Asychronous Inputs and 
Outputs 

o 16 Words by 5 Bits 

SCAS253 - MARCH 1990 - REVISED JUNE 1992 

OW OR N PACKAGE 
(TOP VIEW) 

Vee 
o Data Rates From 0 to 40 MHz FULL-1 EMPTY+1 
o Fall-Through Time ..• 14 ns Typ FULL UNCK 

o 3-State Outputs LOCK EMPTY 

o Package Options Include Plastic 
Smail-Outline Pacl<ages (OW), Plastic Chip 
Carriers (FN), and Standard Plastic 300-mll 
DIPo (N) 

description 

This aO-bit memory uses advanced low-power 
Schottky technology and features high speed and 
a fast fall-through time. It is organized as 16 words 
by 5 bits. 

A FIFO memory is a storage device that allows 
data to be written into and read from its array at 
independent data rates. This FIFO is designed to 
process data at rates from a to 40 MHz in a 
bit-parallel format, word by word. 

Data is written into memory on a low-to-high 
transition at the load clock (LOCK) input and is 
read out on a low-to-high transition at the unload 
clock (UNCK) input. The memory is full when the 
number of words clocked in exceeds by 16 the 
number of words clocked out. When the memory 
is full, LOCK signals have no effect. When the 
memory is empty, UNCK signals have no effect. 

LOCK 
DO 
01 
02 
03 

DO 00 
01 01 
02 02 
03 03 

04 
GND RST 

FN PACKAGE 
(TOP VIEW) 

3 2 1 20 19 
4 18 UNCI< 

517 EMPTY 
16 00 6 

7 15 01 
8 14 02 

9 10 11 12 13 

'¢ 0 II- '¢ C") 
OZCI)OO 

(,!)CI: 

Status of the FIFO memory is monitored by the FULL, EMPTY, FULL-1, and EMPTY+1 output flags. The FULL 
output is low when the memory is full and high when it is not full. The FULL-1 output is low when the memory 
contains 15 data words. The EMPTY output is low when the memory is empty and high when it is not empty. 
The EMPTY + 1 output is low when one word remains in memory. 

A low level on the reset (RST) input resets the internal stack control pointers and also sets EMPTY low and sets 
FULL, FULL-1, and EMPTY + 1 high. The Q outputs are not reset to any specific logic level. The first low-to-high 
transition on LOCK, after either a RST pulse or from an empty condition, causes EMPTY to go high and the data 
to appear on the Q outputs. It is important to note that the first word does not have to be unloaded. Data outputs 
are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE) input 
is low. OE does not affect the output flags. Cascading is easily accomplished in the word-width direction but is 
not possible in the word-depth direction. 

The SN74ALS2338 is characterized for operation from O°C to 70°C. 

~~~~~~~o:~! S~~~~I~r;,.lapt~~~~!r!! ~ ,fx::~~~~mde~~ 
standard warranty. Production procelling don noC necllurlly Inc Iud. 
tilting of an paramet.r-. ~TEXAS 
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SN74ALS2338 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS253 - MARCH 1990 - REVISED JUNE 1992 

logic symbolt 

LOCK 
UNCK 

OE 

DO 

01 

02 

03 

04 

11 

4 

18 

1 

5 

6 

7 

8 

9 

" 

FIFO 16)(5 

CTR 

CT=O (CT .. 16) G1 

CT=15 

1(+/C2) CT=1 

3- (CT=O) G3 

EN4 ., r 
20 49 

3 

2 

19 

1.7 

16 

15 

14 

13 

12 

FULL 

FUII=1 
EMPTY+1 
EMPTY 

00 

01 

02 

03 

04 

t this symbol Is In accordance with ANSI/lEEE Standard 91-1984 and IEC Publication 617-12. The symbol Is functionally accurate but does not 
show the details of Implementation; for these, see the logic diagram. The symbol represents the memory as If It were controlled by a single counter 
whose content Is the number of words stored at the time. Output data Is Invalid when the counter content (el) Is O. 

Pin numbers shown are for the DWand N packages. 
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SN74ALS233B 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS253 - MARCH 1990 - REVISED JUNE 1992 

logic diagram (positive logic) 

Ring 
Counter 1 

CTR 2 
DIV 16 3 4 

n---~--------+*+-n>+ 

5 
6 
7 
8 
9 

10 
Write 11 

Addross12 
13 
14 
15 
16 

Ring 1 
Countor 2 

CTR 3 

~-------------+++;>+ 

DIV16 4 
5 
6 
7 
8 
9 

10 
11 

RST-----------------------. 
Road 11 

Address 12 
13 
14 

O---------l-+O-{1 CT = 1 15 
16 

RAM16x5 

EN 

1A1i" 

16 1 
1'+---r'--12A'16 

~------------_r+_--O> C3 

DO _5~ ___________ _+--------_+---------r+-~ 
01 ~6~ ________________ ~------------~----------~~--_t----~ 
D2~7~----------------_t--------------~----------_t+_--~----~ 
D3 __ 8 ___________ +-________ ~------_+;_-_; 

D4~9~----------------_t------------~~----------_t+_--~----~ 

COMP 
p=a 

17 

ao 
a1 

14 a2 
13 a3 

12 a4 

P 
EMPTY 

a p=a+2 

p=a-2 

Pin numbers shown are for the OW and N packages. 

~TEXAS 
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3 
FUl.l. 

2 
FUl.l.-1 

19 
EMPTY+1 
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SN74ALS2338 
16 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SCAS253 - MARCH 1990 - REVISED JUNE 1992 

timing diagram 

LOCK 

.J 
I 
I 

I I I I I 

00-04 

UNCK 

OO-Q4 

EMPTY+1 

I 
I I 

Initialize I 
Pointers I 

I 
Load 
W1 

Unload 
W2 

~ 
I 

Empty 

I 
I 

LJ 

Empty+1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LJ 
I 

Full-1 

I 
I 
I 
I 
I 
I 
I 

W 
I 
I 
I 

Full 

LJ 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee .... ' .................................................................... 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA .............................................. O°C to 70°C 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions (see Note 1) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

a outputs -1.6 
10H High-level output current 

Status flags 
mA 

-0.4 

a outputs 24 
10L Low-level output current 

Status flags 
mA 

8 

LOCK 0 40 
fclock Clock frequency . 

UNCK 
MHz 

0 40 

RSTlow 18 

LOCK low 15 

tw Pulse duration LOCK high 10 ns 

UNCKlow 15 

UNCKhigh 10 

Oata before LDCKt 8 

tsu Setup time RST (inactive) before LOCKt 5 ns 

LOCK Onactive) before RSTt 5 

th Hold time Oata after LDCKt 5 ns 

TA Operating free-air temperature 0 70 °c 

NOTE 1: To ensure proper operation ofthis high-speed FIFO device, it is necessary to provide a clean signal to the LOCK and UNCK clock inputs. 
Any excessive noise or glitching on the clock inputs that violates the VIL, VIH, or minimum pulse duration limits can cause a false clock 
or improper operation of the internal read and write pointers. 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK VCC =4.5V, 11=-18mA -1.2 V 

a outputs VCC =4.5V, 10H =-2.6 mA 2.4 3.2 
VOH V 

Status flags VCC = 4.5 Vto 5.5 V. 10H =-0.4mA VCC-2 

VCC =4.5V, IOL=12mA 0.25 0.4 a outputs 
VCC = 4.5 V. IOL=24mA 0.35 0.5 

VOL V 
Vec = 4.5 V, IOL=4mA 0.25 0.4 

Status flags 
VCC = 4.5 V. IOL=8mA 0.35 0.5 

10ZH VCC =5.5V, Vo =2.7V 20 IlA 
10ZL VCC = 5.5 V, Vo = 0.4 V -20 IlA 
II VCC = 5.5 V. VI=7V 0.1 mA 

IIH VCC= 5.5 V, VI=2.7V 20 IlA 
IlL VCC = 5.5 V, VI = 0.4 V -0.2 mA 

10* VCC =5.5V, VO=2.25V -30 -112 mA 

ICC VCC=5.5V 88 133 mA 

t All typical values are at VCC = 5 V, TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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switching characteristics (see Figure 1) 

. PARAMETER 

fmax 

tpd 

tpLH 

tpHL 

tpHL 

tpd 

tpLH 

tpd 

tpLH 

tpHL 

tpLH 

ten 

tdis 

13-34 

FROM 
(INPUT) 

LOCK. UNCK 

LDCKt 

UNCKt 

LDCKt 

UNCKt 

RST, 

LDCKt 

UNCKt 

RSn 

LDCKt 

UNCKt 

RSn 

LDCKt 

UNCKt 

RSn 

OEt 

OE, 

TO 
(OUTPUT) 

AnyQ 

EMPTY 

EMPTY 

EMPTY+1 

EMPTY+1 

FuLL-1 

FULl-1 

FULL 

FULL 

Q 

Q 
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Vce = 4.5 V to 5.5 V, 
eL = 50 pF, 
R1 =500 n, 

UNIT R2=5OOCl, 
TA = ooe to 70°C 

MIN MAX 

40 MHz 

6 32 
ns 

6 30 

5 25 
ns 

6 27 

5 25 ns 

7 34 
ns 

7 34 

8 31 ns 

9 33 
ns 

8 32 

11 32 ns 

6 27 ns 

5 25 
ns 

9 30 

2 15 ns 

1 15 ns 
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PARAMETER MEASUREMENT INFORMATION 

S1 

From Output --o-~~-o-­ Tost Point 
UndorTost 

CL= 50 pF 
(aoo Noto A) 

R2=500C 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

nmlng 
Input 

Data 
Input 

3.5 V 

f,~3~ __ _ 
--_..J-r 0.3 V 
tau 0CI .J4 ~I th 

~-:;-~- 3.5V 

-.r 1
.
3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

Input - - - - 3.5V 
(seo Noto B) L 1.3 V '\ 1.3 V 

--../j I ' 0.3 V 

tpLH -Jct--..Pj ~ t~IIL 
In.Phase 1 1/ I { ~.; VOH 

Output 1 T 1.3V 1 ~V 
-"'-1 ....J 1 VOL 

I~ .. , ~tpLH 
~HL~ I 

Out-of·Phaso 1.3 V 1.3 V , I FVOH 

Output , ._ _ _ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

Hlgh-Lovel 
Pulso 

Low·Levol 
Pulso 

SWITCH POSITION TABLE 

TEST S1 

tpLH Open 

tpHL Opon 

tpZH Opon 

tpZL Closod 

tpHZ Open 

tpLZ Closed 

I I 
14- tw --.I 
I I 

~1~V ~ 
~~':'V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

Output 
Control ~~

3'5V 

1 1.3V ~~ __ _ 

tpZL -tJ 14- 1 0.3 V 

Waveform 1 
S1 Closed 

(see Noto C) ~I : --~~r-tpLZ 3.5V 

1 1.3V 1 I i: 
1 ~::LVOL 
~ tpHZ +I j4- 0.3 V 

Waveform 2 - A -
t~PZH II+:! ~I ..Y __ VOH 

S10pen _1.3_V ___ "L- 0.3V

OV 
(soo Noto C) 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. All Input pulses are supplied by generators having the following characteristics: PRR ~ 1 MHz, Zo = 50 C, tr ~ 2 ns, tf ~ 2 ns. 
C. Waveform 1 Is for an output with Internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output with Internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 1. Load Circuit and Voltago Waveforms 
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SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

j;~: 
:1:.~=======================SD=A_S=10=6B==-IIIIO==CT~OB=E=RIIII19z8.6-=R.EVii:II:::iIIS.ED=:SE:i::P=TE=M:::ii8::ER===:19::i::i93 

o Asynchronous Operation 

o Organized as 64 Words by 4 Bits 
o Data Rates From 0 to 30 MHz 
o 3-State Outputs 
o Package Options Include Plastic 

Smail-Outline Packages (OW), Plastic 
J-Leaded Chip Carriers (FN), and Standard 
Plastic 300-mll DIPs (N) 

description 

The SN74ALS234 is a 256-bit memory utilizing 
advanced low-power Schottky IMPACT™ 
technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
4 bits. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS234 is designed to process data at rates 
from a to 30 MHz in a bit-parallel format, word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When SI goes low, the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When the 
FIFO is full, additional shift-in pulses have no 

OW OR N PACKAGE 
(TOP VIEW) 

OE 16 Vee 
IR 2 15 SO 
SI 3 14 OR 

DO 4 13 00 
01 5 12 01 
02 02 
03 03 

GNO RST 

SI 
DO 
NC 
D1 
02 

5 

6 

7 

FNPACKAGE 
(TOP VIEW) 

Iw U °0 
!foz~(J) 

17 00 
16 NC 
15 Q1 

8 14 02 
9 10 11 12 13 

C') Cl 011- C') ClZZ(J)O 
(!) a: 

NC - No internal connection 

effect. Data is shifted out of memory on the falling edge of the shift-out (SO) input (see Figure 2). When the FI FO 
is empty, additional SO pul~cs have no effect. The last data word remains at the outputs until a new word falls 
through or reset (RSn goes low. 

Status of the SN74ALS234 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags. 
When OR is high, valid data is available at the outputs. OR is low when SO is high and stays low when the FIFO 
is empty.IR is high when the inputs are ready to receive more data.IR is lowwhen SI is high and stays lowwhen 
the FIFO is full. 

When the FIFO is empty, input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the FIFO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low, IR will go high. If SI is still high when IR goes high, data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high, only a high-level pulse is seen on the 
IR output (see Figure 4). 

The FIFO must be reset after power up with a low-level pulse on the master reset (RSn input. This sets IR high 
and OR low signifying that the FIFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If SI is high when RST goes high, the input data is shifted in and IR goes low and remains low until 
SI goes low. If SI goes low before RST goes high, the input data will not be shifted in and IR goes high. Data 
outputs are noninverting with respect to the data inputs and are at high impedance when the output-enable (OE) 
input is high. OE does not affect the IR or OR. 

The SN74ALS234 is characterized for operation from O°C to 70°C. 

IMPACT is a trademark of Texas Instruments Incorporated. 

~~~~~~o:r~ s~ec7c~~I~~ "pe~~~~~ ~ ,fx~:~~~:m~~~ 
standard warranty. Produetion proctl.lng dots not nectlurUy Includ. 
t .. tlng of all pera mltl"" ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 

Copyright © 1993. Texas Instruments Incorporated 
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64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDAS106B - OCTOBER 1986- REVISED SEPTEMBER 1993 

logic symbolt 

SI 

SO 

DO 

01 

02 

03 

3 

15 

9 

1 

4 

S 

6 

7 

I-
S +/C1 

G2 

I-
4-

G3 

~ CT=O 

- R 

"- ENG , 
10 

FIFO 64 )(4 

CTR 

3CT>0 

(CT> 0) G4' ~ 

2CT<64 

(CT < 64) G5 • 

r 
16V 

tThis symbol Is In accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12. 

functional block diagram 

4 
DO 

S 
01 FIFO FIFO 
02 

6 
Input Output 

7 
03 Stage Stage 

IR --=2=---+-_-1 

14 

2 

13 

12 

11 

10 

OR 

IR 

QO 

Q1 

Q2 

Q3 

13 
QO 

12 
Q1 

11 
Q2 

10 
Q3 

f-i~ __ 1;..;;5_ SO 

SI 3 1--1-_....;1:....;4_ OR 
'--~~-' 

RST __ 9 __________ ~----------~~--------~~--~ 

Pin numbers shown are for the OW and N packages. 
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SDAS106B - OCTOBER 1986- REVISED SEPTEMBER 1993 

timing diagram 

SI 

03-00 

SO 

03-00 

Clear 
Shift In 

W1 

Shift Out 
W2 

Empty 

Full 

t The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. 
:I: While the output data is considered valid only when the OR flag is high. the stored data remains at the outputs. Any additional words written into 

the FIFO will stack up behind the first word and will not appear at the output until SO Is taken low. 
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SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

I 
I+--tsu~ 

SDAS1 06B - OCTOBER 1986 - REVISED SEPlEMBER 1993 

II r----:.., _"""""", ft----
~tsu-->l'--thi :1 :1 
~~~ __ ~~~ __ ~I. X~.------~--~X:======: 

IR Full 

r tpLH ~ I 14- tpHL ~ I+- tpLH -+I 

I I I I r 
OR 

___ --+-r_tP_HL_~_i1 14-4 -- tpLH ~r------
I I Empty I I 
I i 
14- tpd --.t 114-4 -- tpd --~I>i ----------, 1-------03-00 

NOTE: SO is low. 

so 

OR 

IR Full 

03-00 ) 
I 

!dIs +j j4-1 

j OE --1 
NOTE: SI is low. 

Figure 1. Master Reset and Data-In Waveforms 

~ 
I 
j4- ten 

I 
I 
I 
I 
I 

tpLH "I 

\.-tPLH--J 

...---+-: -----I r-
j+"-tpHL~ i 

H td(SOL-OX) 

~ 
~tpd4 

Figure 2. Data-Out Waveforms 
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03-00 ~ 
tau :~th-+j 

SI I I 
~, ---------------------------------, 

so -.J I I 
r-tpLH~ I r- tw

-, 

OR Empty I . 1 ________ _ 
H I td(OV-ORH) 

03-00 ----------In-va-II-d------~)(~ ______________________________ __ 

SO 

SI -.J 

Figure 3. Data Fall-Through Waveforms 

!.-, tpLH -.I t 
I4-w~ , , 

IR __________ F_ul_I __________ ~11 ~ ________ F_U_II ________ __ 

03-00 ~~ ____________ J~ 
Figure 4. Automatic Data-In Waveforms 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ............................................................. 7 V 
Input voltage, VI .......................................................•.................... 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA ................................................. O°C to 70° 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only. and 
functional operation of the device at these or any other conditions beyond those Indicated under "recommended operating conditions" Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level Input voltage 

10H High-level output current 

10L Low-level output current 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time before SI t 

th Hold time, data after Sit 

TA Operating free-air temperature 

SN74ALS234 
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDAS106B - OCTOBER 1986 - REVISED SEPTEMBER 1993 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

Q outputs -2.6 
rnA 

IR and OR -0.4 

Qoutputs 24 

IR and OR 
rnA 

8 

SI or SO 0 30 MHz 

SlorSO I High or low 15 

I Low 
ns 

RST 15 

Data 0 

RST I High (inactive) 
ns 

15 

17 ns 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vee = 4.5 V, 11=-18mA -1.2 V 

AnyQ Vee=4.5V 
10H =-1 rnA 

VOH 10H =-2.6mA 2.4 3.2 V 

IR,OR Vee = 4.5 V, 10H =-0.4 rnA 2.7 3.4 

IOL=12mA 0.25 0.4 
AnyQ Vee=4.5V 

10L= 24 rnA 0.35 0.5 
VOL V 

IOL=4mA 0.25 0.4 
IR,OR Vee=4.5V 

IOL=8 rnA 0.35 0.5 

10ZH Vee = 5.5 V, Vo= 2.7V 20 ~ 

10ZL Vee" 5.5 V, VO .. 0.4V -20 ~ 
II Vee =5.5V, VI=7V 0.1 rnA 

IIH Vee = 5.5 V, VI =2.7V 20 ~ 

IlL Vee =5.5V, VI =0.4V -0.1 rnA 

10* Vee=5.5V, Vo = 2.25 V -30 -112 rnA 

Low 100 145 

ICC Vee =5.5V High 97 142 rnA 

Disabled 103 148 

t All typical values are at Vee = 5 V, TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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switching characteristics (see Figure 5) 

Vce =5V, Vec = 4.5 V to 5.5 V, 
CL= 50 pF, eL=50 pF, 

FROM TO R1 = 500 0, R1 =500 0, 
PARAMETER 

(INPUT) (OUTPUl) R2 = 500 0, R2 = 500 0, 
TA = 25°e TA = MIN to MAXt 

MIN TYP MAX ...,IN MAX 

SI 35 30 
fmax 

SO 35 30 

tw* IRhigh 15 8 
tw§ OR high 19 8 

td(QV-ORH) Q valid before ORt 6 9 -5 12 

td(SOL-QX) Q valid after SOl 13 4 

tpd SII Q 600 800 350 1000 

tpHL Sit 20 
IR 

26 8 30 

tPLH Sil 16 21 6 25 

tPLH'Ii SII OR .600 800 350 1000 

tpd SOl Q 13 17 4 22 

tpHL SOt 23 
OR 

27 7 33 

tpLH SOl 20 24 6 30 

tPLH'ii SOl IR 600 800 350 1000 

tPHL OR 22 26 10 34 
RSTI 

tpLH IR 17 21 6 27 

tpHL RSTI Q 14 17 5 19 

tdis OEt Q 7 
~ 

13 2 15 

ten OEI Q 6 12 2 13 

t For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. * The IR output pulse occurs when the FIFO is full, SI is high, and SO is pulsed (see Figure 4). 
§ The OR output pulse occurs when the FIFO is empty, SO is high, and SI is pulsed (see Figure 3). 
'Ii Data throughput or fall-through times 
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MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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PARAMETER MEASUREMENT INFORMATION 

S1 

From Output --0---4::'--0-- Tost Point 
UndorTost 

CL = SO pF 
(soo Nato A) 

R2 = sao 0 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing t~3~ ___ 3.SV 

Input 
0.3V 

tsu~th 
Data 3.SV 

Input 1.3V 1.3V 

0.3V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Input--, ~ - - - - 3.5 V 
(soo Nato B) 1.3 V l\ 1.3 V 

I I. 0.3V 

tpLH~ ~tPHL 
In-PhaGo 1 II \L --:;.; VOH 

Output 1 T 1.3V 1 ~V 
-_1-- 1 VOL 

t f ..... , ~tpLH 
PHL~ 1 

Out-of-PhaGo 1.3 V 1.3 V 
,\

1 FVOH 

Output . . __ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

Hlgh-Lovol 
PulGO 

Low-Lovol 
PulGO 

SWITCH POSITION TABLE 

TEST S1 

tpLH Opon 

tpHL Opon 

tpZH Opon 

tpZL CloGod 

tpHZ Opon 

tpLZ Closod 

I I 
kl- tw -t>I 
I I 

~1~V ~ 
~~.=-V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.SV 

0.3 V 

3.SV 

O.3V 

~~
3'SV 

Output 1 1.3V _1.3_V __ _ 
Control 

tpZL -t>I 14- 1 0.3 V 

1 1 -L>! \<1- tpLZ 
---kl \ 1 - - -,1-;;:;--- 3.S V 

W.v.(o"", I \'.0~ I 1/ -'-
S1 CloGod 1 : 4- - 'lL 

(GOO Nato C) 1 l--j-'- - L VOL 

-t>\ tpHZ""PI ~ 0.3 V 

t~PZH I~ ~I .5l __ VOH 
Wavoform 2 - K" -

S1 Opon 1.3 V L- 0.3 V 
(soo Noto C) _ _ _ _ _ _ 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES. 3-STATE OUTPUTS 

B. All input pulses are supplied by generators having the following characteristics: PRR " 1 MHz, Zo = 50 0, tr " 2 ns, tf" 2 ns. 
C. Waveform 1 is for an output with internal conditions such that the output Is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 5. Load Circuit and Voltage Waveformo 
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IR 
~ SI 

- DO 
- 01 

- 02 

- 03 

--Q IR 

- 51 

IR 

- DO 
- 01 
- 02 
- 03 

IR 

SI ~ .. SI .. 
- DO 
- 01 
- 02 
- 03 

13-46 

APPLICATION INFORMATION 

so .. IR so .. IR 

OR .. 51 OR .. 51 .,.. 

00 DO CO DO 
01 01 01 01 
02 02 Q2 02 
03 03 03 03 

RST RST RST 

I 1 1 

so ... IR so ... IR .. ~ .. OR 51 OR 51 po 

00 DO CO DO 
01 01 01 01 
02 02 Q2 02 
03 03 03 03 

RST RST RST 

I 1 1 

so .. IR so .. IR 

OR 
.. 

SI OR .. SI .. 
00 DO CO DO 
01 01 01 01 
02 02 Q2 02 
03 03 03 03 

RST RST RST 

I 1 1 

Figure 6. 192·Word by 12·Blt Expansion 
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64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 
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• Asynchronous Operatlon_ 
o Organized as 64 Words by 4 Bits 

o Data Rates From 0 to 30 MHz 
o 3-State Outputs 

• Pacl(age Options Include Plastic 
Small-Outline Packages (OW), Plastic 
J-Leaded Chip Carriers (FN). and Standard 
Plastic 300-mll DIPs (N) 

description 

The SN74ALS236 is a 256-bit memory utilizing 
advanced low-power Schottky I MPACrM 

technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
4 bits. 

A first-in. first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS236 is designed to process data at rates 
from 0 to 30 MHz in a bit-parallel format. word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When SI goes low. the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills uP. the data words 
stack up in the order they were written. When the 
FIFO is full. additional shift-in pulses have no 
effect. Data is shifted out of memory on the falling , 

OW OR N PACKAGE 
(TOP VIEW) 

NC 16 VCC 
IR 2 15 SO 
SI 3 14 OR 

DO 4 13 00 
01 01 
02 02 
03 03 

GND 

SI 
DO 
NC 
01 7 

02 8 

FN PACKAGE 
(TOP VIEW) 

00°0 ffzz-;}'CIJ 

16 
15 
14 

9 10 11 12 13 

M 0 011- M OzzCIJO 
(!) a: 

NC - No Internal connection 

OR 
00 
NC 
01 
02 

edge of the shift-out (SO) input (see Figure 2). When the FIFO is empty. additional SO pulses have no effect. 
The last data word remains at the outputs until a new word falls through or reset (RST) goes low. 

Status of the SN74ALS236 FIFO memory is monitored by the output-ready (OR) and input-ready (IR) flags. 
When OR is high. valid data is available at the outputs. OR is low when SO is high and stays low when the FI FO 
is empty.IR is high when the inputs are ready to receive more data.IR is low when SI is high and stays lowwhen 
the FIFO is full. 

When the FIFO is empty. input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time. the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the FI FO is full. data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low. IR will go high. If SI is still high when IR goes high. data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high. only a high-level pulse is seen on the 
IR output (see Figure 4). 

The FIFO must be reset after power up with a lOW-level pulse on the master reset (RST) input. This sets IR high 
and OR low signifying that the FIFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If SI is high when RST goes high. the input data is shifted in and IR goes low and remains low until 
SI goes low. If SI goes low before RST goes high. the input data will not be shifted in and IR goes high. Data 
outputs are noninverting with respect to the data inputs. 

The SN74ALS236 is characterized for operation from O°C to 70°C. 

IMPACT is a trademark of Texas Instruments Incorporated. 

~~~e=o~r! I=~~I~':.. ~~~e~r!~ ~ ,rx~:~~~~~m~~~-
ttandard warranty. Production procelling dota nol nec .. aarlly Includ. 
t .. tlng of an parametlrs. ~TEXAS . 

INSTRUMENTS 
POST OFFICE BOX 655303 • DAUAS, TEXAS 75265 

Copyright <e'l1993. Texas Instruments Incorporated 
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logic symbolt 

SI 

SO 

00 

01 

02 

03 

3 

15 

9 

4 

5 

6 

7 

.-

L 
5 +/C1 

G2 
.- 4-
L G3 

~ CT=O 

R -, 
10 

FIFO 64 x4 

CTA 

3CT>0 
(CT > 0) G4 •• 

2CT<64 

(CT < 64) G5 •• 

r ..., 

14 

2 

13 

12 

11 

10 

OR 

IR 

00 

01 

02 

03 

tThis symbol is in accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12. 

functional block diagram 

4 
00 

5 
01 FIFO 6 
02 Input 
03 

7 Stage 

IR 2 

SI 
3 

13 ao 
12 

01 
11 

Q2 
10 

03 

"--"1-4_....;1;..;;.5_ SO 

~1----~1:....:.4- OR 
'-~--' 

RST __ 9 __________ ~----------_4----------~~--~ 

Pin numbers shown are for the DW and N packages. 
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timing diagram 

SI 

03-00 

so 

03-00 

IR 

Clear 
Shift In 

W1 

Shift Out 
W2 

Empty 

. Full 

t The last data word shifted out of the FIFO remains at the output until a new word falls through or a RST pulse clears the FIFO. * While the output data is considered valid only when the OR flag is high, the stored data remains at the outputs. Any additional words written into 
the FIFO will stack up behind the first word and will not appear at the output until SO Is taken low. 
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SN74ALS236 
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

1 
I4-tsu~ 

SDAS107A-OCTOBER 1986-REVISED SEPlEMBER 1993 

I ~I --~~, __ ~ ~, __ __ 

~t.U--->l*-thi :1 :1 
03-00 ....II~~~~"""'"""~~~I. X,....--_...I---X:===:==: r tpLH -+f I 14- tpHL -+i 14- tpLH -.t 

IR Full I I : I r 
____ ~t--tP-H_L -+I-'rl 

14-' -- tpLH ~r------
I I Empty ~ I 
I 

OR 

03-00 

NOTE A:. SO is low. 

SO 

OR 

IR 

03-00 

NOTE A: 51 is low. 

14- tpd-+! ·114-4 -- tpd --~., y----

Figure 1. Master Reset and Data-In Waveforms 

Full 

) < 

I , 
I I J.- tpLH --.J 
I I I r-I I I 

tPLH -.{ 
I 

14 ~tpHL-'" 
I 
I I 
rl td(SOL-QX) 

~ 
I+--tpd -1 

Figure 2. Data-Qut Waveforms 
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03-00 m< 
tau ~th~ 

SI I I 
~I---------------------------------
I 

so -1 i r- tPLH -+! . I 
r-tw~ 

OR _______ Em_p_~ __________ 1 .' ______________ __ 

H I td(QV-ORH) 

03-QO --------I-n-v8-II-d------~)(~ ________________________________ _ 

Figure 3. Data Fall-Through Waveforms 

so 

SI -1 
I
I.- tpLH -.I 

j4-tw~ 
I I 

IR __________ F_U_II ____________ ~I '~ ________ F_UI_I ________ __ 

03-00 888888888888888 ______ ~ 
Figure 4. Automatic Data-In Waveforms 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ............................................................. 7 V 
Input voltage, VI ......................................................................••...• 7 V 
Operating free-air temperature range, TA ................................................. O°C to 70° 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings· may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions· Is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

~TEXAS 
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recommended operating conditions 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time before Sit 

th Hold time, data after Sit 

TA Operating free-air temperature 

SN74ALS236 
64 x 4 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDAS107A-OCTOBER 1986-REVISED SEPTEMBER 1993 

MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

Q outputs -2.6 

IRD.nd OR 
rnA 

-0.4 

Q outputs 24 

IRand OR 
rnA 

8 

SlorSO 0 30 MHz 

SlorSO I High or low 15 

I Low 
ns 

RST 15 

Data 0 

I High (inactive) 
ns 

RST 15 

17 ns 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vee = 4.5 V, II =-18 rnA -1.2 V 

AnyQ Vee = 4.5V 
10H =-1 rnA 

VOH 10H =-2.6 rnA 2.4 3.2 V 

IR,OR Vee = 4.5 V, 10H =-0.4 rnA 2.7 3.4 

10L = 12 rnA 0.25 0.4 
AnyQ Vee=4.5V 

10L= 24mA 0.35 0.5 
VOL V 

10L= 4mA 0.25 0.4 
IR,OR Vee:: 4.5V 

10L= 8 rnA 0.35 0.5 

II Vee = 5.5 V, VI=7V 0.1 rnA 

IIH Vee = 5.5 V, VI=2.7V 20 ~ 

IlL Vee = 5.5 V, VI = 0.4 V -0.1 rnA 

10* Vee = 5.5 V, VO=2.25V -30 -112 rnA 

Low 100 145 
ICC Vee = 5.5V 

High 
rnA 

97 142 

t All typical values are at Vee = 5 V, TA = 25°C. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

~TEXAS 
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switching characteristics (see Figure 6) 
Vcc = 5V, VCC = 4.5 Vto 5.5 v, 
CL = 50 pF, CL= 50 pF, 

FROM TO R1 = 500 0, R1 = 500 Q, 
PARAMETER 

(INPUT) (OUTPUT) R2 = 500 Q, R2 = 500 Q, 
TA = 25°C TA = MIN to MAXt 

MIN TYP MAX MIN MAX 

SI 35 30 
fmax SO 35 30 

tw; IRhigh 15 8 

tw§ OR high 19 8 

ld(QV-ORH) Q valid before OR t 6 9 -5 12 

ld(SOL-QX} Q valid after SO~ 13 4 

tpd SI~ Q 600 800 350 1000 

tPHL Sit 20 
IR 

26 8 30 

tpLH SI~ 16 21 6 25 

tPLH# SI~ OR 600 800 350 1000 

tpd SO~ Q 13 17 4 22 

tpHL SOt 
OR 

23 27 7 33 

tpLH SO~ 20 24 6 30 

tPLH# SO~ IR 600 800 350 1000 

tpHL OR 22 26 10 34 
RSn 

IR tpLH 17 21 6 27 

tpHL RST~ Q 14 14 17 5 19 

t For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 
; The IR output pulse occurs when the FIFO is full. SI is high. and SO is pulsed (see Figure 4). 
§ The OR output pulse occurs when the FIFO Is empty. SO Is high. and Slls pulsed (see Figure 3). 
~ Data throughput or fall·through times 
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MHz 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



IR 
r--- 51 

- DO 
- 01 

- 02 

- 03 

---G IR 

- 51 

IR 

- DO 
- 01 

- 02 

- 03 

IR 

51 .. SI 

- DO 
- 01 

- 02 

- 03 

50 

OR 

00 
01 
02 
03 

R5T 

I 

50 

OR 
00 
01 
02 
03 

R5T 

I 

50 

OR 

00 
01 
02 
03 

R5T 

I 
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SDAS1 07A - OCTOBER 1986 - REVISED SEPTEMBER 1993 

APPLICATION INFORMATION 

... IR 50 .... IR 50 .. 50 .. 51 OR h. 51 OR F 

DO CO DO CO f-
01 01 01 Q1 r---
02 02 02 Q2 r---
03 03 03 03 r---

R5T R5T 

1 1 
~ 

.... IR 50 ... IR SO ------4 

=0-- , 

51 OR 
.. 

51 OR .. 
DO CO DO QO -

OR 

01 01 01 Q1 -
02 Q2 02 Q2 -
03 03 03 Q3 -

R5T R5T 

1 1 

... IR 50 .... IR SO ----.. 51 OR 
.. 

51 OR .. 
DO CO DO CO -
01 01 01 Q1 -
02 Q2 02 Q2 t-

03 03 03 Q3 t-

R5T R5T 

1 1 ~ 

Figure 5. 192·Word by 12·Blt Expansion 
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PARAMETER MEASUREMENT INFORMATION 

SWITCH POSITION TABLE 

S1 

TEST S1 

tpLH Open 
Open 

tPHL Open 

tpZH Open 

From Output --.... ---4...---.-­
Under Test 

Test Point .tpZL 
tpHZ 

Closed 
Open 

CL= SO pF 
(see Note A) 

R2.S00C 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing 
Input 

Data 
Input 

3.SV 

f, ~3-:" __ _ ___ J.;- 0.3 V 

tau 14 ~I~ ~I th 
~-;~-3.SV 

.-T 1.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

High-Level 
Pulse 

Low-Level 
Pulse 

tpLZ Closed 

I I 
~ tw-.l 
I I 

~1~V ~ 
~~.=-V _ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.SV 

0.3 V 

3.SV 

0.3 V 

Output 
Control ~r-E-

3'SV 

1 1.3V ~~ __ _ 

tpZL -.J ~ 1 0.3 V 

~I : --Jk~r-=tPLZ 3.SV 

Input - - - - 3.SV 
(see Note B) L 1.3 V "\ 1.3 V 

.-/j I, 0.3 V 

tpLH~ ~tpHL 
In-Phase 1 1/ I { ~.; VOH 

Output I T 1.3V 1 '\2:,V 
--'-1 ---' 1 VOL 

L. L' J+---+I- tpLH 
~HL~ 1 

Waveform 1 
S1 Closed 

(see Note C) 

1 1.3V 1 I .1.. 

1 --~ --L VOL 

~ tpHZ +I ~ 0.3 V 

Out-of-Phase \L v::: VOH 
Output , 1.3 V T 1.3 V 

Waveform 2 - .. -
t~PZH II+! ~I .3 __ VOH 

S10pen __ 1.3_V ___ ~ 0.3V

oV , , -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(see Note C) 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: A. CL Includes probe and jig capacitance. 

13-56 

B. All input pulses are supplied by generators having the following characteristics: PRR s: 1 MHz, Zo = so C, tr s: 2 ns, tf s: 2 ns, 
C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output controi. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 6. Load Circuit and Voltage Waveforms 
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o Asynchronous Operation 
o .Organlzed as 64 Words by 5 Bits 
o Data Rates From 0 to 25 MHz 

o 3-State Outputs 

• Package Options Include Plastic 
Smail-Outline Paclcagen (OW), Plastic 
J-Leaded Chip Carriers (FN), and Standard 
Plastic 300-mll DIPs (N) 

description 

The SN74ALS235 is a 320-bit memory utilizing 
advanced low-power Schottky I MPACT™ 
technology. It features high speed with fast 
fall-through times and is organized as 64 words by 
5 bits. 

A first-in, first-out (FIFO) memory is a storage 
device that allows data to be written into and read 
from its array at independent data rates. The 
SN74ALS235 is designed to process data at rates 
from 0 to 25 MHz in a bit-parallel format, word by 
word. 

Data is written into memory on the rising edge of 
the shift-in (SI) input. When SI goes low, the first 
data word ripples through to the output (see 
Figure 1). As the FIFO fills up, the data words 
stack up in the order they were written. When the 
FIFO is full, additional shift-in pulses have no 

SI 
00 
01 
02 
03 

OW OR N PACKAGE 
(TOP VIEW) 

DE 1 U 20 JVcc 
HF 2 19 j AF/AE 
IR 
SI 

00 
01 
02 
03 
04 

GNO 

3 18 ] SO 
4 17 ] OR 
5 16 

6 15 

7 14 

8 13 

9 12 

10 11 

FNPACKAGE 
(TOP VIEW) 

3 2 1 20 19 

00 
01 
02 
03 
04 
RST 

4 18 

5 17 

SO 
OR 

6 

7 

16 00 
15 01 

02 8 14 
9 10 11 12 13 

~Oll-~C') 
Oz(l)OO 

(!)a: 

effect. Data is shifted out of memory on the falling edge of the shift-out (SO) input (see Figure 2). When the FIFO 
is empty, additional SO pulses have no effect. The last data vJord remains at tho output~ until ::1 now word falls 
through or reset (RST) goes low. 

Status of the SN74ALS235 FIFO memory is monitored by the output-ready (OR), input-ready (IR), 
almost-full/almost-empty (A F/A E) , and half-full (HF) flags. When OR is high, valid data is available at the 
outputs. OR is low when SO is high and stays low when the FIFO is empty. IR is high when the inputs are ready 
to receive more data. I R is low when SI is high and stays low when the FI FO is full. AF/AE is high when the FI FO 
contains eight or less words (see Figure 5) or 56 or more words (see Figure 6). AF/AE is low when the FIFO 
contains between nine and 55 words. HF is high when the FIFO contains 32 or more words and is low when 
the FIFO contains 31 words or less (see Figure 7). 

When the FIFO is empty, input data is shifted to the output automatically when SI goes low. If SO is held high 
during this time, the OR flag pulses high indicating valid data at the outputs (see Figure 3). 

When the FIFO is full, data can be shifted in automatically by holding SI high and taking SO low. One propagation 
delay after SO goes low, IR will go high. If SI is still high when IR goes high, data at the inputs are automatically 
shifted in. Since IR is normally low when the FIFO is full and SI is high, only a high-level pulse is seen on the 
IR output. 

IMPACT is a trademark of Texas Instruments Incorporated. 
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description (continued) 

The FIFO must be reset after power up with a low-level pulse on the master reset (R8T) input. This sets IR high 
and OR low signifying that the FIFO is empty. Resetting the FIFO sets the outputs to a low logic level (see 
Figure 1). If 81 is high when R8T goes high, the input data is shifted in and IR goes low and remains low until 
81 goes low. If 81 goes low before R8T goes high, the input data will not be shifted in and IR goes high. Data 
outputs are non inverting with respect to the data inputs and are at high impedance when the output-enable (OE) 
input is high. OE does not affect the status-flag outputs (see Figure 2). 

The 8N74ALS235 is characterized for operation from O°C to 70°C. 

logic symbolt 

Sl 

so 

DO 

01 

02 

03 

04 

4 

I-
18 

I-

11 ~ 
1 --"" 

5 

G 

7 

8 

9 

FIFO 64 x 5 

CTR 
3CT>O 

5 +/C1 
(CT>O) G4"1-

G2 
CT:s; 8/CT:r:5G 

4-

G3 
CT:r:32 

2CT<64 

CT=O (CT < 64) G5 "I-

R 

ENG ., r 
10 -'6'V 

t This symbol Is In accordance with ANSI/IEEE Standard 91-1984 and lEe Publication 617-12 . 
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functional block diagram 

OE 

5 
00 

6 
01 
02 

7 

03 8 

04 9 

IR --:;3:""'--+-_-1 

SI _4:...-__ -1 

RST _1:....:..1_(1 

FIFO 
Input 
Stage 

SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

Flag­
Control 
Logic 
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16 
15 

FIFO 14 
Output 13 
Stage 12 

18 

17 

19 

2 

QO 

01 
Q2 

03 
04 

SO 

OR 

AF/AE 

HF 
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logic diagram (positive logic) 
OE ________________________________________________________________ ~.~1 

! 1:: c 02 
03 

13-60 

SI 

SO 

Word 64 Word 63 

Word 57 Word 56 Word 55 Word 54 Word 33 Word 32 Word 31 Word 30 
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logic diagram (positive logic) (continued) 

------1---
I I 

~~ } Data 
02 Outputs 

~03 Word 10 Word 9 Word 8 Word 7 I 

2 

OR 

3 HF 
4 

5 
AF/AE 

6 IR 
7 

timing diagram 

RSTl1 
II 

SI 

04-00 
Don't Care W63 W64 

I I I I 1 I 

SO ++++---"j II 1 ~ 
04-00 ~I II :: ~ d x:= 

I I I I I' Word 1 ; 1 Word 2 Word 56 II Invalldt 1 Word 1* ~ord 2 I Word3 

~ II r"I r1 r Word 55 • 1-. P4" -J L.. 
IRT ~ w W ~~~I I U U'U L-J L-

OR' =l---f.-JI ! II \r---t-u-Lr~~ 
I .~ i---. \I I II I 

AF/AE -f 1 ~I \;--..J ~I I I 

~ 
I ~I. 1 11 I \\1-_..,.1 ___ _ 

HF I I I I 
I II I I. 1 II I 1\ I 

I Shift In Almost Half Almost Empty Full 
Clear W1 Empty+1 Full Full 

t The last data word shifted out of the FIFO remains at the output until a new word falls through or a AST pulse clears the FIFO. * While the output data is considered valid only when the OA flag is high, the stored data remains at the output. Any additional words written into 
the FIFO will stack up behind the first word and will not appear at the output until SO is taken low. 
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RST I 
1 
t4--tsu~ 

SI I ;-1 --... , .... __ """", 

I I.o&-t ----..J*-tt1~1 1 

D4-DO ~ .U~ X'-': --"':---"X'-T-; __ r tpLH ~ 1 I+- tpHL -+f 14- tpLH ~ 

IRFulI ) I i I r 
___ ....... ~_tp_H_L ~""'r 14-1'1 --tpLH -"+f;.-___ _ 

OR I I Empty ! 1 
1 
14- tpd ~ ... 14 --tpd ---.r~1 

--------~\.I /1_-------Q4-QO 

--------------------------------------------------
NOTE A:. SO Is low. 

Figure 1. Master Reset and Data-In Waveforms 

SO 

I I 
I I 

I" . ~LH~ 
OR 

IR -Full 

H !d(SOL-QX) 

Q4_QO ))-----t:~'--~~))~*I"'rl«-( -----""'I"II»~»<~«< __ 
OE ~ ~1~1 __ ~_~ ___ ~ ____ tp_d ____ ~: _____________________ __ 

NOTE A:. Slls low. 
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Figure 2. Data';Out Waveforms 
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04-00 ~ 
L--J I 

tsu I~th-+! 

51 I I . 
I 
I 

so I i 
----l r-- tpLH -JI.- tw -J 

I I 
OR Empty I .... 1 _______ _ 

~ ld(QV-ORH) 

Q4-QO ----I-nV-al-ld---"""X'-_____________ _ 

Figure 3. Data Fall-Through Waveforms 

50 

I+- tpLH -111 
14-- tw--.l 
I I 

IR ______ FU_Jl ________ ~1 .... 1 ______ F_UI_I ______ __ 

04-00 ~ ______ ~ 

Figure 4. Automatic Data-In Waveforms 
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so 

'-- tPLH-tI 

I I 
AF/AE ~ 

tt-tPHL ~ 

__________________________ ~~------~I---------Sl 
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Figure 6. Almost-Empty Waveforms 
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so 

Figure 6. Almost-Full Waveforms 

Figure 7. Half-Full Waveforms 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted}t 

Supply voltage; Vee (see Note 1) ............................................................. 7 V 
Input voltage, VI ............................................................................ 7 V 
Voltage applied to a disabled 3-state output .................................................. 5.5 V 
Operating free-air temperature range, TA ................................................. O°C to 70° 
Storage temperature range ....................................................... -65°C to 150°C 

t Stresses beyond those listed under "absolute maximum ratings' may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions" is not 
implied. Exposure to absolute-maxim urn-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 

recommended operating conditions 

Vee Supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

10H High-level output current 

10L Low-level output current 

fclock Clock frequency 

tw Pulse duration 

tsu Setup time before SI t 

th Hold time, data after SI t 
TA Operating free-air temperature 

Q outputs 

Flags 

Q outputs 

Flags 

SI or SO 

SlorSO 

RST 

Data 

RST 

~TEXAS 
INSTRUMENTS 

I High or low 

I Low 

I High (inactive) 
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MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-2.6 
rnA 

-0.4 

24 
rnA 

8 

0 25 MHz 

15 
ns 

15 

0 
ns 

15 

17 ns 

0 70 °C 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vee =4.5V, II =-18mA -1.2 V 

Any 0 Vee = 4.5V 
IOH=-1 mA 

VOH IOH =-2.6 mA 2.4 3.2 V 

Flags Vee =4.5V, 10H =-0.4mA 2.7 3.4 

10l = 12 mA 0.25 0.4 
AnyQ Vee =4.5V 

IOl=24mA 0.35 0.5 
VOL V 

IOl=4mA 0.25 0.4 
Flags Vee = 4.5V 

IOl=8mA 0.35 0.5 

10ZH Vee = 5.5 V. Vo = 2.7V 20 IlA 
10Zl Vee = 5.5 V. VO=0.4V -20 IlA 
II Vee = 5.5 V, VI=7V 0.1 mA 

IIH Vee = 5.5 V. VI =2.7V 20 IlA 
III Vee = 5.5 V. VI = 0.4 V -0.1 mA 

10* Vee = 5.5 V, Vo = 2.25 V -30 -112 mA 

low 112 165 

lee Vee = 5.5V High 105 160 mA 

Disabled 115 170 

t All typical values are at Vee = 5 V. TA = 25°e. 
* The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
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switching characteristics (see Figure 9) 

Vcc =5V, VCC = 4.5 V to 5.5 V, 
CL= 50 pF, CL= 50 pF, 

FROM TO R1 = 500 C, R1 =500 0, 
PARAMETER 

(INPUT) (OUTPUT) R2 = 500 C, R2 =500 0, 
TA = 25°C TA = MIN to MAXt 

MIN TYP MAX MIN MAX 

51 30 25 
fmax 

SO 30 25 

tw* IRhlgh 15 8 

tw§ OR high 19 8 

td(QV-ORH) a valid before ORt 6 9 -5 12 

td(SOL-aX) a valid after SOl' 13 4 

tpd Sil a 600 800 350 1000 

tPHL Sit 20 
IR 

26 8 30 

tPLH Sil 16 21 6 25 

tPLH' Sil OR 600 800 350 1000 

tPHL 550 700 290 880 
Sil AF/AE 

tpLH 85 115 40 150 

tpLH Sil HF 340 410 180 510 

tpd SOl a 13 17 4 22 

tpHL SOt 23 
OR 

27 7 33 

tpLH SOl 20 24 6 30 

tPLH' SOl IR 600 800 350 1000 

tpHL 550 700 290 880 
SOl AF/AE 

tpLH 85 115 35 150 

tPHL SOl HF 340 410 170 510 

tpHL RSTl OR 22 26 10 34 

tpLH RSTt IR 12 18 5 22 

IR 12 18 5 22 
tPHL RSn 

a 14 17 5 19 

tdis OEt a 7 13 2 15 

ten OEl a 6 12 2 13 

t For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. * The IR output pulse occurs when the FIFO is full. 51 is high, and SO Is pulsed (see Figure 4). 
§ The OR output pulse occurs when the FIFO is empty. SO is high. and 51 Is pulsed (see Figure 3). 
, Data throughput or fall-through times 
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UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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APPLICATION INFORMATION 

HF AF/AE -- HF AF/AE I- - HF AF/AE 

IR SO .... IR SO 
... 

IR SO , 

51 OR . SI OR .. 51 OR F 

DO 00 DO CO DO CO 
01 01 01 01 01 01 
02 02 02 02 02 Q2 

\ 

03 03 03 03 03 03 
04 _ 04 04 _ 04 04 _ 04 

RST RST RST 

I 1 1 - -
HF AF/AE I- - HF AF/AE -- HF AF/AE 

IR so ~ IR so ~ IR so 
SI OR .. SI OR .. SI OR .. 
DO 00 DO CO DO CO 
01 01 01 01 01 01 
02 02 02 02 02 Q2 

03 03 03 03 03 03 
04 _ 04 04 _ 04 04 _ 04 

R5T RST RST 

I 1 1 

HF AF/AE f- - HF AF/AE -- HF AF/AE 

IR so ... 
IR so .... 

IR so , , 

SI OR . SI OR .. 51 OR F 

DO 00 DO 00 DO 00 
01 01 01 01 01 01 
02 02 02 02 02 Q2 

03 03 03 03 03 03 
04 _ 04 04 _ 04 04 _ 04 

RST RST RST 

I 1 1 

Figure 8. 192-Word by 15-Blt Expansion 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAUAS. TEXAS 75265 

I- ... .... SO 

I-

I-

f-

f-

I-

-
~~ 

~ -
OR 

I-

-
-
f-

i-

-
i-
'--

I-

I-

-

~ 



SN74ALS235 
64 x 5 ASYNCHRONOUS FIRST-IN, FIRST-OUT MEMORY 

SDAS108A- OCTOBER 1986- REVISED SEPTEMBER 1993 

PARAMETER MEASUREMENT INFORMATION 

Opon 
Sl 

From Output --o-~t--o-­
UndorTost 

Tost Point 

CL =SO pF 
(soe Noto A) 

R2 I: SOO Q 

LOAD CIRCUIT FOR 3-STATE OUTPUTS 

Timing t~3~ ___ 3.SV 

Input 
0.3 V 

t8u~th 
Data 3.SV 

Input 1.3V 1.3V 

0.3 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

InputJ( ~ ---- 3.SV 
(soo Noto B) 1.3 V i\ 1.3 V 

I I. 0.3 V 

t ~ ~tgHL 
PLH .... "1 I J . 

In-Phase 1 1/ \L -:;.; VOH 
Output 1 T 1.3V 1 ~V 

--""1 --J 1 VOL 

I~ ~I ~tpLH 
~HL~ 1 

Out-of-Phase 1.3 V 1.3 V 
\

1 FVOH 

Output . . _ _ VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL Includes probe and jig capacitance. 

Hlgh-Lovol 
Pulso 

Low-Lovel 
Pulso 

SWITCH POSITION TABLE 

TEST Sl 

tpLH Opon 

tpHL Opon 

tpZH Opon 

tpZL CIOllOd 

tpHZ Opon 

tpLZ Closod 

I I 
14-- tw --J)I 
I I 

~1~V ~ 
~~.=-V_ 

VOLTAGE WAVEFORMS 
PULSE DURATION 

3.SV 

0.3V 

3.SV 

0.3 V 

Output 
Control 

\1.3V ~3.SV 

~~~~---

Waveform 1 
Sl Closod 

(soo Noto C) 

Waveform 2 
S10pon 

. (soe Note C) 

tpZL --tJ 14-:- 1 0.3 V 

1 I -+j I+- tpLZ 

-r2
---rl-~ 3.5V 

1 1.3V~1 .J.. 1 __ Y.. 

--L VOL 

~ tpHZ -.j let- 0.3 V 

t~PZH ~ ~I ~ __ VOH 

1.3V - L-0.3V 

------ OV 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. All Input pulses are supplied by generators having the following characteristics: PRR ~ 1 MHz, Zo = 50 0. tr ~ 2 ns, tf $ 2 ns. 
C. Waveform 1 is for an output with Internal conditions such that the output is low except when disabled by the output control. 

Waveform 2 Is for an output with Internal conditions such that the output Is high except when disabled by the output control. 
D. The outputs are measured one at a time with one transition per measurement. 

Figure 9. Load Circuit and Voltage Waveforms 
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IMPORTANT NOTICE 

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 

TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with TI's standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that TI products are not Intended for use in life-support appliances, devices, 
or systems. Use of TI product in such applications requires the written approval of the 
appropriate TI officer. Certain applications using semiconductor devices may Involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of TI products in such applications is understood to 
be fully at the risk of the customer using TI devices or systems. 

TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of TI covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 

Copyright © 1993, Texas Instruments Incorporated 

Printed in the U.S.A. 
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Introduction 

Steady increases in microprocessor operating frequencies and bus widths over recent years have challenged system 
designers to find FIFO memories that meet their needs. To assist the designer, new FIFOs from Texas Instruments are 
available with features that complement these microprocessor trends. 

Higher data transfer rates have dictated the need for FIFOs to evolve into clocked architecture wherein data is moved 
in and out of the device with synchronous controls. Each synchronous control of the clocked FIFO uses enable signals 
that synchronize the data exchange to a/ree-running (continuous) clock. . 

Since the continuous clocks on each port of a clocked FIFO may operate asynchronously to each other, internal status 
signals indicating when the FIFO is empty or full can change with respect to either clock. To use a status signal for port 
control, it is synchronized to the port's clock on a clocked FIFO. Synchronization of these signals with flip-flops 
introduces metastability failures that increase with clock frequency. Texas Instruments uses two-stage flag 
synchronization to greatly improve reliability. 

Higher clock frequencies augment raw speed, but greater bandwidth is also achieved by increasing the data width. Wider 
data paths can have the associated cost of large board area due to increased package sizes. New compact packages for 
TI's FIFOs reduce this cost. 

Clocked FIFOs 

Clocked FIFOs have become popular for relieving bottlenecks in high-speed data traffic. Data transfers for many 
systems are synchronized to a central clock with read and write enables. These free-running clocks can be input directly 
to a clocked FIFO with the same enables controlling its data transfer on the low-to-high transition of the clock. 

Reducing the number of clocks keeps the interface simple and easy to manage. Extra logic is needed to produce a gated 
pulse when using a FIFO that accepts a clock only for a data transfer request. The generated clock signal is a derivative 
ofthe master clock with a margin oftiming uncertainty. At high clock frequencies, this timing uncertainty is not tolerable 
and costly adjustments are needed. 

Additional logic is also conserved by implementing flag synchronization on the clocked FIFO. Tracking is done to 
generate flags that indicate when the memory is empty or full. In many applications, the input and output to the FIFO 
are asynchronous and the flag signals must be synchronized for use as control. A re~d will not be completed on the FIFO 
if no data is ready, so the EMPTY signal is synchronized to the read clock. This synchronous output-ready flag (OR) 
is useful for controlIing read operations. Likewise, the FULL signal is synchronized to the write clock, producing the 
input-ready flag (IR). 

Flag Synchronization 

As previously explained, one of the advantage~ ofthe clocked FIFO is the on-board synchronization of the EMPTY and 
FULL status flags when the input and output are asynchronous. In one method of synchronization, a single flip-flop 
captures the asynchronous flag's value (see Figure 1). With this method, the rising transition of data can violate the 
flip-flap's setup time and produce a metastable event (metastability is a malfunction of a flip-flop wherein the latch 
hangs between high and low states for an indefinite period of time). 
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Clock 

Asynchronous 
Flag 

Clock j 
-----,.-I 

~ ~tsu 

a Synchronized 
Flag 

\' r ""'--. ------I 

Flag _'-'-Jill 
I 

OR ______ ~I ___ ( {~------------
--t/ tpd ~ tr -t/ 

Figure 1. Triggering a Metastable Event With a One-Stage Synchronizer 

Once a metastable event is triggered, the probability of the output recovering to a high or low level increases 
exponentially with increased resolve time (tr). The expected time until the output of a single flip-flop with asynchronous 
data has a metastable event that lasts tr or longer is characterized by the following mean time between failures (MTBF) 
equation: 

Where: 

exp(~) , 

MTBF. =~J. 
o Je Ii 

to flip-flop constant representing the time window during which changing data invokes a failure 
tr resolve time allowed in excess of the normal propagation delay 
t flip-flop constant related to the settling time of a metastable event 
fc clock frequency 
fd asynchronous data frequency. For OR flag analysis, it is the frequency at which data is 

written to empty memory. For IR flag analysis, it is the frequency at which data is read from 
full memory. 

The MTBF decreases as clock and data frequency increase and as the time allowed for a metastable event to settle (tr) 
decreases. 

Metastability failures are a formidable issue for short clock cycle times. Increasingthe clock frequency linearly increases 
the number of metastable events triggered, but the shortened available resolve time exponentially increases the the 
failure rate. It is impossible to eliminate the possibility of a metastable event under these conditions, but solutions exist 
to reliably increase the expected time between failures. 
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Texas Instruments increases the metastable MTBF by several orders of magnitude for IR and OR flags by employing 
two-stage synchronization (see Figure 2). For the output of the second stage to be metastable, the first stage must have 
a metastable event that lingers until it encroaches upon the setup time of the second stage. Adding another stage to a 
single flip-flop synchronizer is statistically equivalent to increasing its resolve time by the clock period minus its 
propagation delay. The mean time between failures for a two-stage synchronizer is given by: 

Where: 

propagation delay of the first flip-flop 

Read 
Clock I---i"--+--+'t--+---+I--+---Ir\--I--~I---i 

Sync I---l--~ 
EMPTY 

Write 
Clock 

Sync 
FULL 

r ···'·' .... T"--
I ,,\ 

\~ 
y 

I I 

.'--'-- --.-7-~ \--- _.--- .... -

V ~\ 
/ .A 1h -- ..r.J. 

r'"\ I~ 'II"" 'If P 'T ~I 

H 
I 
I 

~i , .u - 8Z.BS0 
5 ns/div 

fc = 50 MHz, fd = 5 MHZ, VCC = 5 V 

(a) ONE-STAGE SYNCHRONIZATION 

3 ns/div 

fc = 66.7 MHz, fd = 6.7 MHz, VCC = 5 V 

(b) TWO-STAGE SYNCHRONIZATION 

Figure 3. Storage Oscilloscope Plots Taken Over a 15-Hour Duration 

Figure 3 compares the two synchronization methods discussed. Both plots were taken at room temperature and nominal 
Vee while each data transition violated setup time. Figure 3(a) shows the performance of an EMPTY flag synchronizer 
using only one flip-flop, while Figure 3(b) is the IRflag of an SN74ACT7807 with the write clock operating at maximum 
frequency. 

Compact Packaging 

Microprocessor bus widths have continuously doubled every few years to maximize their performance. Bus widths of 
32 and 64 bits are common place today, whereas they were almost unheard of a few years ago. The downside to the 
increased bit count is that each subordinate device in the system must match this width with corresponding increases 
in board size. 

New shrink packages forTI's clocked FIFOs provide a solution to this problem. Multiple-byte data paths can be buffered 
while covering only a fraction of the area of conventional packages. These new FIFO packages are presently available 
in 56-, 64-, and 80-pin configurations. Dubbed shrink quad flat package (SQFP), the 64-pin package is used for 
9-bit-wide FIFOs, and the 80-pin package is used for 18-bit-wide FIFOs. Both SQFP packages have a lead pitch of 
0.5 mm. The 56-pin shrink small-outline package has a O.025-inch lead pitch and also houses 18-bit-wide FIFOs. A 
variety of TI's FIFOs are offered in these new packages (see Table 1). 
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Table 1. FIFOs Available In Space-Efficient Packages 

DEVICE CLOCKED ORGANIZATION 
CLOCK CYCLE 

PACKAGES TIME (ns) 

SN74ACT2235 No lK x 9 x 2 20,3040,50 
64SQFP 
44PLeC 

SN74ACT7802 No lK x 18 25,40,60 
80SQFP 
68PLeC 

SN74ACT7811 Yes lK x 18 15, 18, 20, 25 
80SQFP 
68PLeC 

SN74ACT7803 512 x 18 
SN74ACT7805 Yes 256 x 18 15, 20, 25, 40 56SS0P 
SN74ACT7813 64 x 18 

SN74ACT7804 512 x 18 
SN74ACT7806 No 256 x 18 20,25,40 56SS0P 
SN74ACT7814 64 x 18 

SN74ACT7807 Yes 2Kx9 15, 20, 25, 40 
64SQFP 
44 PLeC 

SN74ACT7808 No 2Kx9 20, 25, 30, 40 
64SQFP 
44 PLeC 

Figure 4 compares the space savings of the new compact packages compared to competitive surface-mount solutions. 
A four-byte path constructed with four clocked FIFOs in 32-pin PLCC packages consumes 1.16 in2, while two 56-pin 
SSOP packages cover only 0.59 in2. 

0.9 

0.8 

0.7 

- 0.6 ('II 
c 
c 0.5 res 
~ 
ct 0.4 

0.3 

0.2 

0.1 

0 
64 SOFP 56 SSOP 80 SOFP 32 PLCC 44 PLCC 68 PLCC 

Figure 4. Surface-Mount Package Area Comparison 

New Clocked FIFOs 

Four new CMOS clocked FIFOs from Texas Instruments offer a variety of memory depths. All four can match 
applications that require maximum clock frequencies of 67 MHz and access times of 12 ns. Suited for buffering long 
packets, the 2K x 9 SN74ACf7807 is the deepest of the four and is available in the 44-pin PLCe or 64-pin SQFP. The 
SN74ACf7803, SN74ACf7805, and SN74ACf7813 are organized as 512 x 18,256 x 18, and 64 x 18, respectively, 
and have the same pin arrangement in the 56-pin SSOP. Every 11 clocked FIFO is easily expanded in word width, and 
the SN74ACf7803/05/13 can also be arranged to form a bidirectional FIFO. With the two FIFOs connected as in 
Figure 5, no extra logic is needed for bidirectional operation. 
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U 

18" 
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CLKB 
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Figure 5. Bidirectional Configuration for the SN74ACT7803 

Silicon is currently available for a bidirectional clocked FIFO fabricated in TI's Advanced BiCMOS (AB1) process. 
The SN74ABT7S19 is organized as 512 x IS x 2 with two internal independent FIFOs. Each port has a continuous 
free-running clock, a chip select (CS), a read/write select (fiJW), and two separate read and write enables for control. 
It supports clock frequencies in excess of 80 MHz and a maximum access time below 10 ns. This device is packaged 
in the SO-pin QFP and SO-pin SQFP. 

Conclusion 

Several semiconductor manufacturers including Texas Instruments have responded to customer needs by providing 
clocked FIFOs whose synchronous interfaces conform to the requirements of many high-performance systems. 
Capitalizing on the available continuous system clocks, this architecture limits the amount of necessary glue logic and 
the number of timing constraints. 

Flag synchronization is important for clocked FIFOs buffering between asynchronous systems. Flip-flop synchronizers 
used for this task have a metastable failure rate that grows exponentially with clock frequency. Texas Instruments 
employs two stages of synchronization that improve the flags' reliability significantly. 

Finally, providing a FIFO buffer for wide buses has historically consumed large amounts of board area. Designers 
seeking relief from this problem can find it in the packaging options offered for Texas Instruments FIFOs. Used to house 
9- and IS-bit devices, these packages require only about 50% of the space required for conventional surface-mount 
packages. 
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IMPORTANT NOTICE 

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before' placing orders, that the 
information being relied on is current. 

TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with TI's standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that TI products are not intended for use in life-support appliances, devices, 
or systems. Use of TI product in such applications requires the written approval of the 
appropriate TI officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of TI products in such applications is understood to 
be fully at the risk of the customer using TI devices or systems. 

TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of TI covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 
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Introduction 

Texas Instruments provides seven types of plastic surface-mount packages for CMOS FIFO memory devices. These 
packages and the data bus width that each package can provide are listed in Table 1. 

Table 1. Plastic Surface-Mount FIFO Packages 

PACKAGE NO. OF DATA BITS 

44-pln PLCC 9 

64-pln SQFP 9 

56-pin SSOP 18 

68-pin PLCC 18 

aD-pin SOFP 18 

aD-pin QFP 18 

120-pin SOFP 32or36 

SSOP = shrink small-outline package 
PLCC = plastic leaded chip carrier 
SOFP = shrink quad flat package 
OFP = quad flat package 

This application report discusses several topics concerning the FIFO packages listed in Table 1: 

• 
• 
• 
• 
• 
• 

The thermal resistance, RaJA, and the chip junction temperature of the device 

The need for dry packing to maintain safe moisture levels inside the package 

The three methods used by Texas Instruments for shipping FIFOs to customers 

The package dimensions, including two-dimensional drawings that show areas, heights, and lead pitches 

The area comparison of surface-mount packages used for commercial FIFO memories 

The test sockets available for surface-mount FIFO packages 

Thermal Resistance 

Thermal resistance is defined as the ability of a package to dissipate heat generated by an electronic device and is 
characterized by RaJA. RaJA is the thermal resistance from the integrated circuits chip junction to the free air (ambient). 
Units for this parameter are in degrees Celsius per watt. Table 2 lists RaJA for SSOP, PLCC, SQFP, and QFP packages 
under five different air-flow environments: 0, 100,200,250, and 500 linear feet/minute. The chip junction temperature 
(TJ) can be determined using the following equation: 

Where: 

TJ = RaJA x PT + TA 

TJ 
RaJA 
PT 
TA 

= 
= 
= 
= 

chip junction temperature (oq 
thermal resistance, junction to free-air (OC/watt) 
total power dissipation of the device (watts) 
free-air (ambient) temperature in the particular environment in which the 
device is operating (oq 
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Table 2. Thermal ResIstance, ReJA, for FIFO Packages, 

PACKAGE 
LEAD 

FRAME OLFPM 

56-pin SSOP Copper 94.2 

44-pin PLCC Copper 65 

68-pin PLCC Copper 47.2 

64-pin SOFP Copper 92.5 

80-pin SOFP Copper 87.8 

120-pin SOFPt Copper 49.6 

80-pin QFP Alloy 42 80 

t Heat spreader molded inside the package 
N/A = not available 

R8JA ec/W) 
100 LFPM 200 LFPM 250 LFPM 

82.2 N/A 70 

N/A N/A N/A 

43.4 N/A 32.7 

87.8 N/A 72.9 

79.1 N/A 67.3 

44.3 N/A 38.3 

67 61 N/A 

500 LFPM 

57.8 

N/A 

27.8 

57.8 

54.2 

28.6 

N/A 

ReJA generally increases with decreasing package size; however, this is not true with the 120-pin SOFP package. A 
heat spreader molded inside the package absorbs a large amount of heat dissipated by the device. As a result, this package 
provides a relatively low ReJA' The 120-pin SOFP is the only package in Table 2 that incorporates a heat spreader. 

Package Moisture' Sensitivity 

When a plastic surface-mount package is exposed to temperatures typical of furnace reflow, IR (infrared) soldering, or 
wave soldering (215°C or higher), the moisture absorbed by the package turns to steam and expand rapidly. The stress 
caused by this expanding moisture can result in internal and external cracking of the package that can lead to reliability 
failures. Possible damage includes the delamination of the plastic from the chip surface and lead frame, damaged bonds, 
cratering beneath the bonds, and external package cracks. 

To prevent potential damage, packages that are susceptible to the effects of moisture expansion undergo a process called 
dry pack. This dry pack process helps to reduce moisture levels inside the package. The process consists of a 24-hour 
bake at 125 ° C followed by sealing of the packages in moisture-barrier bags with desiccant to prevent reabsorption of 
moisture during the shipping and storage processes. These moisture-barrier bags allow a shelf storage of 12 months from 
the date of seal. Once the moisture-barrier bag is opened, the devices in it must be handled by one of the following four 
methods, listed in order of preference: 

1. The devices may be mounted within 48 hours in an atmospheric environment of less than 60% relative 
humidity and less than 30°C. 

2. The devices may be stored outside the moisture-barrier bag in a dry atmospheric environment ofless than 20% 
relative humidity until future use. 

3. The devices may be resealed in the moisture-barrier bag adding new fresh desiccant to the bag. When the bag 
is opened again, the devices should be used within the 48-hour time limit or resealed again with fresh 
desiccant. 

4. The devices may be resealed in the moisture-barrier bag using the original desiccant. This method does not 
allow the floor life of the devices to be extended. The cumulative exposure time before reflow must not exceed 
a total of 48 hours. 

All plastic surface-mount FIFO devices are tested for moisture sensitivity in accordance with Texas Instruments 
IPC-SM-786 procedure. 
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Shipping Methods/Quantities/Dry Pack 

Three methods are used by Texas Instruments for shipping FIFOs to customers. These methods are tubes, tape/reel, and 
trays. The quantities for each of the shipping methods are listed in Table 3. The shipping quantity is defined as the 
maximum number of packages that can be packed in a single shipping unit (e.g., the maximum number of 56-pin SSOP 
packages that can be packed in a tube is 20). Whether or not the packages require dry pack before shipping is denoted 
by a yes or no in the dry-pack column. 

Table 3. Shipping Methods and Quantities 

SHIPPING METHOD 
PACKAGE 

TUBEt TAPE/REELt TRAYSt 
DRY PACK 

56-pin SSOP 20 500 N/A No 

44-pin PLCC 27 500 N/A No 

68-pin PLCC 18/19* 250 N/A Yes 

64-pin SOFP N/A N/A 50 Yes 

80-pin SOFP N/A N/A 50 Yes 

120-pin SOFP N/A N/A 50/84§ Yes 

80-pin SOFP N/A N/A 50 Yes 

t Texas Instruments reserves the right to change any of the shipping quantities at any· 
timo without notice. 

* Eighteen packages can be packed in a single tube when pin is used as a tap, or 
nineteen packages can be packed in a tube when plug is used as a tap. 

§ Depending on tray size 
N/A = not applicable 

Package Dimensions and Area Comparison 

Figure 1 contains two-dimensional drawings of the seven available surface-mount FIFO packages. For detailed 
mechanical drawings of these packages, please refer to the mechanical drawing section of the 1994High-Performance 
FIFO Memories Data Book (literature #SCAD003B). 
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Figure 1. Package Dimensions 



Figure 2 shows the area comparison of surface-mount packages for FIFOs from Texas Instruments and other FIFO 
vendors. 
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Figure 2. Surface·Mount Package Area Comparison 

Test Sockets 

For prototype development of a system, it is often an advantage to have sockets for surface-mount products. Test sockets 
available for use with Texas Instruments FIFO packages are listed in Table 4. Only one manufacturer is listed for each 
socket type, although other vendors may offer comparable sockets. 

Table 4. Table 4. Test Sockets for FIFO Packages 

PACKAGE MANUFACTURER NUMBER DESCRIPTION 

56-pinSSOP Yamaichi I C51-0562-1387 Solder through hole 

44-pin PLCC NEY 6044 Solder through hole 

68-pin PLCC NEY 6068 Solder through hole 

64-pinSOFP Yamaichi IC51-0644-807 Solder through hole 

80-pin SOFP Yamalchi IC51-0804-808 Solder through hole 

120-pin SOFP Yamaichl In development (as of 6/92) Solder through hole 

80-pin OFP Yamaichi IC51-0804-394 Solder through hole 
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IMPORTANT NOTICE 

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 

TI warrants performance of its semiconductor products and related software to current 
specifications In accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that TI products are not intended for use in life-support appliances, devices, 
or systems. Use of TI product in such applications requires the written approval of the 
appropriate TI officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of TI products in such applications is understood to 
be fully at the risk of the customer using TI devices or systems. 

TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, 
copyright, mask work right, or other intellectual property right of TI covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 

Copyright © 1993, Texas Instruments Incorporated 
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Introduction 

Recent advances in semiconductor processing and packaging have produced highly integrated, fine-pitch devices to 
satisfy the demand for smaller systems. With the trend towards higher chip complexity occupying less board space, 
device manufacturers must increase bit density while decreasing package size. To accommodate these requirements, 
manufacturers have two choices: increase bit density, keeping the number of pins constant while reducing pitch and area, 
or reduce the package lead pitch, keeping area constant while increasing pin count. Manufacturers of hand-held and 
laptop computers and data communications and telecommunications equipment require the use of fine-pitch packages 
to build and maintain a competitive advantage. 

Improved Function Density 

Texas Instruments (TI) provides five types offine-pitch plastic surface-mount packages for its FIFO product line (see 
Table 1). Each of these surface-mount packages has lead-to-Iead spacing less than or equal to 0.635 mm (0.025 in.). All 
of these packages offer designers critical board-space savings that is required for advanced systems. Compared to the 
commonly used 68-pin plastic leaded chip carrier (pLeC) for 18-bit FIFOs, TI's Widebus ™ package in either the 56-pin 
shrink small-outline package (SSOP) or the 80-pin thin quad flat package (TQFP) reduces board space by 70%. A 67% 
saving of board space is available with TI's 36-bit FIFO family in the 120-pin TQFP compared to the 132-pin plastic 
quad flat package (PQFP). 

Table 1. Fine-Pitch Packages 

THIN SHRINK 
THIN QUAD FLAT PACKAGE (TQFP) SMALL-OUTLINE 

PACKAGE (SSOP) 

Pin count 64 80 120 132 56 

Lead pitch (mm) 0.5 0.5 0.4 0.635 0.635 

Footprint (mm) 12x 12 14 x 14 16 x 16 28 x 28 10.35 x 18.42 

Board area (mm2) 144 196 256 784 190.6 

Package suffix PM PN PCB PO DL 

Manufacturing 

Manufacturers are currently employing high-volume board assembly techniques using standard lead pitches of 0.5 mm 
(20 mils) and greater. However, as lead pitch continues to decrease, questions must be asked of both the manufacturer 
and the supplier: 

1. Are fine-pitch packaging capabilities available? 

2. Does production equipment have sufficient accuracy to produce high-volume, high-quality parts? 

3. Do the manufacturing personnel have experience in high-volume, high-quality production using fine-pitch 
packaging? 

4. Have the testability issues of fine-pitch packaging been considered? 

Standard processing techniques, such as those used with surface-mount rigid lead packages, become difficult with 
fine-pitch packaging. Manufacturing issues may arise from compromises in screen-printing techniques, solder 
boardllead coplanarity, placement-accuracy requirements of components, and solder deposition methods (e.g., mass 
reflowing). All of these factors can result in shorts or opens due to poor placement, too much solder, or not enough solder. 
These issues will influence the overall yield and reliability of the product. 

Equipment for the placement of fine-pitch packaging must feature a highly accurate positioning system. Placement 
accuracy for fine-pitch packages must increase as lead pitch decreases. Misaligned packages and boards greatly reduce 
production yields as well as throughput. Systems that feature state-of-the-art machine vision, align and inspect leads, 

Widebus is a trademark of Texas Instruments Incorporated. 
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and calculate registration with an extremely high degree of accuracy and repeatability, ensure high-production yields. 
There must also be careful control over the Z-axis pressure when placing these fine-pitch packages to protect the lead 
coplanarity. Currently, there are systems available with accurate placement as fine as O.l-mm pitch. 

One of the most critical issues facing the manufacturer is the reliability of the footprint design. Constraints include the 
length and width of the footpri~t and the amount of solder paste used to produce a good joint. If too much solder is used, 
the footprint may bridge causing a short (see Table 2). The minute dimensions associated with fine-pitch packages 
require that the footprint be drawn to the highest level of accuracy in order to ensure consistent reliability. Board 
assemblers must be able to match the footprint with the same level of accuracy and repeatability. 

Table 2. Defect Causes and Effects 

DEFECT CONTROL 

Solder bridging Control the solder paste quantity 

Open circuits Control solder·paste thickness and maintain lead coplanarity 

Shorts and opens Control equipment accuracy In the placement of parts 

As previously discussed, the key to ensuring high yield is an accurate footprint pattern. Many manufacturers request 
footprint patterns and dimensions to assist in their board assembly. There are several factors to consider when designing 

, a footprint pattern to ensure reliability: 

• 
• 
• 
• 
• 
• 

Device design - JEDEC or EIAJ Standard 

PWB - foil thickness, number of layers, supplier's capabilities 

Solder paste - type, solder mesh 

Printer - manufacturer, standoff control, squeegee pressure 

Print mask - type (stencil/mesh), tension, bias 

Reflow process - preheat, temperature, dwell, etc. 

Figure 1 diagrams the key dimensions for designing an accurate footprint layout. 
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A = Distance Package Edge to End of Pad 
B1 = Pad Extension Beyond Heel of Foot 
B2 = Pad extension Beyond Toe of Foot 
L = Lead Foot Length 
P = Lead Pitch 
S = Distance From Center of Pin to Center of Pin 

Figure 1. Footprint Diagram 



Palladium-Plated Lead Frames 

Another area for manufacturers to investigate is metallization or bonding of the leads to the circuit board with solder. 
There are several widely used localized reflow techniques including hand soldering, hot bar, focused infrared (IR), and 
laser. With each technique, heat is applied to the leads until the solder melts. When the heat source is removed, the solder 
cools forming the joint. Each manufacturer must make the choice between precision point-to-point systems (one chip 
at a time) and the speed of gang bonding (multiple chip bonding). Another area of metallization to consider is preplating 
of the leads by the device manufacturer. TI has begun to implement palladium (Pd) lead plating on many fine-pitch 
packages. These efforts began with joint testing of palladium-plated leads with several large computer and telecom 
customers in 1987. Since then, TI has begun high-volume manufacturing with over five billion Pd-plated devices in the 
field. 

Palladium preplating is essentially a nickel (Ni)-plated lead frame that has a minimum of3 microinches (0.076 microns) 
of Pd The Pd finish protects the Ni from oxidation and eliminates the need for silver spotting. Silver (Ag) spots are used 
to attach the fine wires from the die to the lead frames. However, the silver can migrate over time to form extraneous 
electrical contacts that greatly impacts reliability. Many problems associated with fine-pitch manufacturing can be 
eliminated with palladium preplating: 

• Reduces excess solder 

0 Excellent Pd wetting characteristics 

0 Reduced handling 

0 Improved package integrity 

• Reduced mechanical damage 

e Tarnish resistant 

• Compatible with existing assembly processes 

e Excellent adhesion to mold compounds 

Table 3 shows the results of a solder-joint strength test comparing Pd solder joints to traditional solder joints, the results 
demonstrate an equal performance between the two techniques. Palladium preplating also exhibits adhesion to most 
mold compounds that reduces moisture ingress and plastic-to-lead-frame delimitation. 

Table 3. Results of Soldered Joint Strength 

HOURS OF HEAT AGING 
SAMPLE 

OHR aHR 16HR 24HR 

3 micro inches Pd 5.171bf 5.951bf 5.851bf 4.71 Ibf 

Solder dip 5.071bf 4.511bf 5.551bf 5.501bf 

In many cases, the cause for shorts and opens can be attributed to lead coplanarity or the extent to which all leads lie 
in a single plane. This holds especially true for fine-pitch packaging due to the smaller geometries and delicate leads. 
Traditional solder-dipped leads tend to have more pin-to-pin alignment problems than the Pd-plated leads. The Pd 
preplated leads have a more conformal and uniform coating than those that are solder dipped, since the plating is 
performed prior to the packaging process (see Figure 4). An increase in coplanarity improves overall circuit reliability. 
The excellent wetting characteristics of Pd improve the wicking effects of solder and form a better solder joint/fillet. 
The thin Pd coating and minimal handling reduce the chance of coplanarity problems (Le., shorts and opens) and also 
produce uniform solder joints with a minimum amount of solder. Table 4 lists TI's fine'pitch packages that implement 
Pdplating. 
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Table 4. Lead-Frame Platings by Package Type 

PACKAGE SUFFIX LEAD FRAME 

132-pin POFP PO Palladium 

120-pin TOFP PCB Palladium 

80-pinTOFP PN Solder 

64-pinTOFP PM Solder 

56-pin SSQP DL Palladium 

Testability 

o Pd Units 

• Dipped Units 

Another issue introduced by the onset of fine-pitch surface-mount packages involves testing circuit boards. With denser 
printed-circuit boards heavily populated with fine-pitch surface-mount packages, the issues involved with functional 
testing should be addressed. One of the most cost-effective solutions is the implementation of boundary-scan 
methodology defined by the joint test action group (JTAG) and adopted by the IEEE 1149.1 committee. JTAG devices 
incorporate on-chip test points called boundary scan cells and utilize a serial scan protocol through the device. Devices 
with JTAG can be designed into the data path and provide the controllability and observability needed to troubleshoot 
manufacturing defects. 

Design/Preproduction Considerations 

For designers who wish to implement fine-pitch packaging, TI provides an easy alternative for the development of 
prototypes and breadboarding. TI has worked with several test-socket manufacturers who provide accurate and 
easy-to-use through-hole test sockets for all of their surface-mount packaging. In addition to test sockets, TI also offers 
mechanical packages. These are packages that include lead frames without the silicon and meet all mechanical 
specifications. Mechanical packages provide an inexpensive means for manufacturing capability studies, machine 
setup, personnel training, and process development work (see Table 5). 
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Table 5. Available Fine-Pitch Test Sockets and Mechanical Packages 

SOCKET MANUFACTURER PART NUMBER DESCRIPTION 
TYPE 

64-pinTOFP Yamaichi IC51-0644-807 Through hole 

56-pin SSOP Yamaichi IC51-0562-1514 Through hole 

80-pinTOFP Yamaichi IC51-0804-808 Through hole 

120-pin TOFP Yamaichl IC51-1204-1596 Through hole 

132-pin POFP Yamaichl IC51-828-KS12338 Through hole 

PACKAGE TI PART NUMBER 

64-pinTOFP SN700870PM 

56-pin SSOP SN250011 DLR 

80-pinTOFP SN700871PN 

120-pin TOFP SN700782PCB 

Conclusion 

Designs that incorporate fine-pitch packages have the advantage of critical board-space reduction. As designers 
continue to implement higher levels of integration, board space remains at a premium. With the implementation of 
concurrent engineering practices from design to test to manufacturing, many packaging difficulties can be overcome. 
Fine-pitch packaging is the designers' easiest option to reduce critical board space without the loss of higher chip 
integration. 
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Introduction 

This report is intended to help the user understand more clearly the issues relating to the metastable performance of Texas 
Instruments (11) clocked FIFOs in asynchronous system applications. It discusses basic metastable operation theory, 
shows the equations used to calculate metastable failure rates for one and two stages of synchronization, and describes 
the approach TI has used for synchronizing the status flags on its series of clocked FIFOs. Additionally, a test setup for 
measuring the failure rate of a device to determine its metastability parameters is shown, and results are given for both 
an advanced BiCMOS (ABT) FIFO and an advanced CMOS (ACT) FIFO. Using these parameters, calculations of 
MTBF under varying conditions are performed. 

Metastability 

Metastability in digital systems occurs when two asynchronous signals combine in such a way that their resulting output 
goes to an indeterminate state. A common example of this is the case of data violating the setup and hold specifications 
of a latch or a flip-flop. In a synchronous system, the data always has a fixed relationship with respect to the clock. When 
that relationship obeys the setup and hold requirements for the device, the output goes to a valid state within its specified 
propagation delay time. However, in an asynchronous system, the relationship between data and clock is not fixed; 
therefore, occasional violations of setup and hold times can occur. When this happens, the output may go to an 
intermediate level between its two valid states and remains there for an indefinite amount of time before resolving itself 
or it may simply be delayed before making a normal transition!. In either case, a metastable event has occurred. 

Metastable events can occur in a system without causing a problem, so it is necessary to define what constitutes a failure 
before attempting to calculate a failure rate. For a simple CMOS latch, as shown in Figure 1, valid data must be present 
on the input for a specified period of time before the clock signal arrives (setup time) and must remain valid for a 
specified period of time after the clock transition (hold time) to assure that the output functions predictably. This leaves 
a small window of time with respect to the clock (to) during which the data is not allowed to change. If a data edge does 
occur within this aperture, the output may go to an intermediate level and remains there for an indefinite amount of time 
before resolving itself either high or low, as illustrated in Figure 2. This metastable event can cause a failure only if the 
output has not resolved itself by the time that it must be valid for use (for example, as an input to another stage). 
Therefore, the amount of resolve time allowed a device plays a large role in calculating its failure rate. 

Data 
Input 

Clock 

Clock 

Data 
Input 

Output 

x-:>------o-----_+_ Output 

Figure 1. A Simple CMOS Latch 
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Figure 2. Output at Intermediate Level Due to Data Edge Within to Aperture 
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The probability of a metastable state persisting longer than a time tr decreases exponentially as tr increases2. This 
relationship can be characterized by equation 1: 

f - e( - tr/t) 
(r) - (1) 

where the function f(r) is the probability of nonresolution as a function of resolve time allowed, tl') and the circuit time 
constant t (which has also been shown to be inversely proportional to the gain-bandwidth product of the circuit)3,4. 

For a single-stage synchronizer with a given clock frequency and an asynchronous data edge that has a uniform 
probability density within the clock period, the rate of generation of metastable events can be calculated by taking the 
ratio of the setup and hold time window described above to the time between clock edges and multiplying by the data 
edge frequency. This generation rate of metastable events coupled with the probability of nonresolution of an event as 
a function of the time allowed for resolution gives the failure rate for that set of conditions. The inverse of the failure 
rate is the mean time between failure (MTBF) of the device and is calculated with the formula shown in equation 2: 

Where: 

failure rate 

tr the resolve time allowed in excess of the normal propagation delay time of the device 
t the metastability time constant for a flip-flop 
to a constant related to the width of the time window or aperture wherein a data edge will 

trigger a metastable event 
fc = the clock frequency 
fd the asynchronous data edge frequency 

(2) 

The parameters to and t are constants that are related to the electrical characteristics of the device in question. The 
simplest way to determine their values is to measure the failure rate of the device under specified conditions and solve 
for them directly. If the failure rate of a device is measured at different resolve times and plotted, the result is an 
exponentially decaying curve. When plotted on a semilogarithmic scale, this becomes a straight line the slope of which 
is equal to t. Therefore, two data points on the line are sufficient to calculate the value of t using equation 3: 

Where: 

tr2 - tr1 
t = In(N1/N2) 

trl = resolve time 1 
tc2 = resolve time 2 
N1 = the number of failures relative to trl 
N2 = the number of failures relative to tr2 

After determining the value for t, to may be solved for directly. 

(3) 

The formula for calculating the MTBF of a two-stage synchronizer, equation 4, is merely an extension of equation 2: 

(4) 

Where: 

trl = the resolve time allowed for the first stage of the synchronizer 
tr2 = the resolve time allowed in excess of the normal propagation delay 
fe' fd, t and to are as defined previously, with t and to assumed to be the same for both stages 
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The first term calculates the MTBF of the first stage of the synchronizer, which in effect becomes the generation rate 
of metastable events for the next stage. The second term then calculates the probability that the metastable event will 
be resolved based on the value of tr2' the resolve time allowed external to the synchronizer. The product of the two terms 
gives the overall MTBF for the two-stage synchronizer. 

TI Clocked FIFOs 

The TI clocked FIFOs are designed to reduce the occurrence of metastable errors due to asynchronous operation. This 
is achieved through the use of two- and three-stage synchronizing circuits that generate the status flag outputs IR and 
OR (output ready). In a typical application, words may be written to and then read from the FIFO at varying rates 
independent of one another, resulting in asynchronous flag signal generation (internally) at the boundary conditions of 
full and empty. For example, consider the operation when the FIFO is at the full boundary condition with writes taking 
place faster than and asynchronously to reads. The IR flag will be low, signifying that the FIFO is full and can accept 
no more words. When a read occurs, the FIFO is no longer completely full. This causes an internal flag signal to go high, 
allowing another write to take place. Since the exit from the full state happens asynchronously to the write clock 
(WRTCLK) of the FIFO, this flag is not useful as a system write enable signal. The solution is to synchronize this internal 
flag to the write clock through two D-type flip-flop stages and output this synchronized signal as the IR flag (see Figure 
3). The OR status flag is generated in a similar manner at the empty boundary condition and is synchronized to the read 
clock through a three-stage synchronizing circuit. 

Internal 
Asynchronous 

Flag Signal 

Internal Logic Delay 

Write __ -+ _____________________ --.1 

Clock 

Figure 3. IR Flag Synchronizer 

IR Flog 
Output 

The remainder of this report pertains to the metastability performance of the two-stage IR synchronizer, which is the 
limiting case of the two in terms of MTBF characteristic's. The internal flag signal that goes high on a read and low on 
a write is synchronized to the write clock through two D-type flip-flop stages. Since this results in the IR flag status of 
the FIFO being delayed for two clock cycles, a predictive circuit is used to clock the status into the synchronizer at (full 
minus two) words so that the action of the IR flag going low coincides with the actual full status of the FIFO. However, 
once the FIFO is full and IR is low, a read that causes the internal flag to go high is not reflected in the status of the IR 
flag until two write clocks occurr. 

With the FIFO full and the IR flag low, a read causes the internal flag signal to go high. This signal is clocked into the 
first stage of the two-stage synchronizer on the next write clock. Because these two signals are asynchronous to one 
another, the potential for the output of the first stage of the synchronizer to go to a metastable state exists. If this condition 
persists until the next write clock rising edge, a metastable condition could be generated in the second stage and reflected 
on the IR flag output. This metastable condition manifests itself as a delay in propagation time and is considered a failure 
only if it exceeds the maximum delay allowed in a design. 

The effectiveness of the two-stage synchronizer becomes apparent when attempting to generate failures at a rate high 
enough to count in a reasonable period of time. A metastable event generated in the first stage must persist until the next 
write clock, i.e., when that data is transferred to the second stage. The resolve time for the first stage is governed by the 
frequency or period of the write clock. At slower frequencies, the failure rate of the first stage is very low, resulting in 
a low metastable generation rate to the second stage. The second stage of the synchronizer further reduces the probability 
of a metastable failure based on the resolve time allowed at the output. The overall failure rate of the device may be 
affected by increasing the initial asynchronous data generation rate (adding jitter to the data centered about the setup 
and hold window), by decreasing the resolve time of the first stage (increasing the write clock frequency), and also by 
reducing the external resolve time at the output. 
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Test Setup for Measuring FIFO Flag Metastability 

The failure rate of a device is measured on a test fIxture as shown in Figure 4. The input waveforms used on this setup 
are also shown in Figure 4. Rising data is jittered asynchronously about the setup and hold aperture of the device under 
test (OUT) in a :t400-ps window with respect to the device clock (CLK). The output of the OUT is then clocked into 
two separate flip-flops, FF1 and FF2, by two different clock signals, CLK1 and CLK2. The resolve time tr is set by the 
relationship between CLK1 and CLK and is measured as the delta between the normal output transition time and the 
rising edge of eLK1 minus the setup time required for FFl. CLK2 occurs long enough after CLK1 to allow sufficient 
time for the DUTto have resolved itself to a valid state. The outputs ofFF1 and FF2 are compared by the exclusive OR 
gate, the output state of which is latched into FF3 by CLK3. When a metastable failure occurs, the output ofthe exclusive 
OR gate goes high caused by FF1 and FF2 having opposite data due to the OUT not having resolved itself by time tr. 
On the next cycle, low data is clocked into the OUT and FF1 and FF2 in order to reset the status latch, FF3. Failures 
are counted for different resolve times, and't is then calculated using equation 3. 

Using the test setup in Figure 4, failure rates are measured for both an SN74ABT7819, 512 x 18 x 2 clocked FIFO, and 
an SN74ACI7807, 2K x 9 clocked FIFO. The device is initially written full to set IR low at the boundary condition. 
A read clock is generated to send the internal flag high, and a jitter signal is superimposed on it to sweep asynchronously 
with respect to the write clock in an envelope 800 ps wide and centered such that the IR flag goes high alternately on 
the second and third write clocks. The nominal write-clock frequency of the test setup is 40 MHz but to increase the 
failure rate to an observable level, a pulse is injected into the write-clock stream just after the read clock occurs such 
that the fIrst and second write clocks (the ones that clock the status through the synchronizer) are only 
5.24 ns apart. This increases the effective write clock frequency to 191 MHz, reducing the resolve time allowed the fIrst 
stage and increasing the failure rate. 

This test setup and these actions together create the necessary conditions to generate a metastable occurrence on the IR 
output that is seen after the second write clock and manifests itself as a delay in propagation time. In this instance, the 
write clock is the synchronizing clock and the read clock generates the asynchronous internal data signal. CLK1 is 
adjusted to vary the external resolve time, tr2, and the resulting failure rates are recorded. 
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Test Results 

Table 1. SN74ABT7819 Failure Ratest 

RESOLVE TIME, NUMBER OF NUMBER OF MTBF 
tr2 (ns) FAILURES/HOUR FAILURES/SECOND (seconds) 

0.27 890 0.2472 4.04 

0.39 609 0.1692 5.91 

0.53 396 0.1101 9.08 

tvcc = 4.5 V, TA = 2SoC 

After measuring the metastable performance of the SN74ABT7819, some assumptions must be made in order to 
calculate the parameters t and to. Because the individual flip-flops comprising the two-stage synchronizer cannot be 
measured separately, it is first assumed that the values for t and to are the same for both. This is a safe assumption, as 
these constants are driven by the process technology and because the schematics are identical. The other assumption 
made involves determining the resolve time allowed in the first stage of the synchronizer. The clock period is set at 
5.24 ns, but the delay through the flip-flop and the setup time to the next stage must be subtracted from the clock period 
to arrive at the true resolve time (tel)' These values could not be measured directly and were, therefore, estimated from 
SPICE analysis to be 1.3 ns. 

Using equation 4 and the measured failure rates to calculate 't results in a value of 0.33 ns for the conditions given. The 
following values from the test setup must be used in order to solve for to: 

Where: 

trl 3.94 ns (5.24-ns clock period -1.3-ns setup and delay time) 
te2 = 0.27 ns (set externally at IR output by CLK1) 
fc 
fd 
MTBF2 = 

40 MHz 
125 MHz (4-MHz input adjusted by 25/0.8 jitter ratio) 
4.04 s 

Substituting these values into equation 4 and solving for to yields a value of 16.9 ps. 

The table below summarizes the results for the SN74ABT7819 and SN74ACT7807 clocked FIFOs. An internal setup 
and delay time of 1.8 ns was assumed for the SN74ACT7807. 

Table 2. Values of t and to for SN74ABT7819 and SN74ACT7807 

SN74ABT7819 SN74ACT7807 
TA vcc 

t (ns) to (ps) t (ns) to (ps) 

4.SV 0.33 16.9 0.50 1.13 

2S"c SV 0.30 7 0.40 2.0S 

5.SV 0.23 28.8 0.30 9.40 

A word of caution: these numbers indicate the performance of only a few devices and are not intended to represent a 
fully characterized parameter. However, they should be valid for the purpose of relative performance comparisons, and 
the values do fall within the expected.range given the circuit configuration and process technology in which the devices 
are fabricated. 
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MTBF Comparison 

With the constants 't and to now known, calculations of the MTBF of the device under different operating conditions 
may be performed. First, however, consider an example of the metastability performance of a single-stage synchronizer 
using equation 1 and the circuit constants't and to from Table 2. Assume an application running with a 33-MHz write 
clock, an B-MHz read clock, a 9-ns maximum propagation delay time for the IR path, and a 5-ns setup time for IR to 
the next device. Therefore: 

tr = 16 ns (30-ns clock period - 9-ns propagation delay - 5-ns tsJ 
fc = 33MHz 
fd = BMHz 

Using equation 2 to calculate the MTBF gives 2.55 y 1017 seconds or a little bit more than B billion years. 

The reliability of a one-stage synchronizer degrades as operating frequency increases. With a 50-MHz write clock, a 
12-MHz read clock, a 9-ns maximum delay, and a 5-ns setup time: 

tr = 6 ns (20-ns clock period - 9-ns propagation delay - 5-ns tsJ 
fc = 50MHz 
fd = 12MHz 

Substituting these values into equation 2 yields an MTBF of about 2 hours. This performance is unacceptable, even with 
a device fabricated in the O.B-mm BiCMOS process, which is more resistant to metastability than other processes. 

The benefits of two-stage synchronization become evident with the next example. Using the conditions stated in the last 
example: 

trl 1B.7 ns (20-ns clock period - 1.3-ns setup and delay time) 
tr2 = 6 ns (20-ns clock period - 9-ns propagation delay - 5-ns tsJ 
fc 50MHz 
fd 12MHz 

Using equation 4 to calculate the MTBF gives 3.16 y 1()28 seconds or 1.00 y 1021 years. 

Table 3 gives a performance summary of both one- and two-stage synchronizing solutions under different conditions. 

Table 3. MTBF Comparlsonst 

CONDITIONS ACT 1 STAGE ABT1 STAGE ACT 2 STAGE ABT2STAGE 

fc = 33 MHz, fd = 8 MHz 8400 years 8.1 x 109 years 2.62 x 1028 years 4.n x 1047 years 

fc = 40 MHz, fd = 10 MHz 92 days 1400 years 3.56 x 1019 years 2.18 x 1034 years 

fc = 50 MHz, fd = 12 MHz 2 hours 4.90 x 1010 years 1.00 x 1021 years 

tc = 67 MHz, td=16MHz 417 years 1.28 x 109 years 

tc = SO MHz, fd = 20 MHz 2900 years 

t Assumptions for the MTBF comparisons: 
1) The values for to and t are those given previously for both the ABT and ACT devices with VCC= 4.5 V, TA = 25°C. 
2) Flag propagation delay time (IR or OR) is assumed to be 9 ns. 
3) Setup times to the next device are 5 ns (up to 50-MHz operation), 4 ns (up to 67·MHz operation), and 3 ns (up to 

SO-MHz operation). 
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Conclusion 

Metastability failures must be accounted for in the design of asynchronous digital circuits. These failures become 
increasingly prevalent at higher operating frequencies. When higher frequencies are used, extreme care must be taken 
to ensure that system reliability is not adversely affected due to inadequate synchronization methods. 

Clocked FIFOs from Texas Instruments provide a solution to this problem by synchronizing the boundary flags with 
at least two flip-flop stages to improve the metastable MTBF over one-stage synchronization. This architecture allows 
designers to utilize the high-throughput performance of the memory without endangering the reliability of their end 
products. 
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As system operating frequencies continue to increase in excess of 33 MHz, designers must begin to address the issues 
of overall system reliability due to increased chance of a metastable event occurring. A metastable event is defined as 
the time period when the output of a logic device is neither at a logic H nor at a logic L but rather in an indeterminate 
level. The chance of a metastable occurrence is exponentially increased if single-stage synchronization is employed, as 
in the case of the '722xx sync-style devices versus the two-stage synchronization that is implemented by 
Texas Instruments (TI) (see Figure 1). The following information assists designers in understanding and to improve 
upon the metastable characteristics of '722xx sync-style devices and their reliability. 
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Figure 1. MTBF for Metastability as a Function of Frequency 

Metastability may occur when using a FIFO to synchronize two digital signals operating at different frequencies. This 
type of application is a familiar one to many design engineers. Triggering a metastable event is common in single-stage 
(single flip-flop) synchronized FIFOs that are used to synchronize different clock signals (see Figure 2). With this 
method, the asynchronous input might change states too close to the clock transition, violating the flip-flop's setup and 
hold times. This causes an increase in resolve time (tc) which then results in an overall increase in propagation 
delay (tpd)' Once a metastable event is triggered, the probability of the output recovering to a high or low level increases 
exponentially with the increased resolve time. The expected time until the output of a single flip-flop with asynchronous 
data has a metastable event is described by the mean time between failure (MTBF) equation (see equation 1). The first 
term of the equation is the probability that the asynchronous data will trigger a metastable event. The second term is the 
data rate. The third and final term is the probability of the metastable event recovering given the resolve time. A linear 
increase in resolve time exponentially increases the MTBF of a metastable event. 
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Where: 

to = 
tr = 
't = 
fc = 
fd = 
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Figure 2. Single-Stage Synchronizer 

r 

flip-flop constant representing the time window during which changing data invokes a failure 
resolve time allowed in excess of the normal propagation delay 
flip-flop constant related to the settling time of a metastable event 
clock frequency 
asynchronous data frequency. (For OR-flag analysis, it is the frequency at which 
data is written to empty memory. For IR-flag analysis, it is the frequency at 
which data is read from full memory.) 

(1) 

TI has increased the metastable MTBF by several orders of magnitude over single-stage synchronization with its 
advanced FIFO family by employing two-stage synchronization (see Figure 3). The output ofthe first flip-flop is clocked 
into the second flip-flop on the next clock cycle. For the output of the second stage to become metastable, the first stage 
must have a metastable event that lasts long enough to encroach upon the setup time of the second stage. The addition 
of the second flip-flop to the single-stage synchronizer allows the flip-flops more time to resolve any metastable output. 
This is statistically equivalent to increasing its resolve time by the clock period minus its propagation delay. The mean 
time between failure for a two-stage synchronizer is given in equation 2. All terms, except for the third one, are the same 
as in equation 1. The third term represents the additional propagation delay through the added flip-flop. 

(2) 

tpd propagation delay through the first flip-flop 
MTBF2 = MTBFl 

Where: 
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Figure 3. Two-Stage Synchronizer 

The functional block diagram in Figure 4 illustrates the connections necessary to add the second-stage synchronization 
to the '72211 sync FIFO. In Figure 5, a quick and inexpensive schematic to resolve metastability of a sync FIFO is 
diagrammed. In this case, the FIFO is the '72211U and, by implementing a single TI SN74F74 D-type 
positive-edge-triggered flip-flop and a TI SN74F08 two-input positive AND gate, the metastability characteristics of 
this circuit can be dramatically improved. The TI SN74F74 acts as the second stage for this circuit, increasing the resolve 
time as described in the above paragraphs. The TI SN74F08 is implemented to act as the control-empty and control-full 
flags to the receiving device. These control lines of the first-stage and second-stage synchronized flags are then ANDed 
together to create the control flags (control empty and control full). The control lines are essentially read enables that 
ensure the synchronization of the device. As is demonstrated by the logic diagram and truth table, synchronization is 
complete only when the empty flags (EF) of both the second stage (truth table input A) and the device (truth table input 
B) are high. The empty flag is used for read control, and the full flag (FF) is used for write control. If either flag from 
the synchronizer or the device is held low or becomes metastable, a read is not permitted (truth table output Y) until the 
write flag is synchronized. 

As can be seen in today's digital systems, synchronous and asynchronous operations can and will produce random errors 
due to metastability in single-stage FIFO designs like those of the '722xx sync FIFO family. The described method of 
implementing a second stage for flag synchronization is extremely useful for clock speeds that are either approaching 
or exceeding 33 MHz. Metastability can be virtually eliminated in the '722xx sync FIFO family by the simple addition 
of a second flip-flop. The second-stage synchronizer greatly reduces metastability, thereby increasing the MTBF and 
allowing designers to use faster microprocessors and higher data-transfer rates for greater overall system performance 
and reliability. 

To reduce metastability and improve system reliability, TI offers a complete line of high-performance FIFO memory 
devices. TI's FIFOs have dual-stage synchronization designed onto each chip. This eliminates the need for any external 
discrete solution and reduces critical board space by fully utilizing TI's family affine-pitch surface-mount packaging. 
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Control Empty 
EF 

Control Full 
FF 

Figure 4. Connecting the Second-Stage Synchronizer to the '72211 Sync FIFO 
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Device 
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FF 
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A B Y 

H H H 
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X L L 

Figure 5. Resolving Metastability of a Sync FIFO 
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IMPORTANT NOTICE 

Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on Is current. 

TI warrants performance of its semiconductor products and related software to current 
specifications In accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. Specific 
testing of all parameters of each device is not necessarily performed, except those mandated 
by government requirements. 

Please be aware that TI products are not intended for use In life-support appliances, devices, 
or systems. Use of TI product in such applications requires the written approval of the 
appropriate TI officer. Certain applications using semiconductor devices may involve potential 
risks of personal injury, property damage, or loss of life. In order to minimize these risks, 
adequate design and operating safeguards should be provided by the customer to minimize 
inherent or procedural hazards. Inclusion of TI products in such applications is understood to 
be fully at the risk of the customer using TI devices or systems. 

TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, Is granted under any patent right, 
copyright, mask work right, or other intellectual property right of TI covering or relating to any 
combination, machine, or process in which such semiconductor products or services might be 
or are used. 
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Introduction 

Texas Instruments (TI) designed the SN74ACf2235 to meet a variety of synchronous or asynchronous bidirectional 
applications. '!\vo lK x 9 first-in, first-out (FIFO) memories are arranged in parallel to buffer data in opposite directions. 
Data ports may also exchange real-time data. Three-state control (GAB, GBA) and real-time/stored data select (SAB, 
SBA) match the popular '652 transceiver logic. Produced in TI's EPIC ™ CMOS process, the in,E.uts accept TTL-voltage 
levels. An option to the' ACf2235 is the ' ACf2236, which has' 646 transceiver control (DIR, G). The functional block 
diagram for the SN74ACf2235 is shown in' Figure 1. 
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Figure 1. SN74ACT2235 Block Diagram 
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FIFO Control 

The ' ACf2235 consists of two FIFO memories, FIFOA and FIFOB. Both FIFOs can be accessed from either port A or 
port B. Four control signal lines (GAB, GBA, SAB and SBA) control the eight possible data flow paths through the 
device (these data paths are illustrated in the device data sheet). Each FIFO has a load clock (LDCK) that writes data 
into memory and an unload clock (UNCK) that reads the data in the same order it was written. Both clocks are 
positive-edge-triggered and may operate asynchronously to one another. The first word loaded into an empty FIFO 
propagates directly to the outputs and the EMPTY flag switches high. EMPTY represents the valid state of data on the 
outputs (data is valid when EMPTY is high and invalid when EMPTY is 10w).l!MPTY may be used to enable an UNCK 
pulse when it is synchronized with the bus that reads the data. FULL can qualify a LDCK pulse in the same way. 

Figure 2 is an example of an' ACf2235 interfacing two asynchronous systems. Each system provides a read enable, write 
enable, and free-running clock. Synchronization of a flag to the system clock is needed to use it as device clock control. 
Although the flag's high-to-Iow transition is synchronous to the clock it enables, the low-to-high transition is 
asynchronous. The output of the latch qualifying this transition has the possibility of going metastable when bistable 
(setup and hold) conditions are not met. An output is metastable if it lingers between the specified VOH and VOL levels. 
Two-stage synchronization of the flags reduces the probability of a metastable-induced failure. 

Sys __ ~ __ -. __________ --, 

CLK1 

18-Blt 
Data 

Write 
EN1 

'ACT2235 
r--------r.------;>LOCKA LOCKB~----~~--------i 

UNCKB UNCKA 
GBA GAB 
SAB SBA 
OAF, OBF 

H--t-t-t---t FULLA FULLB I----+-I-l--+-I 
EMPTYB EMPTYA 

AO-A8 BO-B8 

'ACT2235 
~-+---I> LOCKA LOCKB <i----+-_+__' 

~---~-'~-;UNCKB UNCKA ~-~~+----; 

Write 
EN2 

1-e:=~==l;-~=;=1 GBA GAB t-;:-:::--t=~=~~ H SAB SBA~ 
OAF OBF 
FULLA FULLB 

r---~~-tEMPTYB EMPTYA~------~ 

AO-A8 BO-B8 

NOTE: Two devices are used for 18-bit width expansion. 

Sys 
CLK2 

18-Blt 
Data 

Figure 2. Controlling the 'ACT2235 Using a Clock, Write Enable, and Read Enable Per System 

High-Frequency Applications 

A unique feature of the 'ACf2235 is that the UNCK cycle time may be less than the device access time. The 
, ACf2235-20 has a maximum LDCK and UNCK frequency of 50 MHz (20-ns cycle time) and a 25-ns maximum access 
time (tpd UNCKA or UNCKB to B bus or A bus). In a series of FIFO reads, the next access may be initiated before the 
present one is complete. The largest concern associated with this technique is the length of time data will be assured as 
valid. Minimum access time from the rising edge of UNCK may also be viewed as minimum data hold time. Timing 
for this relationship is shown in Figure 3. Valid data time from the' ACf2235 over the commercial temperature range 
and :t 10% Vee is given by equation 1: 

tv = tc + tpdmin - tpdmax 
(1) 

14-56 



Data from an 'ACf2235 operating at a 50-MHz clock frequency is valid for at least 7 ns. This allows a 4-ns setup and 
1-ns hold with a 2-ns tolerance to the next device in the data path. 

BO-B8 W1 

I 
, .... ----- tpd max 

For' ACT2235-20: tpd min = 12 ns, tpd max = 25 ns, tv = 7 ns 

Figure 3. Read Operation When Cycle Time Is Less Than Access Time 

Programmable Flags 

Data is often transmitted in packets, where each packet is a specific number of bytes and must be delivered in an 
unbroken stream. A FIFO transmitting packeted data needs a flag that shows the number of bytes stored. This keeps from 
breaking the transmission of a packet due to an empty or full condition. The ' ACf2235 has a programmable 
almost-full/almost-empty flag for this app,lication. The AF/AEA offset value (X) and the AF/AEB offset value (Y) are 
programmed separately. AF/AEA is high when FIFOA contains X or fewer words or (1024 - X) or more words. It is 
low when FIFOA contains between (X + 1) and (1023 - X) words. AF/AEB functions in the same manner with its 
programmed value Y. The programmed or default value of 256 is chosen during a reset of each FIFO. 

Flag programming logic is illustrated in Figure 4. Programming the AF/AE flag value for each FIFO is done with the 
define-flag (DAF, DBF) inputs and resets (RSTA, RSTB). Define-flag inputs are negative-edge-triggered clocks that 
store input data to a register. If DAF or DBF is low when the rising edge of RSTA or RSTB occurs, the registered value 
is used for the FIFO's AF/AE flag. The flag uses the default value of 256 if DAF or DBF is high during the rising edge 
of RSTA or RSTB. 

"X}--t> C 

AO-A8 _..,. ..... 9 -t D 

Default Value 
of 256 

RSTA-----. 

MUX 
S1 

Figure 4. AF/AEA Flag Programming Logic for FIFOA 

AF/AE Offset 
Value (X) 

14-57 



Programming both flag offset values from either port is possible using real-time select. Figure 5 is a timing example of 
programming AF/AEB from port A. To program the AF/AEB offset value (Y) from port A, the binary value for Y is 
on AD-AS, SAB is low, and GAB is high. With this configuration, the port-A data appears on the inputs of FIFOB and 
a falling edge of DBF stores the Y value. . 

GBA 

-------------------------------------------------------------- 0 

SAB ,,'--__ ----J/ 

GAB / -- ,,'-----
AO-AS ~~ __________ B_I_na_~ __ ~_al_u_e_v __________ J~ 

BO-BS _______ >@§X'-____ B_ln_a_~_~_a_lu_e_v ______ _'~ 
Figure 5. Programming AF/AEB Flag of FIFOB From Port A 

Output Drive 

Charging and discharging the load of a bus with acceptable speed requires high device-output drive. The I/O ports of 
the 'ACT2235 provide 16-mA IOL and S-mA IOH for this task. 

Most memory devices have low drive capability and require buffers to interface a bus. They do not use larger transistors 
that support high current because the rate of change of current with respect to time (di/dt) increases. When several 
transistors switch simultaneously, the rate of change of current through ground and Vee lines multiplies. Voltage 
transients on the power lines are given by equation 2: 

V =-L di/dt (2) 

Where: 

L = inductance of the bond wire and package lead 

The 'ACT2235 provides a two-fold solution to allow high output current capability with low noise. One solution is to 
reduce inductance of ground and Vee lines. The' ACT2235 has four GND and two Vee pins in parallel. The resulting 
ground inductance is about 1/4 that of a single connection and divides Vee inductance in half. 
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Reducing di/dt per output transistor is another way to minimize voltage transients. TI's patented output edge control 
(OEC TO') design divides a large transistor into smaller segments that tum on in series and tum off simultaneously. OEC roo 

lowers di/ dt, maintains a quick voltage transition through threshold, and avoids the high power consumed when 
gradually turned off .1 

The result of a VOLP test on the' ACf2235 is shown in Figure 6. VOLP is a measurement of ground voltage noise when 
all outputs of a bus are switched from high to low. Eight of nine outputs of a bus are switched, and the peak voltage rise 
of the steady state low output is measured. Maximum ground voltage rise is only 700 mY. The output fall time is less 
than 3 ns with a 50-pF load. 

5 

4 

3 

2 

1 
0.7 

o 

-1 

I-- - ......... BO-B7 
I I I 

VCC =5V 

\ TA = 25°C 
CL= 50 pF -

\ RL= 500 C 

, 

\ 

V \ B8 ~\ ~ \ - --\x 
, , ... - ---I""" 
" -

o 5 10 15 20 25 30 35 40 45 50 

Switching Time - ns 

NOTE: Eight bus outputs switching, one remains low 

Figure 6. 'ACT2235 VOLP Measurement 

Conclusion 

The 'ACf2235 and 'ACf2236 provide several advantages for high-speed asynchronous bus interface. Simple control 
logic offers great design flexibility. Programmable flags may be used for data flow optimization. High-output drive for 
bus leading is balanced with noise reduction through package and circuit design. 
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ORDERING INSTRUCTIONS 

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the 
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an 
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical 
outline drawings shown in this section. 

Factory orders for circuits described in this catalog should include a four-part type number as explained in the 
following example. 

EXAMPLE: SN 74ACT7803 ·15 DL R 

prefiXSN~~~~~~~~~~~~~~~~~~~~I/ 
Standard prefix 

SNJ MIL-STD-883, Class B 

Unique Circuit Description -----------------' 
MUST CONTAIN FIVE TO NINE CHARACTERS 

(from individual data sheet) 

SpeedSort--------------------------~ 

In nanoseconds 

Package--------------------------~ 

MUST CONTAIN ONE TO THREE LEITERS 

DL, DV, DW 
FN,RJ 
N, NP, NT 
PH 
PAG, PCB, PZ, 
PM, PN 
PO 

plastic small-outline package (SOIC) 
plastic J-Ieaded chip carrier 
plastic dual-in-line package 
JEDEC metric plastic quad flat package 

plastic thin quad flat package 
JEDEC plastic quad flat package 

Tape and Reel Packaging ____________ ---J 

Valid for surface-mount packages only. All orders for tape and reel must be for whole reels. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 15-3 





MECHANICAL DATA 

DL/R-PDSO-G** 
48-PIN SHOWN 

PLASTIC SHRINK SMALL-OUTLINE PACKAGE 

I 
0.299 (7,59) 
0.291 (7,39) 

0.420 (1 0,67) L 
0.395 (10,03) o 

~~~~~~~~~~~~~~ 

~ DIM 
2B 

A MAX 0.380 
(9,65) 

A MIN 
0.370 
(9,40) 

0.009 (0,229) 
0.005 (0,127) 

0.110 (2,79) Seating Plane 

O'0h=~'OM(O'10l 

[ 0.016 (0,406) 

O.OOB (0,203) 

NOTES: E. All linear dimensions are in inches (millimeters). 
F. This drawing is subject to change without notice. 
G. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15). 
H. Foot length is measured from lead top to point 0.010 (0.254) above seating plane. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

48 56 

0.630 0.730 
(16,00) (18,54) 

0.620 0.720 
(15.75) (18.29) 

0.020 (0,51) 
(see Note D) 

4040048/A-10/93 
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MECHANICAL DAiA 

DV/R-PDSO-G28 PLASTIC SMALL-OUTLINE PACKAGE 

0.014 (0,36) 0.019 (0,48) l r 
I ~I 0.010 (O~5) !t!21 

0.120 (3,05) 
0.110 (2.79) 

o 
r-------------------------~ 
~~~~~~n_~~~~~~~ 

1 
I. 0.035 (0,89) 
~ 0.023 (0,58) 

...-____ 0.728 (18,49) -----.c 
0.718 (18,24) 

0.350 (8,89) 
0.340 (8,64) 

~ 
0.478(12,14) 
0.462 (11.73) 

0.010 (0,25) 
0.006 (0.15) 

ITfutiiititiUiiii G§tI-) -~ 
[ 0.014 (0,36) ___ ....1.. ___ _ 

0.005 (0.13) 

NOTES: A. All linear dimensions are in inches (millimeters). 
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B. This drawing is subject to change without notice. 
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MECHANICAL DATA 

OW /R-PDSO-G** 
20 PIN SHOWN 

PLASTIC WIDE-BODY SMALL-OUTLINE PACKAGE 

O.419(10.65} r 
0.400 (10,15) 

0.299 (7,59) 

20 

0.293 (7,45) 0 
Ll----I 

10 

~ DIM 
16 

A MIN 
0.400 
(10.16) 

A MAX 
0.410 
(10,41) 

20 24 

0.500 0.600 
(12.70) (15.24) 

0.510 0.610 
(12.95) (15,49) 

0.104 (2,65) Seating Plane r ~:: is::: 1 
0.093 (2,35) "" 0.004 (0, 10) I r \ I 

28 

0.700 
(17.78) 

0.710 
(18.03) 

h=~w LJ hl 
~:d~:~~ ~ L 0.020(0,51) 0·-8· ~:~!~~:: J LO'050(I,27) 

.., 0.014 (O,35) 0.016 (0,40) 

I ~ I 0.010 (O,25) ® I 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion not to exceed 0.006 (0,15). 

~TEXAS 
INSTRUMENTS 
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MECHANICAL DATA 

FN /S-PQCC-J** 
20 PIN SHOWN 

PLASTIC J-LEADED CHIP CARRIER 

0.048 (1,22) X 450 --+-t+-l~ 
0.042 (1,07) 

0.037 (0,94) 

J'5~ 

14 

9 13 0.050 (1,27) TYP 

JEDEC NO. OF A1 DIE D1/E1 

OUTLINE PINS" MIN MAX MIN MAX MIN 

MS-018AA 20 0.062 0.083 0.385 0.395 0.350 
(0.16) (0.21) (9.78) (10.03) (8.89) 

MS-018AB 28 0.062 0.083 0.485 0.495 0.450 
(0.16) (0.21) (12.32) (12.57) (11.43) 

MS-018AC 44 0.062 0.083 0.685 0.695 0.650 
(0.16) (0.21) (17,40) (17,65) (16.51) 

MS-018AD 52 0.062 0.083 0.785 0.795 0.750 
(0.16) (0,21) (19,94) (20.19) (19.05) 

MS-018AE 68 0.062 0.083 0.985 0.995 0.950 
(0,16) (0,21) (25,02) (25,27) (24.13) 

MS-018AF 84 0.059 0.080 1.185 ·1.195 1.150 
(0,15) (0,20) (30.10) (30,35) (29,21) 

NOTES: A. All linear dimensions are in Inches (millimeters). 

15-8 

B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-018 

~TEXAS 
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POST OrF1CE BOX 655303 • DAllAS. TEXAS 75265 

0.020 (0,51) MIN 

D2/E2 

MAX MIN MAX 

0.356 0.141 0.169 
(9.04) (3.58) (4.29) 

0.456 0'.191 0.219 
(11,58) (4.85) (5,56) 

0.656 0.291 0.319 
(16.66) (7.39) (8,10) 

0.756 0.341 0.369 
(19.20) (8.66) (9.37) 

0.956 0.441 0.469 
(24,28) (11,20) (11,91) 

1.158 0.541 0.569 
(29,41) (13,74) (14,45) 

4040005/A-10/93 



MECHANICAL DATA 

N/R-PDIP-T** 

16 PIN SHOWN 

PLASTIC DUAL-IN-LiNE PACKAGE 

~ DIM 
14 

0.035 (0,89) MAX 

8 

0.070 (1,778) MAX 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

A MAX 

A MIN 

0.125 (3,18) MIN 

C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DAu.AS. TEXAS 75265 

0.775 
(19.69) 

0.745 
(18,92) 

0.014 (0,356) 
0.010 (0,254) 

16 20 

0.775 0.975 
(19,69) (24,77) 

0.745 0.940 
(18,92) (23,88) 

4040049/ A-10/93 
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MECHANICAL DATA 

N/R·PDIP·T** 
24 PIN SHOWN 

0.560 (14,22) 
0.520 (13,21) 

~~~~~ 
12 

0.060 (1,52) TYP 

0.020 (O,51) MIN -
0.200 (5,08) MAX 

PLASTIC DUAL·IN·L1NE PACKAGE 

~:_~f~~~A~~ __ ~ __ _ 
~, Seating Plane 

~!t' 

~ 

j4- 0.61 0 (15,49) -1 
I r 0.590 (14,99) , I 

Jl O.:(O'~ O.100(2.54)1YP 

0.Q15 (0,381) 

0.125 (3,17) MIN 

~ DIM 
24 28 32 40 

A MAX 
1.270 1.450 1.650 2.090 

(32,26) (36,83) (41,91) (53,09) 

A MIN 
1.230 1.410 1.610 2.040 

(31.24) (35.81) (40,89) (51.82) 

NOTES: A. All linear dimensions are in inches (millimeters). 
8. This drawing is subject to change without notice . 
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JL 0.014 (0,355) 
0.008 (0,203) 

48 52 

2.450 2.650 
(62,23) (67.31) 

2.390 2.590 
(60.71) (65,79) 

4040053/A-l0/93 



NP/R-PDIP-T28 

1.375 (34,93) 
1.345 (34,1S) 

0.295 (7,49) 
0.270 (S,BS) 

~~~~~~~~~ 
14 

0.030 (0,7S) 
0.015 (0,38) 

0.180 (4,57) 
0.145 (3,S8) 

MECHANICAL DATA 

PLASTIC DUAL-IN-L1NE PACKAGE 

Seating Plane 

I 0.110 (2,79) I+- 0.090 (2,29) 

NOTES: A All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 
C. Body dimemsions do not include mold flash or protrusion. 

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALlJ\S. TEXAS 75265 

JL 0°_15° 

0.015 (O,38) 
0.008 (O,20) 

4040075/A-10/93 
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MECHANICAL DATA 

NT /R-PDIP· T** 
24 PIN SHOWN 

PLASTIC DUAL-IN-LINE PACKAGE 

A--.t1 
1 ~'11) 'l;;;;;;;:;::::;=r=;r=;:=;=::::r=:::;=;:::;=;:::::;:;r==r=;==;:o:::;=;:=r=-;=r-=r=;==;:oo::;==r=-;:;::::;=~ ~'35) 

0.200 (5,08) MAX 

0.020 (0,51) MIN 

~ DIM 

A MAX 

A MIN 

BMAX 

B MIN 

Seating Plane 

24 28 

1.260 1.425 
(32,04) (36,20) 

1.230 1.385 
(31,24) (35,18) 

0.310 0.315 
(7,87) (8,00) 

0.290 0.295 
(7.37) (7,49) 

\.- 0.100 (2.54) TYP 
(see Note C) 

0.021 (0.533) 
0.015 (0.381) 

0.125 (3,18) MAX Jl 0'-15" \.--

0.014 (0.356) 
0.010 (0.254) 

NOTES: A. All linear dimensions are In inches (millimeters). 
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B. This drawing is subject to change without notice. 
C. Each lead centerline is located within 0.010 (0,254) of its true longitudinal position. 
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PAG/S-PQFP-G64 

11. 0,271-$-1 
0,17 

33 

0,08 ®I 

49 32 

64 17 

12,10 sa -----.t 
11,90 

~~ 
SO:ltlngPlane 

I.c::.lo,oa I 
1,20-:: . - ~ 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice . 

• TEXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

MECHANICAL DATA 

PLASTIC QUAD FLATPACK 

4040282/8-10/94 
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MECHANICAL DATA 

PCB/S-PQFP-G120 PLASTIC QUAD FLATPACK 

90 61 

91 60 

0,25 \-$-I 0,07 ®I 
0,17 

120 o 
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NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
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C. Body dimensions do not include mold flash or protrusion. Allowable protrusion is O,25mm maximum per side. 
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D. Thermally enhanced molded plastic package (HSP). 
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NOTES: A. All linear dimensions are in millimeters. 
8. This drawing is subject to change without notice. 
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NOTES: A. All linear dimensions are in millimeters. 
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B. This drawing is subject to change without notice. 

~ThXAS 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

PLASTIC QUAD FLATPACK 

4040152/A-10/93 



PN/S-PQFP-G80 

0,

271i 0,17 

60 

1 r: o.som 

61 40 

80 21 

14,20 sa ------.t 
13,80 

NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO·136 
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MECHANICAL DATA 
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B. This drawing is subject to 'change without notice. 
C. Falls within JEOEC MO-069 
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NOTES: A. All linear dimensions are in millimeters. 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MO-136 
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MECHANiCAL DATA 
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B. This drawing is subject to change without notice. 
C. Body dimensions do not include mold flash or protrusion. 
D. Formed leads shall be planar with respect to one another within 0.004 (0,10) at the seating plane. 
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