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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes to or to discontinue
any semiconductor product or service identified in this publication without notice.
Tl advises its customers to obtain the latest version of the relevant information
to verify, before placing orders, that the information being relied upon is current.

Tl warrants performance of its semiconductor products to current specifications
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.
Unless mandated by government requirements, specific testing of all parameters
of each device is not necessarily performed.

Tl assumes no liability for Tl applications assistance, customer product design,
software performance, or infringement of patents or services described herein.
Nordoes Tlwarrant or represent thatlicense, either express orimplied, is granted
under any patent right, 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.

Texas Instruments products are not intended for use in life support appliances,
devices or systems. Use of a Tl product in such applications without the written
consent of the appropriate Tl officer is prohibited.

Copyright © 1990, Texas Instruments Incorporated
Printed in the U.S.A.



INTRODUCTION

In this data book, Texas Instruments presents technical information on the Cache Memory
Management product lines. This data book includes specifications and operational
information on the following high-performance Advanced-CMOS, NMOS, and Bipolar
products:

® Cache

* Dynamic Memory Support

® Error Detection and Correction Circuits

® Specialized Products

The Cache Memory Management Data Book contains design and specification data for 35
devices. Sixteen application reports dealing with the above product lines are aiso included.

The General Information section includes an alphanumeric index, ordering information,
glossary of symbols, terms, and definitions, timing interval conventions, an explanation of the
function tables, timing diagram conventions, and basic data sheet structure.

A section on the development of logic symbols to meet both ANSI/IEEE Std 91-1984 and IEC
Publication 617-12 are included for the reader’s better understanding.

Package dimensions are given in the Mechanical Data section of the book in metric
measurement and parenthetically in inches.

ESD Guidelines utilized in TI's products are included for the reader’s better understanding.

Complete technical data for any Texas Instruments semiconductor product is available from
your nearest Tl field sales office, local authorized Tl distributor, or by calling Texas
Instruments at 1-800-232-3200.
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ORDERING INSTRUCTIONS

Factory orders for Cache Memory Management products described in this book should include a four-part type
number as explained in the following example:

SN 74ACT2152 -25 FN
Prefix /

SN Standard Prefix
THCT  Commercial CMOS
TMS Commercial NMOS

Circuit Description

4 to 10 Characters

Speed Designator

-xx Speed in ns

Package
DwW Small Outline
JD Ceramic DIPs

N, NT  Plastic DIPs
FN, FM Plastic Chip Carrier
GA Pin-Grid Array

TeExas {9
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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

fmax

Icc

IccH

IlccL

iH

i

IoH

loL

los (lo)

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

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

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 intoT the V¢ supply terminal of an integrated circuit.

Supply current, outputs high
The current into the V¢ supply terminal of an integrated circuit when all {or a specified number)
of the outputs are at the high level.

Supply current, outputs low
The current into the V¢ supply terminal of an integrated circuit when all (or a specified number)
of the outputs are at the low level.

High-level input current
The current intot an input when a high-level voltage is applied to that input.

Low-level input current
The current intoT an input when a low-level voltage is applied to that input.

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.

Short-circuit output current

The current into® an output when that output is short-circuited to ground (or other specified
potential) with input conditions applied to establish the output logic level farthest from ground
potential (or other specified potential).

TCurrent out of a terminal is given as a negative value.

Texas
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

lozH

lozL

ta

tdis

ten

tf

th

tpd

Off-state (high-impedance-state) output current (of a three-state output) with high-level voltage

applied

The current flowing intoT an output having three-state capability with input conditions established

that, according to the production specification, will establish the high-impedance state at the output

and with a high-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a low level if it were enabled.

Off-state (high-impedance-state) output current (of a three-state output) with low-level voltage

applied

The current flowing into T an output having three-state capability with input conditions established

that, according to the product specification, will establish the high-impedance state at the output

and with a low-level voltage applied to the output.

NOTE: This parameter is measured with other input conditions established that would cause the
output to be at a high level if it were enabled.

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

Disable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from either of the defined active levels (high or low) to a
high-impedance (off) state. (tdis = tpHZ or tpLZ).

Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms,
with the three-state output changing from a high-impedance (off) state to enther of the defined
active levels (high or low). (ten = tpzH or tpzL.)

Fall time
The time interval between two reference points (90% and 10% unless otherwise specified) on
a waveform that is changing from the defined high level to the defined low level.

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 guaranteed.

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 guaranteed.

Propagation delay time

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

TCurrent out of a terminal is given as a negative value.

1-6
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GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

tPHL 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.

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

tPLH 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.

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

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

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

ty Rise time
The time interval between two reference points (10% and 90% unless otherwise specified) on
a waveform that is changing from the defined low level to the defined high level.

tsu Setup time
The time interval between the application of a signal at a specified input terminal and a subsequent
active transition at another specified input terminal.
NOTES: 1. The setup time is the actual time interval between two signal events and is determined
by the system in which the digital circuit operates. A minimum value is specified that
is the shortest interval for which correct operation of the digital circuit is guaranteed.

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

tt Transition time (general)
The time interval between two reference points (10% and 90% unless otherwise specified) on
a waveform that is changing from the defined low level to the defined high level (rise time) or from
the defined high level to the defined low level (fall time).

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

ViH High-level input voltage

An input voltage within the more positive (less negative) of the two ranges of values used to

represent the binary variables. .

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which
operation of the logic element within specification limits is guaranteed.

*
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 1-7




GLOSSARY
SYMBOLS, TERMS, AND DEFINITIONS

ViL Low-level input voltage
An input voltage level 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 guaranteed.
VOH High-level output voltage
The voltage at an output terminal with input conditions applied that, according to product
specification, will establish a high level at the output.
VoL Low-level output voltage
The voltage at an output terminal with input conditions applied that, according to product
specification, will establish a low level at the output.
i
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TIMING INTERVAL CONVENTIONS

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by
JEDEC, the IEEE, and the IEC. Two basic forms are used. The first form is usually used in this book when intervals
can easily be classified as access, cycle, disable, enable, hold, refresh, setup, transition, or valid times and
for pulse durations. The second form can be used generally but in this book is used primarily for time intervals
not easily classifiable. The second (unclassified) form will be described first. Since some manufacturers use
this form for all time intervals, symbols in the unclassified form are given with the examples for most of the
classified time intervals.

Unclassified time intervals

Generalized letter symbols can be used to identify almost any time interval without classifying it using
traditional or contrived definitions. Symbols for unclassifed time intervals identify two signal events listed
in from-to sequence using the format:

tAB-CD
Subscripts A and C indicate the names of the signals for which changes of state or level or establishment
of state or level constitute signal events assumed to occur first and last, respectively, that is, at the beginning

and end of the time interval. Every effort is made to keep the A and C subscript length down to one letter,
if possible {(e.g., R for READ and W for WRITE).

Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals
represented by A and C, respectively. One or two of the following is used:

H = high or, transition to high

L = low or transition to low

= a valid steady-state level

= unknown, changing, or ‘“don’t care’’ level
= high-impedance (off) state

N X <

The hyphen between the B and C subscripts is omitted when no confusion is likely to occur.
Classified time intervals (general comments, specific times follow)

Because of the information contained in the definitions, frequently the identification of one or both of the
two signal events that begin and end the intervals can be significantly shortened compared to the unclassified
forms. For example, it is not necessary to indicate in the symbol that an access time ends with valid data
at the output. However, if both signals are named (e.g., in a hold time), the from-to sequence is maintained.

Access time

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

Example symbology:

Classified Unclassified Description
ta(A) tAVQV Access time from address
ta(S), ta(CS) tsLQv Access time from chip select (low)

EXAS ‘@
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TIMING INTERVAL CONVENTIONS

Cycle time
The time interval between the start and end of a cycle.

NOTE: The cycle 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 that
must be allowed for the digital circuit to perform a specified function (e.g., read, write, etc.)
correctly.

Example symbology:

Classified Unclassified Description
te(R) te(rd) tAVAV(R) Read cycle time
tc(w) tAVAV(W) Write cycle time

Disable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms, with
the three-state output changing from either of the defined active levels (high or low) to a high-impedance
(off) state.

Example symbology:

Classified Unclassified Description
tdis(S) tSHQZ Output disable time after chip select (high)
tdis(W) twWLQZ Output disable time after write enable (low)

These symbols supersede the older forms tpyz or tpxz.
Enable time (of a three-state output)

The time interval between the specified reference points on the input and output voltage waveforms, with
the three-state output changing from a high-impedance (off) state to either of the defined active levels
(high or low).

¢

Example symbology:
Classified Unclassifed Description
ten(SL) tsLQv Output enable time after chip select low
These symbols supersede the older form tpzy.
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 guaranteed.

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 guaranteed.

Example symbology:
Classified Unclassified Description
th(D) tWHDX Data hold time (after write high)

NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified
form. In the case of hold times, this causes the order to seem reversed from what would be
suggested by the terms.

Texas
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TIMING INTERVAL CONVENTIONS

Pulse duration (width)

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

Example symbology:

Classified Unclassified Description

tw(w) tWLWH Write pulse duration

tw(R) tRLRH Read pulse duration
Setup time

The time interval between the application of a signal at a specified input terminal and a subsequent active
transition at another specified input terminal.

NOTES: 1. The setup time is the actual time interval between two signal events and is determined by
the system in which the digital circuit operates. A minimum value is specified that is the
shortest interval for which correct operation of the digital circuit is guaranteed.

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

Example symbology:

Classified Unclassified Description
tsu(D) tDVWH Data setup time (before write high)
Transition times (also called rise and fall times)

The time interval between two reference points (10% and 90% unless otherwise specified) on the same
waveform that is changing from the defined low level to the defined high level (rise time) or from the defined
high level to the defined low level (fall time).

Example symbology:

Classified Unclassified Description
tr Transition time (general)
Valid time
(a) General

The time interval during which a signal is (or should be) valid.

(b) Output data-valid time

The time interval in which output data continues to be valid following a change of input conditions
that could cause the output data to change at the end of the interval.

Example symbology:
Classified Unclassified Description
ty(A) tAXQX Output data valid time after change of address

This supersedes the older form tpyx.

EXAS ‘t’)
INSTRUMENTS

POST OFFICE BOX 855303 * DALLAS, TEXAS 75265 1-11



EXPLANATION OF FUNCTION TABLES

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

H = high level (steady state)

L = low level (steady state)

t = transition from low to high level

V = transition from high to low level

- = value/level or resulting value/level is routed to indicated destination

L2 = value/level is re-entered

X = irrelevant (any input, including transitions)

z = off (high-impedance) state of a 3-state-output

a..h = the level of steady-state inputs at inputs A through H respectively

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

were established i
Qnp = level of Q before the most recent active transition indicated by { or t

.

one high-level pulse
= one low-level pulse

.

TOGGLE

each output changes to the complement of its previous level on each active transition
indicated by V or 1.

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

If, in the input columns, a row contains H, L, and/or X together with t and/or {, this means the output
is valid whenever the input configuration iis 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, Qp, or Qp), 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, ] Lor LI, the pulse follows the indicated input transition
and persists for an interval dependent on the circuit.)

Texas
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EXPLANATION OF FUNCTION TABLES

Shift registers provide a good example of the features of a function table. The function table of a shift
register embodies all of the symbols used in most function tables. Below is the function table of a 4-bit
bidirectional universal shift register, e.g., type SN74194.

FUNCTION TABLE

INPUTS OUTPUTS
MODE SERIAL PARALLEL

CLEAR 57 w0 | ™° [terr monT [A 8 ¢ b | A %% % O
L X X X X X X X X X L L L L
H X X L X X X X X X Qa0 Qgo Qco Qpo
H H H t X X a b c d a b c d
H L H 1 X H X X X X Qan  QBn  Qcn
H L H 1 X L X X X X L Qan  Q8n  Qcn
H H L 1 H X X X X X | Qgy Qecn Qpn H
H H L t L X X X X X | Qgn  Qcn  Qpn L
H L L X X X X X X X Qa0 QOBo 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
SO 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 Qp is now at Qp,
the previous levels of Qg and Q¢ are now at QcC and Qp respectively, and the data previously at Qp is
no longer in the register. The entry of serial data and shift takes place on the low-to-high transition of
the clock when S1 is low and SO is high and the levels at inputs A through D have no effect.

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

The last line shows that as long as both mode 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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TIMING DIAGRAM CONVENTIONS

TIMING
DIAGRAM
SYMBOL

D ————

BN\
/e

XXOOXXXXNNN
ROXXXXXXN
"A‘A‘A‘A’d’b“‘.‘b’h‘d‘

2

INPUT
FORCING FUNCTIONS

Must be steady high or low

High-to-low changes permitted

Low-to-high changes permitted

Don’t Care

(Does not apply)

MEANING

OUTPUT
RESPONSE FUNCTIONS

Will be steady high or low

Will be changing from high to low some time during
designated interval

Will be changing from low to high sometime during
designated interval :

State unknown or changing

Centerline represents high-impedance (off) state.
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BASIC DATA SHEET STRUCTURE

The front page of the data sheet begins with a list of key features such as organization, interface, compatibility,
operation, and technology (N or P channel, silicon or metal-oxide gate). In addition, the top view of the device
is shown with the pinout provided. Next, a general description of the device, system interface considerations,
and elaboration on other device characteristics are presented. The next section is an explanation of the device’s
operation which includes the function of each pin (i.e., the relationship between each input/output and a given
type of application).

Augmenting the descriptive text, there appears a logic symbol prepared in accordance with ANSI/IEEE
Std 91-1984 and IEC Publication 617-12 and explained in Section 10 of this book. Following the symbol is
usually a functional biock diagram or a logic diagram. Usually, the next few pages contain the absolute maximum
ratings (e.g., voltage supplies, input voltage, and temperature) applicable over the operating free-air temperature
range. If the device is used outside of these values, it may be permanently destroyed or at least it would not
function as intended. Next, are the recommended operating conditions, (e.g., supply voltages, input voltages,
and operating temperature). These devices are specified to work reliably and to meet all data sheet parameters
when operated in accordance with the recommended operating conditions and within the specified timing. If
the device is operated outside of these limits (minimum/maximum), it is no longer specified to meet the data
sheet parameters. Operation beyond the absolute maximum ratings can resuit in catastrophic failures.

The next section provides a table of electrical characteristics over full ranges of recommended operating conditions
(e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, and maximum
values. Typical values are representative of operation at an ambient temperature of Tp = 25°C with all power
supply voltages at nominal value.

The next few tables involve the device timing characteristics. The parameters are presented as minimum, typical
(or nominal), and maximum. The switching characteristics over recommended supply voltage range are device
performance characteristics inherent to device operation once the inputs are applied. These parameters are
specified for the test conditions given. The timing requirements over recommended supply voltage range and
operating free-air temperature indicate the device control requirements such as hold times, setup times, and
transition times. These values are referenced to the relative positioning of signals on the timing diagrams that
follow. The interrelationship of the timing requirements to the switching characteristics is illustrated in the
parameter measurement information section.

At the end of a data sheet, additional applications information may be provided, such as how to use the device,
graphs of electrical characteristics, or other data on electrical characteristics.
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

D3291, NOVEMBER 1989-REVISED JUNE 1990

¢ Interfaces Directly with the Intel 82385 FN OF;A::AGE
Cache Controller 4 W)
z
® Access Time... 25 ns Max - Qu o r
2232892522z %
® Fast Access Time Supports 33-MHz Intel g | | e g e ) i s e
ESCA 80386 Operation rofls 7 65 43 21525150 49484746|: Al2
* Configurable for 2-Way or Direct Mapped GND[]o 45} CE
Arrays GND ] 10 44[] GND
DQO{] 11 43[] DQ15
® Contains Address Latches and Byte Contol DQ1 a 12 42[] DQ14
DQ2[] 13 411 pQ13
L]
Cascadable for Larger Caches Dasf] 14 s pat2
® Byte Parity Storage Bits GND[] 15 39[] GND
DQ4[] 16 38[] bQ11
¢ Fully TTL Compatible pasf] 17 a7 paio
DQs6 (] 18 3s[] Do
description DQ7{] 19 35[] bQs
The 'ACT2140A is a 147,456-bit static RAMwith  "OQOP20 o 26 20 30 31 32 & ] PP
address latches and byte control that can be r-nnnnr-lnr—u—u—\ru—nnm
configured as 2-way 4K x 18 or direct mapped ° 0 1338 :ﬁ@l u88
8K x 18. The 'ACT2140A is fabricated using '3 |§ |0 s} g =5

advanced silicon-gate CMOS technology for
simple, high-speed interface with bipolar TTL
circuits. The "ACT2140A was designed so that it will interface directly with the Intel 82385 cache controller.
Significant reductions in memory component count, board area, and power dissipation can be achieved by using
this device. When using the 2-way mode, two 'ACT2140As replace 16 4K x 4 static RAMs, two latches, eight
bidirectional transceivers, and one AND gate.

The MODE input of the 'ACT2140A allows the device to be used as either a 2-way set associative or direct
mapped data RAM. When MODE is tied high, the '"ACT2140A is configured as two banks of 4K x 18 with common
outputs as shown in logic diagram. When MODE is tied low, the '"ACT2140A is configured as one bank of
8K x 18 as shown in logic diagram.

The SN74ACT2140A is characterized for operation from 0°C to 70°C.

This device is covered by U.S. Patent 4,837,743.

ADVANCE | products ' Copyright © 1990, Texas Instruments Incorporated
and other rum:lllclllons are subject to change without notice.
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SN74ACT2140A

2-WAY 4K x 18/8K x 18 CACHE DATA RAM

logic symbolt"

MODE
ALEN

DQo

DQt
DQ2
D@3
DQ4
DQ5
DQé
DQ7
PDQO
DQas

DQ9
DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
PDQ1

MODE = L
RAMBK x18

B
| C20
20D0

|~|0’°’m|m|q|mlml72

8191

Aibibiaion
Njojolo|=

20D11
12
G21
21G22 [LO ORDER]
21G23 [HI ORDER]

Y
-

/

n

&

NN
@L@
.

- G24

»s 21 Loocos
-54———5 <+ 22, 24EN26
<N 4 23¢c27

- 23,24EN28
|
——C A,25D
v A,26

——E A,27D
v A28

T This symbol is in accordance with ANSI/IEEE 91-1984.
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SN74ACT2140A

2-WAY 4K x 18/8K x 18 CACHE DATA RAM

logic symbolt

MODE = H
RAM2 x4K x18
MODE K
ALEN : c20
A0 20D0
A1 - ‘
a2 8
a2
As — ‘
AS ] b AT
A6 ] 4095
a7 B |
-
A9
A10 ::
A1 20D11
CE A5 N G21 °
S0 2 ndrige [LO ORDER]
51 30 Noiges [HI ORDER]
OEA 28 N G24
OEB 29 N G25
[LO ORDER /HI ORDER]
WEA ___t“ | 2226 /23C30
22,24 25EN27/ 23,24,25EN31
22C28 /23C32

_glz,ﬁ,zssuzsl 23,24,25EN33

A,26D

VA2 [BANK A]

A, 28D

vA29 [BANK B]

A,30D

v A3l [BANK A]

A, 32D

v A [BANK B}

DQ9

DQ11

DQ12

20

35
¥
DQ10 —S-é-«-v—

40

41
——

DQ13

DQ14

43
DQ15 —31—4-)-—-
PDQ1 ——e>—]

t This symbol is in accordance with ANSI/IEEE 91-1984.
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

logic diagram (positive logic)
DIRECT MODE (MODE = L), 8K X 18

ADDRESS
LATCHES
ALEN-—W
12 12X 12
AQ-11 =~ 1D
Al12
CE
RAM
8K X9
1; 0
1 } A-D
12 | "8t
—( G1
S0 d 162
—— G3
2c4 RAM
C 8K X9
2, 3EN
q r AL [
9x A
DQO-7, PDQO > S . A, 4D 12 ) 8191
[__4.‘ VA e Gt
__ ————162
OEA
— | )3 das
OEB
— rC 2C4
WEA
_ * 2,3EN
WEB v
S$1 oxX
[—— A, 4D
DQ8-15, PDQ1 <P 9 *—4-{ v A

NOTE A: For a valid read operation in the direct mode, OEA and OEB must be low simultaneously.
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

logic diagram (positive logic)
TWO-WAY MODE (MODE =H) 2 X 4K X 18

ADDRESS LATCHES
ALEN c1
12 12X 12 BANK A
Aot T, 14
(See Note A)
CE
RAM
12 4K X9
0 0
" } Aoss BANK B
Low Q|61 RAM
ORDER —d 162 4K X9
—] G3 ] A_.O_
1
o—d2cs da 4095
L_EI 3EN ——d 162
&
A ap X —a Gca
2c4
—4—{ VA I_ 2, 3EN
<o 9 )
DQO-7, PDQO > + A
. ° Ledoa
OEA
_ 12
OEB
WEA
WEB
RAM
4KX9
0 0
1 [ Azoes
L G1 RAM
ez 4K X9
HIGH 0 0
ORDER q a3 1 }AiTss
—O 2C4 - G1
L 2,3EN — 162
m! d 63
A4p X
4 T q 2ca
s +1va 2, 3EN
s1 . o
DQ8-15, PDQ1 <> —1 A, 4D
9 L‘— VA

NOTES: A. A12 should be grounded. . _
B. For a valid write operation in the two-way mode, WEA and WEB must not be low simultaneously.
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SN74ACT2140A

2-WAY 4K x 18/8K x 18 CACHE DATA RAM

FUNCTION TABLES
TWO-WAY MODE (MODE = HIGH) 2 X 4K X 18 (see Note 1)
INPUTS )
| CE S0 S1  OEA OEB WEA WEB | D0-D7,DPO D8-D15, DP1 FUNCTION
X H H X X X X HIGH-Z HIGH-Z DESELECT
X X X H H X X HIGH-Z HIGH-Z DISABLED OUTPUTS
X X X L L x X HIGH-Z HIGH-Z DISABLED OUTPUTS
L L H L H H H OUTPUT HIGH-Z READ BANK A
L L H H L H H OUTPUT HIGH-Z READ BANK B
L H L L H H H HIGH-Z OUTPUT READ BANK A
L H L H L H H HIGH-Z OUTPUT READ BANK B
L L L L H H H OUTPUT OUTPUT READ BANK A
L L L H L H H OUTPUT OUTPUT READ BANK B
L L H X X L H INPUT HIGH-Z WRITE BANK A
L L H X X H L INPUT HIGH-Z WRITE BANK B
L H L X X L H HIGH-Z INPUT WRITE BANK A
L H L X X H L HIGH-Z INPUT WRITE BANK B
L L L X X L H INPUT INPUT WRITE BANK A
L L L X X H L INPUT INPUT WRITE BANK B
L L L X X L L HIGHZ HIGH-Z INVALID WRITE
H X X X X X X HIGH-Z HIGH-Z DESELECT
DIRECT MODE (MODE = LOW) 8K x 18 (see Note 1)
INPUTS 1)
GE S0  S1  OEAT OEBT WEAT WEBT | DO-D7,DP0 | D8.D15,DP1 FUNCTION
X H H X X X X HIGH-Z HIGH-Z DESELEGT
X X X H X X X HIGH-Z HIGH-Z DISABLED OUTPUTS
X X X X H X X HIGH-Z HIGH-Z DISABLED OUTPUTS
L L H L L H H OUTPUT HIGH-Z READ
L H L L L H H HIGH-Z OUTPUT READ
L L L L L H H OUTPUT OUTPUT READ
L L L L H H H OUTPUT OUTPUT INVALID READ
L L L H L H H OUTPUT OUTPUT INVALID READ
L L H X X L X INPUT HIGH-Z WRITE
L H L X X L X HIGH-Z INPUT WRITE
L L L X X L X INPUT INPUT WRITE
L L H X X X L INPUT HIGH-Z WRITE
L H L X X X L HIGH-Z INPUT WRITE
L L L X X X L INPUT INPUT WRITE
H X X X X X X HIGH-Z HIGH-Z DESELECT

1 For compatibility with functionally equivalent devices, it may be necessary to wire OEA to OEB and WEA to WEB when MODE is tied low.
NOTE 1: Address latches for AO-A11 are latched when input signal ALEN is low and transparent when ALEN is high. A12is functional only
when MODE = low is always transparent. A12 should be grounded in the 2-way mode.
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

Terminal Functions

PIN NAME . DESCRIPTION
AO0-A11 Address inputs. Address the random access memory locations. AO-A11 are latched on the falling edge of the ALEN input.
A12 A12 address input. In the direct mode, MODE = low, A12 is a nonlatchable (always transparent) address bit. A12 is used
when implementing 64K-byte caches for the 82385. In the two-way mode, MODE = high, A12 is not functional and should
be tied to GND.

ALEN Address Latch Enable input. ALEN controls the internal address latch that resides between the address inputs, A0-A11, and
the memory array. When ALEN is high, the latch is transparent. A falling edge at ALEN latches the levels at the address
inputs.

CE Chip Enable input. CE enables the chip for read and write operations when asserted low. CE disables the chip for read and

write operations when high. As shown in write cycle 2, CE-controlled writes can be performed.

DQo-DQ15 Data input/output. DQO-DQ15 are three-state terminals that provide access to the memory array contents.

MODE Mode input. When MODE is high, this device is configured as a two-way data RAM with two 4K X 18 memory banks. When
MODE is low, this device is configured as a direct 8K x 18 data RAM.

OEA, OEB Output Enable inputs. In the two-way mode, MODE = high, RAM bank A is enabled when OEA is low and RAM bank B is
enabled when OEB is low. When OEA and OEB go low or high simultaneously, both banks are deselected. In the direct
mode, MODE = low, OEA and OEB can be externally wired together. A low on OEA and OEB will then enable the output
of the 8K X 18 RAM.

PDQO, PDQ1 Parity input/output. PDQO and PDQ1 are three-state terminals that provide access into the memory array for the storage
and retrieval of externally generated and checked parity bits. If these pins are not used, they should be left open.

50, S1 Select Inputs. SO and S1 individually enable the two bytes of memory. S low enables bits DQO-DQ7 (and PDQO) and S1
' enables bits DQ8-DQ15 (and PDQ1). As shown in write cycle 3, S-controlled writes can be performed.

WEA, WEB Write Enable inputs. In the two-way mode, WEA low writes data into memorybank A and WEB writes data into memory bank
B. In the direct mode, WEA and WEB can be wired together. A low on WEA and WEB will then write data into the 8K X 18

memory.

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

Supply voltage range, Voo (see Note 2) ... —-0.5t07V
Input voltage range, any iNPuS . ... it —-0.5t07V
Input clamp current, ik (Vi< 00rVi>VEE) coviiii + 25mA
Output clamp current, ok (Vi< 00rVi>Voo) v = 25mA
Continuous output current, [g (Vo= 0toVgg) oo = 25mA
Continuous current through Vg or GND pins ... e += 200mA
Operating free-air temperature range ............uiriiitiiiit it 0°C to 70°C
Storage temperaturerange  ...... N — 30°Cto 125°C
Lead temperature 1,6 mm (1/16 inch) from casefor10seconds ..............ciiiiiiiiiiian, 260°C

Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the “recommended operating conditions” section
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 2: All voltage values are with respect to GND.
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

recommended operating conditions (see important notice)

MIN  NOM MAX | UNIT
Vee Supply voltage 4.75 5 525 \
ViH High-level input voltage 2.2 Voeo+0.5 \2
ViL Low-level input voltage (see Note 3) -0.5 0.8 \
loH High-level output current -1 mA
loL Low-level output current 41 mA
TA Operating free-air temperature 0 70 °C

NOTE 3: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data, the address
inputs must not be allowed to float through the input threshold region (1.5 V). Rise and fall times in the threshold
region at the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold region may
be eliminated by not using pullup resistors on the address lines and minimizing the high-impedance time when
switching between bus drivers. An alternate approach is to latch the address inputs using ALEN or disable the

device using CE or SO and S1, during the time that slow rise or fall times exist at the address inputs. Ground
bounce, due to simultaneous switching, into the threshold region of the address inputs with the device enabled
and the address latch transparent should be avoided in order to ensure that a slow rise/fall condition does not
occur. As with all designs, proper termination and capacitive bypass techniques should be employed. Unused
inputs should be tied to either Vg or GND.
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted).
PARAMETER TEST CONDITIONS MIN TYPT  mAX] UNIT
VoH High-level output voltage |Vcc=4.75V, IoH=—1mA 24 \
VoL Low-leveloutput voltage |Vcc=4.75V, loL=4mA 0.4 \
Iy Input current Voec =525V, Vi=0toVce +10 pA
loz  Off-state output current Vee =525V, Vo =0toVee =10 uA
~ [IVecc=525V, S0, S, andCE =low, t(rd) = 60 ns,
Icc1  Supply current (operative)* OEA=DEB =high, MODE = high or low 120 180 mA
Icca Supply current (deselect) | Voo =5.25V, CE = high, MODE = high or low 40 90 mA
lcc3  Supply current (standby)$ Vee=5.25Y, Allinputs =0V or3V 26 50 mA
Ci Input capacitance V=0 5 pF
Co Output capacitance Vo=0 8 pF

1 All typical values are at Vog = 5V, Ta = 25°C.

toya=50°C/W, Ty=Tao+64a P o o
§ The'ACT2140A is in standby when ALEN is low and WEA and WEB are high; or when AO-A11 are stable and WEA and WEB are high. To assure
low standby current, V|H levels must be 3 V minimum.

2-10
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

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

temperature (unless otherwise noted)’

read cycle
PARAMETER ALTERNATE | vy max | uniT
SYMBOL
to(rd) Read cycle time¥ tRC 60 ns
ta(A) Access time, ALEN high or address to output tAA 25 ns
ta(A12)  Access time, A12 to output (see Note 4) tA12A 17 ns
| tas) Access time, S0, S1 to output tcs 25 ns
ta(CE) Access time, CE to output tCE 20 ns
| ta(OE) Access time, OEA or OEB to output toE 10 ns
ty Valid time, output after address change or ALEN high toH 3 ns
ten(s) Enable time, S0, S1 to output Lz 3 ns
ten(CE) __ Enable time, CE to output Lz 3 ns
ten(OE) _ Enable time, OEA or OEB to output toLz 0 ns
tdis(S) Disable time, SO, S1 to output tHz 15 ns
tdis(Cg) _ Disable time, CE to output tHZ 15 ns
tdig(OE) _ Disable time, OEA or OEB to output toHZ 10 ns
NOTE 4: The parameter ta(a12) is measured in the direct mode (MODE = low) with ALEN low.
160 ns equates to the Intel 82386/82385 running at 33 MHz.
write cycle
ALTERNATE
PARAMETER SYMBOL MIN  MAX | UNIT
ten(WE) _Enable time, WEA or WEB to output twiLz 3 ns
tdis(wg) Disable time, WEA or WEB to output twHZ 15 ns

timing requirements over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)t

read cycle
ALTERNATE
PARAMETER SYMBOL MIN  MAX UNIT
twi  Pulse duration, ALEN high tALEN 8 ns
tsut  Setup time, address before ALEN low tasL 4 ns
thi Hold time, address after ALEN low tAHL 5 ns

t See Parameter Measurement Information for load circuits and voltage waveforms.

Texas
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

timing requirements over recommended ranges of supply voltage and

temperature (unless otherwise noted) (continued)’

operating free-air

write cycle
PARAMETER ALTERNATE MIN  MAX | UNIT
SYMBOL
to(wR)  Write cycle time¥ ] WG 60 ns
tv(AW) Address valid before end of write AW 20 ns
twi Pulse duration, ALEN high tALEN 8 ns
tw2 Pulse duration, write enable low T twp 20 ns
twa Pulse duration, CE low, CE controlied write top 20 ns
twa Pulse duration, CE high, CE controlled write 10 ns
tsut Setup time, address before ALEN low taSL 4 ns
tsu2 Setup time, address before write start tAS 0 ns’
tsu3 Setup time, data before end of write tow 10 ns -
tsuq Setup time, S0, S1, CE, or WE low before end of write tow 20 ns
thi Hold time, address after ALEN low tAHL 5 ns
the Hold time, ALEN low or address after end of write tWR 2 ns
th3 Hold time, data after end of write iDH 0 ns
T See Parameter Measurement Information for load circuits and voltage waveforms.
60 ns equates to the Intel 82386/82385 running at 33 MHz.
TYPICAL CHARACTERISTICS
Icc
vs
Intel 82386/82385
Operating Frequency
140 T T T om |
Vec =5V, Tp =25°C
OEA = OEB = HIGH
120 |— CE =80 =851=LOW
VIH=3V,V|L=0 /
< MODE = HIGH or LOW
E tRe = /FREQ /
| 100 .. V4
-
€
2
3 80
=
g
@ e //
8 /
40 /
20
0 5 10 15 20 25 30 35 40

Intel 82386/82385 Clock Frequency — MHz

Figure 1
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION

Vee
400 Q
Output VA * 2V
From output l
Under Test
CL =100 pF CL
Cy =5 pF for Disable Times
(See Note A) =
THEVENIN EQUIVALENT
TEST CIRCUIT
TEST CIRCUIT
—————————— v
_______ 3V Input 15V 15V
Input 1.5V : i oV
GND | le—¥— ten
tps —J¢— N tais—P| — il
| P tpy

| ‘* | V,
- OH
: : Output | * VoH - 02 A 24V
T S 1) LT -
[ SN
PROPAGATION-TIME VOLTAGE WAVEFORMS Output | | 2v
PUt  yoL +0.2 12V

VoL
ENABLE/DISABLE VOLTAGE WAVEFORMS

NOTE A: Cy includes probe and test fixture capacitance.

Figure 2. Test Circuit and Voltage Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION

71
I

l
ALEN /1oy

twi

1.5V

Fr
>.< v sz_ \l

th1

12
=
=y

JI

te(rd)

ADDRESS 1.5V ADDRESS VALID

le taa) !
| ta(a12)

B > (
N v ¢ l

DpaQ ouT X X X DATA VALID

| |
¢ ta(CE) >

NOTE: WE high, TS low, and OE low.

Figure 3. Read Cycle 1 Waveforms

*p

Texas
INSTRUMENTS

2-14 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION

5 to(rd) »
e twi > |
| | |
ALEN 1.5 v\
— | A
¢ tsut bie thi ——-’]I
|
CE \ | 7‘: _______
| |
| |
AO-AT1 X ADDRESS A0-A11 VALID X
|
A12 | X A12 VALID )C
L
T
| j¢ ta(A12) i
¢ ta(a) g
:g W |

»l
"
pa out X X X DATA VALID

NOTE: WE high, CS low, and OE low.

Figure 4. Read Cycle 2 Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

ALEN

ADDRESS

baout

NOTE: WE high.

PARAMETER MEASUREMENT INFORMATION

HIGH-Z

¢ twi »
/ { —
|
le tsut »le th1 —————-—'}
€ c(rd) rl
X ADDRESS VALID X
|4 ta(A) »
| ‘:éA)ﬁ) ';
\K | 7'(
B ta(CE) ~|T tdis(CE) ! —
¢ ta(s) Yo
— 'en(S)——d‘ : |
| | 71‘
| I | | |
[ taop—¥ [ tdis(0E)
H—‘en(OE)’: | |

( X DATA VALID >|-—-———

Figure 5. Read Cycle 3 Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION

¢ twi »
| |
ALEN ¥ \ A
lE tsut »le thy ;:
< te(wr) =l
ADDRESS X ADDRESS VALID X
e ty(AW) >
| L tha—»  |[&—
L tsua > :
s, ce | ,(
' e ' N
o tsu2 —¢ w2 'i
- N ——
}
f— tsuz —l |
| f— ths ¥
H-Z | [
DQIN HiG \f DATA VALID )——-

NOTE: WE controlled.

Figure 6. Write Cycle 1 Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION
et ey

I |
ALEN ;( \
| S~~~
¢ tsut >l< thi ——————-);
,L to(wr) >'
ADDRESS >K ADDRESS VALID X
le tv(aw) » |
D t vl H—
CE \ '(
e tw2 >i
L
l— tguz—>!
| j— th3 —r:
DaIN HiGH-Z !( DATA VALID )_.

NOTE: CE controlled and OE high.

Figure 7. Write Cycle 2 Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

PARAMETER MEASUREMENT INFORMATION
— tw1 —
l l
ALEN _—/_—\
l VA
l— tsul —P————— th] —————————P|
A0-A11 ADDRESS VALID X

|
| e tewry ——¥ |
) e B N S

v X X X

' |
DQIN _____< DATA VALID X DATA VALID >_

t A12 is an active input only when MODE low.
NOTE: CS or CE controlled and OE high.

Figure 8. Write Cycle 3 Waveforms
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SN74ACT2140A
2-WAY 4K x 18/8K x 18 CACHE DATA RAM

APPLICATION INFORMATION

/\> PAN
ACT2140A
2-WAY \
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Figure 9. 32K-Byte 2-Way Cache
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SN74ACT2140A

2-WAY 4K x 18/8K x 18 CACHE DATA RAM

8KX 18 I

APPLICATION INFORMATION
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Figure 10. 64K-Byte 2-Way Cache Memory for the Intel 82385
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NOLLVINHO4NI 3ONVAQV

SN74ACT2140A

2-WAY 4K x 18/8K x 18 CACHE DATA RAM

APPLICATION INFORMATION
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Figure 11. Intel 82385 and SN74ACT2140A 128K-Byte 2-Way Cache
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TMS2150
512 x 8 CACHE ADDRESS COMPARATOR

D2911, MARCH 1982 —REVISED SEPTEMBER 1985

® ’'ACT2150A is Recommended for New DW, JD, OR NT PACKAGE
Designs (TOP VIEW)
® Fast Address to Match Valid Delay — Three ReseT [0 U24[] vee

Speed Ranges: 35 ns, 45 ns, 55 ns
® 512 x9 Internal RAM

300-Mil 24-Pin Ceramic Side-Brazed or
Plastic Dual-In-Line or Small Outline

Packages

® Max Power Dissipation: 660 mW

® On-Chip Parity Generation and Checking

® Parity Error Output/Force Parity Error Input

® On-Chip Address/Data Comparator

® Asynchronous, Single-Cycle Reset

® Easily Expandable

® Fully Static

® Reliable SMOS (Scaled NMOS) Technology

® TTL- and CMOS Compatible Inputs and

Outputs
description

This 8-bit-slice cache address comparator consists of a high-speed 512 x 9 static RAM array, parity
generator, parity checker, and 9-bit high-speed comparator. It is fabricated using N-channel silicon gate
technology for high speed and simple interface with MOS and bipolar TTL circuits. The cache address
comparator is easily cascadable for wider tag addresses or deeper tag memories. Significant reductions
in cache memory component count, board area, and power dissipation can be acheived with this device.
When Sis low and W is high, the cache address comparator compares the contents of the memory location
addressed by AO-A8 with the data on DO-D7 plus generated parity. An equality is indicated by the high
level on the MATCH output. A low-level output from PE signifies a parity error in the internal RAM data.
PE is an N-channel open-drain output for easy OR-tying. During a write cycle (S and W low), data on
DO-D7 plus generated even parity are written in the 9-bit memory location addressed by AO-A8. Also during
write, a parity error may be forced by holding PE low.
A RESET input is provided for initialization. When RESET goes low, all 512 x 9 RAM locations are cleared
and the MATCH output is forced high.
The cache address comparator operates from a single 5-V supply and is offered in a 24-pin 300-mil ceramic
side-brazed or plastic dual-in-line packages and plastic ‘’Small Outline’’ packages. The device is fully TTL
compatible and is characterized for operation from 0°C to 70°C.

PRODUCTION DATA documents contain information . Copyright © 1983, Texas Instruments Incorporated

current as of publication date. Products conform to

specifications per the terms of Texas Instruments {’

standard warranty. Production processing does not

TEXAS
necessarily include testing of all parameters. IN STRUMENTS
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TMS2150
512 x 8 CACHE ADDRESS COMPARATOR

MATCH OUTPUT DESCRIPTION FUNCTION TABLE
MATCH= Vou if: [AO-A8] = DO-D7 + parity, OUTPUT FUNCTION
or: RESET = V), MATCH PE DESCRIPTION
or: S = ViH. L L Parity Error
o W = ViL L H Not Equal
L Undefined E
MATCH= VgL if: [AO-A8] # DO-D7 + parity, : - o eE'"eal ror
Pr— u
with RESET = V|y, a
S=V),andW = Vjy Where S = Vi, W = V|, RESET = Viy
functional block diagram (positive logic)
RESET ~ :;D
RAM 512X9 COMP
(22) R s
"
A0 0) i 3
(23) ) . 14)
Al 8 P=Q i )—————————— MATCH
A2 #
az }o
—
Ad (3) >A—°-
(2) 511 .
AS (19) - 2k ! (11)
A6 — ! of PE
(20)
A7 [ EN
A8 (21) 8 PARITY
INPUT & CHECKER
- BUFFERS =] ,-4
DO 1 -«
81 N 12 «
D1
02 12 N
(6) N j
SSTED R
D4 ) < -
> g < —
P e N
D7 « |/
- (13) PARITY
S ——t GENERATOR
8 2k+1
W (10)

This diagram has been changed to correct errors in previous versions. No functional change has been made in the chip.

{ip
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- TMS2150
512 x 8 CACHE ADDRESS COMPARATOR

TERMINAL FUNCTIONS

PIN DESCRIPTION
NAME NO.
AO 22
A1l 23
A2 5
A3 4 . i . .
A4 3 Addreés inputs. Address 1 of 512-by-9-bit random-access memory locations. Must be stable for the duration of
AS 2 the write cycle.
A6 19
A7 20
A8 21
DO 7
D1 8
D2 9
D3 6 Data inputs. Compared with memory location addressed by AO-A8 when W is at V|4 and S is at V|L. Provide
D4 17 input data to RAM when W is at V|_and S is at V.
D5 18
D6 15
D7 16
GND 12 Ground
MATCH 14 When MATCH output is at Vo during a compare cycle, DO through D7 plus parity equal the contents of the
9-bit memory location addressed by AO through A8.
PE 1 Parity Error input/output. During write cycles, PE can force a parity error into the 9-bit location specified by
AO through A8 when PE is at V|L. For compare cycles, PE at VoL indicates a parity error in the stored data.
PE is an open-drain output so an external pull-up resistor is required.
RESET 1 RESET input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at V)_ and W
is at V4.
S 13 " Chip select input. Enables device when S is at V). Deselects device and forces MATCH high when S is at V.
vee 24 5-V supply voltage
w 10 Write control input. Writes DO through D7 and generated parity into RAM and forces MATCH high when W is

at V|_and S is at V)i . Places selected device in compare mode if W is at Viy.

Texas {"

INSTRUMENTS
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TMS2150

512

x 8 CACHE ADDRESS COMPARATOR

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

Supply voltage range, Voo (see Note 1). .. ... ... i -15Vto7V
Input voltage range, any input . .................... e -1.5Vto7V
Continuous power dissipation . . . . . . . ..ottt e e 1TW
Operating free-air teMpPerature raNge . . . . . ..o vttt ettt et 0°C to 70°C
Storage temperature range . . . ... ...ttt vttt e —65°C to 150°C

TStresses beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. This is a stress rating

only

and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘recommended operating

conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated condtions for extended periods may affect
device reliability. '

NOTE

1: All voltage values are with respect to GND.

recommended operating conditions

MIN NOM MAX | UNIT
Ve Supply voltage 4.5 5 5.5 \
ViH4 High-level input voltage 2 6 \%
VijL Low-level input voltage (See Note 2) -1 0.8 \
Ta  Operating free-air temperature o 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for

logic voltage levels only.

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

noted)
TMS2150-4
PARAMETER TEST CONDITIONS TMS2150-3 TMS2150-5 UNIT
MIN MAX | MIN MAX

VOH(M) MATCH high-level output voltage xgg : :g z: :g: : :iom; i: 2: v
VoL(M)  MATCH low-level output voltage Vece = 4.5V, lgL = 4 mA 0.4 0.4 \
VoL(PE)  PE low-level output voltage Vcec =45V, IgL = 12mA 0.4 0.4 Y
] Input current Vi =0Vtob55V 10 10| wA
loL(PE) _ PE output sink current Vee = 45V, VoL = 0.4V 12 12 mA
los Short-circuit MATCH output current | Vcc = 5.5V, Vg = GND - -150 -160 | mA
Icct Supply current (operative) RESET = V|4 145 135 | mA
Icc2 Supply current (reset) RESET = V), 165 145 | mA
Cj Input capacitance Vi=0V, f=1MHz 5 5 pF
Co Output capacitance Vo =0V, f=1MHz 6 6 pF

¥Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.

Qi’
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TMS2150
512 x 8 CACHE ADDRESS COMPARATOR

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

temperature T
R R R

| ta(A) Access time from address to MATCH 35 45 55 ns
ta(A-P) Access time from address to PE 45 55 65 ns
ta(S) Access time from S to MATCH 20 25 35 ns
tp(D) Propagation time, data inputs to MATCH 20 35 45 ns
tp(R-MH) _Propagation time, RESET low to MATCH high 30 30 40 ns
tp(S-MH) Propagation time, S high to MATCH high 20 25 35 ns
tp(W-MH) Propagation time, W low to MATCH high 20 25 35 ns
to(W-PH) _Propagation time, W low to PE high 20 25 35 ns
ty(A) MATCH valid time after change of address 5 5 5 ns
ty(A-p) _ PE valid time after change of address 15 15 15 ns

TSee Parameter Measurement Information for load circuits and voltage waveforms.

timing requirements over recommended ranges of supply voltage and operating free-air temperature

PARAMETER TMS2150-3 | TMS2150-4 | TMS2150-5 UNIT
MIN MAX [ MIN MAX | MIN MAX
te(w) Write cycle time, without writing PE 30 40 50 ns
tcPE(W)  Write cycle time, writing PE (see Note 3) 35 40 50 ns
te(rd) Read cycle time 35 45 55 ns
tw(RL) __Pulse duration, RESET low 35 35 45 ns
{wL) Pulse duration W low, without writing PE 20 25 30 ns
twPE(WL) Pulse duration, W low, writing PE (see Note 3) 35 40 45 . ns
tsu(A) Address setup time before W low 0 0 0 ns
tsu(D) Data setup time before W high 20 25 30 ns
tsu(P) PE setup time before W high (see Note 3) 20 25 30 ns
tsu(S) Chip select setup time before W high 20 25 30 ns
ﬁu(RH) RESET inactive setup time before first tag cycle [¢] 0 [o] ns
thiA) Address hold time after W high 0 [¢) 5 ns
th(D) Data hold time after W high 5 5 10 ns
thip) PE hold time after W high 0 0 5 ns
th(S) Chip select hold time after W high 0 0 0 ns
tAVWH  Address valid to write enable high 30 40 50 ns

NOTE 3: Parameters typg(wL) and tsy(p) apply only during the write cycle time when writing a parity error, tcpg(w)-

Texas
INSTRUMENTS
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TMS2150 : ‘
512 x 8 CACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

Vece Test Point

410Q

From Output
Under Test

820 Q

I 15 pF

PE OUTPUT LOAD CIRCUIT
(OPEN-DRAIN OUTPUT)

Timing 3v
Input .( 15V
(See Note A) A 0
l¢—pl— ¢
tsu —i¢—> | h av
Data | . N -~
Input 15V 15V
0
SETUP AND HOLD TIMES
_______ 3V
INPUT 15V
| GND

) |
'pd—ﬂ'———‘: e 1

|
ouTPUT ! 15V

TOTEM-POLE OUTPUTS

NOTE A: Input rise and fall times are 5 ns.

Test Point Veo

9600
From Output
Under Test

30 pF 510Q

MATCH OUTPUT LOAD CIRCUIT
(TOTEM-POLE OUTPUT)

————— 3v
High-Level )
N TR
(]
|
| i av
Low-Level 15V 15V
Pulse ———— 9

PULSE DURATION

OUTPUT 15V 15V

OPEN-DRAIN OUTPUTS

FIGURE 1. TIMING REFERENCE LEVELS
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TMS2150
512 x 8 CACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

le a
b te(rd) »
L 4
AO-A8 m ADDRESS VALID b( ADDRESS VALID )m
! T
! I
—ta)———p| 1
| | | 1
D0-D7 m paTa vaLip | | >< DATA VALID ﬂ
| t +
|
| et ——0s] |
| | |
- | | | -
s | \al l | 1
! | l I !
| | | | tp(S-MH)J¢—]
| o :
1 1 1 1
e T XRRRON X 7
| + \
——ta(a.p)—l ‘v(A-P)-L-—-—D'
1 I

L \ /

NOTE: Input puise levels are O V and 3 V, with rise and fall times of 5 ns. The timing reference levels on the input pulses are 0,8 V and
2 V. The timing reference level for output pulses is 1.5 V.

FIGURE 2. COMPARE CYCLE TIMING

{ip
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TMS2150 v
512 x 8 CACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

le te(W)/tePE(W) >
h (see Note 3) e
AO-A8 1 : ADDRESS VALID m
—t, o
su(A)— tAVWH F—"‘(A)_—"‘

— tsu(s)————»] K—-‘h(s)-—ﬂ

-

\

L
tw(WL)/twPE(WL)
"- (see Note 3)

s|

S‘

__L

|
| d

H_tSU(D)_’l I‘ .I th(D)

|

PE (INPUT) \l : | I V
7
|

je tsu(P) » le ’i
(see Note 3) h(P)

MATCH \ : /= \ /
tp(W-MH) j¢———) )
PE (OUTPUT) : ﬁ \
|
Je—to(w-PH)—»

NOTE 3: Parameters tyypg(wL) and tg,(p) apply only during the write cycle time when writing a parity error, tcpg(w)-

FIGURE 3. WRITE CYCLE TIMING

: /———\

fe———tp(R-MH)

FIGURE 4. RESET CYCLE TIMING
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

D3183, NOVEMBER 1988 —REVISED MARCH 1990

® Address to MATCH Valid Time DW, JD, OR NT PACKAGE
‘ACT2150A-20 . . . 20 ns max TOP VIEW)
‘ACT2150A-30 . . . 30 ns max 230 vee
® 300-Mil 24-Pin Ceramic Side-Brazed or 23% Al
Plastic Dual-In-Line or Small Outline 22[ ] A0
Packages 21[J A8
20l ) A7
® 53 mA Typical Supply Current ] 9% AG
® On-Chip Parity Generation and Checking 13% D5
D4
@ Parity Error Output/Force Parity Error Input :;] D7
® On-Chip Address/Data Comparator 15]] D6
1a[] MATCH
® Asynchronous, Single-Cycle Reset 13[] s
® Easily Expandable
® Fully Static
® Reliable Advanced CMOS Technology
@ Fully TTL Compatible
description

This 8-bit-slice cache address comparator consists of a high-speed 512 x 9 static RAM array, parity
generator, parity checker, and 9-bit high-speed comparator. It is fabricated using Advanced CMOS
technology for high-speed, low-power interface with bipolar TTL circuits. The cache address comparator
is easily cascadable for wider tag addresses or deeper tag memories. Significant reductions in cache memory
component count, board area, and power dissipation can be acheived with this device.

When S is low and W is high, the cache address comparator compares the contents of the memory location:
addressed by AO-A8 with the data on DO-D7 plus generated parity. An equality is indicated by the high
level on the MATCH output. A low-level output from PE signifies a parity error in the internal RAM data.
PE is an N-channel open-drain output for easy OR-tying. During a write cycle (S and W low), data on
DO-D7 plus generated even parity are written in the 9-bit memory location addressed by AO-A8. Also during
write, a parity error may be forced by holding PE low.

A reset input is provided for initialization. When RESET is taken low, all 512 x 9 RAM locations are cleared
to zero (with valid parity) and the MATCH output is forced high. If an input data word of zero is compared
to any memory location that has not been written into since reset, MATCH will be high indicating that
input data, plus generated parity, is equal to the reset memory location. PE will be high for every addressed
memory location after reset indicating no parity error in the RAM data. By tying a single data input pin
high, this bit will function as a valid bit and a match will not occur unless data has been written into the
addressed memory location. When cascading in the width direction, only one bit needs to be tied high
regardless of the address width.

The SN74ACT2150A operates from a single 5 V supply and is offered in a 24-pin 300-mil ceramic side-
brazed or plastic dual-in-line packages and plastic '’Small Outline’’ packages. The device is fully TTL
compatible and is characterized for operation from 0°C to 70°C.

These devices are covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending.

PRODUCTION DATA documents contain information ;

“"..;“::‘:' pulllict:"!ion date. 'P?d““‘ m";:lorm:: b Copyright © 1990, Texas Instruments Incorporated
spacifications terms of Texas Instrumen

:{’:mhld wmap:!' . Production processing does not TEXAS

necessarily include testing of all parameters. INSTRUM ENTS
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SN74ACT2150A

512 x 8 CACHE ADDRESS COMPARATOR

logic diagram (positive logic)

(14)
- MATCH

RESET QD
RAM 512X9 COMP
8
(22) R A
A0 0 P
@ )
Al P=Q
ay B 8
(4) v Q
N
Ad 2) >A5n
AS (19) % 2k
A& 200 .
A7
g 120 8 PARITY
INPUT 4 CHECKER
- BUFFERS - e
Do 1 PY |/
oy 8 R 10
(9) N
D2 -« | A
0 3 -
>4 T8 R A
0s (15)
D6 « 1
(16) N
D7 « |
- (13) PARITY
5 —— GENERATOR
8 2k
7
w (10)

MATCH OUTPUT DESCRIPTION

MATCH = Vgy if:

{AO-A8] = DO-D7 + parity,

or: RESET = Vj,
or: S = ViH.
o W = ViL

MATCH = Vg if:

{AO-A8] # DO-D7 + parity,
with RESET = Vi,
S = ViL and W = VIH

FUNCTION TABLE

OUTPUT FUNCTION
MATCH PE DESCRIPTION
L L Parity Error
L H Not Equal
H L Undefined Error
H H Equal

Where § = V),

W = Vi, RESET = Viy

2-32
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

TERMINAL FUNCTIONS

PIN DESCRIPTION
NAME NO.
AOQ 22
A1 23
A2 5
A3 4 . . .
AL 3 AddresAs inputs. Address 1 of 512-by-9-bit random-access memory locations. Must be stable for the duration of
AS 2 the write cycle.
A6 19
A7 20
A8 21
DO 7
D1 8
D2 9
D3 6 Data inputs. Compared with memory location addressed by AO-A8 when W is at ViH and Sis at VL. Provide
D4 17 input data to RAM when W is at Vj_and S is at V.
D5 18
D6 15
D7 16
GND 12 Ground
MATCH 14 When MATCH output is at VoH during a compare cycle, DO through D7 plus parity equal the contents of the
9-bit memory location addressed by AO through A8.
PE 1 Parity error input/output. During write cycles, PE can force a parity error into the 9-bit location specified by
AO through A8 when PE is at V| . For compare cycles, PE at V| indicates a parity error in the stored data.
PE is an open-drain output so an external pull-up resistor is required.
RESET 1 RESET input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at V| and W
is at V).
3 13 Chip select input. Enables device when S is at V). Deselects device and forces MATCH high when S is at V4.
Vee 24 5-V supply voltage
W 10 Write control input. Writes DO through D7 and generated parity into RAM and forces MATCH high when W is
at V) and S is at V|, Places selected device in compare mode if W is at V.

{i’
Texas
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

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

Supply voltage range, Vo (see Note 1) .. .. . ... i -1.5t0 7V
Input voltage range, any iNPUt . . . ...t v ittt e -1.5t07V
Continuous power dissipation . . . . ... .. . e e 1TW
Operating free-air temperature range . . . . . .. ..ottt 0°C to 70°C

Storage temperature range . . .. ... ..ottt e —65°C to 150°C

TStresses beyond those listed under ‘’absolute maximum ratings’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘recommended operating
conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated condtions for extended periods may affect
device reliability.

NOTE 1: All voitage values are with respect to GND.

recommended operating conditions (see important notice)

MIN NOM MAX | UNIT
Vce  Supply voltage 4.5 5 5.6 \'
Viy High-level input voltage 2 Ve +0.5 \
VijL Low-level input voltage (See Note 2) ) -0.5 0.8 \
VoH High-level output voltage PE 5.5 \'
loH High-level output current MATCH -8 mA

MATCH 8

loL Low-level output current L‘?‘E 6 mA
Ta  Operating free-air temperature o] 70 °C

NOTE 2: The alggbraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for

logic voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or
tag), the address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and
fall times at the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold
region may be eliminated by not using the pullup resistors on the address lines and minimizing the high-
impedance time when switching between bus drivers. An alternate approach is to use latches or registers
in front of the cache tag address inputs to eliminate floating-address conditions. Ground bounce, due to
simultaneous switching, into the threshold region of the address inputs should be avoided in order to ensure
that a slow rise/fall condition does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V| level at the
RESET pin is at its minimum high level (2 V). In systems with —1.5 V or more undershoot at the
address and data inputs, it is recommended that the minimum V|H level at the RESET pin be 4 V. As with
all designs, proper termination and capacitive bypass technigues should be employed. Unused inputs should
be tied to either Vcc or GND.

2-34
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

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

noted)
‘ACT2150A-2 ‘ACT2 A-
PARAMETER TEST CONDITIONS 0A-20 ACT2150A-30 UNIT
MIN TYP¥ MAX | MIN TYP} mAX
| = -8mA, Vcc =45V | 24 4
VOH(M) MATCH high-level output voltage OH a cC 2 \%
loH = —20 A, Vcc = 4.5V | 356 3.5
VoL(M)  MATCH low-level output voltage lo = 8mA, Vgg =45V 0.4 04| V
VOL(PE) _PE low-level output voltage loL = 16 mA, Vgc =45V, 0.4 04| V
1} Input current Vi =0Vtob5.5V 10 10| wA
los Short-circuit MATCH output current| Vg = GND, Vece =565V - 150 -150 | mA
lcct Supply current (operative) RESET = V|4 53 95 53 95 | mA
Icc2 Supply current (reset) RESET = V| 2.75 6 2.75 6| mA
Ci Input capacitance f=1MHz 5 5| pF
Co Output capacitance f =1MHz 6 6| pF

*All typical values are at Voc = 5V, T = 25°C.

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

temperaturet
‘ACT2150A-20 ‘ACT2150A-30
PARAMETER N MAX | WiN MAX UNIT
ta(A-M)  Access time from address to MATCH 20 30 ns
| ta(A-PL) Access time from address to PE low 22 30 ns
ta(A-PH) Access time from address to PE high 30 35 ns
| ta;s-M) _ Access time from S to MATCH 10 15 ns
tp(D) Propagation time, data inputs to MATCH 15 20 ns
tp(R-MH) Propagation time, RESET low to MATCH high 10 15 ns
tp(S-MH) Propagation time, S high to MATCH high 10 12 ns
tp(W-MH) Propagation time, W low to MATCH high 10 12 ns
to(W-PH) Propagation time, W low to PE high 15 20 ns
ty(A-M) __MATCH valid time after change of address 3 3 ns
ty(A-P) PE valid time after change of address 5 5 ns
timing requirements over recommended ranges of supply voltage and operating free-air temperaturet
PARAMETER ‘ACT2150A-20 'ACT2150A-30 uNIT
MIN MAX | MIN MAX
tw(RL) _ Pulse duration, RESET low 35 40 ns
tw(wL)  Pulse duration, W low, without writing PE 20 25 ns
twPE(WL) Pulse duration, W low, writing PE (see Note 3) 20 25 ns
| tsu(A) Address setup time before W low [¢] [*] ns
tsu(D) Data setup time before W high 20 25 ns
| tsu(p) PE setup time before W high (see Note 3) 20 25 ns
tsu(S) Chip select setup time before W high 20 25 ns
_ts—u(RHl RESET inactive setup time before first tag cycle 0 0 ns
th(A) Address hold time after W high 0 0 ns
| th(D) Data hold time after W high 0 0 ns
th(P) PE hold time after W high 0 0 ns
th(s) Chip select hold time after W high 0 0 ns
tAVWH  Address valid to write enable high 20 25 ns

TSee Parameter Measurement Information for load circuit and voltage waveforms.
NOTE 3: Parameters tywpE(WL) and tgy(p) apply only during the write cycle time when writing a parity error, tcpE(W)-

*
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

 PARAMETER MEASUREMENT INFORMATION

Vee

> RL=330Q
FROM OUTPUT TEST FROM OUTPUT

12
UNDER TEST ! POINT UNDER TEST

CL=30pF iI? CL=30pF

TEST
POINT

LOAD CIRCUIT FOR LOAD CIRCUITS FOR
TOTEM-POLE OUTPUTS OPEN-DRAIN OUTPUTS

—————— 3 v
FRAR W
INPUT 15V INPUT [?\Z 15V VN 15V
| \= GND 03V GND

| |
OUTPUT N
1.5V
__________/f/-f__-_-‘_-“\\h___ outPuT 15V 15V

TOTEM-POLE OUTPUTS OPEN-DRAIN QUTPUTS
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

FIGURE 1. LOAD CIRCUITS AND VOLTAGE WAVEFORMS
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

A0-A8 m ADDRESS VALID x ADDRESS VALID M
| |

|
M ta(A-M) ——————P!
|

|
l
| . -
DO-D7 mm DATA VALID | X DATA VALID ﬂ
I T i
| k————‘p(m——b: }
|
| |
s | I | | I
| i T T |
: | } | tp(S-MH)-———|
I b——ta(s-m) ——>f r'_":” fviA-M) !
+ |
e TR X 7
| 4
[—P—1a(A-PH)
1, -|
j——taja PL)—-—-)‘ ty(A-P) ~h——b1

7 | 1

FIGURE 2. COMPARE CYCLE TIMING
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SN74ACT2150A
512 x 8 CACHE ADDRESS COMPARATOR

PARAMETER MEASUREMENT INFORMATION

| |
A0-AB ADDRESS VALID

tsu(A)
i f————a———
3 I | I J
| |

J——————tsu(§) ——————l——th(s)—|

" L |
]1— tw(WL)/ twPE(WL) -H
(see Note 3)
:'_'”‘D’_"t——»‘mm

|
— - | l
PE (INPUT) | |

T

|

J— fsulPl — ple——th(P)—|

(see Note 3)
MATCH : l
tp(W-MH) -j————p}
PE (OUTPUT) - \ : I
iﬂ—*p(w-Pm—H

NOTE 3: Parameters tywpg(wL) and tgy(p) apply only during the write cycle time when writing a parity error, tePE(W)-

FIGURE 3. WRITE CYCLE TIMING

we I

K—‘w(RL)_——'—*—_—‘w(RH)_’I

ECOEOTROREONRORONEOTONOOTRS
X
MATCH : I l

je———— to(R-MH)

FIGURE 4. RESET CYCLE TIMING

FIRST TAG CYCLE

ADDRESS
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

D3105, SEPTEMBER 1987-REVISED MARCH 1990

o Fast Address to Match Delay N PACKAGE
. 22 ns Max (TOP VIEW)

e On-Chip Address/Data Comparator

® On-Chip Parity Generator and Checking

e Parity Error Output, Force Parity Error Input
e Easily Expandable

e Choice of Totem-Pole ('{ACT2151) or Open-
Drain ('ACT2153) MATCH Output

e EPIC™ (Enhanced Performance Implanted
CMOS) 1-um Process

e Fully TTL-Compatible

FN PACKAGE
description (TOP VIEW)

The 'ACT2151 and 'ACT2153 cache address
comparators consist of a high-speed 1K x 11
static RAM array, parity generator, parity checker, Vs
and 12-bit high-speed comparator. They are

fabricated using advanced silicon-gate CMOS A1 DS 250 A7
technology for high speed and simple interface Aope 24[] A8
with bipolar TTL circuits. These cache address pop7 23% A9
comparators are easily cascadable for wider tag o1ls 221010
addresses or deeper tag memories. Significant D29 214 o4
reductions in cache memory component count, D3 f10 20Q b5
board area, and power dissipation can be D9 Pt 19(j 06
achieved with these devices. The 'ACT2151 has 121314181617 18
a totem-pole match output while the 'ACT2153 2|
has an open-drain MATCH output for easy AND-

tying.

If S is low and W is high, the cache address comparator compares the contents of the memory location
addressed by A0-A9 with the data D0-D10 plus generated parity. An equality is indicated by a high level on
the MATCH output. A low-level output on PE signifies a parity error in the internal RAM data. PE is an N-
channel open-drain output for easy OR-tying. During a write cycle (S and W low), data on D0-D10 plus
generated odd parity are written in the 12-bit memory location addressed by A0-A10. Also during write, a
parity error may be forced by holding PE low.

A reset input is provided for initialization. When RESET is taken low, all 1K x 11 RAM locations are cleared to
zero (with valid parity) and the MATCH output is forced high. If an input data word of zero is compared to any
memory location that has not been written into since reset, MATCH will be high indicating that input data, plus
generated parity, is equal to the reset memory location. PE will be high after reset for every addressed
memory location, indicating no parity error in the RAM data. By tying a single data input pin high, this bit will
function as a valid bit and a match will not occur unless data has been written into the addressed memory
location. When cascading in the width direction, only one bit must be tied high regardless of the address
width.

EPIC is a trademark of Texas Instruments Incorporated. :
These devices are covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending.

PRODUCTION DATA documents contain information : Gopyright © 1990, Texas Instruments incorporated
current as of publication date. Products conform to b
:tpec‘i’flc:tmns ps‘r tl'l’s tdem:s of Texas Inst‘;uments TE
andard warran roduction processing does not
necessarily include testing of apll panm&srs INSTRUM ENTS
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

These cache address comparators operate from a single 5-V supply and are offered in 28-pin 600-mil plastic
dual-in-line or PLCC packages.

The SN74ACT2151 and SN74ACT2153 are characterized for operation from 0°C to 70°C.

MATCH OUTPUT DESCRIPTION
MATCH = VoH if: (AO-A9) = DO-D10 + parity,
or: RESET = VL,
or: S =VH,
or: W =V
MATCH = VoL if: (AO-A9) = DO-D10 + parity,
with RESET = ViH,
S =V, andW =V

FUNCTION TABLE
INPUTS OUTPUTS

W S PESET | match pE | UNCTIOM
L L Parity error
L H Not equal

H L H H L Undefined error
H H Equal

L L H H IN | Write

X H H H H Device disabled

X X L H T 1 Memory reset

t The state of PE is dependent on inputs W and S.

{iP
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

logic symbols?

SN74ACT2151

]

CACHE ADDRESS
COMPARATOR

‘ACT2151

AEseT UL D~JReseT
WRITE

S
A0
A1
A2
A3
A4
A5
A6

D10

12) ~
05 ~Jseect

6)
(5)

4

(3)

(2)

{27)
(26)

(25)

(24)

(23)

)

(8)

(9}
(10)

(21)

{20)
(19)

(18)

an__|

(11)

22)

WONOGHdWN=0

RAM
ADDRESS

MATCH
PEQ
PE

(13) PE

118) patcH As

D9
D10

SN74ACT2153

(2)
(27)

(26)
(25)

(24)
{23)

(]
(8)

(9)
(10)

21

(20)

as |

(18)

[E|

(1)

(22) ‘

CONOOHWN 2O

¢

CACHE ADDRESS
COMPARATOR
‘ACT2153

RESET
WRITE
SELECT

RAM

DATA

ADDRESS

MATCH Q
PEQ
PE

(16)

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

MATCH
{13) PE
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

logic diagram (positive logic)

RESET A ,_.{>

R RAM comp
AO (6) oY) 1K x 12 11 :
, )
" )
= {16,

Az (3) 1 p-a ! )MATCH
A3 (2) 7

A4 0 __Ir@

(27) A ——

A5 1261 1023 .

A8 (25) " !

ya

A7 4 2K (13) —

A 128) ” Q PE
< EN
ag 128 9 PARITY
INPUT c1 CHECKER
BUFFERS 1 r

21} 7} 1 o« 1D |/

D18 N 11 ¢

p2 {2 < L 1 14 A

D3 (10) =\ A

Da {21) =\ A

ps 120) =\ |

08 {7 « —

D7 7’ o -y

D8 (17) R W

Do (11) N V
D10 122! n

LN
— (15) PARITY
s —4 GENERATOR
A |1 2K
7
(12)

{i’
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

TERMINAL FUNCTIONS
PIN
NAME NO. DESCRIPTION
A0 6
Al 5
A2 4
A3 3
A4 2 . ) . X
AS 27 Address inputs, Addresses 1 of 1024 random access memory locations. Must be stable for the duration of the write cycle.
A8 26
A7 25
A8 24
A9 23
DO 7
D1 8
D2 9
D3 10
D4 21 . _
Ds 20 Data inputs. Compared with memory locations addressed by A0-A9 when W is at Vi and S is at V. Provides input
data to the RAM when W and S are at V).
D6 19
D7 18
D8 17
D9 1
D10 22
GND 14 | Ground
When MATCH output is at Vo during a compare cycle, D0-D10 plus generated parity equals the contents of the 12-bit
MATCH 16 | memory location addressed by A0-A10. MATCH is also driven high during deselect and reset. Since the 'ACT2153
features an open-drain MATCH output, an external pull-up resistor of 220 2 minimum is required.
Parity Error input/output. During compare cycles. PE at Vo indicates a parity error in the stored data. During write cycles,
PE 13 | PE can force a parity error into the 12th-bit location specified by A0-A9 when PE is taken to Vy . PE is an open-drain output
so an external pull-up resistor of 220  minimum is required.
RESET 1 | Reset input. Asynchronously clears entire RAM array to zero and forces MATCH high when RESET is at Vi .
S 15 | Chip Select input. Enables device when S is at V|| . Deselects device and forces MATCH and PE high when S is at V}.
Vee 28 | Supply voltage
W 12 Write control input. Writes D0-D0 and generated parity into RAM and forces MATCH high when W and S are at V). Places

selected device in compare mode when W is at V.

{ip
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SN74ACT2151, SN74ACT2153

1K

x 11 CACHE ADDRESS COMPARATORS

absolute maximum ‘rat'i‘ngs over operating free-air temperatu're'range (unless otherwise noted)t

Supply voltage range, VGG (SEENOLE 1) . . v vttt i e -15t07V
Inputvoltage range, any input. . . . . ... -15t07V
Input clamp current, IIK (VI < 00rVE > VOC) -+ v v vt e e e e et e e e e +25 mA
Output clamp current, IOK (VI < 00rVi > VCC). -+ oo v oot +*25 mA
Continuous output current, I (VO =0toVee): DO-D4 ... +25 mA

MATCH ........ .. ... .. L +50 mA
Continuous current through VGG orGND pins . . . .. .o oo e e e +200 mA
Operating free-air temperaturerange . . . . . ... ... .. 0°C to 70°C
Storage temperature range. . . . ... ... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for10seconds . ... ..................... 260°C

t Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only
and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions”
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE

1: All voltage values are with respect to GND.

recommended operating conditions (see important notice)

MIN NOM MAX UNIT
Vec  Supply voltage 4.75 5 5.25 \
VIH High-level input voltage 22 Veo+0.5 \
ViL Low-level input voltage (See Note 2) -0.5 0.8 Vv
VoH  High-level output voltage, MATCH ('ACT2153) and PE outputs only ., 525 \
loH High-level output current, MATCH ('ACT2151) -8 mA
MATCH — 'ACT2151 8 mA
loL Low-level output current MATCH — 'ACT2153 24 mA
PE 24 mA
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or tag), the
address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and fall times at the
address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold region may be eliminated
by not using pullup resistors on the address lines and minimizing the high-impedance time when switching
between bus drivers. An alternate approach is to use latches or registers in front of the cache tag address inputs
to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into the threshold
region of the address inputs should be avoided in order to ensure that a slow rise/fall condition does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V| level at the RESET
pin is at its minimum high level (2.2 V). In systems with — 1.5 V or more of undershoot at the address and data
inputs, it is recommended that the minimum V) level at the RESET pin be 4 V. As with all designs, proper
termination and capacitive bypass techniques should be employed. Unused inputs should be tied to either Vg
or GND. )
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

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

PARAMETER TEST CONDITIONS MIN TYP} MAX | UNIT
IOH  MATCH (‘ACT2153) and PE VeG = 525V, VoH = 5.25V 10| pA
VOH  MATCH ('ACT2151) Vecc =475V, IgpH=-8mA 37 \
MATCH ('ACT2153) Vee = 475V, loL = 24 mA 0.4
VoL |MATCH (ACT2151) VoC = 475V, IoL = 8mA 04| Vv
PE Vog =475V, loL =24 mA 0.4
I Vece =525V, V) =0-Voe +5 HA
Icc1  (operating) Vog = 525V, BESCT a3V, 67 125 | mA
Icco  (reset) Voo =525V, BEETAOV, 3 25| mA
lccs  (deselected) Voo =525V, gorelatdv. 38 105| mA
(o] f=1MHz 5 pF
Co =1MHz 6 pF

+ Al typical values are at Vo = 5V, Ta = 25°C.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless’otherwise noted), see Figures 3, 4, and 5

PARAMETER MIN  TYPt MAX | UNIT
ta(A-M) Access time from address to MATCH 16 22 ns
ta(A-PH) Access time from address to PE high 21 30 ns
ta(A-PL) Access time from address to PE low 21 30 ns
ta(S-M) Access time from S to MATCH 9 16 ns
to(D-M) Propagation time, data inputs to MATCH 10 15 ns
tb(RST-MH) __ Propagation time, RESET low to MATCH high 7 15 ns
tp(S-MH) Propagation time, S high to MATCH high 7 15 ns
tp(W-MH) Propagation time, W low to MATCH high 6 15 ns
tp(W-PH) Propagation time, W low to PE high 7 15 ns
to(WH-M) Propagation delay, W high to MATCH¥ 14 20 ns
tp(WH-PE) Propogation delay, W high to PE¥ 14 20 ns
ty(A-M) MATCH valid time after change of address 2 ns
tv(D-M) MATCH valid time after change of data 0 ns
ty(S-M) MATCH valid time (low) after S high 0 ns
tV(A-P) PE valid time after change of address 4 ns

T All typical values are at Vog = 5V, T = 25°C.
*The MATCH and PE outputs will glitch at the end of a write cycle after W returns high. These specs indicate when the MATCH and PE outputs
are stable after W returns high. This is Advanced Information and is subject to change without notice.

{i’
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

PARAMETER MIN MAX | UNIT
tw(RSTL) Pulse duration, RESET low 35 ns
tw(WL) Pulse duration, W low, without writing PE 12 ns
tw(WL)PE Pulse duration, W, writing PE (see Note 3) 12 ns
tsu(A) Address setup time before W low 0 ns
tsu(D) Data setup time before W high 10 ns
tsu(P) PE setup time before W high (see Note 3) 10 ns
tsu(S) Chip select setup time before W high : 10 ns
tsu(RST) RESET inactive setup time before W high 15 ns
th(A) Address hold time after W high 0 ns
th(WH-D) Data hold time after W high 2 ns
th(wWL-D) Data hold time after W low with MATCH high, (see Note 4) 10 ns
th(P) PE hold time after W high 2 ns
th(s) Chip select hold time after W high 0 ns
tAVWH Address valid to write enable high 12 ns

NOTES: 3. Parameters typE(WL) and tsy(p) apply only during the write cycle timing when writing a parity error.
4. th(WL-D) guarantees that when W is taken low during a compare cycle with MATCH high, match will remain high without a  glitch
low. (As shown in the function table, W low forces MATCH high). th(wL-D) is guaranteed indirectly by ty(D-m) and  tp(w-MH)-

TYPICAL CHARACTERISTICS
LOW-TO-HIGH TRANSITION
OF 24-mA OPEN-DRAIN OUTPUTS
FOR VARIOUS LOADS

7
O
o
g
3
>
5
2
3
o

0.4 Vee = 5V

02 RL = 220 0

Ta = 25°C

0 1
0 1 2 3 a4 5 6

Time—ns
"Specified switching characteristics for open-drain outputs are specified at Vo = 1.5 V with C| = 30 pF.
FIGURE 1
Figure 1 is provided as a tool to determine how propagation delay specifications for a 24-mA open-drain output
will change with different load capacitance. For example from Figure 1, it can be seen thata 15-pF load will cause

a 1-ns decrease in specified propagation delay while a 60-pF load will cause a 2-ns increase in a specified
propagation delay.

X
INSTRUMENTS

2-46 POST OFFICE BOX 655303 » DALLAS, TEXAS 75265



SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

205V
RL = 200 @
FROM OUTPUT TEST
UNDER TEST POINT
I CL = 30 pFt
LOAD CIRCUIT
FIGURE 2.

—1'_— vee

‘D
SRL=2200

TEST
POINT

Tc._ = 30 pFt

FROM OUTPUT —————@
UNDER TEST

LOAD CIRCUIT

INPUT 1.5V

VOLTAGE WAVEFORMS

'ACT2151 MATCH OUTPUT

l¢— t; = 5ns —! tf = 5ns
_’Il l i ! r— 3v

| [
OUTPUT 1.5V 1.5V

VOLTAGE WAVEFORMS

FIGURE 3. OPEN-DRAIN MATCH AND PE OUTPUTS

t C( includes probe and test fixture capacitance.
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

|

;Q—‘su(A)—bl je———————th(A)————>]

j¢——————— - tayWH —————pl
| |
TS | [ | J
: l
e —
i tsu(S) th(S)-——’I
w j —
1
H—‘w(WL)/‘w(WL)PE—"
| (see Note 3) |
M
T
, | I |
[¢— tsu(D)—y |

]
|

| [¢———>—th(WH-D)
| | o

I
-

PE (INPUT)

I
[  tsulPj —p| |
{see Note 3)

l¢——th(p)—>{

|
|

MATCH I ! l | I
'q—————bl-—tp(w-mm

PE (OUTPUT) \ | I

i

be— to(w-PHI—]

NOTE 3: Parameters tw(wL)PE and Tsy(p) apply only during the write cycle when writing a parity error.
FIGURE 4. WRITE CYCLE TIMING

] |

Je——twiRsTL)——Ml¢———tsu(RsT)
XOOOOOOQOOOXXXX)
|

ADDRESS

il

W [
I

| I—-———-l
MATCH |

je———>f-tpiR-MH)
FIGURE 5. RESET CYCLE TIMING
i
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SN74ACT2151, ACT74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

A0-A9 M ADDRESS VALID X ADDRESS VALID M
| )

|
fe—————ta(A)————»i |
I 1 ;
Do.mom DATA VALID | | )'( DATA VALID )@
T ] !
| le——tpD——) | :
1 I Lo |
§ I |
! | , —t .
! I = le—=tvoM  tpismH-de——
! | |
I te——ta(s)——»! IQ——-):—‘V(A-M) tv(S-M){4——by JI
[ ! ! .
), 1 T
e TR X %
e—— taja-py—l fe—pt—"v(A-P)

| ta(A-PH)

" \ [ /

FIGURE 6. COMPARE CYCLE TIMING

APPLICATION INFORMATION

cascading the 'ACT2151 and 'ACT2153

The 'ACT2151 and ‘ACT2153 are easily cascaded in width and depth. Wider addresses can be compared by
driving the A0-A9 inputs of each device with the same index and applying the additional address bits to the
DO0-D10 inputs. The select (S) input allows these devices to be cascaded in depth. When a device is
deselected, the MATCH output is driven high. It should be noted that a decoder can be used to drive the
select inputs since the propagation delay from select to match is much faster than from address to match.
MATCH on the 'ACT2153 is an open-drain output for easy AND-tying. Figure 7 shows the 'ACT2153
cascaded.

cache coherency through bus watching

When cache designs are implemented, the problem of cache coherency is always a concern. One solution to
this problem is to implement bus-watching using the 'ACT2151 or 'ACT2153. By storing the same tags in the
bus-watcher RAM as are stored in the cache tag RAM, the bus-watcher will indicate a hit every time a cache
address passes down the main address bus. If data is being modified in main memory, the index can be
passed to the cache tag RAM for invalidation. Figure 10 shows a possible bus-watcher implementation.
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

DOMLMOOITIVOIO-T

APPLICATION INFORMATION

NOTE: This application assumes a line size of 4 bytes and that a valid bit is used.

FIGURE 7. CASCADING THE 'ACT2153

DATA BUS
I DRAM
SRAM .
i
MEMORY
* A0-A10
ADDRESS BUS A0-A31
a10] a0-as |Aa11-a20 a10 Jao-a9 Jaz1.a31
+5V
"ACT2153 "ACT2153 o——i MATCH
p—y DO-D9  MATCH $—{D0-D10  MATCH
+5V p10 BE AO-A9 BE
AO-A9 5
S
+5V
L ‘ACT2153 i PE
"ACT215
DO-D9  MATCH €12153
+5V D10 PE L—d{p0.D10  mATCH
AO-A9 AO-A9 PE
> =
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SN74ACT2151, SN74ACT2153
1K x 11 CACHE ADDRESS COMPARATORS

APPLICATION INFORMATION

WIDTH CASCADING
NUMBER OF DEVICES

DEPTH CASCADING MAIN MEMORY
NUMBER OF DEVICES COVERAGE
CACHE SIZE vs
vs LINE S1ZEt
LINE sizet
64 /)(
v g 32 -
] S
§ z / L
‘_—.—
@ :", 16 ¢
8 o
(7] ©
5 0 x
i /
4 3
X 1-Wide O 2-wide
X 1-Deep [J 2-Deep O 4-Deep
512K 2M 8M 32M 128M 512M =4G
4K 8K 16K 32K 64K 128K 256K
Amount of Main Memory Covered
Cache Data Size — Bytes or Mapped - Depth
t Direct-Mapped Caches ~ One tag per line t One Tag/line. Assumes a word fength of 32 Bits.
FIGURE 8 FIGURE 9

depth cascading

For two-way caches, each solution shown is moved to the right one increment doubling the cache size, and
the number of devices used. Four-way cache designs using the 'ACT2151 (or 'ACT2153) will quadruple each
solution shown within Figure 8.

width cascading

Memory coverage assumes one bit used as a valid bit (See Figure 9). Each solution for given line size can be
moved to the left covering smaller amounts of memory. Each increment moved represents an unused tag bit.
When cascading in depth, memory coverage increases, i.e.; two deep maps twice as much memory.

usage explanation and example

Figures 8 and 9 provide a quick means for determining ifthe'ACT2151 (or 'ACT2153) will provide a good solution
and the number of devices needed for implementation. For example, a design requires 32K bytes of
direct-mapped cache, memory coverage of 8M and a line size of 16 bytes. (A 16-byte line size means each tag
location maps four 32-bit words of cached data.) From Figure 8, it is determined that two 'ACT2151s (or
'ACT2153s) will provide a 32K-byte cache with a 16-byte line. From Figure 9, it is determined that one ‘ACT2151
(or 'ACT2153) will map 8M of memory, provided it is cascaded once, in the depth direction (i.e., two deep).
Therefore, two deep by one wide is equivalent to two 'ACT2151s (or 'ACT2153s). Two devices provide perfect
solution.
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SN74ACT2151, SN74ACT2153

1K x 11 CACHE ADDRESS COMPARATORS

APPLICATION DATA
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P CACHE
R __ DATA
P OF BuFFER
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FIGURE 10. BUS WATCHING USING THE 'ACT2151
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

D3156, DECEMBER 1988~—REVISED MARCH 1990

® Fast Address to Match Delay
20 or 25 ns Max

Common /O with Read Feature

On-Chip Address/Data Comparator
On-Chip Parity Generator and Checking
Parity Error Output, Force Parity Error Input
Easily Expandable

Choice of Open-Drain or Totem-Pole
MATCH Output

® EPIC™ (Enhanced Performance Implanted
CMOS) 1-um Process

® Fully TTL-Compatible

description

The "ACT2152A and ‘ACT2154A cache address
comparators consist of a high-speed 2K x 9
static RAM array, parity generator, parity
checker, and 9-bit high-speed comparator. They
are fabricated using advanced silicon-gate
CMOS technology for high speed and simple
interface with bipolar TTL circuits. These cache
address comparators are easily cascadable for
wider tag addresses or deeper tag memories.
Significant reductions in cache memory
component count, board area, and power
dissipation can be achieved with these devices.
The ‘ACT2152A has a totem-pole MATCH
output while the ‘ACT2154A has an open-drain
MATCH output for easy AND-tying.

if S is low and W and R are high, the cache
address comparator compares the contents of
the memory location addressed by AO-A10 with
the data DO-D7 plus generated parity. An
equality is indicated by a high level on the

A1
AO
GND
GND
DO
D1
D2

N PACKAGE
(TOP VIEW)
ReseT (1 Uz2g[] as
A4z 270Ae6
A3[]s  28[JA7
A2(]a 2508
A1[]s 2aJA9
Ao([lse 23[]a10
GNo[J7  22[0vce
GND[]s  21[Jpa4
9  20[]D5

DO
D1 [0 19[]D6
p2[Jn  18[Jbp7

D312 17[JMATCH

R[] 16Js
w4 15[)PE

FN PACKAGE
(TOP VIEW)

RESET

s A2
«[j A3
N1 .Y
!

20 A5
ML
NMILY

25

5

6 24(]

7 23]

8 22

: o
10 20

;]n 195

121314151617 18

L1000; 0]

(')III|§||-IJI(/)I E

MATC

A8
A9
A10
Vce
D4
D5
D6

MATCH output. A low-level output on PE signifies a parity error in the internal RAM data. PE is an N-channel
open-drain output for easy OR-tying. During a write cycle (S and W low), data on DO-D7 plus generated
odd parity are written in the 9-bit memory location addressed by A0-A10. Also during write, a parity error

may be forced by holding PE low.

EPIC is a trademark of Texas Instruments Incorporated.

These devices are covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending.

PIIDDI{CTIO? Dlll"ll'l dfcuzutrmpc:?’tal:l inlorfmauon b
current as of publication date. Products conform to T
EXAS

spacifications per the terms of Texas Instruments

standard warranty. Production processing does not
nacessarily include testing of all parameters. lNSTRUM ENTS
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Copyright © 1990, Texas Instruments Incorporated
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

A read mode is provided with the 'ACT2152A and "ACT2154A, which allows the contents of RAM to
be read at the DO-D7 pins. The read mode is selected when R and S are low, and W is high.

A reset input is provided for initialization. When RESET is taken low, all 2K x 9 RAM locations are cleared
to zero {with valid parity) and the MATCH output is forced high. If an input data word of zero is compared
to any memory location that has not been written into since reset, MATCH will be high indicating that
input data, plus generated parity, is equal to the reset memory location. PE will be high after reset for
every addressed memory location, indicating no parity error in the RAM data. By tying a single data input
pin high, this bit will function as a valid bit and a match will not occur unless data has been written into
the addressed memory location. When cascading in the width direction, only one bit must be tied high
regardless of the address width.

These cache address comparators operate from a single +5-V supply and are offered in 28-pin plastic
600-mil ceramic side brazed, dual-in-line and PLCC packages.

The 'ACT2152A and 'ACT2154A are characterized for operation from 0°C to 70°C.
MATCH OUTPUT DESCRIPTION
MATCH = VQoH if: [A0O-A10] = DO-D7 + parity,

or: RESET = V),
or: S = V4,
or: W= v
or: R = V|

MATCH = VoL if: [A0-A10] # DO-D7 + parity,
with RESET = ViH,
S =V, and W = V|4 |

FUNCTION TABLE

INPUTS OUTPUTS /0

W R S RESET | MATCH PE | DO-D7 FUNCTION

H L L H H H Output Read
L L Parity error

H H L H L H Input Not equal
H L Undefined error
H H . Equal

L X L H H IN Input Write

X X H H H H Hi-Z Device disabled

X X X L H i i Memory reset

tThe state of these pins is dependent on inputs W, R, and S.

{i’
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

logic symbolt

CACHE ADDRESS CACHE ADDRESS
COMPARATOR COMPARATOR
@ ®
‘ACT2152A ‘ACT2154A
reser UL D geser EseT L geser
3 ~Jgeap 3 dgean
w U sl warre Wi WRITE
518 ~Jgpect 5 18 I~Jgpect
PYRLI Ao t8 o)
P L— P PR —
PO i PY Pl 2
A3 lz’—-‘s A3 (2) E
M:—z:a)__ A ram MATCH 7 match Ad4 :2;, “ 1 ram matcH o —17 maten
as28L_1s L (s as28 g E 15)
e 27| [[ADDRESS PE O ae 2|0 [ ADDRESS PE O PE
a7 1268) ; PE a7 28! 7 PE
ag-23 g as22{g
A9 -(‘f;—,’—- 9 A9 %—-— 9
A10-=5—110) at0- = 10

po —— po =
o 10 oy 110}
oz 1| pz 11
03 12) p3 121
ps 20| | v(oATR) be 20| |v{DATa)
D5 1200 ] D5 {200 |
D6 -!-1—9)— D6 n9e |
07 ﬂg)——4 D7 AT

tThese symbols are in accordance with ANSI/IEEE Std 91-1984.
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

functional block diagram (positive logic)
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

TERMINAL FUNCTIONS

PIN
NAME O DESCRIPTION
A0 6
A1l 5
A2 4
A3 3
A4 2
A5 28 Address inputs. Addresses 1 of 2048 random access memory locations. Must be stable for the duration of the write
A6 27 cycle.
A7 26
A8 25
A9 24
A10 23
DO 9
D1 10
D2 1
D3 12 | Data inputs/outputs. DO-D7 are data inputs during the compare and write modes. DO-D7 are data outputs during
D4 21 | the read mode.
D5 20
Dé 19
D7 18
GND 7.8 | Ground
When MATCH output is at Vo during a compare cycle, DO-D7 plus generated parity equals the contents of the
MATCH 17 | 9-bit memory location addressed by AO-A10. MATCH is also driven high during deselect, reset, and read. Since the
'ACT2154A features an open-drain MATCH output, an external pull-up resistor of 220 Q minimum is required.
Parity error input/output. During compare cycles, PE at V| indicates a parity error in the stored data. During write
PE 15 | cycles, PE can force a parity error into the 9th-bit location specified by A0-A10 when PE is taken to V|. PE is an
open-drain output so an external pull-up resistor of 220 Q minimum is required.
" 13 Read d input. When R and S are at Vi and W is at V4, addressed data is output to the DO-D7 pins and the MATCH
and PE outputs are forced high.
RESET 1 Reset input. Asynchronously clears entire RAM array to zero and forces MATCH high when RESET is at V(L.
3 16 | Chip selectinput. Enables device when S is at V), . Deselects device and forces MATCH and PE high when S is at V.
Vee 22 Supply voltage
W 14 Write control input. Writes DO-D7 and generated parity into RAM and forces MATCH high when W and S are at V.

Places selected device in compare mode when W and R are at V).

{i’
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4ACT2152A, SN74ACT2154A

2K x 8 CACHE ADDRESS COMPARATORS

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

NOTE

Supply voltage, Ve (see Note 1) ... ..o -15t07V
Input voltage, any iNPUL. . . ... . i e e e e -1.5t07V
Input diode current, IIK (V] K O 0or Vi > VCC) -+ v v v vttt e et e e e +25 mA
Output diode current, IoK (V] < 0or VI > VCC) «« oo oo +25 mA
Continuous output current, Io (Vo = Oto Vcg): DO—-D8 ........... ... ... . ... +25 mA

MATCH, PE. . ............ ... ...... +50 mA
Continuous current through VCC or GND pins . . . . .. it e e +200 mA
Operating free-air temperature range . . . .. ... ittt i s 0°C to 70°C
Storage teMpPerature FANGE . . ... ..ov v et i e et e e e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . ................... 260°C
1: All voltage values are with respect to GND.

recommended operating conditions (see important notice)

MIN NOM MAX | UNIT
‘Vee  Supply voltage 4.5 5 5.5 \4
VIH High-level input voltage, write or compare cycles 2.2 Vee+0.5 v
ViH High-level input voltage, read cycle 2.6 Vee+0.5
ViL Low-level input voltage (See Note 2) -0.5 0.8 \4
VoH High-level output voltage, MATCH ('ACT2154A) and PE outputs only ‘5.5 \4
10H High-level output current, MATCH ('ACT2152A) and D0-D7 -8 mA
MATCH — 'ACT2152A 8 mA
MATCH — 'ACT2154A 24 mA
loL Low-level output current —
PE 24 mA
DO-D7 8 mA
TA Operating free-air temperature [0} 70 °C
NOTE 2: The algebraic convention, in which the more negative (less positive) limit is designated as minimum, is used in this data sheet

for logic voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or
tag), the address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and
fall times at the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold
region may be eliminated by not using pullup resistors on the address lines and minimizing the high-
impedance time when switching between bus drivers. An alternate approach is to use latches or registers
in front of the cache tag address inputs to eliminate floating-address conditions. Ground bounce, due to
simultaneous switching, into the threshold region of the address inputs should be avoided in order to ensure
that a slow rise/fall condition does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V|H level at the
RESET pin is at its minimum high level (2.2 V). In systems with —1.5 V or more of undershoot at the
address and data inputs, it is recommended that the minimum V|H level at the RESET pin be 4 V. As with
all designs, proper termination and capacitive bypass techniques should be employed. Unused inputs should
be tied to either Vcc or GND.

2-58
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

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

noted)
SN74ACT2152A-20 | SN74ACT2152A-25
PARAMETER TEST CONDITIONS SN74ACT2154A-20 | SN74ACT2154A-25 UNIT
MIN TYyPt mAX [ MIN TYPT  maAX
High-level MATCH ('ACT2154A) v, — 55V V 5.5V 10 10 A
output current |and PE OH = 55 V. ¥cC : s
High-level MATCH ('ACT2152A) . - 8 mAV a5v| 3.7 2.7 v
output voltage |and DO-D7 OH = vee . : ’
MATCH - 'ACT2154A|lg. = 24 mA, Vcc = 4.5V 0.4 0.4
VoL Low-level MATCH - ‘ACT2152Allo. = 8 mA, Vcc = 45V 0.4 0.4 v
output voltage |PE loL = 24 mA, Vge = 4.5V 0.4 0.4
DO-D7 loL = 8mA, Vce = 45V 0.4 0.4
] Input current Vy = 0-Vee, Veg = 6.5V +5 +5 A
Vo = 0-V¢ee. Vi 5.5V
lpz Off-state output current 0 cc.vee +10 +10 A
S at Vjy
RESET at 3V, V 55V
Icc1 Supply current (operative) 5 asto 3 3 ce 85 125 85 125 mA
RESET , Vi 55V
Icc2 Supply current (reset) Sat0 ct OV. Vee 5 25 5 25 mA
RESET at 3V, V 6.5V
Icc3 Supply current (deselected) Sat3 C cc 75 105 75 105 mA
Cj Input capacitance f=1MHz 5 5 pF
Co Output capacitance f =1MHz 6 6 pF
T Al typical values are at Vgc = 5V, Ta = 25°C.
i
TExas b
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted), see Figures 1 and 2

compare cycle

SN74ACT2152A-20 | SN74ACT2152A-25
PARAMETER SN74ACT2154A-20 | SN74ACT2154A-25 | UNIT
MIN TYPT MAX | MIN TYPT MAX
ta(A-M) Access time from address to MATCH 14 20 18 25 ns
ta(A-P) Access time from address to PE high or low 17 25 22 28 ns
ta(S-M) Access time from S to MATCH 22:2: Zi: Z :2 : 1 :Z ns
tp(D-M) Propagation time, data inputs to MATCH 7 12 10 16 ns
tp(RST-MH)__Propagation time, RESET low to MATCH high 6 12 10 18 ns
tp(RSTH-M) _ Propagation delay, RESET high to MATCH# 20 30 20 30 ns
tp(RST-PE) _ Propagation delay, RESET high to PE¥ 20 30 20 30 ns
tp(S-MH) Propagation time, S high to MATCH high 6 10 9 12 ns
to(W-MH) Propagation time, W low to MATCH high 6 10 9 14 ns
to(W-PH) Propagation time, W low to PE high 8 11 9 11 ns
to(WH-M) Propagation delay, W high to MATCH? 14 20 14 20 ns
to(WH-PE) _ Propagation delay, W high to PEF 14 20 14 20 ns
ty(A-M) MATCH valid time after change of address 2 6 2 8 ns
ty(D-M) MATCH valid time after change of data 0 3 0 5 ns
tyv(S-M) MATCH valid time (low) after S high 0 3 0 5 ns
ty(A-P) PE valid time after change of address 0 3 o] 5 ns
read cycle
SN74ACT2152A-20 | SN74ACT2152A-25
PARAMETER SN74ACT2154A-20 | SN74ACT2154A-25 | UNIT
MIN TYPT MAX | MIN TYPT mAX
ta(A-D) Read Access time from address to DO-D7 20 27 24 30 ns
ten(s-D) _Enable time, S low to DO-D7 12 20 15 20 ns
| ten(R.D) Enable time, R low to valid DO-D7 output 10 18 12 20| ns
tp(R-MH) Propagation time, R low to MATCH high 6 10 9 12 ns
tp(R-PH) _ Propagation time, R low to PE high 6 10 9 15 ns
tdis(R-D)  Disable time, R to DO-D7 (from high or low level) 10 18 12 20 ns
}_‘cis__(S-D) Disable time, S to DO-D7 (from high or low level) 10 18 12 20 ns
tdis(W-D) Disable time, W to DO-D7 (from high or low level) 10 18 12 20 ns

TAl typical values are at Vcc = 5V, Tp = 25°C.
$The MATCH and PE outputs will glitch at the end of a write or reset cycle after W or RESET returns high. These specifications indicate
when the MATCH and PE outputs are stable after W or RESET returns high.

Texas *?
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

timing requirements over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)

SN74ACT2152A-20 | SN74ACT2152A-25
PARAMETER SN74ACT2154A-20 | SN74ACT2154A-25 | UNIT
MIN NOM MAX | MIN NOM MAX
tw(RSTL) _ Pulse duration, RESET low 25 30 ns
tw(WL) Pulse duration, W low 12 15 ns
tw(WL)PE _ Pulse duration, W low, writing PE (see Note 3) 18 18 ns
tsu(A) Address setup time before W low 0 0 ns
tsu(D) Data setup time before W high 10 10 ns
tsu(P) PE setup time before W high (see Note 3) 7 7 ns
tsu(S) Chip select setup time before W high 10 10 ns
tsy(RST) _ RESET inactive setup time before W low 15 15 ns
th(A) Address hold time after W high 0 0 ns
th(WH-D) _ Data hold time after W high 2 5 ns
th(wL-D) __ Data hold time after W low with MATCH high, (see Note 4) 10 10 ns
th(P) PE hold time after W high 2 5 ns
th(S) Chip select hold time after W high 0 0 ns
tAVWH Address valid to write enable high 12 15 ns
NOTES: 3. The pulse-duration requirement specified by ty, (WL)PE is only necessary when a parity error exists, (i.e., PE output is low)
prior to writing data with correct parity (i.e., PE input is high during write). Parameter tg,(p) applies only during the write
cycle timing when writing a parit_y error.
4. th(WL-D) guarantees that when W is taken low during a compare cycle with MATCH high, match will remain high without

a low glitch. (As shown in the function table, W low forces MATCH high). th(wL-D) is guaranteed indirectly by ty(p-m) and

tp(W-MH)-

Texas
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

—T—Vcc —tr r—s ns —u:'fp—s ns
| e Vv
$R = 220 | 27VN I ?
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| 1N0.3V
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Lo ey
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LOAD CIRCUIT

VOLTAGE WAVEFORMS
FIGURE 1. OPEN-DRAIN OUTPUTS

2.05V
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FIGURE 2. ALL OTHER OUTPUTS

TCL includes probe and test fixture capacitance.
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

write cycle timing

A0-A10 m ADDRESS VALID m
|

}Q—'su(A)———ﬂ j¢—————th(A)——p]

K———l—‘AVWH—————.‘
|

S N T

e tsuis—————»
tsu(S) th (S)—-bl

T
[H—  tsulP) —b] |
(see Note 3)

l——th(P—>{

|
|

MATCH l ! J |__J
IQ-————Dl—‘p(W-MH)

PE (OUTPUT) \ ! J

i‘—‘p(W‘PH)——Dl

w
'Q—'w(WL)/‘w(WL)PE—DI
(see Note 3} |

] |
| p—tsu(m—-q
| p—ﬂ—'h(wu -D)
| | ;

PE (INPUT) I |
1

reset cycle timing

—r—w [

l‘-—‘w(RSTL)——*———‘su(RST) —

ADDRESS

MATCH

je——-toR-M)

NOTE 3: Parameters t,,(WL)PE and tgy(p) apply only during the write cycle when writing a parity error.
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

PARAMETER MEASUREMENT INFORMATION

compare cycle timing
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read cycle timing
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SN74ACT2152A, SN74ACT2154A
2K x 8 CACHE ADDRESS COMPARATORS

APPLICATION INFORMATION

cascading the ‘ACT2152A and 'ACT2154A

The ‘ACT2152A and 'ACT2154A are easily cascaded in width and depth. Wider addresses can be compared
by driving the AO-A10 inputs of each device with the same index and applying the additional address bits
to the DO-D7 inputs. The select (S) input allows these devices to be cascaded in depth. When a device
is deselected, the MATCH output is driven high. It should be noted that a decoder can be used to drive
the select inputs since the propagation delay from select to match is much faster than from address to
match.-MATCH on the ‘ACT2154A is an open-drain output for easy AND-tying. Figure 3 shows the
'ACT2154A cascaded.

cache coherency through bus watching

When cache designs are implemented, the problem of cache coherency is always a concern. One solution
to this problem is to implement bus-watching using the "ACT2152A or 'ACT2154A. By storing the same
tags in the bus-watcher RAM as are stored in the cache tag RAM, the bus-watcher will indicate a hit every
time a cache address passes down the main address bus. If data is being modified in main memory, the
index can be passed to the cache tag RAM for invalidation. Figure 4 shows a possible bus-watcher
implementation.

l\'ll DATA BUS
c
3 SRAM DRAM
P 4K
8 CACHE MAIN
2 EN MEMORY
S
s ,[' A0-A11
g ADDRESS BUS A0-A26
A11|a0-at0}ar2.a18 A11 |A0-A10|A19-A26
+5V
‘ACT2154A ‘ACT2154A o-—-%
p—{00-D6  MATCH }— DO-D7  MATCH
+5vV——D7 PE AO0-A10 PE |
A0-A10 5
s
+5V
‘ACT2154A ) G-
- DO-D6  MATCH |— L ‘ACT2154A
+5 v—oq D7 PE DO-D7  MATCH
A0-A10 AO-A10 PE—

FIGURE 3. CASCADING THE ‘ACT2154A
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2K x 8 CACHE ADDRESS COMPARATORS

TYPICAL APPLICATION INFORMATION

DATA BUS
M
1
c
R
0
P CACHE
R DATA
P BUFFER
E w EN
s
S
: |
R
ADDRESS BUS
C  LATCH
A
%?QJ,T?; "ACT2152A
W CACHE
TAG
CONTROL
MEMORY WRITE —] LOGIC o7 MATCH VE
[
"ACT2152A DRAM
—  BUS
WATCHER
b7 MATCH
BUFFER 3
: MAIN
1 MEMORY
DMA—p MAIN ADDRESS BUS

FIGURE 4. BUS WATCHING USING THE ‘ACT2152A
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D3076, NOVEMBER 1988 —REVISED JUNE 1990

® Address to MATCH Time . . . 22 ns Max FN PACKAGE
® Supports Motorola MC68030 Cache Burst (TOP VIEW)
Fill with No Added Wait States © '§ =
I =}
® Upward Compatibility for Motorola 287237 %mes
MC68030 Speed Upgrades /4 ) T v i s s s
. i 6 5 4 3 2 14443424140
® Cache Data RAM with Parity and Internal pofj7 39(} A2
Burst Counter p1 s 38[] 4
@ Dirty Bit Storage Capability for Use in Copy- D2 f]° 37(} b5
Back Caches D3 []10 36(] D6
GND 11 35(]p7
® Separate 1/0 Supports Copy-Back ao 12 34 GND
® Easily Expandable in Depth and Width a1 f113 33[vee
' Q2114 32(]a
® Reliable Advanced CMOS Technology a3 [J1s 310 as
® Fully TTL Compatible OE 16 300 a6
w7 29(] a7
description PR
The 'ACT2155 burst cache address CEBRE S 2 BE2Q
comparator/data RAM consists of a high-speed i & & & < '2;
2K x 9 static RAM array, 2-bit burst counter and w010 23

control circuitry, parity generator, parity checker, . .

and 8-bit high-speed comparator. The ‘ACT2155 NC—No internal connection

is fabricated using advanced silicon-gate CMOS technology for high speed and simple interface with bipolar
TTL circuits. The "ACT2155 provides a valuable building block for building fast, efficient caches. By
combining this device with programmable logic, a cache can be constructed that specifically addresses
the individual system requirements. Significant reductions in cache memory component count, board area,
and power dissipation can be achieved by using this device.

The 'ACT2155 was designed to be used as the tag comparator and data RAM necessary to provide a
cache that supports the burst-fill requirement of the Motorola MC68030 microprocessor. The ‘ACT2155
directly interfaces with the Motorola MC68030 providing four long words to the processor in four clock
cycles. By interfacing directly with the processor, at least 10 ns in delay time is saved when comparing
this solution with discrete designs. Even though the "ACT2155 is designed for use with the Motorola
MC68030 processor, it can be used with other processors to implement write-through or copy-back class
caches.

PARTIAL FUNCTION TABLE

INPUTS OUTPUTS
S W RESET OE FMHB [MATHA!T| MATBE [PE/(O)| Q0-Q7 FUNCTION
X X X X H H H ¥ ¥ Force MATHA and MATBE unconditionally high
H X X X X H H Disabled Hi-Z Deselect. Inhibits write, read, and compare.
HorlL Hor L L Parity error
L H H X L L L H + Not equal
H H H Equal
X H L X X H H Disabled Hi-Z2 Memory reset unconditionally
L L H H X H H input Hi-Z2 Write, Low on PE forces parity error.
L L H L X H H Input Low Write. Low on PE forces parity error.
L H H L X ¥ * Enabled | Enabled | Read

1During the burst mode, MATHA is forced high.
#The state of these pins is dependent on inputs shown as irrelevant (X).

These devices are covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending.

current as of publication date. Products conform to

PRODUCTION DATA documents contain information ‘l Copyright © 1990, Texas Instruments Incorporated

specifications per the terms of Texas Instruments
standard warranty. Production processing does not
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SN74ACT2155

2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

logic symbolT

P
2K x 8 BURST
CACHE COMP/DATA RAM
SN74ACT2155
FMHB -2 FORCE MATCH/V6
comp? 2 comp b7 Q7
RESET %——B RESET/G1
5 —7———|> CHIP SELECT/G2
w %——B WRITE/G3
OF —L 7,2EN4 [EN Q)
-1 1.2,3ENS [EN MAT & PE]
19 BURST CNTRL
STERM ———L={ SYNC TERM
20
CBACK ——D> Ack
SREa 2' ] peq [CACHE BURST
22
PCLK ———L4 peLK
27
AT —1° ) 2
A1 =3 HALT 5,6 MATHA
A2 —= MATCH 25
A3 = BERR 5,60 MATBE
A4
42
:z ' > | RAM ADDR
23
A7 ; PAR ERR 5 | 3
A8
A9 PAR ERR
A10 10 J
Do ; o 0 :: Qo
o1 Q1
D2 2o :‘; az
02 s oy [oatayev| o= %
37 31 o4
D5 20 9
D6 g‘; Te 06
D7 7 7 Q7

TThis symbol is in accordance with ANSI/IEEE Std 91-1984.
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SN74ACT2155

2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

TERMINAL FUNCTIONS

PIN
NAME NO. DESCRIPTION
AO 27
A1 28
A2 39
A3 40
A4 41 . A . .
AB 42 Address inputs. Addresses memory location in the 2K x 9 RAM. When in burst mode, address bits AO and
A6 a4 A1 are driven from the internal 2-bit counter independently of the AO and A1 inputs.
A7 1
A8 2
A9 3
A10 4
CBATK 2 Cache Burst Knowledge input. If CBACK is high, the internal burst control register (BCR) is asynchronously
reset, causing inputs AO and A1 to drive the internal BAO and BA1 address lines.
CBREa 21 Cache Burst Request input. If CBREQ is high, the internal burst control register (BCR) is asynchronously
reset, causing inputs AO and A1 to drive the internal BAO and BA1 lines.
DO 7
D1 8
D2 9 - - o = e b
D3 10 Data (tag) inputs. Provide input to the RAM when W and S are low. If W is high, the selected device
D4 ag compares DO-D7 to the addressed 8-bit memory locations. Bit D7 and stored bit Q7 can be removed from
. the comparison by taking COMP7 low.
D5 37
D6 36
D7 35
EMHB 6 Force Match Halt Berr input. If this input is high, the MATBE and MATHA outputs are unconditionally
forced high.
Match Berr output. During the compare mode, MATBE is high when DO-D7 (DO-D6 if COMP7 is low) equals]
MATBE 25 Q0-Q7 (Q0-Q6 if COMP7 is low). MATBE is also high during deselect, write, and reset and when
FMHB is high. Since MATBE is an open-drain output, an external pullup resistor of 220 @ minimum is
required. MATBE could be high in the compare mode when a parity error exists.
Match Halt output. During the compare mode, MATHA is high when DO-D7 (DO-D6 if COMP7 is low)
equals Q0-Q7 (Q0-Q6 if COMP7 is low). MATHA is also high during deselect, write, and reset, when
MATHA 26 FMHB is high, and when the burst control register (BCR) is set. Since MATHA is an open-drain output, an
external pullup resistor of 220 © minimum is required. MATHA could be high in compare mode when a
parity error exists.
COMP7 input. If COMP7 is low, RAM input and output bits D7 and Q7 are taken out of the comparison
compP7 5 allowing this bit to be used for a copy-back status (dirty bit). If COMP7 is high, D7 and Q7 are included in
the comparison.
OFE 16 Output Enable input. OE enables (low) or disables (high) Q0-Q7 when S is low and RESET is high.
_PCLK 22 Processor Clock input. The burst control and counter registers are clocked by a high-to-low transition on
the PCLK input.
Parity Error output/input. During compare cycles, a low at PE indicates a parity error in the stored data.
B 23 During write_cycles, PE forces a parity error into the parity bit location specified by A(l—_{MO when PE is
taken low. PE an open-drain output and requires a pullup resistor of 220 @ minimum. PE is disabled during
write, reset, and deselect.
p
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SN74ACT2155
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

TERMINAL FUNCTIONS (continued)

PIN
NAME NO. DESCRIPTION
Qo 12
Qi1 13
Q2 14 . X —
Q3 15 Data outputs. Q0-Q7 display the contents of the addressed memory_l_c_)catlon when S and OE are low and
Qa 32 RESET is high'. QO0-Q7 is disabled during deselect, reset, and when OE is high. Enabled outputs are forced
a5 31 low when W is low.
Q6 30
Q7 29

Reset input. Asynchronously clears the 2K x 9-bit RAM array to a low with valid parity independent of the
RESET 43 S pin when RESET is low. By tying a single data input high, a false match will not occur when DO-D7
inputs are low.

Chip select input. Enables device when S is low. If S is high, MATBE and MATHA are forced high and PE
and Q0-Q7 are disabled.

Synchronous Termination input. On the next PCLK falling edge after STERM goes low (while CBACK and
TBEQ are low), the 2-bit counter increments the binary value applied to the A0 and A1 inputs and the
TER 19 burst control register (BCR) is set. The set burst control register will cause the counter bits to drive the
internal BAO and BA1 address lines. The burst control register remains set until CBREQ or CBACK goes
high. Taking STERM high during a burst holds the counter at the present count.

W 17 Write control input. Wri_tes DO-D7 and ginerated parity into the addressed memory |ocation_v:/hen the
device is selected and W is low. When W is low, MATBE and MATHA are forced high and PE is disabled.

operation as an address comparator

The 'ACT2155 compares the contents of the memory location addressed by AO-10 with the address bits
applied at DO-D7. An equality is indicated by a high level on the MATBE and MATHA outputs. A low-level
output on PE signifies a parity error in the addressed internal RAM data. During a write cycle, address
bits on DO-D7 plus generated odd parity are written in the 9-bit memory location addressed by AO-A10.
Also during write, a parity error may be forced for diagnostic purposes by holding PE low.

operation in the burst mode

The ‘ACT2155 contains burst control circuitry consisting of a 2-bit wrap-around counter, a mux, and a
burst-control register (BCR). The BCR controls the mux which selects AO and A1 from either the input
terminals or from the 2-bit counter. When CBREQ or CBACK is high, the BCR is asynchronously reset and
inputs AO and A1 drive the RAM. On the next falling edge of PCLK after STERM is taken low, the BCR
is set and the counter bits (CAO and CA1) drive the RAM. At the same time that the BCR is set (STERM
low and a PCLK falling edge), the binary value of AO and A1 in the counter is incremented. The counter
can be held at any count by taking STERM high as long as BCR remains set. When the BCR is set, MATHA
is forced high.

operation as a data RAM

The 'ACT2155 can be used as a 2K x 8 data RAM with separate 1/0, a four word burst mode and parity
generation and checking. When using this device as a data RAM, the FMHB input should be tied high to
prevent MATHA and MATBE from switching.

‘{iP
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SN74ACT2155
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

using the 'ACT2155 with the Motorola MC68030

The 'ACT2155 interfaces with the Motorola MC68030 through use of 'ACT2155 input signals
STERM, CBREQ, PCLK, CBACK, and output signals MATBE and MATHA. Match outputs MATBE and
MATHA can be tied directly to processor inputs BERR and HALT respectively. As long as the requested
information is in cache, the BERR and HALT signals remain high. When a miss occurs (MATBE and MATHA
low), BERR and HALT are driven low simultaneously causing the bus cycle to be retried (rerun). A high
level applied at the FMHB input forces MATBE and MATHA high to prevent continuous rerun.

The ‘ACT2155 was designed to be used as the tag comparator and data RAM necessary to provide a
cache that meets the Motorola MC68030 internal cache burst fill requirement by supplying four long words
to the processor in four clock cycles. When the Motorola MC68030 requests a burst fill, a single address
is supplied. If the requested information is in the external cache, the "ACT2155 will indicate a hit. If STERM
is low, address bits A1-AO (A3-A2 from the processor) will be incremented on each PCLK falling edge
and the MATBE output will indicate a hit or a miss. if a miss occurs, MATBE will drive BERR low, causing
the Motorola MC68030 to abort the burst cycle and to run with the data it received. MATHA is held high
during a burst by the BCR. The timing diagram in Figure 7 shows burst mode operation.

The ‘ACT2155 internal counter can also be used when writing tag and data into the cache when the burst
fill is done from main memory. When STERM is taken high (inserting processor wait states), the
2-bit counter is held at the present count. The counter will continue to increment on the first PCLK falling
edge after STERM returns low. When CBACK or CBREQ returns high, the mux will select input pins AO
and A1 to drive the RAM. Figure 2 shows a Motoroia MC68030 burst request with data in main memory.
For more information on using the "ACT2155 with the Motorola MC68030, see the SN74ACT2155/56
Cache Enhances MC68030 Processor Performance application note.

cascading the ‘ACT2155

The 'ACT2155 is easily cascaded in width and depth. Wider addresses can be compared by driving the
AO0-A10 inputs of each device with the same index and applying the additional address bits to the DO-D7
inputs. The chip select input allows the '"ACT2155 to be cascaded in depth. When a device is deselected,
the MATHA and MATBE outputs are driven high. It should be noted that a decoder can be used to drive
the select inputs, since the propagation delay from select to match is much faster than from address to
match. MATHA and MATBE are open-drain outputs for easy wired logic. Through the use of the chip select
input, the "ACT2155 can also be cascaded for a deeper cache data buffer. Figure 11 shows the ‘ACT2155
cascaded.

initialization

A reset input is provided for initialization. When RESET is taken low, all 2K x 9 RAM locations are cleared
to zero (with valid parity) and the MATHA and MATBE outputs are forced high. If a DO-D7 input of zero
is compared to any memory location that has not been written into since reset, MATHA and MATBE will
be high indicating that DO-D7, plus generated parity, is equal to the reset memory location. PE will
be high for every addressed memory location after reset indicating no parity error in the RAM data. By
tying a single data input pin high, this bit will function as a vaiid bit and a match will not occur unless
data has been written into the addressed memory location. When cascading in the width direction, only
one bit must be tied high regardless of the address width.

The burst controi register (BCR) must be initialized after power-up by taking CBACK or CBREQ high. This
ensures that the A0 and A1 inputs are driving the RAM and not the counter bits CAO and CA1.

copy-back caches

The ‘ACT2155 can be used in write through cache designs where writes to cache are immediately sent
to main memory, or in copy-back cache designs where a cache write initiaily only modifies the cache and
can later be copied back to main memory. Copy-back caches have an advantage in that the number of
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SN74ACT2155
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

writes to main memory are reduced, thereby reducing bus traffic. To implement a copy-back cache, a dirty
bit is needed that indicates whether or not the data is modified from that which is in main memory. The
dirty bit is set to 1 when the cache data is modified. Data is only copied back if the dirty bit is set. Otherwise,
the data is overwritten.

The COMP7 input of the ‘ACT2155 allows bit D7 to be used as a dirty bit. By tying COMP7 low, bits
D7 and Q7 are gated out of the comparator so the comparison is only done on DO-D6. With outputs Q0-Q7
enabled (ﬁ low), the dirty bit, Q7, can be monitored at the same time as the match signals. |f the dirty
bit is set during a read or write miss, the tag (Q0-Q6) and data can be stored in latches before writing
the new tag and data into cache. Latched data and address can then be copied back to main memory.
Figure 12 shows a typical copy-back application.

cache coherency through bus watching

When implementing cache designs, the problem of cache coherency is always a concern. One solution
to this problem is to implement bus watching using the ‘ACT2155. By storing the same tags in the bus
watcher RAM as is stored in the cache tag RAM, the bus watcher will indicate a hit every time a cached
address passes down the main address bus. If data is being modified in main memory, the index can be
passed to th» cache tag RAM for invalidation. The SN74ACT2154 could be used as the bus watcher in
a 'ACT2155 write-through design to save board space. Figure 13 shows a possible bus watcher
implementation.

pok T Y v Y [y oY [+ o5y 5y [t
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CBACK LSS I | J
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MATBE
HALT
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MC68030 REQUESTS A CACHE BURST FILL | MC68030 REQUESTS A CACHE BURST FILL
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FIGURE 1. MOTOROLA MC68030 BURST REQUEST WITH DATA IN EXTERNAL CACHE
i
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MC68030 REQUESTS BURST
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CACHE. FMHB IS TAKEN HIGH FOUR LONG WORDS ARE LOADED INTO A MC68030 CACHE AND INTO
TO PREVENT CONTINUOUS THE EXTERNAL CACHE.

RERUN.

LONG
WORD 00

FIGURE 2. MC68030 BURST REQUEST WITH DATA IN MAIN MEMORY

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

Supply voltage, Vog fsee Note 1) ... ... -15Vto7V
Input voltage range, any iNpUt . . .. ... ... -15Vto7V
Operating free-air temperature range . . .. . .. ...ttt ittt 0°C to 70°C
Storage temperature range . . . . ... ... ot ittt —-65°C to 150°C

TStresses beyond those listed under ‘'absolute maximum ratings’’ may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘recommended operating
conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect
device reliability.

Note 1: All voltage values are with respect to GND terminal.
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recommended operating conditions (see important notice)

MIN NOM MAX | UNIT
Vce  Supply voltage : 4.5 5 5.5 \%
ViH High-level input voltage 2.2 Ve +0.5 \%
ViL Low-level input voltage (See Note 2) -0.5 0.8 \
VoH High-level output voltage, MATBE, MATHA and PE outputs Ve +0.5) \4
lOH High-level output current, Q0-Q7 -8 mA
oL Low-level output current a0-a7 = 8 mA

MATBE, MATHA, and PE 24
TA Operating free-air temperature 0 70 °C
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for

logic voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or
tag), the address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and
fall times at the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold
region may be eliminated by not using pullup resistors on the address lines and minimizing the high-
impedance time when switching between bus drivers. An alternate approach is to use latches or registers
in front of the cache tag address inputs to eliminate floating-address conditions. Ground bounce, due to
simultaneous switching, into the threshold region of the address inputs should be avoided in order to ensure
that a slow rise/fall condition does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V|H level at the
RESET pin is at its minimum high level (2.2 V). In systems with — 1.5 V or more of undershoot at the
address and data inputs, it is recommended that the minimum V|4 level at the RESET pin be 4 V. As with
all designs, proper termination and capacitive bypass techniques should be employed. Unused inputs should
be tied to either Vcc or GND.

electrical characteristics over recommended operating free-air temperature range, VCC = 5.5 V (unless
otherwise noted)

SN74ACT2155-22
PARAMETER TEST CONDITIONS NN TYP MAX UNIT
VoH High-level output voltage | Q0-Q7 Vce = 6.5V, IgL =8 mA 3.7 \
VoL Low-level output voltage MATBE, MATHA or PE Vee = 4.5V, gL = 24 mA 0.4 v
Q0-07 VeC = 45V, Ig, = 8 mA 0.4
loy High-level output current | MATBE, MATHA, or PE VoH = 6.5V 10 A
loz Off-state output current g_gii\h:s V. Vo = 0o Vee +10 pA
Iy Input current V| = 0to Vce +5 wA
Icc1 Supply current (operating) RESET at Vcc, Sat O Vv 85 150 [ mA
Icc2 Supply current (reset) RESET at OV, Sat 0V 5 50 mA
Icc3 Supply current (deselected) RESET at Ve, S at Voo 75 1256 | mA
C; Input capacitance f=1MHz 5 pF
Co  Output capacitance f=1MHz 6 pF

T All typical values are at Voc = 5V, Ta = 25°C.
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switching characteristics over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)?

SN74ACT2155-22
PARAMETER MIN_ TYPE  MAX UNIT
tpd1 Propagation delay time from address to Q0-Q7 18 27 ns
tpd2 Propagation delay time from address to PE low 17 28 ns
tpd3 Propagation delay time from S to MATBE and MATHA 8 13 ns
tpd4 Propagation delay time from address to PE high 19 28 ns
tpd5 Propagation delay time from S to PE high . 7 15 ns
tpd6 Propagation delay time from address to MATBE and MATHA 17 22 ns
tpd7 Propagation delay time from DO-D7 to MATBE and MATHA . 7 15 ns
thdg Propagation delay time from S high to MATBE and MATHA high 8 13 ns
tpd9 Propagation delay time from S low to PE low 10 18 ns
tpd10  Propagation delay time from PCLK} to MATBE 15 22 ns
tpd11  Propagation delay time from PCLKY to MATHA high 14 22 ns
tpd12  Propagation delay time from PCLK{ to Q0-Q7 18 27 ns
tpd13  Propagation delay time from PCLKV to PE low 16 28 ns
tpd14 Propagation delay time from PCLK! to PE high 18 28 ns
tpd15  Propagation delay time from W low to Q0-Q7 low 11 20 ns
tpd16  Propagation delay time from W high to Q0-Q7 1 20 ns
tpd17  Propagation delay time from W low to MATBE and MATHA 6 12 ns
tpd18  Propagation delay time from W low to PE high 6 12 ns
tpd19  Propagation delay time from RESET low to MATBE and MATHA high 7 15 ns
tpd20  Propagation delay time from FMHB to MATHA, MATBE 6 12 ns
tent Enable time from OE low to Q0-Q7 6 12 ns
ten2 Enable time from S low to Q0-Q7 7 15 ns
ten3 Enable time from RESET high to Q0-Q7 low 10 20 ns
tdis1 Disable time from S high to Q0-Q7 8 15 ns
tdis2 Disable time from OE high to Q0-Q7 9 15 ns
tdis3 Disable time from RESET low to Q0-Q7 6 15 ns
ty1 Valid time, MATBE and MATHA after change of data 1 4 ns
ty2 Valid time, MATBE and MATHA after change of address 4 10 ns
ty3 Valid time, (low), MATBE and MATHA after S high 1 5 ns
ty4 Valid time, PE after change of address 4 11 ns
tys Valid time, PE low after S high 1 5 ns
tve Valid time, MATBE after PCLKV 5 10 ns
ty7 Valid time, MATHA after CBREQ or CBACK high 5 15 ns
tyg Valid time, MATHA after PCLK{ 5 12 ns
ty9 Valid time, Q0-Q7 after PCLK{ 5 10 ns
tv10 Valid time, PE after PCLKV 3 12 ns
ty11 Valid time, Q0-Q7 after address 3 10 ns
ty12 Valid time, Q0-Q7 after CBREQ or CBACK high 3 10 ns

tSee Parameter Measurement Information for load circuit and voltage waveforms.
*All typical values are at Voc = 5V, Ta = 25°C.
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timing requirements over recommended ranges of supply voltage and operating free-air temperature
(unless otherwise noted)’

PARAMETER ;?;4‘“:1.21 si\.llezX UNIT
twi Pulse duration, W low, without writing PE 12 ns
tw?2 Pulse duration, W low, writing PE (see Note 3) 20 ns
tw3 Pulse duration, RESET low 30 ns
twa Pulse duration, PCLK high or low 10 ns
tsu1 Inactive-state setup time, CBREQ before PCLK{ 3 ns
tsu2 Inactive-state setup time, CBACK before PCLKV 3 ns
tsu3 Setup time, STERM before PCLK} 5 ns
tsud Setup time, address valid before write enable high 12 ns
tsu5 Setup time, S before W high 10 ns
tsub Setup time, address before W low 0 ns
tsu7 Setup time, DO-D7 before W high 10 ns
tsus Setup time, PE before W high (see Note 3) 8 ns
tsu9 Inactive-state setup time, RESET before W high 15 ns

[tsu10 _ Setup time, AO-A1 before PCLKY 6 ns
tsy11  Setup time, W high before PCLK{ -1 ns
thy Hold time, STERM after PCLK{ 5 ns
th2 Hold time, address after W high 0 ns
th3 Hold time, S after W high 0 ns
tha Hold time, DO-D7 after W high 3 ns
ths Hold time, PE after W high 3 ns
the Hold time, address after PCLKY 4 ns

TSee Parameter Measurement Information for load circuits and voltage waveforms.

NOTE 3. The pulse duration requirement (ty2) is only necessary when a parity error exists. A parity error exists when the PE output is
low prior to writing data with correct parity (i.e., with the PE input high during write). The setup time (tsyg) applies only during
the write cycle timing when writing a parity error.
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PARAMETER MEASUREMENT INFORMATION

‘—T—————-Vcc — IK—S ns —-Ni‘fp—'éns .
3 | e — 3v
2RL = 220 27V
$Tt INPUT : 15V :1.5v
] Y03V
FROM OUTPUT ————@ ::;TT | : GND
UNDER TEST e »
L tpd— —tpd—f

C_ = 50 pFt ' |
T l |
- OUTPUT 1.5V 1.5V
LOAD CIRCUIT

VOLTAGE WAVEFORMS
FIGURE 3. OPEN-DRAIN OUTPUTS
» 205V

200 Q

TEST

FROM OUTPUT
POINT

UNDER TEST

CL' = 60 pF FOR tpy AND ten MEASUREMENTS
CL = 5 pF FOR tgs MEASUREMENTS

LOAD CIRCUIT

——————— 3v
INPUT 15V 15V
weut A 1.5V N__ /- oV
| GND |

1
|
le—tpd—» ! . !
| — fpd e | ' =vce
| | N 15V ! {0,3 Y
| | OUTPUT | _—_’::: Voi
OUTPUT 1.5V | tPHZ— |~
tPZH—» r—- o

PROPAGATION-TIME VOLTAGE WAVEFORMS OUTPUT 15V

ENABLE/DISABLE VOLTAGE WAVEFORMS

FIGURE 4. ALL OTHER OUTPUTS

T(3|_ includes probe and test fixture capacitance.
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PARAMETER MEASUREMENT INFORMATION

A0-A10 X X
! I
|
A | : ! |
| ! ! 1
SELECT | . 1 | !
} le—tpa1—l : ten2—le—>| : :
le-ten1-p : : ‘di32—3|<—-ﬂ = | | H-‘disz-D!
Qo-a7 —‘( X )'-——:—-—I( X )
T 1 [
le—tpd2—i : tpd3—te—pi le—tpda—p|
| | 1
P L ' J I
le-tpd5-»
FIGURE 5. READ CYCLE TIMING
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1
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PE — ) e -

FIGURE 6. COMPARE CYCLE TIMING (WITHOUT BURST REQUEST)
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PARAMETER MEASUREMENT INFORMATION
PCLK Iy ™3 I ¥ 3 I I

)
[e—tsu1—d twa-H——e—h-twa

cemea 1 1 I
[—tsu2—9} !
CBACK :
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|
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! |
|
X

|
(BA1, BAO) )N NN\ X 00 X 01 X 10 X 11
|

|
(BCR) |

| 1
| !
1 | 1
e N :
MATBE Q\\\\\'\\\\\\\l | e —— HE !\\\\\\\\\\\\\\\\\\
—l ety
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| i r—ﬂ— pd11 ;‘_'VH‘
| 1 | . | .
MATHA \\Y\\\\'\\\\\\\I 1 :‘;i‘& i [AANNNANNNNNNNN
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thd2. -
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: | tpdi14 :
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FIGURE 7. BURST COMPARE AND READ CYCLE (OE = LOW)
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PARAMETER MEASUREMENT INFORMATION

a0-a10 77777777 X ADDRESS VALID — X777777:
e o |
r tsuq ol tha |
SELECT ] ! I
| le- tsu5 > |
l¢——tsu6——» Je th3 »l
WRITE ‘[
w1 twz—d
| fe—tha—si
| | U
00-07////////////////////7]7/7Xl DATA VALID XL LI L
: K—‘su7-—-’=
PE (INPUT) 1 | i T
| [
'Q——l ‘su8——b|"_‘.h5_.'
’ t"—"—‘pd‘IS be-tpd 16—
ae-a7 c—\ s r—
T
|
MATBE l | ]
:‘—.L‘pd17
MATHA | ,
lh—."pd17
PE (OUTPUT) IR T
le—htpa18
FIGURE 8. WRITE CYCLE TIMING (OE = LOW)
RESET ,
| 'H—-———-‘suQ———-—-ﬂ
[——tws—» |
WRITE { | |
|
A0-A10 X
tdi: I
:‘h d 53-’: le—ten3—p|
Qo-a7 )'———'( X
|
e-tpd 199
|
MATBE |
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FIGURE 9. RESET CYCLE TIMING (OE = LOW)
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PARAMETER MEASUREMENT INFORMATION

CBREQ 1 ‘s [
ceack NN . £
STERM l [ ¢ | f
PCLK J | 2 J ) 4 [ 1 "' 1] k4 J
—tsy10———p| ™ tsu11-9 &
Ao-a10 ZZ72K i M X
f————tsug——— k—‘hZ-"
| | |
(BA1, BAO) X X 7 X
I | i I
sT 11 ' 1 5 ! J
| l‘———'suS—————’! le—th3—nl
e t
W J S | o7 —J
et
k——'h4—H_J
00-03 777777777772 l X7, ‘22¢ X77777
k—‘su7—’|

FIGURE 10. BURST-MODE WRITE CYCLE TIMING
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APPLICATION INFORMATION

DATA BUS D0-D31
DO-D7 1 D8-D15 y L D16-D23 D24-D31 L
‘ACT2155 'ACT2155 ‘ACT2155 'ACT2155
DO-D7 QO0-Q7 4 F DO0-D7 Q0-Q7 p=4 Q=== DO-D7 QO0-Q7 pe=eg DO-D7 QO0-Q7
5 PE 5 PE s PE 5 PE
A0-A10 AO-A10 AO0-A10 - AO-A10
68030 MAIN
‘ACT2155 ‘ACT2155 ‘ACT2155 L ‘ACT2155 MEMORY
D0-D7 Q0-Q7 bt DO-D7 Q0-Q7 pud =gy DO-D7 Q0-Q7 < DO-D7 QO-Q7
5 PE 5 PE 5 PE ~Hs PE
A0-A10 = AO-A10 b AO-A10 P4 AO-A10
A13, L A2-A12 A3y  LbA2-A12 A3} FA2A12 A3} FA2a12
ADDRESS BUS A0-A27
| }ata-a1s A2-A12} a13 ) b a20-a27
‘ACT2155 ‘ACT2155
Vi
DO-DS r— DO-D7 cc
MATBE MATBE |—@ l
Vecc —{ b6
. —4p7 MATHA MATHA [ 1
— L i 3 S <
5 PE 5 PE $33
A0-A10 A0-A10 MATBE
comp? Vee OMP7 MATHA
L PE
‘ACT2155 ‘ACT2155
DO-D5 kot DO-D7
Voe —{pg  MATBE MATBE |—
MATHA MATHA p—
»—o7 i nA
5 PE s PE
AQ-A10 AO-A10
[} come? Vee comp7
*DIRTY BIT

FIGURE 11. CASCADING THE '‘ACT2155

*

Texas
INSTRUMENTS

POST OFFICE BOX 655303 « DALLAS, TEXAS 75265 2-83




SN74ACT2155
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

] DATA BUS
Y] L DRAM
1
c D0-D7 Q0-Q7
R L
o ‘ACT2155 A
e DATA :
3 BUFFER c H MAIN
c @ EN MEMORY
E ]
] OE
s
o
" ]
ADDRESS BUS
1
N T
D A
440 2
B X
<
<
'ACT2155 J A ﬂ‘
- MATHA
MATBE
_ a7
]
heed DO-D6
A0-A10
D7 Q0-a5
L
PROCESSOR__| ¢
SIGNALS CONTROL ¢
LOGIC c H
EN
L
A
T
c
¢ W
EN
FIGURE 12. COPY-BACK USING THE 'ACT2155
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APPLICATION INFORMATION

DATA BUS

!

"ACT2155
CACHE
DATA
68030 BUFFER
(@
+— s
1

ADDRESS BUS

r W 3

LATCH

PROCESSOR aag
SIGNALS y

'ACT2155
CACHE
TAG

MEMORY W/R

CONTROL w
LOGIC D6  MATBE|—

] D7 MATHA—

‘ACT2155

BUS I/F

WATCHER
w

| BUFFER D6  MATBE|

D7 Q7
|

DRAM

gn  LATCH

MAIN
MEMORY

' N

MEMORY
ACCESSES > MAIN ADDRESS BUS

FIGURE 13. BUS WATCHING WITH THE SN74ACT2155
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D3412, APRIL 1990-REVISED JUNE 1990

® Address to MATCH Time . . . 20 ns Max FN PACKAGE
(TOP VIEW)
® Supports Motorola MC68030 Cache Burst o
Fill with Direct Interface @ % E
wso -
® Cache Data RAM with Parity and Internal onz|6EB[E8 588
Burst Counter el
v 2854 3 2 14443424140 Voo
¢ Dirty Bit Storage Capability for Use in Vgg s GBE Qo
Copy-Back Caches A3 o s at
® Separate I/O Supports Copy-Back A12[] 10 36} Q2
A 11 35[] Q3
® Easily Expandable in Depth and Width Atof] 12 a4[] GND
* Reliable Advanced CMOS Technology GND I 13 33[ GND
Aof] 14 32[ MATHA
®  Fully TTL Compatible A8[] 15 31[] MATBE
A7{] 18 30[} PE
description A6[] 17 29[ Vee
1819 20 21 22 23 24 25 26 27 28
The "ACT2156 burst cache address comparator/ ?T:HTEZT'Q?;‘
data RAM consists of a high-speed 16K x 5 static 2323<22 olz|@lx
N O Qo<W
RAM array, 2-bit burst counter and control o a 8 5

circuitry, parity generator, parity checker, and 4-bit

high-speed comparator. The ’'ACT2156 is

fabricated using advanced silicon gate CMOS

technology for high speed and simple interface with bipolar TTL circuits. The '"ACT2156 provides a valuable
building block for building fast efficient caches. By combining this device with programmable logic, a cache can
be constructed that specifically addresses the individual system requirements. Significant reductions in cache
memory component count, board area, and power dissipation can be achieved by using this device.

The 'ACT2156 was designed to be used as the tag comparator and data RAM necessary to provide a cache
that supports the burst fill requirement of the Motorola MC68030 microprocessor. The 'ACT2156 directly
interfaces with the MC68030 providing four long words to the processor in four clock cycles. By interfacing
directly withthe processor, about 10 nsindelay time is saved when comparing this solution with discrete designs.
Even though the 'ACT2156 is designed for use with the MC68030 processor, it can also be used with other
processors to implement write-through or copy-back class caches.

The SN74ACT2156 is characterized for operation from 0°C to 70°C.

operation as an address comparator

The'ACT2156 compares the contents ofthe memory location addressed by A0-A13 with the address bits applied
at DO-D3. An equality is indicated by a high level on the MATBE and MATHA outputs. A low-level output on PE
signifies a parity error in the addressed internal RAM data. During a write cycle, address bits on D0-D3 plus
generated odd parity are written in the 5-bit memory location addressed by A0-A13. Also during write, a parity
error may be forced for diagnostic purposes by holding PE low.

operation in the burst mode

The 'ACT2156 contains burst control circuitry consisting of a 2-bit wrap-around counter, a mux, and a Burst
Control Register (BCR). The BCR controls a mux which selects A0 and A1 from either the input terminals or the
2-bit counter. When CBREQ or CBACK is high, the BCR is asynchronously reset and inputs A0 and A1 drive
the RAM. On the next falling edge of PCLK after STERM is taken low, the BCR is set and the counter bits (CAO

This device is covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending.

. per the terms of
Texas Instruments standard warranty. Production processing does

DATA doc contaln current a8 of » Copyright © 1990, Texas Instruments Incorporated
not necessarily include testing of all parameters.
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and CA1) drive the RAM. Atthe same time that the BCR is set (STERM low and a PCLK falling edge), the binary
value of A0 and A1 in the counter is incremented. The counter can be held at any count by taking STERM high
as long as BCR remains set. When the BCR is set, MATHA is forced high.

operation as a data RAM

The 'ACT2156 can be used as a 16K x 4 data RAM with separate 1/O, a four-word burst mode and parity
generation and checking. When using this device as a data RAM, the FMHB input should be tied high to prevent
MATHA and MATBE from switching.

using the ’ACT2156 with the MC68030

The 'ACT2156 interfaces with the Motorola MC68030 through use of 'ACT2156 input signals, STERM, CBREQ,
PCLK, and CBACK, and output signals MATBE and MATHA. Match outputs MATBE and MATHA can be tied
directly to processor inputs BERR and HALT, respectively. As long as the requested information is in cache, the
BERR and HALT signals remain high. When a miss occurs (MATBE and MATHA low), BERR and HALT are
driven low simultaneously causing the bus cycle to be retried (rerun). A high level applied at the FMHB input
forces MATBE and MATHA high to prevent continuous rerun.

The 'ACT2156 was designed to be used as the tag comparator and data RAM necessary to provide a cache
that meets the Motorola MC68030 internal cache burst fill requirement by supplying four long words to the
processor in four clock cycles. When the MC68030 requests a burst fill, a single address is supplied. If the
requested information is in the external cache, the 'ACT2156 will indicate a hit. If STERM is low, address bits
A1-A0 (A3-A2 from the processor) will be incremented on each PCLK falling edge and the MATBE output will
indicate a hit or a miss. If a miss occurs, MATBE will drive BERR low causing the MC68030 to abort the burst
cycle and to run with the data it received. MATHA is held high during a burst by the BCR. The tlmnng diagram
in Figure 9 shows burst mode operation.

The '"ACT2156 internal counter can also be used when writing tag and data into the cache, when the burst fill
is done from main memory. When STERM is taken high (inserting processor wait states), the 2-bit counter is
held at the present count. The counter will continue to increment on the first PCLK falling edge after STERM
returns low. When CBACK or CBREQ returns high, the mux will select input pins A0 and A1 to drive the RAM.
Figure 10 shows a MC68030 burst request with data in main memory. For more information on using the
"ACT2156 with the MC68030, see the “SN74ACT2155/56 Cache Enhances MC68030 Processor Performance”
applications note.

cascading the 'ACT2156

The 'ACT2156 is easily cascaded in width and depth. Wider addresses can be compared by driving the A0-A13
inputs of each device with the same index and applying the additional address bits to the D0-D3 inputs. The chip
selectinputs allow the’ACT2156 to be cascaded in depth. When a device is deselected, the MATHA and MATBE
outputs are driven high. It should be noted that a decoder can be used to drive the select inputs, since the
propagation delay from select to match is much faster than from address to match. MATHA and MATBE are
open-drain outputs for easy wired logic. Through the use of the chip select inputs, the 'ACT2156 can also be
cascaded for a deeper cache data buffer. Figure 12 shows the '"ACT2156 cascaded.

initialization

A reset input is provided for initialization. When RESET is taken low, all 16K x 5 RAM locations are cleared to
zero (with valid parity) and the MATHA and MATBE outputs are forced high. If a DO-D3 input of zero is compared
to any memory location that has not been written into since reset, MATHA and MATBE will be high indicating
that DO-D3, plus generated parity, is equal to the reset memory location. PE will be high for every addressed
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memory location after reset indicating no parity error in the RAM data. By tying a single data input pin high, this
bit will function as a valid bit and a match will not occur unless data has been written into the addressed memory
location. When cascading in the width direction, only one bit must be tied high regardless of the address width.

The burst control register (BCR) must be initialized after power-up by taking CBACK or CBREQ high. This
ensures that the A0 and A1 inputs are driving the RAM and not the counter bits CAO and CA1.

copy-back caches

The 'ACT2156 can be used in write-through cache designs where writes to cache are immediately sent to main
memory, or in copy-back cache designs where a cache write initially only modifies the cache and can later be
copied back to mainmemory. Copy-back caches have an advantage in that the number of writes to main memory
are reduced thereby reducing bus traffic. To implement a copy-back cache, a dirty bit is needed that indicates
whether or not the data ig modified from that which is in main memory. The dirty bit is set to 1 when the cache
data is modified. Data is only copied back if the dirty bit is set, otherwise, it is simply overwritten.

The COMP3 input of the "ACT2156 allows bit D3 to be used as a dirty bit. By tying COMP3 low, bits D3 and Q3
are gated out of the comparator so the comparison is only done on D0-D2. With outputs Q0-Q3 enabled (OE
low) the dirty bit, Q3, can be monitored at the same time as the match signals. If the dirty bit is set during a read
or write miss, the tag and data can be stored in latches before writing the new tag and data into cache. Latched
data and address can then be copied back to main memory. Figure 13 shows a typical copy-back application.

When implementing cache designs, the problem of cache coherency is always a concern. One solution to this
problem is to implement bus watching using the 'ACT2156. By storing the same tags in the bus watcher RAM
as is stored in the cache tag RAM, the bus watcher will indicate a hit every time a cached address passes down
the main address bus. If data is being modified in main memory, the index can be passed to the cache tag RAM
for invalidation. If dirty data is being accessed, the good copy of that data can be copied from cache to main
memory. Figure 14 shows a possible bus watcher implementation.

FUNCTION TABLE
INPUTS OUTPUTS
S S W RESET OE FMHB| MATHAT |[MATBE]| FPE (/0) Q0-Q3 FUNCTION
X X X X X H H H ¥ E3 Force MATHA and MATBE unconditionally high
X H X X X X H H Disabled Hi-Z Deselect. Inhibits write, read and compare
L X X X X X H H Disabled Hi-Z Deselect. Inhibits write, read and compare
HorlL HorlL L Parity error

H L H H X L L L H ¥ Not equal

H H H Equal
X X H L X X H H Disabled Hi-Z Memory reset unconditionally
H L L H H X H H Input Hi-Z Write. V|| on PE forces bad parity
H L L H L X H H Input Low Write. V| on PE forces bad parity
H L H H L X ¥ ¥ Enabled Enabled | Read

During burst mode, MATHA is forced high.
The state of these pins is dependent on inputs shown as don't care (X).
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logic symbolt
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A13
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D1t
D2
D3

@
16Kx4
CACHE COMP/DATA RAM
SN74ACT2156
2 FORCE MATCH/V6
1
————compD3a3
24 Npeset/ar
] &
s CHIP SELECT/G2
JE I (11 Y
3 NNT,2EN4[ENQ .
- 7,2, 3ENS [EN MAT & PE]
» BURST CNTRL
28 NSYNCTERM
- ACK| cacHE BURST
26
L NN REQ
25 N PCLK
23 0
22
21
20 HALT5,6 &
19 MATCH
18 BERRS, 6 O
17
16 RAMADDR >
15
14 PARERRS O
12
11
10
9 13
_42______ [} 0
42
41 v
40

3 3

32

31

MATHA

MATBE

30 5=

This symbol is in accordance with ANSI/IEEE Std 91-1984.

38
37
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SN74ACT2156

16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

Terminal Functions

PIN NAME

DESCRIPTION

AQ-A13

Address Inputs. Addresses a memory location in the 16K x 5 RAM. When in burst mode, address bits A0 and A1 are
driven from the internal 2-bit counter independent of the A0 and A1 pins.

CBACK

Cache Burst Acknowledge Input. When CBACK s high, the internal burst control register (BCR) is asynchronously reset
to zero causing inputs A0 and A1 to drive the internal A0 and A1 address lines.

Cache Burst Request Input. When CBREQ is high, the internal burst control register (BCR) is asynchronously reset to
zero causing inputs A0 and A1 to drive the internal A0 and A1 address lines.

Data (Tag) Inputs. Provides input to RAM when selected and W is low. When W is high, the selected device compares
DO0-D3 to the addressed 4-bit memory location. Bit D3 along with stored bit Q3 can be removed from the comparison
by taking the COMP3 pin low.

Force Match Halt BERR Input. When this input is taken high, the MATBE and MATHA outputs are unconditionally forced
high.

MATBE

Match BERR Output. During the compare mode, MATBE is high when D0-D3 (D0-D2 if COMP3 is low) equals Q0-Q3
(Q0-Q2 if COMP3 is low). MATBE is also high during deselect, write, reset, and when FMHB is high. Since MATBE is
an open-drain output, an external pullup resistor of 180 Q minimum is required. MATBE could be high in compare mode
when a parity error exits.

MATHA

Match HALT Output. During the compare mode, MATHA is high when D0-D3 (D0-D2 if COMP3 is low) equals Q0-Q3
(Q0-Q2if COMP3 is low). MATHA is also high during deselect, write, and reset, when FMHB is high, and when the burst
control register (BCR) is set high. Since MATHA is an open-drain output, an external pullup resistor of 180 Q minimum
is required. MATHA could be high in compare mode when a parity error exits.

COMP3

COMP3 Input. When COMP3 is low, bits D3 and Q3 are taken out of the comparison allowing this bit to be used for a
copy-back status bit (dirty bit). When COMP3 is high, D3 and Q3 are included in the comparison.

OE

Output Enable Input. OE enables (low) or disables (high) Q0-Q3 when selected and RESET is high.

PCLK

Processor Clock Input. The burst control and counter registers are clocked by a high-to-low transition on the PCLK input.

Parity Error Output/Input. During compare cycles Voi_ at PE indicates a parity error in the stored data. During write
cycles, PE forces a parity error into the parity bitlocation specified by A0-A13 when PE is taken to V). PE is an open-drain
output, therefore, a pullup resistor, 180 Q minimum, is required. PE is disabled during write, reset, and deselect.

Data Outputs. Q0-Q3 will display the contents of the addressed memory location when S and OE are low and S and
RESET are high. Q0-Q3 is disabled during deselect, reset, and when OE is high:

Reset Input. Asynchronously clears the 16K x 5 bit RAM array to zero with valid parity independent of the select inputs
when RESET is low. By tying a single data input high, a false match will not occur when a DO-D3 input of zero is applied.

Chip Select Inputs. Enables device when Sislow and S is high. When S is high or S is low, MATBE and and MATHA
are forced high and PE and Q0-Q3 are disabled.

Synchronous Termination Input. On the next PCLK falling edge after STERM goes low (while CBACK and CBREQ are
low), the 2-bit counter increments the binary value applied to the A0 and A1 inputs and the burst control register (BCR)
is set high. A high level in the burst control register will cause the counter bits to drive the internal A0 and A1 address
lines. The burst control register will remain high until CBREQ or CBACK goes high. Taking STERM high during a burst,
holds the counter at the present count.

Write Control Input. Writes D0-D3 and generated parity into the addressed memory location when the device is selected
and W is low. When W is low, MATBE and MATHA are forced high and PE is disabled.
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

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

Supply voltage, Voo (see Note 1) ... —15Vto7V
Input voltage range, any input . ... —15Vto7V
Input diode current, IKVI<OOrVI>VEE) o +25mA
Output diode current, Iok (Vi <00rVi> Vo) ovviniiii i = 25mA
Continuous output current, Ig (Vo =0to Vgg):DO-D8 ... = 25mA

MATCH, PE ... .o + 50mA
Continuous current through Voo or GND PINS ..o = 200mA
Operating free-air temperature range .......... ..ot 0°Cto 70°C
Storage temperature FaNGE . ...ttt et e e 65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ................coviiiiiiin. 260°C

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 im-
plied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions (see important notice)

MIN NOM MAX | UNIT
Vee Supply voltage 4.75 5 5.25 \%
ViH High-level input voltage 22 Vcc+0.5 \
ViL Low-level input voltage (See Note 2) -05 0.8 \
VoH High-level output voltage, MATBE, MATHA and PE outputs 5.25 \
IoH High-level output current, Q0-Q3 -8 mA
Q0-Q3 8
loL Low-level output current MATBE, MATHA, and PE 57 mA
TA Operating free-air temperature 0 70 °C

NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic
voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or tag), the
address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and fall times at the
threshold region of the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold
region may be eliminated by not using pullup resistors on the address lines and minimizing the high-impedance
time when switching between bus drivers. An alternate approachisto use latches or registers in front of the cache
tag address inputs to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into
the threshold region of the address inputs should be avoided in order to ensure that a slow rise/fall condition
does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V| level at the RESET
pin is at its minimum high level (2.2 V). In systems with — 1.5 V or more of undershoot at the address and data
inputs, it is recommended that the minimum V| level at the RESET pin be 4 V. As with all designs, proper
termination and capacitive bypass techniques should be employed. Unused inputs should be tied to either Voo
or GND.
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

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

PARAMETER " TEST CONDITIONS MIN TYPT MAX]| UNIT
VoH High-level output voltage Vec =475V, loH=—-8mA 3.7 \
MATBE, MATHA or PE Vcc=475V, loL=27mA 0.4

VOL  Low-level output voltage | Q0-Q3 Vocc=475V, loL=8mA 04| V

loH High-level output current | MATBE, MATHA or PE Vcc =525V, Vo =5.25V 10 A
Vecc=5.25V, Vo=0-Vcc,

loz  Off-state output current BEatViy 10| A

] Input current Vec =525V, Vi=0-Vco +5| mA
Voc=5.25Y,  RESET atVgg,

ICC1 Supply current (operative) SatoV, SatVge 115 180 mA
VGG =525V, RESETatoV,

ICC2  Supply current (resest) Satov, SatVgg 55 100 mA
Vcc=525V,  RESETatVcc,

lcca  Supply current (deselect) SatVee, SatoVv 100 1501 mA

Cj Input capacitance f=1MHz 5| pF

Co __ Output capacitance f=1MHz 6| pF

All typical values are at Vo = 5 V, Tp = 25°C.
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)’

SN74ACT2156-20
PARAMETER MIN_ TYPE NAX UNIT
tpd1 Propagation time, address to Q0-Q3 15 23 ns
tpd2 Propagation time, address to PE low 14 22 ns
tpd3 Propagation time, S low or S high to MATBE and MATHA low 7 13 ns
thda Propagation time, address to PE high 14 25 ns
tpds Propagation time, S high or S low to PE high 8 15| ns
tod6 Propagation time, address to MATBE and MATHA 14 20 ns
tpd7 Propagation time, D0-D3 to MATBE and MATHA 1 15 ns
tpds Propagation time, S high or S low to MATBE and MATHA high 7 13 ns
tpdg Propagation time, S low or S high to PE low 10 16 ns
tpd10 Propagation time, PCLK| to MATBE 14 20 ns
tpd11 Propagation time, PCLK} to MATHA high 14 20 ns
tpd12  Propagation time, PCLK| to Q0-Q3 14 23 ns
tpd13 Propagation time, PCLK| to PE low 11 20 ns
tpd14 Propagation time, PCLK| to PE high 15 22 ns
tpd15 _ Propagation time, W low to Q0-Q3 low 9 16 ns
tpd16 Propagation time, W high to Q0-Q3 9 16 ns
tod17 Propagation time, W low to MATBE and MATHA high 10 14 ns

tpdig _ Propagation time, W low to PE high 12 ns

9
todig  Propagation time, RESET low to MATBE and MATHA high 9 15| ns
tpd2o  Propagation time, FMHB to MATBE and MATHA 7 12 ns
tent Enable time, OE low to Q0-Q3 5 12 ns
L_‘gn__z Enable time, S low or S high to Q0-Q3 9 15 ns
ten3 Enable time, RESET high to Q0-Q3 low 14 20 ns
s.’_di_“ Disable time, S high or S low to Q0-Q3 5 12 ns
tdis2 Disable time, OE high to Q0-Q3 5 12 ns
(gis3 __ Disable time, RESET low to Q0-Q3 8 15| ns
’TVT Valid time, MATBE and MATHA after change of data 2 ns
tv2 Valid time, MATBE and MATHA after change of address 2 ns
tv3 Valid time, MATBE and MATHA low after S high or S low 2 ns
tva Valid time, PE after change of address 2 ns
tvs Valid time, PE low after high or S low 2 ns
tve Valid time, MATBE after PCLK| 4 ns
ty7 Valid time, MATHA after CBREQ or CBACK high 4 ns
tvg Valid time, MATHA after PCLK| 5 ns
tvo Valid time, Q0-Q3 after PCLK|, 5 ns
tv10 Valid time, PE after PCLK} 3 ns
tvi1 Valid time, Q0-Q7 after address 2 ns
ty12 Valid time, Q0-Q7 after CBREQ or CBACK high 2 ns

See Parameter Measurement Information for load circuit and voltage waveforms.
All typical values are at Voo = 5V, Ta = 25°C.
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

timing requirements over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)?

PARAMETER SN74ACT2156-20 UNIT
MIN _ TYPF MAX
tw1 Pulse duration, W low without writing PE 12 ns
tw2 Pulse duration, W low writing PE (see Note 3) 20 ns
twa Pulse duration, RESET low 60 ) ns
twa Pulse duration, PCLK high or low 10 ns
tsut Inactive-state setup time, CBREQ before PCLK} 3 ns
tsu2 Inactive-state setup time, CBACK before PCLK} : ] : ns
tsus Setup time, STERM setup time before PCLK | . 5 ns
tsus Setup time, Address valid before write enable high 12 ns
tsu5 Setup time, S low or S high before W high 10 ns
tsue Setup time, Address before W low Q ns
tsu7 Setup time, DO-D3 before W high 10 ) ns
tsus Setup time, PE before W high (see Note 3) : 8 ns
tsug Inactive-state setup time, RESET before W high 15 ns
tsu10  Setup time, AO-A1 before PCLK| 6 ns
tsui1  Setup time, W high before PCLK|, -1 ns
th1 STERM hold time after PCLK} 3 ns
the Hold time, Address after W high 3 ns
tha Hold time, S low or S high after W high 0 ns
tha Hold time, DO-D3 after W high 3 ns
ths Hold time, PE after W high 3 ns
the Hold time, Address after PCLK} 2 ns
thy Hold time, D0-D3 after W low (see Note 4) 10 ns

See Parameter Measurement Information for load circuit and voltage waveforms.
All typical values are at Voo =5V, Ta = 25°C. :
NOTES: 3.The pulse duration requirement (ty2) is only necessary when a parity error exists. A parity error exists when the PE output is low prior
to writing data with correct parity (i.e., with the PE input high during write). The setup time (ts,g) aplies only during the write cycle timing
when writing a parity error.
4.th7 assures that when W is taken low during a compare cycle with MATBE and MATHA high that match will remain high without a glitch
low. (As shown in the function table, W low forces MATBE and MATHA high).
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

PARAMETER MEASUREMENT INFORMATION

tr=5ns—>: :4— —P: Jli—tf=5ns
L
Vee |l S
I 27V R, | 3v
INPUT 1.5V 15V
RL=180Q | 03V, GND
FROM OUTPUT TEST i | {4 tpd ->:
UNDER TEST POINT e tpd — |
|

Cp=30pFt | |

I OUTPUT 15V 5V
LOAD CIRCUIT VOLTAGE WAVEFORMS

FIGURE 1. OPEN-DRAIN OUTPUTS

205V
200 Q
FROM OUTPUT TEST
UNDER TEST POINT

CLt =50 pF FOR tpq AND ten MEASUREMENTS
I CL =5 pF FOR tgjs MEASUREMENTS

LOAD CIRCUIT
3v
_______ Y INPUT 15V 15V
INPUT 1.5V } E— ov
| GND | tpLz
i AN by e O
P | —p—t
| e ' VoR-03V VoH
| i OUTPUT | VOH O 2.8V
S S N7 R
) |

, | e
PROPAGATION-TIME VOLTAGE WAVEFORMS OUTPUT l_/ \ 205V
0.9V
. VoL

ENABLE/DISABLE VOLTAGE WAVEFORMS

FIGURE 2. ALL OTHER OUTPUTS

Cy includes probe and test fixture capacitance.
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

PARAMETER MEASUREMENT INFORMATION

AO-A13 >=< )I(
|
|
]
|
|
|
|
:
-

|
|
SELECT |
| !
: Yod1 - : —>— ten2
j¢ tent —D} P | st —h—b} : — 'dlsz-’:
| | \ ' | |
" X X —
| | | |
H"ide"’{ { 'de_K—__’: H'tpd4"‘|
PE { l
| | )
= tpas
FIGURE 3. READ CYCLE TIMING
4 X X,
:< tpde » i

o003 2K ) X2

|
M tpg7 ———F: | K———P}— tv1
|
e A
SELECT I | : : I
! | | — tpgg —»
[ tpds —>! | |
MATBE | : 2 s —-;E |
MATHA I ! ]
N8 X |
| |
' | |
|
M— tpdo —»! e toaz—¥ s —NI
| e | |
I

FIGURE 4. COMPARE CYCLE TIMING (WITHOUT BURST REQUEST)
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

PARAMETER MEASUREMENT INFORMATION

s B O B A Y | L ]t
L H—tsu1"I s lh——-»-— twa
CBREQ |
“‘tsuz"i
TBACK |
K—b}—tsua 'h1—'|¢“="|

STERM I

A0-A13

XX
X
X

DO0-D3

(CA1, CAO) \ | W 01 )Cw X
(BA1, BAO) \Q:( 00 X X X

S

(BCR)

|

]f“ tpde > Iﬁ'—’
HATRE , | L_J L L
|ﬂ" tpd

' |
6 _’{ {4— tvz —;ll
( |
MATHA N : L _l : N
|

|

t, H_ tvg
r_ pat ¥ l‘_tv12_’l
|

Qo-Q3 W WORD 1 X WORD 2 x WORD 3 X WORD 4 W—_

|
|ﬂ_'pd2 — tyo—] '

tpdd | e tpdis
}l‘pdul

re N\ D Gl Gl Gl \"\\" il
|<—!v1o—"

FIGURE 5. BURST COMPARE AND READ CYCLE (OE LOW)
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

PAREMETER MEASUREMENT INFORMATION

A0-13 %( ADDRESS VALID
|

|
:4 tsua -» }
| :4 th2 1
|
SELECT { l ! I
I e tsus — » |
! le N
| ¢ th3 »
| —1tsug —H 1
WRITE , l |
' | e
0077 X000
| a -
{ "_tsu7—’ﬂl .
__ | |
PE | |
(INPUT) !
k—— tgug ————»! ths I

3_

MATBE
b thd17
— |
MATHA l ' I
: |
(——»r— tpd17
|
PE |
(OUTPUT) |
|
M——>— tpd1s

FIGURE 6. WRITE CYCLE TIMING (OE LOW)
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

RESET

WRITE

A0-A13

Qo-Q3

MATBE
MATHA

PARAMETER MEASUREMENT INFORMATION

) 4

tsug

| |
¢ tdis3 M— teng —

X

|
I tpd1g J.______|

FIGURE 7. RESET CYCLE TIMING (OE LOW)
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

PARAMETER MEASUREMENT INFORMATION

)7

g I

}4-—-— tsu10———> . I"-—’—— tsut1
2 |
s 7K )
e tgyg—M e !‘— th2 —f
| :
(BA1, BAD) | X X |
I | g l
| | )] l
| | —
s I ]
s : | (’(1 }
s —
ﬂ—" tsue —‘N, |
I
w
ot ¢
[ tng
+ |
,H—" teu7 —»!

FIGURE 8. BURST MODE WRITE CYCLE TIMING
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

| LI
I L
2K XK XX

X X _or X o X XK o X X XX _
e L
sew | 722
cenEc | 1

V22 [ ]
FMHB ﬂ
watee A

A31-A0 (A3, A2-00) (A3, A2-10)

(BA1-BAO)

CBACK

NN |

MATHA ,
2K X__X_X_ 22K X_X20777.

Q3-Qo

NN\

MC68030 REQUESTS A CACHE BURST FILL
STARTING AT LONG WORD 0. EXTERNAL
CACHE ACKNOWLEDGES AND PROVIDES A
FULL BURST FILL. IN THIS CASE, ALL 4
LONG WORDS NEEDED TO FILL MC68030
CACHE ARE IN THE EXTERNAL CACHE.
FOUR LONG WORDS ARE LOADED INTO
MC68030 IN 4 CLOCK CYCLES.

MC68030 REQUESTS A CACHE BURST FILL
STARTING AT LONG WORD 2, EXTERNAL
CACHE ACKNOWLEDGES AND PROVIDES
LW2 and LW3. BUT LWO IS NOT IN THE
EXTERNAL CACHE. THE BURST FILL IS
TERMINATED WITH MATBE (BERR). LWO IS
NOT CACHED IN THE MC68030.

FIGURE 9. MC68030 BURST REQUEST WITH DATA IN EXTERNAL CACHE (OE LOW

v
—
—
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SN74ACT2156

16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

e AU U Uy ut

ECS L_|

A31-A0 x (A3, A2-01)

(8A1-8A0) X o1 ’ X . 10

As I I I l
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(MATBE) A

HALT
(MATHA) %

|
|
|
(BCR-Q) M

At

s 7

ceack 7] . .

el

it

s T

i I
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n A

T

it

w5130 — Y O————— X

Ly

i

W T

DIRTY BIT | .
(D3) 4 46

=)

i

7

n

«
TAG-WRITE K | l "

7T

m

.
DATA-WRITE K l | i

MC68030 REQUESTS BURST FILL

L
L

"

MEMORY BURST READ CYCLE —————————»

OF INTERNAL CACHE. A MISS| LONG WORD 01 LONG WORD 10 LONG WORD 11 LONG WORD 00
OCCURS IN EXTERNAL CACHE.| FOUR LONG WORDS ARE LOADED INTO A MC68030 CACHE AND INTO

FMHB IS TAKEN HIGH TO| THE EXTERNAL CACHE.
PREVENT CONTINUOUS RERUN.

FIGURE 10. MC68030 BURST REQUEST WITH DATA IN MAIN MEMORY
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SN74ACT2156

16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

MC68030

> CLK

CBACK

STERM

BERR

HALT

CBREQ

APPLICATION INFORMATION

DATA BUS D0-D31

D0-D31 ﬁ

> PCLK

"ACT2156
(8)
DATA

L Q0-Q31

DO-D3 Qo-Q3
CBREQ

CBACK

STERM
A0-A13

az-as 1,_

MAIN
MEMORY

ADDRESS BUS A0-A31

vyvYyvy

A16-A26

A2-A15

"ACT2156
()
TAG

A0-A13

STERM

CBACK
> PCLK

CBREQ

D0-D3 MATBE
MATHA

A A

FIGURE 11. SN74ACT2156/MC68030 INTERFACE
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

M DATA BUS
1
5 1 DRAM
R > Do-D3 L
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FIGURE 13. COPY-BACK USING THE 'ACT2156
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DATA BUS

MC68030
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FIGURE 14. BUS WATCHING WITH THE 'ACT2156
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SN74ACT2156
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DEPTH CASCADING WIDTH CASCADING
NUMBER OF DEVICES NUMBER OF DEVICES
CACHE SIZE MAIN MEMORY COVERAGE
Vs Vs
LINE SIZET LINE SIZE#
64 K0 64 {1 O i
2 32 X—1—C ®  321—X ~{ C
2 & + j “+ j 4L-/
o 16 X—L—C g 16
| [/
2 2
T [ J T r/ J / / |
4—x 4 L &
X 1-Wide O 3-Wide
) >§1—Dleep |’_:] 2-Deep Io 4-‘Deep [_‘_]Lz—VLMe A. A—VIVIde
64K 128K 256K 512K 1M 2M 4M iM 4M 16M 64M 256M 1G 4G
Cache Data Size — Bytes Amount of Main Memory Covered
or Mapped — Depth
t Direct-mapped caches ¥ one tag/line. Assumes a word length of 32 bits.
FIGURE 15 FIGURE 16

depth cascading

For two-way caches, each solution shown in Figure 15 is moved to the right one increment doubling the cache
size and the number of devices used. Four-way cache designs using the 'ACT2156 will quadruple each solution

shown.

width cascading

Memory coverage assumes one bit used as a valid bit (see Figure 16). Each solution for a given line size can
be moved to the left covering smaller amounts of memory. Each increment moved represents an unused tag
bit. When cascading in depth memory coverage increases, i.e., two deep — twice as much memory. For
copy-back caches, each solution shown in Figure 16 must be moved one increment to the left (one tag bitis used
as a dirty bit).

usage explanation and example

Figures 15 and 16 provide a quick means for determining if the '"ACT2156 will provide a good solution and the
number of devices needed for implementation. For example, a design requires 256K bytes of cache, memory
coverage of 256M, and aline size of 16 bytes (a 16-byte line size means each tag locatiqn maps four 32-bit words
of cached data). From Figure 15, it is determined that one ’ACT2156 deep will provide a 256K byte cache with
a 16-byte line size. From Figure 16, it is determined that four '"ACT2156s cascaded in width will map 256M of
memory (or as much as 2G). Therefore, one deep by four wide (four’ACT2156s) are needed to meetthe design’s

requirements.
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D3326, JANUARY 1990-REVISED JUNE 1990

®* Fast Address to Match Delay . . . 20 ns Max FN PACKAGE
. (TOP VIEW)
® Totem-Pole and Open-Drain Match Outputs -
¢ On-Chip Address/Data Comparator 8o cz: % 2
) _ 22222328 S
¢ On-Chip Parity Generation and Checking o g e e g o e g
6 5 4 3 21 44434241 40
*  Direct 68030 Interface Dofl7 39[] D15
D1]ls 3g[} D14
* Reliable Advanced CMOS Technology p2[]e s7[] D13
. D3}] 10 3s[] D12
Fully TTL Compatible ano b as[] GND
description 8‘5" :: :;E g};
The 'ACT2157 cache address comparator pefl 14 s2[] Do
consists of a high-speed 2K x 18 static RAM array, o7f 15 a1[] D8
parity generators, parity checkers, and 18-bit oo fl 1s ao[] GND
high-speed comparator. It is fabricated using a0 17 20 [ MATCH3
advanced silicon-gate CMOS technology for 18 19 20 2122 23 24 25 26 27 28
high-speed and simple interface with bipolar TTL ""E“"“_“"“'“""”'_”"”_'

N s . . . (2R l\ =] Lu Q
circuits. This cache address comparator is easily 1212 < 2 =55e 9
cascaded for wider tag addresses or deeper tag g
memories. Significant reductions in cache ==

memory component count, board area, and power
dissipation can be achieved with this device.

WhenSislowand W1, W2, and Rare high, the cache address comparator compares the contents of the memory
location addressed by A0-A10 with the applied DO-D15 plus generated byte parity. An equality is indicated by
a high level on the MATCH1, MATCH2, and MATCHS outputs.

The 'ACT2157 is provided with two write inputs, W1 and W2. When S is low, bytes D0-D7 are written into the
addressed location by asserting W1 (low) and bytes D8-D15 are written by asserting W2 (low). By asserting
both W1 and W2 at the same time, D0-D15 is written into the addressed memory location. During a write cycle,
parity is generated and stored for each byte written.

’ACT2157 parity protection

Byte parity protection is included in the "ACT2157 to provide a highly reliable cache directory. For any memory
location addressed by A0-A10, PE will be low if a parity error occurs in either D0-D7 or D8-D15. PE is an
open-drain output for easy OR-tying. For test purposes, a parity error can be forced in byte DO-D7 or D8-D15
by forcing PE low when W1 or W2 are low, respectively. A parity error is forced in both bytes by forcing PE low
when both W1 and W2 are asserted.

reading the data RAM

Aread mode is provided with the '"ACT2157 and allows the contents of RAM to be read at the D0-D15 pins. The
read mode is selected when R and S are low and W1 and W2 are high. When using the 'ACT2157 as a data
RAM, the FMHB input should be tied high to provide better noise immunity.

initialization
A reset input is provided for initialization. When RESET is taken low, all 2K x 18 RAM locations are cleared to

zero (with valid parity) and the match outputs are forced high. If an input at DO-D15 of zero is compared to any
memory location that has not been written into since reset, MATCH1, MATCH2, and MATCHS3 will be high

This device is covered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additionall patents pending..

current as of publication date. Products conform to
specifications per the terms of Texas Ins(éumen‘t;
oes n

necessarily lnclude testing of all parameters. lN STR%N’I‘S
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SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

indicating that D0-D15 plus generated parity is equal to the reset memory location. PE will be high for every
addressed memory location after reset indicating no parity error in the RAM data. By tying a single data input
pin high, this bit will function as a valid bit and a match will not occur unless data has been written into the
addressed memory location. When cascading in the width direction only, one bit needs to be tied high regardiess
of the address width.

cascading the ’ACT2157

The ’ACT2157 is easily cascaded in width and depth. Wider addresses can be compared by driving the A0-A10
inputs of each device with the same index and applying the additional address bits to the D0-D15 inputs. The
select (S) input allows these devices to be cascaded in depth. When a device is deselected, the match outputs
are driven high. It should be noted that a fast decoder can be used to drive the select inputs since the propagation
delay from select to match is much faster than from address to match. MATCH1 and MATCH?2 are open-drain

outputs for easy wire tying. Figure 11 shows the 'ACT2157 cascaded.

cache coherency through bus watching

When implementing cache designs, the problem of cache coherency is usually a concern. One solution to this
problem is to implement bus watching using the 'ACT2157. By storing the same tags in the bus watcher RAM
asis stored inthe cache tag RAM, the bus watcher will indicate a hit every time a cached address passes down
the main address bus. If cached data is being modified in main memory, the index can be passed to the cache
tag and bus watcher RAM for invalidation. Figure 12 shows a typical bus watcher implementation.

using the ’ACT2157 with the MC68030

The ’ACT2157 has two open-drain match outputs for direct interface with the Motorola MC68030. By tying the
outputs MATCH1 and MATCH2 directly to MC68030 inputs BERR and HALT, a two-cycle synchronous read may
be easily achieved. A two-cycle access can be accomplished by using control logic that assumes a cache hit
will occur every time an access is started for cacheable data. This is accomplished by asserting the MC68030
input signal STERM at the beginning of the access cycle. As long as the requested information is in cache,
the BERR and HALT signals remain high. When a miss occurs (MATCH1 and MATCH2 low), BERR and HALT
are driven low simultaneously causing the bus cycle to be retried (rerun). The FMHB input of the '"ACT2157 is
provided so that MATCH1 and MATCH2 can be forced high. This function is used to prevent continuous rerun
when the processor retries an access. FMHB could also be used during noncacheable accesses (see
Figure 13).

copy-back caches

The'ACT2157 can be used in write-through cache designs where writes to cache are immediately sent to main
memory, or in copy-back cache designs where a cache write initially only modifies the cache and can later be
copied back to main memory. Copy-back caches have an advantage inthat the number of writes to main memory
are reduced, thereby reducing bus traffic. To implement a copy-back cache, a dirty bit is needed that indicates
whether or not the data is modified from that in main memory. The dirty bit is set to 1 when the cache data is
modified. Data is only copied back if the dirty bit is set, otherwise it is simply overwritten. The read feature of
the'ACT2157 allows it to be used in copy-back cache designs. It should be noted, however, that the dirty bit must
be stored in an external RAM. Figure 14 shows the 'ACT2157 in a copy-back application.
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logic symbolt

)
CACHE ADDRESS
a1 COMP/DATA RAM
FMHB P Vi "ACT2157
RESET———(C] RESET/V1
~ 7
R —1—C READ
w1 —19——(: WRITE (D0-D7)
W2 —2% | WRITE (D8-D15)
S —-1—8—C SELECT
a0—>—Jo
a1 —4
Py 25
2 MATCH,1Q
A3 —=—— 26
1 MATCH,1Q
‘A4 29
A 44 RAM MATCH
5 ADDRESS 27
A6 — ] PEQ Zj——
A7 —2L PE
as—22 |
Ag—23 |
ato—22— 40
Do 0
D1
p3—10_ |
pa—12__ |
ps —13 |
ps—14 |
p7—18 |
pp—3—1 |V -‘m
pg—32 |
p15s—2 {45

t This symbol is in accordance with ANSI/IEEE Std 91-1984.

MATCH1
MATCH2
MATCH3

PE

bxas ¥
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logic diagram (positive logic)
FMHB

RESET OD
f—
ﬁ -3
EN
*—( Y
v 16x 4
RAM 16 compP
A 2Kx18 X '»‘E:DM
AlA L] P L
" -al-#/ | ¢!
A0-A10 11 0l .0 16 P=01 :) MATCHI
1of 27087 ) } a L
17 MATCH2
y
c1 i \ | ]
c2 4
0 r 41t
8
Do-b7 4 Bx1 D ex Vi 2 )
D a
gD V4 8x1 < 2D Bx £
ALAA — 1D _L PE
—L2P 8 -
_ 2k
s i ) N N 16 -
— 9 < v
. 4 hn—
_ < PARITY
W . CHECKERS 4
. | | 1 ‘IDi
= ’C’l>‘“‘1 > * ‘G— )
= 3
PARITY <
GENERATOR <
1~
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FUNCTION TABLE
INPUT 1/0 OUTPUTS
Wi |W2 [ R | S |RESET | FMHB | D0-D15 |MATCH1 | MATCH2 | MATCH3 | PE FUNCTION
L H X L H X Input H H H Input | Write D0-D7, low on PE forces par-
ity error
H L X L H X Input H H H Input | Write D8-D15, low on PE forces
parity error
L L X L H X input H H H Input | Write D0-D15, low on PE forces
parity errors
H H L L H X Output H H H H Read
H H L L H X Output H H L L Read with parity error
H H H L H L Input H H H H D0-D15 equals stored DO-D15
H H H L H L Input L L L H Not equal
H H H L H L Input L L L L Parity error
X | X | x]X X H X H H 1 T | Force MATCH1 and MATCH2
unconditionally high
X X X H H X Hi-Z H H H H Device disabled
X X X X L X Hi-Z H H H H Memory reset
t The state of these pins is dependent on inputs shown as irrelevant (X).
TERMINAL FUNCTIONS
PIN
NAME NO.
A0 5
Al 4 DESCRIPTION
A2 3
A3 2
Ad 1
A5 44
A6 43
A7 21 Addrgss inputs. Addresses 1 of the 2K 18-bit random access memory locations. Must be stable for the
duration of the write cycle.
A8 22
A9 23
A10 24
Do 7
D1 8
D2 9
D3 10
D4 12 Data (tag) inputs/outputs. D0-D15 are inputs during the compare and write modes. D0-D15 are outputs
D5 13 during the read mode.
D6 14
D7 15
D8 31
D9 32

Texas
INSTRUMENTS

*

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

2-115



SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

TERMINAL FUNCTIONS (Concluded)

PIN
NAME NO. DESCRIPTION
D10 33
D11 34
D12 36 Data (tag) inputs/outputs. DO-D15 are inputs during the compare and write modes. D0-D15 are outputs
D13 37 during the read mode.
D14 38
D15 39
FMHB 41 Force Match Halt Berr input. When FMHB is high, MATCH1 and MATCH2 are unconditionally forced high.
GND 11,16:30,35, Ground
40 :
MATCH1 25 WhenMATCH1, MATCH2, and MATCH3 are high during acompare cycle, D0-D15 plus generated parity equal
MATCH2 26 the contents of the 18-bitmemory location addressed by A0-A10. MATCH1, MATCH2, and MATCH3 are driven
MATCH3 29 high during deselect, reset, read, and write. MATCH1 and MATCH2 are also forced high when FMHB is high.

The MATCH outputs will be low if a parity error exists in compare mode. Only MATCH3 will be low if a parity
error exists in read mode. MATCH1 and MATCH2 are open-drain outputs and MATCH3 is a totem-pole output.
PE 27 Parity Error output/input. A low level at PE indicates a parity error in the addressed data. During a write ite cycle

a parity error can be forced into one or both bytes (dependmg on the state of W1 and W2) by taking PE low.
PE is an open-drain output.

R 17 Read input. When R and S are low and W1 and W2 are high, addressed data is output to the DO-D15 pins.
During read, the match outputs are high unless a parity error exits.
RESET 42 Reset input. Asynchronously clears entire RAM array to zero and forces the match outputs and PE high when
RESET is low. RESET functions independent of the S input.
S 18 Chip Select input. Enables device when Sis low. Deselects device and forces the match outputs and PE high
when S is high.
Vee 6, 28 Supply voltage
Wit 19 Write control inputs. W1 writes D0-D7 plus generated parity into RAM and forces the match outputs high when
W2 20 w1 and §_ are low. W2 writes D8-D15 plus generated parity into RAM and forces the match outputs high when

W2 and S are low. By taking W1 and W2 low, D0-D15 plus generated byte parity is written into the RAM and
the match outputs are forced high.

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

Supply voltage, Vo (see Note 1) ...t s e R R ~15Vto7V
Input voltage (any input) ....... e e P -15Vto7V
Input clamp current, ik (Vi<O0orVi>Vgeg) vvvviviniinn, P ... =25mMA
Output clamp current, logk (Vj<00rVi>Veog) vvvvvviniivninnn e e + 25 mA
Continuous output current, Ig (Vo =0to Vgg): DO0-D15, MATCH3 B 1 1 1112

MATCH1, MATCH2,PE .............c0vv... +50 mA
Continuous current through Vo or GND pins ... T e +200 mA
Operating free-air temperaturerange ....................... e i . 0°Cto 70°C
Storage temperaturerange ............ e s veieriae... —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from casefor103econds e e e 260°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.

NOTE 1: All voltage values are with respect to GND.

*p
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recommended operating conditions (see important notice)

MIN NOM MAX | UNIT
Vcc  Supply voltage 475 5 5.25 \4
VIH High-level input voltage 2.2 Vcc +0.5 \
ViL Low-level input voltage (see Note 2) -0.5 0.8 \
VoH  High-level output voltage | MATCH1, MATCH2, and PE outputs 5.25 \
l0H High-level output current, D0-D15 and Q15 -8| mA
| MATCH1, MATCH2 48
loL Low-level output current PE 24| mA
D0-D15, MATCH3 8
TAa Operating free-air temperature 0 70 °c
NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic

voltage levels only.

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or tag), the
address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and fall times at the
address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold region may be eliminated
by not using pullup resistors on the address lines and minimizing the high-impedance time when switching
between bus drivers. An alternate approach is to use latches or registers in front of the cache tag address inputs
to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into the threshold
region of the address inputs should be avoided in order to ensure that a slow rise/fall condition does not oceur.

Negative undershoot at the address or data inputs could cause this device to reset if the V| level at the RESET
pin is at its minimum high level (2.2 V). In systems with — 1.5 V or more of undershoot at the address and data
inputs, it is recommended that the minimum V) level at the RESET pin be 4 V. As with all designs, proper
termination and capacitive bypass techniques should be employed. Unused inputs should be tied to either Voo
or GND.

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

PARAMETER TEST CONDITIONS MmN TYPT  max| uniT
VoH High-level output voltage D0-D15, MATCH3 |Vcc=475V, loH=—8mA 3.7 \'
MATCH1, MATCH2 |Voc =475V, loL=48mA 0.4
VoL Low-level output voltage PE Vec=475V, loL=24mA 04| V
D0-D15, MATCH3 |Vgc =475V, lgL=24mA 0.4
MATCH1, MATCH2,
loH High-level output current PE Vec =525V, VoH=525V 10 pA
] Input current Vec =525V, V|=0toVce +5 pA
Vecc=525V, Vp=0toVce,
loz Off-state output current Satviy +10] mA
Vcc=5.25V, RESET at3V,
lcct Supply current (operating) SatoV 185 180 mA
Vcc =525V, RESETatOV,
Iccz Supply current (reset) Satov 10 25 mA
Vcc=525V, RESETat3V,
lcca Supply current (deselected) SatVgg 100 150 mA
Ci Input capacitance f=1MHz 5| pF
Co Output capacitance f=1MHz 6 pF

1 All typical values are at Vg = 5 V, Ta = 25°C.
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switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)

compare cycle
PARAMETER MIN TYPT  MAX| uNIT
_ti(‘;\) Access time from address to MATCH1, MATCH2, and MATCH3 15 20 ns
| ta(A-P) Access time from address to PE 21 28 ns
E(S) Access time from S to MATCH1, MATCH2, and MATCH3 1 14 ns
‘p(D-M) Propagation time, data inputs to MATCH1, MATCH2, and MATCH3 9 14 ns
tp(RST-MH) _ Propagation time, RESET low to MATCH1, MATCH2, and MATCHS high 6 12 ns
tp(S-MH) Propagation time, S high to MATCH1, MATCH2, and MATCHS high 6 12 ns
th(W-MH) Propagation time, W1 and W2 low to MATCH1, MATCH2, and MATCH3 high 6 12 ns
tp(W-PH) Propagation time, W1 and W2 low to PE high 7 1 ns
tp(FMHB-M)  Propagation time, FMHB to MATCH1 and MATCH2 5 10 ns
tp(WH-M) __Propagation delay, W1 and W2 high to MATCH* 14 ns
to(WH-PE) _ Propagation delay, W1 and W2 highto PE¥ 14 ns
ty(A-M) Valid time, MATCH1, MATCH2, and MATCH3 change of address 2 ns
tv(D-M) Valid time, MATCH1, MATCH2, and MATCHS after changf of data 1 ns
tv(S-M) Valid time, MATCH1, MATCH2, and MATCHS3 (low) after S high 1 ns
tv(A-P) Valid time, PE after change of address 2 ns
read cycle
PARAMETER MIN TYPT MAX]| UNIT
tj -D) Read access time from address to D0-D15 20 27 ns
ten(S-D) Enable time from S low to D0-D15 12 20 ns
ten(R-D) Enable time, R low to D0-D15 " 18 ns
tdis DO0-D15 output disable time from high or low level from R, S, W1, and W2 8 15 ns
tp(R-M) Propagation time, R low MATCH!1 ar\d MATGH2 high 6 10 ns
MATCHS high or low 16 22
ty(A-D) Valid time, D0-D15 after change of address 2 ns

T All typical values are at Vog = 5V, Ta = 25°C. __ _
1t The MATCH and PE outputs will glitch at the end of a write cycle after W1 and W2 return high. These specs assure thatthe MATCH and PE outputs
are stable after W1 and W2 return high.
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timing requirements over recommended ranges of supply voltage and operating free-air

temperature (unless otherwise noted)

PARAMETER MIN  TYP MAX| UNIT
tw(RSTL) Pulse duration. RESET Igw _ 40 ns
tw(WL) Pulse duration. W1 and W2 low, without writing PE 1 ns
twWL)PE___Pulse duration. W1 or W2 low, writing | PE (see Note 3) 18 ns
tsu(A) Setup time, address before W1 and W2 low 0 ns
tsu(D) Setup time, data before W1 and W2 high 10 ns
tsu(P) Setup time, F before W1 or W2 high (see Note 3) 7 ns
tsu(S) Setup time, S low before W1 or W2 high _ 10 ns
tsu(RST) Inactive state setup time, RESET before W1 or W2 high 15 ns
th(A) Hold time, address after W1 and W2 high 0 ns
th(WH-D) Hold time, data after W1 and WZ high 2 ns
th(WL-D) Hold time, data after_ W1 and W2 low with MATCH high (see Note 4) 1 ns
th(P) Hold time, PE after W1 or W2 high 2 ns
th(s) Hold time, S low before W1 or W2 high 0 ns
tAVWH Address valid to write enable high 1 ns

NOTES: 3. The pulse-duration requirementspecified by tw(w| ) PE is only necessary whena parity error exists, (i.e., PE outputis low) priorto writing
data with correct parity (i.e., PE input is high during write). Parameter tsu(p) applies only during the write cycle timing when writing a

parity error.

4.th(D-! -WL) ensures that when W1 or W2 is taken low during a compare cycle with the match outputs high that the match outputs will
remain high without a glitch low. (As shown in the function table, W1 and W2 low forces the match outputs high). th(wL-D) is ensured

indirectly by ty(p-M) and tpw-MH)-:

TYPICAL CHARACTERISTICS

LOW-TO-HIGH TRANSITION
OF PE OUTPUT
FOR VARIOUS LOADS

LOW-TO-HIGH TRANSITION OF
MATCH1 AND MATCH2 OUTPUTS
FOR VARIOUS LOADS

2 2
I/ N VB V4
e / A L' VIV st s poor |
> 14 / ){f /// /// > 14 [ 1‘](>‘>//‘\[CL 90 pF
A A L T
o - CL=
:Z 1 /,/J;é(rc Cr g 1 l//,77§<\ D~ b,_:ao:pp_
P M —— =
308 /A T oL '75 pF 5 08 l///// L =45pF
3./ —Cu=00pF ..y
O o6 7 S 0.6
: /\\_ \-CL=15pF |
0.4 =C =30pF+Vec=5V 0.4 Vec=5V __|
—C_=45pF | R =220Q RL=10Q
02 l Ta=25°C 0.2 Tp=25°C
0 | )
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Time - ns Time - ns
t Specified switching characteristics for open-drain outputs are specified at Vg = 1.5 V with C|_ = 30 pF.
FIGURE 1 FIGURE 2
i
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Figure 1 is provided as a tool to determine how propagation delay specifications for a 24-mA open-drain output
will change with differentload capacitance. For example from Figure 1, it can be seenthata 15-pF load will cause
a 1-ns decrease in specified propagation delay while a 60-pF load will cause a 2-ns increase in a specified
propagation delay. Figure 2 can be evaluated accordingly for a 48-mA open-drain output.

PARAMETER MEASUREMENT INFORMATION

t,=5ns—>: }‘— | e—t=s5ns
|
| | |

Vcc—_— INPUT I 27V r;;v—--——av
Rp-= 220 Q - PE 15V AL

RL = 110 Q — MATCH1, MATCH2 i 0.3 | GND
FROM OUTPUT TEST | | {4 tpd -D:
UNDER TEST POINT [ tpa _,: |
CpL= 30pFt . | |

I ouTPUT 15V 15V
LOAD CIRCUIT VOLTAGE WAVEFORMS

t'CL includes probe and test fixture capacitance.

FIGURE 3. OPEN-DRAIN OUTPUTS

205V
200Q
FROM OUTPUT TEST
UNDER TEST POINT

CLt = 30 pF FOR thg AND ten
I MEASUREMENTS
CL = 5 pF FOR tg;s MEASUREMENTS

LOAD CIRCUIT
—————————— av
——————— A L T
INPUT 15V , ; | oV
| GND | l—>— ten
tod —1[4—9 I ‘ tais—P) — o
| M tpy | [ Vou
| | OUTPUT X Von-03 ‘{ 2.8V
S S NJ | . o
tais— — | ten
' e ————— 205V
PROPAGATION-TIME VOLTAGE WAVEFORMS OUTPUT I r
VoL +03V 09V

ENABLE/DISABLE VOLTAGE WAVEFORMS
1 CL includes probe and test fixture capacitance.

FIGURE 4. ALL OTHER OUTPUTS
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PARAMETER MEASUREMENT INFORMATION

AO-A10 @ ADDRESS VALID X ADDRESS VALID @
| l

»l

N ta(a) > I

DATA VALID X DATA VALID

[7]]

!
I
|
! |
F—“f“‘ ty(D-M) |<'- tp(S-MH)

—tv(A-M) 1 ty(s-m) —*]l

|
B S —
| 'p(FMHEt-M)—H—NI H—blf——tp(FMHB-M)
—it—> | |

L

MATCH

— taa-p) — ¥ ta(A-p)

tv(A-P)
& NN l /
FMHB | |

FIGURE 5. COMPARE CYCLE TIMING
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PARAMETER MEASUREMENT INFORMATION

A0-A10 X
|

|

[7]]

l
|
|
l
l
J

| I
| |
| I
; e——>— tyap) i ten(S-D)“““““"’l : .
[ — ten(R-D) l M tgis —» l & tais D

-
-

> tp(r-mH)

MATCH /
e tpr-pH)

4

FIGURE 6. READ CYCLE TIMING

RESET I
l"—fw(RSTL) -——"k——‘*su(nsn »|

e T T L S,

OTOTOLs,
ADDRESS  ZX500KLEKIKAARANRKKLKIIKAAKN
SRRRRRRAERRERAEERRRRERERRRIELLKKKLS

MATCH

|
|
I
I
!
E

¢ tp(R-MH) ‘PI

FIGURE 7. RESET CYCLE TIMING
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SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

PARAMETER MEASUREMENT INFORMATION

A0-A10 % ADDRESS VALID
I
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FIGURE 8. WRITE CYCLE TIMING
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SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DEPTH CASCADING WIDTH CASCADING
NUMBER OF DEVICES NUMBER OF DEVICES
CACHE SIZE MAIN MEMORY COVERAGE
Vs vs
LINE SIzET LINE Sizet
64 X—{+—0O
32 XKL F—0O— 64 /< L
2 16 X—{+—0O 9 32 L}—
& & «— PER
o 8 >< o 16 —
N N
[ @
@ g .
5 4 X 5 s / L—
2—x: ) al— —
X 1-Deep D 2Deep O 4-Deep i< LWT ° ELI 2-Wfide (.
4K 8K 16K 32K 64K 128K 256K 512K 64M 128M256M512M 1G 2G >4G
Cache Data Size — Bytes Amount of Main Memory Covered
or Mapped — Depth
T Direct-Mapped Caches — One tag per line t One tag/line, assumes a word length of 32 bits

FIGURE 9 FIGURE 10

depth cascading

For two-way caches, each solution shown is moved to the right one increment doubling the cache size, and the
number of devices used. Four-way cache designs using the 'ACT2157 will quadruple each solution shown within
Figure 9.

width cascading

Memory coverage assumes one bit used as a valid bit (see Figure 10). Each solution for given line size can be
moved to the left covering smaller amounts of memory. Each increment moved represents an unused tag bit.
When cascading in depth, memory coverage increases; i.e., two deep maps twice as much memory.

usage explaination and example

Figures 9 and 10 provide a quick means for determining if the 'ACT2157 will provide a good solution and the
number of devices needed for implementation. For example, a design requires 16K bytes of direct-mapped
cache, memory coverage of 128M, and a line size of 4 bytes. (A 4-byte line size means each tag location maps
one 32-bit words of cached data.) From Figure 9, it is determined that two ’"ACT2157s will provide a 16K-byte
cache with-a 4-byte line. From Figure 10, itis determined that one *ACT2157 will map 128M of memory, provided
it is cascaded once, in the depth direction (i.e., two deep). Therefore, two deep by one wide is equivalent to two
"’ACT2157s. Two devices provide a perfect solution.
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SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

TOVOMOOITTVOITIO—=

DATA BUS
D0-D15 D16-D31
"ACT2157 "ACT2157 DRAM
D0-D15 D0-D15
S PE —— S PE
r—1 A0-A10 [ A0-A10 MAIN
MEMORY
'ACT2157 'ACT2157
DO-D15 DO0-D15
»—Dc 5 PE 5 BE
9—] A0-A10 o—{ A0-A10
A13 A2-A12 A13| | A2-A12
ADDRESS BUS A2-A31
A2-A12 A13 A14-A28
5V
'ACT2157 %
9— Do-D14 PE o PE
5v—}— D15 MATCH1 — 5V
s MATCH2
A0-A10 MATCH3
’ 3 MATCH1
5V
*ACT2157
L— D0-D14 PE | %
5V — D15 MATCH1 }—— ] MATCH2
L——DO— S MATCH2
MATCH3
A0-A10 MATCH3

FIGURE 11. cascading the 'ACT2157
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SN74ACT2157

2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DATA BUS
o
N
PU 'ACT2157
CACHE
DATA
BUFFER
(03]
—>-]
ﬂk
ADDRESS BUS
Y
— »{LE  LATCH
= »{ OE
> Y
PROCESSO 1 CONTROL Y
ROCESSOR > LOGIC 'ACT2157
SIGNALS - CACHE
_ Wi “raG VF
MEMORY R/W —» o MATCH1
> M D15 MATCH2
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"ACT2157
_ BUS
ﬂi WATCHER
—»‘_E;FER I w2
> D15 MATCH 3
e *
»{LE LATCH
» OE
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MAIN ADDRESS BUS

ACCESSES

FIGURE 12. BUS WATCHING USING THE 'ACT2157
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SN74ACT2157
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DATA BUS D0-D31

DO-D31

68030 ACT2157

(2)
DATA

MAIN
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DO0-D15

A0-A10
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FIGURE 13. 'ACT2157/68030 INTERFACE
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SN74ACT2157

2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM

APPLICATION INFORMATION

DATA BUS
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FIGURE 14. COPY-BACK USING THE 'ACT2157
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

® Fast Address to MATCH Delay FN PACKAGE
22 ns Max (TOP VIEW)
* 8K x 10 Internal Static RAM g
® On-Chip Address/Data Comparator 1) m|§|o 2329z 2lr
P | " NG SR N ) NN O S M S -
® Read Feature with Separate 1/0 w7 6 54 3 2 14443424 4g9[ D5
® Word Reset Function for Single Entry Dof] 8 3s[] D6
Invalidation D1f] o a7[] 07
. . . D2[] 10 36[] D8
® On-Chip Parity Generator and Checking p3f] 1 35 Veo
° R : ; VCC ] 12 34[ MATCH
Easily Expandable in Width and Depth paf] 13 s [ PE
® Choice of Open-Drain (ACT2159) or GND[] 14 32[] GND
Totem-Pole (ACT2158) MATCH Output Qof] 15 s1[] Qs
* FullyTTLC i Qi fl e ogas
Yy ompatible Q2] 17 29[l Q7
1819 20 21 22 23 24 25 26 27 28
description T oc oo o SaD
o< << 2 2 z c z
The 'ACT2158 and 'ACT2159 cache address o
comparators consist of a high-speed 8K x 10 static
RAM array, parity generator, parity checker, and 10-bit high-speed comparator. They are fabricated using
advanced silicon gate CMOS technology for high speed and simple interface with bipolar TTL circuits. A single
"ACT2158 or 'ACT2159 can provide comparison for 8192 addresses of 22 bits each. In addition, these devices
are easily cascaded for greater address width and/or depth.
Significant reductions in cache memory component count, board area, and power dissipation can be achieved
with these devices. The 'ACT2158 has a totem-pole MATCH output while the '"ACT2159 has an open-drain
MATCH output for wire AND-tying. These devices operate from a single 5-V power supply.
The SN74ACT2158 and SN74ACT2159 are characterized for operation from 0°C to 70°C.
FUNCTION TABLE
INPUTS OUTPUTS FUNCTION
w OE S S RESET WR MATCH PE Q0-Q8
L X H L H H L IN HI-Z Write
H L H L H H Active HT Output Read
L L Parity Error
L H Hi-Z Not Equal
H X H L H H H L Ao Undefined Error
H H Equal
H X H L L X L H t Memory Reset (Selected)
H X L X L X H H HI-Z Memory Reset (Deselected)
H X X H L X H H HI-Z Memory Reset (Deselected)
H X H L H L L IN t Word Reset
X X L X H X H H HI-Z Device Disabled
X X X H H X H H HI-Z Device Disabled

tifa parity error exists in the addressed data, PE will be low.
% The state of these pins is dependent on input OE.

These devices are covered by U.S. Patents 4,831,625; 4,858,182; 4,860,262; 4,884,270; and additional patents pending.

ADVANCE INFORMATION documents contain information on new

&

Copyright © 1990, Texas Instruments Incorporated
roducts in the sampling or preproduction phase of development.

h-mlovl:’lg'dm and other specifications are subject to change EXAS
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

logic symbolst

<
'ACT2158
CACHE ADDRESS
COMP/DATA RAM
RESET

| WRITE

W
WR—2-SNwoRp RESET

& I SELECT

BE—ISOUTEN

D8

0\

MATCH

RAM

” ADDRESS PEQ

PE

>[DATA > [BATA ) v

[ 0

34 MATCH

: 33 5E

12

‘o\

]
'ACT2159
CACHE ADDRESS
COMP/DATA RAM

RESET
WRITE
WORD RESET

& fseLECT
OUT EN

\, RAM
ADDRESS

|8 ] 8

o\

t These symbols are in accordancea with IEEE Std 91-1984.

>[0AR) [CATR) v

\Q

MATCH &

PEQ

PE

34 MATCH

j 33FE

2-130

*

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

logic diagram (positive logic)

RESET-X2 %D

RAM 8K x 10 9x1 9 15-19, 31-29, 27
R Qo-Q8

N
a1 0 9

>
N
»

0
A6 > Agiog 9 P=Q 34

T PARITY
CHECKER

©

H

L

Na2%%%2%%%%]

T

w — HHRon
5
5__ole ) » 9 2k
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5
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

Terminal Functions

PIN NAME

DESCRIPTION

AO-A12 Address inputs. Addresses 1 of 8192 by 10-bit random access memory locations. Address must be stable for the duration of
the write cycle.

DO-D8 Datainputs. During write, the applied 9-bit dataword plus internally generated parity is stored in the addressed memory location.
During compare, DO through D8 plus generated parity is compared with the addressesd memory location.

When DO through D8 plus generated parity equal the contents of the 10-bit memory location addressed by A0 through A12,
MATCH the MATCH outputis high during acompare cycle. MATCH is aiso driven high during deselect. MATCH is low during reset (device
selected), write, and word reset. Since the 'ACT2159 MATCH output is open-drain, an external pull-up resistor of 220 Q mini-
mum is required.

Parity Error input/output. When the device is selected and W is high, a low on the PE output indicates a parity error in the
PE addressed data. A parity error in the addressed data can be forced during a write or word reset cycle by applying a low at the
PE pin. The PE output is disabled during reset, word reset, write, and deselect. PE is an open-drain output and an external
pull-up resistor of 220 Q minimum is required.

Data outputs. When the device is selected, Wis high, and OE is low, the addressed memory location can be read at the Q0
through Q8 outputs. When the device is deselected, OE is high, and during write, QO through Q8 are disabled.

RESET Resetinput. When low, asynchronously clears entire RAM array to zero and, if the device is selected, forces MATCH low. RESET
causes valid parity to be written into each memory location.

OE Output Enable input. When the device is selected, OE is low, and W is high, addressed data is output to QO througoh Q8. OE
high disables the Q0 through Q8 outputs.
s, 5 Chip Select inputs. When Sislow and S is high, the device is enabled. When Siis high or S is low, the device is disabled and
MATCH and PE are forced high. The device can be reset when S is high or S is slow.
w Write control input. When the device is selected and W is low, DO through D8 plus generated odd parity is written into the ad-
dressed memory location.
WR Word Reset input. When WR is low on a selected device, the addressed memory location is cleared to zero with valid parity.

operation as an address comparataor

When selected and in the compare mode, these cache address comparators compare the contents of the
memory loction addressed by AO through A12 with data DO through D8 plus generated parity. An equality is
indicated by a high level on the MATCH output. A low-level PE output indicates a parity error in the internal RAM
data. PE is an N-channel open-drain output for wire OR-tying. During a write cycle, data on DO through D8 plus
generated odd parity are written into the 10-bit memory loction addressed by A0 through A12. During write, a
parity error may be forced for diagnostics purposes by holding PE low.

single-entry invalidation

In cache tag systems, it is often necessary to invalidate a tag memory location when data in the cache becomes
inconsistent with the data in main memory or in additional caches. The word reset function allows any addressed
memory location to be cleared to zero (with valid parity) by taking the WR input low. By tying one of the data inputs
high, that particular bit can be used as an internal valid bit. Whenever data is compared to a memory location
cleared by WR (or by the master RESET), a miss will occur. If a data input is not tied high, a false match will
occur when a data word of zero is compared to a reset location. The WR input is independent of the data at the
DO through D8 inputs.

reading the internal RAM

Aread mode is provided that allows the ’ACT2158 and 'ACT2159 to be used in copy-back cache systems, for
providing cache tag system diagnostics, or as a high-speed SRAM with parity generation and checking. The read
mode is selected when OE is low, W is high, S is low, and S is high. The contents of the internal RAM are read
at the QO through Q8 outputs.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

initialization

A master reset input is provided for initialization. When RESET is taken low, all 8K x 10 RAM locations are
cleared to zero (with valid parity). If the device is selected, the MATCH output is forced low. A data word of zero
will compare to every addressed location that has not been written into since reset, causing MATCH and PE to
be high. By tying a single data input high, this bit will function as a valid bit and a match will not occur unless
valid data has been written into the addressed memory location. When cascading in the width direction, only
one bit needs to be tied high regardless of the address width.

cascading the 'ACT2158 and 'ACT2159

The 'ACT2158 and 'ACT2159 are easily cascaded in both the width and depth directions. When cascading in
the width direction, the same address bits A0 through A12 are tied to the address pins of each chip. The
remaining address bits are individually tied to the data inputs DO through D8 of each device. Two devices
cascaded in width will provide comparison for 30 bits of address with one datainput tied high for a valid bit. When
cascading in the depth direction, two deep for 16K of addresses, address bit A13 is tied to the S pin of the first
device and to the S pin of the second device. The rest of the address bits, A14-A22 for one device wide, are
tied to the DO through D8 inputs. When cascading more than two devices deep, a fast decoder must be used
to determine which device is selected. When a device is deselected, the MATCH output of that device is forced
high to allow for proper gating. When cascading in depth and/or width, a composite MATCH output is needed.
When using the 'ACT2158, a high-speed gate such as the SN74AS20 or the SN74AS30 should be used to
achieve fast MATCH times. The 'ACT2159 has an open-drain MATCH output, which provides for wire-AND tying.
Figure 6 is an example of cascading the 'ACT2159 in both width and depth.

cache coherency through bus watching

When implementing cache designs, the problem of cache coherency is always a concern. One solution to this
problem is to implement bus watching using the 'ACT2158 or 'ACT2159. By storing the same tags in the
bus-watcher RAM as are stored in the cache-tag RAM, the bus watcher will indicate a hit every time a cached
address pases down the main address bus. If data is being modified in main memory, the index can be passed
to the cache-tag RAM for invalidation. Figure 8 shows a possible bus-watcher implementation.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281,

MAY 1990-REVISED JUNE 1990

absolute maximum ratingst

Supply voltage range, Voo (see Note 1) ..ottt -15t07V
Input voltage range, any input .................. e i e -1.5t07V
Input clamp current, Ik (Vi< 00rVi>VEE) covviiiiiiiiiiiiiiii i =25mA
Output clamp current, 1ok (Vi< 00 VIS VEE) «vvrvrininiiiiiiineiiiiieiienirirsoneninas = 25mA
Continuous output current, Ig (Vo = 0to Vgg): Q0-Q8, MATCH (2158) .....ovvvvviniiiininn . =25mA

MATCH (2159), PE .......oviiiniiinienns = 50mA
Continuous current through Vg or GNDPINS .. ..vvuiiiniiiiii i s +200mA
Operating free-air temperature range . ........ovviiii it 0°C to 70°C
Storage temperature FaNgE ... .ovetitt it e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..........c.coviiiiininininne, 260 °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.

NOTE 1: All voltage values are with respect to GND.

recommended operating conditions (see important notice)

SN74ACT2158-22
SN74ACT2159-22 UNIT
MIN NOM MAX
Vcc  Supply voltage 4.75 5 525 \
VIH High-level input voltage 2.2 Vee+0.5 \%
ViL Low-level input voltage -0.5 0.8 \%
VoH High-level output voltage, MATCH ('ACT2159) and PE 5.26 \
IoH High-level output current MATCH (ACT2158) -8 mA
Q0-Q8 -4
loL  Low-level output current MATCH and PE 21 ma
Q0-Q8 8
TA Operating free-air temperature 0 70 °C

important notice

Due to the high-performance characteristics of this device and to ensure the integrity of stored data (or tag), the
address inputs must not be allowed to float through the input threshold region (1.5 V). Rise and fall times at the
threshold region of the address inputs must not exceed 20 ns/V. Slow rise and fall times through the threshold
region may be eliminated by not using pullup resistors on the address lines and minimizing the high-impedance
time when switching between bus drivers. An alternate approachis to use latches or registers in front ofthe cache
tag address inputs to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into
the threshold region of the address inputs should be avoided in order to ensure that a slow rise/fall condition
does not occur.

Negative undershoot at the address or data inputs could cause this device to reset if the V| level at the RESET
pin is at its minimum high level (2.2 V). In systems with — 1.5 V or more of undershoot at the address and data
inputs, it is recommended that the minimum V) level at the RESET pin be 4 V. As with all designs, proper
termination and capacitive bypass techniques should be employed. Unused inputs should be tied to either Voo
or GND.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

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

SN74ACT2158-22
PARAMETER TEST CONDITIONS SN74ACT2159-22 UNIT
MIN TYPT MAX
MATCH (ACT2159) 10
loH High-level output current BE ( ) Vec =525V, VoH=5.25V = pA
MATCH (ACT2158) Vec=475V, loH=-8mA 2.4
VoH High-level output voltage Q0-Q8 TOH =—4mA 24 Vv
PE and MATCH Vec =475V, loL=24mA 0.4
V - \
oL Low-level output voltage Q008 Voo =475V, IoL=8mA 0
Iy Input current Vi=0t0525V 5 uA
loz Off—state output current Vecc=525V, Vpo=0toVce %10 uA
) Vcc=5.25V, RESETatVce,
Icc1 Supply current (operative) satvee, Satov 140 190 mA
Voc =525V, RESETatOV,
[ Supply current (reset - 135| mA
cc2 Supply (reset) SatVee, SatoV 70
Vcc =525V, RESETatVce,
! Supply current (deselect] =
cc3 Supply ( ) Satov, SatVoe 100 160| mA
C;  Input capacitance f=1MHz 5 pF
Co Output capacitance f=1MHz 6 pF

1 All typical values are at Voc = 5 V, Ta = 25°C.

switching characteristics over recommended ranges of supply voltage and operating free-air
temperature (unless otherwise noted)t

compare cycle

SN74ACT2158-22
PARAMETER SN74ACT2159-22 UNIT
MIN TYPT MAX
| ta(A) Access time, address to MATGH 18 22| ns
ta(A-PE) Access time, address to PE 19 25 ns
ta(S-M) Access time, select to MATCH 9 15 ns
tpd(D-M) Propagation delay time, data to MATCH 9 15 ns
tpd(RST-M) Propagation delay time, RESET low to MATCH low 9 15 ns
pd(S-M) Propagation delay time, deselect to MATCH high 8 12 ns
tod(W-M) Propagation delay time, W or WR low to MATCH low 8 12 ns
tpd(W-PE) Propagation delay time, W low to PE high 5 10 ns
tpd(S-PE) Propagation delay time, select and deselect to PE 12 18 ns
tv(A) MATCH valid time after change of address 3 ns
tv(D) MATCH valid time after change of data 3 ns
.f‘L@ MATCH va@ime (low) after deselect 2 ns
tv(A-PE) Valid time, PE valid time after change of address 2 ns
ty(S-PE) Valid time, PE valid time after deselect 2 ns

T All typical values are at Voo = 5V, Ta = 25°C.
See Parameter Measurement Information for load circuits and voltage waveforms.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

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

temperature (unless otherwise noted) (continued)T

read cycle
SN74ACT2158-22
PARAMETER SN74ACT2159-22 UNIT
MIN  TYP¥ MAX
|ta(a-Q) Read access time, address to Q0 through Q8 17 24 ns
ty(a-Q) QO through Q8 valid time after change of address 4 ns
ten Enable time, Q0-Q8 valid from Q_E — i 14 ns
W, 8,8 12 18
OE,S S, W 9 14| ns

tdis Disable time, QO through Q8 output high or low level

temperature (unless otherwise noted)t

timing requirements over recommended ranges of supply voltage and operating free-air

SN74ACT2158-22
PARAMETER SN74ACT2159-22 UNIT

MIN TYP¥ MAX
tw(RL) Pulse duration, RESET low 60 ns
tw(WRL) Pulse duration, WR low 15 ns

M Without writing PE 15

tw(wL) Pulse duration, W low Witng FE (s:e Noie 3) o ns
tsu(A-wL) __ Setup time, address before W or WR low 0 ns
tsu(D) Setup time, data before W high 12 ns
tsu(PE) Setup time, PE before W high (see Note 2) 10 ns
tsu(s) Setup time, S and S before W high 12 ns
tsu(RH) Setup time, RESET inactive before W high 15 ns
th(A) Hold time, address after W or WR high 1 ns
h(D) Hold time, data after W high 1 ns
th(PE) Hold time, PE after W high 1 ns
th(s) Hold time, S and S after W high 0 ns
tv(A-WH) Valid time, address valid before W high 15 ns
ty(A-WRH) __ Valid time, address valid before WR high 15 ns

1 See Parameter Measurement Information for load circuits and voltlage waveforms.
% All typical values are at Voo = 5 V, T = 25°C.

NOTE 2: The pulse-duration requirement specified by tw(wL)PE is only necessary when a parity error exists, (i.e., PE output is low) prior to writing
data with correct parity (i.e., PE input is high during write). Parameter tsu(PE) applies only during the write cycle timing when writing a

parity error.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

TYPICAL CHARACTERISTICS

__LOW-TO-HIGH TRANSITION
OF PE AND MATCH ('ACT2159) OUTPUT
FOR VARIOUS LOADS

7 —
I A4 Ve
X

N

| S Y A 1

/
el A S AT

\

g 1.2 V4 7
S 1 A g
2 /‘( \—_ CL = 60 pF
g_ 0.8 el = CL =|75 pF
s / / / — CL =90 pF
O 0.6 7/ ¢ =15 t
/\ -CL=15pF ]
0.4 CL=30pF+Vcc=5V
— CL =|45 pF | R =220Q
0.2 | Tp=25°C
0 l
0 1 2 3 4 5 6
Time -~ ns
1 Specified switching characteristics for open-drain outputs are specified at Vo = 1.5 Vwith C_= 30 pF.
FIGURE 1

Figure 1 is provided as a tool to determine how propagation delay specifications for a 24-mA open-dré\in output
will change with different load capacitance. For example from Figure 1, itcan be seen thata 15-pF load will cause
a 1-ns decrease in specified propagation delay while a 60-pF load will cause a 2-ns increase in a specified
propagation delay.
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

PARAMETER MEASUREMENT INFORMATION

'r=5"s"*l ]l‘_ —,'l Jr—-tf:.'ms
L
Vee [ P Y S
| 27V | sv
INPUT 15V 15V
RL=220Q i 0.3 Vl GND
FROM OUTPUT TEST | | € tpd -P{
UNDER TEST POINT [ tpq —H ,
|
Cp =30 pFt | |
I OUTPUT . sV
LOAD CIRCUIT VOLTAGE WAVEFORMS
OPEN-DRAIN OPEN-DRAIN
2,05V
2000
FROM OUTPUT TEST
UNDER TEST POINT
CL! =50 pF FOR tpg AND tep
MEASUREMENTS
CL = 5 pF FOR tqjs MEASUREMENTS
LOAD CIRCUIT
TOTEM-POLE AND 3-STATE
av
INPUT
1.5V 1.5V
_______ av
INPUT 15V ! A ov
t -
GND en f
tog ———» : | | ¥ l€-tais
p < »
} | 'pd ; e ~Vee
| | OUTPUT S; 15V | |E___+_°~3 v
ouTPUT ﬂ | o — VoL
| tais— ¢ L
TOTEM-POLE ten | ¥

PROPAGATION-TIME VOLTAGE WAVEFORMS | ——— Vou
» OUTPUT 15V 03V
_____ ~0V

3-STATE ENABLE/DISABLE VOLTAGE WAVEFORMS
t C includes probe and test fixture capacitance.

FIGURE 2
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

PARAMETER MEASUREMENT INFORMATION

A0-A12 w ADDRESS VALID X ADDRESS VALID @
I I

l - ..
N alh) i |

DATA VALID X DATA VALID >@

i ——tpqp) —H
|
|

|
|
I L
s | | :
—
I ! | | I |
s | I I :
| t }
I S
ts(s-M)
I r— I | A I‘-—lv(S) > |
|
o T TG X 7
I e 'Ed(S-PE)II |
I I I I tpd(S-PE)
B I‘—ta(A-li’E) — r'I— WA-PE) "‘I"'F_’I
& I\ | ./
ta(A- |
I‘-ts(s-c)—’l — ¢ d »

Qo0-Q8 I< IX >I_____

FIGURE 3. COMPARE CYCLE TIMING
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

PARAMETER MEASUREMENT INFORMATION

A0-A12 w ADDRESS VALID
I

tsua) —p!
— 3 —
H—I v (A-WH) ————)

(2]

o
S,

| |
! l
| .
| 1
T tsu(s) * 'h(S)—"l
" | |
e twowrytwowry)
| (see Note A) |
XXX XXX IIKIKHXIK KK KK KKK KN IO KA II I I IHKIKIKK K>
D0-DE  BRRRRIRIIERIIIRIEED DATA VLD RS
XXX OUXRRANXRXKS | | XXX RRAXRAR
— ) |
BE (INPUT) | [ tsy(p) —Di¢— th D)
|l | l
le— tsuPE) —dle— thpr) —»l
[ (see Note A)
MATCH :
|
PE (OUTPUT) \ !
1
|
l¢— tpa(w-pE) Bt

NOTE A:  Parameters tw(wRL) and tsy(PE) apply only during the write cycle when writing a parity error.
FIGURE 4. WRITE CYCLE TIMING
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

PARAMETER MEASUREMENT INFORMATION

RESET l J
)le
T

ADDRESS

tsu(RH) >:

g

MATCH

j——p— thaRsT-M)

FIGURE 5. RESET CYCLE TIMING

A0-A12 X
l

!

—_—t e — - —

ol

— a0 i ta(s-o)—|1—ﬂ

|
|
|
|
|
|
L
|
r— ten

»
| tva-q) -k—’l I —>tdis | I K——D!—'dls
ta(A—PE)—'k——H —k—b| Iﬂ—ﬂ—

— I 1 ]
P b J Lo

FIGURE 6. READ CYCLE TIMING

R

Texas
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-141

ADVANCE INFORMATION



NOLLVINHOANI IONVAQY

SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

APPLICATION INFORMATION

NUMBER OF DEVICES NUMBER OF DEVICES
CACHE SIZE MAIN MEMORY COVERAGE
Vs Vs
LINE SizEt LINE SIZEt
64 X—{ +—O— 64 /X jZ—J
o 32 Ke—{—0 2 32 X
z & -« / <+~ [
g 16 X—I1—C g 16 5 '}
g . g
3 8 X - 5 8 —‘7>( /—4
4—x 4% L
X 1-Deep [] 2-Deep O 4-Deep >< 1-W‘ide ‘ D 2-V‘Ilde . ‘
32K 64K 128K 256K 512K 1M 2M 4M 16M 64M 256M 1G 4G 16G
Cache Data Size ~ Bytes Amount of Main Memory Covered
1 Direct-Mapped Caches or Mapped - Depth

t One Tag/line, Assumes a word length of 32 Bits

FIGURE 7 FIGURE 8

depth cascading

For two-way caches, each solultion shown is moved to the right one increment doubling the cache size and the
number of devices used. Four-way cache designs using the’ACT2158 or 'ACT2159 will quadruple each solution
shown within Figure 7.

width cascading

Memory coverage assumes one bit used as a valid bit. Each solution for a given line size (see Figure 8) can be
moved to the left covering smaller amounts of memory. Each increment moved represents an unused tag bit.
When cascading in depth, memory coverage increases; i.e., two deep — twice as much memory.

usage explanation and example

Figures 7 and 8 provide a quick means for determining if the ’"ACT2158 or'ACT2159 will provide a good solution
and the number of devices needed for implemention. For example, a design requires 256K bytes of direct
mapped cache, memory coverage of 256M, and a line size of 16 bytes; a 16-byte line size means each tag
location maps four 32-bit words of cached data. From Figure 7, it is determined that two "ACT2158s or
"ACT2159s will provide a 256K byte cache with a 16-byte line size. From Figure 8, it is determined that two
"ACT2158s or'ACT2159s cascaded in width will map 256M of memory (or as much as 4G). Therefore, two deep
by two wide or four '"ACT2158s or '"ACT2159s are needed to meet the design requirements.

*
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

APPLICATION INFORMATION

JOVLLMOOTJTVOTIO~—=

DATA BUS
I 'ACT2159 I DRAM
®8)
64K BYTE
CACHE
_ MAIN
s MEMORY
A0-A13 ,Ir
ADDRESS BUS A0-A30
A13] A0-A12 | A14-A21 A13]| A0-A12 |A22-A30
1 5V
8 ’
/13 L 84
"ACT2159 113 "ACT2159
4—D0-D7  MATCH b—{Do-D8  MATCH | e
5V D8 PE PE|-®
AD-A12 A0-A12
S s 5V
5V S 5V S f
— PE
"ACT2159 *ACT2159 L
L1D0-D7  MATCH L_{Do-D8  MATCH |-
5V D8 PE PE
A0-A12 AO-A12
. s '—- S
e -

FIGURE 9. CASCADING THE 'ACT2159
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

APPLICATION INFORMATION

DATA BUS
3 ) DRAM
M "ACT2158
1 LATCH 36
¢ »—| Do-D8 36
o Qo-Q8 7>
; . LN
b DATA g
¢ BUFFER »—GC
s @
3 _
0 > 5
A
> 13y
3 ADDRESS BUS
E INDEX TAG
0 1*
m ) 44
—-——
- A "ACT2158
3 —p-1 D0-D8
DIRTY > A0-A12
=) | | BITS
= ’ R e
> > » MATCH
PROCESSOR y > -
-] siGNaLs Qo0-a8 >
—
@) ic
> CONTROL g
LOGIC »—oc
LATCH
> »—C
g »—OC

FIGURE 10. COPY-BACK SCHEME USING THE 'ACT2158
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SN74ACT2158, SN74ACT2159
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs

D3281, MAY 1990-REVISED JUNE 1990

APPLICATION INFORMATION

DATA BUS
36
r N
A\ 4
"ACT2158
cpPU
DATA
BUFFER
W 5 <
r' N
14
ADDRESS BUS
A 4
LATCH
»—{0C
P -
<>
v
'ACT2158
VF
PROCESSOR CIT*EgE
SIGNALS —P |
WRITE w
—>— >
MEMORY w
_ |wr MaTCH
>
>
s
"ACT2158 DRAM
w
»—{WR
BUS
WATCHER GLOBAL
.
> BUFFER MATCH vy
A
P
<>
LATCH
oc
A
MEMORY
ACCESSES ——> GLOBAL ADDRESS BUS

FIGURE 11. BUS WATCHING USING THE 'ACT2158
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SN74ACT2160
8K x 4 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM

D3365, JANUARY 1990-REVISED JUNE 1990

® Address to Match Time . .. 17 ns Max FM PACKAGE
s (TOP VIEW)
¢ 2-Way Architecture Significantly Improves WYTON=Q O
Hit Rate 2322228
[ N B S — - - )
¢ Implements LRU Replacement Allgorithm A6 15 432 :) 8231 3029[: D1
® Useful for Bus Watching A7 LI6 28[} 2
A8 []7 27[} D3
® On-Chip Parity Generator and Checker A9 |l8 26[] Voo
R GND []9 25[] MATCH1
® Easily Expandable in Depth and Width RESET [J10 24[] MATCH2
® Reliable Advanced CMOS Technology LRU-W [} 11 23] GND
R ]2 22[] PE
® Fully TTL Compatible WR []13 21[] BANK
14 15 16 17 18 19 20
. ax oo 1 o o o e ¥ o ¥ s |
description <20 Jo - W
. . 1= hIT T
The SN74ACT2160 is a valuable building block for o

implementing fast two-way set associative

caches. This device consists of two separate

8K x 5 RAMs for tag and parity storage, an 8K x 1 LRU RAM, two high-speed comparators, and the control
circuitry necessary to give the designer the freedom to determine how this device will be used. The
SN74ACT2160 also includes single-entry invalidation circuitry and parity generation and checking for ease of
design and high system reliability.

The SN74ACT2160 is fabricated using advanced silicon-gate CMOS technology for high speed and simple
interface with bipolar TTL circuits. By combining the SN74ACT2160 with programmable logic, a cache can be
constructed that specifically addresses the individual system requirements. Significant reductions in cache
memory component count, board area, and power dissipation can be achieved by using this device.

direct-mapped versus two-way set associative caches

A cache memory is a small high-speed memory that is used to store a portion of the data found in the larger
main memory to achieve optimum processor performance and to reduce main memory bus traffic. Since the
cache memory is smaller than the main memory, only part of the address, the least significant bits referred to
as the index, is used to address the cache memory. The most significant address bits, called the tag, are stored
along with the cache data and are used to identify what data is stored in an indexed location. When the processor
requests data, the index portion of the processor address points to a word of data in the cache-data RAM and
to a tag in the cache tag RAM. If the upper portion of the processor address is equal to the stored tag, a cache
hit is said to occur and the cached data can be immediately sent to the processor.

In a direct-map