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IMPORTANT NOTICE

Texas Instruments (T1) 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.

Tiwarrants performance of its semiconductor products andrelated software to the specifications
applicable atthe time of sale in accordance with TI's standard warranty. Testing and other quality
control techniques are utilized to the extent Tl 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 of Tl products in such applications requires the written approval of an appropriate Tl officer.
Questions concerning potential risk applications should be directed to Tl 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.

Tl assumes no liability for applications assistance, customer product design, software
performance, or infringement of patents or services described herein. Nor does Tl warrant or
representthat any license, either express or implied, is granted under any patentright, copyright,
mask work right, or other intellectual property right of Tl 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 progfammable 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 Tl
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 Tl writes data to memory on each
low-to-high transition of the load-clock (LDCK) input and reads data on each rising edge of
the unload-clock (UNCK) input.

TI's clocked style 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 Tl 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 s 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
bitwidths of 1, 4, 5, 8,9, 18, 32, and 36. To accommodate the need of reducing the package
area as data widths increase, many Tl FIFO memories are offered in thin surface-mount
packages. The SSOP and TQFP packages, with 25-mil, 0.5-mm, and 0.4-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 TQFP 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-11B, 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 followigg listis placed inthe 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 Instruments standard warranty. Production processing
does not necessarily include testing of all parameters.

ADVANCEINFORMATION 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 right 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 of the 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

Co

lcc

Alee

leex

lithold)

lH

I

Input capacitance
The internal capacitance at an input of the device

Output capacitance
The internal capacitance at an output of the device

Power dissipation capacitance

Used to determine the no-load dynamic power dissipation per logic function (see individual circuit pages):
Pp = Cpd Vec? f +Icc Ve

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.

Supply current

The current into* the V¢ supply terminal of an integrated circuit

Supply current change

The increase in supply current for each input that is at one of the specified TTL voltage levels rather than
0VorVee

Output high leakage current

The maximum leakage current into the collector of the pulldown output transistor when the output is high
and the output forcing condition Vg = 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

High-level input current

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

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

Input/output power-off leakage current

The maximum leakage current into/out of the input/output transistors when forcing the input/output to
45VandVgg=0V

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.

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

loz

tais

th

tPHL

tpHz

tPLH

Off-state (high-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

Access time

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

Clock cycle time

Clock cycle time is 1/fmax-

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, tgjs = tppz or tp 7. Open-collector outputs will change only if they are low
at the time of disabling, so tg;s = tpLH.

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 ortpzL. Open-collector outputs will change only ifthey are responding to data
that would cause the output to go low, S0 tgn = tpHL. '

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.
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 = tpyL or teLH)
Propagation delay time, high-to-low 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
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
Propagation delay time, low-to-high 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

tpr2
tpzH

tpzL

tw

Vi

ViL

VoH
VoL
ViT+

ViT-

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

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

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

Setup time

The time interval between the application of a signal at a specified input terminal anda 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.

Pulse duration (wldth)

The time interval between specified reference points on the leading and trailing edges of the pulse
waveform

High-level Iinput 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.

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.

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

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

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, V|-

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, V|t
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

definitions

asynchronous FIFO

Afirst-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

Afirst-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-low transitions of the 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-low transitions of the output-ready flag (or empty flag) output are synchronous to the rising edge of the
read clock.

strobed FIFO

Afirst-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

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 Tl data sheets:

P Nxy | =z
=

0P

r
Toggle

high level (steady state)

low level (steady state)

transition from low to high level

transition from high to low level

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 Q before the indicated steady-state input conditions were established

complement of Qg or level of Q before the indicated steady-state input
conditions were established

level of Q before the most recent active transition indicated by | or ¢
one high-level pulse
one low-level pulse

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

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, inthe input columns, a row contains H, L, and/or X together with t and/or |, 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, Qq, or Qg), 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, /L or LI, 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
CLEAR MODE CLOCK SERIAL PARALLEL oA O Gc Qp
S1 S0 LEFT RIGHT | A B (o 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 QB0 Qco Qpo
H H H 1 X X a b c d a b c d
H L H t X H H H H H Qan Q8n Qcn
H L H 1 X L L L L L |L Qa Q8 Qcn
H H L t H X X X X X |Qgy Qcn Qpn H
H H L ? L X X X X X |ogs Qcn Qpn L
H L L X X X X X X X | Qao Qo Qco Qpo

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 of the table only the rising transition of the 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 high-to-low
transition of the clock.

The third line of the table represents synchronous parallel loading of the register and says that if S1 and S0 are both
high then, without regard to the serial input, the data entered at A will be at output Qa, data entered at B will be at
Qg, 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 Qa is now at Qg, the previous levels of Qg and
Qc are now at Qg and Qp, respectively, and the data previously at Qp 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 S0 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 Qg is now at Qp, the previous levels of
Q¢ and Qp are now at Qg and Qg, respectively, and the data previously at Qg 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 S0 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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D FLIP-FLOP AND LATCH SIGNAL CONVENTIONS

It is normal T1 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 Q 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 Q 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 D and Q.

In some applications, it may be advantageous to redesignate the data input from D to D 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.

1
T N
PRE s 5
2 Q
c ———c1
3
D ——— 1D 6 _
4 > @
tR —NYR
LATCH
1 g 5
PRE — a
CLK -;————>c1
Db ——1D 6 _
R 4 N - Q
CLR IR
FLIP-FLOP

i

|
3
m o o

3_ 29
mokbd

Cc1
1D

LATCH

R
> C1
1D

FLIP-FLOP

=]

[»]]

The figures show that when Q 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 D), Q, and Q. Pin 5 (Q or Q) is still in phase with the data input (D or D); 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:

T, = Roa X Py + T4

where:
Ty = virtual junction temperature
Rgya = thermal resistance, junction to free air
Pt = total power dissipation of the device
Ta = free-airtemperature
JUNCTION-TO-AMBIENT THERMAL RESISTANCE
vs
AIR VELOCITY
130
/—— 14-Pln D Package
120

/— 16-Pln D Package

e 20~Pin DW Package
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80 ackage —]
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MERNPASS ——~

\\

50
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Rg JA - Junctionto-Ambient Thermal Resistance — °C/W
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Alr Velocity - ft/min

Figure 1

Derating curves for 210-mil shrink small-outline package are shown in Figures 2 through 5.

‘V TeEXAS
INSTRUMENTS

1-12 ) POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



THERMAL INFORMATION

DERATING CURVES FOR 210-MIL SHRINK SMALL-OUTLINE PACKAGE (DB)
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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
0.8-um CMOS process

EIAJ standard 100-pin thin quad flat
package (TQFP)

Benefits

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

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-Q™) FIRST-IN, FIRST-OUT MEMORY
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS

SCAS443 — JUNE 1994

® Three Programmable-Depth FIFOs on One

® Memory Allocation of 256 x 18 Blocks

° Two Separate Read and Write Clocks
That Can Operate Synchronously or

Asynchronously °
® Clocked Interface; Read and Write Enables °

Synchronize Data Transfers to Continuous

Clocks °

° Programmable Cell Size From 10 to 32

° Cell-Abort Feature to Discard a Previous

Cell Write o

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

° 4K x 18 Tota! Memory Size °

Device °

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

Data Access Times of 11 ns

Synchronous Multiplexer for Queue Output
Selection

8-bit Bidirectional Programming Port

® Clock Frequencles up to 50 MHz
18-Bit Words °

Produced In 0.8-um Advanced CMOS
Technology

Available in 100-Pin Thin Quad Flat
Package (PZ)

description
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MULTI-Q is a trademark of Texas Instruments Incorporated.

PRODUCT PREVIEW information concemns products In the formative or

design phase of development Characteristic data and other

specifications are design goals. Texas Instruments reserves the right to
ange or discontinue these products without notice.
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4096 x MULTIPLE-QUEUE (MULTI-Q™) FIRST-IN, FIRST-OUT MEMORY
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS

SCAS443 — JUNE 1994

description

The Multi-Q 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 (QOS) 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 number of 18-bit words that constitutes one cell is programmable by the user and has adefault 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 of the 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 fora WRTCLK rising
edge. Data is read from a queue by the rising edge of RDCLK when the queue is selected by the multiplexer
(MUX0, 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-Q, byte stuffing can be selected for the data
input and byte destuffing can be done on the data output.

24
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functional block diagram
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Terminal Functions

TERMINAL
NAME /0 DESCRIPTION
AER o 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.
BREG | Bus request. When BREQ is low, DWRDY is set high and writes are performed to the configuration registers. When
BREQ is high, DWRDY is set high and writes are performed to the 18-bit input port.
A o |Celiready 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.
D0-D17 | 18-bit data input port
S I Data strobe. A high-to-low transition of DS latches the data on the 8-bit programming bus to the configuration registers.
A low-to-high 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
DWRDY O | programming bus are allowed when DWRDY is low and data writes to the synchronous bus are allowed when DWRDY
is high.
B o 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 of WRTCLK after the last byte or word read of a cell Inthe queue.
1ISOC [ 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.
nld))((:) | Multiplexer inputs. MUX1 and MUXO select one of the three queues output registers.
OE [ Output enable. The data outputs (Q0-Q17) are In the high-impedance state when OE is low.
0s0C o Output start of cell. OSOC is high whenthe 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 Q, OSOC is low.
PO-P7 I/O | 8-bit bidirectional programming bus
Programmable flag. PF is low when the number of cells in the queus are greater than or equal to write threshold stored
PF O |inthe 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.
POE | Program output enable. The programming bus (P0—P7) outputs are active when POE is low and R/W Is high.
Qo-Q17 O | 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
RST I .
while RST is low.
RDCLK | 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 queus is selected by the multiplexer (MUX0, MUX1) and RDEN is high.
RW [ Read/write select. RW high selects a read operation and low selects a write operation on the 8-bit programming bus.
RDEN ) Read enable. RDEN high enables a low-to-high transition of the read clock to read data from the queue selected by
MUX1 and MUXO0.
WRTCLK I Wiite clock. WRTCLK is a continuous clock and can be asynchronous or coincident to RDCLK. A low-to-hightransition
of WRTCLK writes data to one of the 3 queues when WRTEN and FF are high.
WRTEN 1 Wirite enable. A queue’s WRTEN must be high to enable a low-to-high transition of WRTCLK to write data to the queue.
‘U TEXAS
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detailed description

reset

The Multi-Q FIFO Is reset by setting the reset (RST) input low for four WRTCLK and four RDCLK low-to-high
transitions. When the device is reset, the cell ready (CR1, CR2, and CR3) 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 (ALER) 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

ooy | mecisTERName  [NO-OF |PERACLT | PROCRANMABLE FUNCTION
o | mmcamor |5 | o | eskecma |t s ooy tesie
ar | owsraon | s | o | e |2 eersecienemoytoss
oz | owmon | 4 | 8 | o | namoys
ar | ot | 6 |2 | ews |Zmmnperzsestonenon v
cLsz Cell Size 6 27 10-32 Defines the number of 18-bit words in one cell
PF1_W Proxar:r;:;l: t:-:)l;e:,g 1, 9 7 1-409 t[())e:;e; f:t;elol:’t:mber of cells stored in Queue1
PF1_R p,o':g*ggr;ls:)elz :,_:?dg 1, o 20 0—408 gelinsii :::n:ir;:er of cells stored in Queue1
PF2_W Pro\?vr:grqlrl:il:hl::ladg 2, 9 51 1-383 ze:';e; ggelorwrpber of cells stored in Queue2
PF2 R pmg::g;;l:zz :::jg 2, 0 50 0-382 gerﬁensf; gaszn;rgn;)er of cells stored in Queue2
PF3_W Proe\;:::rxz: r:;lla;g 3, 8 13 1-383 ge:;e: l:t:;eior:l::mber of cells stored in Queue3
PF3_R Prog;zr;n%:?alzgzg 3, 8 12 0-382 gelr;zf glssnr:r;:er of cells stored in Queue3

Default Values for the Configuration Reglsters

Port Control:

A 4-bitregister 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

3

2

1

0

OUTSTF

ouTsIz

INSTF

INBE

INSIZ

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

Table 2. Port Control Register Bits

data

BIT NAME VALUE FUNCTION
0 INSIZ 0 (default valug) | Enables an 18-bit input data bus
1 Enables a 9-bit Input data bus
1 INBE 0 (default value) { Enables the placement of DO—D8 data In memory with a little-endian format if INSIZ bitis a 1.
1 Enables the placement of DO-D8 data in memory with a big-endian format (INSIZ bit is a 1).
2 INSTF 0 (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 bitis 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 copled to both
bytes of the word (INSIZ bit is a 1).
3 OUTSTF 0 (default) Enables 18-bit data output
1 Enables 9-bit data output
4 OUTSTF 0 (default) Allows byte reads to precede normally on all words of a cell, (QUTSIZ bitis 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 of the first word of the subsequent cell is read (OUTSIZ bitis 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 Queuet.

Cell Size:

The cell size register (CLSZ) has a default value of 27. This defines 27 18-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.

writes

Data writes are synchronized to the write clock (WRTCLK) and can occur asynchronous to the read clock
(RDCLK) 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 (D0-D17) in Queue1 when the WRTEN1 input is high
and the FFT output is high, Queue2 when the WRTEN2 input is high and the FF2 output is high, and Queue3
when the WRTENS 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-of-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-of-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 of the 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—D8. 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 D9—-D17 byte and the second byte write of a word stored in the DO—D8 byte. If INBE is
set to 0, little-endian stacking is enabled with the first byte write of a word stored in the DO—-D8 byte and the
second byte write of a word stored in the D9-D17 byte.

All data writes since a queue’s last cell-abort marker are discarded when the abort (ABRT) input is held low and
the queue’s write enable (WRTEN1, WRTEN2, or WRTENS) is held high for a low-to-high transition of WRTCLK.
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 (RDCLK) 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 RDCLK whenthe queue is selected by the multiplexer (MUX0, MUX1) inputs (see Table 3), the read
enable (RDEN) input is high, and the cell ready flag (CR1, CR2, or CR3) output for the queue is high.

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 18-bit word or 9-bit
byte. If OUTSIZ is 0, each read outputs a new queue word on Q0—-Q17. If OUTSIZ is 1, the first read outputs
a new queue word on Q0—Q17 and the next read swaps the byte order of Q0—Q8 and Q9-Q17. 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 0.

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 bitis 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 MUXO0 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 RDCLK.

Switching queues for data output is done synchronous to the low-to-high transition of RDCLK. If the RDEN input
and cell ready flag are high at the time the queue output switch occurs, aread is done on the new queue. Ifthe
RDEN 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 Q0—-Q17. Queue switching should only be performed on cell boundaries.
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data reads (continued)

OE controls the state of the data outputs (Q0-Q17). When OE is high, Q0—Q17 are active. When OE is low,
Q0-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 flags 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 complete 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
of WRTCLK. The DWRDY output gives data writing control to the synchronous input bus (WRTCLK,
WRTEN1-3, D0-D17) or the 8-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-low 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 (QL1, QL2, QL3) register values:

1. Zero is the minimum value.

2. Sixteen is the maximum value for QL1. Fifteen is the maximum value for QL2 and QL3.

3. OnlyQL1and QL2 can be programmed by the user. QL3 s 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. Oneis 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.

3. The PF1_W, PF2_W, and PF3_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 PF3_R) register values:

1. Zero is the minimum value.

2. Value must be less than the corresponding programmable flag write threshold register value.

3. The PF1_R, PF2_R, and PF3_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

WRITE PROGRMAMMING
ORDER REGISTER BUS PORTS
MSB LSB
1 PORT P4 PO
2 aLi P4 PO
3 QL2 P3 PO
4 cLsz PS5 PO
5 PF1_W P7 PO
6 PFI_R F7 PO
7 PF2_W P7 PO
8 PF2_R P7 PO
9 PF3_W P7 PO
10 PF3_R P7 PO

The programming bus (PO—P?7) is a bidirectional port whose outputs are active when the program output enable
(POE) input is low and the read/write (R/W) 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 sentto th-2
programming bus outputs on a low-to-high transition of DS when R/W is high. After all ten registers have been
read in sequence, a subsequent programming bus read accesses the QL1 register again. Unused bit values
for a register appear as logical O 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
‘ONRR;;"; REGISTER BUS PORTS
MSB LSB
1 PORT P3 PO
2 aL1 P4 PO
3 aL2 P3 PO
4 cLsz Ps 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
gWRTCLK/\;{\;f\/\/\/\(_\/—
| | |
8 ok /N N\ "\ \__/ \/
- - tsu(RS) [ -+l s |
& eI J :
| tpd(W-AE) — lﬂ- | |
U RUER 00/ )’ ' L :
ﬁ ‘Ipd(W-FF) ] tpd(W-FF) r_’}
S INN\NNN\NNNNANNNNNY S
m tpd(W-PF) h—'ll
E PF(1,23) 7/ /L ///// ////f
I tpd(R- cF_!)k—J
CR(1,2,3) \\\\\\\\\\\\\\\\\\\\\\\
tpd(R- osﬂc—J

osor. Y

Figure 2. Device Reset
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WRTCLK / \ _,_4 \-——————/A |

|
tgu(EN) —————le—l th(EN) |
1S0C /L L L { SRONOMNNONNANNNNNNNNNNNNN I\\\\\\\\\Y\
| |
tgu(EN) k———je—l th(EN) tsu(EN) In—oh—o{ th(EN)
WRTENY /A F IT RUONNNNNNNNNNNNNNN NoOperatlon /77 /7 7/ /)
ke tsu() +e— th(D)
D0-D17 TN o T e R TR R R R ST TSRS

NOTES: A. DWRDY =H
B. Datais 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 /" \_____J(—\____(—_

L

! |

1 !

| |

1S0C £/ LAl A SNNNNNANANANNNNY :
: |

. :
|

ALER

I
tsu(EN) e——————tle—! th(EN) tsu(EN) b———je—! th(EN)
WRTENY 7/ ; PO OO

tsu(D) k—————¢—+l th(D)

D0-D8 Bytel of Cell XX

Stored in Stored in
D9-D17 Byte D0-D8 Byte

NOTES: A. DWRDY =H
B. Datais loaded to Queue?2 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 / \ e _lr \—-—-——-——Jl

ABRT

180C LA/ LLLL LS ANOMMUIWIWIWNNNANNNNNNN L7777

—_ ]

ALER

t5u(EN) b———se— th(EN) tsu(EN) Io——*—-l thiEN)
WRTEN' /LS : RQIXXOOQOOO ANNNNNNNN]

t5u(D) b—————ne¢— th(D)

Do-D8 HOOKIKIIAKRKK) XX OOKRKK Byte2 of Cell
Stored in Stored In
DO-D8 Byte D9-D17 Byte

NOTES: A. DWRDY=H
B. Datais 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 = 0.

Figure 5. Writing Byte Data to Queue1 in Little-Endian Configuration

wRro /ST N\ S

ABRT
l
t5u(EN) e—————le—! th(EN)
1500 ey, ! WAV NOOONNNNN
|
ALER :
tsu(EN) ———e— thEn)
WRTEN1 777777777777 77 K ; RO N NN NN NN RN N NNNN N NN NN
tsu(D) H———¢—l th(D)
D0=D17_ 3IIKIKIK KKK KR XXX M- Word27 of Cell XoZIRIIITKRIRIKRIX KA Word1 of Cell YORRKRKR

NOTES: A. CLSZ = 27 for the example
B. DWRDY =H
C. Acellis confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN s active.
D. INSIZ bit of PORT register = 0.

Figure 6. Cell-Write Completion With 18-Bit Input
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ABRT | |
tsu(EN) !‘_*—'1 th(EN) tsu(EN) P—*—b{ th(EN)
EANNN SINNNNNNNNNY : ) LA A4 T S i AONMMNNNNNY
| |
ALER I i
tsu(EN) e————sle—l th(EN) t5u(EN) j———sle—s! thEn)
WRTEN1 /L : RN i NN
tsu(D) i——ie—+! th(D) tsu(D) I'—.|¢—-| th(p)
D0-D8 OO Byte54 of Cell ZXIXIHIIOIORARKKIIK_Bytet of Cell XK

NOTES: A. CLSZ =27 for the example
B. DWRDY=H
C. Acellis 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 = 0.
Figure 7. Cell-Write-Completion Example With 9-Bit Input and No Byte Stuffing

WRTCLK / \ ;r \ 4‘

ABRT I i
tsu(EN) H————f¢—l thEN) tsu(EN) k——»sle—s] th(EN)
1ISOC NNONNNNNNNNNN NN ! L i O
| |
ALER i i
tsu(EN) le———le— th(EN) tsu(EN) ————sle—] th(EN)
WRTEN1 /L } RO IXIIXXXX) HERNNNNNN\N\N\}
tsu(D) le————sie—l th(D) tsu(D) th(D)
DO-D8  LXXAIXHIXHXAROXIXXKXK_BYte53 of Cell XOOAKMOIXIKK REAXHXHKD
Copied to Upper and
Lower Bytes of the Word

NOTES: A. CLSZ =27 for the example

. DWRDY =H

. Acellis confirmed to Queue2 or Queue3 in the same manner when the corresponding WRTEN is active.
.- 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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WRTCLK /———\_—4’—_\ /
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th(EN)
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tsu(EN)
DRI )

[ tpd(W-AE) —j\
|

ISoC

ALER

tsu(EN) "—ﬂl'—" th(EN)
WRTEN 7 777777777 7/ F R R R EEEEImEIiIIRRERERER R

(1,2,0r3)
ISOC Disagrees With the SN74ACT53861
Internal Start-of-Cell Indication

Figure 9. Setting ALER When ISOC Is Misaligned

WRTCLK / \ 'f \ )f

tsu(EN) H———ste—! then) I
ABRT AN \\\\{\ : LS :
| touEN) ———ste—sl thEn)
Isoc ’//////////////////////A{////////////////// ARANMDUNNNNY
[ todow-AE) =)
ALER /0 S L /I//// g% 4
tau(EN) e——e— th(EN)
WRTENY /LS ROXXXXXXXXXXXXXXY NNNNNNNN

D0-D17

Data Written to Queue1 Memory Location
Pointed to by Cell-Abort Marker

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

Is-active:
Figure 10. Aborting Data In Queuei Written Since the Last Cell Completion
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'p——'! thd(R-08S) :<——+i tpd(R-0S)
o506 | / T N
tsu(EN) r—+—~! th(EN) :
L OSSN IIIISY GI I 0000000 S L I %2% %% %% % % A N\N\NNNNN\\
tsu(EN) | th(EN) :
ZESENNNN\ . | IR [TT7T7777,
tsu(EN) }*—'!Hl th(EN) !
ROEN /// /[ (LS | XEXXXXXXXXY I NNSNNNNNNNN [
je— ta — j— ta —| No Operation
Q0-Q17 > "0'6'0’6'0'0 Word1 of Cell From Oueue1* Word2 of Cell From Queue1

NOTES: A. CE=H
B. Datais read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO = L. Data is read from Queue3 in the

same manner when CR3 is high with MUX1 = H and MUX0 = H.
C. OUTSIZ bit of PORT register = 0
Figure 11. Reading Word-Size Data From Queue1
| |
CR1 : :
—tpd(R-05) [ pd(R-08)
osoc }’ ] ‘k
tsu(EN) ——ie-Hl th(EN) |
MUX0 Z OKXX | NN NN
tsu(EN) k—+—a| th(EN) :
MUX1 3 )emx 1 LXEBEEEIN L7777
tsu(EN) [c—n-q th(eN) |
]

ROEN 7/ /T [JAlA20% %% %% %4 ANNNNNNNNNN L7777

r_. ta — No Operation
Q0-Q8 X XXX KIK KKK KRN K_Byte1 of Cell From Queue1 )'( Byte2 of Cell From Queue1
'p— ta —
Q9-Q17 Byte2 of Cell From Queue1 * Byte1 of Cell From Queue1

NOTES: A. OE=H
B. Datais read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO0 = L. Data is read from Queue3 in the

same manner when CR3 is high with MUX1 = H and MUXO0 = H.
C. OUTSIZ bit of PORT register = 1

Figure 12. Reading Byte-Size Data From Queuet
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Rek A ~— f  \~——— f N/

| [ |
CR1 | I T
| | |
050C | ! !
I T T
tsu(EN)lc—-|0—>!t|1(EN) | |
1 I L
MU0 Z T | R | R
774 | | ANNNN\N
tsu(EN)—we—>I th(EN) I |
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tsu(EN)¢—3¢—> th(EN) : i
RDEN E (0000002020200 0 0 I I 956952500505 | 77777
| ta ' | ta l ta | No Operation
Qo-as Byte52 ) ¢ Byte53 W Bytel Byte2
:4— ta — ;4— ta — lc— ta —
Q9-Q17 Byte51 )k Byte54 * Byte2 * Byte1
Last Word of Cell First Word of a Cell \
v NOTES: D. CLSZ =27 for the example
X E. OE=H
o F. Datais read from Queue2 in the same manner when CR2 is high with MUX1 = H and MUXO = L. Data is read from Queue3 in the
U same manner when CR3 is high with MUX1 = H and MUX0 = H.
C G. OUTSIZ bit of PORT register = 1; OUTSTF bit of PORT register = 1.
(@) Figure 13. Reading Byte-Size Data With Byte Destuffing
— RDCLK y4 \ ,f \ 1‘ \
L) |
X | I |
| |
m CR1 |
< ! tpd(R-0S) PR L——H tpd(R-0S)
— ] | ¥ t
osoc ! 1 |
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fe— tg — f— ta — fe— ta —]
Qo-a17 ) ¢ W X
Last Word of Cell First Word of a Cell
From Queue1 From Queue2
NOTES: A. OE=H
B. Ifaread from Queue2 is disabled by CR2 low 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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| | | |
t d(n-cn)p—————J N | #—! tpd(R-CR)

CR1 i I amn i i "\p__

| |
tpd(R-0S) L—d Je——! tpd(RIOS)

osoc ! / II \ :
| | |

ORA/// /S : XXX : fefedee’4 : ANNNNNNNNNY
] | |

l I T
J— ta—8 [¢— ta— k- ta =4
W1 kW?“Wm1 )k Wn

NOTES: D. 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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warek /— N f N—/ N~/ \_/ A —~—/ \

L |
WRTENY __ A7/ | NN\ |
| |
1soc | |
| |
1 L
ALER i ;
DO-D17 CRRIIRIA W X R
Last Write of Cell to Flll Queue1 |
> tpd(W-FF) j— tpd(W-FF)
FF{ ‘L
ROCLK ___ /~ \____/ \ /~ \ {—_\_/ \ / \ /
|
RDEN 777 T\
, ]
]
MUX1
MUX0 ©.1)
T
|
0S0C |

Last Read of Cell

NOTES: A. Outputs enabled (OE = H); word bus size
B. When byte size output bus is used:
— If OUTSTF bit of PORT register = 1, FF1 set low by first byte read of Wn.
- |f OUTSTF bit of PORT register = 0, FF1 set low by last byte read of Wn.

Figure 16. FF1 Timing Example
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warelk /T N\ f N/ NV V" S ~—~/ \

|
WRTENT __ /77777 |\ |
| |
1soc | |
| |
1 1
ALER i i
D0-D17 XXX - R AR
Last Write of Cell to Fill Queue1 to PF1_W Cells |
fe—> tpd(W-PF) le—1 tpd(W-PF)
PFi ‘L
RDCLK _/_\ / \ / \ )f \ / \ / \ /
|
RDEN 777 T N\
l
MUX1,
MUXO0 (0,1)
0soC

Wn

Last Read of Cell to Reduce
Queuet to PF1_R Cells

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 reglster = 0, PF1 set low by last byte read of Wn.

Figure 17. PF1 Timing Example
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wRTSK SN/ N S Y

]
BREG \ | / I
tpa(D-WR) e tpd(D-WR) e
DWRDY \l\ Programming Bus Activited
R/W \\\\\\\\\\\\\\\\\\\\}!& /
i

RO HXHIKK

RS1—RS0 LRXIKIIXIKHXIRHX AKX -{$26262626262$
j¢—>| th(R-DS)

]
tsu(l’%-F’S)}'—'i
tsu(l:R-l:S)lt——JI fw(DS)k———»:c———o:tw(DS)
DS
th(p) —se—l tsu(p)
— —\
PO-P7 { ) { ),

Figure 18. Writing to the Programming Bus

Wk N SN N T S

| ]
! / |

BREQ \
tpd(D-WR) e tpd(D-WR) In—Jl
DWRDY N\ Programming Bus Activited ;S
{ le—i th(R-DS)
R/AW ANONIWNNNNNNNNN \\\\\\\IM\} E m /
fsu(R-l')S)l‘-—’l
tsu(DR-DS) h—Jl tw(DS) Ih_——':‘——': tw(DS)
DS
th(P) k—se— tsu(p)
PO=P7" — —
= ) W )

Figure 19. Reading Configuration Registers From the Programming Bus

"@ TExas
INSTRUMENTS

2-22 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT53861
4096 x MULTIPLE-QUEUE (MULTI-Q™) FIRST-IN, FIRST-OUT MEMORY
WITH THREE PROGRAMMABLE-DEPTH BUFFERS AND CELL-BASED FLAGS

SCAS443 - JUNE 1994

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

Supply voltage range, VoG o vvev ettt ittt e -05Vto7V
Input voltage range, Vi (see Note 1) ........cocvviiiiiiininnn, Ceeereeas veev. =05VtoVee+05V
Output voltage range, Vo (see Note 1) ........... e -0.5VtoVgc +0.5V
Input clamp current, ik (V< 0o0rV;>Vgg) ovvvvniienninee, e +20 mA
Output clamp current, Igg (Vo <00rVo>Vgog) ovvvvnvnnnn e e e +50 mA
Continuous output current, Ig (Vo =010 Veg) v +50 mA
Continuous current through Voo or GND ..o cevv. 400 mMA
Operating free-air temperature range, TA . v.vvt ittt eiiitet it eeireenineenannseeenns 0°Cto 70°C
Storage temperature range ...........ccvenien.n. N -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 \"
VIH High-level input voltage ) 2 v
ViL Low-level input voltage 0.8 \4
loH High-level output current -81 mA
loL Low-level output current 16| 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 TYPt MAX| uNIT
VOH Veco=45V, loH=-4mA 2.4 \
VoL Voc=45V, loL=8mA 0.5 v
] Vcc=55V, Vi=Vcgor0 =5 A
loz Vee=55V, Vo=Vccoro 5| pA
Icc Vcc=55V, Vi=Vcc-02Vor0 400 pA
Algcd Vcc =55V, Oneinputat 3.4V, Other inputs at Vo or GND 1 mA
Ci V=0, f=1MHz 4 pF
Co Vo =0, f=1MHz 8 pF
% All typical values are at VoG =5V, 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 V.
Q’P TEXAS
INSTRUMENTS
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timing requirements over recommended ranges of supply voltage and operating free-air
temperature (see Figures 2 through 19)

MIN  MAX| UNIT
felock Clock frequency, WRTCLK or RDCLK 50 | MHz
te Clock cycle time, WRTCLK or RDCLK 20 ns
tw(CLKH) Pulse duration, WRTCLK and RDCLK high 7 ns
tw(CLKL) Pulse duration, WRTCLK and RDCLK low 7 ns
tw(DS) Pulse duration, DS high or low 15 ns
tsu(D) Setup time, DO—D17 before WRTCLK? 5 ns
tsu(EN) ::;u& Sr;:,;:ggﬁ&\:lﬂﬁm. WRTEN2, and WRTENS before WRTCLK?; RDEN, MUX0, 5 ns
lsu(RS) Setup time, RST low before WRTCLK? or RDCLK?t 7 ns
tsu(RS2) Setup time, RST high before first data write 20 ns
sy(R-DS)  Setup time, /W before DS} 8 ns
tsu(DR-DS)  Setup time, DWRDY before DS} 8 ns

o tsu(P) Setup time, PO—P7 before DS} 8’ ns

) m th(D) Hold time, D0O-D17 after WRTCLK? 0 ns

O thEN) :\-:I?Jlt)i(:ime. ISOC, ABRT, WRTEN1, WRTEN2, and WRTENS after WRTCLK?; RDEN, MUX0, and o ns

U after RDCLK?

c th(RS) Hold time, RST low after WRTCLK? or RDCLK$ : 7 ns

O [thr-Ds)  Holdtime, RW after DS} 1 ns

- th(P) Hold time, PO—P7 after DS} 1 ns

'U 1t Requirement to count the clock edge as one of at least four needed to reset a FIFO

I 1 Skew time is not a timing constraint for proper device operation.

g switching characteristics over recommended ranges of supply voltage and operating free-air

= temperature, C| =30 pF

m PARAMETER MIN  MAX | UNIT

é felock Clock frequency, WRTCLK or RDCLK b B0 MHz
ta Access time, RDCLK{ to Q0 -Q17 1 ns
tpd(R-CR) Propagation delay time, RDCLK? to CR1, CR2, or CR3 10 ns
tpd(R-0S) Propagation delay time, ROCLK$ to OSOC 10 ns
tpd(W-AE) Propagation delay time, WRTCLK? to ALER 10 ns
tpd(W-PF) Propagation delay time, WRTCLK? to PF1, PF2, or PF3 10 ns
tod(W-FF)  Propagation delay time, WRTCLK? to FF1, FF2, or FF3 10| ns
tpd(W-WR)  Propagation delay time, WRTCLKt to DWRDY 10 ns
tod(DS-F)  Propagation delay time, DSt to PO-P7 20| ns
ten(Q) Enable time, OE to Q0-Q17 active 1 ns
tdis(Q) Disable time, OE to Q0—Q17 at high impedance 9| ns
ten(P) Enable time, POE and R/W to PO-P7 active 1 ns
tdis(P) Disable time, POE and R/W to PO-P7 at high impedance 9 ns

‘V TeEXAS
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PARAMETER MEASUREMENT INFORMATION

——————— 3v
From Output Input 15V
Under Test = | ov
: t t
RL =500 Q CL =50 pF = Pd_": h_pd_’f:___ av
- - . ov
LOAD CIRCUIT TOTEM-POLE OUTPUTS
Figure 9. Standard CMOS Outputs
—————— 3v
7V Input 15V 15V
/I \
|> R_=R1=R2 —lJ : ov
tpzL
st o Lz - 4
l | ~35V
From Output Test | I |
Under Test Point Output | —_— +.
—x— VoL
cL R2 tpuz Dl 14 k3 0.3V
tpzH -H I _‘L
I — — VoH
I
= Output 1.5V 03V
~0V
LOAD CIRCUIT .
VOLTAGE WAVEFORMS
PARAMETER | R1,R2 | ¢ T st
t Open
ten PZH ! s00q | s0 pF P
tpzL Closed
t 0
tdis PHZ | s00q | s0pF i
tpLz Closed
tpd 500Q | 50pF Open
1 Includes probe and test fixture capacitance
Figure 10. 3-State Outputs
QP TeEXAS
INSTRUMENTS
POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 2-25

PRODUCT PREVIEW






;

L
e

3-1



SOdId 1i9-81 PaIOMOd-MoT] A-e'e!

3-2

3.3-V LOW-POWERED 18-BIT FIFOS

Features

Designed for 3.3-V operations

Drop in replaceable for the following:

Clocked 5V  SN74ACT7803
SN74ACT7805
SN74ACT7813

SN74ACT7804
SN74ACT7806
SN74ACT7814

Member of Texas Instruments Widebus ™
family

0.8-um CMOS process

Strobed 5 V

TI’s advanced clocked interface
Clock frequencies as high as 50 MHz
Fast access time

High drive capabilities

Depth from 64 to 2K words

~Latched input-and output registers ——————

Grey-code flag architecture
First-word fall-through
Programmable AF/AE flag
Multistage flag synchronization

Output edge control (OEC™) circuitry
Distributed Vgc and GND

JEDEC standard 56-pin SSOP package

Benefits
Ensures maximum clock speed, access
times and low power operations
Allows easy scalability from 5 Vt0 3.3V
Clocked 3.3V SN74ALVC7803

SN74ALVC7805
SN74ALVC7813

Strobed 3.3V 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

Access times as low as 13 ns for
improved performance

—8 mA/16 mA drive capability for high
fanout and bus applications

Multiple depths to optimize system
applications

Allows for fast-access times-as-well-as
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

18-bit product in equal or less space than
9-bit FIFO options
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° Operates at 3-Vto 3.6-V V¢ DL PACKAGE
° Free-Running Read and Write Clocks Can (TOP VIEW)
Be Asynchronous or Coincident RESET [[1 U sshoet
° Read and Write Operations Synchronized to D17 [2 ss[] Q17
Independent System Clocks D16 [|3 saf] Q16
° Low-Power Advanced CMOS Technology D15 []4 53[] Q15
° Half-Full Flag and Programmable D14 [}s 52 g GND
Almost-Full/Almost-Empty Flag D13 []s s1]] Q14
° Bidirectional Configuration and Width D12 E 7 80fJVee
Expansion Without Additional Logic 811(‘) ! : :: % g:z

° Input-Ready Flag Synchronized to Write vee f]10 arf) Qn

Clock _ poff1t  asfjato

° Qutput-Ready Flag Synchronized to Read pefliz  4sf] a9
Clock GND 13 44fJGND

° Fast Access Times of 13 ns With a 50-pF D7 [| 14 43]] a8
Load and All Data Outputs Switching D6 [[15 a2flaz
Simultaneously : D5[j1s  41]JQs

° Data Rates From 0 to 50 MHz D4 |17 40[] Q5

° Pin Compatible With SN74ACT7803, D3 []18  39fvee
SN74ACT7805 and SN74ACT7813 D219 38]]Q4

° Ppackaged in Shrink Small-Outline 300-mil DI fl2o  37]jQ3
Package (DL) Using 25-mil Center-to-Center Do 2t s8] Q2
Lead Spacing HF [[22  35]] GND

PEN[j23  3s4]j Q1

description AF/AE [J24  33[] Qo
WRTCLK [J25  32[] RDCLK
The SN74ALVC7803, SN74ALVC7805 and WRTENZ [|2s  31[J RDEN

SN74ALVC7813 are FIFOs suited for buffering WRTEN1 [[27  30[] OF2
asynchronous data paths at 50-MHz clock rates R28 20]Jor
and 13-ns access times and is designed for 3-Vto
3.6-V V¢ operation. The 56-pin shrink small-
outline (DL) package offers greatly reduced board
space over DIP, PLCC, and conventional SOIC
packages. Two devices can be configured for
bidirectional data buffering without additional
logic.

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{ is high, WRTEN2 is low,
and IR is high. Data is read from memory on the rising edge of RDCLK when RDEN, OET, 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,
OET, and OEZ2 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 FIFQ initializes
the IR, OR, and HF flags low and the AF/AE flag high. The FIFO must be reset upon power up.

PRODUCT PREVIEW Informaticn concems products In the formative or Copyright © 1994, Texas Instruments Incorporated

dnl;in phase of development. Characteristic data and other i
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logic symbolt
L3
1 FIFO512x 18 or
RESET —— D RESET  256x180r
25 B 64x18
WRTCLK WRTCLK
27
WRTEN| ———m8M8 ™ & 28
26 S WRTEN In RDY IR
WRTEN2 22
32 Half-Full HF
RDCLK > RDCLK 24
56 Almost-Full/Empty AF/AE
OE1 & 29
) EN1 Out RDY OR
[¢]
&
RDEN
31 p
RDEN
— 23
PEN —————XIN program Enable
| ) [
21 33
Do ) 0| Qo
20 34
D1 Q1
19 36
D2 Q2
18 37
D3 Q3
17 38
D4 Q4
16 40
D5 Qs
15 41
D6 Qé
14 42
D7 Q7
12 43
D8 Qs
9 46
D10 Q10
8 47
D11_- . QM
7 - 48
D12 Q12
6 49
D13 Q13
5 51
. D14 Q14
4 53
D15 Qis
3 54
D16 Qié6
2 55
D17 17 17 Q17

1 This symbol is In accordance with ANSI/IEEE Std 91-1984 and |EC Publication 617-12.
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functional block diagram

Ol
OE2

D0-D17

RDCLK

|

|
[=]
m
<

WRTCLK
WRTEN1
WRTEN2

RESET

PEN

Output
Control
Synchronous- Y RAM
» Read
Read » Polnter
Control v
| 512 x 18 (7803),
256 x 18 ('7805),
64 x 18 ('7813)
Synchronous- N N
Write Ll Write
Control Polnter g
g ~.
Register Qo-Q17
| Status-
Reset Flag OR
Logic > Loglc R
HF
AF/AE

‘% TEXAS
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Terminal Functions

ERMINAL
T /0 DESCRIPTION
NAME NO. }
Almost-fullalmost-empty flag. Depth offset values can be programmed for this flag, or the default
AF/AE o4 o 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.
po-pr7 2171127 |y 4g.bit data input port
HF 22 O | Half-full flag. HF is high whenthe 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
IR 28 O | FIFOisfulland writes are disabled. IR is low during reset and goes high onthe 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
OE1, OE2 56, 30 ] on a low-to-high transition of RDCLK. When either OE1 or OEZ2 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,
oR 29 o the FIFO Is empty and reads are disabled. Ready data is present on Q0~Q17 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.
PEN 23 | Program enable. After reset and before the first word is written to the FIFO, the binary value on
D0-D7 Is latched as an AF/AE offset value when PEN is low and WRTCLK is high.
33-34, 36-38, 18-bit data output port. After the first valid write to empty memory, the first word is output on
Qo-Q17 40-43, 45-49, O | Q0-Q17onthethird rising edge of RDCLK. ORis also asserted high at this timeto indicate ready
51,53-55 data. When OR Is low, the last word read from the FIFO Is present on Q0-Q17.
Read clock. RDCLK is a continuous clock and can be asynchronous or coincident to WRTCLK.
RDCLK 32 | A low-to-high transition of RDCLK reads data from memory when OET, OE2, and RDEN are low
and OR is high. OR Is synchronous to the low-to-high transition or RDCLK.
ROEN o1 | | Read enable. When RDEN, OE1, and OE2 are low and OR is high, data is read from the FIFO
e on the low-to-high transition of RDOCLK.
RESET 1 | 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.
Wirite clock. WRTCLK Is a continuous clock and can be asynchronous or coincident to RDCLK.
__WRTCLK 25 | A low-to-high transition of WRTCLK writes data to memory when WRTEN2 is low, WRTENT1 Is
high, and IR is high. IR is §ynchronous to'the low-to-high transition of WRTCLK:
WRTENI, 5726 | Wiite enables. When WRTEN1 is high, WRTEN2 s low, and IR is high, data is writtento the FIFO
WRTEN2 ! on a low-to-high transition of WRTCLK.
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RESET

|

|
m|
Z|

o R I N I AL I AR I R O A I B

WRTCLK | ? |

WRTEN1 Don't Care

| |
WRTENZ 7 “Don't Care 7
[ ! l

|
po-D17

| |
| |
1 2 s 3 4 |
o £ Lf T L_fT I R T A O
| | :
oE W,Ewsa}s 77777 !
| T 1
! [ |
RDEN /WE ‘Dot Care '/Wi :
| |
OE2 Don’t Care :
“ /IIIIIII ¢ l
| | ! ! !
Qo0-Qi7 Invalid
| | !
oA 7 BonftCars /

111111

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

Figure 1. Reset Cycle
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1
RESET 0
_ 1
PEN I | 0
wn-rcmlflf'f'flv*le, Lf's(‘f|
H 1 7 l } I |
l |
t T 1
WRTEN1 | |
! [

| |
| |
WRTENZ-—-I | I
H | | |
vo-o1r ZAw LA A VAW A A~ WA = U2 - ¥
1 l l

|
“°°”<__f—|_f1_L_f_='L_f?l 11 JLI , fL_
} 1 )

OE1

|
|
I
|
!
!
L
I
|
|
|

]
]
!
.

Qo-Q17 Invalid w1

e e e

AF/AE

-

O == O -

HF

1 1
| .

DATA WORD NUMBER FOR FLAG TRANSITIONS
TRANSITION WORD

Af B c

SN74ALVC7813 w33 W(65-Y) W65

SN74ALVC7805 | W120  W(257-Y)  W257

SN74ALVC7803 | W257  W((513-Y)  W513

Figure 2. FIFO Write

DEVICE
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1
RESET 0

1

po-17 AWsts Vo /L T P

|
} | |
| ' !
I |

| ' |
| | '
; ! '
| [ |
| ! I
| | .
! ' |

]
o
m
Z

(( I {

Qo-Q17 w1 w2 w3 wom) ><wmz) ’

i

|
T
|
|
i
i
|
R i

DATA WORD NUMBERS FOR FLAG TRANSITIUNS

TRANSITION WORD
DEVICE
A B c D E | F
SN74ALVC7813 w33 W34 W(E4-X)  W(65-X) 64 65
SN74ALVC7805 w129 WI30  W(86-X) W(57-X)  W256 w257
SN74ALVC7803 w257 W258  W(s12-X)  W(513-X)  Ws12 w513

Figure 3. FIFO Read
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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 (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 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 DO—D?7 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 DO—-D7 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.

weewe o [« [ LT 1 LI LT LJ
- N 77772
R |

.

Figure 4. Programming X and Y Separately

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

Supply vOItage range, VG + vttt ittt ittt -0.5Vto46V
Input voltage range, Vi (see Note 1) .....ooiini i -05Vto46V
Output voltage range, Vo (see Notes tand2) ...........coviiviiiiniiiin, -0.5VtoVgc+0.5V
Inputclamp curment, kK (V1< 0) oriniie it e it i e et e aeraaneraens -50mA
Output clamp current, Igg (VO <0 0rVo > VoG ) toriiiiiiiiiii it iie it et iniiianeeas +50 mA
Continuous output current, Ig (Vo =0toVog) vvvviiniiiiii e +50 mA
Continuous current through Voo 0r GND .o iiii e +100 mA
Voltage applied to a disabled 3-stateoutput ...t e, 36V
Operating free-air temperature range, Ta  «.vvvvivin it iiiiiiiiiiviineiieneerennes 0°Cto 70°C
Storage temperature FANGE ...ttt ittt ettt e, -65°C to 150°C

1 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. Theinput and output voltage ratings can be exceeded if the input and output clamp current ralings are observed.

2. This value is limited to 4.6 V maximum.
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SN74ALVC7803, SN74ALVC7805, SN74ALVC7813
512 x 18,256 x 18,64 x 18
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS436 ~ JUNE 1994

recommended operating conditions

'ALVC7803-20 'ALVC7803-25 'ALVC7803-40
'ALVC7805-20 'ALVC7805-25 'ALVC7805-40
'ALVC7813-20 'ALVC7813-25 'ALVC7813-40 UNIT
Vee=33V 03V |Vec=33V+03V|Vee=33V %03V
MIN MAX MIN MAX MIN MAX
VIH High-level input voltage 2 2 2 \
Vi Low-level input voltage 0.8 0.8 0.8 Vv
High-level output current, !
] = - - -
OH Q outputs, Flags Vec=3V 8 8 8 A
m
Low-level output current, _
lo Q outputs, Flags Vec=3V 16 18 16
folock  Clock frequency 50 40 25 MHz
D0-D17 high or low 9 10 14
WRTCLK high or 7 8 12
low
RDCLK high or low 7 8 12
tw Pulse duration PEN low 9 9 12 ns
WRTENT high, :
WRTEN2 low 8 8 12
OEt, OE2 low 9 9 12
RDEN low 8 8 12
D0-D17 before
WRTCLK} s 5 5
WRTEN1, WRTEN2 5 5 5
before WRTCLK?t
OE1, OE2 before
RDCLK? 5 6 6
RDEN before
tup ti
tsu Setup time RDCLK} 5 5 5 ns
Reset: RESET low
before first
WRTCLK$ and 6 6 6
RDCLKt1
PEN before
WRTCLK? 6 5 6
D0-D17 after
WRTCLK? ° ° 0
WRTEN1, WRTEN2 0 0 0
after WRTCLK?t
OE1, OE2, RDEN
) after RDCLK} 0 0 0
th Hold time ns
Reset: RESET low
after fourth
WRTCLK} and 2 2 2
RDCLK$1
PEN low after
WRTCLK} 2 2 2
TA Operating free-air temperature 0 70 0 70 0 70 °C
1 To permit the clock pulse to be utilized for reset purposes
‘b TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 -1
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SN74ALVC7803, SN74ALVC7805, SN74ALVC7813
512 x 18, 256 x 18, 64 x 18
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS436 — JUNE 1994

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

PARAMETER TEST CONDITIONST MIN TYP¥ MAX UNIT
VIK Veo =3V, lk==18mA -1.2 \
Von Flags, Q outputs Vce = MIN to MAX, loH =—100 pA Veec-0.2 v
Ve =3V, loH=—-8mA 24
Flags, Q outputs | Vo = MIN to MAX, loL =100 pA 0.2
VoL Flags Vec =3V, loL=8mA 0.4 \
Q outputs Vee =3V, loL =16 mA 0.55
I Ve =36V, V| =V¢c or GND +5 nA
loz Vcc =36V, Vo =Vce or GND =10 pA
Icc Vi=Vgcor0 40 pA
AlecS \égeci;psl;tsa:ll,vcc o6V Other inputs at Vg or GND, 500 yA
G; ‘ Veo =33V, Vi =Vcc or GND 2.5 pF
Co Vce =33V, Vo =Vcg or GND 3.5 : pF

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions,

-U % All typical values are at Vo = 3.3V, Ta = 25°C.
m § Thisis the supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vg .
®) switching characteristics over recommended ranges of supply voltage and operating free-air
O temperature, C|_ = 50 pF (unless otherwise noted) (see Figure 7)
C "ALVC7803-20 'ALVC7803-25 'ALVC7803-40
(@) 'ALVC7805-20 "ALVC7805-25 'ALVC7805-40
= | pARAMETER FROM TO 'ALVC7813-20 'ALVC7813-25 'ALVC7813-40 UNIT
o (oUTPUT) (INPUT) Vec=33V 03V ] vec=33V 203V |Vec=33V 03V
) MIN  MAX MIN  MAX MIN  MAX
WRTCLK or
g fmax RDeLK 50 40 25 MHz
— tod 4 13 4 15 4 20
m T RDCLK}? Any Q ns
tod
é tod WRTCLK?t IR 3 1 3 13 3 15 ns
tod RDCLK? OR O D L i R - R
tod WRTCLK? AF/AE 7 19 7 21 7 23 ns
tod RDCLK? AF/AE 7 19 7 21 7 23 ns
tpLH WRTCLK? HE 7 17 7 19 7 21
ns
tPHL RDCLK? 7 18 7 20 7 22
tPLH — AF/AE 2 11 2 13 2 15 s
n
tPHL ESET low HF 2 12 2 14 2 16
t — 2 1 2 1 2 1
on OET, OE2 Any Q ns
tdis 2 1 2 14 2 14
9 This parameter is measured with a 50-pF load (see Figure 7).
operating characteristics, Vgc = 3.3V, Ta = 25°C
PARAMETER TEST CONDITIONS TYP | UNIT
Cpd Power dissipation capacitance I Outputs enabled CL=50pF, f=5MHz 53 pF
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SN74ALVC7803, SN74ALVC7805, SN74ALVC7813
512 x 18,256 x 18, 64 x 18
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS436 - JUNE 1994

APPLICATION INFORMATION

SN74ALVC78xx
CLOCKA WRTCLK RDCLK < < CLOCK B
W/RA WRTEN1 OE1 < W/RB
CSsA WRTEN2 RDEN | —a < < CSB
oez| Y (
A 4
Y
Y
\18
» DO-D17 Q0-Q17 |—> <>—r— B0-Bi7
SN74ALVCT78xx
—p> RDCLK WRTCLK
OE1 WRTEN1
‘I RDEN WRTEN2
OE2
18
A0-A17 =t <] Q0-Q17 DO-D17 [—¢
Figure 5. Bidirectional Configuration
SN74ALVC78xx
WRTCLK WRTCLK RDCLK < RDCLK
WRTEN1 WRTEN1 RDEN
WRTEN2 WRTENZ OEl| oFF
IR OR L 4
OE2 < OE2
36
D0-D35 —c DO-D17 Qo-Q17,
Y
w D
IR v
‘ SN74ALVC78xx
'—> WRTCLK RDCLK<<
WRTEN1 RDEN
WRTEN2 OE1
IR OR
OE2[—!
36
D0-D17 Q0-Q17 —c Q0-Q35
Figure 6. Word-Width Expansion: 512 x 36 Bit, 256 x 36 Bit, and 64 x 36 Bit
‘V TEXAS
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3-13

PRODUCT PREVIEW



M3INTHd 1LONdO0dd

SN74ALVC7803, SN74ALVC7805, SN74ALVC7813
512 x 18, 256 x 18, 64 x 18
CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS436 - JUNE 1994

APPLICATION INFORMATION

calculating power dissipation

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

Py =Vee x llccr + (Nx A log x do)] + 2 (G x Vo2 x fo)
A more accurate power calculation based on device use and average number of data outputs switching can be

found using:

Pi=Veex flce + (Nx A lge x dc)] + (Cpg x Voc?x fi) +2 (Cp x Vg2 x fo)
where:

lcc = power-down Icc maximum

N = pumber of inputs driven by a TTL device

Algc = 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

‘W TExAS
INSTRUMENTS
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SN74ALVC7803, SN74ALVC7805, SN74ALVC7813

512 x 18, 256 x 18, 64 x 18

CLOCKED FIRST-IN, FIRST-OUT MEMORIES

SCAS436— JUNE 1994

PARAMETER MEASUREMENT INFORMATION

o8V
st o
From Output s00 02 Open
Under Test GND
CL=50pF 500 Q
(see Note A) ’J.\
LOAD CIRCUIT FOR OUTPUTS
T
| | 3V
3v Input 1.v5_VX X1 5V
Timing X
Input ! 1.5V oy ov
| | I VOLTAGE WAVEFORMS
P PULSE DURATION
I tsu th |
Data \ ' 8V
Input X1.5v thv Output 3V
ov ao‘fv"_::"lz: 15V 1.5V
VOLTAGE WAVEFORMS enabling) | L oy
SETUP AND HOLD TIMES | |
tPzZL—> [—
| | Pz -
| LI
—_—— 3V
nppt p————————— av Output [ ||
(see Note B) 15V 15V Waveform 1 | NV VoL +0.3V
| ov Stat6V I H-_ — — VOL
| I | (see Note C) tppz -l
tpLH ——ﬁ—d PHZ
I I‘—’:—- tpHL Output tpzH ~b] - I
- — — — VOH
[ ———VoH Waveform 2 I . -
Output 5V 15V S1at GND 15V VoH~-03V
* * VoL (see Note C) — oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES

NOTES: A. Cp includes probe and jig capacitance.

B. Allinput pulses are supplied by generators having the following characteristics: PRR < 10 MHz, Zo =50 Q, t; < 2.5ns, 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 c t s1

t GND
ten PzH 500 Q 50 pF

tpzL sV

t GND
tdis PHz 500 Q 50 pF

tpLz 6V
tpd tPLH/tPHL 500 Q 50 pF Open

1 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

SCAS437 — JUNE 1994

® Operates at 3-Vto 3.6-V Vec DL g:(\:lll(éce
® Load Clock and Unload Clock Can Be (r W)
Asynchronous or Coincident RESET |1 U ssl] OF
® Low-Power Advanced CMOS Technology D17 [2 ss[] Q17
° Full, Empty, and Half-Full Flags D16 E 3 54]] Q16
° Programmable Almost-Full/Almost-Empty D15 {J4 53[]] Q15
Flag Di4[Is 52[] GND
° Fast Access Times of 18 ns With a 50-pF D13fle  s1fjQ14
Load and All Data Outputs Switching D12}z sof]Vee
Simultaneously D11 fs 4ol Q13
* Data Rates From 0 to 40 MHz Dloffs  4sflQi2
o Vee [ 10 47 ] Qi
3-State Outputs Do {11 asf} Q10
® Pin Compatible With SN74ACT7804, D812  4s]JQo
SN74ACT7806 and SN74ACT7814 GND[[13  4af]GND
° Packaged in Shrink Small-Outline 300-mil D7[J14  43]jQs
Package (DL) Using 25-mil Center-to-Center ' D6 []15 a2f]az
Spacing D5(j16  41fjQ6
- D4fj17  4ofjas .
description X ] REIE-T:] | AV2%

D2[J19e  38[JQ4
Di1[j20 37[la3
Doflat  ssfjQ2

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 _HF{l22  ss[]GND
FIFOs with high speed and fast access times. PEN[J23  34f] Qi
Data is processed at rates up to 40 MHz with AF/AE |24 s3] Qo
access times of 18 ns in a bit-parallel format. LDCK (|25  32[] UNCK
These memories are designed for 3-V to 3.6-V NC[j26  3i1]JNC
Vg operation. , _Nc 2z 3ofINC
FULL{J28  29[] EMPTY

Data is written into memory on a low-to-high
transition of the load clock (LDCK) and is read out
on a low-to-high transition of the unload clock
(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, LDCK 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 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 (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 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.
The data outputs are in the high-impedance state when the output-enable (GE) is high.

PRODUCT PREVIEW Information concems products In the formative or Copyright © 1994, Texas Instruments Incorporated
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SN74ALVC7804, SN74ALVCT7806, SN74ALVC7814
512 x 18,256 x 18,64 x 18
FIRST-IN, FIRST-OUT MEMORIES
SCAS437 — JUNE 1994
logic symbolt
d
FIFO 512 x 18 or
256 x 18 of
1 64 x18
RESET —— | RESET
25 28
LDCK > LDCK Full 22 FULL
32 !
UNCK L UNCK Half-Full o HF
56 Almost Full/Empty pos AF/AE
OF —NEN
O Empty EWPTY
PEN ———XD program Enable
| C
21 33
Do 0 0 Qo
20 34
D1 a1
19 36
D2 Q2
18 a7
D3 a3
17 38
. D4 Q4
16 40
D5 as
15 41
D6 Q6
14 a2
o7 a7
12 43
D8 as
Ds — Data Data > 1V % qe
9 a6
D10 Q10
8 a7
o111 an
7 a8
D12 Q12
6 49
D13 Q13
5 s1
D14 — Qia
4 53
D15 Q15
3 54
D16 Q16
ek PO ISR S N e
D17 17 17 Q17

1 This symbol is in accordance with ANSYIEEE Std 91-1984 and |IEC Publication 617-12,
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SN74ALVC7804, SN74ALVC7806, SN74ALVC7814
512 x 18, 256 x 18,64 x 18
FIRST-IN, FIRST-OUT MEMORIES

SCAS437 — JUNE 1994

functional block diagram

OE
D0-D17 l
N RAM
Read V]
UNCK — Polnter >
512 x 18 ('7804)
256 x 18 ('7806)
~| 64x18(7814)
- ] Write V]
Lock Polnter
\ i E Y Qo-
Y ) ‘ Qo-Q17
Reset | ] EMPTY
RESET Logic > Status- FOLL
Flag
L HF
PEN ogle
AF/AE
Terminal Functions
MINAL
TER Vo DESCRIPTION
NAME NO.
Almost full/aimost empty flag. Depth offset values can be programmed for this flag, or the default
AF/AE 24 0 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.
po-p17 2! '13'_ 122'"' I | 18-bit data input port
EMPTY 29 O | Empty flag. EMEY is low when the FIFO is empty. A FIFO reset also causes EMPTY to go low.
FULL 28 (o] Full flag. FULL is low when the FIFO is full. A FIFO reset causes FULL to go high.
HF 22 (o} Half-full flag. HF is high when the FIFO memory contains 256 or more words. HF is low after reset.
LDCK 25 1 Load clock. Data is written to the FIFO on the rising edge of LDCK when FULL is high.
CE 56 I | Output enable. When OE is high, the data outputs are in the high-impedance state.
PEN 23 ) Program enable. After reset and before the first word is written to the FIFO, the binary value on
D0-D7 is latched as an AF/AE offset value when PEN is low and WRTCLK is high.
33-34, 36-38,
Q0-Q17  40-43, 45-49, (o} 18-bit data output port
51,63-55
— Reset. A low level on RESET resets the FIFO and drives AF/AE and FULL high and HF and
RESET 1 |
EMPTY low.
UNCK 32 | 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

DATA WORD NUMBERS FOR FLAG TRANSITIONS

TRANSITION WORD
DEVICE
A B c D E F G H 1
SN74ALVC7814 w32 W(64-Y) W64 w33 W34 W(64-X)  W(E5-X) W64 W64
SN74ALVC7806 | W128  W(256-Y)  W256 w129 W130  W(256-X) W(257-X)  W255 w256
SN74ALVC7804 | W256  W(512-Y)  W512 W257 W258  W(512-X) W(513-X) W51 w512
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 (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 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—D?7 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 LDCK will reprogram Y to the binary value on D0-D7
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 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.
RESET \ /
!
S=n /7777
PEN n*
\ L T

DO-D17

Don't Care

\\\\\\\\\
\ LVRVRNRVENKN

N

X

m
3
o

—

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, Vog v vv v e vevo.. —05Vio4.6V
Input voltage range, Vi (see Note 1) ... it -0.5Vto4.6V
Output voltage range, Vg (see Notes1and2) .............cvvvvvnee R —0.5VtoVep+ 0.5V
Input clamp current, ik (Vi <0) ........... e e ettt e, .... =B0mMA
Output clamp current, ok (Vo< 00rVo>Veg) v vvvevvinnnvninn