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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to or to discontinue 
any semiconductor product or service identified in this publication without notice. 
TI 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. 

TI warrants performance of its semiconductor products to current specifications 
in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent TI deems necessary to support this warranty. 
Unless mandated by government requirements, specific testing of all parameters 
of each device is not necessarily performed. 

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

Texas Instruments products are not intended for use in life support appliances, 
devices or systems. Use of a TI product in such applications without the written 
consent of the appropriate TI 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 also 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 TI field sales office, local authorized TI 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 

Prefix ----------------------/ 

SN 
THCT 
TMS 

Standard Prefix 
Commercial CMOS 
Commercial NMOS 

Circuit Description ________________ -f 

4 to 10 Characters 

74ACT2152 

Speed Designator ___________________ -J 

-xx Speed in ns 

Package -------------------------' 

OW 
JD 
N, NT 
FN, FM 
GA 

1-4 

Small Outline 
Ceramic DIPs 
Plastic DIPs 
Plastic Chip Carrier 
Pin-Grid Array 
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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 (lEC) for international use. 

OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 

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

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

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

ICC Supply current 
The current into t the V CC supply terminal of an integrated circuit. 

ICCH Supply current. outputs high 
The current into t the VCC supply terminal of an integrated circuit when all (or a specified number) 
of the outputs are at the high level. 

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

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

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

10H High-level output current 
The current into t an output with input conditions applied that, according to the product 
specification, will establish a high level at the output. 

10L Low-level output current 
The current into t an output with input conditions applied that, according to the product 
specification, will establish a low level at the output. 

lOS (10) Short-circuit output current 
The current into t 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). 

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

10ZH Off-state (high-impedance-state) output cu~rent (of a three-state output) with high-level voltage 
applied 
The current flowing into t 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 cau~e the 

output to be at a low level if it were enabled. 

10Zl 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. 

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

tdis 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). 

ten 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). (ten = tPZH or tPZL.) 

tf 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. 

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

by the system in which the digital circuit operates. A minimum value is specified that 
is the shortest interval for which correct operation of the digital circuit is 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. 

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

tCurrent out of a terminal is given as a negative value. 
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tPHL Propagation delay time. high-to-Iow level output 

GLOSSARY 
SYMBOLS, TERMS, AND DEFINITIONS 

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-Ievel 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 voltag.e waveforms 
with the three-state output changing from a high-impedance (off) state to the defined low level. 

tr 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. 
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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 

1-8 

The voltage at an output terminal with input conditions applied that, according to product 
specification, will establish a low level at the output. 
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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 Band 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 
V = a valid steady-state level 
X = unknown, changing, or "don't care" level 
Z = high-impedance (off) state 

The hyphen between the Band 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 

talA) 
ta(S), ta(CS) 

Unclassified 

tAVOV 
tSLOV 

Description 

Access time from address 
Access time from chip select (low) 
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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 

tc(R), tc(rd) 
tc(W) 

Unclassified 

tAVAV(R) 
tAVAV(W) 

Description 

Read cycle time 
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 

tdis(S) 
tdis(W) 

Unclassified 

tSHOZ 
tWLOZ 

Description 

Output disable time after chip select (high) 
Output disable time after write enable (low) 

These symbols supersede the older forms tpvz 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(SLI tSLOV Output enable time after chip select low 

These symbols supersede the older form tpZV. 

Hold time 

1-10 

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(DI 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. 
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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 

tw(W) 
twIRl 

Setup time 

Unclassified 

tWLWH 
tRLRH 

Description 

Write pulse duration 
Read pulse duration 

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 

tv(A) tAXQX Output data valid time after change of address 

This supersedes the older form tpVX. 
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EXPLANATION OF FUNCTION TABLES 

1-12 

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

H 

L 

t 

r-, 

X 

Z 

a .. h 

QO 

00 

Qn 

SL 
LJ 

TOGGLE 

high level (steady state) 

low level (steady state) 

transition from low to high level 

transition from high to low level 

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

value/level is re-entered 

irrelevant (any input. including transitions) 

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

the level of steady-state inputs at inputs A through H respectively 

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

complement of QO or level of a before the indicated steady-state input conditions 
were established 

level of Q before the most recent active transition indicated by ~ or t 

one high-level pulse 

one low-level pulse 

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

If. in the input columns. a row contains only the symbols H. L. and/or X. this means the indicated output 
is valid whenever the input configuration is achieved and regardless of the sequence in which it is achieved. 
The butput 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 is achieved but the transition(s) must occur following the 
achievement of the steady-state levels. If the output is shown as a level (H. L. QO. or 00). it persists 
so long as the steady-state input levels and the levels that terminate indicated transitions are maintained. 
Unless otherwise indicated. ihput transitions in the opposite direction to those shown have no effect at 
the output. (If the output is shown as a pUlse.JLorLs. the pulse follows the indicated input transition 
and persists for an interval dependent on the circuit.) 
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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 

CLEAR 
MOOE 

51 SO 
CLOCK 

SERIAL 

LEFT RIGHT A 

PARALLEL 

B C 0 
QA QB QC QO 

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

H X X L X X X X X X OAO OSO OCO ODD 
H H H t X X a b c d a b c d 

H L H t X H X X X X H °An OSn OCn 
H L H t X L X X X X L °An °Sn °Cn 
H H L 1 H X X X X X OSn °Cn °On H 

H H L t L X X X X X °Sn °Cn °Dn L 

H L L X X X X X X X OAO OSO OCO ODD 

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-Iow transition of the clock. 

The third line of the table represents synchronous parallel loading of the register and says that if S 1 and 
SO are both high then, without regard to the serial input, the data entered at A will be at output OA, data 
entered at B will be at OB, and so forth, following a low-to-high clock transition. 

The fourth and fifth lines represent the loading of high- and low-level data, respectively, from the shift
right serial input and the shifting of previously entered data one bit; data previously at OA is now at OB, 
the previous levels of OB and Oc are now at Oc and OD respectively, and the data previously at OD 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 S 1 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 OB is now at OA, 
the previous levels of Oc and OD are now at OB and Qc. respectively, and the data previously at OA 
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 S 1 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 

1-14 

INPUT 
FORCING FUNCTIONS 

Must be steady high or low 

High-to-Iow 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 block 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 result 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 T A = 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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• Interfaces Directly with the Intel 82385 
Cache Controller 

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

FN PACKAGE 

(TOP VIEW) 

Z 

19B9-REVISED JUNE 1 

• Access Time ••• 25 ns Max __ C\lC')~lt)U) 8~I'-C:Oc)~::: 
<C <C <C <C <C <C::> <C<C <C <C<C <C 

• 

• 

• 
• 
• 
• 

Fast Access Time Supports 33-MHz Intel 
ESCA 80386 Operation 

Configurable for 2-Way or Direct Mapped 
Arrays 

Contains Address Latches and Byte Contol 

Cascadable for Larger Caches 

Byte Parity Storage Bits 

Fully TIL Compatible 

D01 

D02 

D03 

GND 

D04 

10 

11 

12 

13 

14 

15 

16 

17 

18 

7 6 5 4 3 2 1 52 51 50 494847 
46 A12 

45 CE 
44 GND 

43 D015 

42 D014 

41 D013 

40 D012 

39 GND 

38 D011 

37 0010 

36 009 
description 19 35 DOS 

The 'ACT2140A is a 147,456-bit static RAM with 
address latches and byte control that can be 
configured as 2-way 4K x 18 or direct mapped 
8K x 18. The 'ACT2140A is fabricated using 
advanced silicon-gate CMOS technology for 
simple, high-speed interface with bipolar TIL 

W M 
21 22 23 24 25 26 27 28 29 30 31 32 33 

PD01 

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 of4Kx 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 O°C to 70°C. 

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

Copyright © 1990, Texas Instruments Incorporated 
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SN74ACT2140A 
2-WAY 4K x 18/8K x 18 CACHE DATA RAM 

logic symbolt . 

MODE = L 

MODE 
31 " "1" 

RAM8K x18 

ALEN 
5 

C20 

AO 
8 

20DO 

Al 
7 

A2 
6 

A3 
5 

A4 
4 

A5 

A6 

A7 

3 

2 0 

51 
A iii9i 

A8 
50 

A9 
49 

Al0 
48 

All 
47 

20Dl1 

A12 
46 

12 

CE 

SO 

Sl 

45 " G21 
23 r..... 21G22 [LO ORDER) 
30 " 21G23 [HI ORDER) 

OEA 

OEB 

28 r..... 8< 
29 " 

G24 

.. 1 22C25 

WEA 

WEB 

25 _l'o. 22.24EN26 
24 " 23C27 

23.24EN28 

DOO 

DOl 

11 
A.25D 

12 
4- VA.26 

D02 

D03 

13 

14 

D04 
16 

D05 
17 

DOS 
18 

D07 
19 

PDOO 
20 

D08 

D09 

35 
A.27D 

36 
4- VA.28 

DOlO 

D011 

D012 

D013 

37 

38 

40 

41 

D014 

D015 

PDOl 

42 

43 

34 

tThis symbol is in accordance wtth ANSI/IEEE 91-1984. 

2-4 

TEXAS .., 
INSJRUMENlS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

r 



logic symbolt 

MODE 
ALEN 

AO 
Al 
A2 

A3 
A4 
AS 
A6 
A7 
A8 
A9 

Al0 
All 

CE 
so 

WEB 

coo 

DOl 
D02 
D03 
D04 
DOS 
D06 
D07 

PDOO 
D08 

D09 
DOlO 
DOll 
D012 
D013 
D014 
D015 
PDOl 

31 
5 
8 
7 
6 
5 
4 

3 
2 
51 
50 
49 
48 
47 
45 
23 
30 
28 
29 

25 

24 

11 

12 
13 
14 
16 
17 
18 

19 
20 
35 

36 
37 
38 
40 
41 
42 
43 
34 

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

MODE=H 

RAM2 x4Kx18 

"1" 
C20 
20DO 

0 
A4ciii5 

20011 ... G21 ... 21G22 [LO ORDER] ... 21G23 [HI ORDER] 
..... G24 
..... G25 

[LO ORDER /HI ORDERI 
..... 22C26 /23C30 

L 22,24,2sEN27/23,24,2sEN31 
..... 22C28 /23C32 

L ~2,24,25EN29/23,24,25EN33 r 

E 
A,2BD 

[SANK A] VA,27 
A,2BD 

VA,29 [SANKS] 

A,30D 

E VA,31 
[SANK A] 

A,32D 
[SANKS] 

VA,33 

t This symbal is In accordance w~h ANSI/IEEE 91-1984. 
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SN74ACT2140A 
2-WAY 4K x 18/8K x 18 CACHE DATA RAM 

logic diagram (positive logic) 

ALEN 

AO-11 

A12 

CE 

so 

000-7. 

OEA 

OEB 

WEA 

WEB 
Sl 

008-15. 

12 

PDOO 

PDQ1 

ADDRESS 
LATCHES 

I C1 
a, 
'10 

12X 

I 

9 

~ 
:::J r ----J '" --

9 

DIRECT MODE (MODE = L). 8K x 18 

~ , 12 

RAM 
8KX9 

1~ 
o } 11 A.JL 
12 8191 

G1 

1G2 

G3 

2C4 

L 2.3EN , r 
9X 

L....!A.4D 
VA 

NOTE A: For a valid read operation in the direct mode, OEA and DEB must be low simultaneously. 
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logic diagram (positive logic) 

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

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

ADDRESS LATCHES 

ALEN 

11 AQ
(See Note A) 

CE 

12 

LOW 
ORDER 

SO 

000-7, PO 00 

~1 

110 
12X 

9 

.......... 

OEB 

WEA 

WEB 

IrV-
-c{>ID 

51 

008-15, 

HIGH 
ORDER 

PD01 

NOTES: A. A12 should be grounded. 

9 

~ 
I 
I 

~ 

12 BANK A 

12 RAM 
4KX9 

o} 0 
11 A4ii9s BANKB 

G1 RAM 
:---C 1G2 4KX9 

G3 o} 0 11 A4095 

L 2C4 G1 
2,3EN ---c 1G2 , I'" 

~A'4D 9X 
G3 

2C4 
'VA L~,3EN 

9 

IA,4D 9X 
9 

4-l'VA 

12 

RAM 
4KX9 

o} 0 
11 A4095 
G1 RAM 

1G2 
4KX9 

o} 0 G3 11 A4095 
2C4 G1 

L~'3EN 
I'" 

,--<: 1G2 

~A'4D 9X 
G3 

2C4 
'VA L 2,3EN 

9 ., 
A,4D 9X 

9 
L....-i'VA 

B. For a valid wrfte 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 

2-8 

FUNCTION TABLES 
TWO-WAY MODE (MODE = HIGH) 2 X 4K X 18 (see Note 1) 

INPUTS VO 

CE SO Sl OEA OEB WEA WEB DO-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 READBANKA 

L L L H L H H OUTPUT OUTPUT READ BANKB 

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 WRITEBANKB 

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 HIGH-Z 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 VO 

CE SO Sl OEAr OEBr WEAr WEBr DO-D7,DPO 08-D15,OP1 
FUNCTION 

X H H X X X X HIGH-Z HIGH-Z DESELECT 

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 

t For compatibility wHh functionally equivalent devices, it may be necessary to wire OEA to OEB and WEA to WEB when MODE is tied low. 
NOTE,I: Address latches for AO-A 11 are latched when input signal ALEN is low and transparent when ALEN is high. A 12 is functional only 

when MODE = low is always transparent. A 12 should be grounded in the 2-way mode. 
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PIN NAME 

AO-AII 

AI2 

ALEN 

CE 

000-0015 

MODE 

OEA, DEB 

PDOO, POOl 

50,51 

WEA,WEB 

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

Terminal Functions 

DESCRIPTION 

Address inputs_ Address the random access memory locations. AO-A II are latched on the falling edge of the ALEN input. 

AI2 address input. In the direct mode, MODE = low, AI2 is a nonlatchable (always transparent) address bit. AI2 is used 
when implementing 64K-byte caches for the 82385. In the two-way mode, MODE = high, A 12 is not functional and should 
be tied to GND. 

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

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. 

Data input/output. 000-0015 are three-state tenninals that provide access to the memory array contents. 

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. 

Output Enable .!!!euts. In the two-"Yi!Y 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 simultaneousl~oth banks are deselected. In the direct 
mode, MODE = low, OEA and OEB can be externally wired together. A Iowan OEA and OEB will then enable the output 
of the 8K~ 18 RAM. 

Parity input/output. PDOO and POOl 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. 

Select Inputs. SO and St individually enable the two bytes of mel1lory. 5 low enables bits DOO-DO? (and PDOO) and 51 
enables bits 008-0015 (and POOl). As shown in write cycle 3, S-controlled writes can be performed. 

Wrije Enable inputs. In thetwo-w~ode, WEA low writes data into me'!!Q!YbankA and WEB writes data into memory bank 
B. In the direct mode, WEA and WEB can be wired together. A Iowan WEA and WEB will then wrije data into the 8K X 18 
memory. 

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

Supply voltage range, Vee (see Note 2) ................................................ - 0.5 to 7 V 
Input voltage range, any inputs _....................................................... - 0.5 to 7 V 
Input clamp current, 11K (VI < 0 or VI> Vecl .. " ................. _ ......................... ± 25mA 
Output clamp current, 10K (VI < 0 or VI> Vecl ............................................. ± 25mA 
Continuous output current, 10 (Va = 0 to Vecl ............................................. ± 25mA 
Continuous currenlthrough Vee or GND pins .................. _ .......................... :!: 200mA 
Operating free-airtemperature range .................................................. DoC to 70°C 
Storage temperature range ...................................................... - 30'C to 125°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 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 condijions 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 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2.2 VCC+0•5 V 

Vil Low-level input voltage (see Note 3) -0.5 0.8 V 

IOH High-level output current -1 rnA 

IOl low-level outPut current 4 rnA 
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 ofthis 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 nsN. 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 tlie 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 Vee or GND. 

electrical characteristics over recommended operating free·alr temperature range (unless 
otherwise noted). 

PARAMETER 

VOH High-level output voltage VCC = 4.75 V, 

Val low-level, output voltage VCC = 4.75 V, 

II Input current VCC = 5.25 V, 

IOZ Off-state output current VCC = 5.25 V, 

Supply current (operatlve)* 
VCC=5.25V, 

ICCl OEA = OEB = high, 

ICC2 Supply current (deselect) VCC=5.25V, 

ICC3 Supply current (standby)9 VCC =5.25 V, 

Ci Input capacitance VI=O 

Co Output capacttance VO=O 

t All typical values are at VCC = 5 V, TA = 25°C. * 6JA = 50'CIW, TJ = TA + 6JA' P 

TEst CONDITIONS 

IOH=-1 mA 

IOL=4mA 

VI=OtoVCC 

VO=OtoVCC 
SO, 51, andCE = low, 
MODE = high or low 
CE = high, 

All inputs = OVor3V 

MIN TVPT MAX UNIT 
2.4 V 

0.4 V 
,,10 ttA 
,,10 ttA 

Ic(rd) = 60 ns, 
120 180 mA 

MODE = high or low 40 90 rnA 
26 50 mA 

5 pF 
8 pF 

§ The 'ACT2140A is in standby when AlEN is low and WEA and WEB are high; or when AO-A 11 are stable and WiOA and WEB are high. To assure 
low standby current, VIH levels must be 3 V minimum. 
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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)t 

read cycle 

PARAMETER 

tc(rd) Read cycle time* 

tarA) Access time, ALEN high or address to output 

ta(AI2) Access time, A 12 to output (see Note 4) 

tarS) Access time, SO, S1 to output 

ta(CE) Access time, CE to output 

ta(OE) Access time, OEA or OEB to output 

tv Valid time, output after address change or ALEN high 

tentS) Enable time, SO, S1 to output 

ten(CE) Enable time, CE to output 

ten(OE) Enable time, OEA or OEB to output 

tdis(S) Disable time, SO, S1 to output 

tdis(CE) Disable time, CE to output 

tdislOE\ Disable time, OEA or OEB to output 

NOTE 4: The parameterta(AI2) IS measured In the direct mode (MODE ~ low) with ALEN low. 
* 60 ns equates to the Intel 82386/82385 running at 33 MHz. 

write cycle 

PARAMETER 

ten (WE) Enable time, WEA or WEB to output 

tdislWE\ Disable time, WEA or WEB to output 

ALTERNATE 
MIN MAX UNIT 

SYMBOL 

tRC 60 ns 

tM 25 ns 

tA12A 17 ns 

tcs 25 ns 

tCE 20 ns 

tOE 10 ns 

tOH 3 ns 

tLZ 3 ns 

tLZ 3 ns 

toLZ a ns 

tHZ 15 ns 

tHZ 15 ns 

tOHZ 10 ns 

ALTERNATE 

SYMBOL 
MIN MAX UNIT 

twLZ 3 ns 

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 

twl Pulse duration, ALEN high tALEN 8 ns 

tsu1 Setup time, address before ALEN low tASL 4 ns 

th1 Hold time, address after ALEN low tAHL 5 ns 

t See Parameter Measurement Information for load CirCUitS and voltage waveforms. 
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SN74ACT2140A 
2-WAY 4K x 18/8K x 18 CACHE DATA RAM 

., 
timing requirements over recQmmended ranges of supply voltage and 9peratlng free-air 
temperature (unless otherWise noted) (continued)t 

write cycle 

PARAMETER 

Ic(WR) Write cycle time. 

tv(AW) Address valid before end of wr~e 

twl Pulse duration, ALEN high 

tw2 Pulse duration, write enable low 

tW3 Pulse duration, CE low, CE controlled wme 

tw4 Pulse duration, CE high, CE controlled wme 

tsul Setup time, address before ALEN low 

tsu2 Setup time. address before wrile start 

tsu3 Setup time, data before end of write 

tsu4 Setup time, SO, SI, CE, or WE low before end of write 

thl Hold time, address after ALEN low 

th2 Hold time, ALEN low or address after end of write 

th3 Hole! time, data after end of wme 

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' 

140 

120 

ct 
E 
I 100 

1: 
! 
!5 

80 U 
~ ... ... 
:I 
!II 60 

8 
40 

20 

ICC 
vs 

Intel 82386/82385 
Operating Frequency 

~C =5V, TA = 25°C 
OEA = OEB = HIGH 

_ CE= 50=51 = LOW 
VIH = 3V, VIL= 0 
MODE = HIGH or LOW 

/ tRI = llFllj!.Q 

V 
/ 
V 

/ 

/ 
/ 

/' 

ALTERNATE 

SYMBOL 

twc 

tAW 

tALEN 

twp 

tcp 

tASL 

tAS 

tDW 

tcw 

tAHL 

twR 

tDH 

o 5 10 15 20 25 30 35 40 
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Intel 82386/82385 Clock Frequency - MHz 

Figure 1 
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MIN MAX UNIT 

60 ns 

20 ns 

8 ns 

20 ns 

20 ns 

10 ns 

4 ns 

0 ns 

10 ns 

20 ns 

5 ns 

2 ns 

0 ns 



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

PARAMETER MEASUREMENT INFORMATION 

VCC 

R2 
10000 

R2 T CL=100pF 
667 0 CL = 5 pF for Disable Times 

(See Note A) 

TEST CIRCUIT 

Output 

THEVENIN EQUIVALENT 
TEST CIRCUIT 

Input L \ 1.5;--- 3V 

Input ___ ..J/1•5V \~.;;------ 3V 

I I OV 
--11 I· GND 

tpd -il· .. --+.~ ~ tpd 
I I 

Output ____ ..II,..----"''\::: Output 

I ~ten 
tdlS~1 101- I I 

'L V .l J...;: VOH 
: 'OH-O.21 /_~4~ ____ 2V 

I !"-"'-t 
tdls---.l __ 1'"1 en 

I 1------ 2V 

VOL+O.2~ ~2V 
----VOL 

PROPAGATION-TIME VOLTAGE WAVEFORMS Output 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

NOTE A: CL 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 

1+1OII---lwl----+l~1 

ALEN --' 1.5V t\.,~_.5_V ______ _.J/ 
14-11II---lsU1 ~IIII Ihl-----+l~1 

--~~~ ______________________ ~1~--
14-14-------- 'c(rd) ----____ ----.;~I 

I 
I.SV >k-------A-DD-R-E-SS-V.-'A-LI-D-------..... )(~--ADDRESS 

'I+III _______ IS(A) ., 
, IS(AI2) 

~111----~--------~~ , 

e; DQOUT ____ ~'---------~~--D-~-'A-V.-'AL-ID--
~, , 
Z 14-'111------------IS(CE) --------.~I 

(') NOTE: WE high, CS low, and OE low. 
m -Z 
." o 
:D 
i: 

~ o 
z 

2-14 

Figure 3. Read Cycle 1 Waveforms 
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SN74ACT2140A 
2·WAY 4K x 18/8K x 18 CACHE DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

I~ tC(rd) --------+l~1 
~ ~ ~ 1 

ALEN}' 1.5V'{, 1 ____ _ 
_ --J 1 I "--___ -oJ 

~~---- tsu1 ~I~ th1 ----.I 1,..-___ -

CE ''-...1..: __________ --L( ______ _ 
1 1 
1 

--~I~----------------~)(' AD-A11 ADDRESS AD-A11 VAUD 
__ J I '------

A12 .! ¥ ________ A_12_VA_L_ID ________ >C 
I !+~------ta(A12) ~I 

~ ~W ~ 
*14--------~--------~~1 I 
I ~ ____ __ 

~ DATA VALID DaOUT 

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

Figure 4, Read Cycle 2 Waveforms 

TEXAS ..If 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS, TEXAS 75285 2-15 

z o 
~ 
:E 
a: o 
u. 
z 
w o 
z 
~ o « 



» o 
~ 
z o 
m -Z 
-n o 
:IJ 
i: 
~ o z 

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

PARAMETER MEASUREMENT INFORMATION 

141 

ALEN~ 
io4 

I 
141 

ADDRESS ~ 
~ 
I 

CS,CE 

OE 

HIGH·Z 
DaOUT 

NOTE: WE high. 

2-16 

tw1 ~I 

~ I 
tsu1 ~14I 

tC(rd) 

ADDRESS VAUD 

talA) ~I 
ta(A12) 

1 

} 1 

1 

I· 
ta(CE) ~I tatS) 

1 I+-- tentS) ~ 

} : 
1 

1 

1 

141 ta(OE) ~I 

I+- ten(OE) .J 1 

< * 
Figure 5. Read Cycle 3 Waveforms 
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th1 

~"(CE)J tdls(S) 

t 
141 

DATAVAUD 

I 
~I 
I 

~I 
1 

X 

I+--
1 
I 

I 
~I ldls(OE) 

1 

~ 



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

PARAMETER MEASUREMENT INFORMATION 

twl 

ALEN -.l \L I r'-' ____ --J+ - --
L. tSUl ---.... +41 .. --- th1 .1 
~ ~~ J 

1 
ADDRESS .=:)k-------A-D-DR-E-SS-V-A-L1-D---------..)K,---

114-4-------- tv(AW)-------... 1 

1 th2 -+I 1"--

! ! tsu4 -------+1: 
CS.CE: ~ 4-

~ tsu2 -~.I .. ------ tw2-----~.1 
WE------~~ i 

~ tsu3 ----..I I 
1 I+-th3~ 

HIGH-Z Y )-1 
DQ IN ----.;.;;..;...------------<, 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 

'4 IW1 .. , 

ALEN Jt \L i --./' r"-. ____ --1+ - - -
'4 tsu1 .14 tt.1 .,I 
~ IC(Wr)--------.: .. 1 

ADDRESS ==>k.----------A-DD-R-E-SS-V.-A-Ll-D------~*r--
I. IY(AW) --------+ .. 11 I 
1 .... Ih2 --.j I+-'4--lsu2--
1 I'l', .. ----- IW3------+t .. 1 \ ,,.--

~~-' -------~2-------~ .. 1 

WE----~ t~-----

1....-- tSU3--+1 
I I+- tt.3-+1 

HIGH-Z V' L 
DQ IN -.-;.;;;.;;;.;.~------------(" DATA VALID r-

." NOTE: CE controlled and OE high. o 
::c s:: 
~ 
5 z 

2-18 

Figure 7. Write Cycle 2 Waveforms 

TEXAS .If 
INSJRUMEN1S 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



ALEH 

AO·A11 

DQIH 

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

PARAMETER MEASUREMENT INFORMATION 

I4--tw1~ 

_--II ~'-______ -Ji _____ _ 
i+-- tau1 .,111 tht ., -_ ..... * ADDRESS VALID >1<-----
, 'III tc(wr) =:::;--~~"4--- , , !+-- tY(AW) ---+j r tY(AW) ----+j 

----X~ ______ ~*~----~X~---
I , ~tSU2 

tsu2 --I41111-~.1 th2...J...-+1, 

i J l_--J.--J;-
j4-- tW3 ==.i j4--- tW3----tt1 

*' r~~ * r tau3illl .~ ISU3---=:: I+- th3 

------« DATA VALID )I( DATA VALID ) ... ' ----

t A 12 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 x18 CACHE DATA RAM 

APPLICATION INFORMATION 

/'0 /'0 
ACT2140A 

2-WAY 

DQO-DQ15 DO-D15 

-AD-A11 A2-A13 -
so _8 

0 
S1 8-3 

WEA 
0_ 8 
3 6 

WEB 8-
6 L 

OEA -0 

OEB ~- ~r--
ALEN C- LI--

A 
L B 

U 

ACT2140A 
B S 
U 2-WAY 
S A 

DQO-DQ15 D16-D31 D 
D_D 

AD-A11 A2-A13 A R 
T-E 

SO 
A S 
-8 

S1 -
WEA -
WEB -
OEA -
OEB - - r-

ALEN - -
V 

Figure 9. 32K-Byte 2-Way Cache 
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~ 

---; 
..... 

--< 
--< 

CSO# 

CS1# 

CWEA# 

CWES# 

COEA# 

COEB# 

CALEN 

C82# 

CS3# 

82385 
CACHE 
CONTROL 



-

8KX18 I 
8KX18 

ACT2140A 

DOO·D015 

AO·D11 

CE 

BANK A 

A12 

50 

51 

WEA 4-:J. 
WEB f-+J 
OEA '-+:J. 
OEB ~ 

ALEN 

8KX18 I 
8KX18 

ACT2140A 
DOo-D015 

AO·A11 

BANKB 
CE 

A12 

50 

51 

WEA -+-::l. 
WEB ~ 

OEA ~ 
OEB ~ 

ALEN 

SN74ACT2140A 
2·WAY4K x 18/8K x 18 CACHE DATA RAM 

APPLICATION INFORMATION 

1\ 1\ 

Do-D31 

r--
A3·A14 

r--

~ r-- '_. 
A2 

FLlp·A2 

r-- CEWRITE 

r--
r-- 8 

0 
8 3 
Or-- 8 CWEA# 
3 6 
8 
6r-- L 

0 
COEA# 

~r--
C 
Ar-

C L 
A 
L B I-----< U CSO#, CS2# 

B S / 

U 
51#, CS3# 

S A / 

D 
Do-D31 D D 

Ar-- R 
A3·A14 T E 

CALEN 
82385 
CACHE 
CONTROL 

Ar-- S 
S 

r-- r-I--

r--

r--

r--

I-- / CWEB# 

r-- COEB# 

f-- f-

Figure 10. 64K-Byte 2·Way Cache Memory for the Intel 82385 
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SN74ACT2140A 
2·WAY 4Kx 18/8K x 18 CACHE DATA RAM 

APPLICATION INFORMATION 

.A /\ 
ACT2140A J 

ACT2140A 
2-WAY 0G-031 

-
A4-A15 -

CE -8 - / 

9 
-0 

8 3 
0 8 
3 6 

ACT2140A I 8 

ACT2140A 6 L 
0 2-WAY 00-031 

L C 
O_A 

A4-A15 i_ L 

CE L_~ - / B-S 
/9 U 

S A 
0 

ACT2140A I 0 0 
A R 

ACT2140A T E 
2-WAY 00-031 A S 

_S 
A4-A15 -

CE -- / -/9 

ACT2140A I 
ACT2140A 

2-WAY 0G-031 ) 

-A4-A15 -
CE ,---- ----./9 

V 

,-

::: 

,-

CSO# 

CS1# 

CS2# 

CS3# 

CWEA# 

CWEB# 

COEA# 

COEB# 

CALEN 

82385 
CACHE 
CONTROL 

BANK SELECT AND 
WRITE CONTROL 

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

• 'ACT2150A is Recommended for New 
Designs 

02911. MARCH 1982-REVISEO SEPTEMBER 1985 

OW. JO. OR NT PACKAGE 

ITOPVIEWI 

• Fast Address to Match Valid Delay - Three 
Speed Ranges: 35 ns, 45 ns, 55 ns 

RESET VCC 

• 512x91nternal 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 

A5 A1 
A4 AO 
A3 A8 
A2 A7 
D3 A6 
DO D5 
D1 D4 
D2 D7 
IN D6 
Pi': MATCH 

GND S 

This S-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 5 is low and Vii is high, the cache address comparator compares the contents of the memory location 
addressed by AD-AS with the data on 00-07 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. Ouring a write cycle (5 and Vii low), data on 
00-07 plus generated even parity are written in the 9-bit memory location addressed by AD-AS. 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 DoC to 70°C. 

PRODUCTION DATA documants contain information 
curnat IS af publication data; Products conform to 
spaclficatlons par the terms of Texas Instruments 

:=~i~al~:I~1i ~::i~:i:r lI~O::~::~::S not TEXAS ." 
INSTRUMENTS 

POST OFFfICE BOX 656303 • DALLAS. TeXAS 75265 

Copyright © 1983, Texas Instruments Incorporated 
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TMS2150 
512 x 8 CACHE ADDRESS COMPARATOR 

MATCH OUTPUT DESCRIPTION FUNCTION TABLE 

MATCH = VOH if: lAO-AS] = 00-07 + parity, 

or: REm = VIL, 

or: S =.VIH, 

or: W = VIL 

MATCH = VOL if: lAO-AS] *' 00-07 + parity, 

with RESET = VIH, 

OUTPUT 

MATCH 

L 

L 

H 

H 

FUNCTION 

PE DESCRIPTION 

L Parity Error 

H Not Equal 

L Undefined Error 

H Equal 

S = VIL, andW = VIH Where S = VIL, W = VIH, RESET = VIH 

functional block diagram (positive logic) 

~ ------~~J~----+_----------------------------------~ 
RAM 512X9 COMP 

1221 
R 

AO 

Al 
1231 1141 
151 

A2 
141 

A3 

A4 
131 

AS 
121 

1191 1111 
A6 

A7 
1201 

A8 1211 

DO 
171 

01 
181 

02 
191 

03 
161 

04 
1171 

05 
1181 

06 

07 

1151 

1161 

S- 1131 

W- 1101 

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



PIN 

NAME NO. 

AO 22 

A1 23 

A2 5 

A3 4 

A4 3 

A5 2 

A6 19 

A7 20 

AS 21 

DO 7 

D1 S 

D2 9 

D3 6 

D4 17 

D5 1S 

D6 15 

D7 16 

GND 12 

MATCH 14 

PE 11 

RESet 1 

S 13 

VCC 24 

W 10 

TMS2150 
512 x 8 CACHE ADDRESS COMPARATOR 

TERMINAL FUNCTIONS 

DESCRIPTION 

Address inputs. Address 1 of 512-by-9-bit random-access memory locations. Must be stable for the duration of 

the write cycle. 

Data inputs. Compared with memory location addressed by AO-AS when W is at VIH and S is at VIL. Provide 

input data to RAM when W is at VIL and S is at VIL. 

Ground 

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 AS. 

Parity Error input/output. During write cycles, PE can force a parity error into the 9-bit location specified by 

AO through AS when j5E is at VIL. 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 input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at VIL and W 

is at VIH. 

Chip select input. Enables device when S is at VIL. Deselects device and forces MATCH high when S is at VIH' 

5-V supply voltage 

Write control input. Writes DO through D7 and generated parity into RAM and forces MATCH high when W is 

at VIL and 5 is at VIL' Places selected device in compare mode if W is at VIH. 

TEXAS ." 
INSTRUMENTS 
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TMS215D 
512 x 8 CACHE ADDRESS COMPARATOR 

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

Supply voltage range, VCC (see Note 1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Input voltage range, any input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. -1.5 V to 7 V 
Continuous power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 W 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 DC to 70 DC 
Storage temperature range ......................................... - 65 DC to 150 DC 

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 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 6 V 

VIL Low-level input voltage (See Note 21 -1 0.8 v 
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. 

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

TMS2150-3 
TMS2150-4 

PARAMETER TEST CONDITIONS TMS2150-5 UNIT 

MIN MAX MIN MAX 

VCC - 4.5 V, IOH - -2 rnA 2.4 2.4 
VOH(MI MATCH high-level output voltage 

VCC = 4.5 V, IOH = -20 ~A 3.5 3.5 
V 

VOL(MI MATCH low-level output voltage VCC = 4.5 V, IOL = 4 rnA 0.4 0.4 V 

VOL1P~ PE low-level output voltage VCC = 4.5 V, IOL = 12 rnA 0.4 0.4 V 

II Input current VI = 0 V to 5.5 V 10 10 ~A 

IOL(PEI PE output sink current VCC = 4.5 V, VOL = 0.4 V 12 12 rnA 

IOS~ Short-circuit MATCH output current VCC = 5.5 V, Va = GND .-150 -150 rnA 

ICC1 Supply current (operative) RESET = VIH 145 135 rnA 

ICC2 Supply current (resetl FIESE'f = VIL 155 145 rnA 

Ci Input capacitance VI = OV, f = 1 MHz 5 5 pF 

Co Output capacitance Va - 0 V, f - 1 MHz 6 6 pF 

:l:Not more than one output should be shorted at a time. and duration of the short~circuit should not exceed one second. 

TEXAS ." 
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TMS2150 
512)( 8 CACHE ADDRESS COMPARATOR 

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

TMS21S0-3 TMS21S0-4 TMS21S0-S 
PARAMETER UNIT 

MIN MAX MIN MAX MIN MAX 

talA) Access time from address to MATCH 35 45 55 ns 

taIA-P) Access time from address to PE 45 55 65 ns 

talS) Access time from ~ to MATCH 20 25 35 ns 

tolD) Propagation time, data inputs to MATCH 20 35 45 ns 

tDIR-MH) Propagation time, RrSEi' low to MATCH high 30 30 40 ns 

tpIS-MH) Propagation time, ~ high to MATCH high 20 25 35 ns 

tDIW-MH) Propagation time, iii low to MATCH high 20 25 35 ns 

tDIW-PH) Propagation time, W low to PE high 20 25 35 ns 

tvlA) MATCH valid time after change of address 5 5 5 ns 

tvIA-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 

TMS2150-3 TMS21S0-4 TMS2150-5 
PARAMETER 

MIN MAX MAX MIN MAX MIN 

tclW) Write cycle time, without writing PE 30 40 50 

tcPEIW) Write cycle time, writing PE Isee Note 3) 35 40 50 

tclrd) Read cycle time 35 45 55 

tWIRL) Pulse duration, RESET low 35 35 45 

tIWL) Pulse duration W low, without writing PE 20 25 30 

twPEIWL) Pulse duration, iii low, writing PE Isee Note 3) 35 40 45 

tsulA) Address setup time before iii low 0 0 0 

tsulO) Data setup time before iii high 20 25 30 

tsulP) PE setup time before W high Isee Note 3) 20 25 30 

tsulS) Chip select setup time before iii high 20 25 30 

tsulRH) RESET inactive setup time before first tag cycle 0 0 0 

thlA) Address hold time after iii high 0 0 5 

thlO) Data hold time after iii high 5 5 10 

thlP) PE hold time after iii high 0 0 5 

thiS) Chip select hold time after W high 0 0 0 

tAVWH Address valid to write enable high 30 40 50 

NOTE 3: Parameters twPE(WL) and tsu(PI apply only during the write cycle time when writing a parity error, tcPE(W)' 

TEXAS • 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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TMS2150, ..' 
512 x 8 CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

VCC T •• t Point 

4100 

8200 T 1SpF 

i!EOUTPUT LOAD CIRCUIT 
(OPEN-DRAIN OUTPUT) 

Timing 

(nput ~.5V 
(See Note A) . ,q. ______ _ 

tau ~i4--+j- th 

3V 

o 

Data -.lUll ~,;;- 3V 
Input 

o 
SETUP AND HOLD TIMES 

T .. tPolnt VCC 

9600 

From Output 
UnderT_t 

30pF 5100 

MATCH OUTPUT LOAD,CIRCUIT 
(TOTEM-POLE OUTPUT) 

HIgh-Lev.1 .~---- 3'1 
Pul .. ---1I'.v. '-.~ 0 

j4-- tw 4 
I I 

L ...... Lev.1 ~ 1.5 V 1.5 V V-- 3 V 
Pul.. ~ ____ 0 

PULSE DURATION 

INPUTJ \-:;:;; ___ 3V 

i I GND 

t, = 5 ne -.I I+- --+l J-- If =5 ne 
I I I i 
i I'jool --"";'--"'l'IIrIi"":\-~------ 3V 

tpel -1~If--~~ ~ 
I I Ipd 

INPUT J- 1.5'1 2.7V vlsb1.5V 

OUT~ ________ ~)tr------~~ 
I 0.3V1.· ONO 

I I ('f- lpel -.: 
~tpel"1 I 

TOTEM-POLE OUTPUTS 
I I 

OUTPUT 
1.5V 

OPEN-DRAIN OUTPUTS 

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

FIGURE 1. TIMliIIG REFERENCE LEVELS 
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AO-A8 

00-07 

MATCH 

TMS2150 
512 x 8 CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

l1li 'el,d) ~I 
I 

~ ADDRESS VALID ~ ADDRESS VALID ~ 
I 

~I ~ '.IA) 

I I I 

~ DATA VALID I X DATA VALID XX I 

: 14 'plDI ~ I 
I I I 
I 

~ I I ~ I I 
I I I I 

I I I I 
~I 'vlAI 

'pIS-MHIIol ~ 
I If--'aISI----+i j4 I 

I I I '<XXXXXX : ~ J I 
I 

If--.aIA-PI----+I 'vIA-PI~ 
I 

\J ) 
NOTE: Input pulse levels are a v and 3 V, with ,ise 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 
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TMS2150 
512 x 8 CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

AD-AS ~ : ADDRESS VALID :xm 
\,"'A>J~~" 1 r "I---M~ 

101 I 'su(SI ~I l+-'h(SI~ 

~' ~""I --~----
.... 'w(WLl/twPE(WLl-+( I 
,- (see No.e 31 

~II' 
00-07 ~ DATAVAL:D ~ 

I (f-tsu(Dl~ l+----ti-'h(DI 

PE (INPUT) 

MATCH 

PE (OUTPUTI 

~: :: '. V 
~ 'su(PI ---+I 14--'h(Pl~ 
r- I (see No.e 31 

\ : AI--------'\.\ I 
'p(W-MH l-j4------': 

: A 
I 

l4--'p(W-PHl~ ,----
NOTE 3: Parameters twPE(WLI and tsu(PI apply only during the write cycle time when writing a parity error, tcPE(Wl-

2-30 

FIGURE 3_ WRITE CYCLE TIMING 

ADDRESS 

\ I: 
If----- 'w(RLl----.t I4---tsu(RHl---.i 

r'-F-I-RS-T-T-A-G-C-Y-C-L-E 

MATCH _____ ~:---J~ 
1II1tf----tl~r- 'p(R-MHI 

\-------
FIGURE 4_ RESET CYCLE TIMING 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

03183, NOVEMBER 1988-REVISEO MARCH 1990 

OW, JO, OR NT PACKAGE 

tTOP VIEW) 
• Address to MATCH Valid Time 

'ACT2150A·20. , .20 ns max 
'ACT2150A·30 ... 30 ns max RESET Vcc 

• 300·MII 24·Pin Ceramic Side· Brazed or 
Plastic Dual·ln·Line or Small Outline 
Packages 

• 53 mA Typical Supply Current 

• 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 Advanced CMOS Technology 

• Fully TTL Compatible 

description 

A5 A1 
A4 AO 
A3 AS 
A2 A7 
03 A6 
00 05 
01 04 
02 07 
IN 06 
PE MATCH 

GNO S 

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 5 is low and IN is high, the cache address comparator compares the contents of the memory location· 
addressed by AO·A8 with the data on 00·07 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 (5 and IN lowl. data on 
00·07 plus generated even parity are written in the 9·bit memory location addressed by AO·AB. 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 O°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. 

PRODUCTIOI DATA documants cont.ln i.'ormatio. 
.0 ..... 1 .s 01 publlcatio. datI, ProduclI conform 10 
.peciflcation. par lhe IIrms 0' T .... l.sWIII.1I 

:'=~Ir:"{'::~'i =:':1 :.r;:!:':t:."" RUt 
TEXAS ." 

INSTRUMENTS 
POST OFFICE BOX 665303 • DALLAS, TeXAS 75265 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

logic diagram (positive logic) 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AB 

DO 

01 

02 

03 

04 

05 

06 

07 

ET 

1221 

(231 

(51 

(41 

(31 

(21 

(191 

(201 

(211 

(71 

(81 

(91 

(61 

(171 

(lBI 

(151 

(161 

(131 

(101 

L RAM512X9 

'! 
0 

>A 0 5i1 

S 
INPUT 

r--~1 
B~S r 
~ 10 ~ 

~ I-- ~ I--
~ 

I-- ~ 
~ 

~ 
~ 
~ I--
~ 

~ 
r- ~ 

~ .. "" ?-J- GENERATOR 

S 2k 1 
r 

~ 

COMP 
B 

} P p.o (141 

,!.t- }o r;:::L./ 
~ 

B 1 

I 
2k I 

I ~ 

~ EN 
PARITY 

CHECKER 

hi 
5Dl. 

MATCH OUTPUT DESCRIPTION FUNCTION TABLE 

2-32 

MATCH = VOH if: IAO-ABI = 00-07 + parity. 

or: RESET = VIL. 

or: 5 = VIH. 

or: Vii = VIL 

MATCH = VOL if: IAO-ASI '" 00-07 + parity. 

with RESET = VIH. 

5 = VIL. and W = VIH 

OUTPUT 

MATCH 

L 

L 

H 

H 

TEXAS ." 
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FUNCTION 

PE DESCRIPTION 

L Parity Error 

H Not Equal 

L Undefined Error 

H Equal 

MA TCH 

(111 
PE 



PIN 

NAME NO. 

AO 22 

A1 23 

A2 5 

A3 4 

A4 3 

A5 2 

A6 19 

A7 20 

A8 21 

DO 7 

D1 8 

D2 9 

D3 6 

D4 17 

D5 18 

D6 15 

D7 16 

GND 12 

MATCH 14 

PE 11 

RESET 1 

5 13 

VCC 24 

W 10 

SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

TERMINAL FUNCTIONS 

OESCRIPTION 

Address inputs. Addiess 1 of 512~by-9-bit random-access memory locations. Must be stable for the duration of 

the write cycle. 

Data inputs. Compared with memory location addressed by AD-AS when W is at VIH and S is at VIL' Provide 

input data to RAM when W is at VIL and 5 is at VIL' 

Ground 

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. 

Parity error input/output. During write cycles. PE can force a parity error into the 9-bit location specified by 

AD through AS when PE is at Vil. 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 input. Asynchronously clears entire RAM array and forces MATCH high when RESET is at VIL and W 

is at VIH. 

Chip select input. Enables device when S is at VIL' Deselects device and forces MATCH high when S is at VIH. 

5·V supply voltage 

Write control input. Writes DO through D7 and generated parity into RAM and forces MATCH high when W is 

at VIL and 5 is at VIL' Places selected device in compare mode if W is at VIH. 

TEXAS ." 
INSTRUMENTS 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

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

Supply voltage range, VCC (see Note 1) ................................... -1.5 to 7 V 
Input voltage range, any input. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. -1.5 to 7 V 
Continuous power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 W 
Operating free-air temperature range ...................................... O°C to 70°C 
Storage temperature range ......................................... - 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 !he "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 (see important noticel 

MIN NOM MAX UNIT 

vCC Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage 2 VCC+ O.5 V 

VIL Low·level input voltage (See Note 2) -0.5 0.8 V 

VOH High-level output voltage PE 5,.5 V 

IOH High·level output current MATCH -8 rnA 

IOL Low-Jevel output current 
MATCH 

PE 

8 
16 

rnA 

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 

2-34 

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 nsN. Slow rise and fall times through the threshold 
region may be eliminated by not using the pull up 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 V). In systems with -1.5 V or more undershoot at the 
address and data inputs, it is recommended that the minimum VIH 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. 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

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

PARAMETER TEST CONDITIONS 
'ACT2150A-20 'ACT2150A·30 

TVP* TVP* 
UNIT 

MIN MAX MIN MAX 

10H = -8 mA, VCC = 4.5 V 204 204 
VOHIM) MATCH high-level output voltage 

10H = -20 ~A, VCC = 4,5 V 
V 

3.5 3.5 

VOLIM) MATCH low·level output voltage 10L - 8 mA, VCC - 4.5 V 004 004 V 

VOLIPE) PE low-level output voltage 10L = 16 mA, VCC = 4.5 V, 004 004 V 

II Input current VI - 0 V to 5.5 V 10 10 ~A 

lOS Short-circuit MATCH output current Vo - GND, VCC = 5.5 V -150 -150 mA 

ICCl Supply current loperative) RESET = VIH 53 95 53 95 mA 

ICC2 Supply current Ireset) ~=VL 2.75 6 2.75 6 mA 

Ci Input capacitance f - 1 MHz 5 5 pF 

Co Output capacitance f - 1 MHz 6 6 pF 

fAil typical values are at VCC = 5 V, TA = 25°C. 

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

PARAMETER 
' ACT2150A-20 ' ACT2150A-30 

UNIT 
MIN MAX MIN MAX 

taiA-MI Access time from address to MATCH 20 30 ns 

taIA-PL) Access time from address to PE low 22 30 ns 

talA-PH) Access time from address to !IE high 30 35 ns 

taiS-MI Access time from S to MATCH 10 15 ns 

tplO) Propagation time, data inputs to MATCH 15 20 ns 

tpIR-MH) Propagation time, RESET low to MATCH high 10 15 ns 

tpIS-MH) Propagation time,S high to MATCH high 10 12 ns 

tpIW-MH) Propagation time, W low to MATCH high 10 12 ns 

tpIW-PH) Propagation time, W low to PE high 15 20 ns 

tviA-MI MATCH valid time after change of address 3 3 ns 

tviA-PI ~ valid time after change of address 5 5 ns 

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

PARAMETER 
'ACT2150A-20 ' ACT2150A-30 

UNIT 
MIN MAX MIN MAX 

twiRL) Pulse duration, RESET low 35 40 ns 

twlWL) Pulse duration, W low. without writing PE 20 25 ns 

twPEIWL) Pulse duration, ViI low, writing PE Isee Note 3) 20 25 ns 

tsulAI Address setup time before ViI low 0 0 ns 

tsulDi Data setup time before ViI high 20 25 ns 

tsulP) J5l!' setup time before W high Isee Note 3) 20 25 ns 

tsulS) Chip select setup time before W high 20 25 ns 

tsulAH) ~ inactive setup time before first tag cycle 0 0 ns 

thlAI Address hold time after ViI high 0 0 ns 

thlO) Data hold time after W high 0 0 ns 

thlP) PE hold time after W high 0 0 ns 

thiS) 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 twPEIWL) and tsulP) apply only during the write cycle time when writing a parity error, tcPEIW)' 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

.. PARAMETER MEASUREMENT INFORMATION 

FRU~'t,~W~~~~ ---1. ~5~JT 
I CL=30pF 

LOAD CIRCUIT FOR 
TOTEM-POLE Ol/TPUTS 

----+-- vcc 

RI-= ~=!o Q 

FROM OUTPUT ___ .. TpE()~INTT 
U!'IDERTEST I CL=30pF 

LOAD CIRCUITS FOR 
OPEN-DR~IN OUTPUTS 

tr = 6 ns -.I I.-- -:--.J Jt-II = 6 ns 

I I I i 
INPUT~ \-;:;;--- 3V 

I .. GND 

y l r' ----..~1£~-----..,. 3 V 
INPUT I I_SV 2.7V .. _,.SV 

, 0.3 V, ~ ____ GND 

tpd ---l4141--~~ I I 
I ~tpd 
I I 

I I ..-tPll~ 

OUTPUT""' ___ ..JI"'---~~ 
..-tpd --: I 

, ~ __ -"\.I 
OUTPUT I.SV 

2-36 

TOTEM-POLE OUTPUTS 
VOLTAGE WAVEFORMS 

OPEN-DRAIN OUTPUTS 
VOLTAGE 1/VAVEFORMS 

FIGURE 1. ,",OAD CIRCUITS AND VOLTAGE WAVEFORMS 
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AD-AS 

DO-D7 

MATCH 

SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

7\l'il'V ADDRESS VALID V ADDRESS VALID \Jfi7iJV 
~"""-------.....It~------~ 

I I 
ifi'l--- 'a(A-M) ~, I 

"'W".....,.'...,., :! ~ DATA VALl; I X~ ____ DA_T_A_V_A_L_ID ___ ---,)(l 
I ~~____ , I I 'p(DI ~i I 

I I 
I I I 
I I I 

I i I 'p(S-MH)4"f----.l~ 
~'a(S-M)---+I 14~ 'v(A-M) I 

~~--~!~~*~----------~) 
l'I---tI-'a(A-PHI 

i4---ta(A-PL)---.i 'v(A-PI ~ 

~i ________ ~I~----------------
FIGURE 2_ COMPARE CYCLE TIMING 
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SN74ACT2150A 
512 x 8 CACHE ADDRESS COMPARATOR 

PARAMETER MEASUREMENT INFORMATION 

AO-A8~ 'WwY Ij/Jf:/\ ADDRESS VALID ~ 

~~--t~~~(~A)~~--~-~-V-W-H---------.-~---------'h-(A-)::::::~.~I 

S I: I 

00-07 

PE (INPUT) 

MATCH 

PE (OUTPUT) 

\01114----+1 t~(S)-----t.oJoIl .. I--·h(S)_+\ 
r--------------------

)01- twIWL)itwPE(WL) ~ 
I (see Note 3) I 

'rVWWMl\NWV\NV1MnI'''lnnl'''lnr"'X'''Il'''rirTT''lI DATA VALID V\N\JWWWVV\J\ 
~~-----I~ 

I !4--'SU(D)~ ~1'h(D) ,..-________ _ 

I : : I 
~ tsu(P) --t.>I'IIOII_-.h(p)-----.j 

I (see Note 3) 

\"---+1----' 
iII--'p(W-PH)-+\ 

NOTE 3: Parameters twPE(Wl) and tsu(Pl apply only during the write cycle time when writing a parity error, tcPE{W)' 

2-38 

FIGURE 3. WRITE CYCLE TIMING 

,.----
ADDRESS ~ FIRST TAG CYCLE 

I 
I 

MATCH I 

III ~ 'p(R-MH) 

FIGURE 4. RESET CYCLE TIMING 
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SN74ACT2151, SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

D31 1987-REVISED MARCH 1990 

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

• On-Chip Address/Data Comparator 

• On-Chip Parity Generator and Checking 

• Parity Error Output, Force Parity Error Input 

• Easily Expandable 

• Choice of Totem·Pole (' ACT2151) or Open
Drain (,ACT2153) MATCH Output 

• EPIC'· (Enhanced Performance Implanted 
CMOS) 1-J.1m Process 

• Fully TTL-Compatible 

description 

The 'ACT2151 and 'ACT2153 cache address 
comparators consist of a high-speed 1 K x 11 
static RAM array, parity generator, parity checker, 
and 12-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 'ACT2151 has 
a totem-pole match output while the 'ACT2153 
has an open-drain MATCH output for easy ANO
tying. 

FN PACKAGE 
(TOP VIEWI 

4 3 2 1 282726 
A1 25 A7 

6 24 AS 

7 23 A9 

01 8 22 010 
02 9 04 
03 10 05 

11 06 

12131415161718 

If 8 is low and Iii is high, the cache address comparator compares the contents of the memory location 
addressed by AO-A9 with the data 00-010 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 (8 and Iii low), data on 00-010 plus 
generated odd parity are written in the 12-bit memory location addressed by AO-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 1 K 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 ttie 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 oovered by U.S. Patents 4,831,625; 4,858,182; 4,884,270; and additional patents pending. 

PRODUCTION DATA documents contain information 
curront as of publication data. Products conform to 
specificatioRs par the terms of Texa. Instruments 

:':::~i;8i~:1~7i ~=:~ti:r :'~O:=:~:t:~~1 not 
TEXAS ~ 
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SN74ACT2151, SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

These cache address comparators operate from a single S-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 O·C to 70·C. 

2-40 

W 

H 

L 
X 
X 

MATCH OUTPUT DESCRIPTION 

MATCH = VOH if: (AO-A9) = DO-D10 + parity, 

or: RESET = VIL, 

or: S = VIH, 

or: IN = VIL 

MATCH = VOL if: (AO-A9) ;c DO-D1O + parity, 

with RESET = VIH. 

S = VIL. and IN = VIH 

FUNCTION TABLE 

INPUTS OUTPUTS 

5 J!fESE'f PE 
FUNCTION 

MATCH 

L L Parity error 

L H Not equal 
L H 

H L Undefined error 

H H Equal 

L H H IN Write 

H H 
r------ f---::o------

H H Device disabled 

X L H T Memory reset 

t The state of PE is dependent on inputs Wand S. 
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logic symbols t 

--(1) 
RES~ (12) 

~ (15) 
(6) 

AO (5) 
Al (4) 
A2 (3) 
A3 (2) 
A4 (271 
A5 (26) 
A6 (25) 

:~ (24) 
A9 (231 
DO (7) 
01 (8) 

02 (9) 
03 (10) 
04 (211 
05 (20 
06 (19) 
07 (18) 
08 (17) 
09 (11) 

010 (22) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

$N74ACT2151 .. 
CACHE ADDRESS 

COMPARATOR 
'ACT2151 

RAM 
ADDRESS MATCH 

PEQ 
PE 

1-----:1..;,16:,-) MATCH 
(131 PE 

SN74ACT2151, SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

RES~ ::~) 
~ (15) 

(61 
AO (51 
Al (4) 
A2 (3) 
A3 (21 
A4 (27) 
A5 (261 
A6 (25) 

:~ (241 
A9 (23) 
DO (7) 
01 18) 
02 (9) 

03 (10) 
04 (21) 
05 120) 
06 (191 
07 118) 
08 (17) 
09 (11) 

010 122) 

SN74ACT2153 .. 
CACHE ADDRESS 

COMPARATOR 
'ACT2153 

RESET 
WRITE 
SELECT 

1 
2 
3 
4 
5 

6 
7 
8 
9 

RAM MATCH Q 1-----:1..;,16:,-) MATCH 
ADDRESS PE Q (13) PE 

PE 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984 and lEe Publication 617-12. 
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SN74ACT2151,SN74ACT2153 
1 K x 11 CACHE ADDRESS COMPARATORS 

logic diagram (positive logicj 

~~ll~I ____ q ~~ __ -.~ ______________________________ ~ 

R RAM COMP 

AO~16~1----------__ ~~0 lK x 12 
Al~15~1 ______________ ~ 

A2~14~1 ______________ ~ 

A3~13~1 ______________ ~ 

11 } 

r-----I P p_a~---"::~;-·"\ ... ___ ....;.1_16-,-) MATCH 

11 }a ~ 
A4~12~1~ ____________ ~ 

A5 1271 

A6 1261 

A7 1251 

AB 124) 

A9 123) 

INPUT 
BUFFERS 

DO (7) 1 

01 IB) 

02 19) 
03 (10) 

04 1211 
05 (20) 

06 119) 

07 11B) 
DB (17) 

09 (11 ) 

010 (22) 

S (151 

W 112) 

2-42 

9 

Cl 

o 
A-

1023 
11 
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PIN 

NAME NO. 

AO 6 
AI 5 
A2 4 

A3 3 
A4 2 
AS 27 
A6 26 
A7 25 
A8 24 

A9 23 
DO 7 
01 8 
02 9 
03 10 
04 21 
05 20 
06 19 
07 18 

08 17 
09 11 

010 22 

GNO 14 

MATCH 16 

fiE 13 

RESET 1 

S- IS 

VCC 28 

'iN 12 

SN74ACT2151, SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

TERMINAL FUNCTIONS 

DESCRIPTION 

Address inputs. Addresses 1 of 1024 random access memory locations. Must be stable for the duration of the wrne cycle. 

Data inputs. Compared with memory locations addressed by AO-A9 when 'iN is at VIH and S is at VIL. Provides input 
data to the RAM when 'iN and S are at VIL. 

Ground 
When MATCH output is at VOH during a compare cycle, 00-010 plus generated parity equals the contents olthe 12-bit 
memory location addressed by AO-AlO. MATCH is also driven high during deselect and reset. Since the 'ACT2153 
features an open-drain MATCH output, an external pull-up resisior of 220 n minimum is required. 

Parity Error input/output. During compare cycles. PE at VOL indicates a parity error in the stored data. During write cycles, 
PI: can force a parity error into the 12th-bit location specified by AO-AS when PI: is taken to VIL. PI: is an open-drain output 
so an extemal pull-up resistor of 220 n minimum is required. 

Reset Input. Asynchronously clears entire RAM array to zero and forces MATCH high when RESET is at VIL. 

Chip Select input. Enables device when S- Is at VIL. Deselects device and forces MATCH and PI: high when S is at VIH. 

Supply voltage 

Write control Input. Writes DO-DO and generated parity into RAM and forces MATCH high when 'iN and S are at VIL. Places 
selected device In compare mode when 'iN is at VIH. 
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SN74ACT2151,SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

absolute maximum 'ratings over operating free-air temperature range (unless otherwise noted)t 

Supply voltage range, VCC (see Note 1) ..................................... -1.5 to 7 V 
Input voltage range, any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 to 7 V 
Input clamp current, 11K (VI < 0 or VI > VCC). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Oytput clamp current, 10K (VI < 0 or VI > VCC). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Continuous output current, 10 (Vo = 0 to VCC): 00-04 ............................ ±25 mA 

MATCH ........................... ±50 mA 
Continuous current through VCC or GND pins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 200 mA 
Operating free-air temperature range .............. ' .......................... O°C to 70°C 
Storage temperature range ............................................ -65°C to 150°C 
Le<ld temperature 1,6 mm (1/16 inch) from case for 10 seconds ......................... 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 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level Input voltage 2.2 VCC+0.5 V 

VIL Low-level input voltage (See Note 2) -0.5 0.8 V 

VOH High-level output voltage, MATCH (,ACT2153) and PE outputs only 5.25 V 

IOH High-level output current, MATCH (,ACT2151) -8 rnA 
I MATCH - 'ACT2151 8 rnA 

IOL Low-level output current I MATCH - 'ACT2153 24 rnA 

I PE 24 rnA 

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 

2-44 

Oue 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 nsN. 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 inp!Jts 
to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into the threshold 
region of the address inputs sho!Jld 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 ifthe VIH 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 VIH 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 Vee 
orGNO. . 
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SN74ACT2151, SN74ACT2153 
1 K x 11 CACHE ADDRESS COMPARATORS 

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

PARAMETER TEST CONDITIONS MIN TYp:j: MAX UNIT 

~H MATCH (,ACT2153) and PE VCC = 5.25 V, VOH = 5.25 V 10 J..lA 

VOH MATCH (,ACT2151) VCC = 4.75 V, IOH = -8 mA 3,7 V 

I MATCH ('ACT2153) VCC = 4.75 V, IOL = 24 mA 0.4 

VOL I MATCH (,ACT2151) VCC = 4,75 V, IOL = 8 mA 0.4 V 

I PE VCC = 4.75 V, IOL = 24 mA 0.4 
--_ .. _-
II VCC = 5.25 V, VI = O-VCC :':5 J..lA 

IICC1, 
(operating) VCC = 5,25 V, BESET at 3 V, 67 125 mA Sat 0 V 

BESET at 0 V, 
ICC2 (reset) VCC = 5.25 V, Sat OV 3 25 mA 

ICC3 (deselected) VCC = 5,25 V, 
BESET at 3 V, 38 105 mA Sat 3 V 

Ci f - 1 MHz 5 pF 

Co f - 1 MHz 6 pF 

t All typical values are at VCC = 5 V, 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 

't;(A,M) Access time from address to MATCH 16 22 ns 
r=" 

ta(A,PH) Access time from address to PE high 21 30 ns 

~~£(6:PL) Access time from address to PE low 21 30 ns 
,--

ta(SM) Access time from S to MATCH 9 16 ns 

~jD'M) Propagation time, data inputs to MATCH 10 15 ns 
-~~~---- - --

I-tp(RST-MH) Propagation time, RESET low to MATCH high 7 15 ns 
" 

~MH) Propagation time, S high to MATCH high 7 15 ns 
,,-~~~-

~MH) Propagation time, W low to MATCH high 6 15 ns 
----~--~-~--. -

i-3'JW,PH) Propagation time, W low to PE high 7 15 ns 

Propagation delay, W high to MATCHt 
--~, 

tp(WH-M) 14 20 ns 

1_ tp(WH-PE) Propagation delay, W high to PEt 14 20 ns 

tv(A,M) MATCH valid time aher change of address 2 ns 

tv(D-M) MATCH valid time after change of data 0 ns 

~'M) MATCH valid time (low) after S high 

I 
0 ns --

tV(A,P) PE valid time after change of address 4 ns 

t All typical values are at VCC = 5 V, TA = 25°C, 

t 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, 
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SN74ACT2151, SN74ACT2153 
1 K 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, 1'iESE'i' low 35 ns 

tw(WL) Pulse duration, W low, without writing PE 12 ns 

tw(WL)PE Pulse duration, W, writing JSE (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) PI: 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(WL-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 twPE(WL) and tsu(El. apply only during the write cycle timing when writing a parity error. 
4. t~(WL-D) guarantees that when W is t~en low during a compare cycle with MATCH high, match will remain high with}lut· a glitch 

low. (As shown in the function table, W low forces MATCH high). th(WL-D) is guaranteed indirectly by tv(D-M) and tp(W-MH). 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH TRANSITION 
OF 24-mA OPEN-DRAIN OUTPUTS 

FOR VARIOUS LOADS 

2.0 

1.8 

1.6 

> 1.4 
I 

QI 1.2 
'" l'J 
"0 
> 
~ 

::J 0.8 Q. 
:; 
0 0.6 

0.4 VCC = 5 V 

0.2 RL = 220!l 

TA = 25°C 
0 

0 2 3 4 5 6 

Time-ns 

t Specified switching characteristics for open-drain outputs are specified at Va == 1.5 V with CL = 30 pF. 

2-46 

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 that a 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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SN74ACT2151, SN74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

2.05 V 

FROM OUTPUT---1~LE;T 200 !l 

UNDER TEST POINT 

INPUT f ~~5:----3V 
--Il , . GND 

I.-tpd-.f ' 1°' -~ ,,' 
LOAD CIRCUIT 

, -.r tpd t+-
1,..-___ --,.' 

OUTPUT ! t 
VOLTAGE WAVEFORMS 

FIGURE 2. 'ACT2151 MATCH OUTPUT 

--~---VCC 

RL ~ 220!l 

TEST 
FROM OUTPUT --.... POINT 
UNDER TEST r CL - 30 pFt 

LOAD CIRCUIT 

0fi io-r-_t_' ___ 5_n_S~:-:--~1i1 i-~ ~ ~n~ - - 3 V 
, ~7V, . 

INPUT II 1.5V 11.5V 

1 : 0.3 V GND , 
i+-- tpd--4 t.-tpd--.( 

, -----""\, 
I I 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 3. OPEN-DRAIN MATCH AND PE OUTPUTS 

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

PARAMETER MEASUREMENT INFORMATION 

AO-A9 ~ _________ A_O_OR_E_S_S_V_AL_IO ________ 'tlll! 
~tsuIAI--+I 1<1�41-----th�AI---+l~1 

14 I tAVWH----+l.J 

1 I 
I I 

I 
14 14----r-tsuISI,----~~l.__thISI~ 

~----~~I --~~--------

l+- twlWLl/twlWLIPE....I 
I I.ee Note 31 I 

00-010 "'~""'''''''''II''''I'''''''''''''''''''''''''''''''''''' DATAV;ALlO ~ 
I II 

iN 

I r+-tsuIOI~ I 
I 14J4---t~*"1 -thIWH-OI 

1 I 
J5E (INPUT) I I 

I I I 
i+t- tsulPI ---tot I 

I Isee Note 31 14--thlPI~ 
I 

MATCH : I 
J5E IOUTPUT) ,'---+:--_ ..... 

k--tpIW-PHI~ 

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

RESET LI ____________ ~ 
j..--twIRSTLI .j. t.uIR~ST~I======:::::;.,~_ 

AOORESS~~ _______ ~_ 
I I 

MATCH 

j4~--"~1-1 tpIR-MHI 

FIGURE 5. RESET CYCLE TIMING 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 656303 • DALLAS, TEXAS 76265 

,---~I 



SN74ACT2151,ACT74ACT2153 
1K x 11 CACHE ADDRESS COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

AO-A9~ ADDRESS VALID ~ ADDRESS VALID xm 
III talAI ~I 

I 

I 

DATA VALID ! 
I 

00·010 )()()()()().( : ¥ DATA VALID XX 
I 1 III tplDI ~I 

I 
I 

Ii I I 
I I 

1 I 1 I 

I I 1-+1 j4-tvID-MI tpIS-MHIIII ~I 
I 

I+--talSI-----..I III ~I tviA-MI tvIS-MIIII ~I I 
I I I 

~ MATCH 'OOOOO(j( I ~ 
I 

~taIA.PLI~ 14---+1--tv lA-PI 

I I talA-PHI 

PE \ I I I 
FIGURE 6. COMPARE CYCLE TIMING 

APPLICATION INFORMATION 

cascading the' ACT2151 and' ACT2153 

The 'ACT2151 ancl 'ACT2153 are easily cascaded in width and depth. Wider addresses can be compared by 
driving the AO-A9 inputs of each device with the same index and applying the additional address bits to the 
00-010 inputs. The select (8) 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 
1 K x 11 CACHE ADDRESS COMPARATORS 

APPLICATION INFORMATION 

r---
M DATA BUS 
I 
C I 
R 
0 

SRAM P 
R BK-BYTE 
0 CACHE 
C 
E 
S ..t AO-A10 S 
0 ADDRESS BUS AO-A31 
R - A10 AO-A9 A11-A20 A10 AO-A9 A21-A31 

'ACT2153 'ACT2153 -00-09 MATCH - -00-010 MATCH 

+5V- - 010 PE - AO-A9 PE 
AO-A9 S 

S 

'ACT2153 

..... 00-09 MATCH r- 'ACT2153 

+5V- 010 PE I-- ..... 00-010 MATCH 

L[> 
AO-A9 AO-A9 PE 
S IS 

NOTE: This application assumes a line size of 4 bytes and that a valid bit is used. 
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FIGURE 7. CASCADING THE 'ACT2153 
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1K x 11 CACHE ADDRESS COMPARATORS 

APPLICATION INFORMATION 

DEPTH CASCADING 
NUMBER OF DEVICES 

CACHE SIZE 
vs 

LINE SIZEt 

l-{ 
~ 

1~ "l--f 

I r 
X .r 

-X + ~ 
T)( 1-Deep 0 2-Deep 0 4-Deep 

}--

4K 8K 16K 32K 64K 128K 256K 

Cache Data Size - Bytes 

t Direct-Mapped Caches - One tag per line 

FIGURE 8 

64 

'" l!l 
32 

> 
<0 
I ., 16 

N 

iii ., 
c 

8 :::; 

4 

WIDTH CASCADING 
NUMBER OF DEVICES 

MAIN MEMORY 
COVERAGE 

vs 
LINE SIZEt 

1 
X 

- / r 
X 

~jr 
I 

X 1-Wide o 2-Wide 

f 
.l-l 

1 

512K 2M 8M 32M 128M 512M ,<4G 

Amount of Main Memory Covered 
or Mapped - Depth 

tOne Taglline. Assumes a word length of 32 Bits. 

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 'ACT2l51s (or 
'ACT2l53s) will provide a 32K-byte cache with a l6-byte line. From Figure 9, it is determined that one 'ACT2l51 
(or 'ACT2l53) 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 equivalentto two 'ACT2l51s (or 'ACT2153s). Two devices provide perfect 
solution. 
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1 K x 11 CACHE ADDRESS COMPARATORS 

APPLICATION DATA 

DATA BUS 

M 

* I 
C 
R 
0 
P CACHE 
R DATA 
0 .----- DE BUFFER C 
E rw S 
S 

t 0 
R 

ADDRESS BUS 

JJ t 
LATCH 

C 

J. 

+ 
CONTRO~ ..... 
SIGNALS 

'ACT2151 

M 

W CACHE 

EMORY WRITE ..... 
CONTROL 07 TAG Mt- .... 

LOGIC IIF 

r--
r+" 'ACT2151 DRAM 

iii BUS 
WATCHER M-

07 

~ BUFFER I 
l MAIN 

MEMORY 

IC 
I 

LATCH 

• '----
DMA -+ MAIN ADDRESS BUS 

FIGURE 10. BUS WATCHING USING THE 'ACT2151 
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SN74ACT2152A, SN74ACT2154A 
2K x B CACHE ADDRESS COMPARATORS 

• Fast Address to Match Delay 
20 or 25 ns Max 

03156. DECEMBER 19BB-REVISED MARCH 1990 

N PACKAGE 

ITOPVIEW) 

• Common I/O with Read Feature RESET A5 

• 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-ILm 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 ' ACT21 52A has a totem-pole MATCH 
output while the' ACT2154A has an open-drain 
MATCH output for easy AND-tying. 

If S is low and Vii and R are high, the cache 
address comparator compares the contents of 
the memory location addressed by AO-A 10 with 
the data 00-07 plus generated parity. An 
equality is indicated by a high level on the 

A1 

GNO 
GNO 

00 
01 
02 

A4 A6 
A3 A7 
A2 AS 
A1 A9 
AO A10 

GNO Vcc 
GNO 04 

00 05 
01 06 
02 07 
03 MATCH 
R 5 

IN PE 

FN PACKAGE 

ITOP VIEWI 

NMVI§u>uor-«««cc««« 
4 3 2 1 2827 26 

25 AS 
24 A9 

7 23 A10 
8 22 VCC 
9 21 04 
10 20 05 
11 19 06 

121314151617 18 

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 Vii lowl. data on 00-07 plus generated 
odd parity are written in the 9-bit memory location addressed by AO-A 10. 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. 

PRODUCTION DATA documentsoo.t.in Informetion 
,,"ont •• of publication dot.. Products oonform to 
_Ilioatio .. pal tb. term. of Tel •• I.struments 
stalldard wlrr.lty, Preductlon prac88Sing d088 nDt 
naces.arily include tastillg of all paramaters. 
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2K x 8 CACHE ADDRESS COMPARATORS 

2-54 

A read mode is provided with the' ACT2152A and' ACT21 54A, which allows the contents of RAM to 
be read at the 00-07 pins. The read mode is selected when Rand S are low, and Vii 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 OOC to 70°C. 

iN ii 
H L 

H H 

L X 
X X 

X X 

MATCH OUTPUT DESCRIPTION 

MATCH = VOH if: [AO-A10) = 00-07 + parity, 
or: RESET = VIL, 
or: S = VIH, 
or: Vii = VIL 
or: R = VIL 

MATCH = VOL if: [AO-A10) *' 00-07 + parity, 
with RESET = VIH, 
S = VIL, and Vii = VIH 

FUNCTION TABLE 

INPUTS OUTPUTS 1/0 

S RESET MATCH PE 00-07 
FUNCTION 

L H H H Output Read 

L L Parity error 

L H L H Input Not equal 

H L Undefined error 

H H Equal 

L H H IN Input Write 

H H H H Hi·Z Device disabled 

X L H t t Memory reset 

tThe state of these pins is dependent on inputs W, A, and S. 
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logic symbol t 

RESET (1) 
ii (13) 

iN (14) 

S (16) 

AO (6) 

Al (5) 

A2 (4) 

A3 (3) 

A4 (2) 

A5 (2S) 

A6 (27) 

A7 (26) 

AS (25) 

A9 (24) 

Al0 (23) 

DO (9) 

01 (10) 

02 (11) 

03 (12) 

04 (21) 

05 (20) 

06 (19) 

07 (lS) 

2 

3 

4 

CACHE ADDRESS 
COMPARATOR 

'ACT2152A 

RAM 
ADDRESS 

MATCH 

PE .Q 

PE 

SN74ACT2152A, SN74ACT2154A 
2K x 8 CACHE ADDRESS COMPARATORS 

RESET (11 
ii (131 

iN (141 

S (161 

AO (61 

Al (5) 

A2 (4) 

A3 (3) 

A4 (21 

A5 (2S) 

A6 (27) 

A7 (26) 

A8 (25) 

A9 (241 

Al0 (231 

DO (91 

01 (10) 

02 (11) 

03 (12) 

04 (21) 

05 (20) 

06 (19) 

07 (18) 

CACHE ADDRESS 
COMPARATOR .. 

'ACT2154A 

RESET 

READ 

SELECT 

0 

1 

2 

3 

4 

5 RAM 
ADDRESS 

6 

7 

8 

9 

10 

MATCH.Q 

PE.Q 

PE 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984. 
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functional block diagram (positive logic) 
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(13) 
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~ I -SN ,J 

<;J 8x<l I--
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A7 
A8 

A9 

(28) 
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0 
A 2047 

Al0 

DO 
01 

02 
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04 

05 

06 

07 

(26) 

(25) 

(24) 

(23) 

(9) 

(10) 

(11) 

(12) 

(21) 

(20) 

(19) 

(lB) 
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B~S 

--L.. ---------

10 
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r......./ 

10 

~ 
~ 
~ 
t---

r- r---

8 COMP 

I P P_Q r-3J (17) 

~ 
IQ r--

~.'''' 
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l-I 2k 
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CHECKER 

~ ~ .J- ~ PARITY 

~ 
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B 2k L 
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PIN 

NAME NO. 

AO 6 

A1 5 

A2 4 

A3 3 

A4 2 

A5 28 

A6 27 

A7 26 

A8 25 

A9 24 

A10 23 

DO 9 

D1 10 

D2 11 

D3 12 

D4 21 

D5 20 

D6 19 

D7 18 

GND 7.8 

MATCH 17 

PE 15 

R 13 

RESET 1 

S 16 

VCC 22 

W 14 

SN74ACT2152A, SN74ACT2154A 
2K x 8 CACHE ADDRESS COMPARATORS 

TERMINAL FUNCTIONS 

DESCRIPTION 

Address inputs. Addresses 1 of 2048 random access memory locations. Must be stable for the duration of the write 

cycle. 

Data inputs/outputs. 00-07 are data inputs during the compare and write modes. 00-07 are data outputs during 

the read mode. 

Ground 

When MATCH output is at VOH during a compare cycle, 00-07 plus generated parity equals the contents of the 

9-bit memory location addressed by AO-A 1 O. MATCH is also driven high during deselect, reset, and read. Since the 

iACT2154A features an open-drain MATCH output. an external pull-up resistor of 220 0 minimum is required. 

Parity error input/output. During compare cycles, PE at VOL indicates a parity error in the stored data. During write 

cycles, PE can force a parity error into the 9th-bit location specified by AO-A 10 when PE is taken to VIL. PE is an 

open-drain output so an external pull-up resistor of 220 n minimum is required. 

Read input. When Rand S are at VIL and W is at VIH. addressed data is output to the DO-D7 pins and the MATCH 

and PE outputs are forced high. 

Reset input. Asynchronously clears entire RAM array to zero and forces MATCH high when RESET is at VIL. 

Chip select input. Enables device when S is at VIL. Deselects device and forces MATCH and PE high when S is at VIH. 

Supply voltage 

Write control input. Writes DO-D7 and generated parity into RAM and forces MATCH high when Wand S are at VIL. 

Places selected device in compare mode when Wand R are at VIH . 

... / .... 
TEXAS 'V 
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SN74ACT2152A, SN74ACT2154A 
2K x 8 CACHE ADDRESS COMPARATORS 

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

Supply voltage, VCC (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 to 7 V 
Input voltage, any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 to 7 V 
Input diode current, 11K (VI < 0 or VI > VCC). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 25 mA 
Output diode current, 10K (VI < 0 or VI > Vcc) ............................... ± 25 mA 
Continuous output current, 10 (VO = 0 to Vcc): 00-08 ........................ ±25 mA 

MATCH, PE ...................... ±50 mA 
Continuous current through VCC or GNO pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 200 mA 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ... :..................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . . . . . . . . . . . . . . . . . . .. 260°C 

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

recommended operating conditions (see important notice) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High·level input voltage, write or compare cycles 2.2 VCC+0.5 
V 

VIH High·level input voltage, read cycle 2.6 VCC+0.5 

VIL Low·level input voltage ISee Note 21 -0.5 0.8 V 

VOH High·level output voltage, MATCH I' ACT2154AI and PE outputs only '5.5 V 

IOH High·level output current. MATCH I' ACT2152AI and 00·07 -8 mA 

MATCH - 'ACT2152A 8 mA 

MATCH - 'ACT2154A 24 mA 
IOL Lowwlevel output current 

PE 24 mA 

00-07 8 mA 

TA Operating freewair 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 

2-58 

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 nsN. 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 VIH 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 VIH 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 GNO. 
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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 Typt MAX MIN Typt MAX 

10H 
High·level MATCH ('ACT2154A) 

VOH = 5.5 V, VCC = 5.5 V 10 10 ~A 
output current and PE 
High·level MATCH ('ACT2152A) 

10H = VOH output voltage and 00-07 
-8 mA.vcc = 4.5 V 3.7 3.7 V 

MATCH· 'ACT2154A 10L = 24 rnA, VCC = 4.5 V 0.4 0.4 

Low·level MATCH· 'ACT2152A 10L - 8 rnA, VCC - 4.5 V 0.4 0.4 
VOL V 

output voltage PI! 10L = 24 rnA, VCC = 4.5 V 0.4 0.4 

00·07 10L - 8 rnA, VCC - 4.5 V 0.4 0.4 

II Input current VI = O-VCC, VCC = 5.5 V ±5 ±5 ~ 

10Z Off·state output current 
Vo = O-VCC, VCC = 5.5 V 

±10 ±10 ~A 
~at VIH 

ICC 1 Supply current (operative) 
RESET at 3 V, VCC = 5.5 V 

85 125 85 125 rnA 
~ at 0 V 

ICC2 Supply current (resetl 
RESET at 0 V, VCC = 5.5 V 

5 25 5 25 rnA 
~ at 0 V 

ICC3 Supply current (deselected) 
RESET at 3 V, VCC = 5.5 V 

75 105 75 105 rnA 
~ at 3 V 

Ci Input capacitance f = 1 MHz 5 5 pF 

Co Output capacitance f = 1 MHz 6 6 pF 

t All typical values are at VCC = 5 V, TA = 25°C . 
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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-2O SN74ACT2152A-25 

PARAMETER SN74ACT2154A-2O SN74ACT2154A-25 UNIT 

MIN Typt MAX MIN Typt MAX 

ta(A-MI Access time from address t~ MATCH 14 20 18 25 ns 

talA-PI Access time from address to PE high or low 17 25 22 28 hs 

Access time from S to MATCH 
IACT2152A 9 15 11 15 

ta(S-M) 
I ACT2154A 8 12 11. 15 

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, i'iESE'f high to MATCH' 20 30 20 30 ns 

tD(RST-PE) Propagation delay, RESET high to PE' 20 30 20 30 ns 

toIS-MH) Propagation time, S high to MATCH high 6 10 9 12 ns 

tp(W-MH) Propagation time, W low to MATCH high 6 10 9 14 ns 

tpIW-PH) Propagation time, W low to PE high 8 11 9 11 n. 

tbIWH-M) Propagation delay, W high to MATCH' 14 20 14 20 ns 

toIWH-PE) Propagation delay, W high to PE' 14 20 14 20 ns 

tv(A-M) MATCH valid time after change of address 2 6 2 B ns 

tv(D-M) MATCH valid time after change of data 0 3 0 5 ns 

tv(S-M) MATCH valid time (low) after S high 0 3 0 5 ns 

tv(A-P) PE valid time after change of address 0 3 0 5 ns 

read cycle 

SN74ACT2152A-2O SN74ACT2152A-25 

PARAMETER SN74ACT2154A-2O SN74ACT2154A-25 UNIT 

MIN Typt MAX MIN Typt MAX 

taiA-DI Read Access time from address to DO-07 20 27 24 30 n. 

tenlS-DI Enable time, S low to 00-07 12 20 15 20 ns 

tenIR-D) Enable time, Ii: low to valid 00-07 output 10 18 12 20 ns 

tp(R-MH) Propagation time, R low to MATCH high 6 10 9 12 n. 

tplR-PH) Propagation time, R low to PE high 6 10 9 15 n. 

tdisIR-D) Disable time, R to 00-07 (from high or low level) 10 18 12 20 ns 

tdisiS-DI Disable time, S to 00-07 (from high or low level) 10 18 12 20 ns 

tdis(W-D) Disable time, W to 00-07 (from high or low levell 10 18 12 20 ns 

t All typical values are at VCC = 5 V, TA = 25°C. 
:f:The MATCH and PE outputs will glitch at the end of a write or reset cycle after W or R'E"S'ET returns high. These specifications indicate 

when the MATCH and PE outputs are stable after IN or RESET returns high. 
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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 

t wlRSTl,l Pulse duration, ~ low 25 30 ns 

twlWU Pulse duration, W low 12 15 ns 

twIWL)PE Pulse duration, W low, writing ~ Isee Note 3) 18 18 ns 

tsulA) Address setup time before W low 0 0 ns 

tsulO) Oata setup time before W high 10 10 ns 

tsulPI ~ setup time before W high Isee Note 3) 7 7 ns 

tsulS) Chip select setup time before W high 10 10 ns 

tsuiRST) RESET inactive setup time before W low 15 15 ns 

thlAI Address hold time after W high 0 0 ns 

thIWH-OI Oata hold time after W high 2 5 ns 

thIWL-Dl Oata hold time after W low with MATCH high, Isee Note 4) 10 10 ns 

thlPI PE hold time after W high 2 5 ns 

th SI 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 twIWL)PE is only necessary when a parity error exists, Ii.e" PE output is low) 
prior to writing data with correct parity Ii.e., PE input is high during write). Parameter tsulP) applies only during the write 
cycle timing when writing a parity error. 

4. thIWL-O) guarantees that when W is taken low during a compare cycle with MATCH high, match will remain high without 
a low glitch. lAs shown in the function table, W low forces MATCH high). thIWL-D) is guaranteed indirectly by tVID-M) and 

tpIW-MH)' 
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SN74ACT2152A. SN74ACT2154A 
2K x 8 CACHE ADDRESS COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

----4..--- Vcc 

Rl - 220 

TEST 
FROM OUTPUT ---. POINT 
UNOER TEST tCl = 50 pFt 

lOAD CIRCUIT 

~; I, i.:r-_5-"-S---""",,-..,..,..,s11 If i_ ~"~ ____ 3 V 
I 2.7V I 

INPUT I I 1.5 V 11 .5 V 

I I 0.3 V GND 
I 

!.-Ipd~ I4--lpd---.t 

1 __ ---""\1 
I 

OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 1. OPEN·DRAIN OUTPUTS 

2.05 V 

-1200n 
FROM OUTPUT TEST 
UNDER TEST POINT 

CL t - 50 pF FOR tpd AND ten MEASUREMENTS I Cl - 5 pF FOR tdis MEASUREMENTS 

lOAD CIRCUIT 

INPUTJ 

I 

\~5~----3V 

1 • GND 
1 

INPUT ~.5V 1.5V 3V 
I I 
I ,------ 0 V 

tpHZ -+J I+- -+I 14- tpZH I+-- Ipd---+l 
I 

____ oJl! OUTPUT . 

-.I Ipd j4--
1 

~ 
1 1 I ---h.i VOH - o.~ vi _ VOH 

OUTPUT : ~~~~ __ 
1 I - ----- 2.05 V 

tpLZ -+I I+- VOL + 0 .. 3 V 

PROPAGATION·TIME VOLTAGE WAVEFORMS ~
I 1------ 2.05V 

OUTPUT . I 0.9 V 

tpZL -ti I+" VOL 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

FIGURE 2. ALL OTHER OUTPUTS 

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

PARAMETER MEASUREMENT INFORMATION 

write cycle timing 

AD-A1D ~ ___________________ AD_D_R_E_S_S_V_A_LI_D ________________ ~ 
,..-tsuIAI--.r 1<I1 .. f-----th�AI----.,~~1 

iN 

,.. I tAVWH-----I~~ 
I I 
I I 
I I 

MMf-----:-tsuISI-----.,~ .. l..__thISI____..l 

~------~~I--~~-------
I+- twIWLI/twIWLIPE-.i 
I Isee Note 31 I 

00-07 ,\:~~lMIrr'll"1r-r1nnr~in~ DATA V;ALlD ~ 
I II 
, r+-tsuIDI~ I 

I M' .. I-----t~+_I -thIWH-DI 

I I 
PE (lNPUTI I I 

I I I 
I4+- tsulPI ~ I 

I Isee Note 31 r.---thlPI~ 
I 

: I MATCH 

~1"1----~~~I-tpIW-MHl 

PE IOUTPUTl \\-----+-: ----~ 
!+--tpIW-PHl--+l 

reset cycle timing 

RESET I~ ____________ ~ 
j.--twIRSTLI ~.. tsulRSTl--+! 

ADDRESS XXXXXXXXXXXXXXX,.-------:-------------
I 

iN I 

I 
I 

MATCH I 

~ ~ tpiR-MHl 

NOTE 3: Parameters tw(WL)PE and tsu(PI 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 

AO-Al0~ ADDRESS VALID ).< ADDRESS VALID xm 
I .. talAI .1 I 
I 

DATA VALID i 
I 

00-07 XXXXXX : ¥ DATA VALID XX 
I I 

I I I .. tplDI ·1 
I 1 1 
I 1 I s I I , 
I 1 I 1 I 

1--+1 I+-tv(D-MI tp(S-MHI 14 ·1 I , , 
I 

I I+--talSI----.r , .. .1 tviA-MI tv(S-MI , .. ·1 1 
I I I 

, 
V MATCH I '<XXX){)d( I ~ I 1 

k--taIA-PI~ I+---*-tv lA-PI 

I I talA-PI 

PE \ I I / 
read cycle timing 

AO-Al0 X 
----------~i~-------------------------------

2-64 

I 
1 

R~ 1 I 
~I----------~I ------------------------------~I 
,I : 
I I I 1 
I 1 I 1 
1 141 .. - ........ +-1 taiA-DI tenIS-DI~I .. t--.~1 I 
1414f---•• r-1 tenIR-DJ: I4-tdis-+j : I+-tdl.~ 

00-07 ---+: ____ (I( ===J*C====:JjL __ -l~C==::Jr-
i4--+I- tpIR-MHI 

MATCH :) '----~tpIR-PH) 

PE ~ 
_~I 
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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-A 10 inputs of each device with the same index and applying the additional address bits 
to the 00-07 inputs. The select (5) 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 'ACT21 54A. 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. 

r--- r---
M DATA BUS 
I 
C I 
R 

SRAM DRAM 
0 
P 4K 
R 

CACHE MAIN 0 
C EN MEMORY 
E 
S .t AO·A11 S 
0 ADDRESS BUS AO·A26 
R 

""""'-- A11 AO·Al0 A12·A1B A11 AO·Al0 A19-A26 I---

'ACT2l54A 'ACT2l54A If 
..... 00·06 MATCH r- ~ 00-07 MATCH f- H 

+5V-- 07 PEr- AO-Al0 PEr-< 
AO-Al0 5 
S 

+r 

~,~ ~ PE 

"- 00-06 MAT~ 
'ACT2l54A 

+5V- 07 PE '-- 00·07 MATCH r- -

-t> AQ-Al0 AO-Al0 PEr-
5 is 

FIGURE 3. CASCADING THE 'ACT2154A 
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SN74ACT2152A, SN74ACT2154A 
2K x 8 CACHE ADDRESS COMPARATORS 

M 
I 
C 
R 
0 
P 
R 
0 
C 
E 
S 
S 
0 
R 

CONTRO~ ...... 
SIGNALS 

M EMORY WRITE ...... 

~ 

DMA-+ 
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TYPICAL APPLICATION INFORMATION 

DATA BUS 

t 
CACHE 
DATA 

BUFFER 

iN EN 

T 
ADDRESS BUS 

J C 

1 
LATCH 

J 
-~ 

'ACT2152A 
CACHE iN 

TAG CONTROL 
LOGIC 

07 MATCH -

'ACT2152A 

iN BUS 
WATCHER 

07 MATCH I-
f-+-I BUFFER I , 

MAIN ADDRESS BUS 

FIGURE 4, BUS WATCHING USING THE 'ACT2152A 
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SN74ACT2155 
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

• Address to MATCH Time ... 22 ns Max 

• Supports Motorola MC68030 Cache Burst 
Fill with No Added Weit States 

• Upward Compatibility for Motorola 
MC68030 Speed Upgrades 

• Cache Data RAM with Parity and Internal 
Burst Counter 

• Dirty Bit Storage Capability for Use in Copy-
Back Caches 

• Separate I/O Supports Copy-Back 

• Easily Expandable in Depth and Width 

• Reliable Advanced CMOS Technology 

• Fully TTL Compatible 

DO 
01 
02 
03 

GNO 
00 
01 
02 
03 
OE 
IN 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

03076, NOVEMBER 19BB-REVISEO JUNE 1990 

FN PACKAGE 

(TOP VIEW) 

i~~maJr-U)lmlll.q-", 
... u <I: <I: <1:<1: <I: a: <I: <I: <I: 

6 543 2 1 4443424140 

39 A2 
38 04 
37 05 
36 06 
35 07 
34 GNO 
33 Vee 
32 04 
31 05 
30 06 
29 Q7 

description 1819202122232425262728 

S 

X 

H 

L 

X 

L 

L 

L 

The 'ACT21 55 burst cache address 
comparator/data RAM consists of a high-speed 
2K x 9 static RAM array, 2-bit burst counter and 
control circuitry, parity generator, parity checker, 
and B-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' ACT21 55 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 MC6B030 microprocessor. The' ACT2155 
directly interfaces with the Motorola MC6B030 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 
MC6B030 processor, it can be used with other processors to implement write-through or copy-back class 
caches. 

PARTIAL FUNCTION TABLE 

INPUTS OUTPUTS 

W RESET OE MATHAt PEIU/O) 00-07 
FUNCTION 

FMHB MATBE 

X X X H H H t t Force MATHA and MATBE unconditionally high 

X X X X H H Disabled Hi-Z Deselect. Inhibits write, read, and compare. 

HorL H or L L Parity error 

H H X L L L H t Not equal 

H H H Equal 

H L X X H H Disabled Hi·Z Memory reset unconditionally 

L H H X H H Input Hi·Z Write, Low on PE forces parity error. 

L H L X H H Input Low Write. Low on PE forces parity error. 

H H L X t t Enabled Enabled Read 

tOuring the burst mode, MATHA is forced high. 
tThe 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. 

PRODUCTION DATA documents contain information 
current 8S of publication date. Products conform to 
specifications per the terms of Taxas Instruments 

:!'~=:~~i~a{::I~~e ~:~~~ti:f lI~O::~~~:r~~s not 
TEXAS ." 
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POST OFFICE BOX 855303 • DALLAS, T~XAS 75265 

Copyright © 1990, Texas Instruments Incorporated 
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SN74ACT2155 
2K x 8 BURST CACHE ADDRESS COMPARATORIDATA RAM 

logic symbol t 

FMHB 
COMP7 

RESET 
S 

Vii 
DE 

PCLK 

AO 
A1 
A2 
A3 
A4 
A5 
AS 
A7 

All 
A9 

Al0 

DO 
01 
02 
03 
04 
05 
OS 
01 

28 
39 
40 
41 
42 
44 

2 
3 
4 

7 
8 
9 
10 
38 
37 

36 
35 

• 
2Kx8 BURST 

CACHE COMP/DATA RAM 
SN74ACT2155 

FORCE MATCHIVS 

0 

rALT 5.6~ 
MATCH 

BERR 5.6~ 

I RAMAOO~ 
PAR ERR 5~ 

PAR ERR 

10 

0 0 

IDAT~ IOAT~4V 

7 7 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984. 
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26 
MATHA 

25 
MATBE 

PE 

12 
Q\> 

13 <11 
14 Q2 
15 Q3 
32 

Q4 
31 

Q5 
30 Uli 
29 

Q7 
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logic diagram (positive logic) 
FMHB----------------------------------------------------------------------____________ -, 
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RESET ~----------~ 
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7. I 
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~~ 
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07 
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PARITY 
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GENERATOR I I 
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SN74ACT2155 
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

TERMINAL FUNCTIONS 

PIN 

NAME NO. 
DESCRIPTION 

AD 27 

A1 28 

A2 39 

A3 40 

A4 41 

A5 42 
Address inputs. Addresses memory location in the 2K x 9 RAM. When in burst mode, address bits AD and 

A6 44 
A 1 are driven from the internal 2·bit counter independently of the AD and A 1 inputs. 

A7 1 

A8 2 

A9 3 

A10 4 

CBACK 20 
Cache Burst Knowledge input. If CBACK is high, the internal burst control register (BCR) is asynchronously 

reset, causing inputs AO and A 1 to drive the internal BAD and SA 1 address lines. 

CBREQ 21 
Cache Burst Request input. If CBREO is high, the internal burst control register (BCR) is asynchronously 

leset, causing inputs AO and Alto drive the internal BAO and SAl lines. 

DO 7 

01 8 

02 9 
Data (tag) inputs. Provide input to the RAM when Wand S are low. If W is high, the selected device 

03 10 

04 38 
compares 00-07 to the addressed 8-bit memory locations. Bit 07 and stored bit Q7 can be removed from 

05 37 
the comparison by taking COMP7 low. 

06 36 

07 35 

FMHB 6 
Force Match Halt Berr input. If this input is high, the MAlSE and MATHA outputs are unconditionally 

forced high. 

Match Berr output. During the compare mode, MATBE is high when 00-07 (00·06 if COMP7 is low) equals 

MATBE 25 
00·07 (00·06 if COMP7 is low). MATBE is also high during deselect, write, and reset and when 

FMHB is high. Since MATSE is an open-drain output, an external pullup resistor of 220 0 minimum is 

required. MATBE CQuid be high in the compare mode when a parity error exists. 

Match Halt output. During the compare mode, MATHA is high when 00·07 (00·06 if COMP7 is low) 

equals 00-07 (00-06 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 IBCR) 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 07 and 07 are taken out of the comparison 

COMP7 5 allowing this bit to be used for a copy·back status (dirty bit). If COMP7 is high, 07 and 07 are included in 

the comparison. 

OE 16 Output Enable input. DE enables (low) or disables (high) 00-07 when ~ is low and RESET is high. 

PCLK 22 Processor Clock input. The burst control and counter registers are clocked by a high-to-Iow transition on 

the PCLK input. 

Parity Error outputlinput. During compare cycles, ~ low at PE indicates a parity error in the stored data. 

PE 23 
During write cycles, PE forces a parity error into the parity bit location specified by AO-A 1 0 when 15E is 

taken low. PE an open-drain output and requires a pullup resistor of 220 () minimum. PE is disabled during 

write, reset, and deselect. 
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PIN 

NAME NO. 

00 12 

01 13 

02 14 

03 15 

04 32 

05 31 

06 30 

07 29 

~ 43 

5 18 

~ 19 

W 17 

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

TERMINAL FUNCTIONS (continuedl 

OESCRIPTION 

Data outputs. 00-Q7 display the contents of the addressed memory location when S and DE are low and 

RESET is high. 00·07 Is disabled during deselect, reset, and when DE is high. Enabled outputs are forced 

low when W is low. 

Reset input. Asynchronously clears the 2K x 9-bit RAM array to a low with valid parity independent of the 

5 pin when ~ is low. By tying a single data input high, a false match will not occur when 00-07 

inputs are low. 

Chip select input. Enables device when 5 is low. If 5 is high, MATBE and MATH A are forced high and PE 

and 00·07 are disabled. 

Synchronous Termination input. On the next PCLK falling edge after ~ goes low (while CBACK and 

'EIiEQ are low), the 2-bit counter increments the binary value applied to the AO and A 1 inputs and the 

burst control register (BCR) is set. The set burst control register will cause the counter bits to drive the 

internal BAO and SA 1 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. 

Write control input. Writes 00-07 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. 

operation as an address comparator 

The' ACT2155 compares the contents of the memory location addressed by AO-l 0 with the address bits 
applied at 00-07. 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. Ouring a write cycle, address 
bits on 00-07 plus generated odd parity are written in the 9-bit memory location addressed by AO-A 10. 
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 A 1 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 A 1 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 CA 1) 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 A 1 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, MA THA 
is forced high. 

operation as a data RAM 

The' ACT2155 can be used as a 2K x 8 data RAM with separate I/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. 
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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 MC6B030 through use of 'ACT2155 input signals 
STERM, CBREO, PCLK, CBACK, and output signals MATBE and MATHA. Match outputs MATBE and 
MA THA 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 MC6B030 internal cache burst fill requirement by supplying four long words 
to the processor in four clock cycles. When the Motorola MC6B030 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 A 1-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 MC6B030 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 CBREO returns high, the mux will select input pins AO 
and A 1 to drive the RAM. Figure 2 shows a Motorola MC6B030 burst request with data in main memory. 
For more information on using the' ACT2155 with the Motorola MC6B030, see the SN74ACT2155156 
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 
AO-A 10 inputs of each device with the same index and applying the additional address bits to the 00-07 
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 00-07 input of zero 
is compared to any memory location that has not been written into since reset, MA THA and MA TBE will 
be high indicating that 00-07, 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 must be tied high regardless of the addres.s width. 

The burst control register (BCR) must be initialized after power-up by taking CBACK or CBREO high. This 
ensures that the AO and A 1 inputs are driving the RAM and not the counter bits CAO and CA 1 . 

copy-back caches 

2-72 

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 initially 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 B 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 07 to be used as a dirty bit. By tying COMP7 low, bits 
07 and 07 are gated out of the comparator so the comparison is only done on 00-06. With outputs 00-07 
enabled (OE low), the dirty bit, 07, 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 (00-06) 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 throuQh 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' ACT21 55. 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 til th'l 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. 

PCLK 

ECS~ L..J 
As~r----~ ____________________ r-----1-______________ r-----'L 

A31-AO ~ fA3. A2-00l XSSSX fA3. A2 -101 xsssx:= 
(BAl. BAOI \\\\$\\\ X 00 X 01' X 10 X 11 X \\\\\\X 10 X 11 X 00 ~ 

(BCR-QI-----~--------~ ____________________ r_------------lL ______________ J 

STERM---------lL __________________________ ~I\~\~\~\~\~\S\S\ll ____________________ ~I~\s\s\S\\~\~\~\ 

CBREQ---------~IL_ ________________________ r_----~L_ ____________________ J 

CBACK _____ fiG3333]!S~l_ ________________________ r_----1_ ____________________ .Jr_____ 

FMHB\SS'SS'Sl 

M!~~~~\\~s~S~S~\U\~S~S~\]gr-------------------------11\~SuS~s~s~\~\S\]3--------------lL ____ ~ISuS~S~s~sSsSs~ss 

M~:~!\\\\\\\\\\1 K\\\\\\\1 1\\\\\\\\ 

Q7-QO~\SSS~S~S~S~S~S~S~S)Xc:::::JXc:::::JxC::::::~CSsSssSsSs~S~Sux(::::::Xx::::::~SSSS\sss 

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

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

FIGURf; 1. MOTOROLA MC68030 BURST REOUEST WITH DATA IN EXTERNAL CACHE 
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2K x 8 BURST tACHE ADDRESS COMPARATOR/DATA RAM 

~I 
ECS "L.J----,ur ---- " #I II 

A31·AO J~ ___ ...:I",A3:::..",A2:.;-;:.:0:.:.1I:...... __ .., :: II " '!:=X II II , 
:: IBA1. BAD} ~~ ____ ...;O:.:' ____ ", x:::::;; 10 x:::::: 11 C~ 

AS~:---------1-____________ ~"r ___________ ~'lr _____ "'~ ____________________________ ~r---

STERM~m'jI~_.r-----""·~~~-r

IM:i:~~~~~--f-------"'" 

IMA~~~~~\SSS9~~--f-------~'I------""" 
" II 

" II 

IBCR·G} 
II ~, 

CBREQ ~------------1-____________ ~ 

" II 
CBACK~5S1~L-________________________________ ~ 

" If 

" " 
II ., 
II ,,........r--
II I~ 

" " I:! 

FMHB~U]~ _____ r-------------------------~h:r--------------------4'~'-----~lr'------~/~ 

D31·DO =:::x:::>------: c::x::::::~:=::::::x=:x:::;:::>--
I I I' I 1 

DIRTY BIT ID7} -----------;1....." 1 II 1 " I ,,......r-
-------~...." f-----I ..).......,1 J-----. ,.L....,I ----. I---t I--TAG·WRITE L-...J I L-...J I L-...J ~ 

DATA.WRITE-------------'-~If----J~~~ .--t-
MC6B030 REQUESTS BURST 
FILL OF INTERNAL CACHE. A 
MISS OCCURS IN EXTERNAL 
CACHE. FMHB IS TAKEN HIGH 
TO PREVENT CONTINUOUS 
RERUN. 

14-------MEMORY BURST READ CYCLE 
I I · I LONG LONG WORD 01 LONG WORD 10 LONG WORD 11 WORD 00 

FOUR LONG WORDS ARE LOADED INTO A MC6B030 CACHE AND INTO 
THE EXTERNAL CACHE. 

FIGURE 2. MC68030 BURST REQUEST WITH DATA IN MAIN MEMORY 

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

Supply voltage •. Vee (see Note 1) ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Input voltage range. any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 

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

Note 1: All voltage values are with respect to GND terminal. 
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SN74ACT2155 
2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

recommended operating conditions (see important notice) 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

V,H High-level input voltage 2.2 VCC+ O.5 V 

V,L Low-level input voltage (See Note 2) -0.5 0.8 V 

VOH High-level output voltage. MATBE. MATHA and PE outputs VCC+O.5 V 

IOH High-level output current. QO-Q7 -8 rnA 

low-level output current 
I QO-Q7 8 

IOL I MATBE. MATHA. and PE 
rnA 

24 

TA Operating free-air temperature 0 70 °e 

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 
tagl, the address inputs must not be allowed to float through the input threshold region (1.5 VI. Rise and 
fall times at the address inputs must not exceed 20 nsN. 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 VIH level at the 
RESET pin is at its minimum high level (2.2 VI. In systems with -1.5 V or more of undershoot at the 
address and data inputs. it is recommended that the minimum VIH 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 Vee or GND. 

electrical characteristics over recommended operating free-air temperature range, Vee'" 5.5 V (unless 
otherwise noted) 

PARAMETER TEST CONOITIONS 

VOH High-level output voltage QO-Q7 Vee ~ 5.5 V. IOL ~8 rnA 

MATBE. MATHA or PE Vee ~ 4.5 V. IOL ~ 24 rnA 
VOL Low-level output voltage 

QO-Q7 Vec - 4.5 V. IOL - 8 rnA 

10H High-level output current MATBE. MATHA. or PE VOH ~ 5,,5 V 

10Z Off-state output current 
Vec ~ 5.5 V. Vo ~ 0 to Vcc. 

<iE at V,H 

" 
Input current V, - 0 to Vec 

Icel Supply current (operating) REm at VCC. ~ at 0 V 

lec2 Supply current (reset) REm et 0 V. S at 0 V 

ICC3 Supply current (deselected) ~ at Vce. ~ at VCC 

Ci Input capacitance f ~ 1 MHz 

Co Output capacitance f - 1 MHz 

t All typical values are at Vec ~ 5 V. T A ~ 25°C. 
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MIN TYP MAX 
UNIT 

3.7 V 

0.4 
V 

0.4 

10 ~A 

±10 ~A 

±5 ~A 

85 150 rnA 

5 50 rnA 

75 125 rnA 

5 pF 

6 pF 
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2K x 8 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

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

PARAMETER 

tpd1 Propagation delay time from address to 00-07 

tpd2 Propagation delay time from address to j5E low 

tpd3 Propagation delay time from S to MATBE and MATHA 

tpd4 Propagation delay time from address to PE high 

tpd5 Propagation delay time from 5 to PE high 

tpd6 Propagation delay time from address to MATBE and MATHA 

tpd7 Propagation delay time from 00-07 to MATBE and MATHA 

tpd8 Propagation delay time from S high to MATBE and MATHA high 

tpd9 Propagation delay time from 5 low to PE' low 

tpd10 Propagation delay time from PCLK~ to MATBE 

tpd11 Propagation delay time from PCLK~ to MATHA high 

tpd12 Propagation delay time from PCLK~ to 00-07 

tpd13 Propagation delay time from PCLK~ to j5E low 

tpd14 Propagation delay time from PCLK~ to j5E high 

t pd15 Propagation delay time from W low to 00-07 low 

t pd16 Propagation delay time from W high to 00-07 

tpd17 Propagation delay time from W low to MATBE and MATHA 

tpd18 Propagation delay time from W low to PE high 

tpd19 Propagation delay time from RESET low to MATBE and MATHA high 

tpd2P Propagation delay time from FMHB to MATHA. MATBE 

tenl Enable time from DE low to 00-07 

ten2 Enable time from S low to 00-07 

ten3' Enable time from RESET high to 00-07 low 

tdisl Disable time from S high to 00-07 

tdis2 Disable time from DE high to 00-07 

tdis3 Disable time from RESET low to 00-07 

tvl Valid time, MATBE and MATHA after change of data 

tv2 Valid time, MATBE and MATHA after change of address 

t v3 Valid time, (low), MATBE and MATHA after S high 

tv4 Valid time, PE after change of address 

tv5 Valid time, PE low after S high 

t v6 Valid time, MATBE after PCLK~ 

tv7 Valid time, MATHA after CBREO or CBACK high 

t v8 Valid time, MATHA after PCLK~ 

tv9 Valid time, 00-07 after PCLK~' 

t v l0 Valid time, PE after PCLK~ 

tvll Valid time, 00-07 after address 

tv12 Valid time, 00-07 aiter ~ or ~ high 

t See Parameter Measurement Information for load circuit and voltage waveforms. 
tAli typical values are at VCC ~ 5 V, TA ~ 25 cc. 
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SN74ACT2155-22 
UNIT 

MIN TYP; MAX 

18 27 ns 

17 28 ns 

8 13 ns 

19 28 ns 

7 15 ns 

17 22 ns 

7 15 ns 

8 13 ns 

10 18 ns 

15 22 ns 

14 22 ns 

18 27 ns 

16 28 ns 

18 28 ns 

11 20 ns 

11 20 ns 

6 12 ns 

6 12 ns 

7 15 ns 

6 12 ns 

6 12 ns 

7 15 ns 

10 20 ns 

8 15 ns 

9 15 ns 

6 15 ns 

1 4 ns 

4 10 ns 

1 5 ns 

4 11 ns 

1 5 ns 

5 10 ns 

5 15 ns 

5 12 ns 

5 10 ns 

3 12 ns 

3 10 ns 

3 10 ns 



SN74ACT2155 
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timing requirements over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) t 

PARAMETER 
SN74ACT2155-22 

MIN MAX 
UNIT 

twl Pulse duration, Vii low, without writing PE 12 ns 

tw2 Pulse duration, W low, writing PE (see Note 3) 20 ns 

tw3 Pulse duration, RESIT low 30 ns 

tw4 Pulse duration, PCLK high or low 10 ns 

tsul Inactive-state setup time, CBREQ before PCLKI 3 ns 

tsu2 Inactive-state setup time, CBACK before PCLKI 3 ns 

tsu3 Setup time, S'fEF!Iiii before PCLKI 5 ns 

tsu4 Setup time, address valid before write enable high 12 ns 

tsu5 Setup time, S before W high 10 ns 

tsu6 Setup time, address before W low 0 ns 

tsu7 Setup time, 00-07 before IN high 10 ns 

tsuB Setup time, PE before W high (see Note 3) B ns 

tsu9 Inactive-state setup time, RESET before W high 15 ns 

tsul0 Setup time, AO-A I before PCLKI 6 ns 

tsull Setup time, W high before PCLKI -I ns 

thl Hold time, STERM after PCLKI 5 ns 

th2 Hold time, address after IN high 0 ns 

th3 Hold time, S after W high 0 ns 

th4 Hold time, 00-07 after W high 3 ns 

th5 Hold time, PE after W high 3 ns 

th6 Hold time, address after PCLKI 4 ns 

t See Parameter Measurement Information for load circuits and voltage waveforms. 
NOTE 3. The pulse duration requirement (tw 2J 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 fiE input high during write). The setup time (tsusJ applies only during 
the write cycle timing when writing a parity error. 
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PARAMETER MEASUREMENT INFORMATION 

----< .... --Vcc 

RL - 220 

TEST 
FROM OUTPUT --..... POINT 
UNDER TEST TCL -50 pFt 

LOAD CIRCUIT 

--..., t, 1+-5 ns _ tf J+-5 ns 

~it' -----:;-:;-;-;1i1 1- - - - -.:... - 3 V , 2.7V , 
INPUT 'I 1.5 V ,1.5 V 

I : 0.3 V GND , 
k--tpd----+\ I4-tpd~ 

1 _---""1 , , 
OUTPUT 

VOLTAGE WAVEFORMS 

FIGURE 3. OPEN-DRAIN OUTPUTS 

2.05 V 

FROM OUTPUT---1~::~ 
UNDER TEST POINT 

CL t - 50 pF FOR tpd AND ten MEASUREMENTS I 0< - , .. "" ,; •• ,~,......., 

LOAD CIRCUIT 

INPUTJ . I 

I 
I+-tpd-.t 

1 

\~5~----3V 

1 • GND 

INPUT ~.5V 1.5V 3V 
I I 
1 j------OV 

tPZL...,!+-- ~ 14--tPLZ 

____ ...,,11 OUTPUT . 

1 
~ tpd j4--

1 

~ 
PROPAGATlON·TlME VOLTAGE WAVEFORMS 

, 1 ' 

~,I ~VCC 
, 1.5V 1 I £0.3V 

OUTPUT , --...,.-=-== VOL 
.1 tPHZ-+I t4- T 

tpZH -+I !+-- 1 .:i 

~
-::'-::'-='-::'~VOH 

OUTPUT 1.5 V 0.3 V 

~O V 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

FIGURE 4. ALL OTHER OUTPUTS 

tel includes probe and test fixture capacitance. 
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PARAMETER MEASUREMENT INFORMATION 
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FIGURE 5_ READ CYCLE TIMING 
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FIGURE 6_ COMPARE CYCLE TIMING (WITHOUT BURST REQUEST) 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655303 • OAllAS. TeXAS 75265 2-79 



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

PCLK 

PARAMETER MEASUREMENT INFORMATION 
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FIGURE 7. BURST COMPARE AND READ CYCLE IOE = LOW) 
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PARAMETER MEASUREMENT INFORMATION 

AO-A10 Z77 7777Z X'_ ________ ...:A~D;,;;D.:.;;RE;;;;S;;;.S...:.V;.;;AL;;;.:ID:;.... _______ __JfZZZZZ, 
14111,.------lsu4-----~.1 
I 14111----lh2-----...1 

SELECT -----:"1-.., : r"1 ----

I 1144-----'suS----~.1 I 
I4----- lsu6----+/ 14111----'h3----+ltI 

I 

I I 
i+--Iw 1. l w2---.t I I 
I j4--lh4--.! 
I I 1 

00-07 "Z"'Z"'Z""Z""Zr"lZr"lZr"lZr-:Zr-:Zr-:Zr-:Zr-:Z"r':Z"r':Z"r':Z"r':Z""Z""Z"r':Z~Zr-:Z""Z"r':Z"""ZX DATA VALID Xr:Zr-:Zr"lZ"'Zr"lZMZ"'Z"'Z""Zr"lZ"'Z"'Zr-:ZMZ"'Zr":Zr-:Z""Z"", 

PE IINPUT) 

1 I 
I I+---lsu7~ 
I I 
1 I I 

III I IsuB .1 I 
1 j4- l hS-.I 

. ~tpd1S I4-tpd16.., 

---------<:~I::~IL------------ZI~:::::::::::::::::::::::::::::) ~0-a7 (\ I ~ 
I 

MATBE 

MATHA 

PE (OUTPUT) 

RESET 

I 
1 

1+11I--t.oI-1 tpd17 
I 

I I 
III .1 tpd17 

iii 
'---I---J 

III .J tpd1B 

FIGURE 8_ WRITE CYCLE TIMING (OE = LOW) 
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FIGURE 9. RESET CYCLE TIMING (OE = LOW) 
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PARAMETER MEASUREMENT INFORMATION 
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FIGURE 10. BURST-MODE WRITE CYCLE TIMING 
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APPLICATION INFORMATION 
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APPLICATION INFORMATION 
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FIGURE 12_ COPY-BACK USING THE 'ACT2155 
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APPLICATION INFORMATION 
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FIGURE 13. BUS WATCHING WITH THE SN74ACT2155 
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SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

APRIL 

Address to MATCH Time .•• 20 ns Max FNPACKAGE 

Supports Motorola MC68030 Cache Burst 
(TOPVlEW) 

Fill with Direct Interface al ~11ii :t:::(/) 
w::;;OWO~C\I(,) 

Cache Data RAM with Parity and Internal (/)1(/)13:10 u. (,) a::c c c c 
Burst Counter 

Vee 6 5 4 3 2 1 44 434241 40 Vee 
Dirty Bit Storage Capability for Use In 

7 39 

Vee 8 38 00 
Copy-Back Caches A13 9 37 01 

Separate I/O Supports Copy-Back A12 10 36 02 
All 11 35 03 

Easily Expandable in Depth and Width Al0 12 34 GND 

Reliable Advanced CMOS Technology GND 13 33 GND 
A9 14 32 MATHA 

Fully TTL Compatible AS 15 31 MATBE 

A7 16 30 PE 

description A6 17 29 Vee 
1819202122232425262728 

The 'ACT2156 burst cache address comparator/ 
data RAM consists of a high-speed 16K x 5 static 
RAM array, 2-bit burst counter and control 
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 TIL 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 with the processor, about 1 0 ns in delay 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 O·C to 70·C. 

operation as an address comparator 

The 'ACT2156 compares the contents ofthe memory location addressed by AO-A 13 with the address bits applied 
at 00-03. 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 00-03 plus 
generated odd parity are written in the 5-bit memory location addressed by AO-A 13. 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 AO and A 1 from either the input terminals or the 
2-bit counter. When CBREQ or CBACK is high, the BCR is asynchronously reset and inputs AO and A 1 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. 
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SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

and CAl) drive the RAM. At the same time thalthe BCR is set (STERM low and a PClK falling edge), the binary 
value of AO and A 1 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. 

op~ratlon as a data RAM 

The 'ACT2156 can be used as a 16K x 4 data RAM with separate I/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 (MATSE and MATHA low), SERR 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 
A l-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, MATSE will drive SERR 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 timing 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 AO and Alto 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 AO-A 13 
inputs of each device with the same index and applying the additional address bits to the 00-03 inputs. The chip 
select inputs allow the 'ACT2156to be cascaded in depth. When a device is deselected, the MATHA and MATSE 
outpu,ts 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 

2-88 

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 MATSE outputs are forced high. If a 00-03 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 00-03, 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 CBREO high. This 
ensures that the AD and A 1 inputs are driving the RAM and not the counter bits CAD and CA 1. 

copy-back caches 

S 

X 

X 

L 

H 

X 

H 

H 

H 

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 main memory. 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 is modified from that which is in main memory. The dirty bit is set to 1 when the cache 
data is modified. Oata is only copied back if the dirty bit is set, otherwise, it is simply overwritten. 

The COMP3 input of the 'ACT2156 allows bit 03 to be used as a dirty bit. By tying COMP3 low, bits 03 and 03 
are gated out of the comparator so the comparison is only done on 00-02. With outputs 00-03 enabled (OE 
low) the dirty bit, 03, 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 W RESET OE FMHB MATHAT MATBE PE(1I0) Qo-Q3 
FUNCTION 

X X X X H H H :; :; Force MATHA and MATSE unconditionally high 

H X X X X H H Disabled Hi-Z Deselect. Inhibits write, read and compare 

X X X X X H H Disabled Hi-Z Deselect. Inhibits wr~e, read and compare 

HorL H orL L Parity error 

i. H H X L L L H * Not equal 

H H H Equal 

X H L X X H H Disabled Hi-Z Memory reset uncond~ionally 

L L H H X H H Input Hi-Z Write. VIL on PE forces bad parity 

L L H L X H H Input Low Write. VIL on PE forces bad parity 

L H H L X :; :; Enabled Enabled Read 

During burst mode, MATHA is forced high. 

The state ofthese pins is dependent on inputs shown as don't care (X). 
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PIN NAME 
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CBACK 

CBREO 

00-03 

FMHB 

MATBE 

MATHA 

COMP3 

OE 

PCLK 

PE 

00-03 

RESET 

S,S 

STERM 

W 
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Terminal Functions 

DESCRIPTION 

Address Inputs. Addresses a memory location in the 16Kx 5 RAM. When in burst mode, address bits AO and AI are 
driven from the internal2-bit counter independent ofthe AO and AI pins. 

Cache BurstAcknowledge Input. When CBACK is high, the internal burst control register (BCR) is asynchronously reset 
to zero causing inputs AO and Alto drive the internal AO and AI address lines .. 

Cache Burst Request Input. When CBREO is high, the internal burst control register (BCR) is asynchronously reset to 
zero causing inputs AO and Alto drive the internal AO and AI address lines. 

Date (Tag) Inputs. Provides input to RAM when selected and W is low. When W is high, the selected device compares 
00-03 to the addressed 4-bit memory location. Bit 0.3 along wtth stored bit 03 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 MATHAoutputs are unconditionally forced 
high. 

Match BERR Output. During the compare mode, MATBE is high when 00-03 (00-02 if COMP3 is low) equals 00-03 
(00-02 if COMP3 is low). MATBE is also high during deselect, write, reset, and when FMHBls high. Since MATSE .is 
an open-drain output, an external pullup resistor of 180 g minimum is required. MATBE could be high in compare mode 
when a parity error exits. 

Match HALT Outpui. During the compare mode, MATHA is high when 00-03 (00-02 IT COMP3 is low) equals 00-03 
(00-02 if 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 partty error exits. 

COMP3 Input. When COMP3 is low, bits 03 and 03 are taken out of the comparison allowing ihis btt to be used for a 
copy-back status bit (dirty btt). When COMP3 is high, 03 and 03 are included in the comparison. 

Output Enable Input. OE enables (low) or disables (high) 00-03 when selected and RESET is high. 

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

Parity Error OutpuVlnput. During compare cycles VOL at PE indicates a parity error in the stored data. During write 
cycles, PEforceseparityerrorintothe parity bit location specified by AO-A 13when PE is taken to VIL. PE is an open-drain 
output, therefore, a pullup resistor, 180 Q minimum, is required. PE is disabled during wrtte, reset, and deselect. 

Data Outputs. 00-03.will display the contents of the addressed memory location when Sand OE are low and Sand 
RESET are high. 00-03 is disabled during deselect, reset, and when OE is high; 

Reset Input. Asynchronously clears the 16K x 5 btt RAM array to zero wtth valid partty independent of the select inpuls 
when RESET is low. By tying a Single data input high, a false match will not occur when a 00-03 input of zero Is applied. 

Chip Select Inputs. Enables device when S is low and S is high. When S is high or S is low, MATBE and and MATHA 
are forced high and PE and 00-03 are disabled. 

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

Wrtte Control Input. Writes 00-03 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)t 

Supply voltage, Vee (see Note 1) ................................................... -- 1.5 V to 7 V 
Input voltage range, any input ...................................................... -- 1.5 V to 7 V 
Input diode current, 11K (VI < 0 or VI> Vecl ................................................ ± 25mA 
Output diode current, 10K (VI < 0 or VI> Vecl .............................................. ± 25mA 
Continuous output current, 10 (Vo = 0 to Vecl: 00-08 ....................................... ± 25mA 

MATCH, PE .................................. ± 50mA 
Continuous current through Vee or GND pins ............................................. ± 200mA 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ........ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 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 olthe device atthese 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 V 

VIH High-level input voltage 2.2 Vee+0.5 V 

VIL Low·level input voltage (See Note 2) -0.5 0.8 V 

VOH High-level output voltage. MATBE. MATHA and PE outputs 5.25 V 

IOH High-level output current. 00-03 -8 mA 

lOO-03 8 
IOL Low-level output current I MATBE. MATHA. and PE 27 mA 

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

NOTE 2: The algebraic convenllon. 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 nsN. 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 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 VIH 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 VIH 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 Vee 
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 Vee = 4.75 V, IOH=-8mA 3.7 V 

MATBE, MATHA or PE Vce = 4.75 V, IOL= 27 mA 0.4 
VOL Low-level output vottage 00-03 Vee = 4.75 V, IOL=8mA 0.4 V 

IOH High-level output current MATBE, MATHA or PE Vee = 5.25 V, VOH = 5.25 V 10 iAA 

IOZ 
Vee = 5.25 V, Vo=O-Vee, 

Off-state output current OEatVIH ",10 iAA 
II Input current Vee = 5.25 V, VI=O-Vee ",5 mA 

Vee = 5.25 V, RESET at Vee, 
ICC 1 Supply current (operative) SatOV, SatVee 115 180 mA 

Vee = 5.25 V, RESETatOV, 
lee2 Supply current (resest) SatOV, SatVee 55 100 mA 

Vee = 5.25 V, RESET at Vee, 
lee3 Supply current (deselect) SatVee, SatOV 100 150 mA 

ei Input capacttance f = 1 MHz 5 pF 

Co Output capacttance f= 1 MHz 6 pF 

All typical values are at Vee = 5 V, TA = 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)t 

PARAMETER 

tod1 Propagation time, address to 00-03 

tod2 Propagation time, address to PE low 

tod3 Propagation time, S low or S high to MATSE and MATHA low 

tod4 Propagation time, address to PE high 

tod5 Propagation time, S high or S low to PE high 

tod6 Propagation time, address to MATSE and MATHA 

tod7 Propagation time, 00-03 to MATSE and MATHA 

toda Propagation time, S high or S low to MATSE and MATHA high 

tpd9 Propagation time, S low or S "'igh to PE low 

tpdl0 Propagation time, PCLK! to MATSE 

tpdll Propagation time, PCLK! to MATHA high 

tpd12 Propagation time, PCLK! to 00-03 

tpd13 Propagation time, PCLKI to PE low 

tod14 Propagation time, PCLK! to PE high 

tpd15 Propagation time, W low to 00-03 low 

tpd16 Propagation time, W high to 00-03 

tpd17 Propagation time, W low to MATSE and MATHA high 

todla Propagation time, W low to PE high 

tpd19 Propagation time, RESET low to MATSE and MATHA high 

tpd20 Propagation time, FMHS to MATSE and MATHA 

tenl Enable time, OE low to 00-03 

ten2 Enable time, S low or S high to 00-03 

ten3 Enable time, RESET high to 00-03 low 

Idisl Disable time, S high or S low to 00-03 

tdis2 Disable time, OE high to 00-03 

tdis3 Disable time, RESET low to 00-03 

tvl Valid time, MATSE and MATHA after change of data 

tv2 Valid time, MATSE and MATHA after change of address 

tv3 Valid time, MATSE and MATHA low after S high or Slow 

tv4 Valid time, PE after change of address 

tV5 Valid time, PE low after S high or S low 

tV6 Valid time, MATSE after PCLKI 

tv7 Valid time, MATHA after CSREO or CSACK high 

tva Valid time, MATHA after PCLKI 

tvS Valid time, 00-03 after PCLK! 

tvl0 Valid time, PE after PCLK! 

tvll Valid time, 00-07 after address 

tv12 Valid time, 00-07 after CSREO or CSACK high 

See Parameter Measurement Information for load circuit and voltage waveforms. 
All typical values are at VCC = 5 V, TA = 25·C. 
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MIN TYP; MAX UNIT 

15 23 ns 

14 22 ns 

7 13 ns 

14 25 ns 

a 15 ns 

14 20 ns 

11 15 ns 

7 13 ns 

10 16 ns 

14 20 ns 

14 20 ns 

14 23 ns 

11 20 ns 

15 22 ns 

9 16 ns 

9 16 ns 

10 14 ns 

9 12 ns 

9 15 ns 

7 12 ns 

5 12 ns 

9 15 ns 

14 20 ns 

5 12 ns 

5 12 ns 

a 15 ns 

2 ns 

2 ns 

2 ns 

2 ns 

2 ns 

4 ns 

4 ns 

5 ns 

5 ns 

3 ns 

2 ns 

2 ns 
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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)t 

PARAMETER 

tw1 Pulse duration, W low without writing PE 

tw2 Pulse duration, W low writing PE (see Note 3) 

tW3 Pulse duration, RESET low 

tw4 Pulse duration, PCLK high or low 

tSUI Inactive-state setup time, CBREQ before PCLKI 

tsu2 Inactive-state setup time, CBACK before PCLKI 

tsu3 Setup time, STERM setup time before PCLKI 

tsu4 Setup time, Address valid before write enable high 

tsus Setup time, S low or S high before W high 

tsu6 Setup time, Address before W low 

tsu7 Setup time, 00-03 before W high 

tsuB Setup time, PE before W high (see Note 3) 

tsus Inactive-state setup time, RESET before W high 

tsu10 Setup time, AO-A1 before PCLKI 

tsu11 Setup time, W high before PCLKI 

thl STERM hold time after PCLKI 

th2 Hold time, Address after W high 

th3 Hold time, S low or S high after W high 

th4 Hold time, 00-03 after W high 

thS Hold time, PE after W high 

th6 Hold time, Address after PCLKI 

th7 Hold time, 00-03 after W low (see Note 4) 

See Parameter Measurement Information for load circuit and voltage waveforms. 
All typical values are at V CC = S V, T A = 2SoC. 

SN74ACT2156-20 

MIN. TYP' MAX 
UNIT 

12 ns 

20 ns 

60 ns 

10 ns 

3 ns 

3 ns 

5 ns 

12 ns 

10 ns 

0 ns 

10 ns 

8 ns 

15 ns 

6 ns 

-1 ns 

3 ns 

3 ns 

0 ns 

3 os 

3 ns 

2 ns 

10 ns 

NOTES: 3. The pulse duration requirement (tw2) is only n~essary when a parity error exists. A parity error exists when th\l PE output is low prior 
to writing data with correct parity (i.e., wijh the PE input high during write). The setup time (tsue) aplies only during the write cycle timing 
when writing a parity e!!.or. 

2-96 

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). 

lExAs.Jf 
INSTRUMENTS 

POST OFFICE BOX 855303 • DAUAS, TEXAS 75285 



SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

1,=5ns --.I *- 4 jt-1f=sns 

VCC 

RL=1800 

TEST 
POINT 

I 1 1 I 

J I .,.1 -----::2~.7""V~11.-5 V----- 3 V 
INPUT I 1.5V 

I 0.3 VI 1<----- GND 

T CL=30pFt 

1 1 ~Ipd-': 
~Ipd~ I 

1 I. 
OUTPUT 

1.5V 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

FIGURE 1. OPEN-DRAIN OUTPUTS 

2.05 V 

----± 2000 

FROM OUTPUT TEST 
UNDER TEST POINT 

T CL t = 50 pF FOR tpd AND ten MEASUREMENTS 
CL = 5 pF FOR Idls MEASUREMENTS 

LOAD CIRCUIT 

---~ 3V 

\ 1.5V. i~·:."-______ OV 
INPUT L \ 1.5V --- 3V 

---II I. GND 
_!.~---.!.! I I 

I I 

INPUT 

Ipd I" I ~tpd 
tpz~ 14-- ~ tpLZ 

----hI I I ... ---- VOH 
OUTPUT :\:OH-0.3V ~8~ ____ 2.05V 

OUTPUT ____ ...J!,.---...... ~ 
I 

PROPAGATION·TIME VOLTAGE WAVEFORMS 

--.! 14-VOL + 0.3 V 

OUTPUT ____ ..I( 0.9~----- 2.05V 

VOL 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

FIGURE 2. ALL OTHER OUTPUTS 

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

PARAMETER MEASUREMENT INFORMATION 

AO.A13-..,... ____ ....JX'-_____________ .JX'--_______ _ 

OEI 
~,---~--------------~~---~, , , , , 
, ,I ' 
, II 14-~ --I~"'" - ten2 ' 
,~~~ , ' 
/4- ten1 -+j , I Icils1 ~I~f---.l~i ,,--_____ ""'\ I+-- tdlS2-+i 

Qo-Q3 ___ -(~'_:_--'~r----"')~1 -,-~~ X~ 
I " , 

PE 

14- tpd21 'tpd9 -+'~---+l~1 I+- tpd4 ~ 

I! ..... I ____ ~I -------
'----+-1 ---'I 

I+- tpd5 +I 

FIGURE 3. READ CYCLE TIMING 

AO.A13 ~, V \p///'///Z 
~'--________ __JA'-__________ _JI'0"/4m 

I!+~--- tpd6 ----+l~, I 
I I I 

Do-D3""'~~~~~ X ~ 
- ,'-------,-, --:-0-11 

i4-lpd7 -----.I, i ~ ~, tv1 , , 
" , 
" , 
" I , " , 14-- tpd8 ---., 

~ tpd3 --.I !.--tV2~ '-- t -+I ' 
MATBE "'""' '" V3 I~I ' M~HA-~----~:~~M~~~~~' )('-_______ ~V 

2·98 

, , , 
, , I 

, !.-, tpd2 -+I i4--1v5 ~ 
I+- tpd9 -+: , I 

I tV4 ~ ~l , I 
PE------------il r I 

L _____ .-l 

FIGURE 4. COMPARE CYCLE TIMING (WITHOUT BURST REQUEST) 
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PCLK 

SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

____ -;14- Isu1 -.! 

I i 
1 

____ ...;14- ISU21 

CBACK I 1 
~· __ ~I-----------J 

------i~ Isu3 Ih1 ~ 
STERM I i i-I---------

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

AO.A13 __ --'X ..... ___ ,--__ A_1_. A_O._OO _______ ~ _______ _ 

1 1 

DO'D3--~>k I ~ _______ _ 

I 1 

~11XII (CA1.CAO)~ ....... __________ _ 

~~~I 1 I~-------------
(BA1.BAO)~'_ __ O_O--:-_~ 11 l 

1- I~-----------
1 1 

i I 
I 1 1 
!4-lpd6+ 14 Ipd10 ~i I 

(BCR) 

MATBE~ 
I 1 
j4-lpd6~ 

MATHA~I II II ~ 
"-~~I~~ I L1J -

~ tpd1 -.I 14 ~ tva I I 
I' I I 14-- tv12--+1 
I - I /4- tpd12 -+i I I 
~ I I~-~ 

QO'Q3~ WORD1 .~ WORD2 X WORD3 X WORD4 ~'--__ 

I tpd2 -.I 14- tyg ~ I 
j+- tpd4 I I+- tpd13 -+l 

1 I tpd14 1 
PE~~~""""""""""~~I X,...--..X __ --'X'-_--'~'____ 

~tV10--.l 

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

PAREMETER MEASUREMENT INFORMATION 

A~13 ~~ _____________ ._A_D_D_A_ES_S_V._~_U_D ______________ --J~ 
I~ tsu4 ~ I· 
1 1 1 
1 "~----lf12 -----+1 .. , 

--------~I:~I 1 ~--~--------
SELECT 1 

PE 
(INPUT) 

1 

I · 1 t 1 I 
~ 1 su8 .. ~ 

~ .. , tpd1S I· 
I 1 i4-- tpd16 --+I r-------------. 

QO-Q3 -------«X y )-
MATBE 

MATHA 

PE 
(OUTPUT) 

2-100 

1 

I 1 
1 
1 
i'I .. I tpd17 
1 
1 
I 

~ I .. I tpd17 

1 

! .. I ~ t pd18 

FIGURE 6. WRITE CYCLE TIMING (OE LOW) 
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RESET 

AO-A13 

QO-Q3 

MATSE 
MATHA 

SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

i+-'W3---1 
I !4-�4----tsu9---~.1 

!! ~I-------------
I I 

_______ ~----~----~x'----------------I I -
j4- tdls3~ I+- len3-+! 

------~I--~)~I----~~~----~X'_ ______ __ 
~ I tpd19 .. I ________ -. 

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

PARAMETER MEASUREMENT INFORMATION 

CBREQ ~ ... __________________ ~~ __________ ~ 
. ',) 

CBACK _~~~~ ________________ ~ ~ - \\~--------------~---~ 

()~~---J 

PCLK 

I+-- tsu10---+i ~ tsu11 

A~A13 ~ ~~! ~,...---
j4--- tsu4 --+! ~ th2 ~ 

(BA1, BAO) =1< i ~;'r-; __ ---:!i--"X,...----
s I Iii 

2·102 

I . ! '/i I I :+-- tsus --+i I+- th3--+i 
j+- tsu6 -+: I 

tw1 HI""-----'l'l--..., 
I r4-~ _~.!_' _ 

w 

! &)3N \mm 
00·03 ~ i 1Y4(J\-------~ 

i't- tsu7--+i 

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

APPLICATION INFORMATION 

PCLK 

u 
(A3,A2.QO) (A3,A2-l0) 

(BA1-BAO) ,""","""""";0"'--_ 

(BCR-O) _____ -..1 

~ ____________ ~r--l~ __________ ~ 
CBACK ~ r-"1 --~~~~--------------~I I~ ____________ ~ 

FMHB ~~~~A-__________________________ _ 

BERR~ 
MATBE 

03-00 

~"""'f"M~C"'68030 REOUESTS A CACHE BURST FILL 
STARTING AT LONG WORD O. 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. 

MC88030 REOUESTS 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 
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SN74ACT2156 
16K x 4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

ECSU u II II 

A31-AO ==x (A3, A2-(1) :: , :: :: :~ 
(BA1-BAO) =x 01 :: el--: ~10 ----eil--: _11 --e~ 

AS .J"l.-J 
STERMm I 
BERR. I 

(MATBE) 

~------*%----------~%----------~III--------~I~ 
I~~~~ 

II II II 

HALT. I 
(MATHA) 

II fl. '/, ',I 

r l 
(BCR-Q) n ... -------ll------' I' , I~ 

CBREQ~,~,----------~~----------I~--------~ II II ,~ , 

~ II ',\ ~ CBACK_·~~~ ________________ ~li~\----------~----------Ir_--------~~--~ 

FMHB "-WJ,",-_...J 'h ',I 

DIRTY BIT 
(03) ~~I --------~Irl--------~I~I------~\~ 

2-104 

MC68030 REQUESTS BURST FILL .. 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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PClK 

ACK 

ERM 

MC68030 

CBREQ 

ClK 

CBACK 

STERM 

BERR 

HALT 

SN74ACT2156 
16K x4 BURST CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

DATA BUS 00·031 

D()'D31 QO·Q31 
'ACT2156 

(8) 
DATA 

- 00·03 Q().Q3 -
CBREQ 

PClK MAIN 
MEMORY 

CBACK 

STERM 
AO·A13 

A2·A15 

ADDRESS BUS AO·A31 

A16·A26 A2·A15 

'ACT2156 
(3) 

TAG 

AO·A13 

- 00·03 MATBE r---
MATHA r--

STERM 

CBACK 

PClK 

CBREQ 

FIGURE 11. SN74ACT2156/MC68030 INTERFACE 
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§ 
!il 
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;~~ 
~~ i fi3..t 
CD 

i 

r--

DATA BUS 

00-03 ~ 
024-027 028-D31 

'ACT2156 'ACT2156 'ACT'2156 • 'ACT2156 

I-- 00-03 ~ 00-03 t-- 00-03 ~ 00-03 
QO-Q3 ~ QO-Q3 t-- QO-Q3 ~ QO-aa ~ 

,r;:: 1--5 PE I-r-= f-5 PE ••• -r-= 1-"5 PE I.,r::: 1-5 PE 
I- S f- s I- s I- s 
~ ~ AO-A13 AO-A13 

MC68030 MAIN 

r:;:;;;;;- .---- MEMORY 
'ACT2156 'ACT2156 'ACT2156 

00-Il3 00-Il3 00-03 00-03 

QO-Q3 ~ QO-Q3 t-- 00-03 ~ QO-Q3 ~ 

t-- 5 PE I-- 5 PE I-- 5 PE 
vce-t== 

5 PE 
vee-I-- s vee-I-- s vee-I-- s s 
~ ~ AO-A13 AO-A13 

A1. A2--A15 A1. 1\2-A15 Al. A2-A15 Al. A2-A15 

ADDRESS BUS 

'---

l2-A15 A17-A1S A2~15 Al ...... 1\2-A15 A23-A26 A2-A15 AZl-A30 

Al. .....-- A1. 
~ 

A1. 
"'"'Ac'i'!ii5i 

Al. 
~ 'ACT2156 

r= 00-01 DO-D3 00-03 00-03 
Vee D2 PE r- PEl-- PE I-- PE l-

t_ 
~3 MATSE I--- 5 MATBE f- 5 MATSE ~ 5 l-f::: MATBE 

vee s MATHA I--- vee s MATHA I--- Vee s MATHA l--- Vee s 
MATHA I-

AO-A13 AO-A13 AO-A13 AO-A13 

l.f~ Vee ~ Vee- COMP3 Vee COMP3 
f- f-

~u ~ ...--- ...---
..... 00-01 'ACI'2156 'ACT2156 

Vee-I--- D2 PE 
00:.03 00-03 D«W3 t- 03 r- PE I-- PEl-

~ 5 MATBE I---- .,f; 
_ PE 

~ s 5 I---- J: ! MATBE ~ S MATHAl--- c-=-. s MATBE I---
S =~! f---

AJ).A13 MATHA I--- I--- MATKA f-

~~ AO-A13 AO-A1, ~A13 

vee-
tCOMP3 Vee- tCOMP3 vee-~ 

tDirty bit 

FIGURE 12. CASCADING THE 'ACT2156 
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APPLICATION INFORMATION 
DEPTH CASCADING WIDTH CASCADING 

NUMBER OF DEVICES 
MAIN MEMORY COVERAGE 

vs 
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CACHE SIZE 

vs 
LINE SIZEt 

x T 
~ 
_I 

Xl-Deep 0 2-Deep 04-Deep 

l28K 256K 5l2K 1M 2M 4M 

Cache Data Size - Bytes 

! 
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1M 4M 16M 64M 256M lG 4G 

Amount of Main Memory Covered 
or Mapped - Depth 

t Direct-mapped caches :j: 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 doutiling 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 bit Is used 
as a dirty bit). 

usage explanation and example 

Figures 15 and 16 provide a quick means for determining ifthe '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 a line size of 16 bytes (a 16-byte line size means each tag 10catiQrl maps four 32-blt 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 'ACT21565 cascaded in width will map 256M of 
memory (or as much as 2G). Therefore, one deep byfourwide (four 'ACT2156s) are needed to meet the deSign's 
requirements. 
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Direct 68030 Interface 
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05 13 33 010 description 

The 'ACT2157 cache address comparator 
consists of a high-speed 2Kx 18 static RAM array, 
parity generators, parity checkers, and 18-bit 
high-speed comparator. It is fabricated using 
advanced silicon-gate CMOS technology for 
high-speed and simple interface with bipolar TTL 
circuits. This cache address comparator is easily 
cascaded for wider tag addresses or deeper tag 
memories. Significant reductions in cache 
memory component count, board area, and power 
dissipation can be achieved with this device. 
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When S is low and W1 , W2, and R are high, the cache address comparator compares the contents ofthe memory 
location addressed by AO-A 10 with the applied 00-015 plus generated byte parity. An equality is indicated by 
a high level on the MATCH 1 , MATCH2, and MATCH3 outputs. 

The 'ACT2157 is provided with two write inputs, W1 and W2. When S is low, bytes 00-07 are written into the 
addressed location by asserting W1 (low) and bytes 08-015 are written by asserting W2 (lOW). By asserting 
both W1 and W2 at the same time, 00-015 is written into the addressed memory location. Ouring 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 AO-A10, PE will be low if a parity error occurs in either 00-07 or 08-015. PE is an 
open-drain output for easy OR-tying. For test purposes, a parity error can be forced in byte 00-07 or 08-015 
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 

A read mode is provided with the 'ACT2157 and allows the contents of RAM to be read at the 00-015 pins. The 
read mode is selected when Rand S are low and Wl 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 00-015 of zero is compared to any 
memory location that has not been written into since reset, MATCH1, MATCH2, and MATCH3 will be high 

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

PRODUCTION DATA documents contain Information 
current II of publication date. Products conform to 
apaClflc'tlona per the terms of Texaa Instruments 

~.-:!~~-:r';·'~~::'~i -:~~:':raC~;',=~~8 not 

Copyright © 1990, Texas Instruments Incorporated 
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indicating that 00-015 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. 

cascading the 'ACT2157 

The' ACT2157 is easily cascaded in width and depth. Wider addresses can be compared by driving the AO-A 10 
inputs of each device with the same index and applying the additional address bits to the 00-015 inputs. The 
select (8) 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 MATCH2 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 
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 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 MATCH210w), 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 MATCH 1 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 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 is modified from that in main memory. The dirty bit is set to 1 when the cache data is 
modified. Oata 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 symbolf 

<I> 

CACHE AOORESS 

FMHB 
41 Vl 

COMP/OATA RAM 
'ACT2157 

RESET RESETNl 

R REAO 

Wl WRITE (00-07) 

W2 WRITE (08-015) 

S SELECT 

AO 5 
0 

Al 4 

A2 3 
25 

2 MATCH,l~ MATCHl 
A3 26 

MATCH,l~ MATCH2 
'A4 29 

44 RAM MATCH MATCH3 
A5 AOORESS 

43 27 
A6 PE~ PE 

A7 21 
PE 

AS 
22 

A9 
23 

Al0 
24 
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00 7 0 

01 8 

02 9 

03 10 

04 12 

05 
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06 
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07 15 

~~ 08 
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09 
32 

010 33 
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36 

013 37 

014 38 

015 39 15 

tThis symbol is in accordance with ANSI/IEEE Std 91-1984. 
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logic diagram (positive logic) 
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INPUT I/O 
Wl W2 R S RESET FMHB 00-015 

L H X L H X Input 

H L X L H X Input 

L L X L H X Input 

H H L L H X Output 
H H L L H X Output 

H H H L H L Input 
H H H L H L Input 

H H H L H L Input 

X X X X X H X 

X X X H H X Hi-Z 

X X X X L X Hi-Z 

SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

FUNCTION TABLE 

OUTPUTS 
MATCHl MATCH2 MATCH3 PE FUNCTION 

H H H Input Write 00-07, low on PE forces par-
ityerror 

H H H Input Wr~e 08-015, low on PE forces 
parity error 

H H H Input Write 00-015, Iowan PE forces 
parity errors 

H H H H Read 
H H L L Read with parity error 

H H H H 00-015 equals stored 00-015 

L L L H Not equal 
L L L L Par~error 

H H T T Force MATCHl and MATCH2 
unconditionally high 

H H H H Oevice disabled 

H H H H Memory reset 
t The stale ofthese pms IS dependent on Inputs shown as Irrelevant (X). 

PIN 
NAME NO. 

AO 5 
Al 4 
A2 3 
A3 2 
A4 1 
A5 44 

AS 43 
A7 21 
A8 22 
A9 23 
AlO 24 

00 7 
01 8 
02 9 

03 10 
04 12 
05 13 
06 14 
07 15 

08 31 
09 32 

TERMINAL FUNCTIONS 

DESCRIPTION 

Address inputs. Addresses 1 of the 2K 18-bit random access memory locations. Must be stable for the 
duration of the wrtte cycle. 

Oata (tag) Inputs/outputs. 00-015 are inputs during the compare and write modes. 00-015 are outputs 

during the read mode. 
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TERMINAL FUNCTIONS (Concluded) 

PIN 

NAME NO. 
DESCRIPTION 

010 33 

011 34 

012 36 Data (tag) inputs/outputs. 00·015 are inputs during the compare and write modes. 00·015 are outputs 

013 37 during the read mode. 

014 38 

015 39 

FMHB 41 Force Match Halt Berr input. When FMHB is high, MATCHl and MATCH2 are unconditionally forced high. 

GNO 
11,16,30,35, 

Ground 
40 

MATCH 1 25 When MATCH1, MATCH2, and MATCH3 are high during acomparecycle, OQ·015 plus generated parity equal 
MATCH2 26 the contents olthe 18-bit memory location addressed by AO-A 10. MATCHl , MATCH2, and MATCH3 are driven 
MATCH3 29 high during deselect, reset, read, and write. MATCHl 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. MATCHl 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 cycle 
a parity error can be forced into one or both bytes (depending on the state of Wl and W2) by taking PE low. 
PE is an open-drain output. 

R 17 Read input. When Rand S are low and Wl and W2 are high, addressed data is output to the DO-015 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 S is low. Deselects device and forces the match outputs and PE high 
when S is high. 

vCC 6,28 Supply voltage 

Wl 19 Write control inputs. Wl writes 00-07 plus generated parity into RAM and forces the match outputs high when 

W2 20 Wl and S are low. W2 writes D8-015 plus generated parity into RAM and forces the match outputs high whim 
W2 and S are low. By taking Wl and W210w, DO-D15 pius 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, Vee (see Note 1) .................................................... - 1.5 V to 7 V 
Input voltage (any input) .......•.................................................... - 1.5 V to 7 V 
Input clamp current, 11K (VI < 0 or VI > Vecl .............................................. :t 25 mA 
Output clamp current, 10K (VI < 0 or VI> Vecl ............................................ :t 25 mA 
Continuous output current, 10 (Vo = 0 to Vecl: 00-015, MATCH3 ......................... :t 25 mA 

MATCH 1 , MATCH2, PE. ........••.......... :t 50 mA 
Continuous current through Vee or GNO pins ............................................ :!: 200 mA 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C 

t Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions beyond those indicated under "recommended operating conditions' is not 
implied. Exposure 10 absolute·maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values are with respect to GND. 
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recommended operating conditions (see Important notice) 
MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2.2 VCC+ 0.5 V 

Vil low-level input voltage (see Note 2) -0.5 O.B V 

VOH High-level output voltage I MATCH1, MATCH2, and PE outputs 5.25 V 

10H High-level output current, DO-015 and Q15 -B rnA 

I MATCH 1 , MATCH2 4B 

10l Low-level output current I PE 24 rnA 

I DO-Dt5, MATCH3 B 

TA Operating Iree-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 nsN. 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 Ifthe VIH 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 VIH 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 Vee 
orGND. 

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

PARAMETER TEST CONDITIONS MIN TYpr MAX UNIT 

VOH High-level output voltage 00-D15, MATCH3 Vce = 4.75 V, IOH=-8mA 3.7 V 

MATCH 1 , MATCH2 VCC=4.75V, 10l = 4B rnA 0.4 

Val low-level output voltage PE VCC =4.75 V, IOl=24mA 0.4 V 

00-015, MATCH3 VCC=4.75V, IOl=24mA 0.4 

MATCH1, MATCH2, 
10H High-level output current PE VCC = 5.25 V, VOH =5.25V 10 I!A 

II Input current Vee = 5.25 V, VI = OtoVee ",5 I!A 

10Z Off-state output current 
Vec = 5.25 V, Va = OtoVCC, 

",10 rnA 
SatVIH 

Vec = 5.25 V, RESETat3V, 
ICCl Supply current (operating) SatOV 135 190 rnA 

VCC = 5.25 V, RESETaIOV, 
leC2 Supply current (reset) SatOV 10 25 rnA 

VCC =5.25V, RESETat3V, 
ICC3 Supply current (deselected) SatVCC 100 150 rnA 

CI Input capacitance 1= 1 MHz 5 pF 

Co Output capacitance 1=1 MHz 6 pF 

t All typical values are at VCC = 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 

talA) Access time from address to MATCH1, MATCH2, and MATCH3 15 20 ns 

taLA-!') Access time from address to PE 21 28 ns 

tatS) Access time from S to MATCH1, MATCH2, and MATCH3 11 14 ns 

tp(D-M) Propagation time, data inputs to MATCH1, MATCH2, and MATCH3 9 14 ns 

tpfRST-MHI Propagation time, RESET low to MATCH1, MATCH2, and MATCH3 high 6 12 ns 

tp(S-MH) Propagation time, S high to MATCH1, MATCH2, and MATCH3 high 6 12 ns 

tolW-MHI Propagation time, WI and W2 low to MATCH1, MATCH2, and MATCH3 high 6 12 ns 

tplW-PH) Propagation time, WI and W2 low to PE high 7 11 ns 

tofFMHB-MI Propagation time, FMHB 10 MATCHI and MATCH2 5 10 ns 

IpIWH-M) Propagation delay, WI and W2 high 10 MATCH' 14 ns 

Ipjy'v'H-PEt Propagation delay, WI and W2 high 10 PEl' 14 ns 

Iv(A-MI Valid time, MATCH1, MATCH2, and MATCH3 change of address 2 ns 

tvfD-MI Valid time, MATCH1, MATCH2, and MATCH3 after change of data 1 ns 

Iv(S-M) Valid time, MATCH1, MATCH2, and MATCH3 (low) after S high 1 ns 

IvIA-PI Valid lime, PE after change of address 2 ns 

read cycle 

PARAMETER MIN TYpt MAX UNIT 

ta(A-DI Read access time from address to 00-015 20 27 ns 

tentS-D) Enable time from S low to 00-015 12 20 ns 

tenfR-DI Enable time, R low to 00-015 11 18 ns 

tdis 00-015 output disable time from high or low level from R, S, WI, and W2 8 15 ns 

tp(R-M) Propagation time, R low 
I MATCHI and MATCH2 high 6 10 

ns 
I MATCH3 high or low 16 22 

tvfA-Dl Valid time, 00-015 after change of address 2 ns 

t All typical values are at V CC = 5 V, T A = 25'C. * The MATCH and PE outputs will glitch althe end of a write cycle after WI and W2 return high. These specs assure that the MATCH and PE outputs 
are stable after WI 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 TVP MAX UNIT 

twlRSTLl Pulse duration. RESET low 40 ns 

tw(WL) Pulse duration. WI and W2 low, without writing PE II ns 

tw(WL)PE Pulse duration. WI or W2 low, writing PE (see Note 3) 18 ns 

tsulAl Setup time, address before WI and W2 low a ns 

tsu(D) Setup time, data before WI and W2 high 10 ns 

tsu(P) Setup time, PE before WI or W2 high (see Note 3) 7 ns 

tsu(S) Setup time, S low before WI or W2 high 10 ns 

tsu(RST) Inactive state setup time, RESET before WI or W2 high 15 ns 

theA) Hold time, address after WI and W2 high a ns 

th(WH-D) Hold time, data after WI and W2 high 2 ns 

th(WL-D) Hold time, data after WI and W2 low with MATCH high (see Note 4) II ns 

th(P) Hold time, PE after WI or W2 high 2 ns 

thIS) Hold time, S low before WI or W2 high 0 ns 

tAVWH Address valid to write enable high II ns 
.. .. 

NOTES: 3. The pulse-duratIOn requirement specified bytw(WL)PE IS only necessary when a panty error eXists, (I.e., PEoutput IS low) pnortownllng 
data with correct parity (Le., PE input is high during write). Parameter tsu(P) applies only during the write cycle timing when wr~ing a 
parity error. 

4. th(D-WL) ensures that when WI or W2 is taken low during a co~are cy~e with the match outputs high that the match outputs will 
remain high without a glitch low. (As shown in the function table, WI and W2 low forces the match outputs high). th(WL-D) is ensured 
indirectly by tv(D-M) and tp(W-MH). 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH TRANSITION 
OFPEOUTPUT 

FOR VARIOUS LOADS 
2~---r-r--r---~--~--~~--~ 

1.8 f--+I--+---,'-+--~-""'(L.--l 

1.6 1----+f-__ I+---+~_l~"---+--7"''-I 

> 1.4 1----II----f-,f-_7<+-_"'-i----:r-t-:;."c;.---1 
I 
8, 1.2 I--jf--Prl:..--hl~-A~~t.,.-£-I--_l 

~ 
~ 
l 0.8 I-hH:AA:.!"":.",c...---1""""--'=F 

= o 0.6 I+H.N~:---1I,..--:;:--+-:-::,...-;::-I---+---l 

0.4 1Mfj~+--\-'=I= 

0.2 I----+--f-....::.+-_f_ 

2 3 
Time-ns 

4 5 6 

LOW-TO-HIGH TRANSITION OF 
MATCH1 AND MATCH2 OUTPUTS 

FOR VARIOUS LOADS 

1.8 f--j'-hI---Ir---,"""'lX-~'-t---+---l 

1.6 1--+-lI-""""'f---JI+--f-"nl-d= 

> 1.4 I--I-I±-I-H~r-+--+~-=-r"'--""----l 
I 
8, 1.2 1--H4W:t~"bE::--f"'-<:--*:--=-'1i:'=--_l 
~ 
~ 
l 0.8 1-fH-.H.~-+----+--+--I--_l 
= o 0.6 I-IH'IH'-t---+--+--+--+---l 

0.4.-+---+--1--

0.2 I--+--_l----_+_

O~--~--~--~--~----~--~ 
o 2 3 

Tlme-ns 
4 5 6 

t Specified switching characteristics for open-drain outputs are specified at Vo = t.5 V with CL = 30 pF. 
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SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

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 that a 1S-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 

---+-- vcc 

R!:"'2200-PE 
RL = 110 0 - MATCH1, MATCH2 

tr=Sns -.I ~ --.j It-t,,,Sns 

I 1 1 : y l ;:.1 ---"",:,,:~~r-------3V 
INPUT I 1.SV 2.7 V 1.SV 

I 0.3 VI -----GND 

FROM OUTPUT ___ • TpEOSINTT 
UNDER TEST 

I I )+-tpd +I 
~tpd~ I I CL= 30pFt 1_---,,' 

OUTPUT 1.SV 

LOAD CIRCUIT VOLTAGE WAVEFORMS 

t CL Includes probe and test fixture capacitance. 

FIGURE 3. OPEN-DRAIN OUTPUTS 

2.0SV 

'-1 2000 

FROM OUTPUT TEST 
UNDER TEST POINT 

CL t = 30 pF FOR tpd AND len T MEASUREMENTS 
_ CL = 5 pF FOR 'dIS MEASUREMENTS 

LOAD CIRCUIT 

j1.5V \-;.;;------ 3V 

----if I OV 

I ~len 
tdls~ 14- I' 

----hi I I' VOH 

OUTPUT :'\:OH-0.3i ~8~ ____ 2.05V 

I I 
.... ~ ~len 

tdls--""- I 

INPUT L \~:;;--- 3V 

---11 I. GND 

tpd ....,..14f--~~1 " 
II ~tpd . I 

I' ,------"\~I 1.SV ___ --i 

INPUT 

OUTPUT 

PROPAGATION-TIME VOLTAGE WAVEFORMS OUTPUT 
I r------ 2.0SV 

(:,OL + 0.3 V ~.9V ___ -J ~----VOL 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

t CL includes probe and test fixture capacitance. 

FIGURE 4. ALL OTHER OUTPUTS 
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SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

AO-A10 D:< ______ A_D_D_R_Es_s_VA_L_�D ___ --J~'-----A-DD-R-E-SS-V.-'A-U_D ___ -'~ 
J+14---ta(A) "I I 

DO-D15 .,.~ ..... ,.,.; ........ I DATA VALID ¥'_ ____ D_A_:rA_V._'A_LID ____ -'~ 
1 14-14---tp(D) --~ .. I I I 

MATCH 

--~I--~ I I I 
I I I I 
: I :: ~ tv(D-M) r-tp(S-MH) --+l 
I I4--la(S) ~ 14.! tv(A-M) J+-tV(S-M) --+I I : ~'--------:----Ur---r----'-L--_ -_ -_ -_ -J.-fV--+--
I I I I 
I~ t I tp(FMHB-M)--l4----+I 14---"1- tp(FMHB-M) 
~ talA-PI ---+i alA-PI -----14---+1 I I 

PE-----,'\~~~_-_-_~~I _____ ~_~_-_P) ____ ~~_-_~~~~~-_-_~~_~-_~-Jl-?---------
I 
I 

FMHB n _____________________ ~ L-________ _ 

FIGURE 5_ COMPARE CYCLE TIMING 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 856303 • DAUAS, TEXAS 75265 2-121 



SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

AO-Al0 V 
--------~~~---------------------------I RI I 

~I--------~I~------------------------~ 
I I 

I 
I I 
: I+I"---I·~I- ta(A-O) I len(S-o)-1I .. 4---+f.1 
I4-JoI --.t.'- len(R-O) I t4-- tdls -+J I!+- tdls -+I 

00-015 _--1-: ----c:(=======*,-----"""') < )J-' ---
~tp(R-MH) 

MATCH __ ...,,-II \1.. __ 
~tp(R-PH) 

PE __ ~I \~ __ 

2-122 

FIGURE 6. READ CYCLE TIMING 

.1.. tsu(RST) --------+.1 
AOORESS~~==~====~=~=~=~ 

I '---------:-1 -

i+--tW(RSTL) 

I 1 

Wl.W2 I I 
I ~--~ 

I 
MATCH I I 

I 
1+ tp(R-MH) +i 

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

PARAMETER MEASUREMENT INFORMATION 

AO-A10 • __________ AD_D_R_E5_5_VA_L_ID ________ .... _ 

I4--tSU(A) --+I 1111 theA) ., 

'III IAVWH ---~., I , , 
5 , , 

1111 t (5) .' I 

I4t--tSU(P) ~ I 
, i+---th(P) -+I 

MATCH : 1 1 r-I -----
tp(W-MH) ," .1 

PE (OUTPUT) \'-__ -I: ____ ~ 
14- tp(W-PH) ----+I 

FIGURE 8_ WRITE CYCLE TIMING 
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64 

32 

APPLICATION INFORMATION 

DEPTH CASCADING 
NUMBER OF DEVICES 

CACHE SIZE 
vs 

LINE SIZEt 

1 
x V 

.L, 
64 

WIDTH CA.SCf,DING 
NUMBER OF DEVICES 

MAIN MEMORY COVERAGE: 
vs 

LINE SiZEt 

,.:. 

X ) Xl 16 V J 
V ~ <II - +-r- J I 

X -f ~ 8 I '" X 
... :5 4 

V 2 

~I 
-r' -<' 

X 1-Deep o 2-Deep 04-Deep 

4K 8K 16K 32K 64K 128K256K512K 
Cache Data Size - Bytes 

4 J ., 
f 1-W\de ? 2-Wlide 

u. 
IT 

64M 1211M 256M 512M 1G 2G > 4G 
Amount of Main Memory Covered 

or Mapped - Depth 

t Direct-Mapped Caches - One tag per line tOne tag/line, assumes a word length of 32 bits 

FIGURE 9 FIGURE.10 

depth cascading 

For two-way caches, each solution shown is moved io the right one incremehtdoubling 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 glveh 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 ofelirect-mapped 
cache, memory coverage of 128M, and a line size of 4 bytes. (A 4-byte line size means each tag iocation 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, it is determined that one 'ACT21 57 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 Ii periect solution. 
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SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

OATABUS 

00·015 016·031 

'ACT2157 'ACT2157 ORAM 

00·015 ......- 00·015 

S PE .--- S PE 

AO·A10 r-- AO·A10 MAIN 
MEMORY 

'ACT2157 'ACT2157 

00-015 ~ 00·015 

S PE 5 PE 

I 
~ 

~ AO·A10 AO·A10 

A2·A12 A13 A2·A12 

A2·A12 

AOORESS BUS A2·A31 

A13 A14·A28 

'ACT2157 

..... 00·014 PE 

5V- r-- 015 MATCH1 r--

S MATCH2 l-

AD-A10 MATCH3 I-

'ACT2157 

-- 00·014 PE I-

-r>= 015 MATCH1 I--

5 MATCH2 I---

Ao-A10 MATCH3 

FIGURE 11, cascading the 'ACT2157 
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CPU 

L 
L...-

PROCESSOR~ 
SIGNALS 

M EMORY RiW --+ 
,--.. 

MEMORY 
ACCESSES 

2·126 

APPLICATION INFORMATION 

DATA BUS 

t 
'ACT2157 

CACHE 
DATA 

BUFFER 
(2) 

r+ 

t 
ADDRESS BUS 

f--
ILE LATCH 

OE 

CONTROL t 
LOGIC 'ACT2157 

CACHE r W1 
TAGMATCH1 
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-

MATCH2 -
015 
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FIGURE 12. BUS WATCHING USING THE 'ACT2157 
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SN74ACT2157 
2K x 16 CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

DATA BUS 00·031 

00·031 

'ACT2157 
(2) 

DATA 

'-- 00-015 

A2·A12 2f AO·A10 

ADDRESS BUS A2·A31 

A2·A12 A13·A27 

'ACT2157 
TAG 

'-- 00-014 
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VCC- 015 MATCH1Sl 
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FIGURE 13. 'ACT2157/68030 INTERFACE 
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APPLICATION INFORMATION 

DATA BUS 

I AS646 

CONTROL 
LOGIC 

I 
DO-D15 

'ACT2157 
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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 

Fast Address to MATCH Delay 
22 ns Max 

8K x 10 Internal Static RAM 

On-Chip Address/Data Comparator 

Read Feature with Separate I/O 

Word Reset Function for Single Entry 
Invalidation 

On-Chip Parity Generator and Checking 

Easily Expandable in Width and Depth 

Choice of Open-Drain ('ACT2159) or 
Totem-Pole (,ACT2158) MATCH Output 

Fully TTL Compatible 

01 
02 
03 

Vee 
04 

GNO 

00 
01 
02 

,MAY 

FNPACKAGE 

(TOP VIEW) 

76 5 4 3 2 1 44 4342 41 4g9 05 

8 38 06 
9 

10 

11 

12 

13 
14 

15 

16 

37 07 
36 08 

35 Vee 
34 MATCH 
33 PE 
32 GNO 

31 05 
30 06 

17 29 07 
181920 21 22232425262728 

description 
8c~<~~~::~~~ 

The 'ACT2158 and 'ACT2159 cache address <C <C <C CJ 

comparators consist of a high-speed 8K x 1 a static 
RAM array, parity generator, parity checker, and 1 a-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-Y power supply. 

The SN74ACT2158 and SN74ACT2159 are characterized for operation from O°C to 70°C. 

FUNCTION TABLE 

INPUTS 

W OE S S RESET WR 
L X H L H H 

H L H L H H 

H X H L H H 

H X H L L X 

H X L X L X 

H X X H L X 
H X H L H L 
X X L X H X 
X X X H H X 

t If a panty error eXIsts In the addressed data, PE Will be low. * The state of thase pins is dependent on input OE. 

OUTPUTS 

MATCH PE 

L IN 

Active HT 

L L 
L H 

H L 

H H 

L H 

H H 

H H 

L IN 

H H 
H H 

QO-Q8 
FUNCTION 

HI-Z Write 

oUtput Read 

Parity Error 
Hi-Z Not Equal 
or Undefined Error Active 

Equal 

* Memory Reset (Selected) 

HI-Z Memory Reset (Deselected) 

HI-Z Memory Reset (Deselected) 

* Word Reset 

HI-Z Device Disabled 

HI·Z Device Disabled 

These devices are covered by U.S. Patents 4,831 ,625; 4,858,182; 4,860,262; 4,884,270; and addftional patents pending. 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 
03281, MAY 1991l-REVISEO JUNE 1990 

logic symb'olst 

II> 
. 'ACT2158 

CACHE ADDRESS 
COMP/DATA RAM 

RESET 
W WRITE 

WR: WORD RESET 

~-- & SELECT 

OE 3 UTEN 

AO...!!- 0 
Al~ 
A2~ 
A3~ 
A4_1_ 
AS_2_ 
A6~ 
A7_2_1_ 

A8~ 
A9..E..-
Al0~ 
All-lL
A12~ 2 

oo--L-o 
---i
Dl~ 
02 11 
03--:;;--
04 39 
DS~ 
D6~ 
07-
D8~8 

RAM 
ADDRESS 

MATCH 

1..;;.. ______ --.;..1 

34 MATCH 

QO 
Ql 

Q2 
Q3 
Q4 
QS 
Q6 
Q7 
Q8 

II> 
'ACT2159 

CACHE ADDRESS 
COMPIDATA RAM 

RESET RESET 
W WRITE 

WR WORD RESET 
~ -".---.J-&,'- SELECT 

AD 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

Al0 
All 
A12 

DO 

MATCH~ 

PE~ 

t These symbols are in accordancea wilh IEEE SId 91-1984. 
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logic diagram (positive logic) 

RESET 40 

OE 
3 - " -<L./ 

'---

AO 
41 
42 

A1 
43 

A2 44 
A3 1 
A4 

2 
A5 

20 
A6 

21 
A7 

22 
AS 

23 
A9 

24 
A10 25 
A11 

26 
A12 

r--

8 
DO & 
01 9 ~ 
02 10 ~ 
03 11 ."-
04 

13 ~ 
05 39 ~ 
06 

38 ~ 
07 

37 ~ 
08 

36 ~"\,. - '" r-

4 
WR 

~~ 5 

:6 
1 

S 

_ 7 1.b:n. 

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

03281, MAY 199D-REVISEO JUNE 1990 

Terminal Functions 

PIN NAME DESCRIPTION 

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

00-08 Data inputs. During wr~e, the applied 9-bit data word plus internally generated par~ is stored in the addressed memory location. 
During compare, DO through 08 plus generaied parity is compared wnh the addressesd memory location. 

When DO through 08 plus generated parity equal the contents of the 1 O-bit memory location addressed by AO through A 12, 

MATCH the MATCH output is high during acompareoycle. MATCH is also driven high during deselect. MATCH is low during reset (device 
selected), wr~e, and word reset. Since the 'ACT2159 MATCH output is open-drain, an external pull-up resistor of 220 Q mini-
mum is required. 

Par~y 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 (I minimum is required. 

. 00-08 Data outputs. When the device is selected, W Is high, and OE is low, the addressed memory location can be read at the 00 

through 08 outputs. When the device is deselected, OE is high, and during write, 00 through 08 are disabled. 

RESET Reset input. When low, asynchronously clears entire RAM array to zero and, ifthedeyice 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 00 througoh 08. OE 
high disables the 00 through 08 outputs. 

S,S Chip Select inputs. When S is low and S is high, the device is enabled. When S is 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 08 plus generated odd par~ 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 DB 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 DB plus 
generated odd parity are written into the 10-bit memory loction addressed by AO 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 ofthe data in puis 
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 DB inputs. 

reading the internal RAM 

A read mode is provided that allows the 'ACT215B 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 ao through aB outputs. 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

D3281 , MAY 199()-REVISEDJUNE 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 AO through A12 are tied to the address pins of each chip. The 
remaining address bits are individually tied to the data inputs DO through 08 of each device. Two devices 
cascaded in width will provide comparison for 30 bits of address with one data input tied high for a valid bit. When 
cascading in the depth direction, two deep for 16K of addresses, address bit A 13 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, A 14-A22 for one device wide, are 
tied to the DO through 08 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 

03281, MAY 199O-REVISEOJUNE 1990 

absolute maximum ratlngst 

Supply voltage range, Vee (see Note 1) "'''''"."''''''''''''''"."''''".,,.,,'',,. -1.5t07V 
Input voltage range, any input .................. " .... " ....... , .... "." ...... " .. ,," - 1.5 to 7 V 
Input clamp current, 11K (VI < 0 or V, > Vee) ..... "., ... ,,, ............. ,,",,.,,., ...... ,,:1: 25mA 
Output clamp current, 10K (VI < 0 or V, > Vee) .... " ....................• " .•.. """ .... ,, :I: 25mA 
Continuous output current, 10 (VA '" 0 to Vee): 00-08, MATCH (2158) .............. "." ....• :I: 25mA 

MATCH (2159), PE """."""."""."". :I: 50mA 
Continuous current through Vee or GND pins ..... " .............. " ............ " ..... ". :I: 200mA 
Operating free-air temperature range ................................... "" ..•. " .. ". O·C to 70·C 
Storage temperature range ................................................ " ..... - 65·C to 150·C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260·C 

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

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 5.25 V 

VIH High-level input voltage 2.2 VCC+0.5 V 

VIL Low-level input voltage -0.5 0.8 V 

vOH High-level output voltage, MATCH CACT2159) and PE 5.25 V 

IOH High-level output current MATCH ('ACT2158) -8 rnA 
00-08 -4 

IOL Low-level output current MATCH and PE 24 rnA 
00-08 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 nsN. 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 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 VIH 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 VIH 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 Vee 
orGND. 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281, MAY 199()-REliISEOJUNE 1990 

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

SN74ACT2158-22 

PARAMETER TEST CONDITIONS SN74ACT2159·22 UNIT 

MIN TYPT MAX 

10H 
MATCH ('ACT2159) 

VCC= 5.25 V, VOH =5.25V 
10 !lA High-level output current 

PE 10 

MATCH ('ACT2158) VCC = 4.75 V, IOH=-8mA 2.4 
VOH High-level oulput voltage 00-08 IOH=-4mA 2.4 

V 

VOL 
PEandMATCH Vce = 4.75 V, IOL=24mA 0.4 

V Low-level output voltage 
00-08 VCC = 4.75 V, 10L= 8 mA 0.4 

II Input current VI = a to 5.25 V :5 !lA 
10Z Off-state output current Vee = 5.25 V, Vo=OtoVCC ,,10 ~A 

ICC I Supply current (operative) 
VCC = 5.25 V, RESET at Vce, 

140 190 mA 
SatVee, SatOV 

ICC2 Supply current (reset) 
VCC = 5.25 V, RESETatOV, 

135 mA 
SatVcc, SatOV 

70 

ICC3 Supply current (deselect) 
VCC = 5.25 V, RESET at Vcc, 

lao 160 mA 
SatOV, SatVcc 

CI Input capacitance f= I MHz 5 pF 

Co Output capacitance f=1 MHz 6 pF 

t All typical values are at VCC = 5 V, TA = 25°C. 

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

compare cycle 

PARAMETER 

talA) Access time, address to MATCH 

talA-PEl Access time, address to PE 

ta(S-M) Access time, select to MATCH 

tod(O-Ml Propagation delay time, data to MATCH 

tod(RST-M) Propagation delay time, RESET low to MATCH low 

ipc!{S-Mt Propagation delay time, deselect to MATCH high 

todCW-Ml Propagation delay time, W or WR low to MATCH low 

tpc!(W-PEj Propagation delay time, W low to PE high 

tod(S-PEl Propagation delay time, select and deselect to PE 

tv(A) MATCH valid time after change of address 

tv(Ol MATCH valid time after change of data 

tv(S) MATCH valid time (low) after deselect 

tv(A-PEl Valid time, PE valid time after change of address 

tv(S-PEl Valid time, PE valid time after deselect 

t All typical values are at VCC = 5 V, TA = 25°C. * See Parameter Measurement Information for load circuita and voltage waveforms. 
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SN74ACT2158-22 

SN74ACT2159-22 UNIT 

MIN TYPT MAX 

18 22 ns 

19 25 ns 

9 15 ns 

9 15 ns 

9 15 ns 

8 12 ns 

8 12 ns 

5 10 ns 

12 18 ns 

3 ns 

3 ns 

2 ns 

2 ns 

2 ns 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 
03281, MAY 199O-REVISEO JUNE 1990 

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

read cycle 
SN74ACT2158-22 

PARAMETER SN74ACT2159-22 UNIT 

MIN TYP; MAX 
taCA·O) Read access time, address to 00 through 08 t7 24 ns 

tv(A·O) 00 through 08 valid time after change of address 4 ns 

ten Enable time, 00·08 valid from I DE 9 14 
ns 

IW,S,S 12 18 

tdis Disable time, 00 through 08 output high or low level I DE,S, S, W 9 14 ns 

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

SN74ACT2158-22 

PARAMETER SN74ACT2159-22 UNIT 

MIN TYP; MAX 
tw(Rl) Pulse duration, RESET low 60 ns 

twCWAl) Pulse duration, WR low 15 ns 

Pulse duration, iN low 
I Whhout writing PE 15 

tw(WL) ns 
I Writing PE (see Note 2) 20 

tsu(A·Wl) Setup time, address before W or WA low 0 ns 

tsuCOl Setup time, data before W high 12 ns 

tsu(PE) Setup time, PE before W high (see Note 2) 10 ns 

tsuCS) Setup time, Sand S before W high 12 ns 

tsu(RH) Setup time, RESET inactive before W high 15 ns 

theA) Hold time, address after W or WR high 1 ns 

th(D) Hold time, data after W high 1 ns 

th(PE) Hold time, PE after W high 1 ns 

thCS) Hold time, Sand S after W high 0 ns 

tv(A.WH) Valid time, address valid before W high 15 ns 

tvCA·WAH) Valid time, address valid before WA high 15 ns 

Z t See Parameter Measurement Informallon for load CirCUits and voltlage waveforms. * All typical values are at Vee = 5 V, TA = 25'e. 
NOTE 2: The pulse·duration requirement specified bytw(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 

TYPICAL CHARACTERISTICS 

LOW-TO-HIGH TRANSITION 
OF PE AND MATCH (,ACT2159) OUTPUT 

FOR VARIOUS LOADS 
2~--~~-r--~--~r-~~~~ 

1.8 1----t-J'""---+--/--t---7If----¥---/ 

1.6 1---+l---+~-I_7C---+-:.",c_--+~"'"'--/ 

> 1.4 1---/t--rr-+I-r-+---7'''--T-:7'''------I 
I 
& 1.2 I--f--t't-+-+r-,.l-I-~'"b,,£--t---I 
~ 
~ 1 

&. 0.8 HH'-+>'V'oI'?£'--p...=---'=t= 
'5 
o 0.6 l-+H:hYl---t.,.....,,----'"=--=+--'--t---I 

0.4 1#II!j~4-~-"!= 

0.2 1--+----+--"'-1--+ 

2 3 
Time-ns 

4 5 6 

t Specified switching characteristics for open-drain outputs are specmed at Va = 1.5 V with CL = 30 pF. 

FIGURE 1 

D3281. MAY 1990-REVISED JUNE 1990 

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 that a 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 1991l-REVISED JUNE 1990 

PARAMETER MEASUREMENT INFORMATION 

---..-- VCC 

LOAD CIRCUIT 
OPEN-DRAiN 

Ir = S ns -.1 I.t-- --.: ~ If = S n8 
I I I : 

J I ie-1----::-o::~1LI------3V 
INPUT I 1.SV 2.7 V 1.SV 

I O.3VI GND 

OUTPUT 

2.0SV 

I I ~Ipd-': 
t4-lpd~ I 

I I 

1.SV 

VOLTAGE WAVEFORMS 
OPEN·DRAIN 

FROM OUTPUT ~ T::: Q 

UNDER TEST --i POINT 

T CLt = SO pF FOR Ipd AND len 
MEASUREMENTS 

'::" CL = S pF FOR Idls MEASUREMENTS 

LOAD CIRCUIT 
TOTEM-POLE AND 3-STATE 

1.SV 1.SV 

INPUT L \ 1.5;--- 3V 

---'1 I. GND 

3V 

INPUT~ 
, ~ ____ OV 

len-+' I+- , 
Ipd .-,.! .. ---+!.J I I 

I ~Ipd 
I I 

OUTPUT ________ ~)tr--------~~ 

TOTEM-POLE 
PROPAGATION-TIME VOLTAGE WAVEFORMS 

t CL Includes probe and test fixture capacitance. 

FIGURE 2 

" -+j I+- Idle 

----i'...,Vrl- - - LiT:-;;:; - VCC 
OUTPUT , \ 1.S V i / __ *-0.3 V 

'. . --A'- VOL 
, Idls-+l I+- L-

Ien -+I I+- '.l. 1""'-- VOH 

OUTPUT l~~ __ ~~~~ 
3-STATE ENABLEIDISABLE VOLTAGE WAVEFORMS 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281. MAY 1990-REVISED JUNE 1990 

PARAMETER MEASUREMENT INFORMATION 

AO-A12B: ADDRESS VALID ¥ ADDRESS VALID >& I 
~ talA) ~ 

I 
1 I 1 

00-08 ~ DATA VALID {: DATA VALID )@ 
I I I i4-- tPd(D)---ij I 1 

1 1 
1 1 1 1 

S 1 1 1 1 
I 1 1 1 
1 1 1 1 
1 1 1 1 s 1 I 1 1 I 
1 1 1 

~tV(D) I 
1 1 1 1 itPd(SoM) ., 
1 j4- ts(SoM) ---tI 1 1 , 

I ' 
~tV(A) 

I4-tV!S! ~ I 
MATCH 

I : '\B( * V 1 
1 'III tpd(S-PE) ~ 1 I 1 1 , 

1 
/4-ta(AoPE) ~ 

~tV(A-PE) l1li tpd(S-PE) .1 
, I 

! I PE I \ I 1 I 1 ! I 
1 ~ ta(A-Q) 

~ !ill"tS(S-Q) -+I ·1 
QO-Q8 ~ ~ ~ 

FIGURE 30 COMPARE CYCLE TIMING 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281. MAY 1990-REVISEOJUNE 1990 

AO-A12 

5 

W 

PARAMETER MEASUREMENT INFORMATION 

~ AOORE55 VALID ~ 
~""'------~--------~ 

!4--ISU(A) --+I ~1"---lh(A) ---+l~' 

___ '_ .. ..., iIV(A-WH) ---~~I 
I 

I I 

!.. I 
I Isu(5) 

I 
---__ ~+III .. '--lh(S) -..! 

1 
I~ Iw(WL)ilw(WRL) -J 
I (see Nole A) I 

00-08 ~~l!"lMMMO~.,...,...,,...,...,..,...,.~mt"lMl\, DATA VALID _ 

, 14--16U(0) ~ Ih(O) ~ PE (INPUT) 

MATCH 

PE (OUTPUT) 

-------.1 : : 
~ Isu(PE) ~I.. Ih(PE)---+I 
I (see NOle A) 

I 
I 
I 

\'----1-: -----II 
14- Ipd(W-PE) -+I o z NOTEA: Parameters tw(WRL) and tsu(PE) apply only during the write cycle when writing a partly error. 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281. MAY 1990--REVISED JUNE 199Q 

PARAMETER MEASUREMENT INFORMATION 

I I 
" , j4--IW(RL) 11,l1li ISu(RH) ----+ill, 

~~----~--
1 ' 
1 ' 
1 ~~~ 
I 
1 

1 
1l1li III Ipd(RST-M) 

FIGURE 5. RESET CYCLE TIMING 

la(A-O) 
, 
1 la(S-O) 

IiIII III td's 

y 
ta(A-PE)-4IIIIIII---~1I1 1l1li III 

I I 

, , 

~ 
1 

1 

1l1li 
I 

I 
L ______ ...J L _______ _ 

FIGURE 6. READ CYCLE TIMING 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281, MAY 199O-REVISEO JUNE 1990 

64 

.. 32 
~ 
III 
I 

16 

~ 
G> c '8 :::i 

4 

APPLICATION INFORMATION 

-I 

NUMBER OF DEVICES 
CACHE SIZE 

vs 
LINE SIZEt 

1- .r--\ 

x 

J 
~ 

x 

~ 

)-

X 1-0eep o 2-Deep 0 4-Deep 

32K 64K 128K 256K 512K 1 M 2M 
Cache Data Size - Bytes 

.. 
~ 
III 
I 

~ 
G> 
C 
:::i 

64 

32 

16 

8 

4 

NUMBER OF DEVICES 
MAIN MEMORY COVERAGE 

vs 
LINE SIZEt 

j II 
r-' J--

l 1 
+-/ i-- :1 --x 
I j 

If r 
-x 

X1-Wlde o 2-Wlde 

t Direct-Mapped Caches 

4M 16M 64M 256M 1G 4G 16G 
Amount of Main Memory Covered 

or Mapped - Depth 
t One Tag/line, Assumes a word length of 32 Bits 

FIGURE 7 FIGURES 

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 ifthe '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-blt 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 

03281, MAY 199()-'REVISEO JUNE 1990 

APPLICATION INFORMATION 

DATA BUS 

'ACT2159 DRAM -- (8) ~ 

64KBVTE 
CACHE 

S 
MAIN 

MEMORY 

AO·A13 .f 
ADDRESS BUS AO·A30 

AO·A12 A14·A21 A13 AO·A12 A22·A30 

8 J 5V 

13 8 J 'ACT2159 13 'ACT2159 
00-07 MATCH DO·DS MATCH f-

5V- 08 PE t-- PE I-
Ao-A12 AO·A12 
S S 

1-5V- S 5V- S 

PE 

'ACn'9 ~ 'ACT2159 
- 00-07 MATCH - DO-OS MATCH f-

5V- 08 PE PE f-
AO·A12 AO·A12 

r S r s 
1 S 

S 

1 
FIGURE 9. CASCADING THE 'ACT2159 
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SN74ACT2158, SN74ACT2159 
8K x 9 CACHE ADDRESS COMPARATORS/DATA RAMs 

03281, MAY j 99O-REVISEO JUNE 1990 

APPLICATION INFORMATION 

DATA BUS 

36 DRAM 
M 'ACT2158 -
I LATCH 36 
C l..+- DO-DB 36 R 
0 QO-Q8 ~ 
P 

MAIN R 
r+-C 0 DATA 

MEMORY 
C BUFFER -+-~ E (4) S 
S 
0 S 
R 

13 

ADDRESS BUS 

INDEX TAG 

13 

RiMU 'ACT215B 
4- 8KX1 

'+- 00-08 

DIRTY ......... AO-A12 
L+- BITS -LATCH 

--+- MATCH ,-

PRO~~~~~~ -+- QO-Q8 -
'---

-+- C 
CONTROL 

LOGIC H>-~ 

-LATCH 

r--
C 

~ 

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

D3281 , MAY 199G-REVISEDJUNE 1990 

APPLICATION INFORMATION 

DATA BUS 

~ 36 

'ACT2158 

DATA 
BUFFER 

r---+- W 5 

14 

ADDRESS BUS 

+ 
LATCH 

OC 

t 
'ACT2158 I I IIF 

- CACHE 
TAG 

W 
WR MATCH f-

'ACT2158 DRAM 

W 
WR 

BUS 

--+--1 BUFFER I WATCHER GLOBAL 

MATCH - MEMORY 

! 
T 

LATCH 

OC 

+ '---

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 

• Address to Match Time .•. 17 ns Max FMPACKAGE 
{TOP VIEW) 

• 2-Way Architecture Significantly Improves 
Hit Rate ~;t:~ll!<~8 

• Implements LRU Replacement Allgorlthm 4 3 2 1 3231 30 
AS 5 0 29 01 

• Useful for Bus Watching A7 6 28 02 
AS 7 27 03 

• On-Chip Parity Generator and Checker A9 8 26 Vee 

• Easily Expandable In Depth and Width 
GND 9 25 MATCH 1 

RESET 10 24 MATCH2 

• Reliable Advanced CMOS Technology LRU-W 11 23 GNO 
R 12 22 PE 

• Fully TTL Compatible WR 13 21 BANK 
1415 16 171819 20 

description «I':> I(/) ..J 0 ~ N 
1- > w ~ ~ ~ 

The SN74ACT2160 is a valuable building block for 
implementing fast two-way set associative 
caches. This device consists of two separate 

:; oo««« 
III 

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-mapped or one-way set associative cache, only one data word and tag exist in cache for each index. 
This means that when the processor requests data, only one cache memory location can contain the requested 
data. Also, if the requested data is not in the cache and the cache is updated, the data in the indexed cache 
memory location will be written over regardless of how recently it has been used. 

In a two-way set associative cache, two data words and tags exist for each index. This means thatthe requested 
data can reside in one of two cache locations. When a miss occurs and the cache is updated, the least recently 
used data can be written over. As would be expected, studies have shown that the hit rate improves significantly 
when using a two-way cache design over a one-way or direct-mapped cache design. Through use of the 
'ACT2160, the logic complexity and parts count usually associated with a two-way cache are greatly reduced. 

This device Is covered by U.S. Patents 4,831,625; 4,837,743; 4,858,182; 4,860,262; 4,884,270; and additional patents pending. 

Copyright © 1990, Texas Instruments Incorporated 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

address comparison 

The 'ACT2160 compares the contents of the memory location addressed by AO-A 12 with the address bits (or 
tag) applied at 00-03. An equality is indicated by a high level on the MATCH1 or MATCH2 outputs. MATCH1 
is high when the applied tag is equal to the stored tag in bank 1. MATCH2 is high when the applied tag is equal 
to the stored tag in bank 2. 

writing to the cache tag RAMs 

The manuallauto (MIA) input on the 'ACT2160 provides two methods of selecting which tag bank will be written 
to when the write input 0Nl is taken low. When 'MIA is low, the bank select input (BSEL) selects the bank to be 
written to. BSEL low selects bank 1 and BSEL high selects bank 2. When 'MIA is high, the least recently used 
(LRU) circuitry automatically selects the bank written to when IN is taken low. 

writing to the cache data RAMs 

When a read or a write miss occurs and the cache is updated, the BANK output will indicate which bank the data 
should be written to. If BANK is low, bank 1 should be written to. If BANK is high, bank 2 should be written to. 
When writing a tag with 'MIA low, the BANK output will not indicate which bank is beil)g selected by the BSEL 
input. BANK is the output ofthe internal8Kx 1 LRU RAM. When a write hit occurs, the matcli outputs will indicate 
which data bank to write to. 

LRU replacement circuitry 

A concept commonly referred to in cache design is the property of locality. An aspect cif the property of locality 
says that the information currently in use is iikely to be used again soon. Based on this property, it is desirable 
to replace the information that has not been used recently when writing to cache. With a set size of two, this is 
easily done using one bit to indicate which of the two addressed locations is oldest or least recently used. The 
'ACT2160 contains an 8K x 1 RAM and the necessary circuitry to implement the LRU replacement algorithm. 

The 'MIA input allows the user to choose between automatic LI;IU and manual repl~cement.When 'MIA Is high, 
the LRU RAM output selects which bank to write to. When the LRU bit for a given address is low, a write pulse 
will write 00-03 to bank 1. When the LRU bit for a given address is high, a write pulse will write 00-03 to bank 2. 
The LRU RAM is updated every time a write, a match (with LRU-W signal), or a word reset occurs. 

When a write occurs with 'MIA high, the addressed LRU bit is inverted and written back In so that the next write 
with 'MIA high to that address will be to the other bank. When a write occurs with 'MIA low, the bank is selected 
by the BSEL input and the addressed LRU bit is adjusted so that the next write to the same address with 'MIA 
high will be to the other bank. 

With a match output high indicating a match, the LRU RAM will also be updated when the LRU-W input is taken 
low. The logic level at each match output is fed back internally to the LRU circuitry. If MATCH1 or MATCH2 are 
high, the LRU-W input provides an LRU write timing signal that causes an internal LRU write pulse to be 
generated. With MATCH1 high, the LRU bit is set high so the next write to the same address with 'MIA high will 
be to bank 2. With MATCH2 high, the LRU bit is set low so the next write to the same address with 'MIA high will 
be to bank 1. When cascading these devices for wider address coverage, the MATCH1 outputs must be 
wire-AN Oed together so an LRU write will not occur unless all MATCH1 outputs are high. In the same manner, 
the MATCH2 outputs (in width) must be tied together. When MATCH1 and MATCH2 are forced high during 
deselect, write, read, word reset, or reset, and LRU-W is taken low, a false LRU write will not occur. 

parity generation and checking 

The 'ACT2160 contains parity generation and checking circuitry. When the PE output goes low, a parity error 
exists in one of the two tag RAMs. 

2-148 

During a write cycle, address bits or data on 00-03 plus generated odd parity are written into the 5-bit memory 
location in either bank 1 or bank 2 that is addressed by AO-A 12. Also during write, a parity error may be forced 
for diagnostic purposes by holding the R input low. The addressed parity bits are included in the comparator 
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SN74ACT2160 
8K x 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM 

circuitry. of the 'ACT2160 so if a parity error occurs, the corresponding match output will be forced low. The bank 
written to is selected automatically or manually via the BSEL input depending on the state of the MIA input. The 
LRU bit is not parity protected. The BANK outputs of the 'ACT2160s that are cascaded in width could be 
externally exclusive ORed to provide protection for the LRU bits. 

operation as a data RAM 

The 'ACT2160 can be used as a two-way 8K x 4 data RAM with parity generation and checking. By tying the 
manuallauto (MIA) pin low, the BSEL input can be used to select which bank is being written to or read from. 
Through the use ofthe select pin, the 'ACT2160 can be cascaded for a deeper data RAM. Inputs WR and LRU-W 
should be tied high when using the 'ACT2160 as a data RAM. 

initialization 

A reset input is provided for initialization. When RESET is taken low, all three 8K RAM locations are cleared to 
zero (with valid parity) and the MATCH1 and MATCH2 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, MATCH1 and/or MATCH2 will be 
high indicating that DO-D3 plus generated parity is equal to the reset memory location. 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. After reset, PE will be high for every addressed memory location indicating no parity error 
in the RAM data. After power-up, the 'ACT2160 must be initialized by resetting the device to ensure that all 
memory locations are at a known state. The 'ACT2160 could also be initialized by writing to every memory 
location (both banks) with MIA 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 on the 'ACT2160 
allows any addressed memory location to be cleared to zero with valid parity by taking the word reset pin (WR) 
low. By tying one of the DO-D3 input pins high, that particular bit can be used as a valid bit. Whenever DO-D3 
is compared to a memory location cleared by WR (or by the master RESET), a miss will occur. If a DO-D3 input 
pin is not tied high, a false match will occur whenever a DO-D3 of zero is compared to a reset location. Word 
reset is independent of the input at the DO-D3 pins. The MIA input must be low for a word reset to occur when 
WR is taken low. Word reset can also be accomplished by holding WR low and taking MIA low to reset the 
addressed location. At the same time that an addressed location is reset, the addressed LRU bit is updated so 
that the next write to the same address with MIA high will be to the reset location. Input BSEL determines which 
bank WR affects. When cascading in width, all devices must receive the word-reset pulse for proper LRU RAM 
update. 

cascading the SN74ACT2160 

The 'ACT2160 is easily cascaded in width and depth. Wider addresses can be compared by driving the AO-A 12 
inputs of each device with the same index and applying the additional address bits to the DO-D3 inputs. The select 
(8) input allows this device to be easily cascaded in depth. When a device is deselected, the MATCH1 and 
MATCH2 outputs are driven high. 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 1 and MATCH2 are open-drain outputs 
for easy wire-ANDing. Figure 16 shows the 'ACT2160 cascaded. 

cache coherency through bus watching 

When implementing cache designs, cache coherency is usually a concern. A solution to this problem is to 
implement bus watching using the 'ACT2160. 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 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 17 shows a possible bus-watcher implementation. 
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8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

logic symbolt 

01> 
SN74ACT2160 

CACHE ADDRESS 
COMP/DATA RAM 

RESET 
10 

RESET 

R 12 
READ/FORCE PE 

Vi 15 
WRITE 

WR 13 
WORD RESET 

S 16 
SELECT 

LRU·W 
11 

LRUWRITE 

MiA 
14 

MANUAL 

L AUTO 

BSEL 
17 

BSEL 

AO 
31 

0 MATCH1Q 

A1 
32 

MATCH2Q 

A2 
1 

BANK 

A3 
2 PARERRQ 

A4 
3 

4 
AS 

A6 

A7 

5 I RAMADDR) 
6 

AS 
7 

A9 
8 

A10 
18 

19 
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A12 
20 

12 

DO 
30 

01 

02 

29 

V~ 28 

03 
27 

t This symbol is in accordance with ANSI/IEEE Std 91·1984. 
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PIN NAME 

AO-A12 

BSEl 

BANK 

00-03 

lRU-W 

M/A 

MATCHI 
MATCH2 

PE 

R 

RESET 

S 

WR 

W 

2-152 

Terminal Functions 

DESCRIPTION 

Address inputs. Addresses a memory location in each of the three 8K RAM arrays. Address must be stable for the 
duration of the wrne cycle. 

Bank Select input. This input is used in conjunction with the manual/auto, read and word resetfunctions.when BSEl 
is low, bank 1 is selected, When BSEl is taken high, bank 2 is selected. When MIA Is high, the BSEl input does not 
affect writing. 

Bank output. The BANK output is used during a write to indicate which bank 00-03 is being written into when M/A 
is high. BANK is low for bank 1 and high for bank 2. BANK is forced high during reset and deselect. BANK is used 
to indicate which cache SRAM bank the system data should be written into. When W is taken low, the output of the 
lRU RAM is latched causing BANK to remain stable. When W returns high, the latch retums transparent and the 
BANK output will switch if the lRU bnwas changed. BANK is a totem-pole output. 

Data (tag) inputs and outputs. Provides input to RAM bank 1 or bank 2 depending on the state of the S, W, BSEl, 
MIA, and WR pins. When in the compare mode, 00-03 plus generated parity are compared to the addressed 5-bit 
memory location in bank 1 and bank 2. 00-03 also function as outputs (see the R pin description). 

least Recently Used Write timing signal. In the compare mode, a falling edge on lRU-W will initiate an lRU write 
pulse if MATCHl and/or MATCH2 are high. If a falling edge at lRU-W occurs before MATCHI or MATCH2 are valid 
based on !Pdl and tsul' the lRU write may not occur or a false lRU write could occur. lRU-W will only initiate a lRU 
write pulse on a falling edge. lRU-W has no effect during any other mode of operation. 

Manual/Auto input. The MIA input determines the bank select mode for writing data. When MIA is low, the bank to 
be written into is selected manually via the BSEl input. When the M/A input is high, the bank selection is done 
automatically. An internal8K x 1 RAM is used to keep track olthe bank to be written into using the least recently used 
(lRU) replacement algorHhm. After the device is reset, the first write is into bank 1. The next time data is written to 
the same address, nwill be stored in bank 2. Successive writes to the same address automatically alternate between 
bank 1 and bank 2. M/A can also be used to perform the word reset function. With WR low, the addressed location 
in the selected bank will be reset when MIA is taken low. 
Match outputs. When MATCH 1 or MATCH2 are high during a compare cycle, 00-03 plus generated parity equal the 
contents of one of two memory locations addressed by AO-AI2. MATCH 1 is high when 00-03 matches 00-03 stored 
In bank 1. MATCH21s high when 00-03 matches 00-03 stored in bank 2. The match outputs are high during deselect, 
wrne, read, word reset, and reset. The logic level at the match outputs is fed back to the internal lRU circuitry. If a 
match output Is high indicating a match when lRU-W is taken low, the lRU bit is adjusted so that the next write into 
that address will be into the other bank (lRU concept). If a match occurs with both banks (MATCH 1 and MATCH2 
high) and lRU-W is taken low, bank 2 will be written into when MIA is low and bank 1 will be written into when MIA 
is high. Since this device features open-drain match outputs, an external pullup resistor of 180 Q minimum is required. 
If a parity error is present In bank 1 or bank 2 during compare, the corresponding match output will be forced low. 

Parity Error output. During compare cycles, a low level at.!'.E indicates a parity error in one of the 8K X 5 RAMs. A 
parny error will force the corresponding match output low. PE is an open-drain output and an external pullup resistor 
is required. PE is disabled during write, reset, word reset, and deselect. 

Read input. When R is low and the device is selected, 00-03 are enabled as outputs. The output data (tag) is 
determined by AO-A 12 and the BSEl input. Outputs 00-03 are disabled during write, word reset, reset, deselect, 
and when R is high. During write cycles, a parity error can be forced into the memory location addressed by AO-A 12 
of the selected bank when R is taken low. 

Reset input. Asynchronously clears all three RAM arrays to zero with valid parity independent olthe select pin when 
RESET is low. By tying a single data input high, a false match will not occur when a tag of zero is applied after 
inttializetion. 

Chip select input. Enables device when S is low. When S is high, MATCHI and MATCH2 are forced high. PE and 
00-03 are disabled when S Is high and BANK is forced high. 
Word Reset Input. The WR input allows any addressed memory location to be cleared to zero with valid parny. This 
is achieved by taking WR low while in the manual mode (MIA low). The desired bank Is selected using the BSEl input. 
When WR is asserted,the addressed lRU bn Is adjusted so that the next write to that address (with M/A high) Is 111)0 
the reset memory location. By tying a single 00-03 input high, this bR will act as a valid bit assuring that a false match 
will not occur with a reset memory location. 

Wrtte control input. When the device Is selected and W is low, 00-03 and generated parity are written Into the 
addressed memory location in eRher bank 1 or bank 2. The RAM bank to be written into can be selected automatically 
or manually depending on the MIA Input. 
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write mode 
INPUTS 

W R S M/A BSEl RESET WR 

l H l l l H H 

l H l l H H H 

l H l H X H X 

l l l l l H H 

l l l l H H H 

L l l H X H H 

l H l l X H 19 

read mode 
INPUTS 

W R S M/A BSEl RESET WR 

H l l X l H H 

H l l X H H H 

H l l X X H H 

H H l X X H H 

compare mode 
INPUTS 

W R S M/A BSEl RESET WR 

H H l X X H H 

or 

H H l H X H X 

reset word reset and deselect mode , , 
INPUTS 

W R S M/A BSEl RESET WR 

H X l X X l X 

H X H X X l X 

H X l l l H l 

.H X l l H H l 

H X l H X H l 

X X H X X H X 

SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

FUNCTION TABLES 

OUTPUTS I/O 

MATCHl MATCH2 PE BANKt 00-03 FUNCTION 

H H H ll' Input Wr~e into bank 1 

H H H l* Input Write into bank 2 

H H H H orll' Input lRU write (bank 1 or 2) 

H H H l* Input Wr~e parity error into bank 1 

H H H l* Input Write parity error into bank 2 

H H H H orl* Input Write parity error (lRU) 

H H H 19 Hi-Z Write zero into selected bank 

OUTPUTS I/O 

MATCHl MATCH2 PE BANK 00-03 FUNCTION 

H H H H orl Output Read bank 1 

H H H H orl Output Read bank 2 

H H l Horl Output Parity error in bank 1 or 2 

H orl H orl EN H orl Hi-Z Disable/compare 

OUTPUTS I/O 

MATCHl MATCH2 PE BANK DO-D3 FUNCTION 

H l H Horl Match bank I, miss bank 2 

l H H Horl Match bank 2, miss bank 1 

H H H Horl Match bank 1 and 2 

l l H H orl Input Miss bank 1 and 2 

l l l Horl Par~ error bank unknown 

l H l H orl Parity error bank I, match bank 2 

H l l Horl Parity error bank 2, match bank 1 

OUTPUTS I/O 

MATCHl MATCH2 PE BANK 00-03 FUNCTION 

H H H l Hi-Z Memory reset-selected 

H H H H Hi-Z Memory reset-deselect 

H H H l Hi-Z Word reset in bank 1 

H H H l~ Hi-Z Word reset in bank 2 

H orl Horl EN Horl Hi-Z Word reset disabled/compare mode 

H H H H Hi-Z Device disabled 

EN denotes enabled, H denotes a high level, l denotes a low level, X denotes a don1 care level, - denotes an undetermined output 
t The BANK output is transparent when iN is high and latched when iN is low. 
* When writing with M/A high, the BANK output indicates which bank 00-03 is being written into. When wrtting with M/A low, the BANK output will 

be forced low and will not indicate which bank is being written into. After writing with M/A low, the BANK output will indicate the correct lRU bit 
state. 

§ The state of BANK after iN and M/A or iN and WR return high is indeterminate. This operation is not recommended. 
~ The BANK output is forced low during word reset. After a word reset in bank 2, the BANK output will be high. 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

FUNCTION TABLES (contInued) 
LRU write 

S WR W LRU·Wt MATCH1 MATCH2 QI; LRUWRITE QNI FUNCTION 
L H ~ X H H L YES H Write to bank 1, selected by LRU circuitry 
L H ~ X H H H YES L Write to bank 2, selected by LRU circuitry 

I H L X H H X NO - No wrHe occurs 

L H H ~ H L X YES H Match bank 1 
L H H j L H X YES L Match bank 2 
L H H I H H 'X YES L Match bank 1 and 2 
L I H X H L X YES L Word reset bank 1 

L I H X L H X YES H Word reset bank 2 

L ~ H X H H X YES L Word reset bank 1 and bank 2 

L I H X L L X NO - No word reset 

I L H X H H X NO - No word reset 

H X X X H H X NO - Device disabled 

H denotes a high level, Ldenotes a low level, X denotes a don't care level, -denotes an undetermIned level, I denotes the failing edge oltha sIgnal. 
t LRU-W is falling-edge-triggered and has effect only during the compare mode. * 01 is the state of the LRU RAM output before a LRU write occurs. 
§ ON is the state of the LRU RAM output after a LRU write occurs. 

absolute maximum ratings over operating free·alr temperature range (unless otherwIse noted):!: 

Supply voltage range, Vee (see Note 1) .............................................. -1.5 V to 7 V 
Input voltage range, any input .............................. '. . . .. . . . . . . . . . . . . . .. . . . .. - 1.5 V to 7 V 
Input clamp current, 11K (VI < 0 or VI > Vecl ............................................... :I: 25 mA 
Output clamp current, 10K (VI < 0 or VI> Vecl ............................................ :I: 25 mA 
Continuous output current, 10 (VA = 0 to Vecl: 00·03, BANK ............................. :I: 25 mA 

MATCH 1 , MATCH2, PE .................... :I: 50 mA 
Continuous current through Vee or GNO pins ............................................ :I: 200 mA 
Operating free-air temperature range .................................................. O°C to 70°C 
Storage temperature range ....................................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C 

* Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These ans 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 condHions for extended periods may affect device reliabilHy. 

NOTE 1: All voltage values are wHh respect to GND. 
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recommended operating conditions (see Important notice) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2.2 VCC+0.5 V 

Vil low-level input voltege (see Note 2) -0.5 0.8 V 

VOH High-level output voltege, MATCH I , MATCH2, and PE 5.25 V 

10H High-level output current, 00-03 and BANK -8 rnA 

10l low-level output current I 00-03, BANK 8 rnA 
I MATCHI , MATCH2, PE 27 

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 nsN. Slow rise and fall times through the threshold 
region may be eliminated by not usinlj pull up 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 ofthe cache 
tag address inputs to eliminate floating-address conditions. Ground bounce, due to simultaneous switching, into 
the threshold region ofthe 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 VIH 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 VIH 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 Vee 
orGND. 

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

PARAMETER 

VOH High-level output voltage 00-03, BANK 

00-03, BANK 

VOL Low-level output voltage MATCH I , MATCH2, 
PE 

10H High-level output current 
MATCH I , MATCH2, 
PE 

II Input current 

10Z Off-state output current 

ICCI Supply current (operating) 

ICC2 Supply current (reset) 

ICC3 Supply current (deselected) 

CI Input capacitance; 

Co Output capacftancel' 

t All typical values are at VCC = 5 V, TA = 25·C. * This Is the capacitance at an input, output, or 1/0 pin. 

TEST CONDITIONS 

VCC = 4.75 V, IOH=-8mA 

VCC = 4.75 V, IOl=8mA 

VCC = 4.75 V, 10L= 27 rnA 

VCC = 4.75 V, VOH =5.25V 

VCC = 5.25 V, VI = Oto VCC 

VCc= 5,25 V, Vo=OtoVCC 

VCC = 5.25 V, RESET at VCC, 

VCC = 5.25 V, RESETatOV, 

VCC= 5.25 V, RESET at VCC, 

f= I MHz 

f= I MHz 
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SN74ACT21 60-1 7 

MIN TYPT MAX 
UNIT 

3.7 V 

0.4 

0.4 
V 

10 ~A 

±5 ~ 
SatVIH ±IO ~A 

SatOV 130 180 rnA 

SatOV 30 75 rnA 

SatVcc 80 150 rnA 

5 pF 

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

,> 

PARAMETER 
SN74ACT21&o;.l'!', 
MiN TYpr MAX UNIT 

tpdl Propagation time from address to MATCHI and MATCH2 15 17 ns 

tpd2 Propagation time from 00-03 to MATCH I and MATCH2 9 15 ns 

tod3 Propagation time from S low to MATCH I and MATCH2 7 12 ns 

tpd4 Propagation time from S high to MATCHI and MATCH2 high 7 10 os 
tpd5 Propagation time from address to PE 20 25 ns 

tpd6 Propagation time from S io PE 15 20 ns 

tpd7 Propagation time from S to BANK 7 15, ns 

tpdS Propagation time from address to BANK 15 22 ns 

tod9 Propagation time from LRU-W I to BANK 12 111 ns 

tpdlO Propagation time from address to 00-03 17 25 ne 
tpdll Propagation time from BSEL to 00-03 7 12 ns 

tpdl2 Propagation time from W high to BANK 7 12 ns 

tod13 Propagation time from W low to MATCHI and MATCH2 high 6 19 ns 

tpd14 Propagation time from W low to PE high 7 11 ns 

tpd15 Propagation time from RESET low to MATCHI and MATCH2 high B 10 ns 

tpd16 Propagation time from word reset to MATCHI and MATCH2 high 6 10 n. 

tpd17 Propagation delay, W high to MATCH'" 14 20 n. 
tpdlS Propagation delay, W high to PE+ 14 20 ns 

tpd19 Propagation delay, RESET high to MATCH. 14 20 ns 

tod20 Propagation delay, RESET high to PE+ 60 100 ns 

tenl Enable time from S low to 00-03 9 14 ns 

ten2 Enable time from R low to 00-03 7 12 ns 

ten3 Enable time from RESET high to 00-03 9 14 ns 

tdis! Disable time from R high to 00-03 7 12 ns 

tdis2 Disable time from S high to 00-03 7 12 ns 

tdis3 Disable time from RESET low to '00-03 9 14 ns 

tvl Valid time, MATCHI and MATCH2 after change of data 2 ns 

tv2 Valid time, MATCHI and MATCH2 after change of address 1 ns 

tv3 Valid time, MATCHI and MATCH2 low after S high 0 ns 

tv4 Valid time, PE after change of address 2 ns 

tV5 Valid time, PE low after S high 0 ns 

tV6 Valid time, 00-03 after change of address 1 ns 

t All typical values are at VCC = 5 V, TA = 25°C. * The MATCH and PE outputs will glttch at the end of a write or reset cycle afterW or RESET returns high. These specs indicate when the MATCH 
and PE outputs are stable afterW returns high. This speCification assumes that the address and/or data inputs are not changed immediately atier 
W or RESET high. 
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SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

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

SN74ACT2160·17 
PARAMETER MIN TVPt MAX UNIT 

High 10 
tw1 Pulse duration, lRU-W 

low 10 ns 

tw2 Pulse duration, W low 12 ns 

tW3 Pulse duration, RESET low 60 ns 

WR low with MIA low 12 
tw4 Pulse duration, word reset MIA low with WR low 12 ns 

tsul Setup time, MATCHl and MATCH2 valid before lRU-W ~ 5 ns 

MIA high 27 
tsu2 Setup time, address valid before W high MIA low 12 ns 

W high, MIA = l 12 
tsu3 Setup time, S low before W Wlow, MIA = H a ns 

MIA high 15 

tsu4 Setup time, address before W low MIA low 0 ns 

tsu5 Setup time, BSEl before W low w~h MIA low 0 ns 

tsu6 Setup time, MIA before W low 2 ns 

tsu7 Setup time, 00-03 before W high 10 ns 

tsua Setup time, R low before W high (see Note 3) 10 ns 

tsu9 Setup time, RESET inactive before W high 30 ns 

tsu l0 Setup time, address before word reset WR and MIA low 0 ns 

tsull Setup time, BSEl before word reset WR and MIA low 2 ns 

tsu12 Setup time, S low before word reset WR and MIA low 0 ns 

MIA low before WR low 0 
tsu13 Setup time, word reset WR low before MIA low 0 ns 

thl Hold time, address after lRU-W I (see Note 4) 9 ns 

th2 Hold time, S low after lRU-W ~ 5 ns 

th3 Hold time, address after W high 2 ns 

th4 Hold time, S low after W high 0 ns 

th5 Hold time, BSEl after W high 2 ns 

th6 Hold time, MIA after W high 2 ns 

th7 Hold time, 00-03 after W high 5 ns 

tha Hold time, R low after W high (see Note 3) 1 ns 

th9 Hold time, address after word reset WR or MIA high 2 ns 

thl0 Hold time, BSEl after word reset WR or MIA high 2 ns 

th11 Hold time, S low after word reset WR or MIA high 0 ns 

MIA low after WR high 0 
th12 Hold time, word reset WR low after MIA high 0 ns 

t All typical values are at VCC = 5 V, TA = 25°C. 
NOTES: 3. Parameters tsuB and thB apply only during the write cycle timing when writing a parity error. It should be noted that if R is low when 

W is high, 00-03 are enabled as outputs. 
4. Minimum thl is the time interval after lRU-W goes low during which the address must remain valid to ensure that an internal lRU write 

occurs. 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

TYPICAL CHARACTERI$TICS 

LOW-TO-HIGH TRANSITION 
OF MATCH 1 , MATCH2, AND PE OUTPUTS 

FOR VARIOUS LOADS 
OUTPUT VOLTAGE vs TIME 

2~--~--~~~--~~~~--~ 
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m _ t Specified switching characteristics for open-drain outputs are specified at Vo = 1.5 V with CL = 30 pF. 
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FIGURE 1 

Figure 1 is provided as a tool to determine how propagation delay specifications for a 27 -rnA open-drain output 
will change with different load capacitance. For example from Figure 1, it can be seen that a 15-pF load will cause 
about a 1-ns decrease in specified propagation delay while a 60-pF load will cause a 1.7-ns increase In a 
specified propagation delay. 

PARAMETER MEASUREMENT INFORMATION 

---+-- vcc 

tr =5ns -.J ~ ~ It-tf=5ns 
I I I . 

I I I J I j".---.......::-:or.lI~I------3V 
INPUT I 1.5V 2.7 V 1.5V 

I 0.3 V, ----- OV 

I I ,.- tpd -.: 
I+-tpd ~ I 

I I 

RL= 180e 

TEST 
POINT J CL=30pP 

OUTPUT 
1.5V 

LOAD CIRCUIT 

* CL includes probe and test fixture capacitance. 

VOLTAGE WAVEFORMS 
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FIGURE 2. OPEN·DRAIN OUTPUTS 
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SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 
2.05 V 

FROM OUTPUT t T:: Q 
UNDER TEST--i POINT 

CLt =30pF I CLf = 5 pF FOR DISABLE 
TIMES 

LOAD CIRCUIT 

INPUT __ ~t1.5V \~.;;------ 3V 

I I OV 

IcIIS~ If-- ~ len 

INPUT --' \-;:;-;--- 3V 

II I GND 

-------kl I I ~-----VOH 
OUTPUT :'\.VOH-0.3V ~8~ ____ 2.05 V 

I I 
tdls ---+I If.- I 

-i~~--...I 
tpd 1- ~I ~ "" 

~tpd 
I I 

OUTPUT ____ -Jlr----~\::: 

PROPAGATION·TIME VOLTAGE WAVEFORMS OUTPUT 
\ 1------ 2.05 V 

VOL+0.3Vr 0.9R.. 
• ------VOL 

ENABLE/DISABLE VOLTAGE WAVEFORMS 

t CL includes probe and lest fixture capacitance. 

FIGURE 3. ALL OTHER OUTPUTS 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

AO.A12~1 X ~ 
~~~. --------~~I~------------~ 

11+4 ---tpd1 ----.!~: 1 
1 1 

DO.D3~'-______ --;--J~'-_______ ~ 
I.--tpd2 ~I 1+ tY1 -+I ____________ ~ I I 

s i i I 
I I 1.-1 tpd4 -+i I I I 

I+-- tpd3 ~ !+-- tV2 --.I rt" tv3 -+I i 
~~+g~~ --------------:i~~'7~"7"r}..,..,..;..,.,. I >kr .... -_ -_ -_ -_ -_ -_-_ -_-~---_ -_ '""",JV-+----

I tsu1 --i4--+I 1 I 
I 1 Hth1 I4-- th2--+i 

LRU·W --------t-i -----IU I tr-----+-I _______ _ 
I .1 1..- tw1 -+j+-1w1 ---+i I r tPd6 l i r- tPd5 ? I r tPd6 --.1-/1 I .. L_+-____ ..I. __ _ 
I 1 1 I L 
I 1 /+-tY4 ~ 1 r tyS --t>t 

tpd7 I- ~I 1 1 1 I 1 ______________ --;1 ___ -L - !'1'tp~ ~i I j4--+!-j tpd7 

I 1 I I 
BANK • i I ---1---1-----1 

l+tpd9 -+i ~tpd9 

2-160 

FIGURE 4. COMPARE CYCLE TIMING 
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SN74ACT2160 
8K x 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

AO-A12 ____ -'¥\,.,.. __________________ _ 

BSEL 

I ________ L 
I 
I 
I 
I 
I 

s ~~ ____ ~l ____________________ ~----~I 
I I 1 
1 1 1 

R --+-1 ---+-1 ------11' ! 
Ien1 --I4~f--+l.1 14 ~ Ipd10 ~tdJS1 i tPd11--i+--+i ~tdiS2 

00·03 _---..1(1(: X ) ~J( X,----,---J'J-
'------' tan2 ~ - I 

I 1 
r4 tpd5 --I I+- tpd6 ----*I 

I ) 
I I L ______________________ I ___ ~ 

FIGURE 5. READ CYCLE TIMING 
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SN74ACT2160 
'OK x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

AO-A12 

BSEL 

MIA 

00-03 

BANK 

MATCH1 
MATCH2 

2-162 

PARAMETER MEASUREMENT INFORMATION 

~~ ____________ A_O_O_R_ES_S_VA_L_IO~' ________________ -J~ 
1- I I 
14 tsu2 ~ I 
I 14 th3 "I 

------i~~1 ! I~--~-----
I 14 tsu3 .: Ih4 I 
*-{-tsu4 ==1 14 ~ 

I , I I 
I l~tw2 ----+I I 

________ ~::.--l+-+j t-thS ~ J ________ _ 
I I I I I --------+I--~I... ~---------~..:.- +------+1----------
I tsu6 ~ :'-th6 -.J I 
I I: I I I 
I L __ L _________ ~---J I 
I I I I 
I I I+-th7 -----" I 
~ OATAVALIO )@,.~~"""' ....... ..,...,. . ..,..,.~.,..".,. 
IIII~ 
I I l"tau7 -+j I 

1 1 I' I I I , PARITY I 
I I, ERROR, I 
I I I 

tpd7 --i+--+I I j+-taus ~ f+ tpd7 -+i 
I I I 14 ~ tpd12 I 

------------I~ :------- I ___________ J 
I 
I 

tpd13 -i4!4-~"! 
I 

I I I 
I I I 
L-.,----l 

tpd14 14 "I 

FIGURE 6, WRITE CYCLE TIMING 
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AO·A12 

00·03 

MATCHl 
MATCH2 

SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

I I 
l.--tw3 ~IIII tsu9 ~' 1 1 1 
1 1 I 1 1 
1 1 
1 1 

: X 
1 1 
1 1 I 1 1 
1 1 
1 1 1 
1 I 1 , I .. .' r-tdls3 ---t>J t+-ten3 -+j 1 tdisl 

OUTPUT ) ~ OUTPUT H INPUT 

~tPd151 

FIGURE 7. RESET CYCLE TIMING 
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~ 

AO·A12 =x------------..J¥ ... --------------

:E 
a: o 
u. 
Z 

i+-tSU10--+l lI!I-tsul0 .1 W 
1 "!4--th9 ---.:: (J 

, : BANK 1 : I 1 BANK 2 Z 
1 1 1 1 ~ 

tsull ~ 1 j4--tsUll ---+l :> 
BSEL 

__ .., 1 i+--th1O --+1 1 C 
S , !: : r-<c 

1 1 1 ':'" I 
j+-tsU12-'1 1 1 ~Ihll +I 

TN' ------l i r------- I :&"~ I 
I~ Isu13 -.I 1 1+-IW4 --+I 

WR --------11 ~~~ I ~ ___ !~-------_ 
I+-Iw4 ---+i : _ . , 

MATCHl -----, 
MATCH2 

1 I 1--.r-1pd16 
tpd16 1111 .1 I 

FIGURE 8. WORD RESET TIMING 
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SN74ACT2160 
81( x 4 2·WAY CACHE ADDRESS COJVIPARATOR/DATA RAM 

PARAMi::TER MEASUR~MENT INFORMATION 

I I 
I NO WAIT STATES I WAIT STATES ADDED I NO WAIT STATES 

~ ADDRESS =>k 
I----.,.,..---J >k 
I 

WRITE TAG 

WRITE DATA I 
I 
I 
I 

BANK -W 
MATCHl 
MATCH2 

2-164 

I 
I 
I 
I 

I 

READ HIT 

I MATCH OUTPUTS 
I IND!CATE WHICH 
I BANK OF DATA 
I SHOULD BE R~AD. 

I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 
I 
I 
I 

I I 
I 
I 
I 
I 
I 
I I 
I READ MISS I WRITE HIT 

~I .. I 
~I .. . I 

I THE BANK OUTPUT INIDICATES 
I WHICH BANK THE DATA SHOULD BE 
I WRITTEN TO. THE TAG IS WRITTEN 
I TO THE SAME BANK IN THE TAG 
I RAM,IN THIS CASE BANK 1. 

FIGURE 9. CACHE CYCLES 
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I MATCH OUTPUTS 
I INDIc:AT~ WHICH 
I BANK THE DATA 
I !!HO!.lLDBE 
I W~ITTEN TO. 

I 
I NO WAIT STATES 

>k 
I 
I 
I I I I 
I 
I 

rtl 
I 

r-
I 
I 
I 
I 
I 
I 
I 
I I I WRITE MISS I 

~I .. ~I I I I BANK OUTPUT I I INDICATES WHICH I I BANK TO WRITE I I TO IN Dil.TA AND I I TAG RAMS. I 



SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

PARAMETER MEASUREMENT INFORMATION 

ADDRESS _____ ..... )( )( XI 
I """-----~ 1'------.--1 '-------

Vi 

MIA 

BSEL 

MATCH1 

MATCH2 

LRU-W 

(LRUWRITE) 

BANK 

I I I 

I 
I 
I 
I 

I,. READ MISS .,1 4 READORWRITEHIT .,1,. READ OR WRITE HIT .,1,. WORD RESET .,1 
I I I i I 
I TAG (AND DATA) IS I READ OR WRITE HIT IN I READ OR WRITE HIT IN I WORD RESET AT BANK I 
I WRITTEN IN CACHEASI BANK 1. LRU WRITE I BANK 2. LRU WRITE I 2. LRU WRITE OCCURS I 
I DATA COMES FROMI OCCURS SO THAT TIlE I OCCURS SO THAT TIlE I SO THAT T!iE NEXT I 
I MAIN MEMORY TO THEI NEXT WRITE (WITH MIA I NEXT WRITE (WITH MIA I WRITE (WITH MIA HIGH) I 
I PROCESSOR. A LRU I HIGH) TO THE SAME I HIGH) TO THE SAME I TO THE SAME INDEX I 
I WRITE OCCURS SOl INDEX WILL OCCUR IN I INDEX WILL OCCUR IN I WILLOCCURINBANK2. I 
I THAT T!iE NEXT WRITE I BANK 2. I BANK 1. I I 
I (WITH MIA HIGH) TO I I I I 
I THE SAME INDEXED I I I I 

LOCATION WILL 
I OCCUR IN THE OTHERI I II I 
J BANK. I I I 
I I I I I 

FIGURE 10. LRU WRITE TIMING DIAGRAM 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

64 

Uj 32 .. 
>-III 
I .. 16 

N 

iii .. c 8 :::i 

4 

APPLICATION INFORMATION 

-I 

DEPTH CASCADING 
NUMBER OF DEVICES 

CACHE SIZE 
vs 

LINE SIZEt 

1 ,L, 

x I 
:X 

X -r' 

...r' 

X1-Deep 0 2-Deep 04-Deep 

64K 128K 256K 512K 1M 2M 4M 

Cache Data Size - Bytes 

64 

Uj 32 

! 
I 

16 11 
I/) .. c 8 :::i 

4 

WIDTH CASCADING 
NUMBER OF DEVICES 

MAIN MEMORY COVERAGE 
vs 

LINE SIZE=I= 

1.=1 
r---X ..r V V .. -j .. -j ~ -J 

r ! V 
J j j 

~ 

I 

X1-Wlde 03-Wlde 
q 2-Wlde A 4-Wlde 

S12K 2M 8M 32M 128M S12M 2G 

Amount of Main Memory Covered 
or Mapped - Depth 

t Direct-mapped caches =1= One lag/line. Assumes a word length of 32 bits. 

FIGURE 11 FIGURE 12 

depth cascading 

For four-way caches, each solution shown in Figure 11 is moved to the right one Increment doubling the cach!! 
size and the number of devices used. 

width cascading 

Memory coverage assumes one bit used as a valid bit (See Figure 12). 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. 

usage explanation and example 

2-166 

Figures 11 and 12 provide a quick means for determining if the' ACT2160 will provide a good solution and the 
number of devices needed for implementation. For example, a design requires 256K bytes of two-way 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 11, it is determined that one' ACT2160 deep will provide a 256K byte 
cache with a 16-byte line size. From Figure 12, it is determined that four 'ACT2160s cascaded in width will map 
256M of memory (or as much as 1 G). Therefore, one deep by four wide (four 'ACT2160s) are needed to meet 
the design's requirements. 
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SN74ACT2160 
8K x 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

DATA BUS 

CONTROL BANK 1 BANK 2 
LOGIC CACHE -...... CACHE 

(FPLlASIC) DATA DATA 

ADDRESS BUS 

L 'ACT2160 

0 
'-- 0 

'--- A '--- A 
M1 -

r M2 

I 

CACHESIZET LINE SIZET 

(BYTES) (BYTES) 

64K 4 

128K 8 

256K 16 

512K 32 

1M 64 

t Assumes 1 tag per line & 8K of tag depth. The cache size line size 
relationship shown can be changed by cascading the 'ACT2160 in 
depth. 

'ACT2160 

M1 
M2 

FIGURE 13. TWO·WAY CACHE USING THE 'ACT2160 
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SN74ACT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

-
DATA BUS 00-031 

BANK 1 BANK 2 
,-00-015- ------, r-Do-D15 --016-0311 

CPU 
016-031 1 

i'~A MAIN 
I'~A '~AI '~AI MEMORY 
1 8KX18 8KX1B 1 + BKX18 8KX18 1 "t 00-015 - 0D-015 1 00-015 "-- 00-015 1 

;I- AO-A12 - AD-A12 1 ..j. AD-A12 - AO-A12 1 
1- _I 1- '---- 1 
1 1 1 1 L.. ____ ______ .J L. _____ ______ .J 

ADDRESS BUS A2-A31 

A15-A17 
A2-A14 

A2-A14 - A18-A21 A22-A25 

A2-A14 
VCC 

'ACT2160 'ACT2160 'ACT2160 f~ 
00-02 PE - 00-03 PE 00-03 PE 

VCC 03 

f"" 
S MATCH1 f--

If"" 
S MATCH1 f--

If"" 
S MATCH1 

MATCH2 f-- MATCH2 I-- MATCH2 

- Ao-A12 ~ AO-A12 '-- AO-A12 
BANK 

FIGURE 14. 64K BYTE TWO-WAY SET ASSOCIATIVE CACHE, LINE SIZE = 4 BYTES 
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MATCH1 

MATCH2 

BANK 



r---

CPU 

00-03 

'ACT2160 

- oJ)-03 

-± MIA 

VCC-{ 
WR 

PE r-
LRU-W 

r-- Ao-A12 

A2-A14 

A15-A17 

-
-± 

VCC-{ 

r--

SN74ACT2160 
8K x 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

APPLICATION INFORMATION 

OATA BUS 00-031 

MAIN 
MEMORY 

••• 
04-07 024-027 028-031 

'ACT2160 'ACT2160 'ACT2160 
00-03 - 00-03 - 0IJ.03 

VCC 
MIA -± MIA -± MIA 

••• 
Wi! 

VCC-{ 
WR 

VCC-{ 
WR 

PE r- PE - PE H 
LRU-W LRU-W LRU-W 
Ao-A12 r-- Ao-A12 r-- Ao-A12 

••• 
A2-A14 A2-A14 A2-A14 

AOORESS BUS A2-A31 

A1B-A21 A22-A25 

i--- A2-A14 
A2-A14 A2-A14 

VCC 

'ACT2160 'ACT2160 'ACT2160 rr - 00-02 PE L-.. 00-03 PE ~ 00-03 PE 
TAG-PE 

VCe-- 03 
_MATCH1 - _MATCH1 '---- MATCH1 MATCH 

r SMATCH2 - -r- SMATCH2 - r SMATCH2 MATCH 

'--- AO-A12 ""--- Ao-A12 '--- Ao-A12 
BANK BANK 

FI~UFJJ: 15, 64K BYTE TWO·WAY ASSOCIATIVE CACHE, LINE SIZE = 4 BYTES 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 6sssoS • DALLAS. TEXAS 75265 2-169 

z o 
~ 
:E 
a: o 
LL 
Z 

W o 
Z 

~ c « 



t:" 
~ 

-..J 
o 

§ 
~ 

~z 

I~~ 
~ ~&l 
~~. 
i 

NOI~\1Wt:lO:lNI 30N\1J\0\1 

r-l DATABUSDO-031 

CPU 

'-----J 

A2-Al4. 

A15 

Al6-A18 

'ACT2141 
8KX18 

A2-A14. 

BANK2 ------, r------ ------, 
Dl6-031 I 

'ACT2140 I 
8KX18 I 

H [)o'D15 I 
r+-I AIJ.A 12 I 

I 
I 
I 

'ACT2140 II 8KX18 I 
I !....i 00-015 I 
~AlJ.Al~ I 

I -------.1 

I [)o'015 

I 'ACT2140 
I 8KX18 

00-015 
AO-A12 

'ACT2140 
8KX18 

ADORESS BUS A2-A31 

A2-A14 

A19-A22 A23-A26 

016-031 

'ACT2140 
8KX18 

HDo-015 
r+-I Ao-A12 
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FIGURE 16. 128K BYTE CACHE, LINE SIZE = 4 BYTES 
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APPLICATION INFORMATION 
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FIGURE 17. BUS WATCHING WITH THE 'ACT2160 
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• Fast Address to Match Delay 
20 ns Max - 'ACT2163 
18 ns Max - 'ACT2164 

• Common I/O with Read Feature 

• On-Chip Address/Data Comparator 

• Easily Expanded in Depth and Width 

• 'ACT2163 Has Totem-Pole Match Output 

• 'ACT2164 Has Open-Drain Match Output 
Tasted with 75-pF Load 

• Reliable Advanced CMOS Technology 

• Fully TTL Compatible 

SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

AO 
Al 
A2 
A3 

VCC 
A4 
A5 
A6 
NC 

03298. SEPTEMBER 1985-REVISED JUNE 1990 

FM PACKAGE 
ITOP VIEW) 

ultii 0 ~ 
ICil 13: Ia: z a: 0 0 

4 3 2 3231 30 
5 0 29 

6 28 

7 27 

8 26 

9 25 

10 24 

11 23 

12 22 

13 21 
1415 16 17 18 19 20 

NC 
02 
03 
04 
GNO 
GNO 
MATCH 

description 

The SN74ACT2163 and SN74ACT2164 cache 
address comparators each consists of a high- NC-No internal connection 

speed 16K x 5 static RAM array and a 5-bit high-
speed comparator. They are fabricated using advanced silicon-gate CMOS technology for high speed and 
simple interface with bipolar TTL circuits. The' ACT2163 and' ACT2164 cache address comparators are 
easily cascaded for wider tag addresses or deeper tag memories. Significant reductions in cache memory 
component count, board area, and power dissipation can be achieved with this device. 

When 5 is low and Vii and R are high, the cache address comparator compares the contents of the memory 
location addressed by AO-A 13 with the data 00-04. An equality is indicated by a high level on the MATCH 
output. During a write cycle (5 and Vii low), data on 00-04 is written in the 5-bit memory addressed by 
AO-A13. 

The' ACT2163 features a totem-pole MATCH output and the' ACT2164 features an open-drain MATCH 
output. 'ACT2164 is designed to reduce the address-to-MATCH slow-down normally associated with a 
capacitively loaded open-drain output and is tested with a high capacitive load. 

A read mode is provided with the' ACT2163 and' ACT2164, which allows the contents of RAM to be 
read at the 00-04 pins. The read mode is selected when Rand 5 are low and Vii is high. 

A reset input is provided for initialization. When RST is taken low, all 16K x 5 RAM locations are cleared 
to zero 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 is equal 
to the reset memory location. 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. These cache 
address comparators operate from a single 5-V supply and are offered in a 32-pin PLCC package. 

The SN74ACT2163 and SN74ACT2164 are characterized for operation from DoC to 70 oe. 

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

PRODUCTION DATA do.uments ... tai. i.formetio. 
currant .s of publication data. Products conform to 
spaclfications par the terms of Tax81 Instruments TEXAS ." 

Copyright © 1990, Texas Instruments Incorporated 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

logic symbols t 

liST 32 

ii 2 

W1 3 

li 4 

AO 5 

A1 6 

A27 

A3 8 

A4 'O 

A5 '1 

A6 '2 
A7'4 

A8 '5 
A9 '6 

Al017 

AII '8 

A12 '9 

A13 20 
DO 31 

D1 30 

D2 28 

D3 27 
D4 26 

SN74ACT2183 

• 
CACHE ADDRESS 
COMPARATOR 

RESET 'ACT2163 

o 

RAM MATCH 
ADDRESS 

13 

23 MATCH 

tThese symbols are in accordance with ANSI/IEEE Std 91-1984. 

logic diagram (positive logic) 
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Dl~~.-.---~~t--4 

02 ;; 
D3~----H-~--~ 
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A1 6 
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A3 8 

A4 'O 

A5 " 
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A'0'7 
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All 

A12 '9 

A13 20 
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Dl 30 

D2 28 

D3 27 

D4 26 

RAM 
1SKx 5 

13 

OJ 0 A--
13 16383 
Cl 

lD 
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PIN 

NAME NO. 

AO 5 

Al 6 

A2 7 

A3 8 

A4 10 

A5 11 

A6 12 

A7 14 

A8 15 

A9 16 

Al0 17 

All 18 

A12 19 

A13 20 

00 31 

01 30 

02 28 

03 27 

04 26 

GNO 
25 

24 

MATCH 23 

R 2 

m 32 

S 4 

VCC 
9 

22 

iN 3 

SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

FUNCTION TABLE 

INPUTS 1/0 OUTPUTS 

W R S RST 00·04 MATCH 
FUNCTION 

L X L H Input H Write 

H L L H Output H Read 

H H L H 
L Not equal 

Input 
H Equal 

H X X L Hi·Z H Memory reset 

X X H H Hi·Z H Oevice disabled 

TERMINAL FUNCTIONS 

DESCRIPTION 

Address inputs. Addresses 1 of 16K by 5·bit RAM memory locations. Must be stable for the duration of the 

write cycle. 

Data (tag 1 inputs/outputs. DO~D4 are inputs during the compare and write modes. 00-04 are outputs during 

the read mode. 

Ground 

When MATCH output is high during a compare cycle, 00·04 equals the contents of the 5·bit memory location 

addressed by AO·A13. MATCH is also driven high during deselect. reset, read. and write. 

Read input. When Rand S are low and W is high. addressed data is output to the 00·04 pins and the 

MATCH output is forced high. 

Reset input. Asynchronously clears entire RAM array to zero and forces MATCH high when 'FrnT is low. 

Chip select input. Enables device when ~ is low. Oeselects device and forces MATCH high when S is high. 

Supply voltage 

Write control input. Writes 00·04 into the RAM location addressed by AO·A 13 and forces MATCH high 

when W is low. Places selected device in compare mode when Wand R are high and 5 is low. 

TEXAS ~ 
INSTRUMENTS 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

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

Supply voltage range, VCC (see Note 1) ................................... -1.5 to 7 V 
Input voltage range, any input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 to 7 V 
Input clamp current, 11K (VI < 0 or VI > Vcc) . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. ± 25 mA 
Output clamp current, 10K (VI < 0 or VI > Vcc) ............................... ±25 mA 
Continuous output current, 10 (VO = 0 to Vcc): 00-04.......................... ± 25 mA 

MATCH ........................ ±50 mA 
Continuous current through VCC or GNO pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 200 mA 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. OoC to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ...................... 260°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 ere with respect to GNO. 

recommended operating conditions (see important notice) 

MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High·level input voltage 2.2 VCC+O.5 V 

Vil low·level input voltage Isee Note 21 -0.5 0.8 V 

VOH High·level output voltage, MATCH l'ACT21641 5.25 V 

10H High·leval output current, MATCH l'ACT21631 and 00·04 outputs -8 rnA 

Low-level output current 
100.04, MATCH l'ACT21631 8 

10l rnA I MATCH l'ACT21641 27 

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 pull up 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/fali condition does not occur. 

Negative undershoot at the address or data inputs could cause this device to reset if the VIH 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 VIH level at the R'ES'E'f 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 GNO. 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

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

'ACT2163-20 'ACT2164-18 
PARAMETER TEST CONDITIONS 

Typt Typt 
UNIT 

MIN MAX MIN MAX 

IOH MATCH ('ACT2164) VCC : 5_25 V, VOH : 5.25 V 10 10 ~A 

VOH 
MATCH ('ACT2164), 

VCC : 4.75 V, IOH : -8 mA 
DO-D4 

3.7 3.7 V 

DO-D4 VCC : 4.75 V, IOL : 8 mA 0.4 0.4 

VOL MATCH (ACT2163) VCC : 4.75 V, IOL : 8 mA 0.4 0.4 V 

MATCH (ACT2164) VCC : 4.75 V, IOL - 27 mA 0.4 0.4 

II VCC : 5.25 V, VI: 0 to VCC ±5 ±5 ~A 

IOZ VCC : 5.25 V, VO.: 0 to VCC, S is low ±10 ±10 ~A 

ICCI Operating VCC : 5.25 V, RST at 3 V, S at 0 V 130 180 130 180 mA 

ICC2 Reset VCC : 5.25 V, RST at 0 V, S at 0 V 53 80 53 80 mA 

ICC3 Deselect VCC : 5.25 V, RST at 3 V, Sat VCC 100 150 100 150 mA 

Ci I: 1 MHz 5 5 pF 

Co I: 1 MHz 6 6 pF 

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

compilre cycle 

PARAMETER 
'ACT2163-20 

MIN TYPt MAX 

'ACT2164-18 

MIN Typt MAX 
UNIT 

talA) Access time Irom address to MATCH 15 20 14 18 ns 

ta(S) Access time from ~ to MATCH 10 15 10 15 ns 

tp(D-M) Propagation time, data inputs to MATCH 12 16 12 16 ns 

tp(RST-MH) Propagation time, RST low to MATCH high 15 20 15 20 ns 

tp(S-MH) Propagation time, S high to MATCH high 8 12 8 12 ns 

tp(W-MH) Propagation time, W low to MATCH high 6 10 6 10 ns 

tpIWH-M) Propagation delay, W high to MATCH t 15 20 14 18 ns 

tvlAI MATCH valid time after change of address 0 0 ns 

t~ MATCH valid time alter change 01 data 0 0 ns 

tv(S) MATCH valid time (low) alter S high 0 0 ns 

read cycle 

PARAMETER 
'ACT2163-20 

MIN Typt MAX 

'ACT2164-18 

MIN Typt MAX 
UNIT 

talA-D) Read access time from address to 00-04 '9 25 19 25 ns 

ten(S-O) Enable time Irom S low to 00-04 12 18 12 18 ns 

ten(R-O) Enable time, R low to 00-04 9 14 9 14 ns 

tdis 00-04 output disable time from R, S, or W 8 12 8 12 ns 

tpJR-MH) Propagation time, l'i low to MATCH high 8 12 8 12 ns 

t All typical values are at VCC : 5 V, T A : 25 DC. 
*The MATCH output will glitch at the end of a write cycle after Vii returns high. This spec indicates when the MATCH output is stable 

after W returns high. This specification assumes that the address and/or data inputs are not changed immediately after Vii goes high. 
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SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

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

PARAMETER 
'ACT21 ,,3-20 'ACT2164-18 

UNIT 
MIN TVpt MAX MIN TVP MAX 

twlRSTLI Pulse duration, RS'f low 80 80 ns 

twlWL) Pulse duration, W low 12 12 ns 

tsulA) Setup time, address before W low 0 0 ns 

tsulD) Setup time, data before W high 10 10 ns 

tsulSl Setup time, S low before W high 10 10 ns 

tsu(RST) Setup time, RS'f inactive before W high 20 20 ns 

thlA) Hold time, address after W high 2 2 ns 

thIWH-D) Hold time, data after W high 0 0 ns 

thlWL-Dl Hold time, data after W low with MATCH high Isee Note 3) 10 10 ns 

thlSl Hold S low after W high 0 0 ns 

tAVWH Address valid to write enable high 12 12 ns 

tAli typical values are at VCC = 5 V, TA = 25°C. 
NOTE 3: The purpose of thIWL-D) is to ensure that when W is taken low during a compare cycle with MATCH high, MATCH will remain 

high without a glitch low. lAs shown in the function table, W low forces MATCH high). 
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SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

2.05 V 

UNDER TEST POINT 

FROM OUTPUT ---i;E:T 200 () 

CL t - 30 pF FOR tpd AND ten MEASUREMENTS I 0, - ' .. ,., .. " .,""".,'" 

3·STATE AND 
TOTEM·POLE OUTPUTS 

LOAD CIRCUIT 

INPUT 

3V 

----oV 
tdi. --tI 

OUTPUT I If-- ten 

3·STATE AND TOTEM·POLE OUTPUTS 
PROPAGATION·TlM~ VOLTAG~ WAVEFORMS 

VCC 

I 

OUTPUT 

'3·STATE OUTPUTS 
ENABLE/DI$ABLE VOLTAGE WAVEFORMS 

-..! Jt-\, = 5 nil 
1,.5n.-+/1+- I I 

I , I I 
Lt.;'" -----::2:"". 7:-:V~\.-r-1.-5 V- - - --

VOH 

3V 

INPUT J- 1.5 v I ~ 
I 0.3 V I GND 

I I j+- Ipd +i 
RL • 180 (! 

FROM OUTPUT ___ .. 
UNDER TEST 

TEST 
POINT J CL· 75 pFt 

OPEN·DRAIN OUTPUTS 
LOAD CIRCUITS 

t CL includes probe and test fixture capacitance. 
*VOH = 1.5 V for tenIS-D) 

OUTPUT 

FIGURE 2 

~Ipd-" I 
I I 

1.5 V 

OPEN·DRAIN OUTPUTS 
VOLTAGE WAVEFORMS 
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SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

2-180 

PARAMETER MEASUREMENT INFORMATION 

AO-A13 ID:< ________ A_D_DR_E_S_S_VA_L_ID _______ ---'. 

14--- tsulA) ----114 .. --- thlA) ---~1lI 
t'I I tAVWH -.j 

S -----; 1 1 

1 1 
- *"~ ---+1 tsulS) ----..~ I 

1 I re-- thiS) ~ 

W--------~I ~I -------------
I I 
rt-- twlWLI ----+t 

DO-D4~ DATA VALID ~ 
1 I I I 
1 f4- tsulD) -.., I 

1 .. i4----'l~*' thlwH-D) 

MATCH 
I I ~-------

14-1III---tt!*- tpIW-MHI 

FIGURE 3. WRITE CYCLE TIMING 

14----twIRSTLI----tt!ojoII41-----tsuIRSTI----~~ 
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1 
1 
i'111i4------.~ tpIR-MHI 

FIGURE 4. RESET CYCLE TIMING 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

PARAMETER MEASUREMENT INFORMATION 

AO·A13 D< ADDRESS VALID X ADDRESS VALID )@ 
~----------------~I~-----------------~1'111--- talAI ~ 

DO.D4~ 
'-

DATA VALID : : XI '-____ DA_T_A_V_AL_ID ____ ~ 
tplDI ;j 

1 1 

1 I: I 
: 1 --.j 14- tvlD·MI 14-~----t~"" tpIS·MHI 

~ talSI --.I 14-'---t~oI- tvlA·MI tvlS·MI lOll ~ 1 

I I I ~I I 
MATCH------"""""I~=~lt'l!'l~ ,..-----..X'-_______ --"V 

FIGURE 5. COMPARE CYCLE TIMING 
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FIGURE 6. READ CYCLE TIMING 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

64 

APPLICATION INFORMATION 

DEPTH CASCADING 
NUMBER OF DEVICES 

vs 
LINE SIZEt 

1 ..... 64 
-

WI 32 

WIDTH CASCADING 
NUMBER OF DEVICES 

MAIN MEMORY COVERAGE 
vs 

LINE SIZEt 

t r' 

j V 
WI 32 .. x ;-- ~ 

III +-/ ...... l • -j ~ 
~ 16 x- "" 

~ 16 
.!:! en 

f---X 

/ if j N 

iii .. ~ 
:::; 8 

:3 8 *--{ r j 
4 -I ...r' 

x1-Deep o 2-Deep a 4-Deep 

64K 128K256K512K 1M 2M 4M 

Cache Data Size-Bytes 
t Direct-Mapped Caches 

FIGURE 7 

depth cascading 

4 I-X ~ . 

X 1-Wide 02-Wide a 3-Wide 

512K 2M 8M 32M 128M512M2G 
Amount of Main memory Covered 

or Mapped - Depth 
tOne Tag/line. Assumes a word length of 32 Bits 

FIGURE 8 

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' ACT2163 or 'ACT2164 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' ACT2163 or 'ACT2164 will provide a good 
solution and the number of devices needed for implementation. 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 one' ACT2163 
or 'ACT2164 will provide a 256K byte cache with a 16-byte line size. From Figure 8, it is determined that 
three 'ACT2163s or 'ACT2164s cascaded in width will map 256M of memory (or as much as 1G)' 
Therefore, one deep by three wide or three 'ACT2163s or 'ACT2164s are needed to meet the design 
requirements. 
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SN74ACT2163. SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

APPLICATION INFORMATION 

cascading the • ACT2163 and • ACT2164 

The' ACT2163 and' ACT2164 are easily cascaded in width and depth. Wider addresses can be compared 
by driving the AO-A 13 inputs of each device with the same index and applying the additional address bits 
to the 00-04 inputs. The select (8) input allows these devices to be cascaded in depth. When a device is 
deselected, MATCH is driven high. It should be noted that a decoder can be used to drive the select input 
since the propagation delay from select to match is much faster than from address to match. Figure 9 
shows the' ACT2163 cascaded. The' ACT2164 open-drain MATCH output is designed to reduce the typical 
RC'slow down time normally associated with open-drain outputs. This feature reduces additional delay 
in the critical speed paths normally caused when cascading this type of device. 

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' ACT2163 or 'ACT2164. 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. Figure 10 shows a possible bus-watcher 
implementation. 
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SN74ACT2163, SN74ACT2164 
16K x 5 CACHE ADDRESS COMPARATORS 

APPLICATION INFORMATION 

M 
I DATA BUS 
C 
R SRAM 0 
P l28K·8VTE 
R 

CACHE 0 
C ILine slzo - 4 byt •• l 
E 
S AO·Al4 t 
S ADDRESS BUS 0 
R 

A14 AO·Al3 Al5·A18 
Al4 AO·Al3 A19·A23 

'ACT2l63 J 'ACT2l63 

~ DO.D3 MATCH ~ DO·D4 MATCH 
6V- I- D4 

AO·A13 AO·A13 
8 8 

'ACT2l63 J 'ACT2l63 

- DO·D3 MATCH '-- DO·D4 MATCH 
5V- D4 

4> AO·A13 AO·A13 

T 
8 i 8 

DRAM 

MAIN 
MEMORY 

-

r"'~ lOG 

TROl 
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SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

1990 

• Fast Address to Match Time •.. 12 ns Max FM PACKAGE 
(TOP VIEW) 

• 2·Way Architecture Significantly Improves 
Hit Rate 

~~~~<~8 

• 
• 

Implements LRU Replacement Algorithm 

Useful for Bus Watching 
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Easily Expandable In Depth and Width 

Reliable Advanced BICMOS Technology 

Fully TTL Compatible 
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24 MATCH2 
23 GND 

12 22 PE 

13 21 BANK 
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description 

The SriJ7 4BCT2160 is a valuable building block for 
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 
SN74BCT2160 also includes single-entry invalidation circuitry and parity generation and checking for ease of 
design and high system reliability. 

The SN74BCT2160 is fabricated using advanced BiCMOS technology for high speed and simple interface with 
bipolar TTL circuits. By combining the SN7 4BCT2160 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-mapped or one-way set associative cache, only one data word and tag exist in cache for each index. 
This means that when the processor requests data, only one cache memory location can contain the requested 
data. Also, If the requested data is not in the cache and the cache is updated, the data in the indexed cache 
memory location will be written over regardless of how recently it has been used. 

In a two-way set associative cache, two data words and tags exist for each index. This means thatthe requested 
data can reside in one of two cache locations. When a miss occurs and the cache is updated, the least recently 
used data can be written over. As would be expected, studies have shown that the hit rate improves significantly 
when using a two-way cache design over a one-way or direct-mapped cache design. Through use of the 
'BCT2160, the logic complexity and parts count usually associated with a two-way cache are greatly reduced. 

This device is covered by U.S. Patents 4,831,625; 4,837,743; 4,858,182; 4,860,262; 4,884,270; and additional patents pending. 
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SN74BCT2160 . 
8K x 4 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM 

address comparison 

The 'BCT2160 compares the contents of the memory location addressed by AO-A 12 with the I;lddress bits (or 
tag) applied at 00-03. An equality is indicated by a high level on the MATCH1 or MATCH2 outputs. MATCH1 
is high when the applied tag is equal to the stored tag in bank 1. MATCH2 is high when the applied tag is equal 
to the stored tag in bank 2. 

writing to the 'BCT2160 

The 'BCT2160 has been designed with self-timed write circuitry. A high-to-Iow transition at the W inpul'initiateS 
an internally generated write pulse. After a high-to-Iow transistion at W, W may be held low withput initiating 
additional write pulses. The manual/auto (M/A) input on the 'BCT2160 provides two methods of selecting which 
tag bank will be written to when the write input fiJ) is taken low. When M/A is low, the bank select input (BSEL) 
selects the bank to be written to. BSEL low selects bank 1 and BSEL high selects bank 2. When M/A is high, 
the least recently used ~RU) circuitry automatically selects the bank written ~ when W is taken lo~he BANK 
output is latched when W goes low. This latch will return transparent when W returns high. When W is low the 
00-03 outputs are disabled. A high-to-Iow transition at the S input when W is low will not initiate a write 
(self-timed) pulse. 

writing to the cache data RAMs 

When a read or a write miss occurs and the cache is updated, the BANK output will indicate which bank the data 
should be written to. If BANK is low, bank 1 should be written to. If BANK is high, bank 2 should be writte~ to. 
When writing a tag with M/A low, the BANK output will not indicate which bank is being selected by the BSEL 
input. BANK is the output ofthe internal8K x 1 LRU RAM. When a write hit occurs, the match outputs will indicate 
which data bank to write to. 

LRU replacement circuitry 

A concept commonly referred to in cache design is the property of locality. An aspect of the property of iocallty 
says that the information currently in use is likely to be used again soon. Based on this property, it Is desirable 
to replace the information that has not been used recently when writing to cache. With a set size of two, this is 
easily done using one bit to indicate which of the two addressed locations is oldest or least recently used. The 
'BCT2160 contains an 8K x 1 RAM and the necessary circuitry to implement the LRU replacement algorithm. 

'ihe M/A input allows the user to choose between automatic LRU and manual replacement. When .M/A is high, 
the LRU RAM output selects which bank to write to. When the LRU bit for a given address is low, a write pulse 
will write 00-03 to bank 1. When the LRU bit for a given address is high, a write pulse will write 00-03 to bank 2. 
The LRU RAM is updated every time a write, a match (with LRU-W signal), or a word reset occurs. 

When a write occurs with M/A high, the addressed LRU bit is inverted and written back in so that the next write 
with M/A high to that address will be to the other bank. When a write occurs with M/A low, the bank is seiected 
by the BSEL input and the addressed LRU bit is adjusted so that the next write to the same address with M/A 
high will be to the other bank. 

With a match output high indicating a match, the LRU RAM will also be updated when the LRU-W input is taken 
low. The logiC level at each match output is fed back internally to the LRU circuitry. If MATCH1 or MATCH2 are 
high, the LRU-W input provides an LRU write timing signal that causes an internal LRU write pulse to be 
generated. With MATCH1 high, the LRU bit is set high so the next write to the same address with M/A high will 
be to bank 2. With MATCH2 high, the LRU bit is set low so the next write to the same addresswitl) M/A high 
will be to bank 1. When cascading these devices for wider address coverage, the MATCHi outputs must be 
wire-AN Oed together so an LRU write will not occur unless all MATCH1 outputs are high. In the samemanner, 
the MATCH2 outputs (in width) must be tied together. When MATCH1 and MATCH2 are forced high during 
deselect, write, read, word reset, or reset, and LRU-W is taken low, a false LRU write will not occur. When a Word 
reset occurs, the addressed LRU bit is updated so that the next write to that address will be to the reset 
(invalidated) location. 
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parity generation and checking 

SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

The 'BCT2160 contains parity generation and checking circuitry. When the PE output goes low, a parity error 
exists in orie of the two tag RAMs. 

During a write cycle, address bits or data on 00-03 plus generated odd parity are written into the 5-bit memory 
location In either bank 1 or bank 2 that is addressed by AO-A 12. Also during write, a parity error may be forced 
for diagnostic purposes by holding the R input low. The addressed parity bits are Included in the comparator 
circuitry of the 'BCT2160 so If a parity error occurs, the corresponding match output will be forced low. The bank 
written to Is selected automatically or manually via the BSEL input depending on the state of the MIA input. The 
LRU bit is not parity protected. The BANK outputs of the 'BCT2160s that are cascaded in width could be 
externally exclusive ORed to provide protection for the LRU bits. 

operation as a data RAM 

The 'BCT2160 can be used as a two-way 8K x 4 data RAM with parity generation and checking. By tying the 
manual/auto (M/A) pin low, the BSEL input can be used to select which bank is being written to or read from. 
Through the use oftlie select pin, the 'BCT2160 can be cascaded for a deeper data RAM. Inputs WR and LRU-W 
should be tied high when using the 'BCT2160 as a data RAM. 

Initialization 

A reset input is provided for initialization. When RESET is taken low, all three 8K RAM locations are cleared to 
zero (with valid parity) and the MATCH1 and MATCH2 outputs are forced high. If a 00-03 input of zero Is 
compared to any memory location that has not been written into since reset, MATCH1 andlor MATCH2 will be 
high indicating that 00-03 plus generated parity is equal to the reset memory location. 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. After reset, PE will be high for every addressed memory location indicating no parity error 
in the RAM data. After power-up, the 'BCT2160 must be initialized by resetting the device to ensure that all 
memory locations are at a known state. The 'BCT2160 could also be initialized by writing to every memory 
location (both banks). 

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 on the 'BCT2160 
allows any addressed memory location to be cleared to zero with valid parity by taking the word reset pin (WR) 
low. By tying one of the 00-03 input pins high, that particular bit can be used as a valid bit. Whenever 00-03 
is compared to a memory location cleared by WR (or by the master RESET), a miss will occur. If a 00-D3 input 
pin is not tied high, a false match will occur whenever a DO-D3 of zero is compared to a reset location. Word 
reset is independent of the input at the 00-03 pins. The MIA input must be low for a word reset to occur when 
WR is taken low. Word reset can also be accomplished by holding WR low and taking MIA low to reset the 
addressed location. At the same time that an addressed location is reset, the addressed LRU bit is updated so 
that the next write to the same address with MIA high will be to the reset location. Input BSEL determines which 
bank WR affects. When cascading in width, all devices must receive the word-reset pulse for proper LRU RAM 
update. 
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SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

cascading the 'BCT2160 

The 'BCT2160 is easily cascaded in width and depth. Wider addresses can be compared by driving the AO-A 12 
inputs of each device with the same index and applying the additional address bits to the 00-03 inputs. The 
select (8) input allows this device to be easily cascaded in depth. When a device is deselected, the MATCH1 
and MATCH2 outputs are driven high. This allows the match outputs to be wire tied or gated together when 
cascading in depth. 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. MATCH1 and MATCH2 are open-drain outputs for easy 
wire-ANDing and must be wired-ANOed in the width direction to ensure proper LRU update. 

cache coherency through bus watching 

When implementing cache designs, cache coherency is usually a concern. A solution to this problem is to 
implement bus watching using the 'BCT2160. 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 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. 
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SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

~ 

SN74BCT2160 
CACHE ADDRESS 
COMP/DATA RAM 

RESET 

READ/FORCE PE 

WRITE 

WORD RESET 

SELECT 

LRUWRITE 

MANUAL 

L AUTO 

BSEL 

0 MATCH1~ 
25 

MATCHl 

MATCH2~ 24 
MATCH2 

BANK 
21 

BANK 

PAR ERR~ 
22 

PE 

> IRAMADDR> 

12 .. 

V~ 

t This symbol is in accordance with ANSI/IEEE SId 91-1984, 
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SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

Terminal Functions 

DESCRIPTION 

Address inputs. Addresses a memory location in each ofthe three 8K RAM arrays. Address must be stable for the 
duration olthe write cycle. 

Bank Select input. This input is used in conjunction with the manual/auto, read and word reset functions. When BSEl 
is low, bank 1 is selected. When BSEl is taken high, bank 2 is selected. When MIA is high, the BSEl input does not 
affect writing. 

Bank output. The BANK output is used during a write to indicate which bank 00-03 is being written into when MIA 
is high. BANK is low for bank 1 and high for bank 2. BANK is forced high during reset and deselect. BANK is used 
to indicate which cache SRAM bank the system data should be written into. When W is taken low. the output of the 
lRU RAM is latched causing BANK to remain stable. When W returns high, the latch returns transparent and the 
BANK output will swUch if the LRU bit was changed. BANK is a totem-pole output. 

Data (tag) inputs and outputs. Provides input to RAM bank 1 or bank 2 depending on the state of the S, W, BSEl, 
MIA, and WR pins. When in the compare mode, 00-03 plus generated parity are compared to the addressed 5-bit 
memory location in bank 1 and bank 2.00-03 also function as outputs (see the R pin description). 

least Recently Used WrUe timing Signal. In the compare mode, a falling edge on lRU-W will initiate an lRU write 
pulse if MATCHl andlor MATCH2 are high. If a falling edge at lRU-W occurs before MATCH 1 or MATCH2 are valid 
based on tpdl and tsul, the lRU wrne may not occur or a false lRU write could occur. lRU-W will only initiate a lRU 
write pulse on a falling edge. lRU-W has no effect during any other mode of operation. 

Manual/Auto input. The MIA input determines the bank select mode ~r writing data. When MIA is low, the bank to 
be written into is selected manually via the BSEl input. When the MIA input is high, the bank selection is done 
automatically. An internal8K x 1 RAM is used to keep track olthe bank to be written into using the least recently used 
(lRU) replacement algorithm. After the device is reset, the first write is into bank 1. The next time data is written to 
the same address, it will be stored in bank 2. Successive writes to the same address automatically alternate between 
bank 1 and bank 2. MIA can also be used to perform the word reset function. With WR low, the addressed location 
in the selected bank will be reset when MIA is taken low. 

Match outputs. When MATCHI or MATCH2 are high during a compare cycle, 00-03 plus generated parity equal the 
contents of one of two memory locations addressed by AO-AI2. MATCH 1 is high when 00-03 matches 00-03 stored 
in bank 1. MATCH2 is high when 00-03 matches 00-03 stored in bank 2. The match outputs are high during deselect, 
wrne, read, word reset, and reset. The logic level at the match outputs is fed back to the internal lRU Circuitry. If a 
match output is high indicating a match when lRU-W is taken low, the lRU bit is adjusted so that the next write into 
that address will be into the other bank (LRU concept). If a match occurs with both banks (MATCH 1 and MATCH2 
high) and lRU-W is taken low, bank 2 will be written into when MIA is low and bank 1 will be written into when MIA 
is high. Since this device features open-drain match outputs, an external pullupresistorof 180 Q minimum is required. 
If a partty error is present in bank 1 or bank 2 during compare, the corresponding match output will be forced low. 

Parity Error output. During compare cycles, a low level at PE indicates a parity error in one of the 8K X 5 RAMs. A 
partty error will force the corresponding match output low. PE is an open-drain output and an external pullup resistor 
is required. PE is disabled during write, reset, word reset, and deselect. 

Read input. When R is low and the device is selected, 00-03 are enabled as outputs. The output data (tag) is 
determined by AO-A12 and the BSEl input. Outputs 00-03 are disabled during write, word reset, reset, deselect, 
and when R is high. During write cycles, a parity error can be forced into the memory location addressed by AO-A 12 
of the selected bank when R is taken low. 

Reset input. Asynchronously clears all three RAM arrays to zero with valid parity independent of the select pin when 
RESET is low. By tying a single data input high, a false match will not occur when a tag of zero is applied after 
initialization. 

Chip select input. Enables device when S is low. When S is high, MATCHl and MATCH2 are forced high. PE and 
00-03 are disabled when S is high and BANK is forced high. 

Word Reset input. The WR input allows any addressed memory location to be cleared to zero with valid parity. This 
is achieved by taking WR low while in the manual mode (MIA lOW). The desired bank is selected using the BSELinput. 
When WR is asserted, the addressed lRU bit is adjusted so that the next write to that address (with MIA high) is into 
the reset memory location. Bytyihg a single 00-03 input high, this bit will act as a valid bn assuring that a false match 
will not occur with a reset memory location. 

Wr~e control input. When the device is selected and W is low, 00-03 and generated parity are written into the 
addressed memory location in enher bank 1 or bank 2. The RAM bank to be written into can be selected automatically 
or manually depending on tne MIA input. 
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SN74BCT2160 
8K x 4 2·WAY CACHE ADDRESS COMPARATOR/DATA RAM 

FUNCTION TABLES 

write mode 
INPUTS OUTPUTS I/O 

W R S M/A BSEl RESET WR MATCH1 MATCH2 PE BANKT 00·03 
FUNCTION 

I H L L L H H H H H L+ Input Write into bank 1 

I H L L H H H H H .H L* Input Write into bank 2 

I H L H X H X H H H HorL+ Input LRU write (bank 1 or 2) 

I L L L L H H H H H L+ Input Write parity error into bank 1 

I L L L H H H H H H L* Input Wrae parity error into bank 2 

I L L H X H H H H H H orL* Input Wrtte parity error (LRU) 

I ~ H L L X H L9 H H H L§ HI-Z Write zero Into selected bank 

read mode 
INPUTS OUTPUTS I/O 

W R S M/A BSEl RESET WR MATCH1 MATCH2 PE BANK 00·03 
FUNCTION 

H L L X L H H H H H H orL Output Read bank 1 

H L L X hi H H H H H H orL Output Read bank 2 
H L L X X H H H H L HorL Output Parity error in bank 1 or 2 

H H L X X H H H orL H orL EN HorL Hi-Z Disable/compare "'C 
II o compare mode 

INPUTS OUTPUTS I/O C c: o 
-I 
"'C 
II 

~ 

W R 

H H 

H H 

S M/A 

L X 

L H 

BSEl RESET WR 

X H H 
or 

X H X 

MATCH1 MATCH2 PE BANK 00·03 
FUNCTION 

H l H HorL Match bank I, miss bank 2 

L H H H orL Match bank 2, miss bank 1 
H H H H orL Match bank 1 and 2 

L l H H orL Input Miss bank 1 and 2 

L l L H orL Parity error bank unknown 

L H L HorL Parity error bank I, match bank 2 

H L L HorL Parity error bank 2, match bank 1 

~ reset, word reset, and deselect mode 
INPUTS OUTPUTS I/O 

W R S MIA BSEL RESET WR MATCH1 MATCH2 PE BANK 00·03 
FUNCTION 

H X L X X L X H H H L Hi-Z Memory reset-selected 

H X H X X L X H H H H Hi-Z Memory reset-deselect 

H X L L L H L H H H L'I Hi-Z Word reset in bank 1 

H X L L H H L H H H L' Hi-Z Word reset in bank 2 

H X L H X H L H orL Hor L EN HorL Hi-Z Word reset disabled/compare mode 

X X H X X H X H H H H Hi-Z Device disabled 

EN denotes enabled, H denotes a high I~el, L denotes a low level, X...f!enotes a don t care level, - denotes an undetermined output 
t The BANK output is transparent when W is high and latched when W is low. * When writing with MIA high, the BANK output Indicates which bank 00-03 is being written into. When writing with M/A low, the BANK output will 

be forced low and will not indicate which bank is being written into. After writing with MIA low, the BANK output will indicate the correct LRU bit 
state. 

§ The state of BANK after Wand M/A or Wand WR return high is indeterminate. This operation is not recommended. 
, The BANK output is forced low during word reset. After a word reset in bank 2, the BANK output will be high. 
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LRU write 
S WR W MIA BSEL LRU-WT 

L H L H X X 

L H L H X X 

L H L L L X 

L H L L H X 

L H H X X ~ 
L H H X X I 
L X H H X I 
L X H H X ~ 
L H H L X ~ 
L H H H X I 
L L H L L X 

L L H L H X 

L L H H X X 

H X X X X X 

SN74BCT2160 
8K x 4 2-WAY CACHE ADDRESS COMPARATOR/DATA RAM 

FUNCTION TABLES (Continued) 

MATCH1 MATCH2 QI; LRUWRITE QN9 FUNCTION 

H H L YES H Wrne to bank 1 , selected by LRU circuitry 

H H H YES L Write to bank 2, selected by LRU circuitry 

H H X YES H Wrne to bank 1, selected by BSEL input 

H H X YES L Write to bank 2, selected by BSEL input 

H L X YES H Match bank 1 

L H X YES L Match bank 2 

H L X YES H Match bank t 

L H X YES L Match bank 2 

H H X YES H Match bank 1 and 2 

H H X YES L Match bank 1 and 2 

H H X YES L Word reset bank 1 

H H X YES H Word reset bank 2 

H H X NO - Word reset disabled 

H H X NO - Device disabled 

H denotes a high level, L denotes a low level, X denotes a don't care level, - denotes an undetermined level, ~ denotes the falling edge olthe signal. 
t LRU-W is falling-edge-triggered and has effect only during the compare mode. > * 01 is the state 01 the LRU RAM output before a LRU write occurs. w;:> 
§ ON is the state of the LRU RAM output after a LRU write occurs. 
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SN74BCT2163, SN74BCT2164, SN74BCT2166 
16K x 5 CACHE ADDRESS COMPARATORSrrAG RAMs 

Fast Address to MATCH Delay 
12-ns Max 

'BCT2163 has Totem-Pole Match Output 

'BCT2164 and 'BCT2166 have Open-Drain 
Match Outputs Tested with 7S-pF Load 

'BCT2166 has Input Latches 

Self-Timed Write Circuitry 

Common I/O with Read Feature 

On-Chip Address/Data Comparator 

Easily Expanded In Depth and Width 

Reliable Advanced BiCMOS Technology 

Fully TTL Compatible 

SN74BCT2163, SN74BCT2164 
FMPACKAGE 

(TOP VIEW) 

011-
len 13: ICC t5 1@ 8 Ei 

7 

8 

Vee 9 
A4 10 

A5 11 

A6 12 

NC 13 

4 3 2 
o 

1415 16 171819 20 

~~~~::~~ «« 
NC - No internal connection 

,JUNE 1990 

description 
SN74BCT2166, , , FM PACKAGE 

(TOP VIEW) The '8CT2163, '8CT2164, and '8CT2166 cache 
address comparators each consists of a 
high-speed 16K x S static RAM array and as-bit 
high-speed comparator, The '8CT2166 has 
latches at the address, data, and select inputs, 
They are fabricated using advanced 8iCMOS 
technology for high speed and simple interface 
with bipolar TTL circuits, The '8CT2163, 
'8CT2164, and '8CT2166 address comparators 
are easily cascaded for wider tag addresses or 
deeper tag memories, Significant reductions in 
cache memory component count, board area, and 
power dissipation can be achieved with this 
device, 

When S is low and ijiJ and R are high, the cache 
address comparator compares the contents of the 
memory location addressed by AO-A13 with the 
applied 00-04, An equality is indicated by a high 
level on the MATCH output. 

AD 

A1 

A2 

A3 

Vee 
A4 

A5 

AS 
ALEN 

011-Zeno~ 
len 13: ICC C,!l CC 0 0 

4 3 2 
5 0 DLEN 
6 2 D2 
7 2 D3 

8 2 D4 

9 2 

10 2 

11 23 MATCH 

12 22 Vee 
13 21 Vee 

1415 16 1718 19 20 

r--"'~O~CII<? 
« «« 

The '8CT2163, '8CT2164, and '8CT2166 have been designed with self-timed write circuitry, A high-to-Iow 
transition at the ijiJ Input initiates an Internally generated write pulse, After a high-to-Iow transition at ijiJ, ijiJ may 
be held low without initiati~ additional ~ite pulses, When W is low the 00-03 outputs are disabled, A 
hlgh-to-Iow transition at the S Input when W is low will not initiate a write (self-timed) pulse, Ouring a write cycle 
the Input levels on 00-04 are written In the S-bit memory addressed by AO-A 13, 

The '8CT2163 features a totem-pole MATCH output and the '6CT2164 and '8CT2166 feature an open-drain 
MATCH output. The '6CT2164 and '8CT2166 are designed to reduce the address-to-MATCH slow-down 
normally associated with capacitively loaded open-drain outputs and are tested with a high capacitive load, 

A read mode Is provided with the '6CT2163, '8CT2164, and '8CT2166 which allows the contents of RAM to be 
read at the 00-04 pins, The read mode is selected when Rand S are low and ijiJ Is high, 

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

PRODUCT PREVIEW documentt oonllln Information on producllin lb. 
tormtflVt or d .. lgn ph ... of dl'ltlopment. Ch.raet,dlHc dati Ind other 
:r.:::,~~~:C:~~::II:'.::;I~::.w=m= .. ,..,"" til, right to TEXAS ~ 

INSlRUMENlS 
POST OFFice BOX 855303 • DALLAS, TEXAS 76265 

Copyright © 1990, Texas Instruments Incorporated 
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SN74BCT2163, SN74BCT2164, SN74BCT2166 
16K x 5 CACHE ADDRESS COMPARATORS/TAG RAMs 

description (continued) 

A reset input is provided for initialization. When RST is taken low, all 16K x 5 RAM locations are cleared to zero 
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 Is equal to the reset memory 
location. 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. After power-up, these devices must be initialized by 
resetting the device to ensure that all memory locations are at a known state. These devices could also be 
initialized by writing to every memory location. 

The 'BCT2166 is equipped with latches at the address, data, and select Inputs. Input ALEN controls the latch 
at the AO-A13 and S inputs. OLEN controls the latch at the 00-04 inputs. The latches are transparent when 
ALEN and OLEN are high and latched when ALEN and OLEN are low. 

The SN74BCT2163, SN74BCT2164, and SN74BCT2166 are characterized for operation from O·C to 70·C. 
These cache address comparators operate from a single 5-V supply and are offered in a 32-pin PLCC package. 
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logic symbolt 

4> 
SN74BCT2163 

CACHE ADDRESS 
COMPrrAG RAM 

RST RESET 

Ii READ/FORCE PE 

WRITE 

SELECT 

AO 5 
0 

A1 6 

A2 
7 

A3 
8 MATCH 

A4 
10 

AS 
11 

A6 
12 

IRAMADDV 
A7 

14 

A8 
15 

A9 
16 

Al0 
17 

All 
18 

A12 
19 

A13 
20 

13 

DO 
31 

01 
30 

02 
28 V~ 

03 
27 

04 
26 

SN74BCT2163, SN74BCT2164 
16K x 5 CACHE ADDRESS COMPARATORS{TAG RAMs 

~ 
SN74BCT2164 

CACHE ADDRESS 
COMPrrAG RAM 

RST RESET 

Ii READ/FORCE PE 

WRITE 

SELECT 

AO 5 
0 

A1 6 

A2 
7 

23 
MATCH~ 

23 
MATCH 

A3 
8 MATCH 

A4 
10 

AS 
11 

A6 
12 

I RAMADDR> 
A7 14 

A8 
15 

A9 
16 

Al0 
17 

18 
All 

A12 
19 

A13 
20 

13 

DO 
31 

01 
30 

02 
28 V~ 

03 
27 

04 
26 

tThese symbols are in accordance wilh ANSI/IEEE Sid 91·1984. 
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SN74BCT2166 
16K x 5 CACHE ADDRESSCOMPARATORS/TAG RAM 

'-Iogic symbolt 

<I> 
SN74BCT2166 

CACHE ADDRESS 
COMP/TAG RAM 

RST RESET 

READ/FORCE PE 

WRITE 
S SELECT 

ALEN A()'A13, S LATCH EN 

DLEr.I 29 D().D4 LATCH EN 

AO 5 
0 

A1 6 MATCH~ 

A2 
7 

A3 
8 

A4 
10 

A5 
11 

A6 
12 

I RAMADDR> 
A7 14 

A8 
15 

A9 
16 

A10 

A11 

17 

18 

A12 
19 

A13 
20 

13 

DO 
31 

01 
30 

02 
28 V~ 

03 
27 

04 
26 

t This symbol is in accordance with ANSi/IEEE Std 91·1984. 
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SN74BCT2163, SN74BCT2164 
16K x 5 CACHE ADDRESS COMPARATORS/TAG RAMs 

logic diagram (poslJive logic) SN74BCT2163, SN74BCT2164 

RST -"3 .... 2 ____ ...... __ -01 

Ii --'2-------1+-cr--... 

5 
Ao-A13 5-8,10-12,14-20 

00~~~---~~--4~ 

01~~~---~~--48-i 

02~~~---~r---48-i 

03~~~---~~--48-i 

04 26 

w 

INPUTS 

W R st 
j X L 
j X L 

L X L 

L X j 

H L L 

H H L 

H H L 

H H L 

H H L 

H X X 

X X H 

RST 

H 

H 

H 

H 

H 

H 

H 

H 

H 

L 

H 

RAM 
R 16KxS 

5 

FUNCTION TABLE 

I/O OUTPUT 

00-04 MATCH 

Input H 

Latched H 

Hi-Z H 

Hi-Z H 

Output H 

Input L 

Latched L 

Input H 

Latched H 

Hi-Z H 

Hi-Z H 

5 

COMP 

FUNCTION 

Write 

Write 

MATCH forced high 

No write occurs 

flead 

Not equal 

Not equal 

Equal 

Equal 

Memory reset 

Device disabled 

t ALEN gOing low latches the states of AO-A13 and 5_ ThiS column assumes the Indicated 
levels at S exist within the latch_ 
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SN74BCT2166 
16K x 5 CACHE ADDRESS COMPARATORSfTAG RAM 

logic diagram (positive logic) SN74BCT2166 

RST -""-----.---01 

R 

5 

13 RAM 
ALEN R 16KxS 

10-12,14-20 
14 o} -'L COMP 

AD-A13 5-8, 14 13 A l6383 

29 
5 

OLEN 

DO 

01 

02 

03 

04 

5 

s 

w 

FUNCTION TABLE 

INPUTS I/O OUTPUT 

W R OLEN st RST 00-04 MATCH 
FUNCTION 

j X H L H Input H Wrije 

j X L L H Latched H Wrije 

L X X L H Hi-Z H MATCH forced high 

L X X j H Hi-Z H No write occurs 

H L X L H Output H Read 

H H H L H Input L Not equal 

H H L L H Latched L Not equal 

H H H L H Input H Equal 

H H L L H Latched H Equal 

H X X X L HI-Z H Memory reset 

X X X H H Hi-Z H Device disabled 

t ALEN gOing low latches the states of AO-A 13 and S. ThIs column assumes the IndIcated 
levels at S exist within the latch. 
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PIN 

NAME NO. 

AO 5 
A1 6 
A2 7 
AS 8 
A4 10 
A5 11 
A6 12 
A7 14 
A8 15 
A9 16 

A10 17 
A11 18 
A12 19 
A13 20 

ALEN 
('BCT2166 Only) 13 

DO 31 
01 30 
02 28 
03 27 
04 26 

OLEN 
29 (,BCT2166 Only) 

1 

GNO 
24 
25 
29 

MATCH 23 

R 2 

RST 32 

S 4 

9 
VCC 21 

22 

Vi 3 

SN74BCT2163, SN74BCT2164, SN74BCT2166 
16K x 5 CACHE ADDRESS COMPARATORSfTAG RAMs 

Terminal Functions 

DESCRIPTION 

Address Inputs. Address 1 of 16K by 5·bit RAM memory locations. Must be stable for the duration of the 
write cycle. 

AddtElss and select latch enable input. When ALEN is high the latch is transparent. When ALEN is low AO-A 13 
and S are latched. 

Data (tag) inputs/outputs. 00-04 are Inputs during the compare and write modes. 00·04 are outputs during the 
read mode. 

Date latch enable input. When OLEN Is high the latch Is transparent. When OLEN Is low 00-04 are latched. 

Ground. (Pin 29 ground is for 'BCT2163 and 'BCT2164 only.) 

When MATCH output is high during a compare cycle, 00-04 equals the contents of the 5-bit memory location 
addressed by AO-A13. MATCH is also driven high during deselect, reset, read, and write. 

Read input. When Rand S are low and W Is high, addressed data is output to the 00-04 pins and the MATCH 
output is forced high. 

Reset input. Aschronously clears entire RAM array to zero and forces MATCH high when RST is low. 

Chip select input. Enables device when S is low. Deselects device and forces MATCH high when S is high. 

Supply voltage. 

Write control Input. Writes 00-04 into the RAM location addreslted by AO·A 13 !!,nd forces MATCH high when W 
Is low. Places selected device In compare mode when Vi and R are high and S is low. 
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TMS4500A 
THCT4502B 
SN74ACT4503 
$N74ALS6300 
SN74ALS6301 
SN74ALS6302 
SN74ALS6310A 

SN74ALS6311A 
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• Controls Operation of 8K, 16K, 32K, and 
64K Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 

• Directly Addresses and Drives Up to 256K 
Bytes of Memory Without External Devices 

• Operates from Microprocessor Clock 
No Crystals, Delay Lines, or RC 
Networks 
Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 

• Versatile 
Strap-Selected Refresh Rate 
Synchronous, Predictable Refresh 
Selection of Distributed, Transparent, 
and Cycle-Steal Refresh Modes 
Interfaces Easily to Popular 
Microprocessors 

• Strap-Selected Wait-State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(Including Multiple Controllers) 

• 3-State Outputs Allow Multiport Memory 
Configuration 

• Performance Ranges of 150 ns, 200 ns, or 
250 ns 

description 

The TMS4500A is a monolithic DRAM system 
controller designed to provide address multi
plexing, timing, control and refresh/access 
arbitration functions to simplify the interface of 
dynamic RAMs to microprocessor systems. 

RASO 7 
RASl 8 

10 

TMS4500A 
DYNAMIC RAM CONTROLLER 

02674, JANUARY 1982-REVISED AUGUST 1985 

TMS4500A .•. N PACKAGE 

(TOP VIEW) 

ClK VCC 
ROY REFREQ 

RENl TWST 
cs FSO 

ALE FSl 
RASO RA7 
RASl CA7 

ACR MA7 
ACW MA6 
CAS CA6 
RAO RA6 
CAO RA5 
MAO CA5 

MAl MA5 
CAl RA4 
RAl CA4 
RA2 MA4 

CA2 RA3 
MA2 CA3 
GNO MA3 

TMS4500A ... FN PACKAGE 

(TOP VIEW) 

1

0 

UJ z>-~ u~~o ..... -"' IV) LU 0 ...J U U UJ ~ C/} en <Cua:a:uz>a::f-u-u. 

CAS 11 35 CA6 
NC 12 34 NC 

RAO 13 33 RA6 
CAO 14 32 RA5 
MAO 15 31 CA5 
MAl 16 30 MA5 
CAl 17 29 RA4 

1819202122232425262728 

..... NNNClDMMM¢.¢ 
<t<t<t<tzz<t<t<t<t<t 
a:a:u:;;:C!lC!l:;;:ua::;;:u 

The controller contains a 16-bit multiplexer that generates the address lines for the memory device from 
the 16 system address bits and provides the strobe signals required by the memory to decode the address. 
An a-bit refresh counter generates the 256-row addresses required for refresh. 

A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure 
data retention. 

The TMS4500A also contains refresh/access arbitration circuitry to resolve conflicts between memory 
access requests and memory refresh cycles. The TMS4500A is offered in a 40-pin, 600-mil dual-in-line 
plastic package and 44-pin, 650-mil square plastic chip carrier package. It is characterized for operation 
from OOC to 70°C. 

PRODUCTION DATA documanls conlain informallon 
current as of publication data. Products conform to 
.pacifications per the terms of Taxas Instruments 

:'~=~~i~8i~:I:ri ~~::I:; !i~D:::~lt::.,:, not 
TEXAS .." 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

Copyright © 1985, Texas Instruments Incorporated 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

functional block diagram 

PIN NAME 

~.ACW 

ALE 

CAS 

CAO-CA7 

ClK 

3-4 

RAO·RA7 L-...;.--t 

MUlTI
PLEXER 

8 

CAO·CA7 L-...;.--t V ~--.,c.-....J MAO·MA7 

AlE ______ • 

CS-_ _t...-t 

REN1--_t...-t 
1----+- RA~ 

ACR ---------------------------~~ 
ACW -----~---------_t~ vl---+- RAs1 

TIMING 
AND 

CONTROL 

Vt--..... -CAS 

TWST --------_t-i 

F~ ---------------~~ 
FS1 --------_t-i 1--..... - ROY 

ClK ---------40----------1 

I/O/Z 

I 

I 

0 

I 

I 

TERMINAL FUNCTIONS 

OESCRIPTION 

Access Control. Read; Access Control. Write. A low on either of the.e inputs causes the column 

address to appear on MAO-MA 7 and the column address strobe. The rising edge of ~ or AeW 
terminates the cycle by ending l'iAS and CAS strobes. When ACR and AeW are both low. 

MAO-MA7.l'iASO.l'iAS1. and CAS go into a high-impedance (floating) state. 

Address latch Enable. This input is used to latch the 16 address Inputs. ~ and REN 1. This also 

initiates an access cycle if chip select is valid. The rising edge (low level to high leval) of ALE 

returns l'iAS to the high level. 

Column Address Strobe. This three-state output is used to latch the column address into the ORAM 

array, 

Column Address. These address inputs are used to generate the column address for the multiplexer. 

System Clock. This input provide. the master timing to generate refresh cycle timings and refresh 

rate. Refresh rate is determined by the TWST. FS 1. FSO inputs. 
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PIN NAME I/O/~ 

CS I 

FSO, FSI I 

MAO-MA7 0 

RASO, RASI 0 

RAO-RA7 I 

ROY 0 

"R"EFFiEQ I/O 

RENI I 

TWST I 

STRAP INPUT MODES 

TWST FS1 FSO 

l l IT 

l l H 

l H l 

l H H 

H l l 

H l H 

H H l 

H H H 

TMS4500A 
DYNAMIC RAM CONTROLLER 

TERMINAL FUNCTIONS (continued) 

DESCRIPTION 

Chip Select. A Iowan this input enables an access cycle. The trailing edge of ALE latches the 

chip select input. 

Frequency Select 0; Frequency Select 1. These are strap inputs to select Mode and Frequency 

of operation as shown in the Strap Configuration table. 

Memory Address. These three-state outputs are designed to drive the addresses of the dynamic 

RAM array. 

Row Address Strobe. These three-state outputs are used to latch the row address into the bank 

of DRAMs selected by RENI. On refresh both signals are driven. 

Row Address. These address inputs are used to generate the row address for the multiplexer. 

Ready. This totem-pole output synchronizes memories that are too slow to guarantee 
microprocessor access time requirements. This output is also used to inhibit access cycles during 

refresh when in cycle-steal mode. 

Refresh Request. (This input should be driven by an open-collector output.) On input, a low-going 

edge initiates a refresh cycle and will cause the internal refresh timer to be reset on the next falling 

edge of the elK. As an output, a low-going edge signals an internal refresh request and that the 

refresh timer will be reset on the next low-going edge of elK. REFREQ will remain low until the 

refresh cycle in progress and the current refresh address is present on MAO-MA 7. (Note: REFREQ 

contains an internal pull-up resistor with a nominal resistance of 10 kiiohms.1 

RAS Enable 1. This input is used to select one of two banks of RAM via the RASO and RAS 1 

outputs whe~ chip select is present. When it is low, RASO is selected; wh~n it is high, RAS1 

is selected. 

Timing/Wait Strap. A high on this input indicates a wait state should be added to each memory 

cycle. In addition it is used in conjunction with FSO and FS 1 to determine refresh rate and timing. 

STRAP CONFIGURATION 

WAIT STATES 

FOR MINIMUM CLOCK 

MEMORY REFRESH ClK FREQ. REFRESH FOR EACH 

ACCESS RATE (MHz) FREQ. (kHz) REFRESH 

0 EXTERNAL - REFREQ 4 

0 ClK + 31 1,984 64·95* 3 

0 ClK + 46 2,944 64·85* 3 

0 ClK + 61 3,904 64·82§ 4 

1 ClK + 46 2,944 64·85* 3 

1 ClK + 61 3,904 64·80* 4 

1 ClK + 76 4,864 64·77* 4 

1 ClK + 91 5,824 64·88~ 4 

tThe strap configuration rese~s the Refresh Timer circuitry. 
*The highest freque'ncy in the refresh frequency column is the frequency that is produced if the minimum elK frequency of the next selection 
state is used. 

§The hillhest frequency in the refresh column is the refresh frequency if the ClK frequency is 5 MHz. 
'The highest frequency in the refresh column is the refresh frequency if the elK frequency is 8 MHz. 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

functional description 

TMS4500A consists of six basic blocks; address and select latches, refresh rate generator, refresh counter, 
the multiplexer, the arbiter, and timing and control block. 

address and select latches 

The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO-MA 7 follows the inputs RAO-RA 7. 

refresh rate generator 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in the Strap 
Configuration table. The counter is reset when a refresh cycle is requested or when TWST, FS1 and FSO 
are low. The configuration straps allow the matching of memories to the system access time. 

Upon Power-Up it is necessary to provide a reset signal by driving all three straps to the controller low 
to initialize internal counters. A system's low-active, power-on reset (RESET) can be used to accomplish 
this by connecting it to those straps that are desired high during operation. During this reset period, at 
least four clock cycles should occur. 

refresh counter 

The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. [A low-to-high transition on TWST sets the refresh counter to FF16 (25510).] 

multiplexer 

The mUltiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The outputs provide up to 16 multiplexed 
addresses on eight lines. 

arbiter 

the arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 

timing and control block 

3-6 

The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a ROY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 
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ClK 

MAX 

I z 
~ RAS 

;:o~ 

~~ I CAS 

~~I-" 
ROY 

w 
~ 

ACCESS REFRESH/ACCESS GRANT ACCESS 

2 3 W, I W2 I 2 3 2 3 2 

FIGURE 1. TYPICAL ACCESS/REFRESH/ACCESS CYCLE 
(THREE-CYCLE. TWST IS LOW) 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

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

Supply voltage range, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -1.5 V to 7 V 
eOntiAuOUS power dissipation ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.2 W 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 °e to 70 °e 
Storage temperature range ......................................... -65°e to 150 0 e 

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

NOTE 1: Voltage values are with respect to the ground terminal. 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, Vee 4.5 5 5.5 V 

High·level input voltage, VIH 2.4 6 V 

Low-level input voltage, VIL -1~ 0.8 V 

High-level output current, IOH -1 mA 

Low-level output current, IOL 4 mA 

Short-circuit output current, lOS 9 -60 mA 

Operating free-air temperature, T A 0 70 °e 

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

§Not more than one output should be shorted at a time. 

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

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 

I MAO-MA 7, RDY 2.4 

VOH High-level output voltage I RASO, RAS1, CAS 
Vee ~ 4.5 V, 10H~ -1 mA 

2.7 V 

I REFREO Vee - 4.5 V, 10H - -100 pA 2.4 

VOL Low-level output voltage Vee ~ 4.5 V, 10L ~ 4 mA 0.4 V 

IIH High-level input current except REFREO VI ~ 5.5 V 10 pA 

I REFREO -1.25 mA 
IlL Low-level input current I All others 

VI ~ 0 
-10 pA 

10Z Off-state output current Vee - 5.5 V, Va - 0 to 4.5 V ±50 pA 

lee Operating supply current TA ~ OOC 100 140 mA 

ei Input capacitance VI ~ 0, f ~ 1 MHz 5 pF 

eo Output capacitance Vo ~ 0, f ~ 1 MHz 6 pF 

'AII typical values are at Vee ~ 5 V, TA ~ 25°e. 

TEXAS ." 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

switching characteristics over recommended supply voltage range and operating free-air temperature 
range t 

TEST TMS4500A-15 TMS4500A-20 TMS4500A-25 
PARAMETER 

CONDITIONS MIN MAX MIN MAX MIN MAX 
UNIT 

tAEL-REL Time delay, ALE low to ~ starting low 35 40 50 

tRAV-MAV 
Time delay, row address valid to memory 

CL=160 pF 
address valid 

45 50 60 

tAEH-MAV Time delay, ALE high to valid memory address 65 75 90 

tAEL-RYL 
Time delay, ALE to ROY starting low 

CL =40 pF 
(TWST = 1 or refresh in progressl 

40 40 40 

tAEL-CEL 
Time delay, ALE low to ~ starting low 

60 150 
Isee Note 21 

70 200 80 250 

tAEH-REH Time delay, ALE high to ~ starting high 30 30 40 

tACL-MAX Row address valid after Aa( low 15 20 25 

tMAV-CEL 
Time delay, memory address valid to ~ 

0 0 0 
starting low CL=160 pF 

tACL-CEL 
Time delay, Aa< low to ~ starting low 

Isee Note 21 
40 100 45 130 50 .165 

tACH-REH Time delay, ACX to ~ starting high 30 40 50 

tACH-CEH Time delay, Aa( high to "CA!i starting high 5 30 10 40 15 50 

tACH-MAX Column address valid after Aa( high 10 15 15 ns 

tCH-RYH 
Time delay, CLK high to ROY starting high 

40 45 60 
(after Ar;x low I (see Note 31 

tRFL-RFL 
Time delay, REFREQ external till supported 

CL =40 pF 30 35 35 
by REFRECi internal 

tCH-RFL 
Time delay, CLK high till REFRECi internal 

starting low 
30 35 45 

tCL-MAV Time delay, CLK low till refresh address valid 75 100 125 

tCH-RRL 
Time delay, CLK high till refresh ~ 

starting low 
10 50 15 60 20 80 

tMAV-RRL 
Time delay, refresh address valid till refresh 

5 5 5 
~Iow 

tCL-RFH 
Time delay, CLK low to mREQ starting 

CL=160 pF 
high 13 cycle refresh I 

50 55 75 

tCH-RFH 
Time delay, CLK high to REFREQ starting 

50 55 75 
high 14 cycle refreshl 

tCH-RRH 
Time delay, CLK high to refresh ~ 

starting high 
5 35 10 45 10 60 

tCH-MAX Refresh address valid after CLK high 15 20 25 

t See Parameter Measurement Information for load circuit and voltage waveforms. 
NOTES: 2. The falling edge of CAS occurs when both ALE low to "CA!i low time delay (tAEL-CELI and ACX low to "CA!i low time delay 

(tACL-CELi have elapsed, i.e., if ACX goes low prior to ItAEl-CEl -tACL-CELi after the falling edge of ALE, the falling edge of 
~ is measured from the falling edge of ALE (tAEl-CEll. Otherwise, the access time increases and the falling edge of CAS is 
measured from the falling edge of Aa( (tACl-CELI. 

3-12 

3. ROY returns high on the rising edge of ClK. If TWST = 0, then on an access grant cycle ROY goes high on the same edge 
that causes access roiS low. If TWST = 1, then ROY goes to the high level on the first riSing CLK edge after Aa< goes low 
on access cycles and on the next rising after the edge that causes access RAS Iowan access grant cycles (assuming A'C'X lowL 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

switching characteristics over recommended sUj:)ply voltage range and operating free-air 
temperature range (continued) t 

TEST TMS4500A·15 TMS4500A·20 TMS4500A·25 
PARAMETER 

CONDITIONS 
UNIT 

MIN MAX MIN MAX MIN MAX 

tCH·REL 
Time delay, CLK high till access RAS 
starting low 

60 70 95 

tCL·CEL 
Time delay, CLK low to access CAS 
starting low (see Note 4) 

CL=160 pF 125 140 185 

tCL·MAX Row address valid after CLK low 25 30 40 

tREL·MAX Row address valid after RAS low 25 30 35 

tAEH·MAX Column address valid after ALE high 10 15 20 

tdis Output disable time (3·state outputs) 100 125 165 

ten Output enable time (3-state outputs) 75 80 105 

Time delay, column address valid to CAS CL=160 pF 
tCAV·CEL starting low after refresh 

0 0 b 

Time delay, CLK high to access CAS 
tCH·CEL starting low (see Note 4) 

180 200 235 
ns 

tACL·CL ACX low to CLK starting low CL =40 pF 25 35 45 

tACL·RYH ACX low to ROY starting high CL =40 pF 40 50 60 

tCL·ACL CLK low to ACX starting low CL =40 pF 0 0 0 

tt(CEL) CAS fall time 15 20 25 

tt(CEH) CAS rise time 
CL=320 pF 

30 35 45 

tt(REL) RAS fall time 15 20 25 

tt(REH) RAS rise time CL=160 pF 15 20 25 

tt(MAV) Address transition time 20 20 25 

tt(RYL) ROY fall time 10 15 20 

tt(RYH) ROY rise time 
CL =40 pF 

20 25 35 

tSee Parameter Measurement Information for test circuit and voltage waveforms. 
NOTE 4: On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to ACX low. 

If ACX occurs prior to or coincident with ALE then CAS is timed from the CLK high transition that causes RAS low. If ACX 
occurs 20 ns or more after ALE then CAS is timed from the CLK low transition following the CLK high transition causing RAS 
low. (See Refresh Cycle Timing Diagram.) 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

timing requirements over recommended supply voltage range and operating free-air temperature range 
(unless otherwise noted) t " 

PARAMETER 
TMS4500A-15 TMS4500A-20 TMS4500A-25 

MIN MAX MIN MAX MIN MAX 
UNIT 

tclCI ClK cycle time 100 120 140 

twlCHI ClK high pulse duration 40 40 40 

twlCll ClK low pulse duration 40 45 45 

tt Transition time, all inputs 50 50 60 

tAEl-Cl Time delay, ALE low to ClK starting low Isee Note 51 10 10 15 

tCl-AEl Time delay, ClK low to ALE starting low Isee Note 61 10 10 15 

tCl-AEH Time delay, ClK low to ALE starting high Isee Note 61 15 20 20 

twlAEHI Pulse duration, ALE high 60 60 60 

tAV-AEl Time delay, address REN1 -es valid to ALE low 6 10 15 ns 

tAEl-AX Time delay, ALE low to address not valid 10 10 10 

tAEl-ACl 
Time delay, ALE low to ~ low 

th1RAI+30 th1RAI+40 th1RAI+50 
Isee Notes 7, 8, 9, and 101 

tACH-Cl Time delay, ACX high to ClK low Isee Notes 7 and 111 20 20 20 

tACl-CH Time delay, ~ low to ClK starting high Ito remove ROYI 30 30 30 

tRQl-Cl Time delay, mFfE'O: low to ClK starting low Isee Note 12) 20 20 20 

twlRQl) Pulse duration, ~ low 20 20 20 

tw(ACLl ~ low duration Isee Note 131 110 140 175 

t See Parameter Measurement Information for test circuit and voltage waveforms. 
NOTES: 5. Coincidence of the trailing edge of ClK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 

trailing ClK edge. A trailing edge of ClK should occur during the interval from ACX high to ALE low. 

3-14 

6. If ALE rises before ~ and a refresh request is present, the falling edge of ClK after tCl-AEH will output the refresh 
address to MAO-MA 7 and initiate a refresh cycle.' 

7. These specifications relate to system timing and do not directly reflect device performance. 
8. On the access grant cycle following refresh, the occurrance of ~ low depends on the relative occurrance of ALE low to 
~ low. If ~ occurs prior to or coincident with ALE then ~ Is timed from the ClK high transition that causesJ:fAS low. 
If ~ occurs 20 ns or more after ALE then ~ is timed from the ClK low transition following the high transition causing 
J:fAS low. 

9. For maximum speed access (internal delays on both access.and access grant cycles), ACX should occur prior to coincident 
with ALE. 

10. thlRAI is the dynamic memory row address hold time, ~ should follow ALE by tAEl-CEl in systems when the required 
thlRAI is greater than tREL-MAX minimum. 

11. The minimum of 20 ns is specified to ensure arbitration will occur on falling ClK edge, tACH-Cl also affects precharge time 
such that the minimum tACH-Cl should be equal or greater than: twlRHI-twlCll + 30 ns Ifor a cycle where ~ 
high occurs prior to ALE highl where twlRHI is the DRAM "FiAS) precharge time. 

12. This parameter is necessary only if refresh arbitration is to occur on this low-going ClK edge lin systems where refresh is 
synchronized to external events). 

13. The specification twlACll is designed to allow a ~ pulse. This assureS normal operation of the device in testing and 
system operation. 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

Vcc 

OUTPUT :dRL -1150 0 
UNDER TEST 

24000 '::' CL-160 pF 

FIGURE 5. LOAD CIRCUIT 

FIGURE 6. ACCESS CYCLE TIMING 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT iNFORMATION 

CLK~ \ / 

tRoL-CLH 
R"E""FiiEa 

(EXTERNALI ~ .r\ 
R"E""FiiEa q tw(ROLI :-

(lNTERNALI ~ tRFL·RFL ~ 

tCH'RFL~ 

FIGURE 7. REFRESH REQUEST TIMING 

CLK J 
ALE 

ACX 

t ROY starting high is timed from ACX low (tAcL-RYH) for the condition ACX low while CLK high. 

FIGURE 8. READY TIMING (ACX DURING ClK HIGH) 
(SEE NOTES 14 THRU 17) 

NOTES: 14. For ROY high transiton (during normal access) to be timed from the rising edge of CLK, ACX must occur tCL-ACL after 

3-16 

the falling edge of ClK. 
15. For ACX prior to the falling edge of CLK by tACL-Cl, the ROY high transition will be tACl-RYH. 
16. tACL-CL is a timing parameter for control of ROY to be dependent upon ACX low. 
17. During the interval for tACl-Cl < MINIMUM to tCl-ACl > MINIMUM, the control of ROY may vary between the rising clock 

edge or falling edge of ACX. 
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TMS45DDA 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

ClK J \F-------';] 
ALE ~~ ____________ tC_l_.A_C_l~~~ __ ~+_--------------~----
ACX 

I 

+ tCH.RYH""1 r-
'\~--

\\...-______ Jr 
tRDY starting high is timed from ClK high (tCH-RYH) for the condition ACX going low while CLK low. 

FIGURE 9. READY TIMING (ACX DURING ClK lOW) 
(SEE NOTES 14 THRU 17) 

NOTES: 14. For RDY high transitan (during normal access) to be timed from the rising edge of CLK. A"EX must occur tCL-ACL after 
the falling edge of CLK. 

15. For ~ prior to the falling edge of CLK by tACL-CL, the RDY high transition will be tACL-RYH. 
16. tACL-CL is a timing parameter for control of RDY to be dependent upon ~ low. 
17. During the interval for tACL-CL < MINIMUM to tCL-ACL > MINIMUM, the control of RDY may vary between the rising clock 

edge or falling edge of M:i(. 

ACR·ACW 

OUTPUTS 

FIGURE 10. OUTPUT 3-STATE TIMING 
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TMS4500A 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

CLK \ ;f \"-_-' ~I ______ J r-
I 

ALE! :/ ! \ ACX I I ~I----~----------------~--------~-----------
---~:------~---~\~t~~~*\ 

: tCL-RFH~ I 
___ ~ __ ~ ____ ~______________ / I REFREQ I t- I : 

i'-+tCL-MA;' KteH-MAX !--+tCL-MAX 

MAO-MA7 ==x: RE FRESH ADDR ESS X ... _________ R_O_W_A_D_D':'"R_E_SS--:' ________ .7tXIo __ ,--__ __ 

: KtCH-RRL !t-+teH-RRH tCH-RELH teAV-CEL-J.-.! 

RAS ~ ~ ... ________________ ~~ ! ~"'--~!------~!r-----
~tMAV-RRL~ I tCl-CEl*""~If---"~ 

FIGURE 11_ REFRESH CYCLE TIMING (THREE-CYCLE) 

CLK 

ALE ---+------~~~----f-------------~------------~------~--------ACX <fr 
\t~V\ 

teH-RFH~ 

REFREQ --~~~--~~----------------~~ 
MAO-MA7 

teL-MAV 

REFRESH ADDRESS 

~tCH-RRl 
-----I:--.-;.-..s.. 

tCH-MAX 

I I~-----------------------------r 1414----. • ..-1 tMAV-RRL 

teA V -C EL -J4-+I 
,---------~~ I I 

I I I 

I tCl-CEl * ~ ~ 

t On access grant cycle following refresh, CAS low and address multiplexing are timed from ClK high transition ItCH-CEll if ACX low 
occurs prior to or coincident with the falling edge of ALE. * On access grant cycle following refresh, CAS low and address multiplexing are timed from ClK low transition ItCl-CEL) if Aa( low occurs 
20 ns or more after the falling edge of ALE. 

FIGURE 12_ REFRESH CYCLE TIMING (FOUR-CYCLE) 
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• Inputs are TTL- and CMOS-Voltage 
Compatible 

• Controls Operation of 64K and 256K 
Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 

• Directly Addresses and Drives Up to 
2M Byte of Memory Without External 
Drivers 

• Operates from Microprocessor Clock 
No Crystals, Delay Lines, or RC 
Networks 
Eliminates Arbitration Delays 

• Refresh May Be Intemally or Externally 
Initiated 

• Versatile 
Strap-Selected Refresh Rate 
Synchronous, Predictable Refresh 
Selection of Distributed, Transparent, 
and Cycle-Steal Refresh Modes 
Interfaces Easily to Popular 
Microprocessors 
Asynchronous RESET Function Provided 
in FK and FN Packages 

• High-Performance Si-Gate CMOS 
Technology 

• Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(Including Multiple Controllers) 

• 3-State Outputs Allow Multiport Memory 
Configuration 

• Performance Range: 
115 ns ALE low to CAS low 

• Functionally Equivalent to TMS4500A/B and 
to VTI VL4500A and VL4502 

• Available in Plastic and Ceramic Chip 
Carriers in Addition to Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

10 

" 12 

13 

" 15 

16 

17 

18 
19 

20 

THCT4502B 
DYNAMIC RAM CONTROLLER 

02989. JUNE 1987-REVISEO MARCH 1990 

JD OR N PACKAGE 

ITOP VIEW) 

ACR 
RAS1 
RASa 

CAO ALE 
MAO cs 
MA1 RENO 

CA1 ROY 
RA1 CLK 

RAS3 

CA2 RAS2 

GND GNO 
MA3 REN1 
CA3 Vec 
RA3 MA8 
MA4 CAB 

CA4 RA8 
RA4 
MA5 
CA5 
RA5 FS1 
RA6 
CA6 
MA6 

FK OR FN PACKAGE 

(TOP VIEW) 

9 8 7 6 54 3 2 16867666564636261 

60 NC 
59 NC 
58 CLK 
57 RAS3 
56 RAS2 
55 CAS1 
54 GND 
53 REN1 
52 
51 

50 
21 49 

n ~ 

D Q 

M • 
~ . 
~ M 
vw~~~nn~~~n~~~~aa 

NC-:- No internal connection 
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THCT4502B 
DYNAMIC RAM CONTROLLER 

description 

The THCT4502B is a monolithic DRAM system controller providing address multiplexing, timing, control 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor 
systems. 

The controller contains an 18-bit multiplexer that generates the address lines for the memory device from 
the 18 system address bits and provides the strobe signals required by the memory to decode the address. 
A 9-bit refresh counter generates up to 51 2 row addresses required to refresh. 

A refresh timer is provided to generate the necessary timing to refresh the dynamic memories and ensure 
data retention. 

The THCT 4502B also contains refresh/access arbitration circuitry to resolve conflicts between access 
requests and memory-refresh cycles. 

The THCT4502B is characterized for operation from OOC to 70°C. 

functional block diagram t 

RAO 

RA1 

RA2 

RA3 

RA4 

RA5 
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RA7 

RA8 
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CA2 

CA. 

CA4 
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PLEXER 

'<J 

'<J 

COLUMN " '<J 
ADDRESS 

LATCH 
'<J 

'<J 
REFRESH l==J 
COUNTJi:R 
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tPin numbers shown are for JD and N packages. 

3-20 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 656303 • DALLAS. TEXAS 7~266 

151 
MAO 

161 MA1 

1111 
MA2 

(13) 
MA' 

(16) 
MA4 

1191 MAS 

1241 MA6 

1261 MA7 

1341 
MAS 

1461 RAsO 

(47) 

I~ 

14()1 

121 CAio 

1381 

1421 ROY 



PIN NAME 

ACR 

ACW 

ALE 

CAO-CA8 

CASO 

CAS1 

ClK 

CS 

FSO 

FS1 

MAO-MA6 

RAO-RAB 

liASo-1iAS3 

RDY 

REFREO 

RENO 

REN1 

"RESE'i't 

TWST 

1/0 

I 

I 

I 

0 

I 

I 

I 

0 

I 

0 

0 

1/0 

I 

I 

I 

THCT4502B 
DYNAMIC RAM CONTROLLER 

TERMINAL FUNCTIONS 

DESCRIPTION 

Access Control, Read; Access Control, Write. A low on either of these inputs causes the column 

address to appear on MAO-MA8 and a low-going pulse from CAS. The rising edge of ACR or ACW 

terminates the cycle by forcing RAS and CAS high. When ACR and ACW are both low, MAO-MA8, 

liASo, RAS1, RAS2, RAS3, CASO and CAS1 go into a high·impedance Ifloating) state. 

Address latch Enable. This input is used to latch the 18 address inputs, CS, RENO, and REN 1. 

This also initiates an access cycle if CS is low. The rising edge (low level to high level) of ALE 

returns all RAS outputs to the high level. 

Column Address. These address inputs are used to generate the column address for the multiplexer. 

Column Address Strobe. These three~state outputs are used to latch the column address into the 

DRAM array. 

System Clock. This input provides the master timing to generate refresh cycle timings and refresh 

rate. Refresh rate is determined by the TWST, FS 1, and FSO inputs. 

Chip Select. A Iowan this input enables an access cycle. The trailing edge of ALE latches the 

chip select input. 

Frequency Select 0; Frequency Select 1. These are strap inputs to select Mode and Frequency 

of operation as shown in the Strap Configuration Table. 

Memory Address. These three-state outputs are designed to drive the addresses of the dynamic 

RAM array. 

Row Address. These address inputs are used. to generate the row address for the multiplexer. 

Row Address Strobe. These three-state outputs are used to latch the row address into the bank 

of DRAMs selected by RENO and REN 1. On refresh, all RAS Signals are active. 

Ready. This totem-pole output synchronizes memories that are too slow to guarantee 

microprocessor access time requirements. This output is also used to inhibit access cycles during 

refresh when in cycle-steal mode. 

Refresh Request. This input should be driven by an open-collector or open-drain output. On input, 

a low-going edge initiates a refresh cycle and will cause the internal refresh timer to be reset on 

the next falling edge of the elK. As an output, a low-going edge Signals an internal refresh request 

and that the refresh timer will be reset on the next low-going edge of ClK. REFREO will remain 

low until the refresh cycle is in progress and the current refresh address is present on MAO-MAS. 

(Note: REf REO contains an internal active pullup with a nominal resistance of 10 kO, which is 

disabled when REFREO is low). 

RAS Enable a and 1 . These inputs are used to select one of four banks of RAM when CS is low. 

When REN1 is low, the lower banks are enabied via CASO, RASO, and RAS1. When REN1 is high, 

the higher banks are enabled via CAS1, RAS2 and 1iAS3. RENO selects RASO and RAS2 when 

low, or 1iAS1 and RAS3 when high. Isee Output Strobe Selection Table). 

RESET. Active-low input to initialize the pontroller asynchronously. Refresh Address is set to IFF16. 

internal refresh requests. synchronizer. and frequency divider are cleared. (Note: RESET contains 

an internal pullup resistor with a nominal resistance of 100 kO, which allows this pin to be left open.) 

Timing/Wait Strap. A high on this input indicates a wait state should be added to each memory 

cyCle. In addition it is used in conjunction with FSO and FS 1 to determine refresh rate and timing 

or initialize the controller. 

tThis function is available only in the FK and FN packages. 
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STRAP INPUT MODES 

TWST FS1 FSO 

l L L 

L l H 

L H L 

L H H 

H l L 

H L H 

H H L 

H H H 

FUNCTION TABLES 

STRAP CONFIGURATION 

WAIT 

STATES 

FOR 

MEMORY REFRESH 

ACCESS RATE 

0 EXTERNAL 

0 EXTERNAL 

0 ClK + 61 

0 CLK + 91 

1 ClK + 61 

1 ClK + 91 

1 CLK + 106 

1 CLK + 121 

MINIMUM CLOCK 

CLOCK REFRESH CYCLES 

FREQUENCY FREQUENCY FOR EACH 
(MHz) (kHz) REFRESH 

- REFREQ 4 

- REFREQ 3 

3.904 64-95* 3 

5.824 64-88§ 4 

3.904 64-95* 3 

5.824 64-75* 4 

6.784 64-73* 4 

7.744 64-83' 4 

t This strap configuration resets the Refresh Timer Circuitry. 
i Upper figure in refresh frequency is the frequency that is produced if the minimum clock frequency of the next select state is used. 
§ Refresh frequency if clock frequency is 8 MHz. 
, Refresh frequency if clock frequency is 10 MHz. 

OUTPUT STROBE SELECTION 

CONTROL INPUT SELECTED OUTPUT 

REN1 RENO RASO RAS1 RAS2 RAS3 enO en1 

L L X X 

L H X X 

H L X X 

H H X X 

NOTE: Changing the logic value of RENl after a low-to-high transition of ALE and before ~ rises causes the other ~ to fall. Both 
CAS signals remain low until ~ rises. 

functional description 

The THCT4502S consists of six basic blocks: address and select latches, refresh rate generator, refresh 
counter, the multiplexer, the arbiter, and the timing and control block. 

address and select latches 

The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without external latches. The row address latches are transparent, meaning 
that while ALE is high, the output at MAO-MAS follows the inputs RAO-RAB_ 

refresh rate generator 

3-22 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the configuration straps as shown in the Strap 
Configuration Table. The counter is reset when a refresh cycle is requested or when TWST, FS1, and FSO 
are low. The configuration straps allow the matching of memories to the system access time. Upon power-up 
it is necessary to provide a reset signal by driving all three straps to the controller (or RESET for devices in 
the FK and FN packages only) low. A systems power-on reset (RESET) can be used to do this by connecting 
it to those straps. that are desired high during operation. During this reset period, at least four clock cycles 
should occur. 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 856303 • DALLAS, TEXAS 75265 



refresh counter 
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The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. A low-to-high transition on TWST sets the refresh counter to 1 FF,6 (511,0). 

multiplexer 

The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. 
Its inputs are the address latches and the refresh counter. The outputs provide up to 18 multiplexed 
addresses on nine lines. 

arbiter 

The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 

timing and control block 

The timing and control block executes the operational cycle at the request of the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a RDY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 

ACCESS I 
12' 3 

REFRESH/ACCESS GRANT I 
, w, I w2 I 2 I 3 

ACCESS I 
" 2 I 3 

ClK 

AlE.h I 
I '""I--"----J 

ACx' I 'ACRorACW) 

MAX 

ROY 

FIGURE 1. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. TWST IS LOW) 
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I 4 I ' I 2 I I 1 I 
ACCESS 

2 I 3 I 
REFRESH/ACCESS GIIANT 

I W, I W2 I W3 I 2 I 3 

ClK 

AlEJAl1 hi 
I I I ~~--~~~--~~I ~I~~ 

ACX I I . 
IACR or ACWI I I I . I I 

MAX ~ COLUMN ..........,....REF-RES-'-.H ---,.~ COLUMN ~ 

... i II ~ililill 
m I i \ I I I i \! ! 1 i '+ 

RffiEQ I ,,\\\\\)\\~\ I 1 I I I I I 
ROY I I I I I \'-'---'----'---J/I I I I I I 
FIGURE 2. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE. TWST IS LOW) 

1 
ACCESS 

1 I w, I 2 
I REFRESH/ACCESS GRANT 

3 1 I w, I W2 I W3 I 2 3 I 1 I w, I 2 I 

::: ~ I h~1 ----:----~.....,..--;----
_AC~ hi I I hi I 

IACR or ACWI I ~-+---;....-;,----.:,.....J I I 
COLUMN I 
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MAX I ROW COLUMN 

RAS I I I I I I 
,.. I i \ ! ! /"'--1 ~~ ~~! II --I \-:--"! ---'-

REFREQ I \\\1 \\\\\'\}\1 II I II 
ROY T'LII I I \J.. I V;--I --+-
FIGURE 3. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. TWST IS HIGH) 
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REFRESH/ACCESS GRANT 

I W1 I Wz I Wa I W4 I z 3 4 

ALE h-+-I ~-,-----,-I--Jh I I 1-
,~~~,M ! ;fi~---i--~,---:-, --:-~--:---'! t 

MAX ~ COLUMN xx: REFRESH ~ COLUMN x= 
.M -j\1 I I I 0 I thl I t 
CAs I i \! ! ! Ifl I I I i\! 'f 

REFREQ I \\ \\\\\\\\\\~\\\\~ .:..--.....:..JI I I 
I I I I I I I 

ROY T\LII I I \{ /1 I 
FIGURE 4. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE, TWST IS HIGH) 

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

Supply voltage range, Vee (see Note 1) ................................. -1.5 V to 7 V 
Input diode current, 11K (VI < 0, VI > Vee) .................................. ± 20 mA 
Output diode current, 10K (VO < 0, Vo > Vee) ............................... ± 20 mA 
Continuous output current, 10 (VO = 0 to Vee) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 35 mA 
Continuous current through Vee or GND pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 70 mA 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or JD package . . . . . .. 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package. . . . . . .. 260°C 

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

NOTE 1: Voltage values are with respect to GND. 
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recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 VCC+ O.5 V 

VIL Low-level input voltage -0.5 t O.S V 

Vo Output voltage -0.5 VCC+O.5 V 

tt Input transition Irise and fall) time 0 500 ns 

TA Operating free-air temperature 0 70 °e 

t 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) 

PARAMETER TEST CONDITIONS Vce 
TA - 25°e 

MIN TYP MAX 
MIN MAX UNIT 

MAO-MAS, 
10H = -20 ~A 4.5 V 4.4 4.4 

RASO-RAS3, 

CASO-CASl 10H = -6 mA 4.5 V 3.S6 3.76 
VOH High-level output voltage 

-20~A 
V 

10H = 4.5 V 4.4 4.4 
ROY 

10H = -4 mA 4.5 V 3.S6 3.76 

REFREO 10H = -20 ~A 4.5 V 4 3.S 

ROY, REFREO 
10L = 20 ~A 4.5 V 0.1 0.1 

10L - 4 mA 4.5 V 0.32 0.37 

VOL Low-level output voltage MAO-MAS, 
10L = 20 ~A 4.5 V 0.1 0.1 V 

RASO-RAS3, 

CASO, CASl 10L = 6 mA 4.5 V 0.32 0.37 

IIH High-level input current except REFREQ VI = 5.5 V 5.5 V 0.1 1 ~A 

REFREQ -5 -50 

IlL Low-level input current ~ VI = 0 5.5 V -100 -250 ~ 
All others -0.1 -1 

lozt 
Off-state output current 

Vo = 0 to 5.5 V 
13-state outputs only) 

5.5 V ±5 ±50 p.A 

lee Supply current 
VI = Vee orO, 

10 = 0 
5.5 V 5 15 mA 

~Iee§ Supply current change 
One input at 0.5 V or 2.4 V, 

Other inputs at 0 V or Vee 
5.5 V 1.4 2.4 3 mA 

ei Input capacitance 
VI = 0, 

f = 1 MHz 
5.5 V 5 10 10 pF 

:J: This parameter, 10Z. the high impedance-state output current, applies only for three-state outputs and transceiver 1/0 pins. 
§ This is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than 0 V or Vee. 
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timing requirements over recommended ranges of supply voltage and operating free-air temperature 
(unless otherwise noted) 

tc{C) 

tw{CH) 

tw(Cl) 

tAEl-Cl 

tCl-AEl 

tCl-AEH 

tw{AEH) 

tAV-AEl 

tAEl-AX 

tAEl-ACl 

tACH-Cl 

tACl-CH 

tROl-Cl 

tw{ROl) 

tw{ACl) 

treset 

NOTES: 2. 

3. 

4. 
5. 

6. 

7. 

8. 

9. 

10. 

PARAMETER 
THCT4502B-115 

MIN MAX 
UNIT 

ClK cycle time 100 ns 

Pulse duration, ClK high 45 ns 

Pulse duration, elK low 45 ns 

Time delay, ALE low to ClK starting low (see Note 2) 15 ns 

Time delay, ClK low to ALE starting low (see Note 2) 15 ns 

Time delay, ClK low to ALE (see Note 31 15 ns 

Pulse duration, ALE high 45 ns 

Time delay, address RENO, REN1, CS velid to ALE low 10 ns 

Time delay, ALE low to address not valid 15 ns 

Time delay, ALE low to ACX low (see Notes 4, 5, 6, and 7) th(RAI+30 ns 

Time delay, ACX high to ClK low (see Notes 4 and 8) 30 ns 

Time delay, ACX low to ClK starting high (to remove ROY) 30 ns 

Time delay, REFREO low to ClK starting low (see Note 9) 35 ns 

Pulse duration, REFREO low 30 ns 

Pulse duration, ACX low (see Note 10) 120 ns 

Power-up reset 4tcCLK ns 

Coincidence of the trailing edge of ClK and the trailing edge of ALE should be avoided as the refresh/access occurs on the 
trailing ClK edge. 
If ALE rises before Aa( and a refresh request is present, the falling edge of ClK after tCl-AEH will output the refresh address 
to MAO-MA 7 and initiate a refresh cycle. 
These specifications relate to system timing and do not directly reflect device performance. 
On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
ACX low. If ACX occurs prior to or coincident with ALE, then CAS is timed from the ClK high transition that causes RAS 
low. If Aa( occurs 20 ns or more after ALE, then CAS is timed from the ClK low transition following the ClK high transition 
causing ~ low. 
For maximum speed access (internal delav.s on both access and access grant cycles), ACX should occur prior to Or coincident 
with ALE. 
th{RA) is the dynamic memory row address hold time. ACX should follow ALE by tAEl-CEl in systems where the required 
th{RA) is greater than tREl-MAX minimum. 
The minimum of 30 ns is specified to ensure arbitration will occur on falling eLK edge, tACH-CL also affects precharge time 
such that the minimum tACH-Cl should be equal or greater than: tw{RH) - tw{CL) + 30 ns (for a cycle where ACX high 
occurs prior to ALE high) where tw{RH) is the DRAM RAS precharge time. 
This parameter is necessary only if refresh arbitration is to occur on thi~ low·going elK edge (in systems where refresh is 
synchronized to external events). 
The specification tw(ACL) is designed to allow a CAS pulse. This assures normal operation of the device in testing and system 
operation. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range 

PARAMETER TEST CONDITIONSt 
THCT 4502B-115 

UNIT 
MIN MAX 

tAEl-REl Time delay, ALE low to RAS starting low Cl = 180 pF 35 ns 

tRAV-MAV Time delay, row address valid to memory address valid Cl = 360 pF 42 ns 

tAEH-MAV Time delay, ALE high to valid memory address Cl = 360 pF 60 ns 

tAEl-RYl 
Time delay, ALE to ROY starling low (TWST = 1 

or refresh in progress) 
Cl = 40 pF 33 ns 

tAEl-CEl Time delay, ALE low to 'EAS starting low (see Note 111 Cl - 360 pF 50 115 ns 

tAEH-REH Time delay, ALE high to RAS starting high Cl = 180 pF 35 ns 

tACl-MAX Row address valid after Aa< Cl = 360 pF 10 ns 

tMAV-CEl Time delay, memory address valid to 'EAS starting low Cl = 360 pF 0 ns 

tACl-CEl Time delay, Aa< low to CAS starting low (see Note 111 Cl - 360 pF 25 80 ns 

tACH-REH Time delay, ACX to RAS starting high Cl = 180 pF 40 ns 

tACH-CEH Time delay, Aa< high toC-A!! starting high Cl = 360 pF 5 30 ns 

tACH-MAX Column address valid after Aa< high Cl = 360 pF 5 ns 

tCH-RYH 
Time delay, ClK high to ROY starting high 

(after Aa< low I (see Note 121 
Cl = 40 pF 42 ns 

tRFl-RFl 
Time delay, REFREQ external till supported by 

REFREQ internal 
Cl = 40 pF 35 ns 

tCH-RFL Time delay, ClK high till iiEFREQ internal starting low Cl = 40 pF 50 ns 

tCl-MAV Time delay, ClK low till refresh address valid Cl - 360 pF 70 ns 

tCH-RRl Time delay, ClK high till refresh RAS starting low Cl = 180 pF 5 50 ns 

tMAV-RRl Time delay, refresh address valid till refresh RAS low Cl = 180 pF 5 ns 

tCl-RFH 
Time delay, ClK low to REFREQ starting high 

Cl = 40 pF 50 ns 
(3 cycle refreshl 

tCH-RFH 
Time delay, ClK high to REFREQ starting high 

(4 cycle refresh I 
Cl = 40 pF 50 ns 

tCH-RRH Time delay, ClK high to refresh RAS starting high Cl = 180 pF 5 30 ns 

1;c,_ lAX Refresh address valid after ClK hjgh C - 360 of 10 ns 

tSee Parameter Measurement Information for load circuit and voltage waveforms. 
NOTES: 11. The falling edge of 'EAS occurs when both ALE low to CAS low time delay (tAEl-CEll·and Aa< low to 'EAS low time delay 

(tACl-CELi have elapsed, i.e .. if Aa< goes low prior to (tAEL-CEl - tACl-CEll after the falling edge of ALE, the falling edge 
of CAS is measured from the falling edge of ALE (tAEl-CEll. Otherwise, the access time increases and the falling edge of 
'EAS is measured from the falling edge of Aa< (tACl-CEll. 

3-28 

12. ROY returns high on the rising edge of ClK. If TWST = 0, then on an access grant cycle ROY goes high on the same edge 
that causes access RAS low. If TWST = 1, then ROY goes to the high level on the first rising ClK edge after Aa< goes low 
on access cycles and on the next rising edge after the edge that causes access RAS Iowan access grant cycles (assuming 
Aa< low I. 
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switching characteristics over recommended supply voltage range and operating free-air temperature 
range Icontinued) 

PARAMETER TEST CONDITIONSt 
THCT4502B-115 

MIN MAX 
UNIT 

tCH-REL Time delay, CLK high till access RAS starting low CL = 180 pF 45 ns 

tCL-CEL 
Time delay, CLK low to access CAS starting low 

(see Note 13) 
CL = 360 pF 70 ns 

tCL-MAX Row address valid after CLK low CL = 360 pF 15 ns 

tREl-MAX Row address valid after liAS low CL - 360 pF 20 ns 

tAEH-MAX Column address valid after ALE high CL = 360 pF 10 ns 

tdis Output disable time (3-state outputs) CL = 360 pF 90 ns 

ten Output enable time (3-state outputs) CL = 360 pF 55 ns 

tCAV-CEl 
Time deray, column address valid to 

CL = 360 pF 0 ns 
CAS starting low after refresh (see Note 13) 

tCH-CEL 
Time delay; CLK high to access CAS starting low 

CL = 360 pF 140 ns 
(see NQte 14) 

tt(CEL) CAS fall time CL = 360 pF 20 ns 

tt(CEH) CAS rise time CL = 360 pF 30 ns 

ttIREL) liAS fail time CL = 180 pF 20 ns 

tt(REH) 'ijAS' rise time CL = 180 pF 30 ns 

tt(MAV) Addr~ss. t~ansition time CL = 360 pF 30 ns 

tt(RYL) ROY fall time CL = 40 pF 20 ns 

tt(RYH) ROY riE;e time CL = 40 pF 27 ns 

tSee Parameter Measurement Information for load circuit and waveforms. 
NOTES: 13. The occurrence of C'AS low is guaranteed not to occur until the column address is valid on MAX. 

, 4. On the access grant cycle following refresh, the occurrence of CAS low depends on the relative occurrence of ALE low to 
AC'X low. IfP£X occurs prior to or coinciden~ with ALE then CAS is timed from the elK high transition that causes RAS low. 
If Aa< occurs 20 ns or more after ALE then CAS is timed from the ClK low transition following the ClK high transition 
causing liAS low. (See Refresh Cycle Timing Diagram) 
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TYPICAL CHARACTERISTICS 
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VCC - 5 V / 
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/ 

/V 
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~ 
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tLoad is 360 pF for CAS and MA outputs, 180 pF, for all RAS outputs. 
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FIGURE 5 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT~ 
UNDER TEST 1 

J 
CL 

FIGURE 6. LOAD CIRCUIT 
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PARAMETER MEASUREMENT INFORMATION 

t---toICI~ 

r __ --.,..... .... -'I.O% !--tWICHI~ 
1.3 V 
10% I 

ICL-AEL.J.--.! , ... t;"'ICLI~ I.. It 
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i.--.I-tCL-AEH 
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1 ~tAEL-CL 
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I I I 'I I 
, 1 1 I 
tAV-AEL j4 "'_ _I IAEL-AX I I I 
I I I I 

RENO,RE~ 1
'

,3 V I ,.....--- 3 V 
ROW,COL,CS_ ~ . ____ OV 

I I IwIACLI---~ 
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I I---tAEL-ACL~tACL-CH---..l 1 ~IACH-CL-.! 
I~I I I' ' ............................. YT> ..... ...---3V 
I 1,3 V I 1 1 3 VII//////l/////l 

I I ----OV 
tAEL-REL ,. !'III 1 1 --t ~ tllREHI 

I I 1 --! 0 !-' tllRELI I I tACH-RE~ : 
---I----;---r--_~11 I I ~tAEH-~EH~ 00'" VOH 

iiAS 1 I .J 1.3 V 10'" I 1 '0% ',3 V 
IRtV-MAVr- .,: I ~tAEH-~AX:or---------- VOL 

MAO-MA8 

ROY 

~~~iiii~~~~~~~~~~~~~~~~~~~~~~~~~I_==>'I~liA~CH~-~M~A~X~~~~ VOH 

, , u..=----VOH 

tAEL-RYL~ ~tCH-RYH 
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NOTE 15: All transition times (trl are measured between 10% and 90% points, 

FIGURE 7: ACCESS CYCLE TIMING 

CLK --..I ,1.3 V 

I 
tROL-CL-iI~J---~~ 

/ \ 13Vf 
I 
I 

REFREO 

IEXTERNALI 

1,3 V 

1 tCH-RFL~~_--..... ~1 

iiffiEQ 
!lNTERNALI 

I 
IwlROLI !. ., 

/4---IRFL-RFL--.! 

OV 

,,:~-----VOH 

VOL 
NOTE 16: All input pulses are supplied by generators having the following characteristics: PRR :s 1 MHz. Zout = 50 n, tr = 6 ns, tf = 6 ns, 

FIGURE 8_ REFRESH REQUEST TIMING 
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PARAMETER MEASUREMENT INFORMATION 

ACR + ACWJ~1.-3-V"""'---------~'i~'; v- - - - - - - - - - - - :: 

I I 

OUTPUT 
WAVEFORM 1 
ISee Not~ 16) 

OUTPUT 
WAVEFORM 2 
ISee Note 16) 

If--ten--.! ~tdi.--+I 
~. I I =vcc I 

I 
I 
I 

~"'. _____ """""l ____ ~b _____ VOL 

If--Ien --to! 
I I'------.... i ----.,~ - :- ---VOH 

______ .....J ~tdl.--t>/. =0 V 

VOLTAGE WAVEFORMS 

NOTE 1 6: Waveform 1 is an output with internal conditions such that the output is low except when disabled by the access controls. 
W~veform 2 is an output with internal conditions such that the output is high except when disabled by the access controls. 

FIGURE 9. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS 

CLK\. t \ 
I I 
I / !\ I 

ALE I 

ACX I I I 
I 

\ t \\*\ I 
I tCL·R FH -f4---ti 
I 

REFREa I 1 I 
I 
I 

!t-+tcL-MAX 

ROW ADDRESS X~ ___ _ 
tCH.RELH tCAY·CELit--! 

! \! ! 
I tCL.CEl I ~ ~ 

t On access grant cycle following refresh, CAS low and address multiplexing are timed from CLK high transition (tCH.CELI if ACX low 
occurs prior to or coincident with the tailing edge of ALE. 

IOn access grant cycle following refresh, CAS low and address multiplexing are timed from CLK low transition (tCL-CEL) if ACX low occurs 
20 ns or more after the falling edge of ALE. 

FIGURE 10. REFRESH CYCLE TIMING (THREE-CYCLE) 

NOTE 17: All input pulses ~re supplied by generators ~~ving the following characteristics: PRR s 1 MHz. Zout = SO 0, tr = 6 ns, tf = 6 ns. 
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PARAMETER MEASUREMENT INFORMATION 

~--~~~~------~----~--~---
\t$~\ 

tCH.RFH~ 

REFREQ ----~--~--~------------------""fI 
tcl-MAV tCH-MAX 

MAO·MA7 REFRESH ADDRESS 

RAS 

~tcH.RRl 
---':"'I-....;...~li.. 

I I~ _________________ ~ 

1OIj4f----~~f_ tMAV ·RR l tCl·CEL ~ ~ 
CAS I-- tCH·CEl t --+1"'-

tOn access grant cycle following refresh, CAS low and address multiplexing are timed from ClK high transition itCH.CEll if ACX low 
occurs prior to or coincident with the falling edge of ALE. 

tan access grant cycle following refresh, CAS low and address multiplexing are timed from elK low transition {tCL.CELl if ACX low occurs 
20 ns or more after the falling edge of ALE. 

NOTE 16: All input pulses are supplied by generators having the following characteristics: PRR s 1 MHz. Zout = 50 n, tr ;::: 6 n5, tf = 6 ns. 

FIGURE 11. REFRESH CYCLE TIMING (FOUR-CYCLE) 
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• Inputs are TTl- and CMOS-Voltage 
Compatible 

• Controls Operation of 64K, 256K, and 1·M 
Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 

• Directly Addresses and Drives Up 
to 4 Banks of Memory 

• Operates from Microprocessor Clock 
No Crystals, Delay lines, or RC 
Networks 
Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 

• Versatile 
Strap-Selected Refresh Rate 
Synchronous, Predictable Refresh 
Selection of Distributed, Transparent, 
and Cycle-Steal Refresh Modes 
Interfaces Easily to Popular 
Microprocessors 
Asynchronous RESET 
Choice of ClK Polarity on 
Refreshl Access Arbitration 

• High-Performance Si-Gate CMOS 
Technology 

• Strap-Selected Refresh Frequencies for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave 
Controller with the Microprocessor System 
(Including Multiple Controllers) 

• 3-State Outputs Allow Multiport Memory 
Configuration 

• Performance Range: 
100 ns ALE low to CAS low 

• Functionally Compatible with TMS4500A/B 
and with THCT4502B 

• Available in Plastic and Ceramic Chip 
Carriers in Addition to Plastic and Ceramic 
DIPs 

• Dependable Texas Instruments Quality and 
Reliability 

MA1 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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D3132. SEPTEMBER 19S5-REVISED MAY 19S9 

JO OR N PACKAGE 

(TOP VIEW) 

CA6 RA6 

RA7 CA5 
RA5 

RAB FS1 
CAB FSD 

RESET 
RENO 
REN1 
RDY 

MA7 CAS1 
MA6 CASO 
MA5 GND 
GND REFREQ 
GND VCC 
MA4 RASO 
MA3 RAS1 
MA2 RAS2 
MA1 RAS3 
MAO ACW 
RAO ACR 
CAO ALE 
RA1 cs 
CA1 CLK 
RA2 CA4 
CA2 RA4 
RA3 CA3 

FK OR FN PACKAGE 

(TOP VIEW) 

9 8 7 6 54 3 2 16867666564636261 
60 NC 
59 NC 
58 RENO 
57 REN1 
56 ROY 
55 CAS1 
54 CASO 
53 GND 
52 REFREQ 

51 VCC 
50 RASO 
49 AASf 
48 RAS2 
47 RAS3 

ACW 
45 NC 

.~ ~ ~ 

2728293031323334353637383940414243 

NC - No internal connection 

PRODUCTION DATA documants co.tai. information 
current I. of publication date. Products conform to 
specifications per the terms of Tax8s Instruments 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

description 

The' ACT4503 is a monolithic DRAM system controller providing address multiplexing, timing, control, 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor 
systems. 

The controller contains an 20-bit multiplexer that generates the address lines for the memory device from 
the 20 system address bits and provides the strobe signals required by the memory to deCOde the address. 
A 10-bit refresh counter generates up to 1024 row addresses required to refresh. 

A refresh timer is provided to generate the necessary timing to refresh the dynamic memories and ensure 
data retention. 

The' ACT 4503 also contains refresh/access arbitration circuitry to resolve conflicts between access requests 
and memory-refresh cycles. In order to guarantee correct refresh/access arbitration, the falling edge of 
ALE must not occur within a specified time period of either the rising or falling edge of ClK. The selection 
of the arbitration ClK edge is determined during reset (Figure 15). Knowing the processor's ALE to ClK 
timing relationship allows the designer to select the proper ClK edge to guarantee refresh/access arbitration 
on the' ACT4503. 

The SN74ACT4503 is characterized for operation from ooC to 70°C. 

logic symbol t 

elK (3D) 

ALE 1321 

RAD (20) 

HA11221 

HA2 (241 

RA3 126) 

RA4 1281 

HAS /501 

RAS (521 

RA7 12) 

RASI41 

RA9 16) 

CAD 1211 

CA1 1231 

CA2 (25) 

CA3 1271 

CA. 129) 

CAS 1511 

CAS 111 

CA7 13) 
CAB (51 

CA9 17) 

CLOCK • 
DYNAMIC RAM 
CONTROLLER 

'ACT4503 

~} MODE/FREQ SELECT 

EXTERNAL REFRESH REQUEST 

Q INTERNAL REFRESH REQUEST 

LE 

ROW 
ADDRESS 

COLUMN 
ADDRESS 

REAOV 

tThis symbol is in accordance with ANSI/IEEE Std. 91-1984. 
Pin numbers shown are for JD and N packages. 
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1161 MA3 

{1S} MA4 

1121 MAS 
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18) MAg 

144) ROV 



functional block diagram t 

(20) 

(22) 

(24) 

. (26) 

RAO 

RAl 

RA2 

RA3 

RA4 

RA5 

RA6 

RA7 

RAS 

RA9 

CAO 

CAl 

CA2 

CA3 

CA4 

.CA5 

CA6 

CA7 

CAS 

CA9 

ALE 

CS 

RENO 

RENl 

ACR 

~ 

FSO 

FSl 

ClK 

RESET 

12S) 

i50) 

1621 

(2) 

(4) 

161 

1211 

(23) 

(25) 

1271 

(291 

(51) 

111 

131 

(51 

(7) 

(32) 

(31) 

(46) 

(45) 

(33) 

(341 

(401 

(481 

(49) 

(301 

(471 

T 

I 

ROW 
ADDRESS 

lATCH 

~ 

COLUMN 
ADDRESS '\ lATCH 

I 

REFRESH I--.l\ 
COUNTER r 

t I 
i 1 

SELECT I 
--.. 
--.. 

LATCH I 

--.. 
--.. 

-<€t-- ARSITER ---
t t 
REFRESH -RATE ---GENER· 

r- ATOR r t 
1 

tPin numbers shown are for JD and N packages. 
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MULTI· 
PlEXER 

\J 
(19) 

MAO 

\J 
11S) 

MAl 

\J 
(17) 

MA2 

\J 
(16) 

MA3 

\J 
(15) 

MA4 

\J 
(12) 

MA5 

(111 
\J MA6 

(10) 
\J MA7 

\J 
(9) 

MAS 

\J 
(S) 

F MA9 

t t 
13S) 

\J RASO 

\J 
(37) 

\J 
(36) 

\J 
(35) 

RAS3 

\J 
(42) 

CASO 

(43) 
\J CASl 

TIMING (441 
AND ROY 

CONTROL 

t 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

TERMINAL FUNCTIONS 

PIN 

NAME NO.t 
I/O DESCRIPTION 

Access Control, Read. A Iowan this input causes the column eddress to appear on MAO-MA9 and a 

ACR 331411 I 
low-going pulse from CAS. The rising edge of ACR or ACW terminates the cycle by forcing RAS and 

CAS high. When ACR and ACW are both low, MAO-MA9, llAS'o, ~1, llAS'2, ~3, CASO, and 
CASl go into a high-impedance state. 

Access Control, Write. A Il'w on this input causes the column address to appear on MAO-MA9 and 

ACW 341461 I 
a low-going pulse from CAS. The rising edge of ACR or ACW terminates the cycle by forcing ~ 

and CAS high. When ACR and ACW are both low, MAO-MA9,llAS'O,llAS'l, ~2, ~3, ~O, 

and CASl go into a high-impedance state. 

Address Latch Enable. This input is used to latch the 20 address inputs, es, RENO, and REN1. This 

ALE 321401 I also initiates an access cycle if es is low. The rising edge (low level to high level) of ALE returns 
all mIli outputs to the high level. 

CAO 21 1291 
CAl 231311 

CA2 251331 
CA3 271351 
CA4 291371 

I 
CA5 51 1671 

Column Address. These address inputs are used to generate the column address for the multiplexer. 

CA6 1111 
CA7 3131 

CA8 5151 
CA9 7171 
CASO 421541 

0 
Column Address Strobe. These 3-state outputs are used to latch the column address into the 

CASl 431551 DRAM array. 

CLK 301381 I 
System Clock. This Input provides the master timing to generate refresh and access cycle timings 

and refresh rate. Refresh rate is determined by the FSl and FSO inputs. 

es 31 1391 I 
Chip Select. A Iowan this input enables an access cycle. The trailing edge of ALE latches the chip 

select input. 

Frequency Select. These strap inputs are used to select Mode and Frequency of operation. The 

Strap Configuration table shows the input frequencies and internal refresh frequencies. Device 

FSO 481641 
I 

operation mode can be chosen by controlling these Frequency Select pins during RESET low. The 

FSl 491651 operating modes are shown in the Operation Mode Selection table. After 1'lm'i' goes high, FSO and 

FS 1 must be set to the correct strap input levels to indicate the corresponding refresh rate for the 

input frequency. 

MAO 191231 
MAl 181221 
MA2 17 [211 

MA3 16 [201 

MA4 15 [191 Memory Address. These 3-state outputs are designed to drive the addresses of the dynamic RAM 
0 

MA5 12 [161 array. 

MA6 11 [151 

MA7 10 [141 

MA8 91131 
MA9 8 [12J 

RAO 20124J 

RAl 22 [30J 

RA2 24 [32J I Row Address. These address inputs are used to generate the row address for the multiplexer. 

RA3 26 [34J 

RA4 28 [36J 

tPin numbers shown are for the JD and N packages and parenthetically for the FK and FN packages. 

3-38 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS. nXAS 76265 



PIN 

NAME NO.t 
I/O 

RA5 50 (66) 

RA6 52 [681 

RA7 2 [21 I 

RA8 4 [41 

RA9 6 [61 

RASO 38 [501 

~1 37 [491 
0 

~2 36 (48) 

'AAS3 35 (47) 

firn!rn 40 [521 I/O 

RENO 46 [581 
I 

REN1 45 [57) 

l'iESE'f 47 [631 I 

ROY 44 [561 0 

TERMINAL FUNCTIONS (continued) 

DESCRIPTION 

SN74ACT45D3 
DYNAMIC RAM CONTROLLER 

Row Address. These address inputs are used to generate the row address for the multiplexer. 

Row Address Strobe. These 3-state outputs are used to latch the row address into the bank of 

DRAMs selected by RENO and REN1. On refresh, all RAS signals are active. 

Refresh Request. This input should be driven by an open-collector or open-drain output. On input, a 
low-going edge initiates a refresh cycle and will cause the internal refresh timer to be raset on the 

next arbitration edge of the elK. As an output, a low-going edge signals an internal refresh request 

and that the refresh timer will be reset on the next arbitration edge of elK. mm will remain low 

until the refresh cycle is in progress and the current refresh address is present on MAO-MA9. 

(Note: ~ contains an internal active pullup with a nominal resistance of 5 kO, which is 

disabled when REFFiE'Q is low). 

RAS Enable. These inputs are used to select one of four banks of RAM when 'C'S' is low. When 

REN1 is low, the lower banks are enabled via ~O, 'AAS0, and RAS1. When REN1 is high, the 

higher banks are enabled via ~1, RAS2, and RAS3, RENO selects RASO and RAS2 when low, or 

RAS1 and RAS3 when high Isae Output Strobe Selection tabla). 

~. Active-low input to initialize the controller asynchronously. Refresh address is set to 3FF. 

Internal refresh requests, synchronizer, and frequency divide are cleared. Row address hold time is 

calibrated to the input clock frequency after the ~ low~to-high transition. The calibration takes 

up to 15 clock cycles, during which an access request is treated as if it occurred during a refresh 

cycle. After the initial calibration, hold time is automatically calibrated once every refresh cycle and 

requires the same number of clock cycles as a refresh. 

Ready. This totem-pole output signals the occurence of an access grant cycle, which occurs when 

an access request is generated during a refresh cycle. The ROY output signals the processor to 

wait when this type of cycle occurs. 

tPin numbers shown are for the JD and N packages and parenthetically for the FK and FN packages. 

STRAP 

INPUT 
lEVELS 

FS1 FSO 

l l 

H H 

H L 

l H 

SELECTION 
FSO-l 

FSO-H 

FS1-l 

FS1-H 

STRAP CONFIGURATION 

MINIMUM MAXIMUM CLOCK 

REFRESH CLOCK CLOCK 
REFRESH 

CYCLES 
FREQUENCY 

FREQUENCY 
FOR EACH RATE FREQUENCY 

(MHz) (MHz) 
(kHz) 

REFRESH 

elK/61 3.904 5.824 64-95 3 
elK/91 5.824 7.744 64-85 4 

ClK/121 7.744 8.704 64-72 4 

CLK/136 8.704 10.50 64-77 4 

OPERATION MODE SELECTION 

OPERATION MODES 
Access/refresh arbitration on high-to-Iow clock edge 

Access/refresh arbitration on low-to-high clock edge 

Refresh cycles initiated internally 
Refresh cycles initiated externally. Internal refresh timer disabled. 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

OUTPUT STROBE SELECtioN 

CONTROL INPUT SELECTED OUTPUT 

REN1 RENO RASa RAS1 RAS2 "lin"3 CASO CAS1 

L L X X 

L H X X 

H L X X 

H H X X 

functional description 

The 'ACT4503 consists of six basic blocks: address and seleCt latches, refresh rate generator, refresh 
coUnter, the multiplexer, the arbiter, and the timing and control block. 

address and select latches 

The address and select latches allow the DRAM controller to be used in systems that multiplex address 
and data on the same lines without eXternal latches. The row address latches are transparent, meaning 
that while ALE is high, the outputs MAO-MA9 follows the inputs RAO-RA9. 

refresh rate generator 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The 
counter divides the clock frequency according to the' configuration straps as shown iri the Strap 
Configuration table. The counter is reset when a refresh cycle is requested or When RESET is low. The 
configuration straps allow the matching of memories to the system access time. Upon power-up, it is 
necessary to provide a reset si!lnal by driving RESET low. During this reset period, at least four clock cycles 
should occur. 

refresh counter 

The refresh counter contains the address of the row to be refreshed. The counter is decremented after 
each refresh cycle. A low-to-high transition on RESET sets the refresh counter to 3FF16 (102310). 

multiplexer 

The multiplexer provides the DRAM array with row, column, and refresh addresses at the propertimes. 
Its inputs are the address linches and the refresh counter. The outputs provide up to 20 multiplexed 
addresses on 10 lines. 

arbiter 

The arbiter provides two operational cycles: access and refresh. The arbiter resolves confiicts between 
cycle requests and cycles in execution, and schedules the inhibited cycle (ROY = L) when an access request 
occurs during a refresh cycle. Arbitration can be configured, during the reset cycle, to operate on either 
clock edge. 

timing and control block 

3-40 

The timing and control block executes the operational cycle at the request o'f the arbiter. It provides the 
DRAM array with RAS and CAS signals. It provides the CPU with a ROY signal. It controls the multiplexer 
during all cycles. It resets the refresh rate generator and decrements the refresh counter during refresh 
cycles. 
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I ACCESS I REFRESH/ACCESS GRANT I ACCESS I 
1 I 2 I 3 1 I W1 I W2 I 2 I 3 1 I 2 I 3 1 I 2 I 

FIGURE 1. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. HIGH-TO-lOW 
ClK REFRESH/ACCESS ARBITRATION) 

ACCESS REFRESH/ACCESS GRANT 

2 I 3 I W1 I W2 I W3 I 2 I 3 I 

fACR orAeWI Aa< I 
MAX 

I \ / I I I I I 

~~~~\\\\\\\~ I 
RDY I 
FIGURE 2. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE. HIGH-TO-lOW 
. ClK REFRESH/ACCESS ARBITRATION) 
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eLK 

(~orACWI XCi( I 
MAX 

ROY I I I I ~~~ 

3-42 

FIGURE 3. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (THREE-CYCLE. lOW-TO-HIGH 
ClK REFRESH/ACCESS ARBITRATION) 
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I , I I REFRESH/ACCESS GRANT 

, I w, I W2 I W3 I 2 I 3 I 4 

ClK 

AlE.h~1 --'--~ 
I I 

lmi ~CW) I I '----:----i-J 

MAX 

ii 
RAIl 

...;-~-

~I 
REFREQ-i-I ""ft'~ I 

I \ I I I I I I 

~\\\\\\\\\\\\\\~ I I I 
ROY I I I I 
FIGURE 4. TYPICAL ACCESS/REFRESH/ACCESS CYCLE (FOUR-CYCLE, lOW-TO-HIGH 

ClK REFRESH/ACCESS ARBITRATION) 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

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

Supply voltage range, VCC (See Note 1) ................................ -1.5 V to 7 V 
Input diode current, 11K (VI < 0, VI > Vcc) .................................. ± 20 mA 
Output diode current, 10K (Vo < 0, Vo > Vcc) ............................... ± 20 mA 
Continuous output current, 10 (VO = 0 to Vcc) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 35 mA 
Continuous current through VCC or GND pins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± 70 mA 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooC to 70°C 
Storage temperature range ......................................... - 65°C to 1 50°C 
lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: FK or JD package. . . . . .. 300°C 
lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FN or N package. . . . . . .. 260°C 

tStresses 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 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: Voltage values are with respect to network ground. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 Vee +0.5 V 

VIL Low-level input voltage -0.5 t 0.8 V 

Vo Output voltage -0.5~ Vee+ 0.5 V 

tt Input transition Irise and fall) time 0 100 ns 

TA Operating free-air temperature 0 70 °e 

;The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for input 
and output voltage levels only. 

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

PARAMETER TEST CONDITIONS VCC 
TA - 25°C 

MIN MAX 
MIN TYP MAX 

VOH 
High-level output REFREQ 10H = -20 ~A 4.5 V 4 3.8 

voltage I All others 10H = -8 rnA 4.5 V 3.8 3.7 

VOL Low-level output voltage IOL = 8 rnA 4.5 V 0.4 0.4 

IIH High-level input current 
~ 

All others 
VI = 5.5 V 

15 20 
5.5 V 

0.1 1 

IlL Low-level input current 
REFREQ -2 -2 

VI = OV 5.5 V 
All others -0.5 -1 

10Z§ 
Off-state output current 

Vo = 0 to 5.5 V 
13-state outputs only) 

5.5 V 20 20 

lee' Supply current loperative) All inputs at VIL or VIH 5.5 V 30 40 50 

alee # Supply current change 
One input at 0.5 or 2.4 V, 

All others at 0 V or Vee 
5.5 V 0.5 1 1 

ei Input capacitance VI = 0 V, f = 1 MHz 5.5 V 5 10 10 

§This parameter, 10Z, the high-impedance-state output current, applies only for three-state outputs and transceiver I/O pins. 
, lee is measured with none 01 the memory address IMAO-MA9) outputs switching. 
IIThis is the increase in supply Current for each input at one of the specified TTL voltage levels rather than 0 V or Vee. 
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switching characteristics over recommended supjlly voltage range and operating free-air temperature 
range 

PARAMETER 
TEST 

CONDITIONst 
MIN TYP MAX UNIT 

.tAEl-REl Time delay, ALE low to RAS starting low Cl ~ 180 pF 14 20 ns 

tRAV-MAV Time delay, row address valid to memory address valid Cl - 360 pF 20 30 ns 

tAEH-MAV Time delay, ALE high to valid memory address Cl ~ 360 pF 21 30 ns 

tAEl-RYl Time delay, ALE to ROY starting low Cl ~ 40 pF 14 20 ns 

tAEL-CEl Time delay, ALE low to CAS starting low (see Notes 2 and 5) Cl ~ 360 pF 40 65 100 ns 

tAEH-REH Time delay, ALE high to RAS starting high Cl ~ 180 pF 14 20 ns 

tACl-MAX Row address valid after ACX Cl ~ 360 pF 12 25 ns 

tMAV-CEl Time delay, column address valid to eA:S starting low Cl ~ 360 pF 5 18 ns 

tACl-CEl Time delay, ACX low to tAs starting low (see Note 2) Cl ~ 360 pF 30 50 75 ns 

tACH-REH Time delay, ACX to RAS starting high Cl ~ 180 pF 15 25 ns 

tACH-CEH Time delay, ACX high to CAS starting high Cl ~ 360 pF 5 13 20 ns 

tACH-MAX Column address valid after ACX high Cl ~ 360 pF 10 27 ns 

tC-RYH Time delay, ClK high to ROY starting high (see Note 3) Cl ~ 40 pF 12 20 ns 

tC-RFL Time delay, ClK to REFREQ internal starting low Cl ~ 40 pF 16 26 ns 

tC-MAV Time delay, ClK to refresh address valid Cl ~ 360 pF 32 50 ns 

tC-RRl Time delay, ClK to refresh RAS starting low Cl ~ 180 pF 10 20 40 ns 

tC-RFH Time delay, ClK to REFREQ starting high 
Cl ~ 40 pF 

Rl ~ 1 k!l 
35 50 ns 

tC-RRH Time delay, ClK to refresh RAS starting high Cl ~ 180 pF 10 17 25 ns 

tC-MAX Refresh address valid after ClK CL ~ 360 pF 12 29 ns 

tC-REl Time delay, CLK to access RAS starting low CL ~ 180 pF 19 30 ns 

tC-CEL Time delay, ClK to access CAS starting low (see Notes 4 and 5) Cl ~ 360 pF 65 105 ns 

tREL-MAX Row address valid after RAS low (see Note 5) CL ~ 360 pF 20 22 ns 

tAEH-MAX Column address valid after ALE high CL ~ 360 pF 15 29 ns 

tdis Output disable time (3-state outputs) CL ~ 360 pF 48 60 ns 

ten Output enable time (3-state outputs) CL ~ 360 pF 30 50 ns 

tt(CEL) CAS fall time CL ~ 360 pF 6 10 ns 

tlCEHI CAS rise time CL ~ 360 pF 7.5 15 ns 

ttlREU RAS fall time Cl ~ 180 pF 4.2 10 ns 

tt(REH) RAS rise time CL ~ 180 pF 5 10 ns 

ttlMAVI Address transition time Cl ~ 360 pF 15 30 ns 

ttlRYU ROY fall time Cl - 40 pF 2 6 ns 

ttlRYHI ROY rise time Cl ~ 40 pF 1.5 5 ns 

tSee Parameter Measurement Information for load circuit and voltage waveforms. 
NOTES: 2. The falling edge of CAS occurs when both ALE low to CAS low time delay (tAEL-CEL) and ACX low to CAS low time delay 

(tACl-CEl) have elapsed, i.e .. if ACX goes low prior to (tAEL-CEL - tACl-CEl) after the falling edge of ALE, the falling 
edge of CAS is measured from the falling edge of ALE ItAEL-CEL). Otherwise, the access time increases and the falling edge 
of CAS is measured from the falling edge of ACX (tACl-CEL). 

3. On an access grant cycle, ROY returns high on the edge of ClK that drives the access RAS low. 
4. The occurrence of CAS low is guaranteed not to occur until the column address is valid on memory address (MAX). 
5. Measurements are made at 10 MHz elK frequency with FSO and FS1 low. For each strap configuration, these parameters 

will be a minimum for the maximum allowed elK frequency, and will increase with decreasing frequency. 
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timing requirements over recommended ranges of supply voltage and operating free-air temperature t 
(unless otherwise noted) 

PARAMETER MIN MAX UNIT 

tclC) ClK cycle time 90 ns 

twlCH) ClK high pulse duration 23 ns 

twlCl) ClK low pulse duration 23 ns 

tAEL-C Time delay, ALE low to ClK Isea Note 6) 20 ns 

tC-AEL Time dalay, ClK to ALE starting low Isee Note 6) 0 ns 

tC-AEH Time delay, ClK to ALE starting high Isee Note 7) 0 ns 

twIAEH) Pulse duration ALE high 20 ns 

tAV-AEl Time delay, address, RENO, REN I, CS valid to ALE low 5 ns 

tAEL-AX Time delay, ALE low to address not valid 10 ns 

tAEl-ACl Time delay, ALE low to ACX low Isee Notes 8,9, and 10) th1RAI+30 ns 

tACH-C Time delay, ACX high to ClK Isee Notes 8 and 11) 30 ns 

tRQL-C Time delay, REFREQ low to ClK Isee Note 12) 20 ns 

twlRQLJ Pulse duration REFREQ low 10 ns 

twlACl) Pulse duration ACX low Isee Note 13) 20 ns 

tsulRSTI FSO and FS 1 before RESETt Isee Figure 15) 3tcClK ns 

thlRSTI FSO and FS 1 after RESETt Isee Figure 15) 0 ns 

treset Power·up reset 4~CJ.K ns 

t See Parameter Measurement Information for load circuit and voltage waveforms, 
NOTES: 6. In order to guarantee correct refresh/access arbitration, the falling edge of ALE must not occur within 20 ns before to 0 ns 

after the arbitration clock edge. The arbitration clock edge is selected. during reset via FSO and FS 1. ISee Figure 11). 
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7. If ALE rises before Aa< and a refresh request is present, the next refresh/access edge of ClK after tC-AEH will output the 
refresh address to MAO-MA9 and initiate a refresh cycle. 

S. These specifications relate to system timing and do not directly reflect device performance. 
9. For maximum speed access (internal delays on both access and access grant cycles), ACX should occur prior to or coincident 

with ALE. 
10. thlRA) is the dynamic memory row address hold time. ACX should follow ALE by tAEl-CEl in systems where the required 

thlRA) is greater than tREl-MAX minimum. 
11. The minimum of 30 ns is specified to ensure arbitration will occur on the next refresh/access ClK edge. tACH-C also affects 

precharge time such that the minimum tACH-C should be equal or greater than iwlRH) - twlC) + 30 ns Ifor a cycle in 
which ACX high occurs prior to ALE high) where twlRH) is the DRAM RAS precharge time. twlC) represents ClK low pulse 
duration twlCl) for three-cycle refresh with high-to-Iow ClK-edge arbitration, ClK high pulse duration twlCH) for three-cycle 
refresh with low-to-high ClK edge arbitration, and ClK period tclC) for four-cycle refresh. 

12. This parameter is necessary only if refresh arbitration is to occur on this refresh/access arbitration ClK edge lin systems 
in which refresh is synchronized to external events). 

13. The specification twlACl) is designed to allow a CAS pulse. This assures normal operation of the device in testing and systam 
operation. 
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ClK 

SN74ACT4503 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

OUTPUT I 
UNDER TEST-± 

-:r CL 

VCC 

REFREQ --J.RL 

-:r CL 

tC-RFH ONLY 

FIGURE 5_ lOAD CIRCUITS 

~tCICI--.! 
"---.".,.-rr7.,."u190% twICHI~ 

1,5 V 1,5 V 

tC.AEL~ ~% 
It-twIAEHI~~ I4=- tt L oJ 

3V 

I ~tAEL.C .......,-:.,..;tC;..;.A.;;E;;.;H ___ .....;~---, 3 V 

ALE -/,1.5 V \1.5 V 1',5 V L 0 V 

I ~tAV.AEL I I 
I 1 ~tAEL·AX I I 

RENO.REN1.~~-3V 
ROW.COL.es._~~OV 

JrnX 
IAeii orAeWI 

'I:-~ I 1 _tAEL.ACL--+! I I4-tACH.C----+I 
I I I I I 
I VII Ii!l/$//I!II///I/! II IA 1.5 V I 1,5 V fjITr.Wj;rrrW/JrrrWiJ'T77Wj;'T77Wj;'T77Ij/7T" _ _ -_ : ~ 
I : ~ ~I tAEL.REL 1 : I -+I ~ttIREHI i I 90t I /t'"ttIRELI 1 tAEH·REH 14 1 til 90% 

~I 1 tACH.REH~l~';;""----- VOH 
liAI I I 1,5V 10% I I 110% 1,6V 

tRAV·MAV 14 .,I I r - - - - - - - -- Val 
I I I I tAEH·MAX 14 I ~ 

j4--tAEH.MAV~ 90% 1 ~tACL-MAX ~",t,;,;A .. CH,;,.M",A;;;X ..... """""""" 

MAO·MA9 ~',5'V ROW AODRESS ~1,5 V COLUMN ADDRESS ~ VOH 

~'0%1 i 1 ~ I .~14- VOL 
tt(MAVI-+i 14-= I I ~ ~1. tMAV·CEl "?J ttiCEHI 

I I I I 90%-+'I/t'"tt(CELI tACH·CEH III t! 190% 

1 tREl·MAX 14 I ~I 1.6 V 4iJ 10% 10% ~j,;'1;::',5':::'V--- VOH 

I !.--tACL.CEl---4ol"" f-::- - - - - - Val 

14 tAEl·CEl ~I 

NOTE 14: All transition times Itt) are measured between 10% and 90% points. 

FIGURE 6. ACCESS CYCLE TIMING IHIGH-TO-lOW ClK REFRESH/ACCESS ARBITRATION) 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

REFREQ 
(EXTERNALI 

REFREQ 
(lNTERNALI 

PARAMETER MEASUREMENT INFORMATION 

/ \ 1.5Vf 

I , 
1.5 V 

tC-RFL-\4I4-----1·~1 

OV 

tw(RQLI-i4I----+\ 

tl~~- ---VOH 

VOL 

NOTE 15. All input pulses are supplied by generators having the following characteristics: PRR :s 1 MHz. Zout = 500, tr = 6 ns, tf = 6 ns. 

FIGURE 7_ REFRESH REQUEST TIMING (HIGH-TO-lOW ClK REFRESH/ACCESS ARBITRATION) 

~t.,(CI-------+l 
i+--'w(ci'l)--+I 1 

~~~~----~190% 1,-----, 
1.5V 1 10% 1.5 V 

'C-AEL~ ~-.lIl.. 't+llJ.-- ( 
i.-=tW(AEHI ---.I I" l4-'-'w(CLI-+i 'C-AEH...! ~ 
1 . ~tAEL-C 1"""",------------+---..... 

ALE i,.5V \1.5V j'5V '\' --Il . 1 1 '--OV 

I ~tAV-AEL 1 1 

CLK 

.1 : ~tAEL-AX '. . I. 1 ....------3 V 
RENO~REN 1. " 
ROW.COL.CS.'--_____ oV 

ACX 
(l\aiorAfViiI 

I 1:- 14 'w(ACLI I .1 I 
I 1 _tAEL-ACL----+! I l4---'ACH-C--+I 
I 1 I I 1 .. ' 

I 'W//I//!///§!!I/I//§ ////4'5 v 1 '.5 Ii I/'"'Wh"'"'WhrTrWh"'WhrrrWhrrrfJ//-n-_ _ -_ :: 
I : ~ ., 'AEL-REL 1 : . 1 ~ !--'tIREHI 

1 I I 90;:' I jt-·.IRELI I .tAEH-R~H I~ . ~ ~190% .' '. 

~I' 'ACH-REH~l' VOH 
RAS I I , '.5 V . 'P% I 1 PO% 1.5 V 

'RAV-MAV f4 .J I !r - - - - - .;.. - - - VOL 
I 1 I 1 'AEH-MAXI4 I" 
jt--'AEH-MAV,--.I 90%' . ~'ACL-MAX : .' .~'ACH-MAX .' V 

MAO-MAS ~'.5V .ROWADDRESS~'.5V . CO.LUMNADDRESS. ~ OH 

~'O%' I 1 ~ 1 ---.lJ.--- VOL 
•• {MAVI-+! If-: 1 I ~ ~1. 'MAV-CEL ...., , . '.(CEHI 

I I 1 1 90%--.11 jt-'tICELI 'ACH-CEH iii ~ 190% . . 

1 'REL-MAX \4 1 ., '.5 V 'lll10% 10%~1.5 V VOH 

, I.--tACL-CEL ~ '" f-= - - - - - - VOL 

I~ . 'AEL-CEL .1 

NOTE 14: All transition times {ttl are measured between 10% and 90% point •. 
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FIGURE 8. ACCESS CYCLE TIMING (lOW-TO-HIGH ClK REFRESH/ACCESS ARBiTRATION) 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

CLK~~ ______ -J~1.5V 

REFliEQ 
(EXTERNAL) 

RmilQ 
(INTERNAL) 

tRQL·C ~I 

1.5 V 

tw(RQL)41I---+t 

\~---J/ 

OV 

NOTE 15. All input pulses are supplied by generators having the following characteristics: PRR S 1 MHz. Zout = 50 II, tr = 6 ns, tf = 6 ns. 

FIGURE 9. REFRESH REQUEST TIMING (lOW-TO-HIGH ClK REFRESH/ACCESS ARBITRATION) 

ACR+ACW 1.5 V "I r----------------------"'\:~5~ ----------3 V 

~ , . OV 

OUTPUT 
WAVEFORM 1 
(See Note 161 

*--ten~ , 
, I I4-- tdis--+! 

... -------- = VCC 

',I \1.5V : ~ __ _ 
I - -VOL 

I+--ten ----+I I 
OUTPUT I", 1\:,90% - - - - - VOH 
WAVEFORM 2 ______________ -J 1.5 V 
(See Noto 161 . I =0 V 

I+-tdi.~ 

VOLTAGE WAVEFORMS 

NOTE 16: Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the access controls. 
Waveform 2 is an output with internal conditions such that the output is high except when disabled by the access controls. 

FIGURE 10. ENABLE AND DISABLE TIMES FOR 3-STATE OUTPUTS 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

elK \',5 V 1,,5 V 
I~---'I 

ALE : II 
\',5V 1',5V \ f;,5V 
I I ~ __ -JI 

: \',5V : : I I~~---------------------------------
~~----+---~~~~~~~~ 

I 1 I 
le-RFH 14 I III I 

REFREQ_-:-~~_~ _____ ....:-: ,J1',5 r 
!+-*-Ie-MAV I ~Ie-MAX I ____ ~I --------~------~Ir---------~--------~ ~-----

MAO-MAg ==X' ,5 V REFRESH ADDRESS )(, ,5 V ROW ADDRESS X 
---.,,....-------,....-----":"1 --' I ~--

I 14 III le-REl 
le-RRl~ ~,.I_e-_RR_H ___ ........;I __ I 

\"",_,5_V_--: ____ ,.,f 1.5 V : \""'_,5_V _____ _ 

14 Ie-eEL --","~I 

I 
1 
I4--+1-IAEl-RYl 

: ~ 
14 III le-RYH 

~'5V 
~ !4-IIIRYll 

',5 V".,., -------
I --I 14-IIIRYHI 

ROY 

NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR :S 1 MHz, Zout = 50 II, Ir = 6 ns, tf = 6 ns, 
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FIGURE 11, REFRESH CYCLE TIMING (THREE CYCLE, HIGH· TO·lOW 
ClK REFRESH/ACCESS ARBITRATION) 
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CLK 

SN74ACT45D3 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

I 
ALE r--T\,.5V 

--~----~. 1 I~'--------~----~--------------~-----------
~\\\~ 

I I tc.RFH-I4--+I_:....--...:...-------.:'---------

: : 1.5Vf 
w....- !+-+tC.MAX 
=-:1.~tC~.M=A~V~---.:~--------~---~I~---~-~ 

MAO.MA9=* 1.5 V REFRESH ADDRESS 1.5 V ~ ROW ADDRESS x:== 
tC'RRL~ tC'RRH~ tC.REL~ 

RAS----------~~~I~I ~\~I_.5_V __________ ~fr,-.5-V--------~~I~\~I-·5-V-----
I !+--tC·CEL ~ 

I 1 1.5 V\... 

tAEL.RYL~ tC'RYH~ 

RDY----------~~~I-.5-V----------------~r~-.5-V------
-+i !+-ttIRYLI -+114- ttlRYHI 

NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR s 1 MHz, Zout = 500, tr = 6 ns, tf = 6 ns. 

FIGURE 12, REFRESH CYCLE TIMING (FOUR CYCLE, HIGH-TO-lOW ClK REFRESH/ACCESS 
ARBITRATION) 

ALE 

\,.5V 

I 
!1.5V \,.5V / \15V / 

I 1 I 

:/ : \1.5V : : 
I I~--~I------------~---------------

~~------~~~~~m~~~~~~~~~~~I'------------~---------------
tC'RFH~ : 

~ : )lr,-.5~V--------------~-------------------
~~--~I~----~I !.-' 

~tC'MAVI I ~tC.MAX 
MAO'MA9~1 ,5 V REFRESH ADDRESS *'~-.5-V---R-OW-A.;.D-D-RE-S-S---..... X'_ ____ __ 

I.-.t-tC.RRL ~tC.RRH I+---+t-tC·REL 

m------------., 1.5 V jr,-.5-v--------.;..i --~{~I_.5_V __________ __ 

_____________________ ~------------------~14------tC-.C-E-L~--~ 
I 

1 ~ 
!.---ai- ~tC.RYH 
, - -I tAEL·RYL 1 

RDY--------------~1.5 V lr-,-.5- V------

FIGURE 13, 

-+! I4- ttlRYLI ~ !4-ttIRYHI 

REFRESH CYCLE TIMING (THREE CYCLE, lOW-TO-HIGH 
ClK REFRESH/ACCESS ARBITRATION) 
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SN74ACT4503 
DYNAMIC RAM CONTROLLER 

PARAMETER MEASUREMENT INFORMATION 

I 

ALE r-!\1.5V 

--~----~ I I~------~----~----~----------~----------
~\\\~ 

I I 
I I 
I I 

tC-RFH~ ,....:.....---'--------i--------
1.5VI 

~ I4---*tC-MAX 
~1._tC_-M_A_V ____ ~ ______________ ~ ______ ~I,....------~----~ 

MAO'MA9==*1.5 V REFRESH ADDRESS 1.5 V* ROW ADDRESS x== 
tC-RRl ~ tC-RRH~ tC-REl-k--+! 

RAS-------------~::--.\ .... 1-.5-V------~l-r1-.5-V------~I--"\\ 1.5 V 

I !+--tC-CEl ~ 

CAS I I 1.5V'--

tAEl-RYl~ tC-RYH~ 
RDY----------------------~~~1-.5--V----------------------------~~~-.5--V------

~ i"-ttlRYll -+i I+- ttlRYHI 

NOTE 15: All input pulses are supplied by generators having the following characteristics: PRR :S 1 MHz. Zout = 50 II, tr = 6 ns. tf = 6 ns. 

FIGURE 14. REFRESH CYCLE TIMING (FOUR CYCLE, LOW-TO-HIGH 
ClK REFRESH/ACCESS ARBITRATION) 

I 1 I 2 I 3 I 4 I 1 I 2 I 3 I 4 I 5 I 6 I 112 I 13 I 14 I 15 I 

~~~------~ I 

~ 

I+- tsuiRST) ~thIRST) 

FSO/FS1------""I)k MODE SElECT*Xr--R-EF-R-E-SH-RA-T-E-S-E-L-EC-T-t----i:'f:----------

ALE ,,,'------
ROY Jr,"-___ _ 

tSee Strap Configuration table. 
tSee Operation Mode Selection table. 

FIGURE 15. RESET CYCLE TIMING 
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• 

• 

• 

Supports 16 Most Popular Microprocessor 
Speeds 

Supports Distributive- and Hidden-Refresh 
Operations 

Polarity Options Available for RFC, 
REFREQ, and MREF Signals 

SN74ALS6300 
INPUT·SELECTABLE REFRESH TIMER 

03311 DECEMBER 1989-REVISED JULY 1990 

NPACKAGE 
(TOP VIEW) 

Vee 
RFC 
RFC 
R8T 

83 REFREQ 
NC MREF 

description NC REFREQ 

The 'ALS6300 input-selectable memory refresh 
timer allows the user to select one of sixteen 
popular divisor rates in order to generate 
appropriate refresh timing control signals to a 
memory timing control device. The flexible divide
by rates are based on the most widely used 
microprocessor clock frequencies and the most 
common dynamic RAM refresh timing 
requirements. In addition, this device supports 
both distributive- and hidden-refresh strategy by 
providing a refresh request signal (REFREQ) and 
a mandatory refresh signal (MREF). For design 
flexibility, the 'ALS6300 provides both active-high 
and active-low refresh request outputs (REFREQ 
and REFREQ), mandatory refresh outputs (MREF 
and MREF), and refresh-complete inputs (RFC 
and RFC). 

The DRAM memory refresh timer is basically a 
programmable frequency divider with special 
modifications to enhance its use as a refresh timer. 
The divisor rate is selected by applying the 
appropriate logic levels to the SO-S3 inputs shown 

GND MREF 

ClK 

81 

NC 
NC 
NC 
NC 

GND 

OW PACKAGE 

(TOP VIEW) 

1 Vee 
RFC 
NC 
NC 
RFC 
R8T 
NC 
REFREQ 

9 NC 
MREF 

11 REFREQ 
MREF 

Ne - No internal connection 

in Table 1. Wheh the internal counter reaches the selected divisor rate, REFREQ and REFREQ will go active 
(high and low, respectively) and stay active until an active level is seen on the RFC or RFC input. The' ALS6300 
will automatically generate a mandatory refresh signal, MREF and MREF, ifan active RFC or RFC is not received 
before 20 clock cycles be~ore the next request. An active level on the RFC or RFC input will force REFREQ, 
REFREQ, MREF, and MREF to their inactive states. 

To achieve distributive refreSh, either REFREQ, REFREQ , MREF, or MREF can be used to activate the refresh 
cycle. When using hidden refresh, an active level on either REFREQ or REFREQ indicates that a refresh cycle 
should be performed immediately after the next memory access cycle. MREF or MREF is used to indicate that 
an access has not occurred during the given refresh period and to force the timing controller to initiate a refresh 
cycle within the next 20 clock periods. 

A low level on the RST input clears the internal counter and sets the REFREQ, REFREQ, MREF, and MREF 
outputs to their inactive state on the next active clock edge. 

TEXAS .If 
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logic symbolt 

SO 

S1 

S2 

S3 

CLK 

RST 

RFC 

RFC 

2* 

3 

4 

5 

1 

13 " 
14 

15 " 

4i 
REFRESH TIMER 

'ALS6300 

0 

FREQSEL 

3 REFREQ I 

CLK 

MREF I RST 

IRFC 

tThls symbol Is In accordanoe with ANSI/IEEE Sid 91·1984. * Pin numbers are for N package. 
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12 

10 
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INPUT·SELECTABLE REFRESH TIMER 

Table 1. System Clock Selection 

SELECT INPUTS CP!iCLOCK 
CLOCK 

REFRESH 
% CHANCE OF 

S3 S2 Sl 

l l l 

l l l 
l l H 

l l H 
l H l 

l H l 

l H H 

l H H 
H l l 
H l l 
H l H 

H l H 

H H l 

H H L 
H H H 

H H H 

PIN 

NAME NO.t 
ClK 1 

SO-S3 2-5 

RST 13 

RFC 14 

RFC 15 

MREF 9 

MREF 11 

REFREQ 10 

REFREQ 12 

t Pin numbers are for N package. 
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FREQUENCY PEfRIOD 
SO DIVISOR HIDDEN REFRESH 

(MHz) (f'S) 

l 5 17 15·4 74.0 

H 6 93 15.5 78.5 
l 7.5 116 15.5 82.~ 

H 8 124 15.~ 83.9 

l 10 155 15.q 87.1 

H 11 171 15.5 88.3 

l 12 186 15.5 89.2 

H 12.5 194 15.5 89.7 

l 15 233 15.5 91.4 

H 16 248 15.5 91.9 

l 18 280 15.q 92.!l 

H 29 310 15.5 93.5 

L 24 373 15.5 94.6 

H 25 389 15.6 94.9 

l 33 511 15.5 96.1 

H 40 625 15.6 98.8 

Terminal Functions 

DESCRIPTION 

System clock input provides the base time period for the divider. 

Frequency Select inputS select the desired clock divisor for the system clock according to Table 1. 

Reset input, when low, synchronously clears the Internal counter 'and sets REFREQ and MREF high and 
REFREQ and MREF low for one refresh period. 

Refresh Complete input, when high, synChronously indicates to the timer the completion of the iefresh cycle 
and sets REFREQ and MREF high and REFREQ and MREF loy!, When using RFC, FiFe should be inactive 
(high). 

Refresh Complete input, when low, SYnchronously indicates to the timer the completion of the refresh cycle 
and sets REFREQ and MREF l1igh and REFREQ and MREF low. When using RFC, RFC sl10uld be inactive 
(lOW). 

Mandatory Refresh output goes iow when REFREQ Signal is still low and REFREQ is still high 20 clock cycles 
before the next request. MREF returns high on the next activ!! ClK edge if RFC is high or RFC is low. 

Mandatory Refresh output goes high when REFREQ signal is stililowand REFREQ is still high 20 clock cyc;les 
before the next'request. MREF returns low on the next active ClK lldge if RFC is high orRFC is low. 

Refresh Request output goes low when the selected divisor is reached. REFREQ returns high on next actiVe 
clock edge if RFC Is high and RFC is low. 

Rllfresh Request output goes high when the selected divisor is reached. REFREQ returns low on next active 
clock edge if RFC is high and RFC is low. 
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absolute maximum ratings over operating free·alr temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ............................................................. 7 V 
Input voltage ............................................................................. 5.5 V 
Operating free-air temperature range .................................................. O·C to 70·C 
Storage temperature range ....................................................... - 65·C to 150·C 

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

recommended operating conditions 
MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current -3.2 mA 

IOL Low-level output current 16 mA 

fclock Clock frequency 0 40 MHz 

tw Pulse duration L Clock high 6 
ns 

I Clock low 6 

tsu Input setup time before CLK 15 ns 

th Input hold time after clock 0 ns 

TA Operating free-air temperature ° 70 'c 

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

PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

VIK Vee = 4.75 V, 11=-18mA -1.2 V 

VOH 
VCC = 4.75 V to 5.25 V, IOH=- 0.4mA VCC- 2 

V 
Vee = 4.75 V, IOH =-3.2 mA 2.4 3.2 

VOL VCC = 4.75 V, IOL=t6mA 0.35 0.5 V 

II Vce = 5.25 V, VI =5.5V 0.1 mA 

IIH Vce= 5.25 V, VI=2.7V '2O !.IA 
IlL VCC = 5.25 V, VI-O.4V -0.25 mA 

10S* VCC = 5.25 V, VO=0.5V -30 -130 mA 

ICC VCC=5.25V 156 185 mA 

t All typical values are at VCC = 5 V, TA = 25·C. 
* The condition Vo = 0.5 V takes tester noise into account. Not more than one output should be shorted at a time and duration of the short circuit 

should not exceed one second. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Note 2) 

FROM TO 
PARAMETER (INPUT) (OUTPUT) 

fmax 

tpd CLK (RESET, RFC, RFC) REFREQ, REFREQ, MREF, MREF 

tpd CLK(CNT) REFREQ,REFREQ 

tpd CLK(GNT-20) MREF, MREF 

NOTE 2: Load Clrcutt and voltage waveforms are shown In FIgure 3. 

TEXAS .If 
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VCC = 4.5 V to 5.5 V, 

CL = 50 pF, 

Rt =3000, 

R2 = 390 0, 
UNIT 

TA = O'Cto 70'C 

MIN MAX 

40 MHz 

3 to ns 

3 10 ns 

3 10 ns 
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TIMING 
INPUT 

DATA 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

Sl 
~ 

5V 

R1 

TEST 
POINT 

CL 
(See Note A) 

R2 

1 3.5V 
Ii 1.5V 

__ --J~----- 0.3V 

tsu~th 
~-;~-3.5V 

-..T 1.5V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3V 

INPUT 

IN·PHASE 
OUTPUT 

OUT·OF·PHASE 
OUTPUT 

LOAO CIRCUIT FOR 
:!-STATE OUTPUTS 

HIGH·LEVEL 
PULSE 
~--3.5V 

1.5V 1.5V 

I I 0.3 V 

14- tw ~ 

LOW·LEVEL 
PULSE 

I I 
~ y--3.5V 

""""'----.L ___ 0.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATION 

--.i 1.5V \. ~.~ - - 3.5 V 

I I. 0.3V 

tpd~ ~J Ipd 
1 1/ . -- VOH 
1 T I.SV 1 \2:,V 

-_1--' 1 VOL 

tpd~ ~tpd 
~ !I:":': VOH 
" 1.5 V T 1.5V 

,-, ----'.- - - VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 
B. All input pulses have the following characteristics: PRR s 1 MHz, Ir = If = 2 ns, duty cycle = 50%. 

Figure 1 
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• Provid~$ Control for 16K. Cl4K. 256K. and 
1 M Dynamic RAM$ 

• Highest-Order Two-Address Bits Select One 
of Four Banks of RAMs 

• supports Scrubbing Operations and Nibble-
Mode Access ' 

• Separate Output Enable for Multi-Channel 
Access to Memory 

• 52-Pin Dual-In-Lin!! Package 

description 

The' ALS630 1 anc! 'ALS6302 dynamic memory 
controllers (DMCs) are designed for use in 
today's high-performance memory systems. The 
DMC acts as the address controller t:>etween any 
processor and dynamic memory array. 

Two versions are provided that help simplify 
interfacing to the system dynamic timing 
controller. The' ALS6301 offers active-low Row 
Address Strobe Input (RASI) and Column 
Ac!dress Strobe Input (CASI), while the 
'ALS6302 offers active-high Row Address 
Strobe Input (RAS)) and Column Address Strobe 
Input (CAS)) inputs. 

Using two 1 O-bit address latches. the DMC will 
hold the row and column addresses for any 
DRAM up to 1 M. These latches and the two 
row/column refresh address counters feed into 
a 10-bit, 4-input MUX for output to the dynamic 
RAM address lines. A 2-bit bank select latch is 
provided to select one of the four RAS and CAS 
outputs. The two bits are normally obtained from 
the'two highest-order address bits. 

The' ALS6301 and' ALS6302 have two basic 
modes of operation, read/write and refresh. 
During normal read/write operations, the row 
and column addresses are multiplexed to the 
dynamic RAM, with the corresponding RAS and 
CAS signals activated to strobe the addresses 
into the RAM. In the refresh mode, the two 
counters cycle through the refresh addresses. If 
memory scrubbing is not being implemented, 
only the row counter is used. When memory 
scrubbing is being performed. both the row and 
column counters are used to perform read
modify-write cycles. In this mode all RAS 
outputs will be active (low) while only one CAS 
output is active at a time. 

SN74ALS6301, SN74ALS6302 
DYNAMIC MENIORY CONTROLLERS 

02900. JANUARY 1986-REVISED MARCH 1988 

SN74ALS6301, SN74ALS6302 ... JD OR N PACKAGE 

ITOPVIEW) 

A4 
A14 
GND 

fP 
LE 
A5 

A15 
A6 

A16 
A7 

A17 

A18 
A9 

A19 
SELO 
SEL 1 

MSEL 
CASI or CASt t 
RASe 
CAse 
RASl 
CASl 
00 
01 

02 
03 
04 
GND 

VCC 
05 
06 
07 
08 
09 
RAS2 
CAS2 
RAS3 
CAS3 
RASI or RASlt 
MCe 
MCl 

SN74ALS6301, SN74ALS6302. , . FN PACKAGE 

ITOPVIEW) 

NC ~:o A2 11 

A12 Q12 
A3 Q13 

A13 Q14 
A4 ~15 A14 16 

GND ~17 
fP Q'8 
LE g'9 
A5 Q20 

A15 g21 
A6 Q22 

A16 g23 
A7 g24 

A17 g25 
NC ~26 

in 
'" U 

o 
..... 0 Lrllin 151 151 lwlw uuuu---ol·~"'''''''ccou 

ZZZ2««U~UocuocuOz 

9 8765432 1 6867666564636261 

n25~~~~UM.~n~~~~oa 

o 

I~ 

60~ NC 
59[ NC 

S8~ 01 
57~ Q2 

56( 03 
55 04 
54 GND 
53 DE 
52 VCC 
51 05 
50 06 
49 07 
48 08 
47 09 
46 RAS2 
45 CAS2 
44 NC 

t 'ALS6301 has active-low inputs CAS I and RASI; 'ALS6302 has 
active-high inputs CASI and RASI. 

The SN74ALS6301 and SN74ALS6302 are characterized for operation from OOC to 70°C. 

PRODUCTION DATA documents .. ntein information 
currant 81 of pubJi~.tion data. Products confarm to 
spacifications per the tlllRl af Texas Instruments 
staRd.reI warranty. Production ,recessing does" not 
necessarily include t~tiRa of .,. p~r.m8ters. 

. Copyright © 1988, Texas Instruments Incorporated 
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SN74ALS6301, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

logic symbols t 

'i'P 

liE 

MCO 

MCI 

MSEL 

cs 
RASI 

LE 

AO 

AI 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

Al0 
All 

A12 

A13 
A14 

A15 
A16 
A17 
AIS 
A19 

SELO 

SELl 

CASI 

113) 

1401 

1281 

(27) 

152) 

(II 

(29) 

(14) 

(2) 

141 
(6) 

(81 

110) 

(151 

(171 

(19) 

(21) 

(231 

(3) 

(51 
(7) 

(9) 

(II) 

(16) 
(18) 

1201 
122) 
(24) 

(25) 

(261 

(51) 

'ALS6301 

DYNAMIC MEMORY 
CONTROLLER 

TP 4-
'ALS6301 

EN 

~} MODE 
0 

1 

MSEL 2 

CS 3 

RASI 4 
0 

LE 5 
6 

0 7 
I S 
2 9 
3 

4 

5 >:~~R ~{l 6 
7 

8 

9 

0 

1 

2 

3 
4 >~~~R 

~{l 5 

6 
7 
S 
9 

~}SEL 
CAS I 

(461 
00 

(451 
01 

(441 
02 

(431 
03 

(421 
04 

(3SI 
05 

(37) 
06 

(361 
07 

(35) 

(341 
as 
09 

(50) 

(48) 
RASO 

RASI 
(331 
(311 

RAS2 

RAS3 

(491 
~O 

(471 
CASI 

(32) 
CAS2 

(301 
CAS3 

'ALS6302 

DYNAMIC MEMORY 
CONTROLLER 

'i'P (131 TP '" 
liE 

(40) 'ALS6302 
EN 

MCO 

MCI 

(281 

~ } MODE 
0 

1271 
I 

MSEL 

cs 
RASI 

(52) 
MSEL 2 

(I) 
CS 3 

(29) 4 RASI 0 

LE 
(14) 

LE 5 

AO 

AI 

A2 

A3 

(2) 6 
0 

(4) 7 
1 

(6) 8 
2 

9 (8) 
3 

A4 
(10) 

4 ROW 

A5 

A6 

A7 

AS 
A9 

(15) 
5 ADDR" 

M·t 
(17) 

6 
(19) 

7 
(21) 

(23) 
S 

9" 

Al0 
(3) 

0 

All 
A12 

(5) 
1 

(7) 
2 

A13 
(9) 

3 

A14 

A15 

A16 

A17 
A18 
A19 

(11) 
4 

~{l (16) 
5 >~~~R 

(18) 
6 

(20) 
7 

(22) 
8 

(24) 
9 

SELO 
SELl 

CASI 

(25) 

~ }SEL (26) 

(51) 
CASI 

tThese symbols are in accordance with ANSIIlEEE ~td-91-1984 and lEe Publication 617-12. 

Pin numbers shown are for JD and N packages. 
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(46) 

(451 

(44) 

(43) 

(42) 

(3SI 

(371 

(36) 

(351 
(34) 

(50) 
(48) 

(33) 

(31) 

(49) 

(47) 

(32) 

(30) 

00 

01 

02 

03 

04 

05 

06 

07 

as 
09 

CASO 

CASI 

CAS2 

CAS3 



logic diagram (positive logic) 

DE 
Meo 
Mel 

MSEL 

co 

RASI 

LE 

n; 
AO 
AI 
A2 
A3 
A4 
A5 
Ae 
A7 
AS 
A. 

Al0 
A" 
A12 
A13 
A14 

AI' 
AI. 
A17 
A18 
AI. 

SELO 

SELl 

CASI 

(401 

(281 

(27) 

(52 
(11 

COUNTER 10 
r---' CTR22 

~p 10 - -< ,- 2~ 

!P 
I-")L 

(ROWI :~ 
2CT-Q 

7p 

:~ 

T 10 --./ 
er 

11 =:::: GI 

~~ -----I. 
14 -----I. 
I. --./ 

(COL) 

:~~ 
r-C > 1+/C2 18 --./ 

J,!!I-<t>--4 
I. --.;;;;-" 

20 
(BANK] 

21~ • ALS6301 ONLY 

(29) ------
• ALS6302 ONL V LATCHES 

(141 leI J (131 1:;' 
~ lOX 

(4 
(ROWI 

(el 
(81 

~s 
(10) 

(15) 

~ 10 
1171 - lD 
191 

1211 

~ 
~ lOX (51 

(71 
~5 

[COLUMN] 

(91 
1111 10 10 
1161 lD 
(181 
(201 
(221 
(24) (BANK1 
(26) 

126) 

J.5.!!. ___ ~~6~'-ON~Y_ ----<{>---T 
(511 'ALS6302 ONLY I ___________________ J 

Pin numbers shown are for JD and N packages. 
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MUX 

EN 

~}Gt 
G4 

G5 

lOX 

0/1.4 

1.4 

2.4.5 

2.4.5 '\7~ 

RAS DECODE 

DMUX 

EN 

XiV 
0 V4 

1 
1 V4 

2 3 V4 -
- o} 10 G-- 1 13 10,4.5'\7 

11.4.5'\7 

GS 12.4.SV 

13.4.5V' 

CAS DECODE 

DMUX 

EN 

--;;y 
0 G4 

I 1 GS 

2 G6 

2 3 G4 -o} 10 
1 6Z 13 

0}6G~ 
, (10/20,4)7V 

(11/21.417V 

G7 112122.4)7,\/ 

113/23.4)7 V 

(46) 

~ (44) 

~ 1421 

~ (37) 

R¥.!= ~ 
~ 

(50) 

(481 

133) 

(31) 

149) 

(47) 

1321 

(3D) 

00 
01 
Q2 
Q3 
Q4 

Q5 
Q6 
Q7 
as 
Q9 
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SN74ALS6301. SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

TERMINAL FUNCTIONS 

PIN NAME DESCRIPTION 

Address Inputs. AO-A9 are latched in as the nine-bit row address for the DRAM. These inputs drive 00-09 when the 

AO-A19 
DMC is in the read/write mode and MSEL is low. A 1 O-A 19 are latched in as the column address, and will drive 00-09 

when MSEL is high and the DMC is in the read/write mode. The addresses are latched when the Latch Enable (LE) input 

signal is low. 

~or 
Column Address Strobe Input. This input going active causes the selected CAS output to be forced low. The CAST 

CAS I 
input on the' ALS6301 is active low input while on the' ALS6302, CAS I is active high input. (For more details see 

timing diagrams.) 

Column Address Strobe. During normal Read/Write cycles the two selected bits (SELO; SEL 1) determine which (!AS 

(!AS0-(!AS3 output will go active following CAS I (' ALS6301) or CASI (' ALS6302) gOing active. When memory scrubbing is being 

performed, only the (!ASn signal selected will be active. For non-scrubbing cycles, all four (!AS outputs will remain high. 

Chip Select. This active-low input is used to enable the DMC. When CS is active, the DMC operates normally in all 

CS four modes. When CS goes high, the device will not enter the read/write mode; This allows other devices to access 

the same memory that the DMC is controlling. 

LE 
Latch Enable. This active·high input causes the row. column, and bank select latches to become transparent. allowing 

the latches to accept new input data. A low input on LE latches the input data. 

MCO, MC1 
Mode Controls. These inputs determine in which of the four modes the DMC operates. The description of each of the 

four operating modes is given in Table 2. 

Multiplexer Select. This input determines whether the row or column address will be sent to the memory addres~ inputs. 

MSEL 
When MSEL is high, the column address is selected, while the row address is selected when MSEL is low. The address 

may come from either the address latch or refresh address counter depending on Mea and MC1 (see Mode Control 

Function Table). 

DE 
Output Enable. This active-low input enables/disables the output signals. When OE is high, the outputs of the DMC 

enter the high-impedance state. 

00-09 
Address Outputs. These addres~ outputs f~ed the DRAM address inputs and provide drive for memory systems having 

capacitance of up to 500 picofarads. 

Row Address Strobe Input. During the normal memory cycles, the decoded RASn output (RASO, RAS 1 , ilAS2, or RAS3) 

Rii:ID or is forced low after receipt of an active Row Address Strobe Input signal. In either Refresh mode, all four RAl: outputs 

RASI will be low while the Row Address Strobe Input signal is active. The Rii:ID on the' ALS6301 is an active-low input while 

on the' ALS6302, RASI is an active-high input. (For more details see timing diagrams). 

Row Address Strobe. Each of the Row Address Strobe outputs provides a RAS signal to one of the iour banks of dynamiC 

RASO-RAS3 memory. Each RASn output will go low when selected by SELO and SELl after RASI (' ALS6301) or RASI (' ALS6302) 

goes active. All four go low in response to RASI (' ALS6301) or RASI (' ALS6302) while in the refresh mode. 

Bank Select. These two inputs are normally the two highest-order address bits and are used in the read/write mode 

SELO, SEll to select which bank of memory will be receiving the RAS and (!AS signals after RASI (' ALS6301) or RASI (' ALS6302) 

and CASi (' ALS6301) or CASI (' ALS6302) go active. 

'f'i5 
This active-low test in'put asynchronously sets the row and column input latches high, while forcing the two bank 

select latches low. In normal operation, 'fi5 is tied high. 
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MC1 MCa 

L L 

L H 

H L 

H H 

SN74ALS6301, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

FUNCTION TABLES 

MODE-CONTROL 

OPERATING MODE 

Refresh Mode without Scrubbing. Refresh cycles are performed with only the row counter being used to generate 

the addresses. In this mode, all four RAS outputs are active while the four CAS outputs remain high. 

Refresh with Scrubbing/Initialize. During this mode, refresh cycles are done with both the row and column counters 

generating the addresses. MSEL is used to select either the row or the column counter. All four ~ outputs go low 

in response to RASi ('ALS6301) or RAS) ('ALS6302), while only one CASn output goes low in response to c,;;;m 
('ALS6301) or CASI ('ALS6302). The bank counter keeps track 01 which CAS output goes active. This mode can 

also be used during system power-up so that the memory can be written with a known data pattern. 

Read/Write. This mode is used to perform read/write cycles. Both the Rowand Column addresses are multiplexed 

to the address output lines using MSEL. SELO and SELl are decoded to determine which liASn and CASn 

outputs will be active. The refresh counter is disabled while in this mode. 

Clear Refresh Counters. This mode clears the three refresh counters (row, column, and bank) on the inactive transition 

of RASI!' ALS6301) or RASI!' ALS63021. putting them at start of the refresh sequence Ise. timing diagrams for mar. 

detaill. In this mode, all four RAS outputs are driven low after the active edge afRASi !'ALS6301) or RASI!,ALS6302) 

so that DRAM wake-up cycles may also be performed. 
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SN74ALS6301. SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

MODE 

FUNCTION TABLES (continued) 

ADDRESS OUTPUT FUNCTIONS 

INPUTS 

MCl MCO MSEL CS 
Refresh without scrubbing L L X X 

L X 
Refresh with scrubbing L H 

H X 

L L 

Read/write H L H L 

X H 

Clear refresh counter; H H X X 

RAS OUTPUT FUNCTIONS 

INPUTS 

'ALS6301 'ALS6302 
MCl MCO SEL1t SELOt CS 

iiASi RASI 

L H L L X X X 

L H L H X X X 

L L L 

L H L 

L H H L H L L 

H H L 

X X H 

L H H H X X X 

H L X X X X X 

CAS OUTPUT FUNCTIONS 

INPUTS 

'ALS6301 'ALS6302 
SEL1 t SELOt 

INTERNAL 

-eAS1 
MCl MCO 

BCO CASI BCl 

L H L L X X X X 

L L 

L H L H X 
L H 

X 
H L 

H H 

L L X X 

L H X X 
L H H L H L X X 

H H X X 

X X X X 

L H H H X X X X 

H L X X X X X X 

OUTPUTS 00-09 

Row counter address 

Row counter address 

Column counter address 

Row add res. t 
Column address t 

All L 

All L 

OUTPUTS 

"RAS0 "RASl RAS2 "RAS3 

L L L L 

L L L L 

L H H H 

H L H H 

H H L H 

H H H L 

H H H H 

L L L L 

H H H H 

OUTPUTS 

CS ~O ~l ~2 CM3 

X H H H H 

X L H H H 

X H L H H 

X H H L H 

X H H H L 

L L H H H 

L H L H H 

L H H L H 

L H H H L 

H H H H H 

X H H H H 

X H H H H 

t If 'fP is low, the row and column address latch will be high. If 'fP is high, the row and column address latch will be at the levels entered 
when LE was last high. 

t For' ALS6301, clearing occurs on the low-to-high transition of RASI; for' ALS6302, clearing occurs on the high-to-Iow transition of RASI. 
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SN74ALS6301, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

read/write operation details 

~ 

During normal read/write operations, the row and column addresses are multiplexed to the dynamic RAM 
controlled by the MSEL input. The corresponding RASn and CASn output signals strobe the addresses 
into memory. The block diagram in Figure 1 shows a typical system interface for a four-megaword dynamic 
memory. The DMC is used to control the four banks of 1 M memory. 

For systems where addresses and data are multiplexed onto a single bus, the DMC uses latches, (row, 
column, and bank) to hold the address information. Figure 5 shows a typical timing diagram using the 
input latches. The twenty-two input latches are transparent when latch enable (LE) is high, and latch the 
input data whenever LE is taken low. For systems in which the processor has separate address and data 
buses, LE may be permanently high (see timing diagram in Figure 4). 

10 BANKl 1M X 16-BIT 
'ALS6301/ 

ADDRESS / 'ALS6302 

--. DYNAMIC - '0 AAs1 
ADDRESS MEMORY 

CAS 1 

C 
CONTROLLER -;-

4 r ;jr- W 
RAS 

SELO,1 
~ -------------BANK2 1M X 16-BIT 

4 
CAS 

--'-f-- RAS2 
MCO.1 RASI CASI MSEL f-- CAS2 

...- f-- W 
2 

-~----------BANK3 1 M X 16·BIT 

f-- ..... RAS3 

- CAS3 
~ 

MEMORY -~ W 
~ MEMORY CONTROL TIMING 

CONTROLLER ~-----------
W ~ BANK4 1M X 16·BIT 

Yo 
RAS4 

CAS4 

w 

IJ 
> OATA BUS DATA BUS > 

FIGURE 1. 4-MEGAWORD X 16-BIT DYNAMIC MEMORY 
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SN74ALS6301, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

read/write operations (continued) 

The DMC is designed with heavy-duty outputs that are capable of driving four banks of 16-bit words, 
including six checkbits used for error detection and correction. 

In addition to heavy-duty output drivers, the outputs are designed with balanced output impedances (25 (} 
both high and low). This feature optimizes the drive low characteristics, based on safe undershoot, while 
providing symmetrical drive high characteristics. It also eliminates the external resistors required to pull 
the outputs up to the MOS VOH level (VCC - 1.5 V). 

10 

" BANKl 1M X l6·BIT CHECK·BITS 
'ALS6301/ ADDRESS / 
'ALS6302 .. DYNAMIC - RASl I ~ 

) ADDRESS MEMORY - ~ CASl 

£ CONTROLLER 

RAS 
4 ~ W 

~-- -- .,.---- -----SELO.l 
~ BANK2 1 M X 1 ~-BIT 

4 
CAS I~ r-- RAS2 

MCO.l RASi CASi MSEL f- f-- ------t 002 

21f 1 1 1 
------t W 

----\ t----------- -----
BANK3 1M X 16·BIT 

MEMORY f-- ~ RAS3 

TIMING f-- ------t 003 

\MEMORY CONTROL 
CONTROLLER ------t "iii 

r --------- ------
W ~ ----\ BANK4 1M X 16·BIT 

'. RAS4 

004 

"iii 

EDAC J 11 CONTROL 

EN 

J J TRANSCEIVER 
DIR 'ALS632B 

"i 'I 
32·BIT 
EDAC 

DATA BUS ERR 

FIGURE 2. 4·MEGAWORD X 16·BIT DYNAMIC MEMORY WITH ERROR DETECTION AND CORRECTION 
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SN74ALS6301. SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

memory expansion 

I 

~ 

With a 10-bit address path, the DMC can control up to four megaword when using 1 M dynamic RAMs. 
If a larger memory size is desired, the DMC's chip select (CS) makes it easy to expand the memory size 
by using additional DMCs. A sixteen-megaword memory system is shown in Figure 3. 

To maintain maximum performance in 32-bit applications, it is recommended that individual bus drivers 
be used for each bank. 

DMC 10 
ADDR 

~ MC1 RAS FOUR·MEGAWORD 

r-- eso CAS 
MEMORY ARRAY 

4 BANKS '1M) 

T T T w 
--" DMC 10 

L AD DR 

~ MC1 to. RAS FOUR·MEGAWORD 
MEMORY ARRAY 

r-- CS1 CAS 4 BANKS '1M) 

T T T W 

DMC 10 
ADDR 

~ MC1 RAS FOUR·MEGAWORD 
MEMORY ARRAY 

I 
Cs2 CAS 4 BANKS '1M) 

, T T T r. w 
ADDRESS DMC 10 

ADDR 

J ~ MC1 RAS FOUR·MEGAWORD 
2 

Cs3 CAS 
MEMORY ARRAY 

4 BANKS '1M) 

~ 
CAS ~ Vi 

RAS MsEi: 
:--

CHIP -
SELECT 

DECODER 

W 
-t 

MEMORY 
CONTROL .I I II MEMORY TIMING CONTROLLER 

FIGURE 3. 16-I\IIEGAWORD X 16-BIT DYNAMIC MEMORY 
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refresh operations 

The two 10-bit counters in the' ALS6301 and' ALS6302 support 128-, 256-, 512-, and 1024-line refresh 
operations. Transparent, burst, synchronous, or asynchronous refresh modes are all possible. The refresh 
counters are advanced on the low-to-high transition of RASI on the' ALS6301, and on the high-to-Iow 
transition of RASI on the' ALS6302. The refresh counters are reset to zero on the low-to-high transition 
of RASI on the' ALS6301, and on the high-to-Iow transition of RASI on the' ALS6302, if MC1 and MCO 
are at a high logic level. See Figure 8 for additional timing details. 

When performing refresh cycles without memory scrubbing (MC1 and MCO both low), all four RAS outputs 
go low, while all CAS outputs are driven high. Typical timing for this mode of operation is shown in Figure 6. 

decoupling 

3-70 

Due to the high switching speed and high drive capability of the' ALS6301 and' ALS6302, it is necessary 
to decouple the device for proper operation. Multilayer ceramic 0.1-JLF to 1-JLF capaC::itors are recommended 
for decoupling. It is important to mount the capacitors as close as possible to the power pins (VCC and 
GND) to minimize lead inductance and noise. A ground plane is recommended. 
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DYNAMIC MEMORY CONTROLLERS 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Voltage applied to disabled 3-state output ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating free-air temperature range. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 65°C to 150 0 e 

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 the GND pins. 

recommended operating conditions 

MIN NOM MAX UNIT 

Vee Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

10H High-level output current -2.6 mA 

10L low-level output current 12 mA 

(23) ~ low or RASI high 10 

tw Pulse duration (24) flASI high or RASI low 10 ns 

(25) LE high 10 

(26) An before LEI 5 

Setup time 
(27) SELn before LEI 5 

tsu ns 
(28) MeO.l high before RASlt or RASII 10 

(29) SELn before RASII or RASlt 5 

Hold time 
(30) An after LEI 5 

th 
SELn after LEI 

ns 
(31) 5 

TA Operating free~air temperature 0 70 °e 

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

PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 

VIK Vee - 4.5 V. II - -18 mA -1.2 V 

VOH Vee = 4.5 V. 10H = -2.6 mA 2.4 3.2 V 

Vee = 4.5 V. IOL=lmA 0.15 0.5 
VOL V 

Vee = 4.5 V. IOL = 12 mA 0.35 0.8 

10L Vee = 4.5 V. Vo = 2 V 30 mA 

10ZH Vee - 5.5 V. Vo - 2.7 V 20 I'A 

10ZL Vee = 5.5 V. Vo = 0.4 V -20 I'A 

II Vee = 5.5 V. VI = 7 V 0.1 mA 

IIH Vee = 5.5 V. VI = 2.7 V 20 I'A 

IlL Vee - 5.5 V. VI - 0.4 V -0.1 mA 

10' Vee - 5.5 V. Vo - 2.25 V -30 -112 mA 

Ice Vee = 5.5 V 136 220 mA 

* All typical values are at Vee = 5 V. TA = 25°e. 
§ The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit output current, lOS. 
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SN74ALS6301 
DYNAMIC MEMORY· CONTROLLERS 

'ALS6301 switching characteristics, CL 50 pF 

PARAMETER 
FROM 

(INPUT) 

TO 

IOUTPUT) 
TEST CONDITIONst 

t od(1) RASI Any Q 

t o"(2) RASI RASn 

t od(3) CAS I CAS"n 

tod(4) Any A Any Q 

t odl5) MSEl Any Q 

todl6) lEt Any Q 

tod(7) lEt Any RAS 

t od(8) lEt Any CAS 

tod(9) MCO or MCI Any Q 

todll0) MCO or MCl AnyRAS 

tod(11) MCO or MCI Any CAS VCC = 4.5 V to 5.5 V, 

tpdl121 CS Any Q TA = O·C to 70·C 

tod(13) CS AnyRAS 

tod(14) CS Any~ 

t od(15) SElO or SEll AnyRAS 

tod(16) SELO or SEll Any CAS 

t OO ll7>- OEI Any Q 

ten(18) OEI Any RAS 

ten(19) OEI Any CAS 

tdis(20) OEt Any Q 

tdis(21) OEt Any RAS 

tdis(22) OEt Any CAS 

'ALS6301 switching characteristics, CL - 150 pF 

PARAMETER 
FROM 

(lNPUTI 

TO 

IOUTPUT) 
TEST CONDITIONst 

t odll) RASI Any Q 

tpdl2J RASI RASn 

t odl3) CASI CASn 

tod(4) Any A Any Q 

todlS) MSEl Any Q 

todlS) lEi Any Q 

tod(7) lEt Any RAS 

.tpdl8J lEt Any CAS VCC = 4.5 V to 5.5 V, 

t od(9) MCO or MCl Any Q TA = O·C to 70·C 

todll0) MCO or MCI AnyRAS 

todlll) MCa or MCI Any CAS 

t od(12) CS Any Q 

tod(13) CS Any RAS 

t od(14) CS Any CAS 

tpd(15) SElO or SEll Any RAS 

todl16) SElO or SEll Any CAS 

t See Parameter Measurement Information for load circuit and voltage waveforms. 
tAli typical values are at VCC = 5 V, TA = 25·C. 
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MIN TVP* MAX UNIT 

5 16 30 ns 

2 10 14 ns 

2 7 14 ns 

3 9 11 nS 
5 13 22 ns 

13 22 ns 

13 22 ns 

13 22 ns 

6 14 24 ns 

2 10 15 ns 

2 10 15 ns 

13 24 ns 

7 13 ns 

9 13 ns 

9 15 ns 

9 15 ns 

10 18 ns 

10 18 n. 

10 18 hs 

12 20 ns 

12 20 ns 

12 20 ns 

MIN Tvpi MAX UNIT 

10 20 35 ns 

3 9 18 ns 

2 7 18 ns 

5 11 18 ns 

5 15 24 ns 

13 24 ns 

13 24 ns 

13 24 ns 

8 15 25 ns 

5 10 16 n. 

5 10 16 ns 

16 25 ns 

9 15 ns 

9 15 ns 

10 17 ns 

10 17 ns 



SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

. ALS6302 switching characteristics. CL 50 pF 

PARAMETER 
FROM 

(INPUT) 

TO 

(OUTPUT) 
TEST CONOITIONSt 

tp<;!m RASI Any Q 

lod(2) RAS) RASn 

lod(3) CASI ~n 

lod(4) Any A Any Q 

tp<;i(SL MSEL Any Q 

I pd(6) LEt Any Q 

tpdl7l LEt Any RAS 

lod(8) LEt Any~ 

lodl9) MCO or MCl Any Q 

t odll0) MCO or MCl Any RAS 

10d(11) MCO or MCl Any~ VCC ~ 4.5 V 10 5.5 V, 

t pd(12) ~ Any Q TA ~ OoC to 70°C 

tpc:l(13) ~ Any RAS 

t oc:l(14) ~ Any~ 

t pc:l(15) SELO or SEL 1 Any RAS 

tpd(16) SELO or SEL 1 Any~ 

t en(17) OE. Any Q 

ten(18) OE. Any RAS 

len(19) OE. Any~ 

IdI8(20) OEt Any Q 

lc:lis(21 ) OEt Any RAS 

lc:lis(22) OEt Any~ 

• ALS6302 switching characteristics. CL 150 pF 

FROM TO 
TEST CONDITIONS t PARAMETER 

(INPUT) (OUTPUT) 

II1d(1] RASI Any Q 

t oc:l(2) RASI RASn 

toc:l/3) CAS I CASn 

t od(4) Any A Any Q 

tpc:l(5) MSEL Any Q 

10c:l(S) LEt Any Q 

tpc:l(7) LEt Any RAS 

t od(8) LEt Any~ VCC ~ 4.5 V to 5.5 V, 

t pc:l(9) MCO or MCl Any Q TA ~ O°C 10 70°C 

toc:lllOi MCO or MCl Any RAS 

Ipd(l1) MCO or MCl Any CAS 

toc:l/12) CS Any Q 

t oc:l(13) ~ Any RAS 

toc:l/14) CS Any~ 

t pd(15) SELO or SEL 1 Any RAS 

tpd/16) SELO or SEL 1 Any CAS 

tSee Parameter Measurement Information for load circuit and voltage waveforms. 
tAli typical values are al VCC ~ 5 V, TA ~ 25°C. 
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MIN TVP* MAX UNIT 

5 16 30 ns 

2 10 14 ns 

2 7 14 ns 

3 9 17 ns 

5 13 22 ns 

13 22 ns 

13 22 ns 

13 22 ns 

6 14 24 ns 

2 10 15 ns 

2 10 15 ns 

13 24 ns 

7 13 ns 

9 13 ns 

9 15 ns 

9 15 ns 

10 18 ns 

10 18 ns 

10 18 ns 

12 20 ns 

12 20 ns 

12 20 ns 

MIN TVP* MAX UNIT 

10 20 35 ns 

3 9 18 ns 

2 7 18 ns 

5 11 18 ns 

5 15 24 ns 

13 24 ns 

13 24 ns 

13 24 ns 

8 15 25 ns 

5 10 16 ns 

5 10 16 ns 

16 25 ns 

9 15 ns 

9 15 ns 

10 17 ns 

10 17 ns 
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PARAMETER MEASUREMENT INFORMATION 

FROM 

DEVICEl1 OUTPUT 

f" ~:w ~;CCLZ'ZL 
FROM 6BO II S 

DEVICE 
OUTPUT 2 

CL-50pF 1HZ ZH r ~. 
* tpd specified at CL = 50. 150 pF 

INPUT 

OUTPUT 

CAPACITIVE LOAD SWITCHING THREE-STATE ENABLE/DISABLE 

FIGURE 4. SWITCHING TEST CIRCUIT 

VOLTAGE WAVEFORMS 

1.5 vX ~"1.-5-v--_3 V 

____ oJ I '_ ___ --.J I 0 V 

tPLH ~ tPHL-t+-----+t rl 1 

2.4V
I ~I 

. ~VOL 
OV 

TYPICAL OUTPUT DRIVER 

---"'---VCC 

R = 25 II 

OUTPUT TO 
...-__ -+ RAM AQDRESS 

OR CONTROL 
R = 25 II LINES 

---...---GND 

FIGURE 5. OUTPUT DRIVE LEVELS FOR TYPICAL SWITCHING CHARACTERISTICS 

3-STATE ,.---------------*""" - - - - - - - - - -- 3 V 
CONT::~ _____ Jt ). - -----------~.~ V 

... r----I.~I-(DI~l':LE) (E::J:.E) 14 .: 
-----.....:..--..... 1 1 ),.-------VOH 

VOH : \. VOH - 0.5 V : t -------- 2.4 V 

: I (HIGH IMPEDANCE) : I 
: t VOL + 0.5 V : \. - - - - - - - - - O.B V 

---V-O-L---;I---.J I tpLZ tpZL I: VOL 
"')4f---i.~I-(DISABLE) (ENABLE) 14 ~ 

OUTPUT 

NOTE: Decoupling is needed for all AC tests 
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FIGURE 6. THREE-STATE CONTROL LEVELS 
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PARAMETER MEASUREMENT INFORMATION 

A INPUTS :::x _______ ....;.P;;.Ro:.;C;.:E::;.SS:.;o:;.R;.;A.;.;o;.:D;;.R;:;ES;.:S~ ______ __I-\~q!l.rn.9ME.~\\~~ 

Q OUTPUTS 

MC INPUTS 

iiASi (' ALS63011 

RASI (' ALS63021 

RASn OUTPUT 

MSEL 

~I'ALS63011 

CASI (' ALS63021 

CASn OUTPUT 

SEL INPUTS 

14-- tpd(41 -+i 
ROW ADDRESS VALID COLUMN ADDRESS VALID ROW REFRESH ADD 

1 I 1 
1 I 

I {lI!!II/JI DON'T CARE W/I/I/I#t 
_-1-___ -1-_______ -1-' -I-________ -tt-\ tpd(91 tt-
__ ~ ____ ~ __ ~R.;.;E;.;A::;.D;.;/W;.;R.;.;IT;.;E~M::;.0Fr~E:~ ________ ~X~i~~R~E~FR~E~S~H~M~O;:;D;:;E~ ____ 

I 1 I I r----+-I ______ _ 

I+-tl L:J/Jo-!r--------4I-1-1 -----(( I 
If- tpdl21-+1 I I It:- Ipd121-tj I 
A I I I ( 

-------- t I If-- thlARI t --.J ~""'"---t-I +-1 --------

tsulARI -tI I4y I I 

, I\\~ I: I UjI I 
I ------J!:: tpdlSI~ --+/ tpdlSI It--
!f-- t2t I I \ I 
I 1 ~-~---------
I --------rl --------------------i 1 y~-----------------------
1f14--- 13t ----t~~I._-t+~-dl-3-1--+f-:---~~ Ipd131-.j 

-41 
I 

I I 1 A I I l I I tsulACI t --.I ~ I 
I 1\\\\ Uj! 
J+--Iou1291 

J ...... -------B-AN-K-S-E-LE-CT--------.....,X\\\\~DON'T CARE~\\\\\\\\~ 
t Parameters tsu(AR), tsu(AC), and th(ARJ are timing requirements of the dynamic RAM. Parameters t1, t2. and t3 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The minimum 
requirements for t1, t2, and t3 are as follows: 

t1lmin) = t pdl4) max + tsu(ARI min - t pdl2) min 
t2(min) = t pdl2) max + thlAR) min - tpdl51 min 
t31minl = t2 min + tpdlS) max + tsulACI - tpdl31 min 

See the DRAM data sheet for applicable tsulARI' tsulARI' and thiARI" In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must relate to actual system capacitive loading. 

FIGURE 7. READ/WRITE CYCLE TIMING (MC1. MCO = 1.0). (LE - H) 
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DYNAMIC MEMORY CONTROLLERS 

PARAMETER MEASUREMENT INFORMATION 

PROCESSOR APDRESS 

a OUTPUTS 
--------~I ____ JV,~----------~~-----------J 

B--------·~I----_r: ~-----~~-------------~---------1 1 I 

MCINPUTS __ ~ ___ RE_AD_'W_R~'TE_M_O_DE __ M~C1~.O_-4H_L-r ______________ ~ ____ R~EA~0_W~RI~EM_O~D_E_M~C1_.0_-_H~L~ __________ __ 

I 
RMi I'ALS630il -----;--..... I I I y,.----+I------

'11-__ 11--11 __ -+-1 ------+-+1 ____ ..J' .... Ipd121 .... 1 I 
~ Ipd121~ , ,- I 

_ ______ -T __ --"1~~1-+1--~-------r1~-------4~ I I 
RASII'ALS63021 t I , J.....I.- IhlARlt ----., 1 1.., ----~,~-----------

~~Affi~ I rl I I I 
RASnOUTPUT---~::~::----::--~-:' ~\~S~, ____________ ~I~ ______________ t~Z~~ 

Isu1261.-..j If- I I 
... _--+_-+1--; Ihl301 jt- 1 

LE -----1 I I ,..--.....:..----'L--
I 1 I tt"",._t_Pd_IS_I_::::;I-+ ____ --,'-- IpdlSI ~ 
~~~- ~ MSEL _____ --11---,.. -'I __ ~-----"'l 1 1\ ...... __ -11 ____ _ 

~ I'ALS63011 ----....L:-.... :----r------.....\II-_ .. l ____ --1r~--------
I I If- tpdl31 -+I ~lpdI31~ 

CASII'ALS63021 _____ II--_~I ----I:-------J1t 
: I: \I.. __ --LI _____ _ 

1 I , 'suiACI - ~ I 
--------~I --+---~-----------~ -'--~~I m~~----------CASn OUTPUT '.uI271~ I.- 1 \\\ un 

I ~ 'h1311 I+-

ttsuIAR). tsuIAC). and thlARI are timing requirements of the dynamic RAM. See the DRAM data sheet for applicable specifications. 
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FIGURE 8, READ/WRITE CYCLE TIMING USING INPUT LATCHES (MC1, MCO = H, L) 
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SN74ALS6301, SN74ALS6302 
DYNAMIC MEMORY CONTROLLERS 

PARAMETER MEASUREMENT INFORMATION 

QOUTPUTS ________ -J.~;'-R-O-W-R-EF-RE-S-H-AO-O-RE-S-S-VA-L-'D-'~~--N-EX-T-RO-W-R-E-'R-ES-H-A-OO-R-ES-S-V-AL-'D---J.~,'---J~~ ____ ___ 
I I I 

ES ~gg~;g,~ni_:~*:lft:::~ 
If- t pd(9) -+I I ---+I tpd(9) I+-

MCINPUTS __ -r~~RE~'R~E~SH~M~O~O~E~M~C~l.~O--~LL~---------+--------~R~E'~R~ES~H~M~OO~E~M~Cl~.O~-_L~L __ _''_~RE~A~D/~W~RIT~E~M~O~OE~ 

I4-tpd(1)~ 

RASI ('ALS6301) ---"'I\\.._i--_____ ( \\. ______ ...J1 
I 

I I \ /",-----""'\\ 
RASI (' ALS6302) ----":'ts-U",(A,-!R) t ...I '+1 t I 14-- tw(RH) t --+I ~---------------------

I t+- tw(RLI ~ I I 
RASn OUTPUT ---------;~.m~ JI/I ~~&"'_ ____ ,£hUl'l!l 

ttsu(AR)' twiRL). and tw(RH) are timing requirements of the dynamic RAM. See DRAM data sheet for applicable specifications. 

FIGURE 9, REFRESH CYCLE TIMING (MC1, MCO - L, L) WITHOUT SCRUBBING 
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DYNAMIC MEMORY CONTROLLERS 

PARAMETER MEASUREMENT INFORMATION 

Q OUTPUTS ___ ,:""~J'C"i'_RO_W_RE_FR_E_SH_AO_O_R_ES_S_V_A_"O"",,!,,~C_O_L_UM_N_R_E_FR_E_SH_A_O_O_RE_S_S_V_AL_'O-, 

14-tpdl91--+1 I I t+ tpdl91 -.I 
MC INPUTS J I "EF"ESH MODE +'.:0. LH X"I~---------

-.j t4 t J4- I I I 

BiiI'ALS63011---,",,\ I : 1..----1-: --------
I I I I+- tpdl21-+\ I 

RASI l'ALS63021 __ -:--..J1 I t I I \I III 
. t I I+-- thlARI ---+I I " .. 

t,ulARI -+I i+1 I I I I I 
RASnOUTPUT-------+:------;~m~\ I i Ih"0r~~I----------------

I.--- ~ t4- tpd(61 I+-tpdl51 -+I 
MSEL ---+-1 __ t_2t __ ~~1 I I \'--________ _ 

I I I I 
I l~_+I----Jr~----------
"~~-----t3t--------~.- I 

CAm I'ALS63011 

I+- tpdl3l-+l If- tpd(31 -.! 
CASII'ALS63021 j II I ,I -------------------'. H- ~~--~I------------------.I I tsulACI t I CASnOUTPUT* _____________________ ~ ~~ ________ ___ 

~. U/J 

t Parameters tsu(ARI, tsu{AC). and th(AR) are timing requirements of the dynamic RAM. Parameters t2. t3, and t4 represent the minimum 
timing requirements at the inputs to the DMC that guarantee DRAM timing specifications and maximum system performance. The mInimum 
requirement for t2, t3, and t4 are as follows: 

t2(minl ~ tpd(21 max + thlARI min - tpd(51 min 
t31minl ~ t2 min + tpd(51 max + tsu(ACI - tpdl31 min 
t41minl ~ tpdl91 max + tsulARI min - tpd(21 min 

See the DRAM data sheet for applicable tsulARI' tsu(ACI' and th(ARI. In addition, note that propagation delay times given in the above 
equations are functions of capacitive loading. The values used in these equations must correspond to actual system capacitive loading. 

* A CASn output is selected by the bank counter. All other CASn outputs will remain high. 

FIGURE 10. REFRESH CYCLE TIMING (MC1. MCO = L, HI WITH MEMORY SCRUBBING 
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PARAMETER MEASUREMENT INFORMATION 

~ tpdl91 ~ 

a OUTPUTS - ______ -+: __ ---.l, ... ~I0.._ ___________ ...... /I.. ___ _ 

cs ~\\\~\~!'.?N·TCAHE&\~'\\\\%W 
14 tsul2BI Itl 

MC INPUTS :::::::::::::::*",, ___ C_L_R _RE_FR_E_SH_M_O_D_EI"": M_C_1.0_~_H_H __ ~X .... _____ _ 
I+-- tw1231-+t 

----------------~I )~-------------------RASi 163011 \"" ___ ..J. 

I4-tw1241-+1 
1 I 

RASI163021 ___________ ~/ \ 

I '---------------
--+I tpdl21 t4--

RASn OUTPUT \'--_--Jf 

MSEL m~\\~_Rb'~;!:.~eW:~\-~~~~_~'\\\'\\~ 
FIGURE 11. REFRESH COUNTER RESET (MC1. MCO = H. H) 
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DYNAMIC MI=NlORY CONTROLLERS 

PARAMETER MEASUREMENT INFORMATION 

OE~ ______________________________ ~ ________________ ~~ 

A INPUTS _ ... 1 ____ ...... ____ --'¥_--:-.,..... __ --:-...... __ -:-__ -"X_~-...... +-:---
~tenI171-. ~ tpdlSl14- tpd1121~ t+- tdi.1201...... i+-

Q OUTPUTS-t--«{ , l' *'--.--"'"""'1) : ''-·---"''f I »}-
I -+t tpdlSl1+- i tpdl12l-+l i+- I -+! tpdl611+- I' 
I I I I J 

CS I I I < } .... ------....... I----· ';..,' ~t~ __ _ 
I I I I II 

I 
MC INPUTS MC1.0 - H.L Mel.0 - L.H MC1.0 _ HL READ/WRITE MODE IMC1;0 - HL 

I I I I I 
I I I I, I 

RASI 163011 I I I . I 
I I I I 

RASI 163021 If! I I , 
-+l ten(1SII+- I tpd(101-.! f4- I tpd(121~ I+- " tdi.1211~ 14-

I ,I "I I I ,I 

RAS" OUTPUT ~I\lo'(----f-: --.-4) ...... ----+: --.... f.~:::~.j.:I--,..---'i..,(...--+'.,.....~\t-----+I--.... x.,.-+: ~»)-
J tpdll01---, 14- I »dI131-.r 1+-: ~ tpd17114-, 

LE, I I I , \\...j.-___ -Jl. I 
I I tpd1151-+j 14- I I' 
I , ii" 

MSEL' I ,I , 
I I I I I 
I I I' I 

CASi 163011 I : , I . I 

CAS' 163021 : :: : . I 

-+ttenll SI I+- tpdllll-+t 14- : tpd1141~ r+- I tdis(221-+t :+-
CASn OUTPUT --~~:««=::t=J~,..--....;:-.... , : ( \ .... __ .......;.11 __ . ~~;-',...-_-_-_"fII.III>tJ-

tpd(lll-.i 14-- I tpd(141-"'l 14- -+I tpd(SII+-

SEL INPUTS ::::::JB~A~NffiKJS[SE~LE]C:iT::::::::~*,.. .... ::~i~::::~BA:N~KCS~E~LE~C~T::::::::JX BANK SELECT 
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tpd(161-+t 

FIGURE 12. MISCELLANEOUS TIMING 
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SN74ALS6310A. SN74ALS6311A 
STATIC COLUMN AND PAGE·MODE ACCESS DETECTORS 

• Detects Present Row Equal to last Row 
Address 

• High·Performance Compare: 

JUNE 1987-REVISED DECEMBER 1989 

OW OR N PACKAGE 

ITOP VIEW) 

ClK VCC 
'AlS6310A ClK to HSA - 18 ns 
'ALS6311A Address to HSA - 14 ns 

ClKEN HSA 

• Compatible with 16K to 1 M DRAMs 

• Easily Interfaced with Microprocessor and 
Memory Timing Controller 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The 'AlS6310A and 'AlS6311A are high
performance address comparators designed for 
implementing static column and page-mode 
access cycles. 

AO 
A1 
A2 
A3 
A4 
A5 
A6 

GND 

HSA 
B3 
B2 
B1 
BO 
A9 
A8 
A7 

When interfaced with the memory timing controller, these devices will detect if the present row being 
accessed is the same as the last row accessed. This is the fundamental requirement for implementing 
static column decode or page-mode access cycles. 

The' AlS631 OA features two 14-bit registers and a high-speed address comparator. The first register is 
used to save the present row address while the second register is used to save the 
previous row address. On the high-to-Iow transition of elK, the first register loads the new row address 
present on AO-A9. At the same time, the second register loads the address previously saved in the first 
register. The two row addresses are then compared. The High-Speed Access outputs (HSA and HSA) will 
signal if the two addresses are equa/. 

The BO-B1 inputs are provided to monitor access cycles to different banks of memory. When used in 
conjunction with the' AlS296B and' AlS6302 series DRAM controllers, the' AlS631 OA and' AlS6311 A 
can monitor up to 16 banks of memory. The elK input on the' AlS631 OA can typically be interfaced with 
the microprocessor's Address latch Enable (ALE) or Address Strobe (AS) outputs. This configuration 
simplifies the memory timing controller interface. Refer to the typical application diagram for further 
information. 

The' AlS6311 A features one 14-bit register feeding a high-speed address comparator. This architecture 
offers a faster address match time, but does require the memory timing control/er to generate the elK 
input. Typically, the 14-bit register would only be updated if there was a change in row or bank address. 
Refer to the application diagram for further information. 

More information on static column DRAM access can be found in the Texas Instruments application report 
System Solutions for Static Column Decode. 

The SN74AlS6310A and SN74AlS6311A are characterized for operation from ooe to 70°C. 

PRODUCTION DATA documents c.ntein information 
c."ent I. of publl.atlon date. Products .onform to 
spaclfications par the terms of TUls Inatruments 
standard "lrFantV'. Production p:FOCItIling daIS not 
n •• ssarilY include testing of all parameters. 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

Copyright © '989, Texas Instruments Incorporated 

3-81 



SN74ALS6310A. SN74ALS6311A 
STATIC COLUMN AND PAGE·MODE ACCESS DETECTORS 

FUNCTION TABLE I'ALS6310AI FUNCTION TAilLE ('ALS6311AI 

INPUTS OUTPUTS INPUTS 

CLKEN CLK AO-A9 BO-B3 HSA HSA CLKEN CLK AO-A9 BO·83 

H j P=Q P=Q H L H ! X X 

H j P=Q P;"Q L H X X P=Q P=Q 

H j P;"Q P=Q L H X No! X P;"Q 

H j P;"Q P;"Q L H X No! P;"Q X 
X H X X HSAO HSAO L X X P;"Q 

L X X X HSAO HSAO L X P;"Q X 

P = previous address 
Q = present address 

logic symbols t 

ALS6310A 'ALS6311A 

CLKEN 

ClK 1SC16 15C16 

COMP COMP 

AO 131 160 Z1 160 0 AO 
13) 

ll/160 0 Al 14} 160 Z2 160 Al 
14} 

Z2/160 A2 IS} 160 Z3 160 A2 
IS} 

l3/160 A3 16} 160 Z4 160 
A3 

16} 
Z4/160 A4 171 160 ZS 160 17} 

AS 18} Z6 160 
A4 l5/160 

160 18} 
A6 19} 160 Z7 160 AS 

19} 
l6/160 

A7 Ill} 160 Z8 160 
A6 

Ill} 
Z7/160 

P 
A8 1121 160 ZS 160 A7 l8/160 

113} A8 
112} 

Z9/160 AS 160 Z10 160 113} 114} A9 Z10/160 BO 160 Zll 160 114} 115} BO l11/160 Bl 160 Z12 160 115} 
B2 1161 160 Z13 160 Bl Z12/160 

11S} 116} B3 117} 160 Z14 160 13 p-a HSA 82 Z13/160 
118} 83 

117} 
Z14/160 13 0 P-Q HSA 

2 1 0 

3 2 

4 3 
5 4 
6 5 
7 6 
8 a 

7 
9 8 

Q 

10 9 
11 10 
12 11 
13 12 
14 13 13 

14 13 

tThese symbols are in accordance with ANSI/IEEE Std 91 1984 and lEe Publication 617-12. 
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OUTPUTS 

HSA liSA 
H L 

H L 

L H 

L H 

L H 

L H 

PEa 119} 

p.a 118} 
HSA 

HSA 



logic diagrams (positive logic) 

CLKEN 

CLK 

AO-A9 

BO-B3 

I 

I 

10 

) 

4 

) 

PRESENT ADDRESS 

REGISTER 

::lEN 1 

" 1C2 

20 

20 

CLKEN 

CLK 

10X 

[ROW) 

4X 

[BANK] 

-

10 

SN74ALS6310A. SN74ALS6311A 
STATIC COLUMN AND PAGE·MODE ACCESS DETECTORS 

'ALS6310A 

PREVIOUS ADDRESS 

REGISTER 

~N1 
1C2 

10X 
10 [ROW] 

,2- 20 

4X 
4 [BANK] 
) 20 

'ALS6311A 

PREVIOUS ADDRESS 

REGISTER 

IEN1 

L 1C2 

~ 
10X 

[ROW] 

COMP 

-7. 

l 
p-a r-

-:± p-a ~ 

HSA 

10 

:}o ) 

4 

2 

COMP 

AO-A9 L- -2- 20 P= 

l 
p-a r- HSA 

4 

BO-B3 L ) 20 

4X 

[BANK) -:± 
10 

:}o ) 

4 

L 
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SN74ALS6310A, SN74ALS6311A 
STATIC COLUMN AND PAGE-MODE ACCESS DETECTORS 

'absolute maximum ratings over operating free-air temperature range t 

Supply voltage, Vee (see Note 1) , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage .............................................................. 7 V 
Operating free-air temperature range .................... , . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ......................................... - 66°C to 160 0 e 

tStresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. This i~ 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-maxi mum-rated conditions for extended periods may affect 
device reliability. 

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

recommended operating conditions 

VCC 

VIH 

Vil 

IOH 

IOl 

tw 

tsu 

tsu 

th 

th 

TA 

3-84 

Supply voltage 

High-level input voltage 

Low-level input voltage 

High-level output current 

Low-level output current 

Pulse duration, ClK high or low 

Setup time before ClKl I' AlS63 1 OAI 

Setup time before ClK; (' AlS631 1 AI 

Hold time after ClKl ('AlS6310AI 

Hold time after ClK; (' AlS63 11 AI 

Operating free-air temperature 

AO-A9 or 80-83 

ClKEN high or low 

AO·A9 or 80-63 

ClKEN high or low 

AO·A9 or 80-83 

CLKEN 

AO-A9 or 60-63 

ClKEN 

TEXAS • 
INSTRUMENTS 
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MIN NOM MAX UNIT 

4.5 5 5.5 V 

2 V 

0.8 V 

-2.6 mA 

24 mA 

10 ns 

8 
8 

ns 

8 
8 

ns 

5 
6 

ns 

5 
5 

ns 

0 70 DC 



SN74ALS6310A 
STATIC COLUMN AND PAGE-MODE ACCESS DETECTORS 

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

PARAMETER TEST CONOITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V, II = -18mA -1.2 V 

VOH 
Vee = 4.5 V to 5.5 V, IOH = -0.4 mA Vee- 2 

V 
Vee = 4.5 V, IOH = -2.6 mA 2.4 3.2 

Vee - 4.5 V, IOl - 12 mA 0.25 0.4 
Val V 

Vee = 4.5 V, IOl = 24 mA 0.35 0.5 

II Vee = 5.5 V, VI = 7 V 0.1 mA 

IIH Vee = 5.5 V, VI = 2.7 V 20 p.A 

III Vee = 5.5 V, VI = 0.4 V 
I elK, elKEN -0,3 

mA L All other inputs -0.2 

lOt Vee = 5.5 V, Va = 2.25 V -30 -112 mA 

lee Vee = 5.5 V 50 80 mA 

t All typical values are at Vee = 5 V, T A = 25 ce. 
:I: The output conditions have been chosen to produce a current that closely approximates one half of the true short~circuit output current, lOS. 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) (see Figure 1) 

Vce - 5 v, Vee - 4.S V to S.S v, 

FROM TO 
el - so pF, el - so pF, 

PARAMETER 
(INPUTI 

Rl - SOO 0, Rl - SOO 0, UNIT 
(OUTPUTI 

TA - 25°C TA ;. ooe to 70°C 

MIN TYP MAX MIN MAX 

tPlH 12 15 4 18 ns 
elKI HSA 

tpHl 12 15 4 18 ns 

tplH 
elKI HSA 

12 15 4 18 ns 

tpHl 12 15 4 lB ns 

TEXAS .." 
INSTRUMENTS 
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SN74ALS6311A 
STATIC COLUMN AND PAGE-MODE ACCESS DETECTORS 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee = 4.5 V. II = -18 rnA -1.2 V 

VOH 
Vee - 4.5 V to 5.5 V. IOH - -0.4 rnA Vee- 2 

V 
Vee = 4.5 V. IOH = -2.8 rnA 2.4 3.2 

vee = 4.5 V. IOl = 12 rnA 0.25 0.4 
VOL V 

Vee = 4.5 V. IOl = 24 rnA 0.35 0.5 

II Vee = 5.5 V. VI = 7 II 0.1 rnA 

IIH Vee = 5.5 V. VI = 2.7 V 20 ~A 

I eLK. elKEN -0.3 
IlL Vee = 5.5 V. VI = 0.4 V rnA I All other inputs -0.2 

IO~ Vee = 5.5 V. Va = 2.25 V -30 -112 rnA 

lee Vee - 5.5 V 40 70 rnA 

t All typical values are at Vee = 5 V. TA = 25°e. 
*The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 

switching characteristics over recommended operating free-air temperature range funless otherwise 
. noted) (see Figure 1) 

PARAMETER 
FROM 

(INPUT) 

tPlH elK; 

tpHL eLK; 

tPlH AO-A9 or BO-83 
tpHL 

tpLH 
AO-A9 or BO-83 

tpHl 

3-86 

Vcc - 5 V. 

TO 
Cl - 50 pF. 

Rl - 5000. 
(OUTPUT) 

TA - 25'C 
MIN TYP 

HSA 8 

HSA 8 

HSA 
7 

9 

HSA 
9 
7 

TF;XAS ~ 
INSTRUMENTS 
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Vcc - 4.5 V to 5.5 V. 
Cl - 50 pF. 

RL - 5000. UNIT 

TA - Ooc to 70·C 

MAX MIN MAX 

10 4 12 ns 

10 4 12 ns 

10 3 12 ns 

12 4 14 ns 

12 4 14 ns 

10 3 12 ns 



SN74ALS6310A, SN74ALS6311A 
STATIC COLUMN AND PAGE·MODE ACCESS DETECTORS 

PARAMETER MEASUREMENT INFORMATION 

FROM OUTPUTq- TEST 
UNDER TEST POINT 

CL RL 

ISee Note Al 

LOAD CIRCUIT 

HIGH.LEVEl ~-- -- 3.S V 
PULSE 1.3 V 1.3 V I 

:.--- tw -...: 0.3 V 

:e-- tw -: 3.S V 
LOW·LEVEL ~1.3V "~.3V~ 
PULSE ~ ___ 0.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

NOTES: A. CL includes probe and jig capacitance. 

ClK 
INPUT 

DATA OR 
CLKEN INPUT 

./. 3.S V 
..To 1.3 V 

---J.-l- - --- - -- 0.3 V 
... tsu ..,.... th-et 

~~;\-;3.SV 
-7,.3V ~ 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

0.3 V 

INPUT .L,.3 V \ ~3~- - 3.S V 

--./, I • 0.3 V 

tPLHJ.-.- ~ tpHL 
I" . i l:t-- VOH 

IN·PHASE I /1.3 V I ~1.3 V 
OUTPUT I . I '\..:.. 

I I VOL 
tPHl ~ 14---+1- tplH 

\
1 'r:-:: VOH 

OUT·OF·PHASE1.3 V T 1.3 V 
OUTPUT . . -- VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

B. All input pulses have the following characteristics: PRR s 1 MHz, tr ~ tf ~ 2 ns, duty cycle = SO%. 

FIGURE 1 

TEXAS ", 
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w 
00 
00 

~ 
o 

.~ Z 
~.~ 
~;:c~ 
8C:~ ~ .~ 
~!TI 
~Z~ 
S~·~ 
1; 
~ 

5 

REFRESH 
RATE 

SELECT 

SYSTEM 
CLOCK 

SYS RST 

OSC 

10/M(A22) 

R/Vii 

AS 

ROW 

Al0-A19 • 
COLUMN: 

AO-A9 

A20 

A21 

DRAM 
CONTROLLER 

SN74ALS6301 DYNAMIC RAM v·CC .. _.. .. ..... 

L BANKO 
LE ~O 10 A.O lMEG X 32 BITS 

REFRESH CD~:~~LER : ~ ) : (32) TMS4Cl027 

TIMER (PROGRAMMED 09 A9 
SN74ALS6300 TIBPSG507) RASO ~ RASO 

_--,,...:.4 __ ... -1 SO-53 REFREO:r+- mREO: CASO I-- CASO 

r+- RST r- Vii L-_......-__ ~_ 
---4-.... -1> CLK RFC r+- !iF<: RASi f-+- -RA-SI 11 1 J 

L---------ISYSCLK MSEL f-+- MSEL 10 A.O lME:A:~21 BITS 

----.... ----+-----1"""""" CASi f-+- CASi ) • (32)TMS4C1027 
~~ . 

--------~~---~>CLK MC1f-+- MC1 A9 

101M f MCO RAS1 f-- f- RAS1 

--------~.----__l R/Vii . cs CASlf-- f- CAS1 
DE ..... Vii 

----~~--~~---~AS T STATIC COLUMN -= L-_,-,,--__ ..,....,..---' 
'ALS6310A I DETECT I I I I 

ONLY I SN74ALS6310A/6311A BANK 2 
I Vii r-- 10 AO 1MEG X 32 BITS 

~ l> ClK HSA t-- HSA CLKOUT ) : (32) TMS4C1027 

A10-A19 10 AO I A·9 
"). CLK<I--'- --4- - - _J - -

r----,,LI : 'ALS6311 A ONLY RAS2 ~I- RAS2 

A9 'CAS2 ~ I- CAS2 

~~ ~ Vii r B1 I ILl 
AO AO BANK 3 

~ 20. 10 • 1MEG X 32 BITS 

_~ )---.--,------------.".)~--_;.__l • ) • (32) TMS4C1027 .. . 
A19 A9 

______ +------------+----f--I:SELO .RAS3 RAS3 

----_ ..... ----------+----jHSEL1 CAS3 CAS3 

Vii 

FIGURE 2, 'ALS6310A OR'ALS6311AAPPLICATION 
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ClKEN 
ClK 

IT 

70 

> 

SN74ALS6310A, SN74ALS6311A 
STATIC COLUMN AND PAGE·MODE ACCESS DETECTORS 

APPLICATION INFORMATION 

'AlS63l0AI'AlS63llA 

ClKEN 

ClK 

) AO-A9 HSA 

./ 80-83 

'AlS63l OAI' AlS63ll A 

ClKEN 

ClK 

> AO-A9 
HSA r--

> 80-83 

'AlS63l OAI' AlS63ll A n8PAD l6N8-7 

ClKEN HSA-l 

ClK HSA2 

> AO-A9 
HSA HSA3 HSA 

) 80-83 
HSA4 

HSA5 

'AlS63l0AI'AlS63llA 

ClKEN 
ClK 

> AO-A9 
HSA -

'-
) 80-83 

'AlS63l0AI'AlS63llA 

ClKEN 

elK 

) AO-A9 
HSA 

) 80-83 

FIGURE 3, WORD LENGTH EXPANSION 
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SN14ALS632B, SN14AS632 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

03396, JANUARY 1986-REVISED JANUARY 1990 

• Detects and Corrects Single-Bit Errors 

• Detects and Flags Dual-Bit Errors 

• Built-In Diagnostic Capability 

• Fast Write and Read Cycle Processing Times 

, Byte-Write Capallility 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The' ALS632B and' AS632 devices are 32-bit 
parallel error detection and correction circuits 
(EDACs). The EDACs use a modified Hamming 
code to generate a 7-bit check word from a 
32-bit data word. This check word is stored 
along with the data word during the memory 
write cycle, During the memory read cycle, the 
39-bit words from memory are processed by the 
EDACs to determine if errors have occurred in 
memory. 

Single-bit errors in the 32-bit data word are 
flagged <;Ind corrected, 

Single-bit errors in the 7-bit check word are 
flagged, and the CPU sends the EDAC through 
the correction cycle even though the 32-bit data 
word is not in error. The correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 
pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows or all highs from memory 
will be detectee!. Otherwise, errors in three or 
more bits of the 39-bit wore! are beyond the 
capabilities of these devices to detect. 

Read-modify-write (byte-control) operations can 
be performed by using output lat~nable, 
LEDBO, and the individual OEBO thru OEB3 byte 
control pins. 

Diagnostics are performed on the EDACs by 
controls and internal paths that allow the user 
to read the contents of the DB and CB input 
latches. These \/Viii determine if the failure 
occurred in memory or in the EDAC. 

NC 10 

DB3 11 
12 

1~ 
DEBO ,. 

DB6 15 
DB7 16 
GNO 17 
GNO 18 
DB8 19 

20 
DEBl 21 

22 

OB11 23 

DB12 2' 
25 
26 

N OR JD PACKAGE 

(TOP VIEW) 

LEDBO 
MERR 

ERR 
DBO 
OBI 
OB2 
OB3 
DB4 

DEBO 
DB6 
OB7 
GNO 
DB8 
DB9 

DEBl 
OB10 
OBll 
DB12 
DB13 
OB14 
OB15 

CB6 

CB5 
CB4 

DECB 

FN PACKAGE 

(TOP VIEW) 

DB31 
DB30 
DB29 
DB28 
OB27 
DB26 

DB25 
DB24 
GNO 
OB23 
OB22 

DB21 
OB20 
DB19 
OB18 
DB17 
OB16 
CBO 
CBl 
CB2 
CB3 

9 8 7 6 5 4 3 2 1 6867666564636261 

NC - No internal connection 

PRODUCTION DATA d.cuments 'onlain information 
cu"ent 8. of publicatioo ute. Products conform to 
specifications paf the tarms of Tlxas Instruments TEXAS ~ 

h~STRUMEN1S 

Copyright © 1990, Texas Instruments Incorporated 
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SN14ALS6328. SN14AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

logic symbol t 
I' 

PIN NAME 

CBO-CB6 

DBO-DB31 

ERR 

GND 

LEDBO 

MERR 

NC 

OEBO-OEB31 

OECB 

50.51 

VCC 

4-4 

SO 
51 

OEBO 
OEBl 
OEB2 
OEB3 

OBO-OB7 

OB8-0B15 

OB16-0B23 

OB24-0B3l 

..... 

'" "-

"-

"-

..... 

4> 
EOAC 

'ALS632B 
'AS632 

~ l MOOE 
ERR 

MERR 
EN (OBO-OB71 
EN (OB8-0B151 
EN (OB 16·0B231 
EN (OB24-0B3ll 

EN (CBO-CB61 

LEOBO 

.., r 

~1'\7 

1: 1'\7 8 
A " 

'\7 11 
CHECK 

16 1'\7 
BITS 

23 " . 
CB6 

CBO 

241 
31 '\7 

TERMINAL FUNCTIONS 

DESCRIPTION 

Check Bit data port. This 7-bit I/O port is used to output check bits during write cycles and input memory check bits 

during read cycles. 

Data port. This 32-bit 1/0 port is used to input processor data during memory write cycles and used to output 

corrected data during memory read cycles. 

Single-Bit Error Flag. This active-low output signals when a single-bit error has occurred. When more than two errors 

occur, this output is unpredictable. 

Ground 

Output Latch Enable. This input controls the output data latch that stores the corrected data word. When low. data 

is allowed to flow through the latch. When taken high. data present at the inputs of the output data latch is stored. 

Multiple-Bit Error Flag. This active-low output signals when a double-bit error has occurred. When more than two 

errors occur, this output is unpredictable. 

No internal connection 

Data Output Enable controls. These active-low inputs are used to enable data onto the data bus IDBO-OB311. Each 

input controls B-bits for byte control operations. DEBO controls DBO-DB7. DEB1 controls DBS-OB 15. DEB2 controls 

DB 16-DB23. and DEB3 controls DB24-DB31. 

Check Bit Output Enable c'lntro\. This active-low input is used to enable the check bits onto the check bit bus ICBO-CB61. 

Mode Select controls. These control inputs select the mode of the EOAC. See function tables for details. 

Supply voltage 

TEXAS ~ 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS. TEXAS 76286 



SN74ALS632B. SN74AS632 
32·BI1 PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

logic diagram (positive logic) 

DECODER 
I J SYNDROME 

X/Y ol---------------------------------_i 

~ GE~OR 
o 7 __ 1 eBO 

7 7_",1 ~ b so-- 1 3.-----------------~ ,--~~--~ r7--
1 L-..- b 

S1 -- 2 3 CHECK.BIT ~ 
2 - GENERATOR ~ r::: __ " 

I' ~ 

LATCHES 

C1 

7 

BUFFERS 

~7 

DBO.DB7~_----... -----8+-----_i 

DB8.DB15 ..... ___ --... +----...;8r-.------t 

DB1~DB23~o--... ~~----...;8~-----i 
DB24.DB31 ........ ~~~----...:8'r'------i 

8 8 8 8 BUFFERS 

8-<1 
OEBO--~~~~~EN 

LEDBO------------------------~ 

LATCHES 

32_ lOt 32 

Cl ] 

TEXAS ", 
INSTRUMENlS 

ERROR 
CORRECTOR 

32_ -1 

r---

[32 
x·ORl 

POST OFFICE BOX 856303 • DALLAS, TEXAS 76286 

.... 
L2r-
32 

~ 
~ 
~ 

BIT·IN· 
ERROR 

DECODER 

EN 

l 
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S~74ALS632B. SN74AS632 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 1. WRITE CONTROL FUNCTION 

DB DB 
CB 

MEMORY EDAC CONTROL CONTROL . OUTPUT ERROR FLAGS 

CYCLE FUNCTION S1 S2 
DATA 1/0 

OEBn OR LATCH 
CHECK 1/0 CONTROL 

EIIR MERR 
OECB 

OEDB LEDBO 

Generate Output 
Write L L Input H X 

check bits t 
L H H 

check word 

tSee Table 2 for details Qn check bit generation. 

memory write cycle details 

During a memory write cycle, the check bits (CBO thru CB6) are generated internally in the EDAC by seven 
l6-input parity generators using the 32-bit data word as defined in Table 2. These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. CBO, CB1 and CB2 are odd parity bits and CB3, CB4, CB5, 
and CB6 are even parity bits. For example, for a data word of all zeros CBO-CB2 will be high and CB3-CB6 
will be low. 

TABLE 2. PARITY ALGORITHM 

CHECK WORD 32-BIT DATA WORD 

BIT 3130292827262524232221 2019 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

CBO X X X X X X X X X X X X X X X X 

CBl X X X X X X X X X X X X X X X X 

CB2 X X X X X X X X X X X X X X X X 

CB3 X X X X X X X X X X X X X X X X 

C84 X X X X X X X X X X X X X X X X 

CB5 X X X X X X X X X X X X X X X X 

C86 X X X X X X X X X X X X X X X X 

The seven check bits are parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

error detection and correction details 

4-6 

During a memory read cycle, the 7 -bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 

The first case in Table 3 represents the normal. no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and MERR, which is the interrupt 
indication for the CPU. 
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SN74ALS632B, SN74AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 3. ERROR FUNCTION 

TOTAL NUMBER OF ERRORS ERROR FLAGS 
DATA CORRECTION 

32·BIT DATA WORD 7·BIT CHECK WORD ERR iiiiEim 
0 0 H H Not applicable 

1 0 L H Correction 

0 1 L H Correction 

1 1 L L Interrupt 

2 0 L L Interrupt 

0 2 L L Interrupt 

Error detection is accomplished as the 7-bit check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit. In either case, the single error flag (ERR) will be set low while the dual error flag (FoiiEifFi) will 
remain high. 

Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 

Three or more sirnultaneous bit errors can cause the EOAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three ·cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 

MEMORY EDAC 

CYCLE FUNCTION 

Read Read & flag 

Latch input 

Read data & check 

bits 

Output 

Read Corrected data 
& syndrome bits 

tSee Table 3 for error description. 
:t:See Table 5 for error location. 

TABLE 4. READ, FLAG, AND CORRECT FUNCTION 

DB DB 
CB 

CONTROL CONTROL OUTPUT 
CHECK I/O CONTROL 

ERROR FLAGS 
DATA I/O 

OEiin OR ERR MERR S1 S2 LATCH 
OECB 

OEDB LEDBO 

H L Input H X Input H Enabled T 

Latched Latched 

H H input H L input H Enabled t 

data check word 

Output Output 

H H corrected L X syndrome L Enabled t 

data word bits; 

As the corrected word is made available on the data 1/0 port (OBO thru OB31), the check word 1/0 port 
(CBO thru CB6) presents a 7-bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding. 
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SN74ALS632B, SN74AS632 
32·BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 5. SYNDROME DECODING 

SYNDROME BITS 
ERROR 

SYNDROME BITS 
ERROR 

SYNDROME BITS 

6 5 4 3 2 1 0 

L L L L L L L unc 

L L L L L L H 2-bit 

L L L L L H L 2-bit 

L L L L L H H unc 

L L L L H L L 2-bit 

L L L L H L H unc 

L L L L H H L unc 

L L L L H H H 2-bit 

L L L H L L L 2-bit 

L L L H L L H unc 

L L L H L H L OB31 

L L L H L H H 2-bit 

L L L H H L L unc 

L L L H H L H 2-bit 

L L L H H H L 2-bit 

L L L H H H H OB30 

L L H L L L L 2-bit 

L L H L L L H unc 

L L H L L H L OB29 

L L H L L H H 2-bit 

L L H L H L L OB28 

L L H L H L H 2-bit 

L L H L H H L 2-bit 

L L H L H H H OB27 

L L H H L L L OB26 

L L H H L L H 2-bit 

L L H H L H L 2-bit 

L L H H L H H OB25 

L L H H H L L 2-bit 

L L H H H L H OB24 

L L H H H H L unc 

L L H H H H H 2-bit 

CB X = error in check bit X 
DB Y == error in data bit Y 
2-bit = double-bit error 

6 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

une = uncorrectable multibit error 

4-8 

5 4 3 

H L L 

H L L 

H L L 
H L L 

H L L 

H L L 

H L L 

H L L 

H L H 

H L H 

H L H 

H L H 

H L H 

H L H 

H L H 

H L H 
H H L 

H H L 

H H L 

H H L 

H H L 

H H L 

H H L 

H H L 

H H H 

H H H 
H H H 

H H H 

H H H 

H H H 

H H H 
H H H 

2 1 0 6 5 4 3 2 1 0 

L L L 2-bit H L L L L L L 

L L H unc H L L L L L H 
L H L DB7 H L L L L H L 
L H H 2-bit H L L L L H H 
H L L DB6 H L L L H L L 

H L H 2-bit H L L L H L H 

H H L 2-bit H L L L H H L 

H H H OB5 H L L L H H H 

L L L OB4 H L L H L L L 

L L H 2-bit H L L H L L H 

L H L 2-bit H L L H L H L 

L H H OB3 H L L H L H H 
H L L 2-bit H L L H H L L 

H L H OB2 H L L H H L H 

H H L unc H L L H H H L 

H H H 2-bit H L L H H H H 

L L L DBO H L H L L L L 

L L H 2-bit H L H L L L H 

L H L 2-bit H L H L L H L 

L H H unc H L H L L H H 

H L L 2-bit H L H L H L L 

H L H OBI H L H L H L H 
H H L unc H L H L H H L 

H H H 2-bit H L H L H H H 

L L L 2-bit H L H H L L L 

L L H unc H L H H L L H 

L H L unc H L H H L H L 

L H H 2-bit H L H H L H H 

H L L unc H L H H H L L 

H L H 2-bit H L H H H L H 
H H L 2-bit H L H H H H L 

H H H CB6 H L H H H H H 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 666303 • DALLAS. TEXAS 75265 

ERROR 

2-bit 

unc 

unc 

2-bit 

unc 

2-bit 

2-bit 

unc 

unc 

2-bit 

2-bit 

OB15 

2-bit 

unc 

OB14 

2-bit 

unc 

2-bit 

2-bit 

OB13 

2-bit 

OB12 

OBll 

2-bit 

2-bit 

OB10 

OB9 

2-bit 

OBB 

2-bit 

2-bit 

CB5 

SYNDROME BITS 
ERROR 

6 5 4 3 2 1 0 

H H L L L L L unc 

H H L L L L H 2-bit 

H H L L L H L 2-bit 

H H L L L H H DB23 

H H L L H L L 2-bit 

H H L L H L H DB22 

H H L L H H L DB21 

H H L L H H H 2-bit 

H H L H L L L 2-bit 

H H L H L L H OB20 

H H L H L H L OB19 

H H L H L H H 2-bit 

H H L H H L L OB18 

H H L H H L H 2-bit 

H H L H H H L 2-bit 

H H L H H H H CB4 

H H H L L L L 2-bit 

H H H L L L H OB16 

H H H L L H L unc 

H H H L L H H 2-bit 

H H H L H L L OB17 

H H H L H L H 2-bit 

H H H L H H L 2-bit 

H H H L H H H CB3 

H H H H L L L unc 

H H H H L L H 2-bit 

H H H H L H L 2-bit 

H H H H L H H CB2 

H H H H H L L 2-bit 

H H H H H L H CB1 

H H H H H H L CBO 

H H H H H H H none 



SN74ALS6328, SN74AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

read-modify-write (byte control) operations 

The' AL5632B and' A5632 are capable of byte-write operations. The 39-bit word from memory must first 
be latched into the DB and CB input latches. This is easily accomplished by switching from the read and 
flag mode (51 = H, SO = L) to the latch input mode (51 = H, 50 = H). The EOAC will then make any 
corrections, if necessary, to the data word and place it at the input of the output data latch. This data 
word must then be latched into the output data latch by taking LEOBO from a low to a high. 

Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls OBO-OB7 (byte 0)' OEBl controls OB8-0B15 (byte 1), OEB2 controls OB16-0B23 (byte 2), and 
OEB3 controls OB24-0B31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byte control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, a new check word must 
be generated before it is written back into memory. This is easily accomplished by taking control 51 and 
50 low. Table 6 lists !tie read-modi.fy-write functions. 

TABLE 6. READ-MODIFY-WRITE FUNCTION 

MEMORY EDAC CONTROL 
DB OUTPUT 

CB ERROR FLAGS 
BYTEn t Miin t LATCH CHECK 110 m MERR CYCLE FUNCTION 51 52 

LEiiliO 
CONTROL 

Read Read & flag H L Input H X Input H Enabled 

Read 
Latch input data 

& check bits 
H H 

Latched input 

data 
H L 

Latched input 

check word 
H Enabled 

Latch corrected Latched Hi·Z H 

Read data word into H H output H H Output Enabled 
L 

output latch data word Syndrome bits 

Input 

Modify appropriate modified H 

Modify byte or bytes & BYTEO Output 
H L L H L H 

Iwrite generate new Output check word 

check word unchanged L 

BYTEO 

t OEBO controls OBO·OB7 (BYTEOI. OEBl controls OB8·0B15 (BYTE1), 0EB2 controls OB16·0B23 (BYTE21. OEB3 controls OB24·()B31 
(BYTE3). 

diagnostic operations 

The' AL5632B and' A5632 are capable of diagnostics that allow the user to determine whether the EOAC 
or the memory is failing. The diagnostic function tables will help the user to see the possibilities for diagnostic 
control. 

In the diagnostic mode (51 = L, SO = HL the check word is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known check 
word. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the check word is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched check word. The diagnostic data word can be latched into the output data latch and verified. 
By changing from the diagnostic mode (51 = L, SO = H) to the correction mode (51 = H, SO = HL the 
user can verify that the EOAC will correct the diagnostic data word. Also, the syndrome bits can be produced 
to verify that the EOAC pinpoints the error location. Table 7 lists the diagnostic functions. 

TEXAS ~ 
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SN14ALS632B, SN14AS632 
32·BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

TABLE 7. DIAGNOSTIC FUNCTION 

CONTROL 
DB BYTE DB OUTPUT CB 

ERROR FLAGS 
EDAC FUNCTION 

S1 SO 
DATA I/O CONTROL LATCH CHECK I/O CONTROL ERR iImiR 

OEBn I:EDiiO OECB 

Read & flag H L 
Input correct 

H 
data word 

X 
Input correct 

cheCk bits 
H H H 

Latch input check 
Input 

word while data Latched input 
L H diagnostic H L H Enable 

input latch remains 
data wotd t check bits 

output latch 

Latch diagnostic Input Output latched 
L 

data word into L H diagnostic H H check bit Enabled 

output latch data word t Hi-Z H 

Latched Output 
Latch diagnostic 

input syndrome L 
data word into H H H H Enable 

diagnostic bits 
input latch 

data word Hi-Z H 

Output diagnostic Output 
Output 

syndrome L 
data word & H H diagnostic L H Enabled 

bits 
syndrome bits data word 

Hi-Z H 

Output corrected Output Output 

diagnostic data corrected syndrome l 
H H L L Enabled 

word & output diagnostic bits 

syndrome data word Hi-Z H 

tOiagnostic data is a data word with an error in one bit location except when testing the N1"E'tfR error flag. In this case, the diagnostic data 
word will contain errors in two bit locations. 

TEXAS ." 
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SN74ALS6328, SN74AS632 
32-811 PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: eB and DB ................................................. " 5.5 V 

All others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating free-air temperature range: SN74ALS632B, SN74AS632 .............. ooe to 70 0 e 
Storage temperature range ......................................... - 65 °e to 150 °e 

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

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

recommended operating conditions 

SN74ALS632B SN74AS632 

MIN NOM MAX MIN NOM 
UNIT 

MAX 

VCC Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

VIH High-level input voltage 2 2 V 

VIL Low-level input voltage 0.8 0.8 V 

High-level output ERR or MERR -0.4 -0.4 
IOH mA 

current DB or CB -2.6 -2.6 

Low-level output ERR or MERR 8 B 
IOL 

DB or CB 
mA 

current 24 24 

tw Pulse duration LEDBO low 20 20 ns 

(1) Data and check word before sot 

(S1 =HI 
5 5 

(21 SO high before LED BOt (S1 =Hlt 30 25 

(31 LEDBO high before the earlier of 
0 0 

SO~orSHt 
(41 UDliO high before S1I (SO=HI 0 0 

tsu Setup time 
(51 Diagnostic data word before S 11 

ns 

5 5 
(SO=HI 

(61 Diagnostic check word before the 

later of S 11 or sot 
7 7 

(71 Diagnostic data word before 
15 15 

LEDBO! (S1 =L and SO=HI§ 

(BI Read-mode, SO low and S 1 high 25 25 

(91 Data and check word after sot 

(S1 =HI 
10 10 

(101 Data word after S1I (SO=HI 10 10 
th Hold time ns 

(111 Check word after the later of 
10 10 

S1I or sot 

(121 Diagnostic data word after 
0 0 

ITi5Bl5! (S1 = L, SO = HI § 

tcorr Correction time (see Figure 1)' 37 32 ns 

TA Operating free-air temperature 0 70 0 70 °C 

:t: These times ensure that corrected data is saved in the output data latch. 
§ These times ensure that the diagnostic data word is saved in the output data latch. 
, the tcorr specification includes the minimum setup time tsu( 1). The correction time from SO going high to valid data is equal to 

tcorr minus tsu( 1 ) 

TEXAS • 
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SN74ALS6328, SN74AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

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

SN74ALS632B SN74AS632 
PARAMETER TEST CONDITIONS 

MIN TYpT MAX MIN Typt MAX 
UNIT 

VIK Vee = Open, 11=-18mA -1.2 -1.2 V 

VOH 
All outputs Vee - 4.5 V to 5.5 V, 10H - -0.4 mA VCC-2 VCC-2 

V 
DB or eB Vee = 4.5 V, 10H = -2.6 mA 2.4 3.2 2.4 3.2 

ERR or MERR 
Vee = 4.S V, IOH = 4 mA 0.25 0.4 0.25 0.4 

Vee = 4.5 V, IOL=8mA 0.35 0.5 0.35 0.5 
VOL V 

Vee = 4.5 V, IOL = 12 mA 0.25 0.4 0.25 0.4 
DB or eB 

Vee = 4.5 V, 10L - 24 mA 0.35 0.5 0.35 0.5 

50 or 51 Vee = 5.5 V, VI = 7 V 0.1 0.1 
II mA 

All others Vee = 5.5 V, VI = 5.5 V 0.1 0.1 

DB or eB'" 20 20 
IIH All others'" 

Vee = 5.5 V, VI = 2.7 V 
20 20 

~A 

IlL 
50 or 51 

All others'" 
Vee = 5.5 V, VI = 0.4 V 

-0.4 -0.4 
mA 

-0.1 -0.1 

lo! Vee = 5.5 V, Va = 2.25 V -30 -112 -30 -112 mA 

lee Vee - 5.5 V, 5ee Note 2 157 250 200 300 mA 

tAli typical values are at Vee = 5 V, TA = 2Soe. 
+For 110 ports, the parameters I'H and I,L include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE 2: lee is measured with 50 and 51 at 4.S V and all eB and DB pins grounded. 

switching characteristics over recommended ranges .of supply voltage and operating free-air 
temperature, CL .. 50 pFt 

FROM TO 
TEST CONDITIONS 

SN74ALS632B 
PARAMETER 

(INPUT) (OUTPUT) MIN MAX 

DB and eB ERR 51 =H, 50=L, RL=SOO 0 5 30 
tpd DB ERR 51-L, 50-H, RL - 5000 5 30 

DB and eB ~ 51 =H, 50=L, RL =5000 6 37 
tpd 

DB MERR 51 =L, 50=H, RL=500 0 37 6 

tpd 501 and S1I eB Rl =R2=500 0 5 32 

tpLH 501 and 511 ERR RL = 5000 3 19 

tpd DB CB 51-L, 50=L, Rl-R2-500 (J 5 30 

tpd LEDBOI DB SO-X, 50-H, Rl-R2-500 0 3 18 

tpd 511 eB 51-H, Rl--R2-500 0 4 24 

ten Q'E'(;6j CB 50-H, 51-X, R1-R2-S00 II 1 22 

tdis OECBI eB 50=H, 51 =X, R1 =R2=500 II 1 20 

OEBO thru 
ten 0EB3j 

DB 50=H, 51 =X, R1 =R2=500 II 1 22 

OEBO thru 
tdis 0EB3t 

DB 50=H, 51 =X, R1 =R2=500 (J l' 20 

tSee Parameter Measurement Information for load circuit and voltage waveforms. 
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SN74AS632 
UNIT 

MIN MAX 

4 25 

4 25 
ns 

5 32 

5 32 
ns 

4 28 

2 17 ns 

4 26 ns 

2 16 ns 

3 20 ns 

1 17 ns 

1 15 os 

1 17 os 

1 15 ns 



SN74ALS632B, SN74AS632 
32·BIT .PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

From Output __ ~.-______ Te.t 

Under Teal Point 

Timing 
Input 

Data 
Input 

CL ;:=:: 
(See Note A) 

LOAD CIRCUIT FOR 
Bt-STATE 

TOTEM-POLE OUTPUTS 

t~'!..---
t.u~th 

~ 1.3V 1.3V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

Input L1.3V \.~.3V--3.5V 
--J'l I . 0.3 V 

tp~ ~tPHL 
I I I '--VOH 

In-Ph .. e I 11.3V I \L 1.3 V 
Output I' ,\.:.:.. VOL 

Out-of-Pha .. 
Output 

(SaeNoleD) 

tPHL~ ~tPLH 
\l !.I::': VOH 
~.3V T 1.3 V 

--VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

CL 
(Sa_Not_A) 

LOAD CIRCUIT FOR 
3-STATE OUTPUTS 

R2 

High-level ~ - --
Pul .. -----11'-. ,_. ~ 

14-- tw ---tI 
I I 
I I 

Lo .... Level ~ 1.3 V 1.3 V rr-
Pulee ~ __ _ 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

~
3'5V 

Output Control 
(low-level 1.3 V 1.3 V 
enabling) , ~ ____ 0.3 V 

tPZL......... I 
I I tPLZ-+j I+-

W;~~~=~ ---+: "'\+-~3~ - ~Y-=;- ~ 3.5 V 
(See Nole B) I. , - - I - VOL 

, tPHz-Ioi ~ L 0.3 V 
tPZH.... ~ I -.y 

W8Veform2~_ --=.-VOH 
S10pen r 

(Sae Nole B) _ ~ ~ __ 1:. 0.3 V., 0 V 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

B. Waveform 1 is an output with internal condition such that the output is low except when disabled by the output control. 
Waveform 2 is an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PAA s 1 MHz. tr = tf = 2 ns. duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is open. 

FIGURE 1 
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SN74ALS632B. SN74AS632 
32-BIT PARALLEL ERROR DETECTION AND CORRECTION CIRCOiTS 

PARAMETER MEASUREMENT INFORMATION 

tt---READ--~."I'----------CORRECT----------"""*I·I 
, . I I 
~tht81~ I 

so-l rl-----------------------------------Li ______ ___ 
!f~-------tco,.,action-------~~ 

:t5U(11~tht91______: 1 rt-tdi'--.., 

DBOTHRUD~l------_1==~'~NP~U~T!D~AT~A~W~D~R~D====~~~tE~,c:====j(:!D~UT~P~UT~C~O~R~R~EC~T!ED~DA~T~A~W~D~R~D:j~~~~---
tt--ten~ 

OEBOTHRUffiffi3------~--------~--------~' 
, : ~I----------------------------------~ ~t..,'1)~thl.'~ j4-";.~ 

CBOTHRUCB6 ---t INPUT CHECK WORD ~ OUTPUTSVNDROMECODE »»»»1 

, : M--fen--..Jol 

:, , __ tpd~ L--_________________________________ ~ 

~:~:~~::Y.I:Y.I:~:~'(;~t~~~~;~;~~~/.I;Y.I~~~Y.I~~;~;;'~;;~======~~VA~L~'D~E~R~R:FL:A:G==============~XU"Y.I~~?~7~~y~~~~76~~~~ 
i4 tpd "' 

MEliA W&i&i~We2%W$~-------------V-A-L'-D=M"'ER=R,..F-L-AG---------------~(,jv'1dDW 

FIGURE 2. READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 

~ tn{BI--4Ii 

SO: rl--------------------------------------,I 
tt--READ 1It4 CORRECT .14 WRITE 

•• --.J i I , , 
I OUTPUT CORRECTED DATA WORD I 

oBO THRU 087 ----< INPUT DAT~ WORD »»K:X »») ( INPUT MODIFIED BYTE 0 , , 
088 THRU OB15 INPUT DATA WORD OUTPUT CORRECTED DATA WORD , 

DB16THRUDB23 --~--:::'N::::PU::::T:-:D:-:A':'TA!:"W:::O:::R::D:-~=>.r--V"-------------:O:::U::TP::-U=T-:::CO::R:-:R=E::CT::E:':O-:::D7AT::A:-:W:::O::R:::O------------"""~L-

OB24 THRU D8J1 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

OEBO 

: L-______________________________ ~ __________________ ~r______ 

, 
, r-: ~----------------------_T------------~ 

0E83 --------------11------, r---
I I· 
_tw '2'__ j4-t..,'3'""1 

LEDiiO ~~~~<:"~~~~~~~'_::::"<:~<:"~'_::::":'~~~~\\ MNMM$IM'$)I : 
Io-t..--l : 

OECB--------------------~I~ ________________________ ~I----------------~r------

CHO THRU CB6 INPUT CHECK WORD OUTPUT SYNDROME CODE OUTPUT CHECK WORD 

\~ __________ ~V~AL~'D~ER~R~F~L~AG~ ________ _JI 

\~ ______ ~V~AL~'D~M~ER~R~F~L~AG~ ____ ~I 

FIGURE 3. READ, CORRECT, MODIFY MODE SWITCHING WAVEFORMS 
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S1 

DBO THRU DB31 

SN74ALS6328, SN74AS632 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUITS 

PARAMETER MEASUREMENT INFORMATION 

L r.w' .. l .... ------------------------
~------------------4'------~, 

I ..--tht'OI~ 
, I I 

NPUT VALID DATA WOAD INPUT DIAGNOSTIC DATA WORD OUTPUT DIAGNOSTIC 
DATA WORD 

I , 

Ot90-------~------------------41------~1----~ ~~~~ ! : ~------------~-----~r----
tsu,7Jlhl-' ...... ·~I·~·~!::.::·':"~41--_+------------_Itt-,Pd...,j 

LEDBO ! I I. I 
------, .. , ---------------... :-----1I-+-.h"2'--I '----------------------

C8. 
THRU 

CBS 

t4-tsut61+thI111~ 1 Le--tpd4 
OUTPUT VALID CHECK WORD OUTPUT SYNDROME CODE 

~ tdi.~ 

L-_______ ~---~:~----------------------------------Jr----
14--"'4 i-',,-! 

Eiiii --'1--- - , VERIFY PROPER OPERATION OF m FLAG , -----VER7F.;pRO;;ROPERAnONOFERRFLAG.F~GSHOULDBE'70W ----_+. __ ....,...,....J '-___ 2!:.A!~~~!.E!'!H2.. __ ... _.J WITH A DIAGNOSTIC OATAWQAD WITH A SINGLE ERROR 

~'p'---.t 

FIGURE 4. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN74AS632A 
32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

03397. JANUARY 1990 

• Detects and Corrects Single-Bit Errors 

• Detects and Flags Dual-Bit Errors 

• Built-In Diagnostic Capability 

• Fast Write and Read Cycle Processing Times 

• Byte-Write Capability 

• Dependable Texas Instruments Quality and 
Raliability 

description 

The • AS632A device is a 32-bit parallel error 
detection and correction circuit (EDAC). This 
EDAC uses a modified Hamming code to 
generate a 7-bit check word from a 32-bit data 
word. This check word is stored along with the 
data word during the memory write cycle. During 
the memory read cycle. the 39-bit words from 
memory are processed by the EDAC to 
determine if errors have occurred in memory. 

Single-bit errors in the 32-bit data word are 
flagged and corrected. 

Single-bit errors in the 7 -bit check word are 
flagged, and the CPU sends the EDAC through 
the correction cycle even though the 32-bit data 
word is not in error. The correction cycle will 
simply pass along the original 32-bit data word 
in this case and produce error syndrome bits to 
pinpoint the error-generating location. 

Dual-bit errors are flagged but not corrected. 
These errors may occur in any two bits of the 
39-bit data word from memory (two errors in the 
32-bit data word, two errors in the 7-bit check 
word, or one error in each word). The gross-error 
condition of all lows or all highs from memory 
will be detected. Otherwise, errors in three or 
more bits of the 39-bit word are beyond the 
capabilities of this device to detect. 

Read-modify-write (byte-control) operations can 
be performed by using output latch enable, 
LEDBO, and the individual OEBO thru OEB3 byte 
control pins. 

Diagnostics are performed on the EDAC by 
controls and internal paths that allow the user 
to read the contents of the DB and CB input 
latches. These will determine if the failure 
occurred in memory or in the EDAC. 

N OR JD PACKAGE 

(TOPVIEWI 

OBl 

OB3 
DB4 

OEBO 
D86 
DB7 
GND 
DB8 
DB9 

OEBl 
DB10 
DBll 

DB12 
DB13 
DB14 
D815 

CB6 
CB5 
CB4 

OECB 

FN PACKAGE 

(TOPVIEWI 

D828 

DB25 
DB24 
GND 
DB23 
DB22 
OE82 
DB21 
D820 

D819 
DB18 
DB17 
D816 
CBO 
CBl 
C82 
C83 

9 8 7 6 5 4 3 2 1 686766 65 64 63 62 61 

~ W ~ 

11 59 

12 58 
13 57 

14 56 
15 55 

16 ~ 

17 53 

18 52 

19 51 

~ W 
~1 ~ ~ 

~ ~ 

D811 23 47 
M ~ . ~ . ~ 

V~~W~ftft~~~n~~~~~~ 

NC - No internal connection 

ADVANCE INFORMATION concerns now products in 

~hh~::~~~ii:'I:r s=r~~~ct~t~~8::e~tf1:::i~::~~~ TEXAS • 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

logic symbol t 

SO 
51 

OEBO 
OEBl 
OEB2 
OEB3 

OBO-OB7 

OB8-0B15 

OB16-0B23 

OB24-0B31 

"-
"-

" 
" 

oJ; 

EQAC 
'AS632A 
'AS632 

~ } MODE 

EN (OBO-OB7I 
EN (OB8-0815) 
EN IOB16-0B23) 
EN (OB24-0B31) 

EN ICBO-CB6) 

LEOBO ., 
~I'il 

1:1'il 

~ 161'il 
23 " 
241 
31 'il 

ERR 

MERR 

r 

'il11 

CHECK 
. 

BITS 

CB6 

CBO 

tThis symbol is an accordance with ANSI/IEEE-Std 91-1984. 

TERMINAL FUNCTIONS 

PIN NAME DESCRIPTION 

CBO-CB6 
Check Bit data port. This '-bit 110 port is used to output check bits during write cycles and input memory check bits 

during read cycles. 

OBO-OB31 
Data port. This 32-bit 110 port is used to input processor data during memory write cycles and used to output 

corrected data during memory read cycles. 

EIi'R 
Single-Bit Error Flag. This active-low output signals when a single-bit error has occurred. When more than two errors 

occur, this output is unpredictable. 

GND Ground 

IT:i5lrn 
Output Latch Eneble. This input controls the output data latch that stores the corrected data word. When low', data 

is allowed to flow through the latch. When taken high, data present at the inputs of the output data latch is stored. 

iImffi 
Multiple-Bit Error Flag. This active-low output signals when a double-bit error has occurred. When mpre than two 

errors occur, this output is unpredictable. 

NC No internal connection 

Data Output Enable controls. These active-low inputs are used to enable data onto the data bus (DBO-DB31). Each 

emiO-0E'li31 input controls 8-bits for byte control operations. 0E'li0 controls DBO-DB7, emil controls DB8-DB15, emi2 controls 

DB16-DB23, and 0E'li3 controls DB24-DB3" 

'5Ee'!l Check Bit Output Enable control. This active-low input is used to enable the check bits onto the check bit bus (CBO-CB6). 

50,51 Mode Select controls. These control inputs select the mode of the EDAC. See function tables for details. 

VCC Supply voltage 

TEXAS ." 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

logic diagram (positive logic) 

DECODER 

so -1 

S1 - 2 

CBO·C B6 

CB 

OB7 OBO· 

OB8·0 

OB16·0 

OB24·0 

B15 

B23 

B31 

x/v 
0 

0 

3 
1 
3 
2 

LATCHES 
C1 

7, 107• 
7 

lf9 7 7.<) 7 

~ "L-
8 

8 

8 

8 

8 8 8 8 BUFFERS 
8.<) 

BO EN 
L-

B1 

-
B2 

B3 

BO 

~YND"OM' GENERATOR 
r---

7 7.;,,1 7 7.-1 ~ 
, 

L...- ~ 
CHECK·BIT 7 ~ 

r-- GENERATOR --7L- CB3 
-=-... 
~ 
~ 
~ 

MUX [7 

k GO 1!1,..<- 32 7 ~ 
L- G1 

7 
0 ERROR 

DETECTOR 
LATCHES 

'--- C1 

10 L- EN ERROR p.-ERR 
10 ~ 7 MULTI· p-MEFiR ERROR 
10 

10 

32 

BIT·IN· 

8 ERROR ERROR 
CORRECTOR DECODER 

LATCHES 32. -1 EN 

~ 32. - -¥--
~ 32 32 

~f 
T 10 

1 [32 
32 

C1 
X·OR) 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

TABLE 1. WRITE CONTROL FUNCTION 

DB DB 
CB 

MEMORY EDAC CONTROL 
DATA I/O 

CONTROL OUTPUT 
CHECK I/O CONTROL 

ERROR FLAGS 

CYCLE FUNCTION S1 S2 OEBn OR LATCH 
0ECii 

ERR MERR 

OEDB LEDBO 

Write 
Generate 

L L Input H X 
Output 

L H H 
check bits t check word 

tSee Table 2 for details on check bit generation. 

memory write cycle details 

During a memory write cycle, the check bits (CBO thru CBS) are generated internally in the EDAC by seven 
1S-input parity generators using the 32-bit data word as defined in Table 2. These seven check bits are 
stored in memory along with the original 32-bit data word. This 32-bit word will later be used in the memory 
read cycle for error detection and correction. CBO, CB1 and CB2 are odd parity bits and CB3, CB4, CB5, 
and CBS are even parity bits. For example, for a data word of all zeros CBO-CB2 will be high and CB3-CBS 
will be low. 

TABLE 2. PARITY ALGORITHM 

CHECK WORD 32·BIT DATA WORD 

BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

CBO X X X X X X X X X X X X X X X X 

CBl X X X X X X X X X X X X X X X X 

CB2 X X X X X X X X X X X X X X X X 

CB3 X X X X X X X X X X X X X X X X 

CB4 X X X X X X X X X X X X X X X X 

CB5 X X X X X X X X X X X X X X X X 

CBS X X X X X X X X X X X X X X X X 

The seven check bits are parity bits de1rived from the matrix of data bits as indicated by "x" for each bit. 

error detection and correction details 

4-20 

During a memory read cycle, the 7-bit check word is retrieved along with the actual data. In order to be 
able to determine whether the data from memory is acceptable to use as presented to the bus, the error 
flags must be tested to determine if they are at the high level. 

The first case in Table 3 represents the normal, no-error conditions. The EDAC presents highs on both 
flags. The next two cases of single-bit errors give a high on MERR and a low on ERR, which is the signal 
for a correctable error, and the EDAC should be sent through the correction cycle. The last three cases 
of double-bit errors will cause the EDAC to signal lows on both ERR and iiiiERR, which is the interrupt 
indication for the CPU. 

TEXAS ." 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

TABLE 3. ERROR FUNCTION 

TOTAL NUMBER OF ERRORS ERROR FLAGS 
DATA CORRECTION 

32-BIT DATA WORD 7-BIT CHECK WORD ERR iImm 
0 0 H H Not applicable 

1 0 L H Correction 

0 1 L H Correction 

1 1 L L Interrupt 

2 0 L L Interrupt 

0 2 L L Interrupt 

Error detection is accomplished as the 7-bit check word and the 32-bit data word from memory are applied 
to internal parity generators/checkers. If the parity of all seven groupings of data and check bits are correct, 
it is assumed that no error has occurred and both error flags will be high. 

If the parity of one or more of the check groups is incorrect, an error has occurred and the proper error 
flag or flags will be set low. Any single error in the 32-bit data word will change the state of either three 
or five bits of the 7-bit check word. Any single error in the 7-bit check word changes the state of only 
that one bit. In either case, the single error flag (ERR) will be set low while the dual error flag (MERR) will 
remain high. 

Any two-bit error will change the state of an even number of check bits. The two-bit error is not correctable 
since the parity tree can only identify single-bit errors. Both error flags are set low when any two-bit error 
is detected. 

Three or more simultaneous bit errors can cause the EOAC to believe that no error, a correctable error, 
or an uncorrectable error has occurred and will produce erroneous results in all three cases. It should be 
noted that the gross-error conditions of all lows and all highs will be detected. 

MEMORY EDAC 

CYCLE FUNCTION 

Read Read & flag 

Latch input 

Read data & check 

bits 

Output 

Read Corrected data 
& syndrome bits 

tSee Table 3 for error description. 
*See Table 5 for error location. 

TABLE 4. READ. FLAG. AND CORRECT FUNCTION 

DB DB 
CB 

CONTROL CONTROL OUTPUT ERROR FLAGS 
DATA I/O 

lrnin OR 
CHECK I/O CONTROL 

ERR MERR S1 S2 LATCH 
OECB 

llEDB rEDiiO 
H L Input H X Input H Enabled T 

Latched Latched 

H H input H L input H Enabled t 

data check word 

Output Output 

H H corrected L X syndrome L Enabled t 

data word bits* 

As the corrected word is made available on the data I/O port (OBO thru OB31), the check word I/O port 
(CBO thru CB6) presents a 7-bit syndrome error code. This syndrome error code can be used to locate 
the bad memory chip. See Table 5 for syndrome decoding. 
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SN74AS632A .. 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

SYNDROME BITS 
ERROR 

6. 5 4 3 2 1 0 

L L L L L L L unc 

L L i. L t L H 2-bit 

L L L L L H L 2-bit 

L L L L L H H unc 

L L L L H L L 2-bit 

L L L L H L H unc 

L L L L H H L unc 

L L L L H H H 2-bit 

L I. L H L L L 2-bit 

L L L H L L H unc 

L L L H L H L DB31 

L L L H L H H 2-bit 

L L L H H L L unc 

L L L H H L H 2-bit 

L L L H H H L 2-bit 

L L L H H H H DB30 

L L H L L L L 2-bit 

L L H L L L H unc 

L L H L L H L DB29 

L L H L L H H 2-bit 

L ~ H L H L L DB2B 

L L H L H L H 2-bit 

" L H L H H L 2-bit 

L L H L H H H DB27 

L L H H L L L DB26 

L L H H L L H 2-bit 

L L H H L H L 2-bit 

L L H H L H H 0825 

L L H H H L L 2-bit 

L L H H H L H DB24 

L L H H H H L unc 

L L H H H· H H 2-bit 

CB X = error in check bit X 
DB y ~ error in data bit Y 
2-bit ~ double-bit error 

TABLE 5. SYNDROME DECODING 

SYNDROME BITS 
ERROR 

SYNOROME BITS 

2 6 5 4 3 2 1 0 6 5 4 3 1 0 

L H L L L L L 2·bit H L L L L L L 

L H L L L L H unc H L L L L L H 

L H L L L H L DB7 H L L L L H L 

L H L L l H H 2-bit H L L L L H H 

L H L L H L L DB6 H L L L H L L 

L H L L H L H 2-bit H L L L H L H 

L H L L H H L 2~bit H L L L H H L 

L H L L H H H DB5 H L l L H H H 

L H l H L L L DB4 H L L H L L L 

L H L H L L H 2-bit H L L H L L H 

L H L H L H L 2-bit H L L H L H L 

L H L H L H H DB3 H L L H L H H 

L H L H H L L 2-bit H L L H H L L 

L H L H H L H DB2 H L L H H L H 

L H L H H H L unc H i. L H H H L 

L H L H H H H 2-bit H L L H H H H 

L H H L L L L DBO H L H L L L L 

L H H L L L H 2-bit H L H L L L H 

L H H L L H L 2-bit H L H L L H L 

L H H L L H H unc H L H L L H H 

L H H L H L L 2-bit H L H L H L L 

L H H L H L H DBl H L H L H L H 

L H H L H H L unc H L H L H H L 

L H H L H H H 2-bit H L H L H H H 

L H· H H L L L 2-bit H L H H L L L 

L H H H L L H unc H L I-! H L L H 

L H H H L H L unc H L H H L H L 

L H H H L H H 2-bit H L H H L H H 

L H H H H L L unc H L H H H L L 

L H H H H L H 2-bit H L H H H L H 

L H H H H H L 2-bit H L H H H H L 

L H H H H H H CB6 H L H H H H H 

unc = uncorrectable multibit error 
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ERROR 

2·bit 

unc 

unc 

2-bit 

unc 

2-bit 

2-bit 

unc 

unc 

2-bit 

2-bit 

DB15 

2-bit 

unc 

DB14 

2-bit 

unc 

2-bit 

2-bit 

DB13 

2-bit 

DB12 

DB11 

2-bit 

2-bit 

DB10 

DB9 

2-bit 

DB8 

2-bit 

2-bit 

CB5 

SYNORQME BITS 
ERROR 

3 2 6 5 4 1 0 

H H L L ~ L. L unc 

H H L L L L H 2-bit 

H H L L l H L 2-bit 

H H L L L H H DB23 

H H L L H L L 2-bit 

H H I. L H L H DB22 

H H L L H H L DB21 

H H L ~ H H H 2-blt 

H H L H L L L 2-bit 

H H L I-i L L H DB20 

H H L H L H L DB19 

H H L H L H H 2-bit 

H H L H H L L 0818 

H H L H H L H 2-bit 

I-! H I. H H H L 2-bit 

H H L H H H H CB4 

H H H L L L L 2-bit 

H H H L L L H DB16 

H H H L L H L unc 

H H H L L H H 2.-bit 

H H H L H L L DB17 

H H H L H L H ~-bit 

H H H L H H L 2-bit· 

H H H L H H H CB3 

H H H H L L L unc 

H H H H L L H 2-bit 

H H H H L H L 2-bit 

H H H H L H H CB2 

H H H H H L L 2-bit 

H H H H H L H CBl 

H H H H H H L CBO 

H H H H H H H none 



SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

read-modify-write (byte con troll operations 

The' AS632A is capable of byte-write operations. The 39-bit word from memory must first be latched 
into the DB and CB input latches. This is easily accomplished by switching from the read and flag mode 
(S 1 = H, SO = L) to the latch input mode (51 = H, SO = H). The EOAC will then make any corrections, 
if necessary, to the data word and place it at the input of the output data latch. This data word must 
then be latched into the output data latch by taking LEOBO from a low to a high. 

Byte control can now be employed on the data word through the OEBO through OEB3 controls. OEBO 
controls OBO-OB7 (byte 0)' OEBl controls OB8-0B15 (byte 1), OEB2 controls OB16-0B23 (byte 2), and 
'6EB3 controls OB24-0B31 (byte 3). Placing a high on the byte control will disable the output and the user 
can modify the byte. If a low is placed on the byt.e control, then the original byte is allowed to pass onto 
the data bus unchanged. If the original data word is altered through byte control, a new check word must 
be generated before it is written back into memory. This is easily accomplished by taking control S1 and 
SO iow. Table 6 lists the read-modify-write functions. 

TABLE 6. READ-MODIFY-WRITE FUNCTION 

MEMORY EDAC CONTROL 
DB OUTPUT 

BYTEnt OEiin t 
CB ERROR FLAGS 

CYCLE FUNCTION S1 52 
LATCH CHECK 1/0 

CONTROL ERR MERR 
[El5iW 

Read Read & \lag H L Input H X Input H Enabled 

Read 
Latch input data 

H H 
Latched input 

H L 
Latched input 

H Enabled 
& check bits data check word 

Latch corrected Latched Hi-Z H 

Read data word into H H output H H Output 
L 

Enabled 

output latch data word Syndrome bits 

Input 

Modify appropriate modified H 

Modify byte or bytes & BYTEO Output 
L L L H H H 

/write generate new Output check word 

check word unchanged L 

BYTEO 

t mo controls OBO-OB7 (BYTEOl, OEB 1 controls OB8-0815 (BYTE 11, <5EB2 controls DB 16-0B23 (BYTE2), OEB3 controls OB24-0B31 
(BYTE31. 

diagnostic operations 

The' AS632A is capable of diagnostics that allow the user to determine whether the EOAC or the memory 
is failing. The diagnostic function tables will help the user to see the possibilities for diagnostic control. 

In the diagnostic mode (51 = L, SO = H), the check word is latched into the input latch while the data 
input latch remains transparent. This lets the user apply various data words against a fixed known check 
word. If the user applies a diagnostic data word with an error in any bit location, the ERR flag should 
be low. If a diagnostic data word with two errors in any bit location is applied, the MERR flag should be 
low. After the check word is latched into the input latch, it can be verified by taking OECB low. This outputs 
the latched check word. The diagnostic data word can be latched into the output data latch and verified. 
By changing from the diagnostic mode (51 = L, SO = H) to the correction mode (51 = H, SO = H)' the 
user can verify that the EOAC will correct the diagnostic data word. Also, the syndrome bits can be produced 
to verify that the EOAC pinpoints the error location. Table 7 lists the diagnostic functions. 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

TABLE 7. DIAGNOSTIC FUNCTION 

CONTROL 
DB BYTE DB OUTPUT 

EDAC FUNCTION 
S1 

DATA 110 CONTROL LATCH CHECK 110 
SO 

OEBn LEDiiO 

Read & flag H L 
Input correct 

data word 
H X 

Input correct 

check bits 
Latch input check 

Input 
word while data Latched input 

L H diagnostic H L 
input latch remains 

data word t 
check bits 

output latch 

Latch diagnostic Input Output latched 

data word into L H diagnostic H H check bit 

output latch data word t Hi·Z 

Latch diagnostic 
Latched Output 

input syndrome 
data word into H H H H 

diagnostic bits 
input latch 

data word Hi·Z 

Output diagnostk: Output 
Output 

syndrome 
data word & H H diagnostic L H 

bits 
syndrome bits data word 

Hi·Z 
Output corrected Output Output 

diagnostic data 

word & output 
H H 

corrected 
diagnostic 

L L 
syndrome 

bits 
syndrome data word Hi·Z 

CB 
ERROR FLAGS 

CONTROL 
ERR ii.mUi 

~ 

H H H 

H Enable 

L 
Enabled 

H 

L 
Enable 

H 

L 
Enabled 

H 

L 
Enabled 

H 

2 t Diagnostic data is a data word with an error in one bit location except when testing the m1ffi error flag. In this case. the diagnostic data 
." word will contain errors in two bit locations. 
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SN74AS632A 
32-81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage: eB and DB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

All others. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating free-air temperature range .................... . . . . . . . . . .. ... ooe to 70°C 
Storage temperature range ......................................... - 65°C to 150°C 

tStresses 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 in "recommended operating conditions" 
is not implied. Exposure to absolute-maxi mum-rated conditions for extended periods may affect device reliability. 

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

recommended operating conditions 

MIN NOM MAX UNIT 

VCC Supply voltage 4.5 5 5.5 V 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

High-level output ERR or MERR -0.4 
IOH mA 

cur.rent DB or CB -2.6 
Low-level output ERR or mIlA 8 

IOL mA 
current DB or CB 24 

tw Pulse duration LEIiIm low 14 ns 

(1) Data and check word before SOt 151 = H) 4 

(2) SO high before rEliB"Ot (51 =H)+ 20 

(3) LEDBO high before the earlier of 501 or 51i~ 0 

tsu Setup time (4) ITl5IR5 high before 511 ISO = H) 0 ns 

(5) Diagnostic data word before 511 ISO=H) 4 

16) Diagnostic check word before the later of 511 or Sot 5 

(7) Diagnostic data word before ~t 151 =L and SO=H)§ 12 

(8) Read-mode, SO low and 51 high 15 

Hold time 
(9) Data and check word after sot (51 = H) 6 

th (10) Data word after 511 ISO-H) 7 
ns 

(11) Check word after the later of 511 or SOt 7 
(12) Diagnostic data word after LEDBOI IS 1 = L, SO = H) 9 0 

teorr Correction time Isee Figure 1)' 24 ns 

TA Operating free-air temperature 0 70 °C 

:t: These times ensure that corrected data is saved in the output data latch. 
§ These times ensure that the diagnostic data word is saved in the output data latch. 
'the teorr specification includes the minimum setup time tsu{1)' The correction time from SO going high to valid data is equal to 

teorr minus tsu( 1 ) 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

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

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIK Vee - Open, II - -18mA -1.2 V 

VOH 
All outputs Vee = 4.5 V to 5.5 V, IOH = -0.4 mA Vcc- 2 

V 
DB or CB. Vee = 4.5 V, IOH = -2.6 mA 2.4 3.2 

ERR or MERR 
Vee = 4.5 V, 10H = 4 mA 0.25 0.4 

Vee = 4.5 V, IOL = 8 mA 0.35 0.5 
VOL V 

Vee - 4.5 V, IOL-12mA 0.25 0.4 
DB or eB 

0.35 Vee = 4.5 V, IOL = 24 mA 0.5 

SO or 51 Vee = 5.5 V, VI = 7 V 0.1 
II mA 

All others Vee = 5.5 V, VI = 5.5 V 0.1 

IIH 
DB or eB' 

All others' 
Vee = 5.5 V, VI = 2.7 V 

20 

20 
~A 

IlL 
SO or 51 

All others' 
Vee = 5.5 V, VI = 0.4 V 

-0.4 

-0.1 
mA 

IO§ Vce = 5.5 V, Va = 2.25 V -30 -112 mA 

lee Vee = 5.5 V, See Note 2 215 330 mA 

tAli typical values are at Vce = 5 V, TA = 25°e. 
'For 1/0 ports, the parameters IIH and IlL include the off-state output current. 
§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. 
NOTE 2: Ice is measured with SO and 51 at 4.5 V and all eB and DB pins grounded. 

switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature, CL .. 50 pFt 

FROM TO 
PARAMETER 

(INPUT) (OUTPUT) 
TEST CONDITIONS 

. MIN MAX 
UNIT 

DB and eB ERR 51 = H, SO = L, RL = 500!l 4 18 
tpd 

DB ERR 51 = L, SO = H, RL = 50.0 !l 4 18 
ns 

08 and CB iiiiEl'fR 51 = H, SO = L, RL = 500 !l 5 23 
tpd 

MERR 51 = L, SO = H, RL = 500!l 23 
ns 

DB 5 

tpd SO. and 511 eB Rl = R2 = 500!l 4 20 ns 

tpLH SO. and 511 ERR RL - 500!l 2 12 ns 

tpd DB CB 51 = L, SO = L, Rl =R2=500!l 4 18 ns 

lpd CEi5lill. DB SO = X, SO = H, Rl= R2 = 500!l 2 11 ns 

lpd Sit eB 51 = H, Rl = R2 = 500!l 3 14 ns 

tod SO. ERRI 51 = H, RL = 500!l 4 17 ns 

ten OECSI eB SO = H, 51 = X, Rl = R2 = 500!l 1 12 ns 

ldis Nait eB SO = H, 51 = X, Rl = R2 = 500!l 1 10 ns 

0El!0 thru 
ten 0El!31 

DB SO = H, 51 = X, Rl = R2 = 500!l 1 12 ns 

OEBO thru 
tdis 0EB3t 

DB SO = H, 51 = X, Rl =R2=500!l 1 10 ns 

t See Parameter Measurement Information for load circuit and voltage waveforms. 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

PARAMETER MEASUREMENT INFORMATION 

From Outj>Ut Teet 

Under Teet=;q: Point 

Timing 
Input 

Data 
Input 

CL R 
(SeeN_A) L 

LOAD CIRCuli" FOR 
BI-STATE 

TOTEM-POLE OUTPUTS 

'~3~ ___ 

t8U~th 

~ 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

3.5 V 

0.3 V 

3.' V 

0.3 V 

Input J 1.3V \. ~.3V - - 3.5V 

I 1 0.3 V 

tp~ ~tPHL 
I I I I--VOH 

I ... Ph... I 11.3 V 1 \:=,.V 
Output I VOL 

Out.ol.P." 
Output 

(See Nola D) 

tPHL~ ~tPLH 
I FVOH 

\ 1.3V . 1.3V 
--VOL 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY nMES 

R1 

Fr=~ --41>---.... - ... --
T •• t 
Point 

CL 
(See Nola A) 

LOAD CIRCUIT FOR 
3-STATE OUTPUTS 

R2 

High-leVel ~ - --
Pul_ ----11'-. '-'1\--

14-- tw--tl 
1 I 

. 1 I 
Low-Level ~1.3 V 1.3 v'r-

Pu... ~ __ _ 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

3.5 V 

0.3 V 

3.5 V 

0.3 V 

Output Control ~ 3.5 V 
(1_18vel 1.3 V . 1.3 V 
.niobllng) 1 . [l ____ 0.3 V 

tPZL-.i·..... .1 
I I tpLZ~ l+-

. 1 \ ___ L~I_ ~3.5V 
Waveform 1 I· I I 

S1 Closed ,1.3V 1 __ t. 
(See Nola B) . . . ..- I - VOL 

I tPHZ""" ~ L 0.3 V 
tpZH ~ I+- I -* 

wavefOrm2~-- VOH 
S10pen -r-

(SeeNolaB)_ ~~ __ 1:. 0.3 V.OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: A. CL includes probe and jig capacitance. 
B. Waveform 1 is an output with internal condition such that the output is low except when disabled by the output control. 

Waveform 2 is an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR s 1 MHz. tr = tf = 2 ns. duty cycle = 50%. 
D. When measuring propagation delay times of 3·st8te outputs, switch S1 is open. 

FIGURE 1 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

4-28 

PARAMETER MEASUREMENT INFORMATION 

tf.---ReAD'---..t4-----------CORRF:.CT----------~·1 
I I I· 
...---th(81------tt f 

so -j i .. i ____ _ 
~ tc:orrection-------~·I 

+--tsulll ____ t hI9)---t1 : rt-tdiS --..., 

-------1:~::~~~'~~~:::'~~~~c::::::k'~~~~~~~~~~::~~~~---DBO tHRU DB31 INPUT DATA WORD OUTPUT CORRECTED DATA WORD , 
If--t.n~ 

WO THRU 0EB3 , , I!--_____ ----' 
~tsu(1)____r___thl91~ rt- tail: 

C~THRUCe------~:::l'N~P~U~T~CH~E~C!.~W~OR~D~::~~~ZZ~:::::)<=::O~U~T~PU~T~S~VN~D~R§O~M~E~CO~D~E::::~~~~----
if--ten---Jil 

OECB------~!-----------------;I .. -----------------------------------J 
~' .. --.-., 

ERR M'ffd,~~W9W$//#,.--------VA-L-'D..,E=R=R-FL-A-G-----------W4yt{i>;m 
io '" .1 

FIGURE 2. READ, FLAG, AND CORRECT MODE SWITCHING WAVEFORMS 

tf-- Ih(BI---tJt 

so: Ir'--------------------------------------,I 
t4--9EAD IItt CORRECT .jII WRITE 

Sl-.J I 

DBO THRU 061 

DBB THRU OelS 

OB16 THRU DB23 

0824 THRU 0831 

Oeio 

Ofi, 

INPUT DATA WORD 

INPUT DATA WORD 

INPUT DATA WORD 

i 
1 

, , 

OUTPUT CORRECTED DATA WORD 

OUTPUT CORRECTED DATA WORD 

OUTPUTCDRRECTED DATA WORD 

~ ________________ ~ _____________ __Jr____ 
~ ______ ~ ________ ~ __ ~ __________ ~r____ 
~ __________________ ~ __________ ~r____ 

_ .... 121__ ~.w'31-t1 

LEDBO ~:m::<::~""~:":',,~::<::""~::<::~""~:<:'~::<::~~~ .Jwtf,00/$g"$,00/11' ~ 

CBO THRU eM 

I.--,w~ 

~-----------------~.ri ________ ~r____ 
INPUT CHECK WORD OUTPUT SYNDROME COOE 

i 
I+-Ipd-t-j 

\~ __________ ~VA~L~'D~E~R~R~F~LA~G~ ________ _JI 

\~ ______ ~VA~L~'D~M~E~R~R~F~LA~G~ ____ __JI 

OUTPUT CHECK WORD 

FIGURE 3. READ, CORRECT. MODIFY MODE SWITCHING WAVEFORMS 
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SN74AS632A 
32·81T PARALLEL ERROR DETECTION AND CORRECTION CIRCUIT 

PARAMETER MEASUREMENT INFORMATION 

L r'wl.,]I-_______________________ _ 
~------------------~'------~, 

: tf-- thI101----t1 , 
INPUT VAI-ID DATA WOAD INPUT DIAGNOSTIC DATA WORD OUTPUT DIAGNOSTIC 

DATA WORD 

OUTPUT SYNDROME CODE 

FIGURE 4. DIAGNOSTIC MODE SWITCHING WAVEFORM 
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SN74AS6364 
64·BIT FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

12-ns Max Pass-Thru Operation When Used 
in Correct-Only-On-Error Configurations 

Detects and Corrects Single-Bit Errors 

Detects and Flags Dual-Bit Errors 

Improved Performance with Flow-Thru 
Architecture 

Simplified Control Logic Matches Standard 
TTljHCMOS '245 Bus Transceiver Logic 

Byte-Write Capability 

Built-In Diagnostic Capability 

Memory Initialization 

Heavy-Duty 48-mA Drive on Processor Data 
Bus 

Memory Data Bus Features Balanced 
Output Impedances for Safe Undershoot 
Characteristics 

A 0 

B 0 

c 0 

D 0 

E 0 

j: 0 

G 0 

H 0 

J 0 

K 0 

L 0 

M 0 

N 0 

P 0 

R 0 

s 0 

T 0 

FEBRUARY 199G-REVISED JUNE 1990 

17 X 17 GA PACKAGE 
(TOP VIEW) 

2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 

0 

0 

0 

00000000 

00000000 

o 0 0 0 0 0 0 0 

o 0 000 0 0 0 

000 0 

o 000 

o 0 0 0 

o 0 0 0 

o 0 0 0 

o 0 0 0 

o 0 0 0 

o 0 0 0 

0 0 0 0 0 

o 000 
'-----:---0-0--0--'0 0 0 0 0 

0 0 0 0 0 o 0 000 0 0 0 

0 0 0 0 0 o 0 000 0 0 0 

0 0 0 0 0 o 0 000 0 0 0 

description 

The SN74 AS6364 is a 64-bit Parallel Error Detection and Correction circuit (EDAC) featuring a flow-thru 
architecture for improved performance and ease of control. Two separate 64-bit I/O ports are provided that allow 
direct interface to the processor and memory data buses. The processor I/O port is designed for 48-mA drive, 
matching standard Advanced Schottky bus interface performance. The memory I/O port has been designed for 
balanced output impedances (25 g high and lOw). This feature optimizes the drive low characteristics, based 
on safe undershoot. 

Interfacing to the 'AS6364 has been greatly simplified due to the flow-thru architecture. Data flow is handled in 
the same manner as used on conventional TTljHCMOS' 245 bus transceivers via a direction-control pin (DIR) 
and a master enable/disable pin (0). In its simplest form, the direction-control pin can be driven from the 
processor Rm pin. When the DIR control pin is taken low (write cycle), processor data is allowed to flow through 
the EDAC unaltered. The 8-bit check word appears on the check word I/O bus after the specified propagation 
delay, 

Pin locations are shown above. Pin location D6 has been omitted for indexing purposes. 

Pin assignments for the 207 used pins are given on the following page, Pin-function descriptions are given on 
the page after. . 

When the direction-control input is taken high for a read cycle, memory data and its associated check word is 
allowed to flow into the EDAC, The a-bit check word is then compared against a new check word generated from 
the 64-bit data word, The resulting syndrome code is decoded by the error detection logic and signals the 
occurrence of an error. The single bit Error Flag (ERR) informs the user that at least a single-bit error has 
occurred. The Multiple-Bit Error Flag (MERR) informs the user that at least a double-bit error has occurred. The 
Correctable Error Flag (CERR) lets the user know that a correctable, single-bit error has occurred (ERR low, 
MERR high). In the cases where multiple-bit errors have occurred, it is possible to fool the EDAC into believing 
a corF€ctablesingle-bit error has occurred. 

ADVANCE INFORMATION documents eontaJn Informallon on new products 
In the iampllng or preproduction r,hase of developmenl. Characteristic data 
and oth,r specHlcations Ire sub ecl to chanoe wlttlout notice. TEXAS ." 
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SN74AS6364 
64·BIT FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

PIN ASSIGNMENTS 

PIN PIN PIN PIN PIN PIN 

NO. NAME NO. NAME NO. NAME NO. NAME NO. NAME NO. NAME 

Al M02l C2 M014 E3 MQ10 J15 GNO Pl CB6 52 010 

A2 M022 C3 M015 E4 VCC J16 5YN5 P2 04 53 OEBl 

A3 M024 C4 M019 E14 M054 J17 5YN6 P3 011 54 016 

A4 M028 C5 M023 E15 M061 Kl CBl P4 Vce S5 017 
A5 M033 C6 GNO E16 EAA K2 eB4 P5 GNO 56 023 

A6 M029 C7 M027 E17 5YN3 K3 01 P6 016 57 027 

A7 M034 C8 GNO Fl M07 K4 VCC P7 GNO 58 025 

A8 M036 C9 GNO F2 M05 K14 GNO P8 VCC S9 029 

A9 M038 C10 GNO F3 M06 K15 063 P9 Vec S10 DEB3 
Al0 M041 C11 M042 F4 GNO K16 062 P10 GNO 511 OEB4 
All M043 C12 M046 F14 GNO K17 061 Pll GNO 512 036 

A12 M044 C13 M048 F15 M062 Ll OEBO P12 GNO 513 039 

A13 M047 C14 M052 F16 OIA L2 02 P13 GNO S14 040 

A14 M050 C15 M058 F17 SYNO L3 GNO P14 GNO S15 044 

A15 M055 C16 CEAA Gl M02 L4 Vee P15 050 516 OEB5 

AlB M053 e17 LE G2 M03 L14 Vee P16 051 S17 DEB6 

A17 M060 01 MOll G3 M04 L15 Vee P17 055 Tl 09 

81 M018 02 M012 G4 GNO L16 060 Al DO T2 012 

82 M016 03 M013 G14 Vec L17 059 A2 07 T3 014 

83 M020 04 GNO G15 OIAG Ml CB2 A3 015 T4 019 

84 M025 05 GNO G16 SYN2 M2 05 A4 ?5EEi2 T5 020 

65 M026 06 G17 5YN7 M3 GNO A5 GNO T6 b24 

66 M031 07 VCC Hl MOl M4 GNO A6 021 T7 028 

67 M030 08 Vee H2 MOO M14 Vee A7 022 T8 031 

88 M032 09 M03S H3 CBO M15 GNO A8 026 T9 033 

69 M037 010 Vec H4 Vce M16 057 A9 030 TiO 034 

610 M039 011 Vee H14 INIT M17 058 Al0 038 Til 037 

811 M040 012 GNO H15 SNYl Nl CBS All VCC T12 032 

B12 M045 013 GNO H16 SYN4 N2 06 A12 VCC T13 035 

B13 M049 014 Vcc H17 OEB7 N3 08 A13 D43 T14 041 

B14 M051 015 MOS6 Jl COAA N4 013 A14 047 T15 042 

815 M057 016 MEAA J2 CB3 N14 GNO A15 048 T16 045 

B16 M059 017 G J3 GNO N15 056 A16 D49 T17 046 

817 M063 El MOB J4 CB7 N16 053 A17 052 

Cl M017 E2 M09 J14 VCC N17 054 Sl 03 

description (continued) 

4-32 

The syndrome code is used by the error decoder and correction logic to fix any single-bit error that may have 
occurred. If a multiple-bit error has been detected, data is unaltered and passes to the output buffer logic. Data 
is enabled onto the processor bus via separate output enables (OEBO-OEB7). This feature, in conjunction with 
the input latch, allows the user to perform read-modify-write operations. 

In a typical read-modify-write operation, data is first read from memory and corrected as necessary. Each byte 
of corrected data is then enabled onto the processor bus via Individual output enable pins (OEBO-OEB7). Any 
byte that the user wishes to modify is easily accomplished by disabling the appropriate output enable pin and 
then writing the new byte onto the processor bus. Bytes that have not been modified will continue to be driven 
onto the processor bus by the EDAC. When the modification process has been completed, the modified data 
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PIN NAME 

CBO-CB7 

CERR 

CORR 

I5iAG 

OIR 

063-00 

ERR 

G 

INIT 

LE 

M063-MOO 

MERR 

0EB0-OEB7 

SYNQ-SYN7 

SN74AS6364 
64·BIT FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

TERMINAL FUNCTIONS 
DESCRIPTIONS 

Check Bit data port. This S-bit I/O port Is used to output check bits during wrtte cycles and input memory check btts during read 
cycles. 

Correctable Error flag. This active-low output signals when a correctable single-bit error has occured. This signal Is the logical 
equivalent of ERR low and MERR high. When more than two errors have occured, this output is unpredictable. When disabled 
by OIR or G going high, this output goes high. 
Correct. This active-high input is used to enable error correction during read and diagnostic cycles. When taken inactive (low), 
error correction Is disabled. 
Olagnostic. This active-low input is used to enable diagnostic mode operation. In essence, the OIAG input simply changes the 
data flow from the MOx Inputs to the Input data latch during read cycles. 
Olrection control. This input is used to control the data flow through the EOAC. When taken low (write cycle), data flows through 
the EOAC and check bits are generated after the specified propagation delay. When taken high for a read cycle, data is read from 
memory and corrected ff a single-btt error has occurred. The error syndrome codes are also valid after the specified propagation 
delay. 

Processor Oata port. This 64-blt 1/0 port Is used to input processor data during write cycles and used to output corrected data 
during read cycles. 
Error. This active-low output signals when all single-bit errors have occurred. When more than two errors have occurred, this 
output is unpredictable. When disabled by OIR or G going high, this output goes high. 
Enable. This active-low Input Is used to enable the two 64·bit buses. When taken inactive (high), all four buses go to the 
high-impedance state and ERR, MERR, and CERR go high. 

Inttialization. This active-low Input pin forces the Inputs to the data latch low. This feature is useful for memory initialization after 
power-up. 
Latch Enable. this Input controls the flow of data through the Input data latch. When high, data is allowed to flow through the latch. 
When taken low, the Q outputs will be latched at the levels that were last setup on the processor data bus (063-00). 
Memory Oata port. This 54-btt I/O port is used as an Input during memory read cycles ariCi used to output processor data during 
memory write cycles. 
Multiple Errorflag. This active-low output signals when a double-bit error has occurred. When more than two errors have occurred, 
this output Is unpredictable. When disabled by OIR or G going high, this output goes high. 

output Enable controls. These active-low inputs are used to enable data onto the processor bus (00-063). Each input controls 
8-blts for byte .control operation. OEBO controls 00-07, OEB1 controls 08-015, OEB2 controls 016-023, OEB3 controls 
024-031, 0EB4 controls 032-039, OEB5 controls 040-047, 0EB6 controls 048-055, and 0EB7 controls 056-063. 

Syndrome code output port. This S-btt 3-state output port is used to output syndrome codes during read cycles. 

description (continued) 
word is saved in the input data latch via the latch enable control pin (LE). The EDAC can then be changed to 
the write mode (DIR low, G low), which causes the new modified data word to be written back into memory along 
with its new associated check word. 

Diagnostics are supported on the 'AS6364 via the Diagnostic (DIAG) and Correct (CORR) input lines. The DIAG 
pin reverses data flow into the check-bit generator. During read cycles, data is selected from the processor side 
instead ofthe memory side when DIAG is active (low). Data can be saved in the input iatch and compared against 
a known check word. If the user applies a diagnostic data word with an error in any bit iocation, the ERR flag 
should respond. Likewise, the error syndrome code should reflect the error location. 

The Correct (CORR) input pin is used to enable and disable the error correction circuitry. When taken active 
(high), all single-bit errors will be corrected. When taken inactive (low), data is allowed to pass through the error 
correction circuitry unaltered. 

During memory write cycles, the check bits (CS7 -CSO) are generated using the 64-bit data word as defined in 
Table 1. These eight check bits are stored In memory, along with the original 64-bit data word. Note that CSO 
and CB1 use odd parity, while CS2 through CS7 use even parity. This would mean a data word of all "zeros" 
would correspond to a check word of 0000 0011 (CB7 -CBO). 
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SN74AS6364 
64·BIT FLOW· THRU ERROR DETECTION AND CORRECTION CIRCUIT 

description (continued) 

4-34 

When an error occurs, the syndrome code can be decoded to determine which bit was at fault. The error 
syndrome code is available every read cycle via the error syndrome bus (SYN7 -SYNO). Table 2 defines the error 
syndrome decoding. 

An initialization pin (INIT) has been included on the 'AS6364 for the purpose of memory initialization. When this 
input pin is taken active (low), the inputs to the data latch are forced low. This allows the EDAC to drive a data 
word of zero, along with its associated check word, when the EDAC is in the check-bit-generation mode (DIR 
low, LE high). 

The initialization mode is useful after power-up when the DRAM contents are random. This feature allows the 
processor to write all zeros into each memory location along with the appropriate check word. 
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IQglc symbolt 

OIR 

OEBO 

OEBl 

OEB2 

OEB3 

OEB4 

OEB5 

OEB6 

OEB7 

CORR 

LE 

INIT 

OIAG 

DO-07 

08·015 

016-023 

024-031 

032·039 

040-047 

0411-055 

056-063 

SN74AS6364 
64-BIT FLOW-THRU ERROR DETECTION AND CORRECTION CIRCUIT 

<l> 
EOAC 

'AS6364 
OIR 

r-.... 
EN 

..... 
EN [00·07) ERR 

...... ERR 
r-.... EN [08·015) 
r-.... EN [016-023) MERR 

...... MERR 
r-.... EN 1024.031) 
r-.... EN [032·039) ....... 

CERR CERR 
r-.... EN [04()"047) 

.. r--.... EN [048.0551 
r-.... EN [05';·063) 0 

• • 
SYNO 

SYNV • • CORR • • 
7 SYN7 

DATA LATCH EN 

r-.... INIT 

..... OIAG , r-

~I 
1: I 
16

1 

0 
23 

<MEMOATA> 
• • • • 

241 • • 
31 

~ 63 

32
1 ~9 

MOO 

M063 

40 I 0 
47 

< CKBITS > 
• • 

48 I • • 
55 • • 

CBO 

:1 

7 CB7 

t This symbol Is in accordance wtth ANSI/IEEE Sid 91 -1964. 
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0 1 

X 
X X 
X 
X X 

X X 
X X 

16 17 

X 
X X 

X 
X X 

32 33 

X 
X x 
X 
X X 

X X 

48 49 

X 

X X 

X 

X X 

X X 

Table 1. Check-Blt-Parity Algorithm 
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X 
X 
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X 

X 

18 
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X 

34 

x 

X 

X 

50 

X 

X 

X 

3 4 5 6 7 

X X 
X X 

X X X 
X X X 

X X X X X 

X X X X X 
X X X X X 

19 20 21 22 23 

X X 
X X 

X X X 
X X X 

X X X X X 

35 36 37 38 39 

X X X 
x x 

X X X 
X X X 

X X X X X 

X X X X X 

51 52 53 54 55 

X X X 

X X 

X X X 

X X X 

X X X X X 

X X X X X 
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ERROR BIT 0 1 2 3 

SYNO L H H H 

SYN1 H H H L 
SYN2 H L L H 
SYN3 H H L L 
SYN4 L L H H 
SYN5 L L L L 
SYN6 H H H H 
SYN7 H H H H 

ERROR BIT 19 20 21 22 

SYNO H L H L 

SYN1 L H L H 

SYN2 H H L L 

SYN3 L L H H 
SYN4 H H Ii H 

SYN5 L L L L 
SYN6 L L L L 
SYN7 L L· L L 

EfiRORBIT 3B 39 40 41 

SYNO H H L L 
SYNl H L H L 
SYN2 L H L H 
SYN3 H H L L 
SYN4 H H L L 
SYN5 L L H H 

SYN6 H H L L 
SYN7 L L H H 

ERROR BIT 57 58 59 60 61 

SYNO L H L H H 
SYNl L H L H L 
SYN2 H H L L H 

SYN3 L L H H H 

SYN4 L L L L L 
SYN5 H H H H H 

SYN6 H H H H H 

SYN7 L L L L L 
H denotes high level, L denotes a low level 
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Table 2. Error-Syndrome Decoding 
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SN74AS6364 
64·BIT FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

absolute maximum ratings over operating ambient temperature range (unless otherwise noted)t 

Supply voltage, Vee (see Note 1) ............................................................. 7 V 
Input voltage, control Inputs ................................................................ 5.5 V 
I/O ports ................................................................................. 5.5 V 
Operating ambient temperature range ................................................. O°C to 70·C 
Storage temperature range ...................................................... - 65°C to 150·C 

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

NOTE 1: All voltage values are with respect to the GNO terminals. 

recommended operating conditions (see Note 2) 
MIN NOM MAX UNIT 

VCC Supply voltage 4.75 5 5.25 V 

VIH High-level input voltage 2 V 

VIL LOW-level input voltage O.B V 

SYNx, ERR, MERR, CERR -2 

IOH High-level output current MOx,CBx -2.6 mA 
Ox -15 

SYNx,ERR,MERR,CERR B 

IOL Low-level output current MOx,CBx 12 mA 

Ox 4B 

tw Pulse duration, LE high 10 ns 

tsu Input setup time, Ox before LE~ 2 ns 

th Input hold time, Ox after LE~ 5 ns 

TA Operating ambient temperature a 70 ·C 

TEXAS ." 
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SN74AS6364 
64·BIT FLOW· THRU ERROR DETECTION AND CORRECTION CIRCUIT 

electrical characteristics over recommended operating ambient temperature range (see Note 2) 

l> 
c 

VIK 

VOH 

VOL 

II 

IIH; 

Ill* 

IOZH 

IOZl 

IOl 
lot 

ICC 

PARAMETER 

SYNx, ERR, MERR, eERR 

MOx,eBx 

Ox 

SYNx,ERR,MERR,eERR 

MOx,CBx 

Ox 

CORR,OIR 

All others 

SYNx 

SYNx 

MOx,eBx 

~ Z tAli Iypical values are at Vee = 5 V, TA = 25°C. 

TEST CONDITIONS 

Vee=4.75V, 11=- 18mA 

Vee =4.75 Vt05.25 V, IOH=- 2rnA 

Vee = 4.75 V, IOH=- 2.6mA 

Vee =4.75 V, IOH=-3rnA 

Vee = 4.75 V, IOH=-15mA 

Vec =4.75 V, IOl=8mA 

VCC =4.75 V, IOl= 1 mA 

Vee = 4.75 V, IOl= 12mA 

Vee = 4.75 V, IOl=48mA 

Vce = 5.25 V, VI = 5.5V 

Vcc = 5.25 V, VI = 2.7 V 

Vee = 5.25 V, VI = 0.4 V 

Vee = 5.25 V, VI = 0.4 V 

Yce = 5.25 V, Vo = 2.7V 

Vee = 5.25 V, VO=0.4V 

Vee = 4.75 V, VO=2V 

Vee = 5.25 V, VO=2.25V 

Vce = 5.25 V 

MIN TYPT MAX UNIT 

-1.2 V 

Vee- 2 

2.4 3.2 
V 

2.4 3.2 

2 

0.35 0.5 

0.15 0.5 

0.35 0.8 
V 

0.35 0.5 

0.1 mA 

20 i'A 
- 0.2 

- 0.1 
rnA 

20 i'A 
-20 i'A 

30 mA 

-30 -112 mA 

1.2 1.5 A 

_ * For 1/0 ports, the parameter IIH and III include the off-state output current. 
"" I § The output cond~ions have been chosen to produce a current that closely approximates one half of the true short-circuit output current, lOS. m NOTE 2: The SN74AS6364 has been designed to meet these specifications after thermal equilibrium has been established with the circuit in a 
_ test socket or mounted on a printed circuit board wHh transverse air flow greater than 30 meters (100 feet) per minute maintained. Refer 
Z to Table 5 for additional information . 

." o 
:D s:: 
~ o z 
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SN74AS6364 
64·81T FLOW· THRU ERROR DETECTION AND CORRECTION CIRCUIT 

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

PARAMETER 
FROM TO 

(INPUT) (OUTPUT) 

Ipd Dx MDx 

Ipd Dx CSx 

Ipd LEt MDx 

Ipd MDx and CSx (CORR = L) Dx 

Ipd MDx and CSx (CORR = H) Dx 

Ipd MDx and CSx SYNx 

\po CORR Dx 

Ipd TmT CSx, MDx 

Ipd 0lAG Dx 

Ipd 0lAG SYNx 

100 MDxand CSx EI1F! 
Ipd MDxand CSx ~ 

Ipd MDxand CSx OE'R'A' 
len omx~ Dx 

ten DIR~ MDx 

len DIR~ CSx 

ten 'G~ Dx 

len 'Gl MDx 

len 'G~ CSx 

len 'Gl SYNx 

Io;s omx! Dx 

10,. DIRt MDx 

tdls DIRt CSx 

10,. 'Gt Dx 

lois 'Gt MDx 

tdls 'GI CSx 

~is 'Gt SYNx 

t See Parameler Measurement Information for load CircUli and voltage waveforms. 

* All typical values are al Vec = 5 V, Til. = 25°C. 
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Vee = 4.75 V 10 5.25 V, 

R1 =R2=500C, 
UNIT 

TA = O·C1070·C 

MIN TYP* MAX 

9 16 ns 

10 16 ns 

10 15 ns 

7 12 ns 

15 20 ns 

16 20 ns 

7 12 ns 

12 20 ns 

12 16 ns 

12 16 ns 

10 16 ns 

15 20 ns 

15 20 ns 

5 10 ns 

9 16 ns 

15 20 ns 

7 12 ns 

10 15 ns 

15 20 ns 

10 15 ns 

4 8 ns 

5 10 ns 

5 10 ns 

5 10 ns 

5 10 ns 

5 10 ns 

5 10 ns 
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SN74AS6364 
64·BIT FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

TIMING 
INPUT 

DATA 
INPUT 

PARAMETER MEASUREMENT INFORMATION 

7V 

l 
Sl 

Rl 
FROM OUTPUT --4If---.... - .... -

UNDER TEST 

CL 

(See Note A) 

"::" 

LOAD CIRCUIT FOR 
3-STATE OUTPUTS 

3.5V 

R2 

TEST 
POINT 

t~3~ ___ HIGH-LEVEL ~ 0.3 V PULSE , , 
ts~th 14 tw ." 

~ 
3.5 V , I 

1.3V 1.3V ' LOW-LEVEL ~ 0.3V PULSE 
----

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE OURATION 

3.5 V 

0.3 V 

3.5V 

0.3 V 

INPUT J( 1.3V \ -;.~ - - :::: 

tp~ M'Pd 
~~

3'5V 

gg~~~~L 1.3 V 1.3 V 
(low-level I a. 
enabling) - - - - 0.3 V 

Ie"""! j+- I 
I I -+j I+- !dIs ~ 3.3 V 

I 1 . -- VOH 
IN-PHASE I 1.3 V I \L 1.3 V 
OUTPUT' . I ~ V 

WAVEFORM 1 ~I --~rl-
SI CLOSED I 1.3 V I I 't. 

I OL 
I~., ~Ipd 

(See Note B) I - -
--.- VOL I tdi~ 14- L VOL + 0.3 V tpd~ I 

g~~~~-PHASE \. 1.3V Fav VOH 

(See Note D) . - - VOL ~len-.l Ii+- ~I ...i __ VOH 

WAVEFORM 2 - :£ -
51 OPEN 1.3V L- VOH-0.3V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

(See Note B) _ _ _ _ _ _ ~OV 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLED TIMES, 3-STATE OUTPUTS 

NOTES: A. Cl includes probe and Jig capacitance and is 50 pF for tpd and ten, 5 pF for tdis. 

4-42 

B. Waveform 1 is for an output with internal conditions such thatthe output is low except when disabled by the output contrQI. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR '" 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch 51 is opened. 

Figure 1 
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SN74AS6364 
64-BIT FLOW-THRU ERROR DETECTION AND CORRECTION CIRCUIT 

PARAMETER MEASUREMENT INFORMATION 

D63-DO~ 
I~--------------------------"'" 

PROCESSOR DATA WORD 

:.-- tpd ~ 
~~~~~~~~~~~~~~~~ '~------------... 

CB7-CBO ~," ____ C_H_EC_K_W __ O_R_D __ ... 

Figure 2_ Timing Diagram for Check-Bit Generation· 

Table 3_ Check-Bit Generation 

MEMORY 
G OEBX INIT DIAG 

ERROR 

CYCLE 
EDAC FUNCTION DIR 063-00 LE MD63-MDO CB7-CBO SNYO-SNV7 

FLAGS 

wr~e check bit generation L L input H H H H output output Z H 
write memory innialization L L x H H L H L output Z H 

CB7-CBO ~'W MEMORY CHECK WORD 

~'"""""--------

MD64-MDO ~ MEMORVDATAWORD 

I 

:. tpd .: 

064-00 
~~----------C-O-R-RE-C-T-E-D-D-A-:rA------..... 

I 

ERR ~"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''-
~~ VAUDERRFLAG 

I 

l4 tpd ~: 

CERR ~. ~,\:t,..------------~"Y\ VAUDCERRFLAG 

MERR ~. ,..-----------
~~ VAUD MERR FLAG 

SYN7-SYNO 

r. ... -------tpd _----_ .. ~I 
~~~~~~~~~~~~~~~~~~'----------------------------... ~~'-________ ~_A_U_D_S_Y_N_D_RO_M __ E_C_O_DE ____ ..... 

EDAC FUNCTION 

correction cycle 

Figure 3_ Timing Diagram for Correction Cycle 

Table 4. Correction Cycle 
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SN74AS6364 
64·81T FLOW·THRU ERROR DETECTION AND CORRECTION CIRCUIT 

PARAMETER MEASUREMENT INFORMATION 

OIR----------------------------------~~~ ________________ __ 

I+-tpd -+I 

CB7-CBO READ MEMORY CHECK WORD WRITE NEW CHECK WORD 

M064-MOO READ MEMORY DATA WORD RITE NEW MODIFIED DATA WORD ~~~~I' ________________________________ _J 

OEBO -----!-!-'"'\ : \ ( 
OEB1-0EB7-------+!--'"'\ --tI tdls If--

I \~------------~I~--~I 
I I 
! r tau -III ,...-----------------

LE I I V 
r-tpd~ I 

07-08 ~,.~C~O~RR~E~CT~E::""DB~VT~E~O-Xr:':IN~PU~T":":M~OD~IF~IE::""D8~VT~E~~ 

I 
064-00 ~~,.....---C-O-RR-E-CT-E-DD-A-:rA---~~ 
~ 

VALID ERR FLAG . ERR 
~~~~~~~~---------------------J 

CERR ~~~~~~~~~'" _____ VAL_I_D_CE_R_R_FLA_G ____ ..J 

~~. 
MERR ~~:=======V=AU:D~M~E~RR~F=LA~G======I-r--------

j4-- tpd --III 

SYN7-SYNO ~ .... ____ VA_L_ID_S_YN_D_RO_M_E_CO_D_E __ __'~ 

Figure 4_ Timing Diagrams for Read Modify Write Cycle (Byte 0) 
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SN74AS6364 
64·BIT FLOW· THRU ERROR DETECTION AND CORRECTION CIRCUIT 

THERMAL INFORMATION 

Table 5. Thermal Resistance and Junction Temperature vs Air Flow 

Transverse air flow (m/min) 30 60 90 120 150 180 210 240 270 300 

(linear fIImin) 100 200 300 400 500 600 700 800 900 1000 

RaJA Junction-to-ambientthermal resistance ('CIW) 8.7 6.8 5.1 4.8 4.5 4.2 3.9 3.7 3.5 3.4 

TJ Virtual junction 1emperature ('C) 

(forTA ~ 55'C, P ~ 6 W) 
107 96 86 84 82 80 78 77 76 75 

APPLICATION INFORMATION 

An EDAC is used to help solve the hard and soft errors that are associated with large DRAM memories. A hard error 
is a physical failure of the actual device. This type of error causes the memory location to be stuck high or low. A soft 
error is a random memory change caused by alpha particle radiation. This type of error is not permanent and is 
corrected by writing new data into the memory location. As memory size increases, so does the probability of a system 
encountering one of these types of failures. 

An EDAC is typically implemented into a computer system In either of one of two modes, Correct-Only-on-Error or 
Correct-Always. In the Correct-Only-on-Error mode, the EDAC first checks for the existence of an error and, if present, 
the system is halted temporarily while the EDAC corrects the Error. This type of implementation places a premium 
on error detection time. The theory behind this type of architecture is that soft errors occur relatively infrequently, so 
a performance penality is paid only during error cycles. However, if the memory failure is a hard error, a correction 
cycle will always take place. 

In the Correct-Always mode, an EDAC performs a correction cycle on every memory access, regardless if an error 
has occurred. If an error has not occurred, data is simply passed through the EDAC unaltered. This type of 
implementation places a premium on error correction time. Systems that are striving for maximum performance will 
generally not use the Correct-Always method. Previous generation EDACs, which utilize common I/O ports, normally 
have correction times that force wait states on the microprocessor. A large percentage of the correction time in an 
EDAC having a common I/O port is attributed to turning the bus around from an input to an output. A system designer 
is seldom able to achieve the level of performance specified by the semiconductor manufacture when using these 
types EDACs because, in actual usage, it is very difficult to duplicate the precise timing that is required to achieve 
maximum performance. The flow-thru EDAC architecture used on the 'AS6364 eliminates the need to turn the bus 
around during correction cycles. This dramatically improves performance at both the device and system level. 

One drawback of the Correct-Only-on-Error architecture is that it is harder to implement into a system as compared 
to the Correct-Always method. In the Correct-Only-on-Error mode, intelligence must be built into the bus controller, 
based on the status of the EDAC's error flag. When using the Correct-Always architecture, the bus control logic is 
simplified. In high-performance systems, most designers will choose the Correct-Only-on-Error method because it 
impacts system performance the least. In systems where DRAM access performance is less of a concern, the 
Correct-Always architecture is easier to implement. 

flow-thru advantage 

Because the 'AS6364 can be used in either the Correct-Only-on-Error mode orthe Correct-Always mode, its flow-thru 
architecture does not change the system implementation options as used on previous generation EDACs. However, 
due to the flow-thru architecture, the 'AS6364 offers higher performance and Is easier to implement regardless of the 
system architecture chosen. 
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SN74AS6364 
64-BIT FLOW-THRU ERROR DETECTION AND CORRECTION CIRCUIT 

APPLICATION INFORMATION 

Figure 5 shows how the 'AS6364 can be implemented into a system using the Correct-Always method. In this 
configuration, the direction control pin on the 'AS6364 is easily driven by the microprocessor's RiW signal or the bus 
control logic. Since the 'AS6364 also performs the bus interface function, the speed penality for error correction has 
been greatly reduced. 

MICROPROCESSOR 
BUS 

RiW 

DATA 
64 

vCC-

-r-

'AS6364 
EDAC 

DIR 

CORR 

G 

64 

8 
/ 

Figure 5. Correct-Always Mode 

DRAM 
MEMORY 

CHECK-BIT 
PORTION 

Figure 6 shows one way in which the 'AS6364 can be implemented into a system using the Correct-Only-on-Error 
architecture. In this mode of operation, the Correct input pin (CORR) is normally held inactive (low) by the bus control 
logic, disabling error correction. This has the effect of turning the 'AS6364 into a 64-bit-wide, TTL-style bus transceiver 
with input latches. The system benefits of this architecture are faster memory access times as compared to the 
Correct-Always method. 

The bus control logic monitors the error flag (ERR) during every memory read cycle. If an error is detected, the bus 
control logic is responsible for inserting wait states or halting the processor until corrected data can be generated. 
Corrected data is easily generated on the 'AS6364 by taking the CORR input active (high). 

memory scrubbing 

Memory scrubbing is a technique whereby a correction cycle is performed every refresh cycle. The most common 
type of refresh cycle is the distributed refresh. In this method, one row of memory is refreshed approximately every 
15.6 !-ls. 

The premise behind memory scrubbing is that since a refresh cycle has to be performed periodically, why not also 
perform a correction cycle? This technique typically scrubs out any soft errors before the actual data is needed. In 
addition, memory scrubbing reduces the risk of soft errors accumulating over time. This situation can occur when 
normal memory accesses are not occuring on a regular basis. In this method, the system is idle, but is not powered 
down. In some systems, memory scrubbing is the only form of error detection and correction Used. 

Memory scrubbing places a premium on error-correction time because the length of each refresh cycle is influenced 
by the error-correction time. This fact makes the 'AS6364 ideal in memory-scrubbing applications. Figure 7 shows 
how the 'AS6364 can be implemented Into a system using memory scrubbing. In addition, the 'ALS6301 dynamic 
memory controller supports the memory-scrubbing feature. Please refer to those data sheets for additional details. 
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SN74AS6364 
64·BIT FLOW· THRU ERROR DETECTION AND CORRECTION CIRCUIT 

APPLICATION INFORMATION 

BUS CONTROL 
LOGIC 

ERROR 

CORRECT 
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64 
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'AS6364 EDAC DRAM MEMORY 
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Figure 6. Correct-Only-On-Error Mode 
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Figure 7. Correct-Always Mode with Memory Scrubbing 
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SN74BCT2423, SN74BCT2424 
16-BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

03305. JULY 1989· REVISED OCTOBER 1989 

• Multiplexed Real-Time and Latched Data 

• Byte Control for Byte-Write Applications 

• Useful in NuBus" Interface Applications 

• Useful in Memory Interleave Applications 

• BiCMOS Design Substantially Reduces 
Standby Current 

• Dependable Texas Instruments Quality and 
Reliability 

description 

The 'BCT2423 and 'BCT2424 are general
purpose 16-bit bidirectional transceivers with 
data storage latches and byte control circuitry 
arranged for use in applications where two 
separate data paths must be multiplexed onto, 
or demultiplexed from, a single data path. 
Typical applications include multiplexing and/or 
demultiplexing of address and data information 
in microprocessor- or bus-interface applications. 
These devices are also useful in memory
interleaving applications. The 'BCT2423 and 
'BCT2424 offer inverted and noninverted data 
paths, respectively. 

The 'BCT2423 and 'BCT2424 were designed 
using Texas Instruments BiCMOS process, 
which features bipolar drive characteristics, but 
also greatly reduces the standby power of the 
device when disabled. This is valuable when the 
device is not performing an address or data 
transfer. 

Three 16-bit I/O ports, A 15-AO, B15-BO, and 
AB1S-ABO are available for address and/or data 
transfer. The AENM, AENl, BENM, BENl, 
ABENM, and ABENl inputs control the bus 
transceiver functions. These control signals also 
allow byte-control of the most significant byte 
and least significant byte for each bus. 

Address and/or data information can be stored 
using the internal storage latches. The ALE, BlE, 
ABlEA, and ABlEB inputs are active low, and 
are used to control data storage. When the latch 
enable input is low, the latch is transparent. 
When the latch enable input goes high, the data 
present at the inputs is latched, and remains 
latched until the latch enable input is returned 
low. 

NuBus is a trademark of Texas Instruments Incorporated. 
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SN74BCT2423, SN74BCT2424 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

description (continued) 

Data on the' A' bus and 'B' bus are multiplexed onto the' AB' bus via the AIBSEL control line. When AIBSEL 
is low, A 15-AO is mapped to the AB15-ABO outputs. When AIBSEL is high, B15-BO is mapped to the 
AB15-ABO outputs. 

The SN74BCT2423 and SN74BCT2424 are characterized for operation from oae to 70 aC. 

logic symbols t 

ALE 59 
AEN[ 10 

. AENM 60 

AO 9 

• • 
A7 2 • 
AS 66 

• • 
A15 61. 

AIBSEL 24 

BO 27 

• • 34. 
B7 
BS 36 

'BCT2423 

LATCHED MUX/OMUX 

ALE 

AENL 

AENM 

~I~w 
il~W 
15 

ASEL 

BSEL 

o 
: V'W 
7 

8 

·~W 

'8CT2423 
A8LEA 

ABLEB 

A8ENL 

~ 11 
ABM I>~ 

12 

Ali7 

Alis 

Ali15 

ALE 59 
AEm 10 

AIDiIM 60 

AO 9 

• • 
A7..L • 
AB 66 

• • 
A15 61 • 

AIBSEL 24 

80 27 

• • 
B7 34 • 

88 36 

• • 
815 43· 

BLE 25 

BENL 26 

iiEN1\iI 44 

tThese logic symbols are in accordance with ANSI/IEEE Std 91·1984. 
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'BCT2424 

• 
LATCHED MUX/DEMUX 

ALE 

AENL 

AENM 

o 
:~W 
7 

S 

: yr~ 
15 
ASEL 
BSEL 

o 
·~W 

'BCT2424 

8 

~11 
~1>~12 

13 
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SN74BCT2423 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVER 

logic diagram (positive logic) 

AENL--------------, 
r-------~b_----------~~-------------ABLEA 

A7~AO 
B 

B 
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r-----~---------ABENL 
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.XJ>----<-_-+----- AS 1 S~Aii8 

~----~---------ABENM 

BENL---------+----, 

r-------C1b-----~--~~------~--------ABLEB 
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mNM--------------~ 
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SN74BCT2424 
16·iut LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVER 

logic diagram (positive logic) 

AENl--------------------~ 

A 7-AO ___ 1-1>__--_----8;..<---< r-----~]b~----~------------------ABlEA 

A 15-A8 -----00141-1.>-'---41;:-+-----78"--< 

AENM __________ -+ ________ ~ 

AlE----------~---~16~~C1------1 

.------+ ________ MENl 

A/BSEl------------------~====~t~--;iii'liiIJ ">-----~~+_i_- ·AB7-ABO 

BLE------------------~ 

16 

BENL-----------+---------, 
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B15-B8--_41-1 • .----_----::,.<---< 

BENM----------------------' 

5-6 
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PIN NAME 

A15·AO 

AB15·ABO 

('BCT2423) 

AB15·A80 

('BCT2424) 

ABENL 

ABENM 

ABLEA 

AliITll 

A/BSEL 

AENL 

AENiIii 

ACE 

B15·BO 

BENL 

liENM 

llli 

SN74BCT2423, SN74BCT2424 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

TERMINAL FUNCTIONS 

DESCRIPTION 

A Bus. This l6-bit I/O port allows for transmission of data andlor address information to or from the AS bus. Information 

transfer between the A bus and the AB bus is inverting for the 'BCT2423 and non inverting for the 'BCT2424. 

AS Bus. This l6-bit 110 port allows for multiplexed transmission of data andlor address information to or from the 

A and B buses. Information transfer between the A, B and AS buses is inverting for the 'BCT2423 and noninverting 

for the 'BCT2424. 

AB Bus Output Enable, Least Significant Byte. This active-low input is used to enable the AB7-ABO outputs. When 

this input is high, the AB7-ABO outputs are in the high-impedance state allowing for data input. 

AB Bus Output Enable, Most Significant Byte. This "ctive .. low input is used to enable the AB15·AB8 outputs. When 

this input is high, the AB15-AB8 outputs are in the high~impedance state allowing for data input. 

AB Bus latch Enable to A Bus. This active~low input is used to control the latch that holds data received from the 

AB bus fAB15 .. ABO) to be transferred to the A bus (A 15·AOI. When AEi'ITii' is low, the latch is transparent. When 

ABlEA transitions to the high level, the data present at the AB15-ABO inputs is latched, and remains latched while 

AEi'ITii' is high 

AB Bus latch Enable to B Bus. This active-low input is used to control the latch that holds data received from the 

AB bus (AB15·ABO) to '>e transferred to the B bus fB15·BO). When ABLEB is low, the latch is transparent. When 

ABLEB transitions to the high level, the data present at the AB 15·ABO inputs is latched, and remains latched while 

ABLEB is high. 

AlB Select Control. This input controls the AlB multiplexer. When the input is low, A 15·AO is selected as input to 

the AB15·ABO outputs. When the input is high, B15·80 is selected as input to the AB15·ABO outputs. 

A Bus Output Enable, Least Significant Byte. This active· low input is used to enable the A 7·AO outputs. When this 

input is high, the A7~AO outputs are in the hjgh~impedance state allowing for data input. 

A Bus Output Enable, Most Significant Byte. This active· low input is used to enable the A 15·AB outputs. When this 

input is high, the A 15-AB outputs are in the high-impedance state allowing for data input. 

A Bus Latch Enable. This active·low input is used to control the latch that holds data received from the A bus (A 15·AO). 

When ACE is low, the latch is transparent. When ACE transitions to the high level, the data present at the A15·AO 

inputs is latched and remains latched while ALE is high. 

B BU$. This 16-bit I/O port allows for transmission of data and/or address information to or from the AS bus. Information 

transfer between the B bus and the AB bus is inverting for the 'BCT2423 and noninverting for the 'BCT242". 

B Bus Output Enable, least Significant Byte. This active-low input is used to enable the 87-80 outputs. When this 

input is high, 87-BO outputs are in the high-impedance state allowing for data input. 

B Bus Output Enable, Most Significant Byte. This active-low input is used to enable the 815-88 outputs. When this 

input is high, the 815-88 outputs are in the high-impedance state allowing for data input. 

B Bus latch Enable. This active-low input is used to control the latch that holds data received from the B bus (B15-80). 

When BlE is low, the latch is transparent. When BlE transitions to the high level, the data present at the 815-80 

inputs is latched and remains latched while BlE is high. 
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SN74BCT2423. SN74BCT2424 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

5-8 

FUNCTION TABLES 

DIRECTION A OR B TO AB 

IN"UTS 
OUTPUTS 

'BCT2423 'BCT2424 

Ax Bx ALE BLE A/BSEL ABENM ABENL AB15-B AB7-0 AB15-B. 'AB7-0 

H X L X L L L L H 

L X L X L L L H L 

X X H X L L L ABO ABO 

X H X L H L L L H 

X L X L H L L H L 

X X X H H L L ABO ABO 

X X X X X L L Active Active Active Active 

X X X X X L H Acti.ve Z Active Z 
X X X X X H L Z Active Z Active 

X X X X X H H Z Z Z Z 

DIRECTION AB TO A OR B 

INPUTS OUTPUTS 

ABx 
ABLEA ABLEB 

AENLt BENLt 'BCT2423 'BCT2424 

ABx AENMt BENMt Ax Bx Ax Bx 

H L L L L L L H H 

L L L L L H H L L 

H L H L L L BO H BO 
L L H L L H BO L BO 
H H L L L AO L AO H 

L H L L L AO H AO L 

X H H L L AO BO AO BO 
X X X L L Active Active Active Active 

X X X L H Active Z Active Z 

X X X H L Z Active Z Active 

X X X H H Z Z Z Z 

H = high level, L = low level, X = irrelevant, Z = high impedence, 
AO, BO, ABO, ABO = no change since the controlling latch enable went high 
tThe least significant bytes IA7-AO and B7-BOI and the most significant bytes IA 15-AB and 

B15-B81 can be independently enabled and disabled, as was illustrated for the AB and AB bytes 
in the upper function table. 
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SN74BCT2423. SN74BCT2424 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

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

Supply voltage, Vee (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Input voltage (all inputs and 1/0 ports) ......................... '. . . . . . . . . . . . . . . .. 5,5 V 
Operating free-air temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ooe to 70 0 e 
Storage temperature range ...................................... - 65 °e 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. 

recommended operating conditions 

PARAMETER 
SN74BCT2423 

MIN NOM MAX 

SN74BCT2424 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.5 5 5.5 V 

V,H High-level input voltage 2 2 V 

V,L Low-level input voltage 0.8 0.8 V 

Ax, Bx outputs -15 -15 
IOH High-level output current mA 

ABx or ABx outputs -15 -15 

Ax, Bx outputs 24 24 
IOL LoWwlevel output current 

ABx or ABx outputs 
rnA 

48 48 

AliITA, ABlEB high or low 12.5 12.5 
tw Pulse duration m, m:E high or low 

ns 
12.5 12.5 

tsu Setup time Data before xLEx t 10 10 ns 

th Hold time Data after i([Ex t 2 2 ns 

TA Operating free-air temperature 0 70 0 70 °e 

electrical characteristics over recommended operating free-air temperature range 

SN74BCT2423 SN74BCT2424 
PARAMETER TEST CONOITIONS 

TYP* TYP* 
UNIT 

MIN MAX MIN MAX 

V,K Vee = 4.5 V, " = -18 mA -1.2 -1.2 V 

Vee = 4.5 V, IOH = -400 pA Vee -1.5 Vee- 1.5 

VOH Vee = 4.5 V, IOH = -3 mA 2.8 3.6 2.8 3.6 v 
Vee = 4.5 V, IOH = -15 rnA 2 2 

Ax, Bx VCC - 4.5 V, IOL - 12 rnA 0.25 0.4 0.25 0.4 

outputs Vce = 4.5 V, 10L = 24 rnA 0.35 0.5 0.35 0.5 
VOL V 

ABx, ABx Vee = 4.5 V, IOL = 24 rnA 0.25 0.4 0.25 0.4 

outputs Vee = 4.5 V, 'OL = 48 rnA 0.35 0.5 0.35 0.5 

" 
Vee = 5.5 V, V, = 5.5 V 100 100 ~A 

"H§ Vee = 5.5 V, V, = 2.7 V -100 20 -100 20 ~A 

',L § Vee = 5.5 V, V, = 0.4 V -200 -200 ~A 

'0' Vee = 5.5 V, Vo = 0 V -60 -225 -60 -225 rnA 

Enabled Vee = 5.5 V, V,L = 0.5 V, 190 190 
lee J Disabled 

mA 
V,H = 3 V, Outputs open 50 50 

*AII typical values are at Vee = 5 V, TA = 25°e. 
§For 1/0 ports, the parameter IIH and IlL include the off5tate output current. 
'The output conditions have been chosen to produce a current that closely approximates one half of the true short-cirCUit output current, lOS. 
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SN74BCT2423. SN74BCT2424 
16-BIT LATCHED MUL TIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

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

- FROM TO 
TEST CONDITIONSt 

SN74BCT2423 
PARAMETER 

!INPUT) IOUTPUT) MIN 

tpd ABx, ABx Ax 

tpd Allx, ABx Bx 

tpd Ax All •• A8. 

tpd Bx Allx, AB. 

tpd ALE I ABx, ABx 

tpd BU,I ABx, ABx 

tpd ABLEA I Ax 

tpd ABLEB I Bx 

tpd ABSEL All., AB. 

AEl\iM, Vee = 4.5 V to 5.5 V, 

ten AE!ii[ 
Ax eL = 50 pF, 

BENM, 
R1 = 500 II, R2 = 500 II, 

ten BENL 
Bx TA = MIN to MAX 

ten 
ABENM, 

ABENL 
ABx, ABx 

AEl\iM, 
Ax tdis AE!ii[ 

BENM, 
Bx tdis BENL 

ABENM, 
AB., ABx tdis ABENL 

tSee Parameter Measurement Information for load circuits and voltage waveforms. 
tAli typical values are at Vee = 5 V, TA = 25°e. 
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10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

5 

5 
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MAX 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

10 

10 

10 

SN74BCT2424 
Typf UNIT 

MIN MAX 
10 18 ns 

10 18 ns 

10 18 ns 

10 18 ns 

10 18 ns 

10 18 ns 

10 18 ns 

10 18 ns 

8 15 ns 

10 18 ns 

10 18 ns 

10 18 ns 

5 10 ns 

5 10 ns 

5 10 ns 



SN74BCT2423. SN74BCT2424 
16·BI1 LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

PARAMETER MEASUREMENT INFORMATION 

SWITCH POSITION TABLE 

TEST S1 

'pLH Open 

'pHL Open 

'pZH Open 

'PZL Closed 

'pHZ Open 

'pLZ Closed 

TIMING ./. 3.5 V 

7".3 V ___ -.J_:_ - -- -- --0.3 V 

~ tsu""'- th --: 

INPUT 

D~A 1.3V 1.3V ~-'--- -3.SV 

INPUT 0.3 V 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ./1.3 V \;;~- -3.5 V 

-.J, I· 0.3 V 

tPLH I ~tPHL 

7V 

b RL - R1 - R2 

S1 

R1 

FROM OUTPUT ~.--41--'- TEST 
UNDER TEST POINT 

CL 
ISee Note Al 

R2 

LOAD CIRCUIT 

HIGH-LEVEL 
PULSE 

~---3.5V 

~'.3V 1.3V~ 

LOW-LEVEL 
PULSE 

~tw~ O.3V 

~:---- tw ~ 3.SV 
1.3V 1.3V 

- - - - 0.3 V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT 
CONTROL 
lIow-level 
enablingl 

~~
3'5V 

1.3 V 1.3 V 

i J---- 0 .3V 

IN-PHASE r f, IT - - VOH 
OUTPUT, 1.3 V I ~V 

, I VOL 
tpHL~ ~tpLH 

OUT-OF· PHASE \1,.3 V ~V VOH 
OUTPUT . , I.:., VOL 

tpZL-+I ~ I 

~I J-~L~-+'Jl?41 -'~ ~3.5V 
WAVEFORM 1 I I I I 
S1 CLOSEO I 1.3 V I I or. 
ISee Note Bl I I -: VOL 

tpZH-+! t4-t ~ .... t.0 3 V 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

NOTES: A. CL includes probe and jig capacitance. 

I PHZ...... ~i . 
WAVEFORM 2~ ~- VOH 
S10PEN 1.3 V 

ISee Note Bl ____ --1-~i: 
VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES. THREE-STATE OUTPUTS 

B. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 
Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: PRR S 1 MHz. tr = tf = 2 ns, duty cycle = 50%. 
D. The outputs are measured one at a time with one transition per measurement. 

FIGURE 1 
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POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 5-11 



SN74BCT2423. SN74BCT2424 
16·BIT LATCHED MULTIPLEXER/DEMULTIPLEXER BUS TRANSCEIVERS 

R!W 
MIll! 

A2 fBANK SELECTI 

READY 

A 1 {BVTE SELEcn 

A2 (BYTE SELECT) 

00-015 

l~ 
(S£E "NiiTEA, 

I 
! A3-A12 

I A3-A22 ADOR BUSL 

I A13·A22 

I 
I 
I 

:1 

:1 

<- DATA BUS 

APPLICATION INFORMATION 

'ACT4&03 
ALE 

MAO-MAg 
ACR 

ACW 

~ lin. 

AAO-RA9 =. 
CAO-CA9 lin, f--

RENO -----,/ 

ROV -
~ 
:=;r»--

~ 
~h 

./L»-L Allii!ii 'SCT2424 

I lim[ 

m 

om; AO·A16 21 - ~ BO-B1& '\,,-
ABO·AS1S 

! :l P- XIEfi[ 

):>-- AIm 

ARIEL 

lID! 

I . . . 
BANK 0 

AD-A9 1MIC 16 BIT 
DRAMS 

m. 

=0 
&S, 

LOWER! BVTE 
W UPPER STROBE 

0 
Q 

I 
I . . . 

BANK 1 
AD-A9 1M x 16 BIT 

DRAMS 

lfAlI, 

&So LOWER! BVTE 
&S, UPP£R STROBE 

0 

rimil rw Q rim[ I I 
'--~ 

NOTE A: The value of this delay element is dependent on the speed of the microprocessor. 

FIGURE 2. TYPICAL MEMORY INTERLEAVE APPLICATION 
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• Expands 4 Address Lines to 12 Address 
Lines 

• Designed for Paged Memory Mapping 

• Output Latches Provided on 'LS610 

• 3-State Map Outputs 

• Compatible with TMS9900 and Other 
Microprocessors 

description 

Each 'LS610 and 'LS612 memory-mapper 
integrated circuit contains a 4-line to 16-line 
decoder, a 16-word by 12-bit RAM, 16 channels 
of 2-line to 1-line mUltiplexers, and other 
miscellaneous circuitry on a monolithic chip. 
Each 'LS610 also contains 12 latches with an 
enable control. 

The memory mappers are designed to expand a 
microprocessor's memory address capability by 
eight bits. Four bits of the memory address bus 
(see System Block Diagram) can be used to 
select one of 16 map registers that contain 1 2 
bits each. These 12 bits are presented to the 
system memory address bus through the map 

SN74LS61~ SN74LS612 
MEMORY MAPPERS 

D2549. JANUARY 1981-REVISED APRIL 1990 

JD OR N PACKAGE 
(TOP VIEW) 

RS2 Vee 
MA3 MA2 
RS3 RS1 
es MA1 

STROBE RSO 
R/IN MAO 

{

DO D11 } D1 D10 

B~:~~ ~~ D9 DATA 
D8 BUS 1/0 

D4 D7 
D5 DB 

MM e (NClt { ~~~ ~~~~} 
MAP M02 M09 MAP 

OUTPUTS M03 MOS OUTPUTS 
M04 M07 
M05 MOB 

GND-... __ ...r- ME 

tThis pin has no internal connection on the 'LS612. 

output buffers along with the unused memory address bits from the CPU. However, addressable memory 
space without reloading the map registers is the same as would be available with the memory mapper 
left out. The addressable memory space is increased only by periodically reloading the map registers from 
the data bus. This configuration lends itself to memory utilization of 16 pages of 2(n -41 registers each 
without reloading (n = number of address bits available from CPU). 

These devices have four modes of operation: read, write, map, and pass. Data may be read from or loaded 
into the map register selected by the register select inputs (RSO thru RS3) under control of R/W whenever 
chip select (CS) is low. The data I/O takes place on the data bus DO thru D7. The map operation will output 
the contents of the map register selected by the map address inputs (MAO thru MA3) when CS is high 
and MM (map mode control) is low. The 'LS612 output stages are transparent in this mode, while the 
'LS610 outputs may be transparent or latched. When CS and MM are both high (pass mode), the address 
bits on MAO thru MA3 appear at M08-MOll, respectively, (assuming appropriate latch control) with low 
levels in the other bit positions on the map outputs. 

PRODUCTION DATA d ... menllcolllllin informltion 
.unant as of publicltio. dltl. ProduclI ... form to 
specHlcatlanl par the tlrml of rl.l. I.,trumentl 

:~=:~~i~'i~':I:ri ~=::i:r :'l-:::~'::~ not 
TEXAS ." 

INSTRUMENTS 
POST OFFICE BOX 856303 • DALLAS. TEXAS 16265 

Copyright © 1990, Texas Instruments Incorporated 
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SN74LS610, SN74LS612 
MEMORY MAPPERS 

system blo~k diagram 

CPU 

logic diagram (positive logic) 

MEMORY A[)DRESS BUS 

MEMORY MAPPER 

MOO-MOll 

DATA AND CONTROL BUS 

a 
IINTERII!ALI ALL a LOW FOR MOO-M07 --+----. 

Cs 

4 
MAO-MA3 

RSO-RS3 
4 

STROBE 

RiW 

00-011 
12 

4 

RAM 16X12 

!}A2.... 
3 15 

Cl (WRITEI 

4 

12 
A.1D A 

12 4 

12 12 

TEXAS • 
INSTRUMENTS 

ONLY 
'LS610 
HAS 
LATCH 
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SYSTEM 
MEMORY 

C ME 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: r--'" 
WCl I 
~---< 

'LS612 
FEEDS 
STRAIGHT 
THROUGH 

I a 
MOO·M07 

Moa-MOll 



PIN 

NAME NO. 

e 2B 

es 4 

00 thru 011 7-12 

29-34 

MAO thru MA3 35,37,39,2 

ME 21 

~ 13 

MOO thru Mall 14-19, 

22-27 

RSO thru RS3 36,38,1,3 

R/W 6 

mlOliE 5 

Vee, GNO 40, 20 

SN74LS610. SN74LS612 
MEMORY MAPPERS 

TERMINAL FUNCTIONS 

DESCRIPTION 

Latch enable input for the 'LS610 (no internal connection for 'LS612). A high level will transparently 

pass data to the map outputs. A low level will latch the outputs. 

Chip select input, A low input level selects the memory mapper (assuming more than One 

used) for an I/O operation. 

I/O connections to data and control bus used for reading from and writing to the map register 

selected by RSO-RS3 when CS is low. Mode controlled by R/W. 

Map address inputs to select one of 16 map registers when in map mode (MM low and CS 
high). 

Map enable for the map outputs. A low level allows the outputs to be active while a high input 

level puts the outputs at high impedance. 

Map mode input. When low, 12 bits of data are transferred from the selected map register to 

the map outputs. When high (pass mode), the 4 bits present on the map address inputs MAO-MA3 

are passed to the map outputs MOB-Mall, respectively, while MOO-M07 are set low. 

Map outputs. Present the map register contents to the system memory address bus in the map 

mode. In the pass mode, these outputs provide the map address data on MOB-MO 11 and low levels 

on MOO-M07. 

Register select inputs for I/O operations. 

Read or write control used in I/O operations to select the condition of the data bus. When 

high, the data bus outputs are active for reading the map register. When low, the data bus is used 

to write into the register. 

Strobe input used to enter data into the selected map register during liD operations. 

5-V power supply and network ground (substrate) pins 

TEXAS .., 
INSTRUMENTS 

POST OFFICE BOX 666303 • DALLAS, TEXAS 15265 5-15 



SN74LS61l SN74LS612 
MEMORY MAPPERS 

schematics of inputs and outputs 

INPUT/OUTPUT PORTS, 00·011 
I/O 

PORT 

20kn NOM 

EQUIVALENT OF OTHER INPUTS 

Vee 

INPUT 

MM Req = 1 kn NOM 
RS, STROBE, Req = 9 kn NOM 
es, R/W, MA, Req' 6 kn NOM 

TYPICAL OF MAP OUTPUTS 

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

Supply voltage, Vee (see Note 1) ...... , ... , ..................... , . . . . . . . . . . . . .. 7 V 
Input voltage: Data Bus I/O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 

All other inputs ...................... ' .............. '. . . . . . . . . . . .. 7 V 
Operating temperature range ............................................ ooe to 70 0 e 
Storage temperature range ............ .. . . . . . . . . . . . . . . . . . . . . . . .. - 65 °e to 150 0 e 

tStresses beyond those list.ed 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 absoiute-maximum-rated conditions for extended periods may affect 
device reliability, 

NOTE 1: Voltage values are with respect to network ground terminal. 

recommended operating conditions 

VCC 

VIH 

VIL 

IOH 

IOL 

tAVCL 

tSLSH 

tCSLSL 

tWLSL 

tRVSL 

tDVSH 

tSHCSH 

tSHWH 

tSHRX 

tSHDX 

TA 

5-16 

Supply voltage 

High-level input voltage 

Low-level input voltage 

MO 
High-level output current 

0 

Low-level output current 
MO 

0 

Address setup time (AV before C lowl I 'LSel0 only See Figure 2 

Duration of strobe input pulse 

CS setup time (CS low to strobe low I 

R/W setup time (R/W low to strobe lowl 

RS setup time (RS valid to strobe lowl 

Data setup time (00·011 valid to strobe highl See Figure 1 

CS hold time (Strobe high to CS highl 

R/W hold time (Strobe high to R/W highl 

RS hold time (Strobe high to RS invalidl 

Data hold time (Strobe high to 00·01 1 invalid I 

Operating free-air temperature 

TEXAS .., 
INSTRUMENTS 
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MIN NOM MAX UNIT 

4.75 5 5.25 V 

2 V 

0.8 V 

-15 

-2.6 
mA 

24 
mA 

8 
30 ns 

75 ns 

20 ns 

20 ns 

20 ns 

75 ns 

20 ns 

20 ns 

20 ns 

20 ns 

0 70 ·C 



SN74LS610. SN74LS612 
MEMORY MAPPERS 

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

PARAMETER TEST CONDITIONSt MIN TYP* MAX 

VIK Vee = MIN, II = -18 mA -1.5 

10H = -3 mA 2.4 
MO Vee = MIN, VIH = 2 V, 

2 VOH 10H - MAX 
D 

VIL = MAX 
10H = MAX 2.4 

10L = 12 mA 0.25 0.4 
MO 

Vee = MIN, VIH = 2 V, 10L = 24 mA 0.35 0.5 
VOL 

VIL = MAX 10L - 4 mA 0.25 0.4 
D 

10L = 8 mA 0.35 0.5 

10ZH 
Vee = MAX, VIH = 2 V, 

20 
VIL = MAX, Vo = 2.7 V 

MO Vee - MAX, VIH - 2 V, -20 
10ZL D VIL = MAX, Vo = 0.4 V -400 

D 1 VI = 5.5 V 0.1 
II 

All others 
Vee = MAX 

1 VI = 7 V 0.1 

IIH Vee = MAX, VI = 2.7 V 20 

IlL Vee - MAX, VI = 0.4 V -0.4 

10si 
I MO -40 -225 

ID 
Vee = MAX 

-30 -130 

1 Outputs high 112 180 

lee Vee = MAX I Outputs low 112 180 

J Outputs disabled 180 230 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*AII typical values are at Vee = 5 V, TA = 25°e. 
iNot more than one output should be shorted at a time, and dUration of the short-circuit should not exceed one second. 

switching characteristics. Vee - 5 V. TA - 25°e. eL - 45 pF to GND 

PARAMETER 
FROM TO 

TEST CONDITIONS 
'LS610 'LS612 

(lNPUTI (OUTPUTI MIN TYP MAX MIN TYP 

tesLDV Access (enablel time ~. DO-11 28 50 26 

tWHDV Access (enablel time R/Wt 00-11 RL = 2 kll, 20 35 20 

tRVDV Access time RS 00-11 See Figure 1, 49 75 39 

tWLDZ Disable time R/W. 00-11 See Notes 2 and 3 32 50 30 

tesHDZ Disable time CS't 00-11 42 65 38 

tELQV Access (enablel time ME. MOO-11 19 30 17 

teSHQV Access time CS't MOO-11 56 85 48 

tMLQV Access time linM. MOO-11 25 40 22 

teHQV Access time et MOO-11 
RL = 6670, 

24 40 

tAVQV1 Access time (iiiiliif lawl MA MOO-11 
See Figure 2, 

46 70 39 
See Notes 2 and 3 

tMHQV Access time MMt MOO-11 24 40 22 

tAVQV2 
Propagation time 

MA M08-11 19 30 13 (iiiiliif high I 

tEHOZ Disable time MET MOO-11 14 25 14 

NOTES: 2. Access times are tested as tPLH and tpHL or tpZH or tPZL. Disable times are tested as tpHZ and tpLZ. 
3. Load circuits and voltage waveforms are shown in Parameter Measurement Information. 

TEXAS • 
INSTRUMENTS 
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MAX 

50 

35 

75 

50 

65 

30 

85 

40 

70 

40 

30 

25 

UNIT 

V 

V 

V 

~A 

~A 

mA 

~A 

mA 

mA 

mA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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SN74LS610. SN74LS612 
MEMORY MAPPERS 

PARAMETER MEASUREMENT INFORMATION 

TEST 
POINT 

FROM OUTPUT -4 .... ---............ 
UNDER TEST 

NOTES: A. CL includes probe and jig capacitance. 
B. All diodes are 1 N3064 or equivalent. 

TIMING I 3V 
INPUT'-I-~3~ ____ OV 

, . . . "'--""-'hold 
setup~ I 

DATA 1.3 V 1.3 V ~C+---3V 

INPUT OV 

VOL TAGE WAVEFORMS 
SETUP AND HOLD TIMES 

INPUT ..11.3 V \. -;3:- - 3 V 

--" I· OV 

'PLH~ ~'PHL 
IN-PHASE " 1 ~-;~ VOH 
OUTPUT: 1.3V I ~ 

, 1 VOL 
tpHL -14----+1 ~tpLH 

OUT-OF-PHASE \1.3V F VOH 

OUTPUT • . -- VOL 
(See Note F) 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

LOAD CIRCUIT FOR 
3-STATE OUTPUTS 

(Seo Nato B) 

HIGH·LEVEL ~1.3V 
PULSE ~,.~y ~ 

LOW·LEVEL 
PULSE 

l4---'w~ 

'\'WI 1.3V 1.3V 

VOLTAGE WAVEFORMS 
PULSE DURATIONS 

OUTPUT~ 

CONTRO~ l\ 1.3 V 
(Low·'ovel 1'-.-------

3V 

--I.~~---.;..- OV 
enablingl )4--tPZL---IOi ~tpLZ 

I +--"'4.5V 
WAVEFORM 1 I Sl closed, 1.3 V 

1 1 51 and 
1 I 52 cl .... d 
1 l:i' "'1.5 V 

ISee Note C) I S2 open 

WAVEFORM 2 

I 
l4--tpZH~ 

I 
S1open, I 

1,3V 

1 1-
, '£,.--- VOL 

'--f+---+I ° .5 V PHZ I 

I 
rO.5 V 
L __ VOH 

.. "'1.5V ISee Note C) 52 closed 
___ "';;;;;';';~;;"'..J.'_ - - '" ° V Sl and 

52 closed 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 

NOTES: C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. 

5-18 

Waveform 2 is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. In the examples above, the phase relationships between inputs and outputs have been chosen arbitrarily. 
E. All input pulses are supplied by generators having the following characteristics: PRR :$ 1 MHz, Zo = 50 I), tr :$ 15 ns, tf S 6 ns, 
F. When measuring propagation delay times of 3~state outputs, switches Sl and 52 are closed. 
C;;. The outputs are measured one at a time with one input transition per measurement. 

FIGURE 1 

TEXAS ,If 
INSTRUMENTS 
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SN74LS610, SN74LS612 
MEMORY MAPPERS 

PARAMETER MEASUREMENT INFORMATION 

"~:"-1 
1 

"<XXxxxx 
I--- tCSHOV---+I 

I 

\'--__ ~:~----------~f , , "M" 

j4-tMLov-+I 

I 

"E" ~~.--------~:-----------------r---------------J~ 
-.j tELOV j.- !+tEHOZ.j 

I I 

---,.....-:-'----1'"'\ " C Input and interval tCHOV I 
, ..... __ ...I"k" I 

I 1- I onlyapplyfor'LS610. I 

~tAVCL~ I : 

l I' ~ 1 
I ADDRESS I 'I ADVADRLIEDSS 
1 VALID I 

C 
"C" 

MAO·3 
"A" 

I 

" I 
1 

M08·11 
.. a .. 

H~AVOV1-+1 j4-tcHOV-.j 

I' I 

~-~""""f=4""--V-AL-ID--"". ~ .• 

----:,L-:J_~(,.:V~A~L;ID;:)E VALID )iE 
3-st8te outputs Hi-Z; open-collector outputs at H lavel. 

j4-tMHOV~ j4-tAVOV2.j I 
,,....----'"'1 1 

VA". ! VA". ~ VA". 1 
VALID i ;--MOO·' 

.. a .. 

FIGURE 2. MAP AND PASS MODES 
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SN74LS61t SN74LS612 
MEMORY MAPPERS 

PARAMETER MEASUREMENT INFORMATION 

,,~,,\ f 
I'--------------------------~I 
!+--tCSLSL --+1 !+--tSHCSH----.1 

I I I I 
I I 

\~ __ ~' ______ ~: ____ ~f 
1- I II 

!+-tWLSL -+!+--tSLSH---+I+-'SHWH--.j 

R/Vii 

"w" 

\\-----

l I I I 
STROBE--~------~II----~~ ;fr------~'----------------------------------

"S" I I- 'I ! 
!+tRvSL.1 I+'SHRX.j I 
I I I I 

RS ~r-7r"~Mr""~1 I I~.;-I --.....;..-----!~-__ ~~~=~ 
"S" ADDRESS VALID I I AOORTSS VALID I NEWV~~~ESS 

I I I I I 

14 -I. ~I ~ ~ ~I~I~ 
'OVSH tSHOX I 'WHOV I 'CSHOZ I 'CSLOV J' 'RVOV I 

I 

I"WLO/! 

00-11 

~'CSLO:! 
Hi·Z I OUTPUT I 

VALID INPUT VALID 
I I OUTPUT I I OUTPUT 

"0" VALID VALID 

FIGURE 3, WRITE AND READ MODES 

EXPLANATION OF LETTER SYMBOLS 

This data sheet uses a new type of letter symbol based on JEDEC Standard 100 to describe time intervals. 
The format is: 

tAB-CD 

where: 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. 

Subscripts Band 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 
V a valid steady-state level 
X unknown, changing, or "don't care" level 
Z high-impedance (off) state. 

The hyphen between the Band C subscripts is omitted when no confusion is likely to occur. For these 
letter symbols on this data sheet, the signal names are further abbreviated as follows: 

5-20 

SIGNAL NAME 

C 
CS 
DO-11 
MAO-'-MA3 
MOO-M011 

A AND C SUBSCRIPT 

C 
CS 
D 
A 
Q 

SIGNAL NAME 

ME 
MM 
R/W 
RSO-RS3 
STROBE 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS. TeXAS 76265 

A AND C SUBSCRIPT 

E 
M 
W 
R 
S 
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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. TI 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. 

TI warrants performance of its semiconductor products to current 
specifications in accordance iNith TI's standard warranty. Testing 
and other quality control techniques are utilized to the extent TI 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all. parameters of 
each device is not necessarily performed. 

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

Texas Instruments products are not intended for use in life support 
appliances, devices or systems. Use of a TI product in such 
applications without the written consent of the appropriate TI 
officer is prohibited. 
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Access Time 
The time interval between the request for information and the instant this information 
is available. 

Address 
A number of bits used to identify memory locations in which data can be stored or from 
which it can be retrieved. 

Bank 
A bank is a memory used to store data or address information. 

Block 
(see Line) 

Block Size 
(see Line Size) 

Buffered Writes 
(see Posted Writes) 

Bus Watcher 

Byte 

The bus watcher is a mechanism used to monitor or snoop system address buses to 
assure coherency in the data stored in cache and main memory. 

A byte consists of eight bits. 

Cache 
A cache is a small, high-speed memory used to provide a temporary storage location 
for data most likely to be requested by the CPU. This allows for quick access of data 
and improved CPU performance (i.e., zero wait states). 

Cache Address Comparator 
A cache address comparator is a memory device used to store and compare addresses 
which map data that is stored in cache. 

Cache Hit 
A cache hit is said to occur when data being requested by the CPU resides in cache. 

Cache Miss 
A cache miss is said to occur when data being requested by the CPU does not reside 
in cache. 
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Cache Size 
Cache size is defined by the number of bytes of data that can be stored in a cache 
memory. Cache size is one of the parameters that most strongly affects cache 
performance. 

Cache Tag 
(see Cache Address Comparator) 

Cascade 
In regards to cache memories, the term cascade refers to the use of several cache tags 
to expand the cache size (depth) and/or the main memory coverage (width). 

Copy-Back Cache 

Data 

This term describes a type of cache design in which memory writes initially only 
modify the cache and can later be copied back to main memory. Copy-back caches 
improve CPU read and write performance and decrease system bus traffic. 

Any information stored or retrieved from a memory device 

Data Coherency 
Data coherency is necessary when a system has multiple memories. If several 
memories contain the same data word, modifying that data word in one memory causes 
the data to be incoherent with the data stored in the other memories. Therefore, the 
other memories that have a copy ofthat same data word must either update orinvalidate 
their copy. If this is not done, data remains inconsistent or incoherent. 

Direct Mapped Cache 
A direct mapped cache is the simplest form of set associative cache architecture, one 
way set associative. In a direct mapped cache, an index identifies only one line of data, 
(i.e., only one member of a set may exist in cache at a given time). (see Set 
Associativity) 

Dirty Bit 
A dirty bit is a status bit used in copy-back caches to identify data which has been 
modified and is different from that which is stored in main memory. 

Flushed 
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A cache memory location that is written back into shared memory and then replaced 
is said to be flushed. 



Hit 
(see Cache Hit) 

Hit Rate 
(see Bit Ratio) 

Hit Ratio 
A measure of cache memory performance and is equal to the number of cache hits 
times 100%, divided by the number of memory accesses. 

Index 

Line 

The portion of the main memory address bits used to address a location in the cache 
tag RAM and a line of data in the cache data RAM. The index usually consists of the 
lower order address bits. 

Aline is the fixed unit of information transfer between cache and main memory. 

Line Size 
Line size refers to the amount of information in a line and is defined as a number of 
bytes. Line size is one of the parameters that most strongly affects cache performance. 

Match 
(see Cache Hit) 

Memory 
A medillm capable of storage and/or retrieval of information 

Memory Thrashing 

Miss 

If a CPU requests a series of data, where each data word has the same index but resides 
in a different page in main memory, then a cache miss will occur for each memory 
access request. This condition is known as memory thrashing and seriously affects the 
efficiency of cache. The use of 2-way and 4-way set associative caches can reduce or 
eliminate the possibility of memory thrashing. 

(see Cache Miss) 

Multiple~ing 
. The ability to transmit two or more signals over a single channel. Often done when 

transferring data from a large bus into a cache. 
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Posted Writes 
In a write-through cache, read cycles are accelerated but write cycles are not. Through 
the use of a write buffer, write cycles can also be accelerated. The process of buffering 
or storing address and data in a write buffer is referred to as a posted write or buffered 
write. 

Replacement Algorithm 

Set 

The method used to determine when and where to write data into a cache memory. 1\'1'0 
common replacement algorithms are LRU (Least Recently Used) and Random. 

A set is made up of all the locations in main memory corresponding to a given index. 

Set Associativity 
This term describes a mapping technique used in cache design. This technique allows 
data from anywhere in main memory to be stored in a much smaller cache memory. 
This is accomplished by defining sets of data in main memory. Each set of data is 
associated with an indexed memory location in cache. 

Snoop 
(see Bus Watcher) 

Snooping 
(see Bus Watcher) 

Store-Through 

Tag 

(see Write-Through) 

The portion of the main memory address bits that is stored (along with data) in the 
cache memory. The tag is stored in the cache tag RAM at the location addressed by the 
index. The tag usually consists of the high-order address bits. The tag is compared to 
the CPU's high-order address bits during a memory access cycle to determine a cache 
hit or miss. ' 

Thrashing 
(see Memory Thrashing) 

Wait States 
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The term wait state refers to the clock periods where the processor is stopped to wait 
for the memory to respond. Cache memories are commonly used to eliminate wait 
states so that the processor can operate at maximum speed. 



Word 
A series of one or more bits that occupy a given address location and that can be stored 
and retrieved in parallel. 

Write-Back 
(see Copy-Back) 

Write Buffer 
Memory devices used for temporary storage of address and data during a CPU write 
cycle. A write buffer usually consists oflatches or FIFOs. Write buffers are commonly 
used in write through cache design and improve CPU performance by as much as 5%. 

Write-Through Caches 
This term describes a type of cache design in which the memory read cycle is 
accelerated (the write cycle is not accelerated). With a write-through cache, every time 
data is written into the cache, it is also written into main memory. 

2-Way Set Associative 
In a 2-way set associative cache, an index identifies two lines of data (i.e., only two 
members of a set may exist in cache at a given time). This design provides significant 
performance improvement in comparison to direct mapped caches as measured by the 
hit ratio. (see Set Associativity). 

4-Way Set Associative 
In a 4-way set associative cache, an index identifies four lines of data (i.e., only four 
members of a set may exist in cache at a given time). This design provides significant 
performance improvement in comparison to direct mapped or 2-way set associative 
caches as measured by the hit ratio. (see Set Associativity). 
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Introduction 

As the typical operating speeds of processors have increased to provide for the ever 
increasing need for computing power, the necessity of developing a memory hierarchy 
(the incorporation of two or more memory technologies in the same system) has become 
apparent. One of these memory technologies is selected ort the basis of fast access time 
(with associated high cost per bit) to allow minimum system cycle time. The other 
technologies are chosen with the lowest possible cost per bit relative to speed in order 
to achieve the maximum system memory capacity. In a system with a multiple level 
hierarchy, the speed-to-cost relationship depends upon the frequency of access and the 
total memory requirement at that level. By proper use of this hierarchy through coordination 
of hardware, system software, and in some cases user software, the overaii memory system 
will reflect the characteristics that approximate the fast access time of the fast memory 
technology and the low cost per bit of the low cost memory technology. Large computer 
systems have made use of this memory optimization technique to maintain very large data 
bases and high throughput (see Figure 1). Many smaller processor systems use this technique 
to allow mass storage of data, where a tape or a disk is the low-cost memory and Random 
Access Memory (RAM) is the fast memory technology. 

Because of the increase in processor speeds, memory hierarchy is now extending 
to the RAM memory used in microcomputer systems. Typically, Dynamic RAM (DRAM) 
is used as the bulk or main memory and High-Speed Static RAM (HSS) serves as the 
fast-access memory. This HSS RAM is typically IK to 256K words deeP and serves as 
a fast buffer memory between the processor and the main memory. This small fast buffer 
memory is called "cache" memory because it is the storage location for a carefully selected 
portion of the data from the main memory. The addresses for that portion of memory 
currently in the buffer memory is saved in the cache tag RAM (a small memory that is 
used to store the addresses of the data that has been mapped to cache). 

~----RELATIVE MEMORY SIZE----~ 

INCREASING 
ACCESS TIME 

ARCHIVAL STORAGE 
(MAGNETIC TAPE) 

BULK STORAGE 
(DISK I 

INCREASING 
COST PER BIT 

j 
Figure 1. Memory Size vs Access Time and Cost per Bit 

6-15 



Memory Systems with Cache 

When the processor accesses main memory, the processor address is compared to 
the addresses currently present in the cache tag RAM. When a match occurs, the required 
data is resident in the cache and the access is called a "hit" and is completed in the cycle 
time of the fast memory. When a match does not occur (a "miss"), the main memory 
is accessed and the processor must be delayed to allow for the slower access cycle of the 
main memory. Whether a hit has occurred is determined by the cache-tag RAM. Figure 2 
shows the relative placement of the processor, main memory, cache, and cache-tag RAM 
within a system. 

Since there must be comparisons made between the current processor address and 
the addresses in the cache, the cache-tag RAM must have a very fast access time tei prevent 
the degradation of processor accesses even when a match occurs. Previously, the memory 
used for the cache-tag RAM was the same as that used for the cache, which (because of 
added delays through comparison logic) meant that the full benefits of the cache were 
not realized. 

The Cache Address Comparators were designed to reduce this cache access 
degradation to a minimum by incorporating the matching logic on-chip. This provides 
match-recognition times that are compatible to the access time of the cache-buffer memory. 

I \ 
'{ DATA BUS r\ I 

\ r- , 

~ ... 
D 

CACHE BUFFER 
E~ 

RAM MAIN. 
PROCESSOR MEMORY 

A 

\ 

ADDRESS BUS 
, 
I 

li 11 
, 

D A j 

CACHE TAG 
RAM 

M 

I 

Figure 2. Typical Memory System with Cache 
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Cache Memory Systems Using 'ACT2151 and 'ACT2152 

Set-Associative Cache Address Matching 

The 'ACT2151 and 'ACT2152 implement the set-associative type of cache address 
matching. This algorithm may be more clearly understood by considering main memory 
as an (m) by (n) array of blocks and the cache is an (n) by (k) array (see Figure 3). Each 
block is composed of (x) words, and transfers between main memory and cache memory 
always move all (x) words in that block. Corresponding to every block in the buffer RAM 
is a tag address specifying which block of main memory is currently resident in the buffer 
RAM at that location. The set-associative algorithm maps each modulo (n) group of (m) 
blocks into the corresponding (n) row of the cache. The low-order address lines of the 
processor covering the sets (n) select a row of the cache buffer and the corresponding 
row in the tag RAM. The data is stored in the cache buffer and the high-order address 
specifying the block (m) is saved in the tag RAM. The high-order address then becomes 
the tag. 

CACHE 
I,.. ___________ -JA'-____________ ~\ 

LOW ORDER n 
ADDRESS 

"-, 
• 
• 
• 
2 , 
o 

MAIN MEMORY 

x 

x 
x 
x 

x 
o , 2 • • • m-' 

\'-----..v,..--...-J1 

m 
(HIGH ORDER ADDRESS) 

BUFFER RAM - , 
--i 

D - -; 
--; 

- of 
D 

--i 
D -; 
D -; 
D 

- -I 

\.-K-+l 

DATA 

K = Number of BUFFER/TAG groups for multiple cache systems 
X = Blocks moved to cache 
o = Valid data from main memory 
? = Areas of cache that have not been loaded from main memory 

NV = Code to indicate non-valid label 

- - --

0, 1. 2, m-' = Labels from high order address specifying the block moved from main memory. 

Figure 3. Set-Associative Cache Address Matching 
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Cycle Time Improvement 

There are several algorithms used to determine which areas of main memory should 
be resident in cache and which should be replaced (first-in, first-out; least recently used; 
or random). Since programs typically have the property of locality (over short periods 
of time, most accesses are to a small group of memory addresses), these replacement 
algorithms can make the cache have the majority of processor accesses resulting in hits. 
The hit ratio (number of hits x 100%/number of memory accesses) runs 90% and higher 
in systems with well coordinated memory to cache mapping routines. As the block size 
(x) increases, the replacement mapping algorithm options have greater impact on the cache 
performance. (The terms block and block size are also referred to as line and line size.) 

When running at maximum frequency, many microprocessors are operating with 
memory access times of 100 ns or less. After allowing for address bufferirig, decoding, 
and propagation delays through data buffers, the maximum access time that can be toierated 
is 60 ns or less before processor throughput is affected. For large memory systems, DRAM 
can be used to achieve a cost-effective memory. 

However, these cannot meet a 60-ns access requirement. If the actual system 
throughput for a system with cache and one without cache are compared, the advantages 
of cache become obvious. 

For comparison of the two architectures, assume that a processor is implemented 
in which 30% of the active cycle involve main memory (the other 70% used for instruction 
decoding and internal operations). Also assume that the processor cycles at 125 ns with 
a required memory access time of 60 ns. If the memory is not ready, the cycle time is 
extended by 125-ns increments till satisfied. This processor using 120-ns DRAMs would 
require one delay increment on main memory accesses and 200-ns DRAMs would require 
two delay increments. The average cycle time can be calculated for each memory speed 
as follows: 
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Average Cycle Time = [(INT) X (CYC)] + [(MEM) X (CYC+DEL)] 

where INT = percent of time doing internal operations 
Cye = processor cycle time 
MEM = percent of time doing memory accesses 
DEL = number of delay increments X 100 ns 

For a processor using 120-ns DRAMs: 

Average Cycle Time = [(70%)x(125 ns)] +[(30%) X (125+125)] 
Average Cycle Time = 163 ns 

For a processor using 200-ns DRAMs: 

Average Cycle Time = [(70%)x(125 ns)] +[(30%) X (125 + 25()] 
Average Cycle Time = 200 ns 



For the same system with cache memory, assume a 90% hit ratio with 6O-ns 
cache and 120-ns DRAM: 

Average Cycle Time = [INT x CYC] + [MEM x [(HIT X CAC) + 
(MIS x (CYC + DEL»)]] 

where INT = percent of time doing internal operations 
CYC = processor cycle time 
MEM = percent of time doing memory accesses 
DEL = number of delay increments x 100 ns 
HIT = percent of memory accesses hit cache 
MIS = percent of memory accesses miss cache 
CAC = cache memory access cycle time 

Average Cycle Time = [70% x 125] + [30% X [(90% x 125) + 
(10% x 125 + 125»)]] 

Average Cycle Time= 129 ns 

This value represents a 20% improvement with 120-ns devices over the non-cache 
implementation with 120-ns devices and 35% using 200-ns devices. This performance 
improvement can be further demonstrated for those systems using custom or bit-slice 
processors where the memory cycle time as well as access time is of concern. For this 
example, consider a processor with a cycle time of 50 ns and main memory cycle time 
of 100 ns (use the same access ratios as in the previous example): 

Average Cycle Time = [(70%) x (50)] + [(30%) x (100)] = 65 ns 
(Without Cache) 

Average Cycle Time = [70% x 50] +[30% x [(90% x 50)+(10% x 100)] 
(With Cache) = 52 ns 

This represents a 20% decrease in average cycle time for the processor using 50-ns 
cache memory. If the main memory was rated at a cycle time of 200 ns, either using slow 
main memory or due to allocation of alternate cycles for some other activity 
(multiprocessors, direct memory access, display refresh, etc.), the cache would still give 
an average cycle time of 55 ns. This is an improvement of 63% over the 95 ns average 
cycle time for a non-cache system. 

Cache Memory Configurations 

Figures 4,5, and 6 illustrate applications for the 'ACT2151 and the 'ACT2152 in 
cache memory systems. Figure 4 shows a cache-memory configuration that has a 512M
byte main memory with a block size of 4 32-bit words. In this particular application, a 
cache containing 1024 four-word blocks was chosen thus defining the main (n) x (m) 
array as being 1024 sets of 32,728 four word blocks. The 128M-word memory requires 
an address bus of 27 lines. The least bits (A2-A3) are used as a word select for one of 
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the four words in each block. The next least significant address lines (A4-AI3) are used 
as the set select inputs to the cache buffer RAM and the cache tag RAM. The remaining 
high-order address lines (AI4-A28) form the label or tag which is stored and compared 
by the tag RAM. 

Since the label in this example is composed of 15 address lines, two 'ACT2151 devices 
are used to expand the tag. The 15 address lines are the data inputs to the tag RAM. The 
other data inputs are tied to 5 V so that, after Reset, invalid data cannot force a match. 
The match output of the two 'ACT2151 devices are combined to form the enable for the 
cache data buffer. If the contents of either 'ACT2151 do not contain a match, the cache 
is not enabled. These signals are also used by the control circuits to inform the system 
that the address is not present in the cache so that main memory might be accessed. The 
control circuit also resets the cache upon power-up. This is accomplished by taking the 
RESET input of the 'ACT215110w_ After reset, no matches will occur at any locations 
until that location has been written. 

In the application shown in Figure 5, the expansion of the tag RAM is carried out 
in both depth (more sets) and width (wider tag). The block size is chosen as one such 
that the 4K cache now represents 4096 blocks of one word each. The high-order addresses 
are still used as the label to the tag RAM. All is used to select between two 'ACT2152 
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Figure 5. Cache Memory Configuration, Line Size = 4 Bytes 

pairs. Each pair contains labels for 2048 of the cache-memory blocks. Address lines A2 
thru Al2 are used as the set-address inputs. If the chip select (CS) is at a logic high 
(deselected), the 'ACT2152 match output (M) is high. An AND function can be used to 
enable the cache data buffers and also notify the control circuit if access needs to be made 
into the main memory. The logic for this system illustrates that the upper pair are compared 
for the first 2048 blocks within cache and the lower pair are compared for the second 
depending on the state of address All. 

A 2-way cache structure (K = 2) is shown in Figure 6. The 4M-word memory is 
divided into 4096 sets of 1024 one-word blocks. In this example, AO and Al are used 
to select which one of the four bytes within a block are accessed. A2-A12 select which 
of the 2048 block labels are to be compared. Addresses A14-A21 form the eight-bit label 
for the block. Address A13 is used by the cache control logic in conjunction with the possible 
processor status lines as chip select inputs. The match outputs from the two 'ACT2152 
devices, Al and A2, are NANDed to form an active-low enable to the cache data buffers 
and to serve as a request to the control logic. The match outputs from Bl and B2 also 
are NANDed to perform a similar function for cache RAM B. If no match is found in 
cache RAM A or B, the control logic will initiate an access from main memory. The purpose 
of the 2-way-cache architecture is to allow for rapid switching between multiple tasks or 
programs since the processor can have access to two blocks in anyone set in cache at 
the same time, The 2-way cache approach also yields more replacement options than the 
single-cache architecture. When an access results in a miss in the single-cache system, 
the data in cache is replaced by the current data even though the old data may still be 
useful. By using independent caches, the control can determine which data is most 
expendable and replace that block while the other caches keep their potentially useful data, 
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Cache-memory architecture can enhance the throughput of many microprocessor 
systems, This allows large low-cost memory to perform like a high-speed RAM. The 
'ACT2151 and 'ACT2152 reduce the tag memory implementation cost and complexity 
and provides label comparison times comparable to the access times of high-speed 
memories. These additional benefits make high-performance microprocessor designs that 
can use the same techniques of optimizing cost, memory size, and throughput that had 
previously been available only in larger computer applications. 
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To Obtain Price/Performance Flexibility and Control 

Programmable Array or ASIC control logic can be designed to control a wide range of 
SRAMs and cache address comparators, commonly referred to as cache tags. This provides 
for both high-end/medium cost and low-end/ low-cost solutions. The price of some systems 
can be varied by using this flexibility to provide a range of cache options for the customer. 

Control of Architectural Features to Differentiate a System 

Cache size, line size, set associativity, main memory update scheme (write-through or 
copy-back), bus-watching methodology, buffering and system control are variables that can 
be used to optimize each cache solution and differentiate your system. For example, 
integrated cache controller solutions are usually forced into making performance tradeoffs 
because of silicon limitations. These solutions usually dictate the line size necessary to 
achieve a given cache size. Line size is one of the variables that most greatly affects cache 
performance. Through the use of a TI cache tag RAM and control logic (ASIC or 
Programmable Array) a line size can be chosen based on the system architecture to provide 
optimized system performance. 

Achieve Complete Most Efficient Use of Cache Memory 

Integrated solutions normally use a sub-block approach for mapping cache data. For 
example, one tag and 8 valid bits were used in the 82385 cache controller to map eight 32-bit 
words in the cache data RAMs. This was done to reduce the amount of on-chip memory 
needed to implement an integrated cache controller. This is a good approach but for the best 
performance, the line size used must match the number of valid bits (in this example, the line 
size must be 32 bytes or eight 32-bit words). If the line size is less than the number of valid 
bits, then every tag miss will result in empty cache locations. If the line size is one 32-bit word 
or 4 bytes and each tag maps 8 32-bit words or 32 bytes, then each tag miss will result in 
7 empty cache locations or 28 waisted bytes. This can not be efficient. The use of TI cache 
tag RAMs allows the designer to assign one tag per line or one tag per word optimizing the 
cache performance. 
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lntroduction 

This application report deals with an explanation of how to interface TI's SN74ACT2163 
and SN74ACf2160 cache tags with the Intel i486 TM. A discussion of the cache critical path 
design, cache coherepcy solutions for the Intel i486 ™ , and copy-back or buffered writes is 
included to assist in the design. 

CPU 

1486'· 
DATA BUS 00-031, DPO-DP3 

t MAIN 
MEMORY 

CONTROL 32Kx9 

LOGIC ~ - (4) 36 
CE - ..... (FPLor 

A2-A3 I 
ASIC) 

W 
32Kx9 

..-.-- (4) 
-CE 

I- A2-A3 A171 I- I 
A4-A16 

ADDRESS BUS A2-A31 

A4-A17 A18-A21 
A4-A17 I A22-A26 

'ACT2163 
~ 00-03 'ACT2163 

5V- 04 ..... 00-03 

AO-A13 AO-A13 
MATCH I 

MATCHil 

~ 

NOTE: Cache main memory coverage with two 'ACT2163s, a line size of 16 bytes, and one valid bit is 
32M (128M bytes). One additional 'ACT2163 will cover total address range. This design can 
supply zero wait state cache data to the Intel i486'· in the burst mode. 

Figure 1. 256K Byte Direct-Mapped Cache for the i486™ 
Using the TI SN74ACT2163 

Line Size = 16 Bytes 

i486 is a trademark of Intel Corporation. 
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M1 ~ M1 
T 

5ns 
~ M2 - M2 r---11f _ 

f I I 

Cache/System Bus Controller 
and Controller Interface Signals 

NOTE: The number of 'ACT2160s required depends on the amount of main memory covered. The 
'ACT2160 can be cascaded in depth to provide even bigger caches. This design can supply zero 
wait state cache data to the i486™ in the burst mode. 

Figure 2. 256K Byte 2-Way Cache for the 1486™ Using the SN74ACT2160 
2-Way Cache Tag 

Line Size = 16 Bytes 
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A2-A31 
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NOTE: Preliminary Intel 33 MHz Intel i486™ specs. t6 = 16 ns MAX, t16 = 5 ns MIN, t22 = 5 ns MIN. 

Figure 3. Intel i486™ Timing Diagram 
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Cache Design Critical Paths 

1. Address valid to RDY and BRDY: 

(CLKperiod x 2) - t6 -t16 = 60 -16 - 5 = 39 ns 
2. Address valid to data setup (first word): 

(CLK period x 2) - t6 - t22 = 60 - 16 - 5 = 39 ns 
3. Burst address valid to data setup (2nd, 3rd, 4th word): 

(CLKperiod xl) -t6 - t22 = 30 -19 - 5 = 6 ns 
To achieve zero wait state reads, the burst address must be generated manually. 

CLK period x 1 - t22 = 30 - 5 = 25 ns 

Therefore: 

1. RDY and BRDY are easily generated within 39 ns. 

2. tpd tag RAM + tpd control logic + toe SRAM < 39 
This can be achieved using a 17-20 ns cache tag, a 5-7 ns programmable logic 
device (PLD), and an SRAM with an 8-10 ns toe time. Or for direct mapped cache 
designs with zero wait state reads, it is reasonable to assume a hit and enable the 
cache SRAM early. Using this assumption, this critical path then becomes ipd tag 
RAM + tpd control logic < 39 ns. This method allows slower control logic to be 
used in the critical path (Le., 10-15 ns programmable logic). 

3. tpd manual burst control + tAA SRAM < 25 ns. The HM67B932 has 10-13 ns row 
address access time allowing about 10 ns for burst control. Another solution 
would be to multiplex 4 banks of SRAM using the chip select or output enable 
inputs. 

Cache Coherency Solutions for the Intel i486™ 

When designing a second level cache for the Intel i486 ™ , special consideration must be 
given to the coherency solution. The internal Intel i486 ™ cache is 4-way set associative. Bus 
watching or snooping is achieved with the Intel i486 ™ by applying the snoop address to the 
Intel i486 ™ address bus and asserting the EADS' signal. If an internal snoop hit occurs, the 
appropriate cache entry is invalidated. Other Intel i486 ™ operations are put on hold during 
an invalidation cycle. There are two basic methods of insuring coherency when using a 
second level cache. 
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1. This method allows data to reside in the Intel i486 ™ cache that is not in the 
second level cache. 

During a bus snoop cycle, the snoop address is applied to both the Intel i486 1M 

and to the second level cache. When a snoop hit occurs, the matching cache 
entries are invalidated. This method causes the Intel i486 ™ to hold every time 



bus snooping is performed. This method is probably acceptable to DOS 
applications since the CPU is held up during DMA. 

2. This method insures that data in the Intel i486"" cache always resides in the 
second level cache. 

During a bus snoop cycle, the snoop address is applied only to the second level 
cache. When a snoop hit occurs, the snoop address is then applied to the Intel 
i486 ™ for invalidation. This method requires an Intel i486 ™ invalidation 
cycle during each second level read miss cycle. This can be achieved by 
applying the index and stored tag of the cache data that will be replaced to the 
Intel i486 TM, while data is being fetched from main memory. 

Copy-Back or Buffered Writes 

Since the Intel i486"" has 8K bytes of write-through cache, a high percentage of the traffic 
seen on the Intel i486 ™ bus will be write cycles. Because of this, each write cycle must be 
handled as quickly as possible to achieve maximum processor performance. Minimum write 
cycle time can be achieved through use of a copy-back cache design or a write buffer. A dirty 
bit is required for each tag in a copy-back design. Cache tags can be used in copy-back 
designs if the tag RAM has a read function. The dirty bit must be stored in a RAM separate 
from the tag bits unless the tag RAM was designed for dirty bit storage. TI FIFOs are a 
potential solution for write buffer designs. The SN74ALS2233 is a 64 x 9 FIFO and the 
SN74ALS2238 is a bidirectional 32 x 9 FIFO with a 9-bit selectable flow-through path. 

6-35 



6-36 



SN74ACT2155/56 Cache Enhances 
MC68030 Processor Performance 

l!1 
TEXAS 

INSTRUMENTS 

6-37 



6-38 

IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. TI 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. 

TI . 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 TI deems necessary to 
support this warranty. Unless mandated by government requirements, 
specific testing of all parameters of each device is not necessarily 
performed. 

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

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

Copyright © 1990, Texas Instruments Incorporated 



Contents 

Page 

Abstract .......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-41 

Larger Caches Using the SN74ACT2156 ........... .. . . . .. . . . . . . . . . . .. 6-41 

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-41 

MC68030 Cache Burst-Fill Requirement. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-42 

Methods of MC68030 Cache Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-43 

SN74ACT2155 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-47 

SN74ACT2155 Counter/Multiplexer Circuit. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-47 
SN74ACT2155 TAG RAM and MC68030 Direct Interface. . . ... . . . . . . .. ... 6-48 
Using the SN74ACT2l55 as the Cache Data SRAM . . . . . . . . . . . . . . . . . . . . .. 6-52 
Cascading the SN74ACT2l55 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-53 
Copy-Back Caches Using the SN74ACT2155 . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-53 
Data Coherency .................................................... 6-57 
Cache Control Logic for the SN74ACT2l55. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-61 

Summary ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-63 

6-39 



List of Illustrations 

Figure Page 

1 MC68030 Synchronous Read Cycle. . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-44 
2 Counter/Multiplexer Required to Provide Data to the MC68030 

During Burst Mode. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-45 
3 Four SRAM Banks Used in Parallel to Supply Four Long 

Words for MC68030 Burst Mode. . . . .. . . . . . . . . . . . . . . . . . . . . .. 6-46 
4 One TAG per Block. Each Block Contains Four Long Words ...... 6-46 
5 One TAG and Four Valid Bits pedr Block ...................... 6-47 
6 One TAG with One Valid Bit per Long Word. . . . . . . . . . . . . . . . . .. 6-48 
7 SN74ACT2155 Logic Diagram. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-49 
8 SN74ACT2155 Counter/Multiplexer Circuit ..................... 6-50 
9 MC68030 Synchronous Access Cycle Using Late Rerun. . . . . . . . . .. 6-51 

10 SN74ACT2155/MC68030 Interface. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-52 
11 MC68030 Burst Request with Data in External Cache . . . . . . . . . . . . . 6-54 
12 MC68030 Burst Request with Data in Main Memory. . . . . . . . . . . . .. 6-55 
13 Cascading the SN74ACT2155 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-56 
14 Copy-Back Cache Using the SN74ACT2155 . . . . . . . . . . . . . . . . . . . .. 6-58 
15 8K-Byte Copy-Back Cache Configuration ....................... 6-59 
16 Private Caches as Coherency Solution . . . . . . . . . . . . . . . . . . . . . . . . .. 6-60 
17 Bus Watching with the SN74ACT2155 ......................... 6-62 

6-40 



Abstract 

When 32-bit microprocessor speeds advanced into the high-end performance 
spectrum, designers discovered that to capitalize on the performance of these 
microprocessors, cache memories must be incorporated into their designs. Although most 
of the new cache address comparators are covered, this report covers the SN74ACT2155 
in detail. The sole purpose of the SN74ACT2155 is to maximize the performance of the 
newly released Motorola MC68030 (hereinafter MC68030) 32-bit microprocessor. The 
cache requirements of the MC68030 and the associated benefits of the SN74ACT2155 
are presented. A functional description of the SN74ACT2155 is provided. In addition, 
support documentation illustrating the cache interface to the MC68030 is provided. 
Advanced cache schemes such as copy-back and bus-watching implementations are also 
addressed through the use of this intelligent cache address comparator. 

Larger Caches Using the SN74ACT2156 

Since the first printing of this applications note, a deeper version of the 
SN74ACT2155 has been made available. The SN74ACT2156 is designed with a 16K x 5 
Static RAM array. The SN74ACT2156 includes all the control and interface logic that 
is incorporated in the SN74ACT2155. The SN74ACT2156 is ideal for cache sizes of 64K 
bytes and greater. 

Introduction 

The speed of the new 32-bit microprocessors has dramatically exceeded the speed 
capabilities of the current dynamic random access memories (DRAMs). At frequencies 
of 20 MHz and above, the access times of commodity DRAMs are the constraining factor 
in the 32-bit processors reaching their full performance potential. At 20-MHz operating 
speed, the basic clock cycle is only 50 ns. For most memory-access schemes, these 
microprocessors require a minimum of one and a half to two clock cycles to access data 
from main memory. When the CPU performs a memory operation, the DRAM-access 
time coupled with propagation delays, multiple levels of address decoding, and other timing 
control delays provide a considerable overhead to the CPU cycle time. The combination 
of all these extra timing delays results in the unavoidable inclusion of wait states that degrade 
overall system performance. Therefore, designers must adopt certain architectural 

. refinements to fully capitalize on the performance of the 32-bit microprocessor. Static 
memories have been considered the solution to this memory bottleneck, but static RAMs 
are far more costly, more bulky, and require more power than DRAMs. Only the highest
performance applications can justify using static RAMs for main memory. DRAMs continue 
to be the most effective means of designing system memories with regards to power, board 
space, and cost per bit. 

For microprocessors that operate in the 16-MHz range, it is possible to design zero
wait-state systems by using fast DRAMs and techniques that incorporate interleaving. As 
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the microprocessor speed increases into the 20-MHz, 25-MHz, and 33-MHz ranges, it 
is evident that designers must adopt certain architectural refinements in their system design. 
Orie refinement is to employ a hierarchical memory scheme in which high-speed cache 
or buffer memory is inserted between the microprocessor and main memory. The cache 
or buffer memory holds the most frequently used portions of main memory. 

Cache memories are the accepted method of achieving SRAM performance from 
large DRAM memory arrays. The inclusion of cache memory buffers in a system can 
eliminate the overhead of wait states and increase system petformance dramatically. 

The ideal place for incorporating a cache memory is within the microprocessor. This 
approach is incorporated in the MC68030 32-bit microprocessor, which includes internal 
256-byte instruction and 256-byte data caches. Although the size of these caches partially 
improves the MC68030 performance, they are not large enough to ptovide the processor 
with the performance that is usually desired. Maximizing the cache hit tate or the probability 
of finding referenced data in the cache is the key requirement for optimizing the design 
of a cache memory. In order to achieve 75 % to 95 % hit rates, cache sizes of 8K bytes 
or more are usually required. Adding such a cache size along with the required cache 
management logic to a single chip microprocessor is practically impossible with current 
technology. 

Therefore, a practical solution is to extend the architecture outside the microprocessor. 
This allows the designer to incorporate any given size or design of cache memory based 
on system cost, speed requirements, and board space limitations. An external cache built 
to interface with the on-chip cache of the microprocessor actually complements the internal 
cache. The MC68030 burst-mode feature is a means by which information can be quickly 
loaded into the internal caches. The burst-mode feature of the MC68030 is explained in 
the following paragraphs. 

MC68030 Cache Burst-Fill Requirement 

The burst mode of the MC68030 allows a block of four long words to be loaded 
into the internal caches very quickly, It allows the processor to latch external data in as 
little as one clock cycle for each 32 bits. Before designing a cache for the MC68030, it 
is important to understand how the burst cycle operates. 

During an MC68030 cache burst-fill cycle, the MC68030 outputs one address for 
the first long word it is requesting. This one address is then used externally to identify 
the block of four long words that the MC68030 will load on the next four clock edges 
(assuming zero-wait states). Address bits A3 and A2 identify the first word the processor 
is requesting. The first data word is received by the MC68030 on the first falling clock 
edge after STERM is asserted. STERM is an MC68030 input signal. When STERM is 
low, it indicates to the MC68030 that data may be latched on the next falling clock edge. 
On the second clock edge, the MC68030 receives a second long word provided that STERM 
is low. The operation is repeated until the four words have been loaded into the MC68030 
internal cache. During a cache burst fill, the MC68030 sequentially loads the internal cache. 
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That is, if A3,A2 are initially 1,0, A3,A2 must be externally incremented from 1,0 to 
1,1 to 0,0 to 0,1. If the information cannot be retrieyed in one clock cycle, wait states 
can be added by taking STERM high to provide the extra time necessary to access the 
data. A low level on the BERR input of the MC68030 during a burst cycle terminates 
the burst cycle and the MC68030 processes the portion of the addressed block of data 
that is in the internal cache. 

To efficiently address the burst-fill requirement of the MC68030 while maintaining 
zero-wait states, the requested data must reside in a fast-cache memory. The use of a 
properly designed external cache not only provides zero-wait state burst operation but also 
allows single accesses to be performed in two clock cycles. In addition, the external cache 
can be designed to significantly reduce main memory bus traffic. 

Several methods exist for designing a cache that will support the cache burst-fill 
requirements of the MC68030. A brief description of these methods provides the basis 
for assessing the various advantages/disadvantages affiliated with each method. The 
SN74ACT2155 cache address comparator and SRAM, which will be described in detail, 
has been designed specifically to meet the requirements of the MC68030 cache burst mode 
and to eliminate the disadvantages associated with the other methods. 

By evaluating these methods, it will be seen that the SN74ACT2155 is the best cache 
approach for high-speed MC68030 microprocessors. As with most cache designs, it is 
desirable to build a cache so that it can be easily upgraded. When deciding which method 
to use, the designer needs to be assured that the method used will work with faster 
MC68030s as they become available. 

Methods of MC68030 Cache Design 

Before attempting to design a cache that will efficiently serve the MC68030, system 
timing must be considered to determine the critical speed paths. If the cache system is 
to be compatible with MC68030 speed upgrades, an estimate of delay times must be made. 
Figure 1 shows an MC68030 synchronous read cycle. If a cache read is to be performed 
in two clock cycles, the amount of time available to compare addresses and tell the 
microprocessor whether to force wait states is tpd 1. The tpd 1 values for different 
microprocessor speeds are as follows: 

1. 20 MHz, tpdl 

2. 25 MHz, tpdl 

3. 33 MHz, tpdl 

4. 40 MHz, tpdl 

25 ns 

20 ns 

15 ns 

12.5 ns. 

As shown by the estimated delay times, the high-frequency microprocessors offer 
a challenge to the cache-memory designer. For a cache to supply data to the MC68030 
with zero-wait states, both the cache data buffers and the tag comparison or directory 
portions of the cache must be considered. 
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Figure 1. MC68030 Synchronous Read Cycle 

There are several ways that the cache data buffer can be arranged to support the 
burst mode. The first way is to use a counter/multiplexer circuit to drive the Al ,AO inputs 
of the data RAMs. (See Figure 2) 

The two-bit counter must be able to load the initial A3,A2 from the MC68030 and 
increment sequentially to address the next three long words in cache. As shown in Figure I, 
tpd2 is the maximum delay time from the address through the counter/multiplexer circuit 
and SRAM back to the MC68030. The tpd2 values for different microprocessor speeds 
are as follows: 

1. 20 MHz, tpd2 

2. 25 MHz, tpd2 

3. 33 MHz, tpd2 

4. 40 MHz, tpd2 

45 ns 

35 ns 

29 ns 

22.5 ns. 

The circuit in Figure 2 can be implemented at slower microprocessor speeds by using 
fast SRAMs and programmable logic and still obtain zero-wait-state operation. However, 
as the clock frequency is increased, the delay through a discrete counter/multiplexer and 
SRAM implementation makes a zero-wait-state burst-fill cycle questionable. Another 
method of arranging the cache buffer is to use four banks of data with each bank storing 
one of the four long words. (See Figure 3) 
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A2-A3 A4-A12 

MC68030 ADDRESS 

Figure 2. Counter/Multiplexer Required to Provide Data to the MC68030 
During Burst Mode 

With this approach, all four long words are addressed in parallel and address bits 
A3,A2 are used to determine which of the four banks should drive the data bus_ If main 
memory is arranged in a similar manner, a block of four words is loaded very quickly 
into cache reducing cache miss delay. This approach also improves bus bandwidth. The 
disadvantage of this approach is that extra parts and board space are required for 
implementation. 

The tag storage and comparison circuits must be able to indicate whether the requested 
block of data resides in the cache buffer. There are several ways this can be done. In 
a simple write-through cache, standard cache-tag chips could be used to indicate whether 
an addressed block of four long words is in cache_ See Figure 4. 

The TI SN74ACT21XX family of cache address comparators can be used to indicate 
whether the block exists in cache_ The match output is gated with other signals and fed 
back to the MC68030 to allow data to be latched into the microprocessor when a hit occurs. 
The delay path consists of the address to match time plus the delay through the MC68030 
interface logic_ This is a viable tag solution for microprocessor speeds in the 16-MHz 
to 20-MHz range. However, the tag and logic must be very fast to run with a faster 
MC68030 and still achieve zero-wait-state operation_ 

If bus watching is required to guarantee data coherency or if the unit of transfer 
between main memory and cache is not always four long words or a multiple of four long 
words, each long word must be checked for cache residency before it is loaded into the 
MC68030_ There are two ways the tag directory can be organized to check for cache 
residency: by using one tag and four valid bits per four long words or by using one tag 
per long word_ 

When using one tag and four valid bits (see Figure 5), the tag is used to indicate 
whether the requested block is in cache_ The four valid bits indicate the validity of each 
of the four words in the block_ 
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Figure 3. Four SRAM Banks Used in Parallel to Supply Four Long Words 
for MC68030 Burst Mode 

Address bits A3 and A2 are used to select the proper one-of-four valid bits for the 
addressed word. When a valid bit is high, the requested data is resident in cache. As long 
as the rest of the address matches with the stored tag and the selected valid bit remains 
high, the addressed cache data can be sent to the microprocessor. While the first long 
word is being checked for validity, the other three valid bits can be monitored to give 
the status of the three sequential long words. Again, timing becomes a question with a 
faster MC68030. The delay consists of the address-to-match time of the tag RAM plus 
the delay required to combine the valid bit with the match signal and tell the microprocessor 
whether to force a wait state. Another disadvantage to this approach is a potential decrease 
in the hit rate. When a tag miss occurs requiring the cache to be updated, all four long 
words in the block must be replaced. If only one long word is replaced, the other three 
long words in the block must be invalidated. This results in a number of empty cache 
locations and the hit rate is reduced. 

DATA r--------------,' 
LONG WORD 

ADDRESS . ---.1 TAG ....------' •. ------------------- BLOCK 

Figure 4. One TAG per Block. Each Block Contains Four Long Words 
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The other method is to use one tag per long word and use a counter/multiplexer 
to increment from tag to tag during a cache burst-fill cycle (see Figure 6). 

A bit per each tag stored in the tag RAM can be used as a valid bit eliminating extra 
delay. When a miss occurs, standard logic can be used to monitor the match output and 
force wait states. Standard cache tag chips and programmable logic can be used to implement 
this, but timing becomes an obstacle at faster clock frequencies. The delay paths are through 
the counter/multiplexer, the cache tag chip, and interface logic. The SN74ACT2155 
integrates the counter/multiplexer, tag logic, and interface logic mentioned in this method 
to minimize the overall delay and provide a cache that meets the timing requirements of 
the MC68030. 

SN74ACT2155 

The SN74ACT2155 is designed specifically to meet the requirements of the MC68030 
cache-burst mode. It consists of a high-speed 2K X 9 Static RAM array, 2-bit burst counter 
and control circuits, parity generator, parity checker, and an 8-bit high-speed comparator. 
The SN74ACT2155 is designed to supply a tag and data RAM that interfaces directly with 
the MC68030. The overall system performance is optimized by eliminating the added delays 
that are incurred when implementing the cache discretely. The SN74ACT2155 is a building 
block that provides the architectural flexibility that cache designers require. The 
SN74ACT2155 can be used for write~through or copy-back caches, for bus watching, and 
as both the tag and data RAM. The SN74ACT2155 is cascadable for various cache depths 
and tag widths. Figure 7 is a logic diagram of the SN74ACT2155. 

SN74ACT2155 Counter/Multiplexer Circuit 

The 2-bit counter and multiplexer circuit is designed into the SN74ACT2155 without 
any increase in access or address to match time. As shown in Figure 8, the 
counter/multiplexer circuit is controlled through use of the MC68030 signals CBREQ, 
CBACK, and STERM and is clocked using the system clock (PCLK). 

ADDRESS --.1 TAG 

VALID 
BITS 

"r--

-

DATA 

_ .. 

Figure 5. One TAG and Four Valid Bits per Block 

BLOCK 
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VALID BIT 

COUNTER/MUX TAGS DATA 

TAG LONG WORD 

ADDRESS ---. -. ----------

Figure 6. One TAG with One Valid Bit per Long Word 
The burst control register (BCR) is used to control the multiplexer that selects address 

bits A2 and A3 from the address bus or from the internal2-bit counter. When either CBREQ 
or CBACK are high, the burst-control register is asynchronously reset causing the 
multiplexer to select address bus inputs A3 and A2 (AI and AO on the SN74ACT2155). 
With CBREQ and CBACK low, the burst control register is set high when STERM is 
low during a PCLK falling edge. Simultaneously, the incremented value of A3 and A2 
is loaded into the counter and the counter output addresses the next memory location. As 
long as STERM is low, the counter will advance to the next memory location in the four
word block. 

SN74ACT2155 Tag RAM and MC68030 Direct Interface 

The SN74ACT2155 is designed as a tag comparator that uses one tag per each long 
word in cache. The data stored in cache is mapped in the SN74ACT2155 tag RAM by 
storing upper order address bits (referred to as the tag) into the RAM locations addressed 
by the lower-order address bits (A2-A12). When the processor performs an access, the 
lower-order address bits address a memory location and the stored tag is compared to 
the current upper order address bits. If a match occurs, the requested data is in the cache. 
During a burst mode, the counter/multiplexer circuit is used to advance from tag to tag 
until the burst is completed. Each tag is compared to determine if the requested word is 
resident in cache and is valid. By directly interfacing with the MC68030, the tag comparison 
can be done without adding wait states. This direct interface is described in the following 
paragraphs. 

When a cache is designed properly, most of the microprocessor accesses will be 
to the cache rather than to main memory. Therefore, it is reasonable to use cache control 
logic that assumes a 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, (at or before tpdlmax) rather than waiting for the cache directory to indicate 
whether to insert wait states. When a miss does occur, MC68030 input signals BERR 
and HALT can be forced low at the last nanosecond causing the MC68030 to retry or 
"rerun" the access cycle. As shown in Figure 9, the maximum allowable delay time from 
address to required cache response is increased from tpdl to tpd3. This approach saves 
at least 10 nanoseconds (tpd3 - tpdO at all processor speeds. 
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As a tag comparator, the SN74ACT2155 uses the rerun feature of the MC68030 
and its direct interface to take advantage of the extra 10 ns. The SN74ACT2155 has two 
match outputs, MATBE and MATHA, that tie directly to MC68030 inputs BERR and 
HALT respectively (see Figure 10). When a match occurs, MATBE and MATHA go high 
driving BERR and HALT high and the MC68030 loads in the cached data without added 
wait states. When a match occurs during a cache burst mode, the MATHA output is forced 
high (driving HALT high) after the first word is loaded into the MC68030. 

If a miss occurs as each of the next three words are compared, MA TBE goes low 
driving BERR low. When BERR goes low during the burst mode, the bus cycle is terminated 
and the MC68030 runs with the data it received. When a miss occurs during a regular 
access or during the first word of a cache burst access, MATBE and MATH A go low 
driving BERR and HALT low. When both BERR and HALT are low simultaneously, 
the MC68030 will retry (or rerun) the bus cycle. The FMHB input of the SN74ACT2155 
is used to force MATBE and MA THA high during the retry to prevent continuous rerun 
and the data is then retrieved from main memory. At the same time that data from main 
memory is being loaded into the MC68030, the new tag (and data) is written into the 
SN74ACT2155. The same faIling clock edge that latches data into the MC68030 advances 
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the internal counter so that the next long word and tag from main memory can be written 
into the SN74ACT2l55 (i.e., when STERM is low, a falling clock edge advances the 
counter). By interfacing directly with the MC68030, the only cache delay path is through 
the SN74ACT2l55. 

Using the SN74ACT21SS as the Cache Data SRAM 

By using the SN74ACT2l55 as the cache data RAM, the only delay path is through 
the SN74ACT2l55. When the MC68030 performs a burst cycle, the processor address 
selects data that is immediately sent to the MC68030 (assuming a hit). The same falling 
clock edge that is used to load the data into the MC68030, loads the incremented value 
of A3 and A2 into the 2-bit counter and switches the multiplexer so that the counter drives 
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Al and AO of the RAM. The counter is incremented on each clock falling edge (with 
STERM low) until the cache burst cycle is completed. Since the counter/multiplexer does 
not slow down the RAM access time, the data is returned to the MC68030 without added 
wait states. When a miss occurs on the first word of the burst mode, the data must be 
retrieved from main memory. Since the SN74ACT2155 counter only advances when 
STERM is low, data is easily loaded into cache at the same time it is loaded into the 
MC68030. Timing diagrams for the burst mode with data in external cache and with data 
only in main memory are shown in Figures 11 and 12, respectively. 

Cascading the SN74ACT2155 

As mentioned previously, the SN74ACT2155 is easily cascaded in width and depth 
(see Figure 13). Wider addresses can be compared by driving the AO through AlO inputs 
of each device with the same index and by applying the additional address bits to the DO 
through D7 inputs. The select input allows the SN74ACT2155 to be cascaded in depth. 
When a device is deselected, the MATHA and MATBE outputs are driven high. 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 wire tying. 

Copy-Back Caches Using the SN74ACT2155 

The SN74ACT2155 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 in that the number of writes to main memory is reduced 
usually by a factor of at least two, thereby reducing main memory traffic. Copy-back caches 
also improve processor performance since write cycles that only involve the cache memory 
can be performed with zero wait states. To implement a copy-back cache, a dirty bit is 
needed for each long word in the cache that indicates whether the data is modified from 
that which is in main memory. When the cache data is modified, the dirty bit is set high. 
When a miss occurs, data is only copied back to main memory if the dirty bit is set, 
otherwise it is simply overwritten. 

The COMP7 input of the SN74ACT2155 allows bit D7 to be used as a dirty bit. 
By tying COMP7low, bits D7 and Q7 are gated out of the comparator and the comparison 
is only made on DO through D6. With outputs QO through Q7 enabled (OE low), the dirty 
bit (Q7) 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. The latched data and address can then be copied back to 
main memory. To implement a copy-back cache with other cache tags, an additional RAM 
is required to save the dirty bits that signify if the data in the cache is different from that 

6-53 



O'l 

en 
.". PClK 

I 

ECS L-J LlJ LJ 
I 

U~ : L 
I 

A31-AO ~;1.X (A3, A2-00) ~ (A3, A2-10) ~ 
I 

(BA1, BAO) :::~a 00 x 01 X 10 X 11 )(/ff$~ 10 X 11 X 00 ~ 
I 

(BCR-n) 

STERM 

CBREQ 

CBACK ,«{//co 

FMHB «({fCCfCA 

~ SEE NOTE 1 t SEE NOTE 2 ~ 

NOTES: 1. MC68030 requests a cache burst fill starting at long word O. External cache acknowledges and provides a full burst fill. In 
this case all 4 long words needed to fill MC68030 cache were in the external cache. 4 long words were loaded into the MC68030 
in 5 clock cycles. 

2. MC68030 requests a cache burst fill starting at long word 2. External cache acknowledges and provides long word 2 and 
3, but long word 0 is not in the external cache. The burst fill is terminated with MATBE (BERR). LWO is not cached in the 
MC68030. 

Figure 11. MC68030 Burst Request with Data in External Cache 



Ol 

PCLK Jt.S1:..Jl..-It~~,.fl.Jt-

ECS~ U 'S If 55 i H~"";"'---

A31-AO :=:J( IA3. A2-011 :: :', :: ~ x= 
_\ : ::: j 

(BA1, BAOI X 01 : C; 10 C: 11 ~; 00 x:::: 
\ I 'I '! 

AS~: : I I: ~ \l> I f I 'S I '5 I ( 
r-rfJ I r I 

~ r-------, : ,-----7-----, : ~-----, : ~ I: r----
STERM ~""""'\J I ~ ~ L....l.J ~ 

t I I I r 
BERR I S I 's I fS !, ~ 

L I I I 

MATBE .J. ' ,. ::: : 
HALT : 11 f; is : 'I : , 

MATHA I.)J ::: : 

(BCR-OI {i i' $ ~S : 51 : J I 

CBREQ~ S II if 

CBACK ~ :f sf Pi f~ 
\, ,: : \\ 

IW-

FMHB~ P \ OE~ i\· ~ 
I I 

031-00 ~ c:~:~: Cx:::::::~ 
: ::: : 

DIRTY BIT (071 ~I: is :!S : ,~ 
TAG-WRITE '~~~~ 

~----------I~~~~r'---

I SEE NOTE 1 .!C MEMORY BURST READ CYCLE J 
(SEE NOTE 21 

- ~ ~ ~ 

DATA-WRITE 

r LONG WORD 1 I LONGWORD 2 ----,- LONG WORD 3 LWO '1 

NOTES: 1. MC68030 requests burst fill of internal cache. A miss occurs in external cache. FMHB is taken high to prevent continuous rerun. 
2. Four long words are loaded into a MC68030 cache and into the external cache. 

c:n Figure 12. MC68030 Burst Request with Data in Main Memory 
tn 



OJ 
(}l 
OJ 

68030 

A13 

* nirtv Rit 

DATA BUS 00-031 

00-07 OB-015 016-023 024-031 

'ACT2155 'ACT2155 'ACT2155 'ACT2155 

~ 00-07 00-07 ~ 00-07 00-07 .- 00-07 00-07 ~ 00-07 00-07 H 

5 PE 1-5 PE '-5 PE 1--5 PE 
AO-A10 AO-A10 AO-A10 AO-A10 

MAIN 
MEMORY 

'ACT2155 'ACT2155 'ACT2155 'ACT2155 

00-07 00-07 00-07 00-07 00-07 00-07 00-07 00-07 roo 

>trI 
5 PE 

1 
5 PE 

I 
5 PE 

r 
5 PE 

AO-A10 AO-A10 AO-A10 AO-A10 

A2-A12 A13 A2-A12 A13 A2-A12 A13 A2-A12 

ADDRESS BUS AO-A27 

I A2-A12 A14-A19 A2-A12 
A13 

A20-A27 
A13 

'ACT2155 'ACT2155 
VCC 

DO-OS MATBE ~ 00-07 MATBE ~ 

[ 
H VCC- 06 

<- 07 MATHA f- MATHA 

5 PE I--
f-5 

PE 

AO-A10 AO-A10 MATBE 

~ COMP7 VCC-f- COMP7 
MATHA 
TAG-PE 

'ACT2155 J 'ACT2155 
00-05 MATBE ..... 00-07 MATBE 

VCC- 06 MATHA r- MATHA -4>0--1= ~7 PE '--

I ;0-A10 

PE -
AO-A10 J;.t- COMP7 VCCi COMP7 

Figure 13. Cascading the SN74ACT2155 



in main memory. Since the SN74ACT2155 incorporates these status bits internally, the 
need for extra RAM and additional logic is eliminated. When cascading the SN74ACT2155 
for wider tags, the COMP7 input on the additional SN74ACT2155 devices can be tied 
high. This allows bits D7 and Q7 to be used in the tag comparison. 

In Figure 14, the SN74ACT2155 is used to implement a copy-back cache for the 
MC68030 microprocessor. When the MC68030 requests data that is not in cache during 
either a regular or a burst mode access, the requested data is fetched from main memory 
and loaded into the MC68030. Simultaneously with the data being loaded into the 
microprocessor, it is written into the external cache and the corresponding dirty bits are 
set low. When the processor modifies and writes this data to memory, it is only written 
into the external cache and the corresponding dirty bit is set high. As long as the dirty 
bit remains high, additional writes to the same cache memory location can be accomplished 
without copying back the old data. When a cache miss occurs, the dirty bit output (Q7) 
is monitored. If the dirty bit is high, the addressed data and tag are latched before the 
new tag and data are written into cache. 

The latching can be done while data is fetched from main memory. When the new 
data and tag are written into the cache, the dirty bit is again set low. The latched address 
and data are then sent to main memory to store the modified word. Bit D6 is used as a 
valid bit. Figure 15 shows an 8K-byte copy-back cache using the SN74ACT2155. When 
a copy-back cache system is designed, the question of data coherency must be addressed. 
The following paragraphs provide several solutions to the coherency problem. 

Data Coherency 

When a system is designed so that data can be stored in more than one memory, 
special consideration must be given to data coherency. The problem is that the data does 
not remain coherent or consistent in all memories. For example, in the copy-back cache 
system previously described, data can be written to cache without being written to main 
memory. When this occurs, the corresponding data in m~in memory becomes invalid and 
another device requesting data from main memory could receive invalid data. 

There are several methods of solving the cache coherency problem. In a 
mUltiprocessor system, each microprocessor could have a private cache. Data stored in 
the cache would be used exclusively by its microprocessor. This allows a copy-back cache 
to be designed to reduce main-memory bus traffic and avoid data incoherency. When a 
processor requests data that is shared with other microprocessors, it must be fetched from 
main memory. If a large portion of data is shared between microprocessors, it is beneficial 
to put a shared cache in front of the main memory to improve system performance. This 
is shown in Figure 16. 
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Another method of solving the coherency problem is through the use of bus watching. 
With the SN74ACT2l55, bus watching is performed by duplicating the tag portion of 
the cache and using the duplicate tag to monitor the main memory address bus rather than 
the microprocessor address bus. The bus watcher indicates a hit each time a cached address 
passes down the main-address bus. If data is being modified in main memory and a bus
watcher hit occurs, the index can be passed to the cache tag RAM for invalidation. When 
using a write-through cache, only main-memory writes would have to be monitored by 
the bus watcher to determine if invalidation is necessary. When using a copy-back cache, 
both main memory writes and reads would have to be monitored by the bus-watcher. By 
storing the dirty bits in the bus watcher tag RAM (in addition to the cache tag RAM), 
the dirty bit can be monitored at the same time as the match output. If a bus-watcher hit. 
occurs during a main memory read and the corresponding dirty bit is high, the data must 
be fetched from the processor cache and not from main memory. Figure 17 shows a possible 
bus-watcher implementation. 
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When using the MC68030, the designer should not forget about data coherency with 
respect to the internal data and instruction caches. The standard method of handling 
MC68030 cache coherency is to load only nonshared data into the internal caches. The 
external cache can contain shared and/or unshared data depending on the coherency solution 
used. 

Cache Control Logic for the SN74ACT2155 

The control logic required for an SN74ACT2155 based cache can vary greatly 
depending upon how the cache is designed. Fast-programmable logic such as the TI 5-ns, 
7-ns, or lO-ns programmable-array logic can be used for most of the cache control. In 
general, the cache control logic provides for writing the tag, writing data with byte control, 
decode for noncacheable addresses, rerun control to force MATBE and MA THA high 
and disable data outputs when a miss occurs, parity error detection, copy-back control 
(if used), bus watcher control (if used), reset!ing oftag RAMs to generate MC68030 input 
signals such as STERM, CBACK, BGACK, and BR and cache diagnostics as desired. 

As discussed earlier in this report, the SN74ACT2155 has built-in circuits that provide 
for burst filling of the MC68030 internal caches and easy cache loading when data is 
retrieved from main memory. Recent Dhrystone benchmark studies have shown that a 
slight performance improvement may be achievable by disabling the burst operation when 
a cache hit occurs. System level simulation will provide the best data for deciding whether 
or not to burst out of cache. Regardless of the burst method used, the burst circuits of 
the SN74ACT2155 remain beneficial when loading blocks of four long words from main 
memory into cache. When bursting out of cache, it may be necessary to latch the cache 
data to ensure the MC68030 specification number 30, CLK low to Data-In Invalid 
(Synchronous Hold), is met. This specification should be compared to the SN74ACT2155 
specification tv(8), QO-Q7 valid time after PCLKv. The need for latching depends on which 
versions of the SN74ACT2155 and MC68030 are used. If necessary, the latches can be 
placed in parallel so that the MC68030 setup time, Data-In Valid to CLK low, is not 
violated. 

The SN74ACT2155 uses the MC68030 retry mechanism to save 10 ns in the critical 
cache response path. This interface allows the MC68030 to perform two cycle reads out 
of cache. When a cache miss occurs, two clock cycles are added by utilizing the retry 
mechanism. Since a cache miss requires a main memory access, the control logic should 
be designed so that bus interface (bus arbitration) is performed during these two cycles. 
This will reduce or eliminate the two cycle penalty incurred through use of the retry 
mechanism. 
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Summary 

This application report addressed the benefits associated with designing the 
SN74ACT2155 in a MC68030 based system. 

The SN74ACT2155 is the first cache tag device that enables the MC68030 to run 
at maximum speed. By interfacing directly to the MC68030, it efficiently addresses the 
microprocessor cache burst-fill requirement and eliminates the unnecessary inclusion of 
wait states in a system design. Separate 110 ports allow the designer to configure the 
SN74ACT2155 as both the tag comparator and the SRAM data buffer in a total cache 
scheme that optimizes the MC68030 internai cache burst-fill requirement. In addition, 
this architecture serves as the basis for an efficient implementation of copy-back schemes. 
The performance improvement associated with copy-back schemes results from a 
considerable reduction in main memory traffic. The added benefit of incorporating dirty
bit storage capability in one chip further eliminates the need for extra RAM and additional 
control logic. Since the introduction of the SN74ACT2155, a denser version of this device 
has been introduced, the SN74ACT2156. The SN74ACT2155 and SN74ACT2156 provide 
the flexibility, density, and speed that is needed to configure a high-performance second 
level cache for~C68030 based systems. 
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Introduction 

As processor and memory speeds increase, so do dynamic memory controller 
requirements. Typical processor speeds today range from 8 to 10 MHz. This increase 
in processor speed has created a need for faster memories, as well as faster memory timing 
controllers. The SN74ALS6301 and SN74ALS6302 are Memory Timing Controllers that 
are designed to meet the need of high performance memory systems. 

In addition to offering better system performance, a faster memory controller typically 
allows the designer to use slower-rated dynamic random access memories (DRAMs). This 
results in significant cost savings because of the large number of DRAMs required. In 
other words, a faster dynamic memory controller can reduce overall dynamic memory costs. 

The 'ALS6301 and 'ALS6302 feature address multiplexing, memory bank selection, 
and an address latch for systems which multiplex both data and address on the same bus. 
A row counter is provided for normal refresh operations. Column and bank counters are 
available for systems which use memory scrubbing. 

This application note describes the functional operation of the ' ALS630 1 and 
'ALS6302 and shows how they can be interfaced to a typical processor. For illustration 
purposes, a simple timing controller generated from programmable logic is used to interface 
the 'ALS6301 to the microprocessor. The 'ALS6301 is interfaced with a Motorola 68000. 

Memory Timing Controllers 
1]sing the SN54174ALS6301, SN54174ALS6302 

Functional Description 

The 'ALS6301 and 'ALS6302 are capable of controlling any DRAM up to 1M. The 
two devices typically operate in a read/write or a refresh mode. During normal read/write 
operations, the row and column addresses are mUltiplexed to the DRAM, 
and the corresponding RAS and CAS signals are activated to strobe the addresses 
into memory. In the refresh mode, the two counters cycle through the refresh addresses. 
If memory scrubbing is not being implemented, only the row counter is used. When memory 
scrubbing is being performed, both the row and column counters are used to perform read
modify-write cycles using an error detection and correction circuit such as the 'ALS632A. 
In this mode, all RAS outputs will be active (low) while only one CAS output is active 
at a time. 
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Two device types are offered to help simplify interfacing with the system dynamic 
timing controller. The 'ALS6301 offers active-low row address strobe input (RASI) and 
column address strobe input (CASI) signals, while the 'ALS6302 offers active-high RASI 
and CASI inputs. Figure 1 is a functional block diagram of the two devices. 

Table 1 describes the four operating modes of the 'ALS6301 and 'ALS6302 as 
controlled by inputs MCO and MCI. During normal read/write operations, the row and 
column addresses are multiplexed to the DRAM. When MSEL is high, the column address 
is selected; when MSEL is low, the row address is selected. The corresponding RASn 
and CASn output signals strobe the addresses into the selected memory bank or banks. 
A single ' ALS630 1 or ' ALS6302 can control as many as four banks of 1 M memory. 
Additional banks of memory can be controlled by using additional'ALS6301 or 'ALS6302 
devices and decoding each chip select (CS) input. 

Table 1. 'ALS6301, 'ALS6302 Mode-Control Function Table 

SIGNAL 
MODE SELECTED 

MC1 MCO 

Refresh without Scrubbing. Refresh cycles are performed using the row counter 

L L to generate the addresses. In this mode, all four RAS outputs are active while 

the four CAS outputs remain high. 

Refresh with Scrubbing/Initialize. Refresh cycles are performed using both the 

row and column counters to generate the addresses. MSEL selects the row 

or the column counter. All four RAS outputs go low in response to RASI 

L H ('ALS6301) or RASI ('ALS6302), while only one CASn output goes low in 

response to CAS I ('ALS6301) or CAS I ('ALS6302). The bank counter keeps 

track of which CAS output goes active. This mode can also be used during 

system power-up so that the memory can be written with a known data pattern. 

Read/Write. This mode is used to perform read/write cycles. Both the row and 

H L 
column addresses are multiplexed to the address output lines using MSEL. SELO 

and SEL 1 are decoded to determine which RASn and CASn outputs will be 

active. 

Clear Refresh Counters. This mode clears the three refresh counters (row, 
'" column, and bank) on the inactive transition of RASI (' ALS630 1) or RASI 

H H 
('ALS6302), putting them at the beginning of the refresh sequence. In this 

mode, all four RAS outputs are driven low after the active edge of RASI 

('ALS6301) or RASI ('ALS6302) so that DRAM wake-up cycles can also be 

performed. 

In systems where addresses and data are both multiplexed onto a single bus, the 
'ALS6301 and 'ALS6302 use latches (row, column, and bank) to hold the address 
information. The 22 input latches are transparent when the latch enable input (LE) is high; 
the input data is latched whenever LE goes low. For systems in which the processor has 
separate address and data buses, LE may be tied high. 
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The two lO-bit counters in the ' ALS6301 and ' ALS6302 support 128, 256, and 5 i2 
line refresh operations. Transparent, burst, synchronous, or asynchronous refresh modes 
are all possible as determined by the memory timing controller. The refresh counters are 
advanced on the low-to-high transition ofRASI on the 'ALS6301, and on the high-to-Iow 
transition ofRASI on the 'ALS6302. This is true in either refresh mode. In the clear refresh 
counter mode, the refresh counters (row, column, and bank) can be reset to zero on the 
low-to-high transition of RASI on the 'ALS6301 or on the high-to-low transition of RASI 
on the ' ALS6302. 

Typical Implementation 

Figure 2 shows a system interface using the 'ALS6301 between a Motorola 68000LlO 
and four banks of 1M DRAMs. Addresses A21 and A22 are used to select one of the 
four memory banks. Since members of the 68000 processor family have separate address 
and data busses, the input latches on the 'ALS6301 are left transparent by tying the latch 

-

REFRESH 
TIMER 
~ 

RFC 

REFREO 

> RESET 

-
CLOCK 

GENERATOR 

OSC 

ClK 

1 
~ 

ClK 
RST 

6aOOOL 10 

-... 

'-4 

r --t 
........ 

It-<~ 

A5 ________ 

OTACK t-----" 

A23 

--------
A2' 

A22 

A20-A1 

LOS 

UOS 

RI'iN 

TIMING 
CONTROLLER 

REFREQ 

OSC RFC 

REm 

ClK 

liM 

~ 

A5 
MSEl 

MC' 
DTACK 

A23 

.,f 

DYNAMIC 
MEMORY 

CONTROLLER 

'ALS6301 

~ 

09-00 

V'e lE 

[------t RASi 

f----4 l:ASi 

f------t MSEl 

f---------t MC' 

.,f MCO 

SELO 

SEl1 

ROW (A1-A10l 
COllA 11-A201 

CAso 

CAS' 

l:A!2 

CAS3 

-

09-00 

-

r--

I BYTE 
CONTROLLER r--urno 

f-----I 8 UCAS1 

r---- UCAS2 

f-----I U~3 

r---- LCASO 

LeAS 1 

lCAS2 

LeAS3 
'----

-----4 

~ 
~ 

DYNAMIC RAMs 
BANKO 

, MEG x 16-81T 
J 

A9-AD 1 
liMo 1 
U~O 1 l~O"" 

~. I UPPER I LOWER 

BANK 1 

1 MEG )( 16 BIT 

A9-AO 1 

~~ liM, I 
I r- f-t UCAS' l~''''' 

~ W_ I 
UPPER I LOWER 

BANK2 

~~ 
1 MEG )( 16-81T 

A9·A:o J 

liM2 1 1--' 
--. U~2 I Ll:A!2 it-

... W UPP~R : LOWER 

BANK3 

1 MEG ~ l6-BIT 
'-- ..... 

--t. A9-AO 1 
liM3 I 
UCAS3 I lCAS3~ 

HW _ I 
UPPER BYTE J lOWER BYTE 

,...-

-

Figure 2. 'ALS6301, 'ALS6302 Timing Controller Interface 

7-10 



enable (LE) input high. The CASO thru CAS3 outputs of the 'ALS6301 are fed into the 
byte controller along with processor signals LDS and UDS. The byte controller made from 
programmable logic allows the processor to determine whether upper, lower, or both bytes 
are accessed. 

The RASI, CASI, MSEL and mode control (MCO, MCI) inputs on the 'ALS6301 
must be generated by the memory timing controller. The memory timing controller functions 
as an arbitrator between refresh cycles and 68000LlO access cycles. It also guarantees 
that timing requirements of the DRAM will be met. 

Timing Controller Details 

Figure 3 is a timing diagram for a typical 68000LlO access cycle. The 'ALS6301 
control signals required to execute the access cycle are also shown. Control signals for 
the 'ALS6301 are referenced from the OSC output of the 8284A clock generator. OSC 
runs at 2 times the speed of the system clock, that is CLK = 10 MHz and OSC = 20 MHz. 
By running the timing controller at a higher speed than the system clock, the system 
performance is improved. A programmable logic sequencer, the TIB82S167B, is 
programmed for use as the timing controller. 

In this example, refresh requests (REFREQ) are generated every 155 clock cycles. 
The timing controller will perform the refresh cycle (RAS only) immediately if the processor 
is not in the middle of an access cycle. If the controller is in the middle of an access cycle, 
the refresh cycle will be delayed until the access cycle is complete. If the controller is 
asked to perform an access cycle during a refresh, the access cycle will begin immediately 
after the refresh cycle is completed. Address bit A23 indicates whether the access requested 
is a memory access (A23 = L) or an I/O access (A23 = H). The timing controller will 
perform an access cycle only if Address bit A23 is low. Figure 4 is a timing diagram 
of the refresh/access cycle as explained above. To implement memory scrubbing, the 
controller must execute a read/write cycle during the refresh cycle and then place the 
'ALS6301 in the memory scrubbing mode. (This example executes a RAS only refresh.) 
The flowchart in Figure 5 outlines the required functionality of the timing controller. This 
flowchart was used along with the timing diagrams in Figures 3 and 4 to design the timing 
controller. 

Refresh Timer Details 

Figure 6 shows the actual circuit implementation of the refresh and memory timing 
controller. The refresh timer signals the controller whenever it is time to execute a refresh 
cycle. As required by memory, every row (512 on the TMS4C1025 DRAM) must be 
addressed every 8 ms. This implies that one row should be refreshed at least once every 
15.6 ms. With a to-MHz system clock, the refresh timer should use approximately a 
division factor of 155. This results in a refresh request every 15.3 ms. The refresh complete 
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input (RFC) is used to signal the refresh timer that the refresh has been completed. It 
is important that the timer not stop so that the 8 ms memory requirement is maintained. 

The TIBPAL22V 10 circuit shown in Figure 6 is used to generate the refresh request 
signal every 155 clock cycles. The refresh request signal (active low) will remain active, 
(low) until a refresh complete (RFC) signal is received from the timing controller. During 
a system reset, the refresh request output is set to a high logic level. When using different 
clock rates or memory sizes, the division circuit in the refresh timer should be adjusted 
accordingly. 
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Programmable Logic Designs 

As mentioned previously, the timing controller, byte controller, and the refresh timer 
used in this example are created using programmable logic. ABEL'M and CUPL'M software 
packages have been used to reduce equations and generate the fuse maps needed to program 
these devices. The files used to generate the fuse maps have been included for reference 
at the end of this application report. Test vectors are included with the device files so 
software simulation can be performed on the computer. If the proper instruction is provided, 
the software will attach the test vectors to the end of the fuse map. This allows programming 
equipment"to run a functional test on each device immediately after programming. To 
help familiarize the reader with these software tools, the timing controller design is done 
in both ABELTM and CUPL TM • 

The TIB82S167B field programmable sequencer shown in Figure 6 is configured 
as a state machine to execute the flow chart shown in Figure 5. As shown in the flowchart, 
the timing controller is initialized by taking the reset input low. From the initialization 
state, state 0, the timing controller can perform either an access or a refresh cycle depending 
on the signals AS, CLK, and REFREQ. If an access is requested (AS = H) during a refresh 
cycle, an internal status register, REQ, will flag the request and as soon as the refresh 
cycle is completed, an access cycle will be started. At the start of an access cycle, the 
timing controller checks the state of the A23 address bit. If A23 is high, indicating an 
110 access, the timing controller terminates the access cycle and returns to state O. 

As seen in Figures 3, 4, and 5, a state, STO-ST30, has been assigned to each clock 
cycle. The appended ABEL TM and CUPL TM files can be easily understood by comparing 
the state equations to the states shown in these figures. Since the only difference between 
the 'ALS6301 and the 'ALS6302 is that the RASI and the CASI inputs are active~high 
instead of active-low, a siight modification to the timing controller software file will allow 
ari 'ALS6302 to be used instead of an 'ALS6301. The TIBPAL22VlO refresh timer and 
the TIBPAL16L8 byte controller designs are straight forward and easily achieved as can 
be seen in the appended files. 

In applications with different systems timings, the ABELTM and CUPL'M files can 
be modified to fit the processor requirements. For additional information concerning timing 
controller, refresh timer, and byte controller, contact the Datapath VLSI Products (D VP) 
Applications group at (214) 997-5762. If a basic understanding of programmable logic 
is needed, see the Texas Instruments Programmable Logic Data Book. 
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Figure 6. Refresh/Memory Timing Controller 

Summary 

The 'ALS6301 and 'ALS6302, coupled with programmable logic, offer the system 
designer a solution to high-speed dynamic memory requirements. Programmable logic 
allows the designer to tailor the timing controller to a selected processor and memory, 
In many cases, the generation of a high-speed timing controller from programmable logic 
will allow the designer to use slower DRAMs without affecting system speed. This results 
in lower total system cost because of the large number of memory devices used. 
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Appendix A 
ABEL TM Files 

module DMC S167 

module OMC_SI61 flag '-KY'.'-R2' "leave unused OR terms connected 
title 'DYNAMIC MEMORY CONTROLLER FOR THE ALS6301 APPLICATION 
Loren Schiele Texas Instruments. August 15. 1986' 

DMC device 'F82SI67'; 

" Input pin assignments 

OSC pin I; 
REFREQ pIn 2; 
RESET pin 3; 
CLK pin 4: 
AS pin 5; 
A23 pin 6; 
GNO pIn 16; 

" Output pIn and node assIgnments 

I1CI pIn 9; MCI_R node 25; 
MSEL pIn 10; MSEL_R node 26; 
CAS pIn 11; CAS_R node 27; 
RAS pin 13; RAS_R node 28; 
DTACK pIn 14; DTACK_R node 29; 
RFC pin 15; RFC_R node 30; 

.. Internal status and counter nodes 

PO node 36; PO_R node 42; 
PI node 35; PI_R node 41; 
P2 node 34; P2_R node 40; 
P3 node 33; P3_R node 39; 
P4 node 32; P4_R node 38; 
REQ node 31 ; REQ_R node 31; 

.. OSCILLATOR 

.. REFRESH REQUEST 
" RESET - INITIALIZES WHEN LOW 
" OSC DIVIDED BY 2 
" ADDRESS STROBE 
" MOST SIGNIFICANT ADDRESS BIT 
.. PIN 16 MUST BE TIED LOW 

.. MODE CONTROL 

.. MULTIPLEXER SELECT 

.. COLUMN ADDRESS STROBE 

.. ROW ADDRESS STROBE 
" DATA ACKNOWLEDGE 
" REFRESH COMPLETE 

.. INTERNAL COUNTER REGISTER 

.. INTERNAL COUNTER REGISTER 

.. INTERNAL COUNTER REGISTER 

.. INTERNAL COUNTER REGISTER 
" INTERNAL COUNTER REGISTER 
" REFRESH REQUEST STATUS REGISTER 

.. Define Set and Reset Inputs to output and status flip-flops 
HCI_ 
MSEL_ 
CAS_ 
RAS_ 
OTACK_ 
RFC_ 
RE<L 

(MCI.MCI_R] ; 
[MSEL.MSEL_R]; 

'[CAS.CAS_R] ; 
[RAS.RAS_R]; 
[OTACK,DTACK_R] ; 
[RFC.RFC_R]; 
[REQ,REQ_R] ; 

.. 'high' and 'low' are used to set or reset the output and status 

.. registers. Example: MC1_ := high & RESET; will cause pin 9 to 

.. go hIgh on the next clock edge If Input pIn 3 Is high. 

high [ I. 0]; 
low [0, I]; 
Count [P4.P3.P2.PI.PO] 
Cnt [P4.P3.P2.PI.PO] 
H.L.clk.X,. I. O •• C .•. X. 

.. STATE REGISTER SET DEFINED 

.. STATE REGISTER SET DEFINED 
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state_diagram Count 
State 0: 

.. REFRESH TIMING CYCLE 
State I : 

State 2: 

State 3: 

State 4: 

State 5: 

case 
!REFREQ 

REFREQ 
REFREQ 

endcase: 

MCI .--
REQ_ := 
case 
RfC := -RAS := 
REQ_ := 
case 
REQ_ .-
case 
RFC .-
REQ_ := 
case 
RAS := -
REQ. := 
case 

" NEXT 
" STATE 

& RESET : I; 
& AS.& ClK & RESET :14; 
& (lAS # IClK) : 0; 

low & RESET; 
low & (AS & RESET) ; 
RESET==i 2; 
high & RESEt; 
l()w & RESET; 
low & (AS & RESET): 
RESET==I 3; 
low & (AS & RESET) ; 
RESET",,,, I 4; 
low & RESET; 
low & (AS & RESET); 
RESET",=I 5; 
high: 
low 8. (AS & RESET): 
RESET == I 6; 

endcase; 

endcase; 

endcase; 

endcase; 

endcase; 

" DETERMINE IF ACCESS HAS BEEN REQUESTED 
State 6: REQ_ := high & A23; 

HCl := high 8. RESET; 
case REQ # A23 0; 

!A23 & iREQ & RESET 7; 

8; endcase; 

9; endcase; 

110; endcase; 
: I I ; endcase; 

: 12; endcase; 

: 13; endcase: 

0: endcase; 



" ACCESS TlHING CYCLE 
State 14: case RESEl:: I : 15; endease; 
State 15: RAS - .- low & IA23 & RESET; 

case A23 -- I : 0; 
IA23 & RESET : 16; 

endease; 
State 16: HSEL .- high & RESET; 

DTACK - .- low & RESET; 
case RESET==I : 17; endease; 

State 17: CAS - :; low & RESET; 
case RESET:: I : 18; endease; 

State 18: case RESET==I : 19; endease; 
State 19: case RESET==I :20; endease; 
State 20: RAS := high; 

HSEL - := low; 
CAS := high; 
DTACK - := high; 
case RESET=:I 0; endease; 

equations 
enable HCI = I; "always enabled, pin 19 is preset 

" INITIALIZATION WHEN RESET 15 LOW 
( HCI,RAS,DTACK,REQ,CAS] .- IRESET; 
( PO_R,PI_R,P2_R,P3_R,P4_R,HSEL_R,RFC_R] := !RESET; 

test_vectors REFRESH WITH ACCESS FOLLOWING' 

«(GND,OSC,RESET,REFREQ,CLK,AS,A23] -) [HCI,HSEL,CAS,RAS,OTACK.RFC,REQ,Cnt]) 
0 ,elk, 0 X X , X, X -) H L H H H L H 0 ] ; 
0 ,elk, 0 X , X, X -) H L H H H L H I ]; 
0 ,elk, X X I, X -) L L H H H L , L 2 ] ; 
0 ,elk, X X , X, X -) L L H L H H , L 3 ]; 
0 ,el k, X X , X. X -) L L H L H H , L 4 ] ; 
0 ,elk, X , X , X, X -) L L H L H L , L 5 ] ; 
0 ,elk, X , X , X, X -) L L H H H L , L 6 J; 
0 ,elk, X , X , X, 0 -) H L , H , H , H L , L , 7 ] ; 
0 ,elk, X , X , X, X -) H L , H , L , H L , L 8 ]1 
0 ,elk, X , X , X, X -) H , H , H , L , H L H , 9 ]; 
0 ,elk, X , X , X, X -) H , H , L , L , L L , H ,10 ] ; 
0 ,elk, X , X , X, X -) H , H , L , L , L L , H ,II ]; 
0 ,elk, X , X , X, X -) H , H , L , L , L L , H .12 ] ; 
0 ,elk, X , X , X, X -) H , H , L , L , L , L , H ,13 I; 
0 ,elk, X , X , X, X -) H , L , H , H , H , L , H , 0 ] ; 
0 ,elk, , 0 , 0, X -) H , L , H , H , H , L , H , 0 ]; 
0 ,elk, · 0 I, X -) H L H , H , H L H 0 ] ; 
0 ,elk, I , 0, X -) H , L , H H , H , L H , 0 ]; 

test_vectors REFRESH WITHOUT ACCESS FOLLOWING' 

([GNO,OSC,RESET,REFREQ,CLK,AS,A23] -) (HCI,HSEL,CAS,RAS,DTACK,RFC,REQ,Cnt]) 
( 0 ,elk, 0 X X , X, X -) H L H H H L H 0 ] ; 
( 0 ,elk, I 0 · X X. X -) H L H H H L H 1 ]; 
( 0 .elk. I X · X . O. X -) L . L H H . H L H 2 ]; 
( 0 ,elk, I X · X . 0, X -) L L H L . H H H . 3 ]; 
( 0 ,elk. I X · X , 0, X -) L , L H L , H H , H . 4 ] ; 
( 0 ,el k, I X , X , 0, X -) L , L H L , H L , H , 5 ]; 
( 0 ,elk, I X , X , X, X -) L L H H , H L , H , 6 ]; 
( 0 ,el k, I X · X , 0, X -) H L H H H L H , 0 ]; 
( 0 ,elk, I 0 X 0, X -) H . L H , H , H , L , H I ] ; 

@page 
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test_vectors ' REFRESH WITH ACCESS REQUEST BUT DATA NOT IN DRAM (A23=H) , 

([GND,OSC,RESET,REFREQ,CLK,AS,A23) -) [MCI,MSEL,CAS,RAS,DTACK,RFC,REQ,Cnt) 
0 ,elk, 0 X X , X, X ) -) [ H L H H H L H 0 ] ; 
0 ,elk, I 0 X , X, X ] -) [ H L H H H L H I ] ; 
0 ,elk, 1 X X I • X ] -) [ L L H H H L L 2 ] ; 
0 ,elk, 1 X X 0, X ] -) [ L L H L H H L 3 ] ; 
0 ,elk, I X X 0, X ] -) [ L L H L H H L 4 ] ; 
0 ,e I k, I X X 0, X ) -) [ L L H L H L L 5 ) ; 
0 ,e I k, I X X 0, X ] -) [ L L H H H L L 6 ) ; 
0 ,elk, 1 X X 0, 1 ] -) [ H L , H H H L H 0 ] ; 
0 ,elk, I 0 , 0, X ) -) [ H L , H , H H L H 0 ) ; 

test_vectors ' ACCESS TIMING CYCLE ' 

([GNO,OSC,RESET,REFREQ,CLK,AS,A23] -) [MC1,MSEL,CAS,RAS,DTACK,RFC,REQ,Cnt]) 
0 ,elk, 0 X X , X, X ] -) [ H L H H H L H , 0 ] ; 
0 ,elk, 1 I I , 1 , X ] -) [ H L H H H L H , 14 J; 
0 ,elk, I X X , X, X ] -) [ H L H H H L H ,15 ] ; 
0 ,elk, 1 X X X, 0 ] -) [ H L H L H L H ,16 ] ; 
0 ,elk, 1 X X , X, X ] -) [ H H H L L L H ,\1 ] ; 
0 ,elk, 1 X X X, X ] -) [ H H L L L L H ,18 ] ; 
0 ,elk, I X X , X, X ] -) [ H H L L L L H .19 ] ; 
0 .el k, 1 X X , X, X ] -) [ H H L L L L H .20 ] ; 
0 ,elk, 1 X X , X. X ] -) [ H L H H H L H , 0 ] ; 
0 ,elk. I I 0 • 0, X ) -) [ H L H H H L H • 0 ] ; 

test _vectors ' ACCESS TIMING CYCLE BUT DATA NOT IN DRAM (A23=H) , 

([GND.OSC.RESET.REFREQ.CLK,AS.A23) -) (MC1,MSEL.CAS.RAS,DTACK.RFC,REQ,Cnt]) 
( 0 ,elk, 0 X , X , X, X ] -) [ H , L , H , H , H , L • H , 0 ]; 
[ 0 ,elk, I I , I , I , X ] -) [ H , L , H , H , H .L,H,14]; 
[ 0 ,elk, 1 X , X , X, X ) -) [ H , L , H , H , H ,L,H.15]; 
[ 0 ,elk, I X , X , X, 1 ] -) ( H , L , H , H , H , L • H , 0 ]; 
[ 0 ,elk, 1 1 , o , 0, X ] -) [ H , L , H , H , H , L , H • 0 ] ; 

test_vectors ' RESET DURING ACCESS TIMING CYCLE' 

([GND.OSC,RESET.REFREQ,CLK.AS.A23] -) (MC1.MSEL,CAS,RAS.DTACK.RFC,REQ.Cnt]) 
[ 0 .e I k. 0 X • X , X. X ] -) [ H L H H H L H • 0 ] ; 
[ 0 ,elk. I 1 , 1 , 1 , X ] -) [ H L H H H L H .14 ] ; 
[ 0 ,elk, I X • X , X. X ] -) ( H L H H H L H ,15 ] ; 
[ 0 ,elk, I X , X , X, o ] -) ( H L H L H L H ,16 ] ; 
[ 0 ,elk, 1 X • X , X. X ] -) [ H H H L L L H .17 ] ; 
[ 0 ,elk, 1 X , X , X, X ] -) ( H H L L L L H .18 ] ; 
[ 0 ,el k, 0 X , X , X, X ] -) ( H L H H H L H • 0 ] ; 
[ 0 ,elk, 0 X , X • X. X ] -) ( H L H H H L H • 0 ] ; 

end OMC_SI67 
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module TIMER154 

module TIMERI54 flag '-r2','-f' 
title 'REFRESH TIMER 

LOREN SCHIELE TEXAS INSTRUMENTS, DAllAS, 08/15/86' 

TI54 DEVICE 'P22VIO'; 

"Input declarations 

ClK 
RESET 
RFC 

pin I; 
pin 2; 
pin 3; 

"output declarations 

" SYSTEM CLOCK 
" RESETS WHEN lOW 
" REFRESH COMPLETE 

" COUNTER STATES 
" COUNTER STATES 

00,QI,Q2,Q3 
Q4,Q5,Q6,Q7 
REFRE<L 

pin 14,15,16,17; 
pin 18,19,20,21; 
pin 22; " REFRESH REQUEST - ACTIVE lOW 

"intermediate variables 

CNT_154_ !OO & QI & !Q2 & Q3 & 04 & !05 & !Q6 & Q7; 
SCLR = !RESET # CNT_154_; 
count = [Q7,06,Q5,Q4,Q3,02,QI,QO); 
C,H,L,X = .C., I ,0 •. X.; 

equations 

REFRE<L := 
QO := 
01 := 
Q2 .-
03 := 
Q4 := 
05 := 

RFC # !CNT_154_ & REFREO_ # !RESET; 
(IQO ) & !SCLR; 
( 01 $ QO) & ISCLR; 
( Q2 $ 01 & QO) & ISCLR; 
( 03 $ (Q2 & QI & QO» & !SCLR; 
( Q4 $ (Q3 & 02 & QI & QO» & !SCLR; 
( Q5 $ (Q4 & Q3 & 02 & QI & QO» & !SCLR; 

Q6 .- ( 06 $ (Q5 & Q4 & Q3 & Q2 & QI & QO» & ISCLR; 
07 := ( Q7 $ (Q6 & Q5 & Q4 & 03 & Q2 & QI & 00» & ISCLR; 

test_vectors ([RESET,CLK,RFC) -) (count,REFREQ_) 
[ 0 , C , 0 ) -) [ 0 , H ) ; 

@CONST cnt = 1 ; 
@REPEAT 154 ( , C , 0 -) cnt , H ) ; 
@CONST cnt = cnt + 1 ; } 

, C , 0 -) 0 , L ] ; 
@CONST cnt = 1 ; 
@REPEAT 20 ( , C , 0 -) cnt , L ] ; 
@CONST cnt = cnt + I;} 

1 , C , 1 ) -) 21 H ] ; 
1 , C , 0 ) -) 22 H ); 
1 , C , X ) -) 23 H ) ; 
0 , C , X ] -) 0 H ] ; 

end T1MERI54 
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CUPL TM Files 
Appendix B 

DYNAMIC MEMORY CONTROLLER 

Partno 
Name 
Date 
Revision 
Designer 
Company 
Assembly 
Location 

1* 
/* 

DMC-SI67, 
DMC-SI67, 
08/15/86, 
01, 
SCHIELE, 
TEXAS INSTRUMENTS, 
None; 
DALLAS. TEXAS; 

DYNAMIC MEMORY CONTROLLER 
FOR ALS6301 

'j 

'I j ••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••••• / 

1* Allowable Target Device Types: TI882S167B 'I / ................•...••....•.•.........•• , ....•....•.••.•.•.•...• / 
/** Inputs '"I 
pin I OSC; 
pin 2 REFREQ; 
pin 3 RESET, 
pin 4 CLK; 
pin 5 AS; 
pin 6 A23_, 
pin 16 = GND; 

I"' Outputs **1 
pin 9 MCI 
pin 10 MSEL, 
pin II CAS; 
pin 13 RAS; 
pin 14 DTACK; 
pin 15 RFC; 

I" 
I" 
I" 
/* 
1* 
1* 
I" 

I" 
I" 
/* 
I" 
/* 
;" 

OSCILLATOR 
REFRESH REQUEST 
RESET - INITIALIZES WHEN LOW 
OSC DIVIDED BY 2 
ADDRESS STROBE 
MOST SIGNIFICANT ADDRESS BIT 
PIN 16 MUST BE TIED LOW 

MODE CONTROL 
MULTIPLEXER SELECT 
COLUMN ADDRESS STROBE 
ROW ADDRESS STOBE 
DATA ACKNOWLEDGE 
REFRESH COMPLETE 

*; 
'j 
"; 
'j 
"I 
'j 
"j 

"I 
'j 
"I 
"I 
"I 
'j 

I"" Internal Node Group State bits declared as nodes ""I 
node [REQ.P4 .P3 .P2 .PI .PO 1; 

I"" Declarations and Intermediate Variable Definitions '*1 
Field State = [P4_.P3_.P2_.Pl_.PO_l; 

$define 
$deflne 
$define 
$deflne 
$deflne 
$deflne 
$deflne 
$define 
$deflne 
$define 
$define 
$define 
$define 
$define 
$define 
$define 
$deflne 
$define 
$deflne 
$deflne 
$define 

STO 'b'OOOOO 
STl 'b'OOOOI 
ST2 'b'OOOIO 
ST3 'b'OOOII 
ST4 'b'OOIOO 
ST5 'b'OOIOI 
ST6 'b'OOIIO 
S17 'b'OOIII 
ST8 'b'OIOOO 
ST9 'b'OIOOI 

STlO 'b'OIOIO 
STlI 'b'OIOII 
STl2 'b'OIIOO 
STl3 'b'OIIOI 
STI4 'b'OIIIO 
STI5 'b'OIIlI 
5Tl6 'b'IOOOO 
5Tl7 'b'IOOOI 
5T18 'b'IOOIO 
STl9 'b'IOOll 
ST20 'b'IOIOO 
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/ •• Logic Equations •• / 

Sequence State 
{Present STO IF RESET & 

IF RESET & 
DEFAULT 

!REFREQ NEXT STI; 
REFREQ & AS & CLK NEXT STI4; 

NEXT STO; 

/* REFRESH TIMING CYCLE ./ 
Present STI IF AS & RESET NEXT ST2 OUT [IMCI_,IREQ]; 

IF RESET NEXT ST2 OUT [IMCI_]; 
Present ST2 IF AS & RESET NEXT ST30UT [ RFC,IRAS,!REQ]; 

IF RESET NEXT ST3 OUT [ RFC, IRAS]; 
Present ST3 IF AS & RESET NEXT ST4 OUT [IREQ]; 

IF RESET NEXT ST4; 
Present ST4 IF AS & RESET NEXT ST5 OUT [IRFC,IREQ]; 

IF RESET NEXT ST5 OUT [IRFC]; 
Present ST5 IF AS & RESET NEXT ST6 OUT [ RAS,IREQ]; 

IF RESET NEXT ST6 OUT [ RAS]; 
/ •• DETERMINE IF ACCESS HAS BEEN REQUESTED •• / 
Pres~nt 5T6 IF A23_ # REQ NEXT STO OUT [ MCI_,REQ]; 

IF IA23_ & RESET & !REQ NEXT ST7 OUT [ MCI_]; .. / 
NEXT ST8 OUT [IRAS]; 
NEXT ST9 OUT [ REQ, MSEL]; 
NEXT STIO OUT [!CAS,!DTACK]; 
NEXT STi I; 
NEXT STI2; 
NEXT STl3; 

/ •• ACCESS AFTER REFRESH 
Present ST7 IF RESET 
Present 5T8 IF RESET 
Present ST9 IF RESET 
Present STIO IF RESET 
Present STII IF RESET 
Present STI2 IF RESET 
Present STi 3 NEXT STO OUT [ RAS,IMSEL, CAS, DTACK]; 

/ •• ACCESS TIMING CYCLE •• / 
Present STl4 
Present 5Tl 5 

IF RESET NEXT STI5; 
IF A23_ NEXT STO; 
IF IA23_ & RESET NEXT STI6 OUT [!RAS]; 
IF RESET NEXT STI7 OUT [ H5EL,IDTACK]; 
IF RESET NEXT STI8 OUT fICAS]; 
IF RESET NEXT STI9; 
IF RESET NEXT ST20; 

Present 5TI6 
Present ST17 
Present STl8 
Present STI9 
Present ST20 NEXT STO OUT [ RAS,!MSEL, CAS, DTACK];} 

APPEND MCl_.s = 
APPEND RAS. 5 = 
APPEND DTACK.s 
APPEND P2_.r 
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IRESET; 
I RESET; 
!RESET; 
!RESET; 

APPEND REQ. s = 
APPEND MSEL.r = 
APPEND PO_or 
APPEND P3_or 

IRESET; 
!RESET; 
I RESET; 
!RESET; 

APPEND RFC.r 
APPEND CAS.s 
APPEND PI_.r 
APPEND P4_.r 

= !RESET; 
I RESET; 

= IRESET; 
!RESET; 



DYNAMIC MEMORY SIMULATION 

Partno 
Name 
Date 
Revision 
Designer 
Company 
Assembly 
Location 

DI1C-sI61; 
DI1C-sI61; 
08/15/86; 
01 ; 
SCHIELE; 
TEXAS I NsTRUI1ENTs; 
None; 
DALLAS, TEXAS; , ................................................................ , 

I" 
I" 
I' 

DYNAI1IC TII1ING CONTROLLER 
sll1ULATION FILE 

FOR ALs6301 

"I 
"I 
"I 

/ •..••........................................................... / 
I" Allowable Target Device Types: T1B82S161B "I , ....................•.•....••..•..•.•..••....•.......•....••.... / 

ORDER: GND,\3,OSC,\3,RESET,\6,REFREQ,\4,CLK,\3,AS,\2,A23_,\6, 
I1CI _.\4,I1SEL,\3.CAS,\3,RAS.\4,DTACK,\4,RFC,\4,REQ; 

VECTORS: 
$msg" REFRESH WITH ACCESS FOLLOWING"; 
$msg" "; 
$m5g" ------------ INPUT ------------- -------- OUTPUT ---------- ACCESS"; 
$msg" GND OSC RESET REFREQ CLK AS A23 I1CI I1SEL CAS RAs DTACK RFC REQ"; 
$msg" ---------------------------------------------------------_._--------"; 
I"RESET'I 0 C 0 X X X X H L H H H L H 
I' STO'I 0 C I 0 X X X H L H H H L H 
/" STl'1 0 C I X X I X L L H H H L L 
I' ST2"1 0 C I X X X X L L H L H H L 
I" Sn'l 0 C I X X X X L L H L H H L 
I" ST4'1 0 C I X X X X L L H L H L L 
I' STS'I 0 C I X X X X L L H H H L L 
I" ST6'1 0 C I X X X 0 H L H H H L L 
I" ST1"1 0 C I X X X X H L H L H L L 
I" ST8"1 0 C I X X X X H H H L H L H 
/" ST9"1 0 C I X X X X H H L L L L H 
I"STlO'1 0 C I X X X X H H L L L L H 
I"STlI'1 0 C I X X X X H H L L L L H 
I" STi 2' I 0 C I X X X X H H L L L L H 
/"STl3'1 0 C I X X X X H L H H H L H 
I'STO '1 0 C I I 0 0 X H L H H H L H 
/"STO '1 0 C I 0 I X H L H H H L H 
I"STO '1 0 C I I 0 X H L H H H L H 

$msg" "; 
$msg" t'; 

$msg"REFRESH WITHOUT ACCESS FOLLOWING"; 
$msg" "; 
$m5g" ------------ INPUT ------------- -------- OUTPUT ---------- ACCESS" 
$msg" GND OSC RESET REFREQ CLK AS A23 I1CI I1SEL CAS RAS DTACK RFC REQ . 
$m5g" --------------------------------------------------------------------" 
/"RESET" I 0 C 0 X X X X H L H H H L H 
I" STO'I 0 C I 0 X X X H L H H H L H 
I" STl"1 0 C I X X 0 X L L H H H L H 
I" ST2"1 0 C I X X 0 X L L H L H H H 
I" S13"1 0 C I X X 0 X L L H L H H H 
I' ST4'1 0 C I X X 0 X L L H L H L H 
/" STS" I 0 C I X X 0 X L L H H H L H 
I" ST6'1 0 C I X X X 0 H L H H H L H 
I" STO"I 0 C I X X 0 X H L H H H L H 
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$m~9" nj 

$msg" "; 
$msg"REFRESH WITH ACCESS REQUEST BUT DATA NOT IN DRAM (A23=H)"; 
$msg" "; 
$mSQ" ------------ INPUT ------------- -------- OUTPUT ---------- ACCESS" 
$msg" GND OSC RESET REFREQ ClK AS A23 MCI MSEl CAS RAS DTACK RFC REQ " 
$msg" --------------------------------------------------------------------" 
I"RESET", 0 COX X X X H l H H H l H 
I~ STool 0 C lOX X X H l H H H l H 
I" STI"I 0 C I X X I X l l H H H l l 
/" ST2"' 0 C I X X 0 X l l H l H H L 
1* ST3"/ 0 C I X X 0 X L L H L H H L 
I" ST4"1 0 C I X X 0 X L L H L H L L 
I" STS~I 0 C I X X 0 X L L H H H L l 
I" ST6"1 0 C I X X 0 I H L H H H l H 
/* STO" I 0 C I I 0 0 X H L H H H l H 

.5g" "; 
'msg~' "; 
$msg"ACCESS TI M I NG CYCLE "; 
$mSQ" to; 

$msg" ------------ INPUT ------------- -------- OUTPUT ---------- ACCESS" 
$msg" GND OSC RESET REFREQ ClK AS A23 MCI MSEL CAS RAS DTACK RFC REQ " 
.5g" --------------------------------------------------------------------" 
I"RESET", 0 COX X X X H L H H H L H 
/"STO'I 0 C I I I I X H L H H H L H 
I"STi4"1 0 C I X X X X H l H H H l H 
,"STIS'I 0 C I X X X 0 H l H L H L H 
I"STI6"1 0 C I X X X X H H H l l l H 
I'STI7"1 0 C I X X X X H H l l l l H 
I'STIS"I 0 C I X X X X H H L l l l H 
I"STI9"1 0 C I X X X X H H L l l l H 
I'ST20"1 0 C I X X X X H l H H H L H 
/"STO "I 0 C I I 0 0 X H l H H H L H 

$msg" "; 
$msg" "; 
$msg"ACCESS TIMING CYCLE BUT DATA NOT IN DRAM (A23=H)"; 
$msg" "; 
$msg" ------------ INPUT ------------- -------- OUTPUT ---------- ACCESS" 
$msg" GND OSC RESET REFREQ ClK AS A23 MCI MSEL CAS RAS DTACK RFC REQ " 
Smsg" --------------------------------------------------------------------" 
,"STO '1 0 C I I I X H L H H H l H 
'"STI4", 0 C X X X X H l H H H L H 
I"STIS"' 0 C X X X I H l H H H l H 
,"STO'I 0 ~ I 0 0 X H L H H H L H 

$msg" "; 
$msg" "; 
$msg"RESET DURING ACCESS TIMING CYCLE to; 
$msg" "; 
$msg" 
$msg" 

------------ INPUT -------------
GND OSC RESET REFREQ ClK AS A23 

-------- OUTPUT ---------- ACCESS" 
MCI MSEl CAS RAS DTACK RFC REQ • 

____________________________________________________________________ It $msg" 
/*RESET"I 0 
/*STO"I 0 
I'STI4" I 0 
/*STlS"1 0 
/*STl6"1 0 
/*STI7"' 0 
/*STlS"/ 0 
/*sTO"1 0 
/*STO "I 0 

C 
C 
C 
C 
C 
C 
C 
C 
C 

o 
I 
I 
I 
I 
I 
o 
o 
o 

X 
I 
X 
X 
X 
X 
X 
X 
X 

X 
I 
X 
X 
X 
X 
X 
X 
X 

X X 
I X 
X X 
X 0 
X X 
X X 
X X 
X X 
X X 

H 
H 
H 
H 
H 
H 
H 

H 
H 

l 
L 
L 
l 
H 
H 
L 
L 
l 

H 
H 
H 
H 
H 
l 
H 
H 
H 

H 
H 
H 
l 
L 
L 
H 
H 
H 

H 
H 
H 
H 
L 
L 
H 
H 
H 

L 
L 
L 
L 
L 
L 
L 
L 
L 

H 
H 
H 
H 
H 
H 
H 
H 
H 



BYTE CONTROLLER 

Partno 
Name 
Date 
Revision 
Designer 
Co~any 

Assembly 
Location 

BYTE_CON; 
BYTE_CON; 
06/15/66; 
01 ; 
SCHIELE; 
TEXAS INSTRUMENTS; 
None; 
DALLAS. TEXAS; 

I····················································· •.•••..•.•. / 
/. BYTE CONTROLLER ./ 
/. FOR ALS6301/MC66000LIO APPLICATION */ 
1···················,-,·················"············ ** ••••••••• / 
/. Allowable Target Device Types: TIBPALI6L6 ./ 
, •••••••••••••••••••••••••••••••••••••••••••••• , ••• , •• *., •• _.,_.*/ 
/** Inputs **/ 
pin I = CASO; 
pin 2 CASt; 
pin 3 CAS2; 
pin 4 = CAS3; 
pin 5 LOS; 
pin 6 = UDS; 

/.. Outputs •• / 
pin 12 = UCASOi 
pin 13 LCASO; 
pi n 14 UCAS1; 
pin 15 LCASt; 
pin t6 UCAS2; 
pin 17 LCAS2; 
pin 16 UCAS3; 
pIn 19 LCAS3; 

/. equations */ 
UCASO = CASO # UOS; 
LCASO = CASO # LOS; 
UCAS! CAS! # UOS; 
LCASI CASI # LOS; 
UCAS2 CAS2 # UOS; 
LCAS2 CAS2 # LOS; 
UCAS3 CAS3 # UDS; 
LCAS3 CAS3 # LOS; 

/. 
1* 
/. 
/. 
1* 
I" 

CAS BANK SELECT 
" 
" 
" 

LOWER DATA STROBE 
UPPER DATA STROBE 

/. UPPER BYTE SELECT - BANK 0 
/. LOWER BYTE SELECT - BANK 0 
/* UPPER BYTE SELECT - BANK 1 
/* LOWER BYTE SELECT - BANK I 
/* UPPER aYTE SELECT - BANK 2 
/. LOWER BYTE SELECT - BANK 2 
/* UPPER BYTE SELECT - BANK 3 
/. LOWER BYTE SELECT - BANK 3 

./ 

./ 
*/ 
./ 
*/ 
"/ 

*/ 
"/ 
"/ 
*/ 
*/ 
*/ 
./ 
*/ 
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BYTE CONTROLLER SIMULATION 

Partno BYTE_CON; 
Name BYTE_CON; 
Date 08/15/86 ; 
Revision 01; 
Designer SCHIELE; 
Company TEXAS INSTRUMENTS; 
Assembly None; 
Location DALLAS. TEXAS; 
1························· __ ·························- ........... / 
1* BYTE CONTROLLER SIMULATION FILE *1 
1* FOR ALS6301/MC68000LIO APPLI CATION *1 
/ •••••••••• ** ••••••••••• ** •••••• ** •••••••••••••••••••• ···········1 
1* Allowable Target Device Types: TIBPALI6L8 *1 
/ ................................................................ / 
ORDER: 
CASO.~Z.CASl,'Z,CASZ,'Z,CAS3,'3,LDS.'Z.UDS.'4.LCASO.~Z.UCASO.'Z. 
LCASl.'Z.UCASl,~Z,LCASZ.'Z,UCASZ.~Z.LCAS3.'Z.UCAS3; 

VECTORS: 

$msg" INPUT ------- OUTPUT ------- II. • 
$msg" L U L U L U L U ". .' $msg" C C C C C C C C C C C C ". • 
$msg" A A A A L U A A A A ' A A A A " . • 
$msg" 5 5 5 5 D D 5 5 5 S 5 5 5 5 n. • 
$msg" 0 1 Z 3 5 5 0 0 1 1 2 Z 3 3 " . • 
$msg" ------------------------------------------- fl. • 

1 1 1 1 X X H H H H H H H H 
X X X X 1 I H H H H H H H H 

0 1 1 1 0 0 L L H H H H H H 
1 0 1 1 0 0 H H L L H H H H 
1 1 0 1 0 0 H H H H L L H H 
1 I 1 0 0 0 H H H H H H L L 

0 1 1 1 0 L H H H H H H H 
1 0 1 1 0 H H L H H H H H 
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Introduction 

This application report presents a circuit configuration which interfaces the Motorola 
MC68000L8 (hereinafter MC68000L8) to DRAM memory via the THCT4502B dynamic 
RAM controller. The memory array is four banks of 256K-byte memory (TMS4256/4257) 
that provides a 1M byte system architecture. 

Figure 1 is a schematic diagram of the circuit and Figure 2 a timing diagram for 
two consecutive read cycles. Figure 3 shows a write access, followed by a refresh, followed 
by a read-access grant. The THCT4502B uses the MC68000L8 system clock and requires 
no wait states on normal access cycles. When incorporating DRAMs and a DRAM 
controller into a microprocessor-based system, the following timing specifications should 
be satisfied to guarantee a correct match between processor and memory. 

ALE-to-Clock Relationship 
DRAM Refresh Time 
DRAM Precharge Time 
Row Address Setup and Hold Time 
Data Valid to Write Enable Time 
Read Access Time 
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ALE-to-Clock Relationship 

When using the THCT4502B, the high-to-Iow transition of ALE should not occur 
between 15 ns before and 15 ns after the falling edge of the clock signal. This condition 
guarantees the proper selection between refresh and access cycles. 

When connecting the Address Strobe (AS) of the MC68000 processor directly to 
ALE, ensure that the following condition is met: 

15 < 0.5T - tcHSL 
15 < 0.5(125) - 60 
15 < 2.5 

At 8 MHz, this condition cannot be guaranteed. Therefore, a circuit is required to 
shift the input phase of the THCT4502B clock signal by 90 degrees. As shown in Figure 1, 
this circuit can be built using standard 'AS74 D-type flip-flops. With the THCT4502B 
CLK shifted by 90 degrees, the new equation becomes: 

15 < 0.5T + 0.25T - tcHSL 
15 < 0.5(125) + 0.25(125) - 60 
15 < 33.75 

It should be noted that all of the following equations take into account the 90 degree 
phase shift. At lower clock frequencies, such as 6-MHz, the AS signal can be directly 
connected to the THCT4502B and the phase shift circuits are not required. 

DRAM Refresh Time 

The refresh clock frequency is controlled by the strap input pins (TWST, FS 1, and 
FSO) on the THCT4502B. Table 1 shows the strap configuration for the THCT4502B. 
At 8 MHz, with no wait states, setting TWST low, FSI high, and FSO high yields a refresh 
rate of 11.375 p,slrow. The TMS4256t4257 requires that each of the 256 rows be refreshed 
at least once every 4 ms. With a refresh rate of 11.375 p,strow, the time required to refresh 
all 256 rows will be 2.9 ms. This easily satisfies the 4-ms refresh requirement. 
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Table 1. Refresh Clock Frequency Input Pin Strap Configuration 

WAIT 

STRAP INPUT STATES 
MINIMUM CLOCK 

REFRESH 
REFRESH CLOCK CYCLES 

MODES FOR FREQUENCY 
RATE FREQUENCY FOR EACH 

MEMORY (kHz) 

TWST FS1 FSO ACCESS 
(MHz) REFRESH 

l l It 0 EXTERNAL - REFREQ 4 

l l H 0 EXTERNAL - REFREQ 3 

l H l 0 ClK + 61 3.904 64-95:1: 3 

l H H 0 ClK + 91 5.824 64-88§ 4 

H l l 1 ClK + 61 3.904 64-95:1: 3 

H l H 1 ClK + 91 5.824 64-75:1: 4 

H H l 1 ClK + 106 6.784 64-73:1: 4 

H H H 1 ClK + 121 7.744 64-83' 4 

tThis strap configuration resets the Refresh Timer Circuitry. 
:1: Upper figure in refresh frequency is the frequency that is produced if the minimum clock frequency 
of the next select state is used. 

§Refresh frequency if clock frequency is 8 MHz. 
, Refresh frequency if clock frequency is 10 MHz. 

DRAM Precharge Time 

The precharge time is the time required between access cycles to allow internal nodes 
on the DRAM to charge to their correct reference levels. This is specified on the DRAM 
data sheet as tw(RH) min. As with most DRAMs, there is a choice of performance ranges. 
For the TMS4256/4257, tw(RH) ranges from 100 ns on the -12 device to 120 ns on the 
-20 device. 

When using the THCT4502B, there are three precharge conditions which can occur 
during normal operation. Each condition must be checked to be sure the precharge condition 
is met. The following equations check these three conditions. 

1. Access-to-Access cycle 
tw(RH) < tSH - tAEH-REH - tt(REH) + tAEL-REL 
tw(RH) < 150 - 35 - 30 + 35 
tw(RH) < 120 

2. Access-to-Refresh cycle 
tw(RH) < 1.5T + 0.25T + tCH-RRL - tCLSH - tAEH-REH - tt(REH) 
tw(RH) < 1.5(125) + 0.25(125) + 50 - 70 - 35 - 30 
tw(RH) < 133.75 
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3. Refresh-to-Access cycle 
tw(RH) < T - tCH-RRH - tt(REH) + tCH-REL 
tw(RH) < 125 - 30 - 30 + 45 
tw(RH) < 110 

When the listed equations are correct, the THCT4502B guarantees the precharge 
condition for either the -12 or -15 TMS4256/4257 DRAMs. 

Row Address Setup and Hold Time 

To meet the row address setup-time requirement, the address must be present at 
the RAO-RAS and CAO-CAS inputs to the THCT4502B for at least 10 ns (tA V -AEU before 
ALE goes low. The row address setup time from the MC6S000LS is defined by the tA VSL 
specification. At S MHz, tA VSL is 30 ns minimum. This meets the THCT4502B 
specification. The row address setup time to the DRAM must also be satisfied. For the 
TMS4256/4257, tsu(RA) is specified as O-ns minimum. The following equation applies: 

o ns < tAVSL + tAEL-REL - tRAV-MAV 
o ns < 30 + 35 - 42 
o ns < 23 

When the equation is correct, the THCT4502B guarantees the row address setup 
time to the DRAM. The row address hold time required by the TMS4256/4257 is 15 ns. 
This specification is guaranteed by the THCT4502B. From the data sheet, tREL-MAX 
is specified as 20 ns min. 

Data Valid to Write Enable Setup Time 

Data can be written into DRAM by two different methods. Depending upon the mode 
of operation, the falling edge of CAS or the the falling edge of W will strobe the data 
into memory. When W goes low prior to CAS going low, data out will remain in the 
high-impedance state for the entire cycle. This permits common input/output operation. 
This type of cycle is referred to as an early write cycle. When W goes low after CAS 
goes low, the type of cycle is referred to as delayed-write or read-modify-write cycle. 
To avoid bus contention, this operation requires a buffer between the Q outputs and the 
microprocessor. 
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The circuit shown in Figure 1 generates an early write cycle. Therefore, data valid 
to write enable needs to be referenced to the falling edge of CAS. The TMS4256/4257 
requirement for an early write cycle is tsu(WCL), which is 0 ns minimum. The following 
equation applies: 

o ns < tcHSL + tAEL-CEL - 0.5T - tCLDO 
o ns < 60 + 115 - 0.5(125) - 70 
o ns < 42.5 

When the equation is correct, the MC68000/THCT4502B combination guarantees 
that data will be valid before CAS goes low. 

Read Access Time from CAS 

When the microprocessor tries to read data from memory, the Read-Access-Time 
guarantees that data is available. When using the THCT4502B, there are two possible 
access situations. The most common is the normal access cycle. Another possible access 
situation is the access-grant cycle. The access-grant cycle occurs when an access cycle 
immediately follows a refresh cycle. 

For the TMS4256/4257, access from CAS is specified as ta(C). When using the 
TMS4256/4257, three speed types are available for selection. The three speed types are 
as follows: 

Speed type -12 ta(CA) = 60 ns 
Speed type -15 ta(CA) = 75 ns 
Speed type -20 ta(CA) = 100 ns 

The following equations apply to the circuit shown in Figure 2. 

1. Normal Access Cycles 
ta(C) < 2.5T - tCHSL - tAEL-CEL - tt(CEL) - tp(OR) - tmcL 
ta(C) < 2.5(125) - 60 - 115 - 20 - 15 - 15 
ta(C) < 87.5 

2. Access Grant Cycles 
ta(C) < 2.5T - 0.25T - tCH-CEL - tt(CEL) - tp(OR) - tmcL 
ta(C) < 2.5(125) - 0.25(125) - 140 - 20 - 15 - 15 
ta(C) < 91.25 

As shown by the equations, the only speed type that does not meet the access time 
requirement is the -20 device. The -12 and -15 devices both meet ta(C). 
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Other Considerations 

The DTACK input on the MC68000L8 informs the microprocessor that data is 
available. Wait States are inserted by holding DTACK high. This process for the access
grant cycle is illustrated in Figure 3. If an access request occurs during a refresh cycle, 
the THCT4502B completes the refresh cycle, then finishes the access request. In this 
situation, the DTACK signal is held high until data is available. The AS74 flip-flop shown 
in Figure 1 is used to time the DT ACK signal in relationship to the falling edge of S6. 

On normal accesses, the RDY signal is high allowing either UDS, LDS or R/W 
to force DTACK low. During write cycles, R/W will force DTACK low. During read 
cycles, UDS and/or ills will force DT ACK low. During access-grant cycles, the low 
RDY signal holds DT ACK high until it is released. 

Summary 

This application report provides an example of how to interface the THCT4502B 
with the MC68000L8. The major design criteria has been calculated and checked against 
typical DRAM specifications. When using processor speeds lower than 8 MHz, the interface 
is simplified further because it is not necessary to shift the THCT4502B input clock 
frequencies. Additional design ideas can be obtained from an Applications Brief 
TMS4500BIMC68000 INTERFACE, Texas Instruments publication SMCAOO8. 
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Introduction 
The SN74ACI'4503 Dynamic RAM Controller is the 1M-bit counterpart of the 

THCI'45 02 Dynamic RAM Controller. This application report presents the system interface 
from four banks of TMS4C1024 1M DRAMs, via the' ACT4503, to the MC68000LlO 
microprocessor with TICPAL18V8 acting as the decoder logic. 

Figure 1 is a schematic diagram of the interface circuit and Figure 2 shows the discrete 
logic implementation ofTICPAL18V8 shown in Figure 1. Figure 3, along with Tables 1 and 
2, depicts the conditions for the FSO and FS1 signals during the initial reset sequence. Access 
cycle and refresh cycle timings are shown in Figures 4 and 5. When incorporating DRAMs 
and a DRAM controller into a microprocessor based system, the following timing 
specifications should be satisfied to ensure a correct match between processor and memory. 

ALE-to-Clock Relatlionship 
DRAM Refresh Time 
DRAM Precharge Time 
Row Address Setup and Hold Times 
Data Valid to Write Enable Time 
Read Access Time 

ALE-to-Clock Relationship 

When using the' ACT4503, the high-to-Iow transition of ALE should not occur earlier 
than 20 ns before the access/refresh arbitration edge of the clock. This condition ensures the 
arbitration between refresh and access cycle. 

By using Table 2 to choose the proper access or refresh arbitration clock edge, a 
designer can ensure that the ALE-to-Clock relation is met when connecting the Address 
Strobe (AS) of the MC68000 processor directly to ALE. 

At 10-MHz clock and low-to-high clock edge as access or refresh arbitration clock 
edge, equation 1 is satisfied. 

20 < T-tCHSL 
20< 100-55 
20< 45 

(1) 

This choice of access or refresh arbitration clock edge ensures the ALE-to-Clock 
relationship at a 10-MHz clock frequency. 

7-45 



-~ 

10-MHz 
OSCILLATOR 

I 

TMS4Cl024 

RAI 
CAS 

",.- AO-A9 

I-- iN 

.?S ..... ----fiN 

TMS4Cl024 

8 

S 

I ~ liAS DI-:'1 
'ACT4503 ..... -+i--jCAS Q ::!:::.... S 

RASO- ~AO'A9 QD[ ~1 

MC68000Ll0 

ASI--+------~L~-IALE RASI I-- iN I-+'" 
ACR RAl2- I~ 

A231--+--------_Ics RAS3 -

Al-Al01--+---------!RAO-RA8 

A ll-A20 CAO-CAS 

A21 RENO 

A22 RENI 

r----~~-~RDV 

iN 

TMS4Cl024 

RAI 
.---IH--ICAS 

I-- AO-A9 

-iN 

S 

- DO-DI5 L PAL1SV8 I~ 
'-- ;:LK CASOI----~~---I 

UD!~--~UDS CASlrL========::===~~ft+11H~-f~:----o~~_~~8_-+ liAS D 
R/iNl-.... ---!R/iN UCASO ~+i--jCAS I -:- T 
[6l LDS LCASOI-----------I Q ~ 8 
~ DTACK - AO-A9 QD ~ T 

UCAS11----------' ~ iN ..... 

~~D~ __ ~LC~A~S~I~---------~~-~::=,r~CAS~A~-J 
W 

iN 

Figure 1. SN74ACT4503 to MC68000LIO Interface 

7-46 



DRAM Times 

Refresh Time 

The refresh clock frequency is controlled by the strap input pins (FSO and FS1) on the 
, ACT4503. Table 1 lists the strap configuration for the' ACT4503. FSO = Hand FS1 = L 
setting at 10 MHz yields a refresh rate of 13.6 I-ls/row. The refresh requirement for 1M 
DRAM is to complete 512 rows of refresh in 8 ms. With a 13.6-l-ls refresh rate, the time to 
refresh 512 rows is 6.96 ms. This refresh time easily satisfies the 8-ms requirement. 

Precharge Time 

The precharge time is the time required between access cycles to allow internal nodes 
on the DRAM to charge to their correct reference levels. This is specified on the DRAM data 
sheet as tw(RH)min. The TMS4C10241M DRAM can select three different speeds regarding 
the tw(RH): 

Strap 
Input 

Modes 

FS1 FSO 

L L 

H H 

H L 

L H 

Selection 

FSO", L 

FSO", H 

FS1 '" L 

FS1 '" H 

Refresh 
Rate 

CLK/61 

CLK/91 

CLK/121 

CLK/136 

Speed Selection tw(RH) 

-15 100 ns 

-12 

-10 

90 ns 

80 ns 

Table 1. Strap Configuration 
Minimum Maximum 

Clock Clock 
Frequency Frequency 

(MHz) (MHz) 

3.904 5.824 

5.824 7.744 

7.744 8.704 

8.704 10.50 

Refresh 
Frequency 

(kHz) 

64-!}5 

64-85 

64-72 

64-77 

Table 2. Operation Mode Selection 
Operation Modes 

Access/refresh arbitration on high-to-Iow clock edge 

Access/refresh arbitration on low-to-high clock edge 

Refresh cycles initiated internally 

Clock 
Cycles 

For Each 

Refresh 

3 

4 

4 

4 

Refresh cycles initiated externally. Internal refresh timer disabled. 

There are three conditions in which precharge time is relevant for normal operation of 
the' ACT4503. Each of the conditions must be checked to ensure that the precharge time is 
met. The following equations check these three conditions. 

1. Access-to-Access cycle 

tw(RH) < tSH - tAEH-REH - tt(REH) + tAEL-REL 
tw(RH) < 105 - 20 - 10 + 20 
tw(RH) < 95 

(2) 
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2. Access-to-Refresh cycle 

tw(RH) < 2.5T - tCLSH - tAEH-REH - tt(REH) + tC-RRL 
tw(RH) < 250 - 55 - 10 + 40 
tw(RH) < 205 

3. Refresh-to-Access cycle 

tw(RH) < 1.5T - tC-RRH - tt(REH) + tC-REL 
tw(RH) < 150 - 25 - 10 + 30 
tw(RH) < 145 

(3) 

(4) 

When the conditions of equations 2, 3, and 4 are met, the 'ACf4503 ensures the 
precharge time of the -10 and -12 TMS4C1024 DRAMs at 10-MHz clock frequency. 

Setup and Hold Times 

Row-Address Setup and Hold Times 

To meet the row-address setup time requirement, the address must be present at the 
RAO through RA9 and CAO through CA9 inputs of the 'ACf4503 for at least 5 ns tAV-AEL 
before ALE goes low. The row and column addresses from the MC68000L10 appear on the 
address bus 20 ns (tAvsd before the falling edge of AS signal. This row-address setup time 
defined by tAVSL of the processosr easily meets the' ACf4503 row-address setup time 
requirements. 

To meet the O-ns row-address setup time, tsu(RA)' of the TMS4C1Q24, the following 
equation must hold true. 

0< tAVSL + tAEL-REL - tRAV-MAV 
0<20+20-30 
0< 10 

(5) 

When equation 5 is satisfied, the' ACf4503 will ensure the row-address setup time to 
the DRAM. tREL-MAX of the 'ACf4503 is timed from the input clock so that the 
row-address hold time to the TMS4C1024 is a minimum of 20 ns. 

Data Valid to Write-Enable Setup Time 

Data can be written into the DRAM using two different methods. Depending upon the 
mode of operation, the falling edge of CAS or the falling edge of W will strobe the data into 
memory. When W goes low prior to CAS going low, the data out will remain in the 
high-impedance state for the entire cycle. This permits common input/output operation. This 
type of cycle is referred to as an early write cycle. When W goes low after CAS goes low, 
the type of cycle is referred to as delayed-write or read-modify-write cycle. To avoid bus 
contention, this operation requires a buffer between the Q output and the microprocessor. 

The circuit shown in Figure 1 generates an early write cycle. Therefore, data valid to 
write enable needs to be referenced to the falling edge of CAS. The write-enable signal must 
meet the tsu(WCL) requirement (0 ns) of the TMS4C1024 and the valid data must meet the 
setup time, tsu(D) (30 ns), before CAS. Equations 6 and 7 describe the write-enable setup time 
before CAS and the valid-data setup time before CAS, respectively. 
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Figure 2. Discrete Logic Implementation ofTICPAL18V8 

tsu(WCL) < tCHSL + tAEL-CEL - tCHRL 
tsu(WCL) < 55 + 90 - 60 
tsu(WCL) < 85 

tsu(D) < tCHSL + tAEL-CEL - 0.5T - tCLDO 
tsu(D) <55+ 100 - 50 - 55 
tsu(D) < 50 

(6) 

(7) 

Satisf),ing equations 6 and 7 ensures the early write cycle with the data input being 
valid before CAS goes low. 

Read-Access Time from CAS 

When the microprocessor tries to read data from memory, the read-access time ensures 
that data is available. There are two possible access situations: normal aCCeSS cycle and 
access grant cycle. Normal access cycle is a more common access cycle than the access grant 
cycle, which occurs immediately following a refresh cycle. 

Three speed sorts are available for the TMS4CI024 access time ta(C). 

Speed Selection 

-15 

-12 

-10 

ta(C) 
40 ns 

30ns 

25 ns 

Equations 8 and 9 apply for the two access cycles. 

ta(CA) 
70ns 

55 ns 

45 ns 
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1. Normal Access Cycles 

ta(C) < 2.5T- tCHSL tAEL-CEL - tt.(1 CEL) - tpd(PAL) - tDICL (8) 
ta(C) < 250 - 55 - 100 - 10 - 25 - 15 
ta(C) < 45 

2. Access Grant Cycles 

ta(C) < 2.5T - tC-CEL - tt(CEL)-tpd(PAL) - tDICL 
ta(C) < 250 - 105 - 10 - 25 - 15 
ta(C) < 95 

(9) 

In addition to meeting these access times from CAS, the maximum access time from 
column address must also be met. Equations 10 and 11 apply after equations 8 and 9 are 
satisfied. 

1. Normal Access Cycle 

ta(CA) < ta(C)1 + tMAv-CEL +tt(CEL) + tpd(PAL) 
ta(CA) < 45 + 5 + 10 + 25 
ta(CA) < 85 

2. Access Grant Cycles 

ta(CA) < ta(C)2 + tt(CEL) + tpd(PAL) 
ta(CA) < 95 + 10 + 25 
ta(CA) < 130 

Where ta(C)1 and ta(C)2 are the times resulted from equations 8 and 9. 

Other Considerations 

(10) 

(11) 

The DTACK input on the MC68000LlO informs the micropr()cessor that data is 
available. Wait states are inserted by holding DTACK high. This process for the access grant 
cycle is illustrated in Figure 4. If an access request occurs during a refresh cycle, the 
'ACT4503 completes the refresh cycle, then finishes the access request. In this situation, the 
DTACK signal is held high until data is avaiiable. The internal register of TICPAL18V8, 
shown in Figure 2, is used to time the DTACK signal in relation to the falling edge of S6. 

On normal accesses, a high RDY signal allows either UDS, LDS or R/W to force 
"'"D=TA""""""CK"'" low. During write cycle, R!W will force DTACK low. During read cycles, UDS 
and/or LDS will force DTACK low. During access grant cycles, the low RDY signal holds 
DTACK high. The RDY signal returns to the high state immediately after the refresh 
sequence is completed. 

For proper operation of the' ACT4503, the reset sequence must be executed with the 
correct FSO and FS1 strap inputs. Figure 3 shows that for the last four clock cycles of the 
RESET low, FSO arid FS1 have to be at the logic levels which select the desired operation 
mode. After the low-to-high transition of the RESET signal, initial 15 clock cycles are 
needed to calibrate the row address hold time. Any access request during this calibration time 
is treated like an access cycle oCcuring during a refresh cycle. 
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ClK 

AESET~~ __________________ ~ 

t FSO and FS 1 signals are based on Table 2 for these initial four clock periods during reset low. 
t FSO and FS 1 signals are set to the corresponding refresh frequency as shown in Table 1. 15 clock 

periods of initialization after RESET is required by the 'ACT 4503 for row address hold time calibration. 

Figure 3. Reset Sequence 

~ READ • tI 
50 51 52 55 56 57 50 51 52 55 56 57 

5V5 ClK 

I 
tCH5l -tt-tt je--t5H--tt 

I I r 
I I 
I I 

Riw I I 
I I 

LDS'UD5 :1 II r , I I 
tAEl-REl-ti ~ tACH-REH'" I--- -.J I---T AEl-REl 

RA5 I I I I I r 
I I 
~tAEL-CEl-.l I 

CA5 I I r 
I 
I r DTACK 

Figure 4. 'ACT4S03 to MC68000LIO Timing 
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Figure 5. 'ACT4503 to MC68000LIO Timing 

Decoder Implementation 
TICPAL18V8 with flexible output macro cell allows the designer to implement the 

decoder logic in a single chip which would otherwise be implemented with several discrete 
logic devices as shown in Figure 2. Refer to 1988 Programmable Logic Data Book for more 
information on TICPAL18V8. 

TICPAL18V8 is supported by ABEL development software. The ABEL source file, 
which is used to develop the fusemap of the decoder logic and to test the functionality of the 
logic, is appended to this application brief. 

Summary 
This application report provides an example of how to interface the' ACT4503 with 

the MC68000LlO. The design ideas in this application report are based on the 
THCT4502BV/MC68000L8 Interface application note in Memory. Management 
Applications Handbook and the TMS4500B/MC68000 Interface application report, Texas 
Instruments publication SMCA008. 
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APPENDIX A 
CONTROL LOGIC FOR' ACT4503 

module _CNTR4503 FLAG '-R3','-FO' 
title 'CONTROL LOGIC FOR ACT4503 

BERTRAND LEIGH, TEXAS INSTRUMENTS, MAY 16, 1988' 

CNTR4503 device 'Pl8Va'; 

,n** ••••••••••• * ••••••••••• *.***** ••• * •• * •••• ****.* ••• ***************** 
" This control logic converts the RDY signal form ACT4503 through a 
" D-type flip-flop so that it will conform to the requirements of the 
" DTACK input of the MC68000. It also decodes CASO and CAS1 form the 
" ACT4503 and UDS and LDS from the processor to drive the appropriate 
" CAS signal of the DRAM. 
n********************************************************************** 

"Input pin assignments 
SYS CLK PIN 1; "SYSTEM CLOCK 
D PIN 2; "D INPUT OF THE D-TYPE FLIP-FLOP 
RDY PIN 3; "ACT4503 RDY SIGNAL 
UDS PIN 4; "UPPER DATA STROBE FROM THE PROCESSOR -
LDS PIN 5; "LOWER DATA STROBE FROM THE PROCESSOR -
RW PIN 6; ~R/W SIGNAL FROM THE PROCESSOR 
CASO PIN 7; "CASO FROM ACT4503 -
CAS1 PIN 8; "CAS1 FROM ACT4503 -

·Output pin assignments 
UCASO PIN 12; ·UPPER DATA BYTE CASO OUTPUT -
LCASO PIN 13; "LOWER DATA BYTE CASO OUTPUT -
UCAS1 PIN 14; "UPPE·R DATA BYTE CASl OUTPUT -
LCAS1 PIN 15; "LOWER DATA BYTE CAS1 OUTPUT -
Q- PIN 16; "!Q OUTPUT OF THE D FLIP-FLOP 
DTACK_ PIN 17; "DTACK SIGNAL DRIVING PROCESSORS INPUT 

"1/0 pin definition 
UCASO_,LCASO_,UCAS1_,LCAS1 ,DTACK 

Q-

ISTYPE 'COM,NEG,FEED_PIN'; 
ISTYPE 'NEG,FEED_REG'; 

"Intermediate declaration 
H,L,C,X = 1,O,.C.,.X.: 

equations 

UCASO UDS * CASO - - -
LCASO LDS * CASO - - -
UCAS1 UDS * CAS1 - - -
LCAS1 LDS * CAS1 - -
DTACK_ (UDS - & RW & LDS 

Q- '- !D ; 

Q- .AR !RDY ; 

- ) • Q-
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test_vectors 

([SYS_CLK,D,RDY,UDS_,LDS_,RW_,CASO_,CAS1_j->[UCASO_,LCASO_,UCAS1_,LCAS1_,Q_,DTACK_j) 
[ C ,H, H H H H H H j->[ H H H H L, H j 
[ C ,H, H L H H L H j->[ L H H H L, L j 
[ C ,H, H H L H L H j->[ H L H H L, L j , 
[ C ,H, H , L , L , H , L H j->[ L L H H , L, L j ;' 
[ C ,H, H L H L H L j->[ H H L H L, L j 
[ C ,H, H H L L H L j->[ H H H L L, L j 
[ C ,H, H L L L H L j->[ H H L L L, L j 
[ C ,H, L L L L L H j->[ L L H H H, H j 
[ C ,H, H H H H H H j->[ H H H H L, H j 

END 
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IMPORTANT NOTICE 

Texas Instruments (TI) reserves the right to make changes to or to 
discontinue any semiconductor product or service identified in this 
publication without notice. TI 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. 

TI 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 TI deems necessary to 
support this warranty. Unless mandated by government reqUirements, 
specific testing of all parameters of each device is not necessarily 
performed. 

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

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

Copyright © 1990, Texas Instruments Incorporated 
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Introduction 

The new 32-bit microprocessors are capable of addressing 4G bytes of physical 
memory and typically feature clock frequencies greater than 16 MHz. However, clock 
speed alone does not guarantee increased system performance; if the processor must wait 
for data, then memory bandwidth will be the limiting factor. 

This situation exists between today's microprocessors; and the access times of 
affordable DRAMs. One solution to optimizing system performance is to mix and match 
memory, using lower-cost dynamic RAM in conjunction with fast, more expensive static 
RAM caches. However, this approach is only attractive to high-end systems where cost 
and board space is a less significant factor. 

Another approach to improving system performance is to utilize the new accessing 
modes available on certain 1M-bit DRAMs, such as static column decode. This method 
does not improve system performance as much as caches, but it does involve less hardware, 
resulting in lower system cost. This approach can also be used in systems already using 
caches, further improving system performance. 

This application note describes the theory of using static column decode and also 
describes how it might be implemented in a typical system. In addition, it highlights three 
new products from Texas Instruments; the SN74ALS6300 Selectable Refresh Timer, the 
SN74ALS631O Static Column Access Detector, and the TIBPSG507 Programmable 
Sequence Generator. 

Static Column Decode 

The TMS4C1027 is a 1 ,048,576-bit X 1 dynamic RAM featuring static column 
decode. Static column decode allows high-speed read and write operations by reducing 
the number of required signal setup, hold, and transition timings. This is achieved by first 
strobing the row and column addresses in the normal manner by taking RAS and CAS 
low. If RAS and CAS are kept low, new data can be accessed by simply changing the 
column addresses, assuming the new address is in the same row. If the new address is 
not in the same row, then a normal access cycle must be performed. 

Figure 1 is a timing diagram taken from the TMS4C 1027 data sheet showing static 
column-decode-mode read cycle timing. 

If the assumption is made that the majority of memory references tend to be sequential; 
which is a similar assumption made when using caches, then it is logical to assume that 
a large percentage of memory accesses will be within the same row. The trick is how 
to implement a timing controller that will take full advantage of the static column mode 
of operation. 
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Typical Memory Controller 

Figure 2 shows a block diagram of a memory system utilizing static column decode. 
The ' ALS6310 is a new circuit offered by Texas Instruments that detects if the present 
row being accessed is the same as last row accessed. This is the fundamental requirement 
for implementing static column decode. Note that the row addresses from the Motorola 
MC68020 (hereinafter MC68020) are used as the most significant bits (AlO-A19), and 
the column addresses are used as the least significant bits (AO-A9). Figure 3 shows a block 
diagram of the ' ALS6310. 

In circuit operation, when address strobe (AS) from the MC68020 is taken low, 
the present row (AlO-A19) and bank address (BO, Bl) is clocked into the first register 
of the 'ALS631O. The previous bank and row address, stored in the first register, is clocked 
into the second register at the same time. The two addresses are then compared to see 
if they are equal. If they are equal, the high-speed access output (HSA) will be logically 
low. If not, HSA will be high. 

The function of the PSG507 is to generate the required memory timing control signals 
(RAS, CAS, etc.) for the 'ALS6301 dynamic memory controller. The 'ALS6301 is 
responsible for multiplexing row and column addresses into DRAM. The 'ALS6301 is 
also capable of driving four banks of 1M-byte memory. 

Supporting the TIBPSG507 is the ' ALS6300 refresh timer. This device is responsible 
for generating a refresh request signal (REFREQ) every 15.5 JLS. The input select lines 
are hardwired to match the microprocessor clock frequency. The refresh complete input 
(RFC) resets the REFREQ signal after the timing controller completes the refresh cycle. 

Timing Controller Details 

Figure 4 shows a typical flow chart for implementing static column decode. As stated 
before, the TIBPSG507 is responsible for implementing the flow chart shown in Figure 4. 
A breakdown of this flow chart reveals 9 states (STO-ST8) associated with 5 different 
sequences. States STO, STl, ST3, and ST4 are holding and transition states leading into 
the various sequences. The five possible sequences are listed below. 

ST2 Normal Access Sequence 
ST5 Extended Access Sequence 
ST6 High-Speed Access Sequence 
ST7 Normal Refresh Sequence 
ST8 Extended Refresh Sequence 

Notice that the HSA signal from the 'ALS6310 decides if the timing controller will 
execute ST5, the Extended Access Sequence, or ST6, the High-Speed Access Sequence. 
A brief description of each sequence follows. 
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Normal Access Sequence 

The normal access sequence is shown in Figure 5. This sequence begins by executing 
a normal RAS/CAS cycle. Notice that a wait state of one clock cycle is needed to guarantee 
that data is valid for the MC68020. This is the problem mentioned in the introduction; 
if all access cycles had to be performed in this manner, then the processor would face 
a wait state every access cycle. As will be shown later, this wait state can be eliminated 
if the next address is from the same row. 

Notice also, at the end of this sequence, the RAS and CAS output signals are left 
active (low). Here we are making the assumption that the next access cycle will be a high
speed access. We will not know if this assumption is true until the next address is presented 
by the MC68020. At that time, the 'ALS631O will signal the timing controller if it can 
execute a high-speed access. 

High-Speed Access Sequence 

For a high-speed access sequence to be executed, two conditions must be met. The 
RAS and CAS inputs must already be low, and secondly, the static column access detector 
must be indicating the present row is the same as the last row (HSA = L). The bank 
addresses must also be unchanged as detected by the 'ALS6310. 

Figure 6 shows the timing diagram for the high-speed access sequence. Notice that 
no wait states are required. If the assumption is made that the majority of memory references 
are sequential, then this sequence will be the one typically used. In other words, this 
sequence is similar to accessing data from a static RAM or just like taking data from cache. 
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Extended Access Sequence 

The extended access sequence is executed if the 'ALS6310 detects a difference 
between the present and last row addresses. This cycle is called extended because RAS 
and CAS are presently low and both must be brought high to strobe inthe new row and 
column addresses. The precharge time of the DRAM has to be met before taking RAS 
and CAS low. From the timing diagram in Figure 7, it can be seen that wait states of 
three clock cycles are generated when executing this timing sequence. 

In systems where sequential data is not the general rule, it would be more efficient 
to execute only normal access sequences, since this generates fewer wait states. The system 
designer must understand what type of memory accesses will be used. For example, the 
designer may want only to enter the high-speed access portion of the flow chart when 
the system is performing DMA access cycles. 

Normal/Extended Refresh Sequences 

Figures 8 and 9 show the timing diagrams for the normal and extended refresh 
sequences, The refresh sequence selected is a function of the present condition of RAS 
and CAS. If RAS and CAS are presently low, an extended refresh cycle is performed. 
If RAS and CAS are presently high, a normal refresh cycle is executed. At the end of 
each refresh sequence, the controller checks to see if an access request has been generated. 
If there has been a access request, the controller will perform an access grant sequence 
at the end of the refresh cycle before returning to normal process flow. 

Referring back to Figure 1, there is a maximum time that RAS and CAS can be 
held low, tw(RL)P. For the TMS4C1027, tw(RL)P must not exceed 100 p.s. Since our 
refresh timer forces a refresh cycle every 15.5 p.s, tw(RL)P cannot be violated. If the 
designer chooses to use a different refresh scheme, then tw(RL)P must be considered. 
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Figure 6. High-Speed Access Cycle 
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ST3 
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CNT5 
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I ,.... .i 

00·031 \\\S\\\\\\\S\\\\\\S\\\\\\\\\\\\W : ( 
*-ta{CA) ~ 
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..J 

VALID MEMORY OAT A 

DSACK r 

IN ,-------T 

Figure 7. Extended Access Cycle 
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I 

HSA \\\\ \\\ \\\ \\\\\ \\\\ \\\\\ \\\\\\\\\S\ \\\ \\\\\ \\\\\ DDNT CARE \\ SSS SSSSSS\\\\\ \\\\SS\S \\\\\S\S S\SS\\\ 
I 

. I 
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I 

MC1-----------,L--___________________________ r---------------------------------i-------
RASI ------------------~L_ ____________________ ~------------------~ 

~------------------------~-------
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MSEl ________________________________________________________________________________ ~ 
I 
I 

___ I 
CAS I I I 

I I 
I I 

00-031 I (READ DATA 

i4-- talC) -..I 
DSACK--------------------------------------------~-------------------------------------,l r---

W 1-----.--

Figure 8. Normal Refresh/Access Grant Cycle 
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ST7 
CNT1 

ST7 
CNT2 

ST7 
CNT3 

ST7 
CNT4 

ST7 
CNT5 

ST7 
CNT6 

STO 
CNTO 

STO 
CNTO 

SYS CLK ----11 r 

AS-------t------------------------------------------------------------1---------~----

REFREO 
RFC------------------------------------------------------------iL __________ ~ 

AGREO------------------------------------------------------------------------------------------~-------------------

ADX \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\}\\\ DONT CARE . \\\\\\ \\ffi\\\\\\\\\\\\\\\\\\\\\ffi'\S'\ 

HSA TIS\\ lliillTITI\\TI'\ \\\\\ \\ S\ \\ \ \\\\ OONT CARE \\\\ \\\ \ \\\\\\\ \ \\ \\\\\\ \\\\ \\ \\\ STITI 

R/W »TIS \ \\\ \\\ \\ \ \\ \ \\ \ \ \\\\ \ \\\ \ \\ \ \ \ DONT CARE \ \\ \\ \ \ \\ \\ \ \\ \ \\\ \ \ \ \ \\\\ \\ \\\\ \ \\ \ \ \ 

MC1------------------------------------, 
~------------------------------~ 
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MADR TIillillSS\\\\\\\STISS'\'\\\'(\\ \\S\\\\ S\\ \\ \X ROW REFRESH ADDRESS X\\\\\\\\\\\ 

MSEL 

CASI 

00·031 \\\\\\\\\\\\\\\\\\\\\\\\\~~--------------------------------------------------------

DSACK 

W 

Figure 9. Extended Refresh Cycle 



Software Support 

The TIBPSOS07 is supported by two software packages. CUPL which was created 
by, and is supported by, Logical Devices Inc. and ABEL, which was created by, and is 
supported by, FutureNet, a division of Data 110 Corp. Both of these software packages 
have been used to reduce equations and to generate the fusemap necessary to program 
the TIDPSGS07. Appendices A and B show the ABEL TM and CUPL TM source m.es for the 
described static column memory timing controller are attached to assist the designer in 
programming the TIDPSG507. 

Since only 54% (43 out of 80) of the TIBPSG507's product terms were used in this 
design, it will be easy to modify or add to the sequences used to meet specific system 
requirements. For detailed information on designing with the TIDPSG507 see A Designer's 
Guide to the TIBPSG507 application report. 

Summary 

Static column decode offers the system designer a method for improving system 
performance in applications where the microprocessor can outperform conventional DRAM 
access times. By utilizing the 'ALS631O Static Column Access Detector, the 'ALS6300 
Refresh Timer, ar1d the TIBPSG507 Programmable Sequence Generator, a high
performance memory timing controller can be easily developed to take full advantage of 
static column decode. 
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APPENDIX A 

aodule SCDECODE 
title ' ABEL ElWIPLE FOR m STATIC COLUMN DECODER 

JOSH PEPRAH, TEXAS INSTRIIMENTS, OCT 29, 1981' 

DECODE device ' r501' ; 

" Input pin 88sigJIHnta 
OSC pin 1; 
RESET pin 2; 
A22 pin 3; 
Rlf pin 4; 
RErREQ pin 5; 
AS pin 6; 
KSA pin 1; 
SYSCLK pin 17; 

" Output pin and node assigJIHnts 
arc pin 8; arc r node 47; 
RASI pin 9; RASI r node 48; 
MSEL pin 10; MSEL-r node 49; 
CASI pin 11; CASI-r node 50; 
11:1 pin 13; Mel r node 51; 
If pin 14; If r-
DSACK pin 15; DSACK _ r node 53; 

" OSCILLATOR 
" SYsmf RESET - 1IIIEH LOll 
" IOt'lltB1RY - MEMORY ACCESS 
" READ I lIRITE ENABLE 
" REFRESH REQUEST 
" ADDR STROBE - ACCESS REQ 
" HIGH SPEED ACCESS 
" SYSTIX CLOCK - (OSC/2) 

" REFRESH C<X4PLETE 
" ROlf ADDRESS STROBE 
" I«JLTIPLEXER SELECT 
" COLUMN ADDRESS STROBE 
" IIlDE CONTROL 
node 52; "lIRITE 
" DATA STROBE ACl(NOIILEDGE 

" Internal counter bits , control, and state req - node declarations 
CO,Cl,C2,C3,C4,C5 node 55,56,51,58,59,60; 
SCLRO node 25; 
ctmIOLDO node 28; 
omJOLDI node 29; ctmIOLDIJ node 30; • COUHT/HOLD COIl'1ROL REGISTER 

• Buried state reqiaters - node declarations 

PO 
PI 
P2 
P3 
AGREQ 

node 31; PO r node 39; 
node 32; per node 40; 
node 33; p(r node 41; 
node 34; P3 r node 42; 
node 35; AGREoJ node 43; 

" STATE REGISTER 
" STATE REGISTER 
" STATE REGISTER 
" STATE REGISTER 

" ACCESS GIWIT REQUEST STA'l'OS REGISTER 

" Set notation is used to represent control, buried state, and output 
" reqisters. This is done to simplify the equations. The follolinq 
" eets are in the fOIll; reqister DIIl8 • [set input, reset input]. Hote 
• that the ouput reqister pin nile 'peCifies the set input. 

arc • [arc, arc r]; 
RASI • [RASI, WI r]; 
MSEL - • [MSEL, MSEL - r] ; 
CASe • [CASI, CASI-r]; 
11:1 - • [11:1, 1«:1 rT; 
If - • (If, 11 r]i-
DSACK • (DSAcK, DSACK r]; 
AGREQ: • (AGREQ, AGREQ: r] ; 
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, Intermediate declarations for simplification. 
• The sets 'high' and 'low' are used to set or reset the SIR 
• registers. Example: RASI_ :' high & RESET; wi II cause pin 9 
• to go high on the next clock edge if input pin 6 is high. 

hi gh 
low 

, [ I, 0]; 
, [0, I]; 

COUNT 
STATE 
H,L,clk,X 

, [0,C2 ,CI ,CO]; 
, [P3,P2,PI,PO]; 
, I, 0, .C., .X.; 

, STATE REGISTER SET DEFINED 

equat ions 

enable RfC ,I; 'outputs always enabled, pin 11 is only an input 

• Initialization when RESET is low 
[RASI,CASI,RFC,W,AGREQ,DSACK,"CI,SCLRO] :' !RESET; 
["SEU,POJ,PI_r,?2J,P3_r] :' !RESET; 

• Counter controls defined 

SCLRO ,! RESET 
f STATE_"2 & COUNT"S 
f STATE_"4 & COUNT"O 
I STATE_"S & COUNT" I 0 
, STATE_"6 & COUNT,,4 
, STATE_"7 , COUNT,,6 & (A22 , AGREQ) 
, STATE_"1 & COUNT"U 
, STATE_"a & COUNT"3; 

CNTHOLD I :' ! RESET 
, STATE_"Z & COUNT"S 
, STATE_"4 & COUNT"O 
f STATE_"S & COUNT"IO 
, STATE_"6 & COUNT,,4 
f STATE_"1 & COUNT,,6 & (A2Z , AGREQ) 
, STATE_"7 & COUNT"!4 
f STATE_"a & COUNT"3; 

CNTHOLD U:' STATE_"O & !RUREQ & RESET 
, STATE_"I & !A22 & RESET 
f STATE_"3 & !REFREQ & RESET 
, STATE_"3 & REFREQ & AS & SYSCLK & RESET; 

, Execut ion of access and refresh sequences 
state_diagra. STATE_ 

State 0: 
case 

!RESET 
REFREQ & (!AS ,!SYSCLK) 
REFREQ & AS & SYSCLK & RESET 

! REFREQ & RESET 
endcase; 

, NEXT 
, STATE 

: 0 
: 0 
: I 
: 7; 



, ~ORm ACCESS CYCLE 

State I: 

State 2: 

'HOLDING STATE 
State 3: 

State .: 

case 
COUNT ,,0 , I A22 
COUNT" 0 & A22 

endcase; 

RASI_ := COUNT=,O & low & RESET; 
mL_ := COUNT::I & high; 
CASI_ :: COU"T::2 & low 'RESET; 

DSACK_ :: COUNT,,2 'low & RESET; 
W_ := COUNT :=3 'low 'RESET; 
W_ := COUNT==5 'high; 

DSACK_ := COU"T,,5 'high; 
if COUNT==5 then 3 else Z; 

case 
(!AS I !SYSCLK) , REfREQ & RESET 

REfREQ' AS' SYSCLK , RESET 
I REfREQ , RESET 
endcase; 

CAS I : = COUNT ,,0 hi gh I 
HASI := COUNT==O high I 
mL := COUNT"O :0.., , -RASI := COUNT" I high' 

A22; 
A22; 
A22; 
HSA; 

DSACK := COUNT:=: low , !HSA; -
mL := COUNT::I low , 
CASI : = COUNT == I high & 

case 
COUNT .. O & A22 'RESET 
COUNT==O '1m I RESET 
COUNT =: I' HSA I RESET 
COUNT==I & !HSA & RESET 

endcase; 

HSA; 
HSA; 

'fXTENDED ACCESS CYCLE 
State 5: 

RASI_ :: COU"T::5 & low , RESET; 
mL_ :: COUN1==6 I high' RESET; 
CASI_ := COUNT== 7 'low & RESET; 

DSACK_ := COUNT=:7 , low' RESET; 
W_ :: COUNT==8 , low I RESET; 
W_ := COUNT"IO & high; 

DSACK_ := COUN1:=:O & high; 

• NEXT 
• STATE 

: 2; 
: 0; 

• NEXT 
• STATE 

: 3 
: . 
: 8 

• NEXT 
• STATE 

: 0; 
: .; 
: 5; 
: 6; 

If COUNT==10 & RESET then 3 else SI 
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"HIGH SPEED ACCESS 
State ,: 

V_ :. COUNT.·2 'low' RESET; 
V_ :. COUNT... 'high; 

DSACK :. COUNT ... 'high; 
I (COUNT ••• then 3 else 6; 

'NOR"AL REFRESH CYCLE 
State 7: 

AGREQ :. AS low 'RESET; ""= :. COUNT •• O low' RESET; 
RASI_ :. COUNT •• I low' RESET; 

RFC :. COUNT •• 3 low' RESET; 
RF( :. COUNT •• S high; 

RASI_ :. COUNT •• S high; 
"Cl_ :. COUNT •• ' high; 

RASI_ :. COUNT •• 9 1011' RESET; 
"SEL_ :. COUNT •• 10 high & RESET; 
CASI_ :. COUn •• 11 low & RESET; 

DSACK_ :. COUNT •• 11 low' RESET; 
V_ :. COUNT •• 12 low' RESET; 
V_ :. COUNT •• le high; 

DSACK_ :. COUNT •• U high: 
If COUNT .. 6 , (A22 , AGREQ) then 0 else 7: 
If COUNT •• le then 3 else 7; 

'EXTENDED REFRESH CYCLE 
State 8: 

RASI_ :. COUNT •• I 'high; 
ml_ :. COUNT •• I "011 
CASI :. COUNT •• I 'hIgh 
if COUNT •• 3 then 7 el se 8 

test_vectors 'NORKAL ACCESS CYCLE' 

({OSC.RESET .A22.RV.RHREQ.AS.HSA .SYSCLK.COUNTl -) [RFC .RASI.mL.CASI."CI.V.OSACK.STATEJ) 
Ic Ik. l • X • X. X • X. X • X 1 -) ( H • H • l • H • H .H. H 0 I; 
[clk. H • X • X. H • l. X I X 1 -) [ H • H • l • H • H .H. H 0 I; 
[clk. H • X • X. H • H. X • H 1 -) ( H • H • l • H • H .H. H I I; 
[c Ik. H • l • X. X • X. X • X 1 -) [ H • H • l • H • H .H. H 2 I; 
[elk. H • X • X. X • X. X • X 1 -) I H • l • l • H • H .H. H 2 I; 
[ clk. H , X • X, X • X. X • X 1 -) [ H • l • H , H , H ,H, H 2 J; 
[c Ik. H • X , X, X • X. X • X 1 -) [ " , l • H , L • H ,H, l 2 I; 
Ie Ik. H • X , X. X • X. X • X 1 -) [ H • l • H • l • H .l. l 2 I; 
[ elk. H • X • X. X , X. X , X 1 -) [ H • l • H • l • H .l. L 2 I; 
Ie It. H • X • X. X • X. X • X 1 -) [ " • l • H. l , H .H. H 3 I; 

test vectors 'HOLDING STATE 4 VlTH EXTENDED ACCESS REQUEST' 
({OSe ,RESET, An. RV ,REFREQ ,AS, HSA, SYSCLK • COUNT) -) [RFC. RASI. "SEl.CASI."CI ,V. DSACK. STATU) 
Ie Ik, H • H • X, H , M, X , H · c 1 -) [ H • l • H • l • H .H. H . 4 I; 
[elk. H • l • X. X • X. X • X · 1 -) [ H • l • H • L • H .H. H . • I; 
[clk. H • X • X. X • X. H • X . 1 -) I H • H • l • H • H .H. H S I; • I , 



test_vectors 'EXTENDED ACCESS' 
([OSC ,RESET ,A22 ,RV ,REFREQ,AS,HSA, SYSCLK ,COUNT) -) [RfC,RASI ,KSEl ,CASI ,m ,V,DSACK, STATEJ) 
[elk, H , X , X, X , X, X , X 2 ) -) [ H , H , l , H , H ,H, ); 
[e Ik, H , X , X, X , X, X , X 3 ) -) [ H , H , l , H , H ,H, ); 
[elk, H , X , X, X , X, X , X 4 ) -) [ H , H , l , H , H ,H, ); 
[e Ik, , X , X, X , X, X , X 5 ) -) [ H , l , l , H , H ,H, ); 
[elk, , X , X, X , X, X , X 6 ) -) [ H , l , H , H , H ,H, ); 
[e Ik, , X , X, X , X, X , X , 7 ) -) [ H , l , H , l , H ,H, ); 
[clk, , X , X, X , X, X , X 8 ) -) [ H , l , H , l , H ,l, ); 
[e Ik, H , X , X, X , X, X , X , 9 ) -) [ H , l , H , l , H ,l, ); 
[clk, H , X , X, X , X, X , 10 ) -) [ H , l , H , l , H ,H, ); 

test_vectors 'HOLDING STATE. VlTH HIGH SPEED ACCESS REQUEST' 
([OSC ,RESET ,m, RV ,R£fREQ,AS,HSA, SYSClK ,COUNT) -) [RfC,RAS 1 ,KSH ,CAS 1 ,KC 1, W, DSACK, STATU) 
[elk, H , H , X. H , H, X , H , 0 ) -) [ H • L , H , L , H ,H. H · 4 ]; 
[elk, H , l , X, X , X. X , X , 0 ) -) [ H , L • H • L , H ,H. H , 4 ); 
[elk, H , L • X, X • X, L , X . 1 ) -) [ H • L , H , l I H ,H t l · 6 ); 

test_vectors 'HIGH SPEED ACCESS' 
([OSC ,RESET, A22, RW .REfREQ .AS, HSA ,SYSClK ,COUNT) -) [RfC, RAS I, KSEl ,CAS 1, KC I, V, DSACK, STATU) 
[elk, H , X , X. X , X. X , X , 2 ) -) [ H , L • H , l , H ,l, l , 6 ]; 
[clk, H • X • X. X , X, X • X , 3 ) -) [ H , L • H • l • H .L • l , 6 ); 
[clk, H , X , X, X , X, X , , 4 ) -) [ H , l • H , , H ,H, H , 3 ); 

test_vectors 'NON-mORY ACCESS fOLLOWED BY REfRESH REQUEST' 
([OSC .RESET. m ,RV ,REfREQ,AS. HSA. SYSCLK. COUNT) -) [RfC ,RASI, "SEL ,CASI ,KC I.V ,OSACK, STATU) 
[elk, H , H , X, H , H, X , H , 0 ) -) [ H • L , H , L • H ,H. H · • ); 

[el k. H , H • X. X , X, X , X , 0 ) -) [ H , H , l , H , H ,H, H , 0 ]; 

[elk, H , X , X, H , L, X , X , 0 ) -) [ H , H , L , H , H ,H, H , 0 ); 
[elk, H , X , X, H , X, X , L , 0 ] -) [ H , H , L , H , H ,H, H , 0 ); 
[el k, H , X , X, l , X, X , X , 0 ) -) [ H , H , L , H , H ,H, H , 7 ]; 

test_vectors 'NORKAL REfRESH CYCLE' 
([OSC ,RESET ,A22, RW, REfREQ,AS, HSA, SYSCLK, COUNT) -) [RfC, RAS I, "SEL, CASI,"C 1, W ,OSACK, STATEJ) 
[elk, , X , X, X L, X -) [ H , H , L , H , L ,H, H , 7 ); 
[elk, , X , X, X , l, X , -) [ H , L , L , H , L ,H, H , 7 ]; 
[el k, , X , X, X , l, X , -) [ H , L , l , H , l ,H, H , 1 ); 
[elk, , X , X, X , L, X , -) [ L , L , L , H , L ,H, H , 1 ]; 
[el k, , X , X, X , L, X , -) [ L , l , l , H , L ,H, H , 7 ]; 
[elk, , X , X, H , L, X , -) [ H , H , L , H , L ,H, H , 7 ]; 
[elk, , X , X, X , L, X , -) [ H , H , l , H , H ,H, , 0 ]; 
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test vectors 'NORm REFRESH CYCLE FOLLOWED BY ACCESS GRANT REQUEST' 
([OSC, RESET ,AlZ,RW, REFREQ,AS, HSA ,SYSCLK,COUNT] -) [RFC,RASI, "SEL ,CASI, m, W. DSACK, STATU) 
[elk, , X , X, l , X, X , X 0 ] -) [ H , H , l , H , H ,H, H ]; 
[el k, , X , X, X , l, X , X 0 ] -) [ H , H , l , H , l ,H, H ]; 
[elk, , X , X, X , L, X , X I ] -) [ H , L , l , H , l ,H, H ]; 
[clk, , X , X, X , H, X , X 2 ] -) [ H , l , l , H , l ,H, H ]; 
[clk, , X , X, X , H, X , X 3 ] -) [ l , L , l • H • l ,H, H ]; 
[cl k, , X , X, X , L, X , X 4 ] -) [ L , L , l , H , l ,H, H ]; 
[cl k, , l , X, H , L, X , X S ] -) [ H , H , l , H , l ,H, H ]; 
[cl k, , l , X, X , l, X , X 6 ] -) [ H , H , L , H , H ,H, H ]; 
[elk, , L , X, X , L, X , X , 7 ] -) [ H , H , l , H , H ,H, H ]; 
[clk, , L , X, X ,l. X , X 8 ] -) [ H , H , l , H , H ,H, H ]; 
[c Ik, , L , X, X , L, X , X 9 1 -) [ H , l , l , H , H ,H, H ]; 
[clk, , L , X, X , L, X , X 10 1 -) [ H , l , H , H , H ,H, H ]; 
[clk, , L , X, X • L, X , II ] -) [ H , L , H , l , H ,H, l ]; 
[clk, , L , X, X , l, X , 12 1 -) [ H , L , H , l , H ,l, l ]; 
[clk, , l , X, X , L, X , 13 1 -) [ H , L , H , L , H ,l, l ]; 
[clk, , L , X, X , L. X , , 14 ] -) [ H , L , H , l , H ,H, H ]; 

test_vectors 'HOLDING STATE 3 WITH EXTENDED REFRESH REQUEST' 
([OSC, RESET .A22. RW .REFREQ.AS. HSA. SYSClK. COUNT] -) [RFC, RAS I, "SEL ,CASI, MC I.W, DSACK. STATU) 
[clk. H • X • X, H • X. X , l · 0 ] -) [ H • L • H , l , H .H, H , 3 ]; 
[clk. • X • X, H , L, X , X · 0 ] -) [ H • L • H • L , H ,H. H · 3 ]; 
[clk. , X , X, L • X, X • X , 0 ] -) [ H , l • H • l • H ,H, H · 8 ]; 

test_vectors 'EXTENDED REFRESH CYCLE' 
([ OSC, RESET, A22. RW, REFREQ,AS, HSA.SYSCLK ,COUNT] - ) [RFC,RASI,"SEl,CASI,"CI,W, DSACK.STATEJ) 
[cl k, H , X , X, X , X. X • X · 0 ] -) [ H • L , H , L , H .H, H · 8 ]; 
[cl k, H , X • X, X , X, X , X · I ] -) [ H , H , L , H • H .H, H , 8 ]; 
[clk, H , X • X, X , X, X , X , 2 ] -) [ H , H , L • H , H ,H. H · 8 ]; 
[elk. H , X , X. X , X. X , X · 3 ] -) [ H , H , l , H , H .H, H , 7 ]; 

end SCDECODE 
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NAME 
PARTNO 
DATE 
REV 
DES I GNER 
CO"PANY 
ASSEmy 
LOCATION 

SCDECODE; 
TI0004; 
05,01,81 ; 
01 ; 
Breun i nger ,Peprah; 
Texas Instruments; 
None ; 
Dallas; 

APPENDIX B 

/' •• , •••• ,. II"', •••••••••••• 1. f. 1"" •••• 11 •• 't' "I' If 'fl '.fI"III'" '11. , •• """'1,.' / 
" Stat i c Co I umn Decode " 

" " " " I' Th i sis an exampl e of how the PSG501 can be used to generate the " 
" required memory timing control signals (RAS. CAS. "SEL etc) for static " 
" co I urnn decode imp I ementat i on us ing the ALS630 I. ALS6310 and the ALS630 " 
" ALS6300. ina system envi ronment. " 

" " " " j •••••• ,I •• I •• I ••••• "ff II. II tl'.' •••••••••••••• , ••• , •• ' .......... II 'ft ...... 1- •• , •• 11111'/ 

" 
Allowable Target Device Types: TEXAS I NTSRU"ENTS PSG501 ' , 

/ •••••••••• 'fl •••••••••••••••••••• II It"" .f.1 If If' ••••• II •• fl •••••••••••• 1 ••••••••• 11 II/ 

'" Inputs "' 
pin I OSC ,I Osci l1ator ' , 
pin 2 RESET " System Reset - when low ' , 
pin 3 A22 ,I 10,!" - "emory access I, 
pin 4 RW " Read, Write Enable ' , 
pin 5 REFREQ " Refresh Request ' , 
pin 6 AS " Addr Strobe - access request ' , 
pin 1 HSA " High Speed Access ' , 
pin 18 SYSCLK " System Clock - (OSC,2) , , 
'" Outputs '" 
pin 8 RFC ,I Refresh Complete ' , 
pin 9 RASI ,I Row Address Strobe ' , 
pin 10 "SEL " "ultiplexer Select ' , 
pin II CASI ,I ColUllln Address Strobe '/ 
pin 13 HC I ,I "ode Contro I ' , 
pin 14 W " Wr ite ' , 
pin 15 DSACK " Data Strobe Acknowledge ' , 
'" Node Declarations "' 
pinnode [33 •• 38] = [CO •• 5] 

" 
Built-in 6-8it counter ' , 

pinnode 39 = SCLRO 

" 
Counter Cclear- non registered ' , 

pinnode 41 = CNTHOLDO 

" 
Counter Hold - non registered ' , 

pinnode 42 = CNTHOLD I " Counter Hold - registered ' , 
node [P3 •• 0] ,I Buried State Registers ' , 
node AGREQ ,I Access Grant Request ' , 
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'" Declarations and Inter~ediate Variable Definition '" 
field COUNT : [C5 •. 0) 
field STATE : [P] •. O) 
Ideflne STO 'b'OOOO 
Ideflne STI 'b'OOOI 
Ideflne STZ 'b'OOIO 
Ideflne S13 'b'OOl1 
Idefine SH 'b'OIOO 
Idefine ST5 'b'OIOI 
Idefine $T6 'b'OllO 
Idefine ST7 'b'0111 
Idefine 5T8 'b'IOOO 

" BUILT·IN COUNTER CONTROL EQUATIONS " 

SClRO : !RESET 
, STZ , COUNT:'d'S 
, ST4 , COUNT,'d'O 
, ST5 , COUNT,'d'lO 
, 5T6 , COUNT,'d'4 

/' Clear counter when RESET Is low '/ 
/' and during transitions at the end '/ 
/' the indicated states and counts. '/ 
/' '/ 

" '/ , ST7 , COUNT,'d'6 , 1m , AGREQ) 
, ST7 , COUHT,'d'I4 

/' '/ 
/' '/ 

, ST8 , COUNT,'d']: 

CNTHOlOl.s : !RESET 
, STZ , COUNT,'d'S 
, SH , COUNT,'d'O 
, STS , COUNT, 'd'iO 
, ST6 'COUNT"d'4 

/' '/ 

/' Set count hold while clearing '/ 
/' the counters accordingly. '/ 
/' '/ 

" '/ 
/' '/ 

, ST1 , COUNT,'d'6 , IAZZ , AGREQ) 
, ST7 'COUNT,'d'14 

/' '/ 
/' '/ 

, 5T8 , COUNT: 'd']: 

CNTHOlOI.r : STO , IREfREQ , RESET 
, STI , IAZZ , RESET 
, ST3 , ! REfREQ , RESET 
I ST3' RHREQ' AS 

, SYSCLK , RESET; 

'" State Hachine Equations '" 
sequence STATE [ 
present STO: 

ifIREfREQ'I!AS ,!SYSCLK)) 
ifIREfREQ' AS' SYSClK , RESET) 
if I !RUREQ' RESET) 
defaul t 

present STI: 
IfICOUNT:'d'O' !AZZ) 
ifICOUNT:'d'O' AZZ) 
defaul t 

present ST1, 
" NORm ACCESS CYCLE '/ 
ifICOUNT:'d'O), RESET 
ifICOUNT:'d'l) 
ifICOUNT:'d'Z) , RESET 
ifICOUNT:'d'3) , RESET 
ifICOUNT,'d'S) 
default 

/' '/ 

/' Reset count hold on transit on to 517 '/ 
/' Reset count hold on transit on to SIZ '/ 
/' Reset count t,old on transit on to ST8 '/ 
/' Reset count hold on transit on to 514 '/ 

next SIO; 
next S1I; 
next STJ: 
next STO; 

next SIZ; 
next STO; 
next STI; 

next STZ out !RASI; 
next STZ out "SEL; 
next STZ out [!CASI,!DSACK); 
next STZ out !w; 
next STJ out [W,DSACK): 
next S12; 



present 513: 
/' HOLDING STATE '/ 
ff( !AS f !SYSCLK) & REFREQ & RESET 
ff(REFREQ & AS & SYSCLK & RESfT) 
ff( !REFREQ & RESET) 
default 

present ST 4: 
ff(COUNT:'d'D) & All & RESET 
ff(COUNT: 'd'O) & !m & RESET 
ff(COUNT:'d'l) & HSA & RESET 
ff(COUNT:'d'l) & !HSA & RESET 
default 

present STS: 
/' EXTENDED ACCESS CYCLE '/ 
if(COUNT:'d'S) & RESET 
if(COUNT:'d'6) & RESET 
if(COUNT:'d'7} & RESET 
if(COUNT: 'd'S) & RESET 
if(COUNT:'d'IO) & RESET 
default 

present ST6: 
/' HIGH SPEED ACCESS '/ 
if(COUNT:'d'2) & RESET 
If(COUNT: 'd' 4) 
default 

present ST1: 
/' NOR"AL REFRESH CYCLE '/ 
if AS 
if(COUNT: 'd'O) & RESET 
if(COUNT:'d'l) & RESET 
if(COUNT:'d'3) & RESET 
if(COUNT: 'd'S) 
if(COUNT: 'd'6) & (All, AGREQ) 
ff(COUNT: 'd'6) & !All & !AGREQ 
if(COUNT: 'd'9) & RESET 
if(COUNT: 'd'IO) & RESET 
if(COUNT:'d'lI) & RESET 
if(COUNT: 'd'12) & RESET 
if(COUNT: 'd'14) 
default 

present STS: 
/' EXTENDED REFRESH CYCLE '/ 
if(COUNT: 'd'l) 
If(COUNT:'d'3) 
default 

next 513; 
next ST4; 
next STS; 
next S13; 

next STO out [RAS!,!"SEL,CASI); 
next S14; 
next ST5 out [RASI,!HSEL,CASI); 
next ST6 out !DSACK; 
next ST 4; 

next ST5 out ! RAS I; 
next ST5 out HSEL; 
next S T5 out [! CAS I, ! DSACK ) ; 
next ST5 out !W; 
next 513 out [V,DSACK)i 
next ST5; 

next ST6 out !V; 
next S13 out [V,DSACK); 
next ST6; 

next ST1 out !AGREQ; 
next ST1 out !"CI_; 
next ST1 out !RASI; 
next ST1 out ! RFC; 
next ST1 out [RFC,RASI); 
next STO out HCI_; 
next ST1 out HCU 
next ST1 out !RASI; 
next ST1 out HSEL; 
next ST1 out [!CASI,!DSACK); 
next ST7 out ! W; 
next S13 out [W,DSACK); 
next ST7; 

next STS out [RASI,!HSEL,CASI); 
next ST1; 
next STS; ) 

APPEND RASI.s = !RESET; APPEND CAS!.s = !RESET; APPEND RFC.s = !RESET; 
APPEND V.S = !RESET; APPEND AGREQ.s = !RESE1; APPEND DSACK.s = !RESET; 
APPEND "C 1_. s = ! RESET; APPEND SCLRO =! RESET; APPEND "SEL. r =! RESET; 
APPEND PO_.r = !RESET; APPEND PI_.r = !RESET; APPEND PZ_.r = !RESET; 
APPEND P3_.r = !RESET; 
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NANE 
PAiITNO 
DATE 

~HIG~ER 
COmMY 
ASmBLY 
LOCATION 

SCDECODE; 
TIOOO.; 
05/01/81 ; 

I~e~ninger /Peprah; 
Texas I nstrullents; 
None; 
Da lias; 

, .... II '"I' f. "lIff .11 .. 11 .. 11 ......... II 'f' If •• fl. 11111. II •• U. It. f i IIf' u .. tt'I .. II ••• 1I II. I 
/' Static Colulln Decode '/. 
r ~ 
/' CUPL sillulation file for the Static Colulln Decode Application '/ 
/' '/ 
J" II Iff' If. If ., •••••• , •• If •• tt' "II" If ••• , ••••• If If f If' 'II ,. " ff. 11ft ,I",., •••• t." I.i iff II/ 

/' Allowable Target Device Types: TEXAS INTSRU"ENTS PSG501 '/ 
/, ••• If I •• If I. If """"" '.fff I •• If .,1,'" "". I , ••• II •• 'f'" HI Illf. If "".11.' "I' "., •• ,.,/ 

ORDER: OSC. I •• RESET. I •• AZZ. U.RW. 13.REfREQ. IS.AS. IZ .HSA. 15.SYSCLK. 13.COUNT. 
IZ.RFC. I •• RASI. I •• NSEl. I •• CASI. 13."CI_. "Z,W. "3.0SACK. I •• STATE; 

BASE: OEmALi 

VECTORS: 

$lIIsg" " , 
$lI5g" , , 

• 
$!IIsg"NORm ACCESS CYCLE'; 
$msg" " • 
'lIIsg" .. -_ ......... -_ .. _-------- INPUT ------------------ -------------- OUTPUT -~---~--------- '; 
'.sg' OSC,RESET. AZZ,RV ,REfREQ. AS,HSA. SYSCLK .COUNT RFC.RASI ,NSEL.CASI ."CI ,V. DSACK,STATE " . 
$IIsg' _ ... _---............. .:.---------_ .......... -_ .. _--_ .. _ ... _---- --_ ... _-------_ ..... _-_ ..... __ ........ _ ... -.. -... -_ ..... __ ..... _-.. ; 

C X X X X X X 'X' H H L H H iI H '0' 
C X X I 0 X X '0' H H L H H H H ~Oo 

C X Ii I I X I '0' H H L H H H H 01' 
C 0 X X X X X '0' H H L H H H H 'z' 
C X X X X X X '0' H L L H H H H 'z' 
C X X X X X X 'I' H L H H H H H 'z' 
C X X X X X X 'z' H L H L H H L 'z' 
C X X X X X X '3' H L H l H L L 'z' 
C X X X X X X '4' H L H L H L L '~. 
C X X X X X X '5' H L H L H H H '3' 

$lIsg" '; 
$lIsg" '; 
,.sg'HOLDING STATE. WITH EXTENDED ACCESS REQUEST'; 
'msg"; 
S.sg' 
$IIsg" 
$IIsg" 

-------~---------- INPUT ___________ c ____ ~--- -------------- OUTPUT -------~----- ' 
OSC,RESH ,AZ2,RV.REFREQ,AS.HSA,SYSCLK,COUNT RFC,RASI ,"SEL.CASt.IIC I ,V, DSACK,STATE ' 
-_ ... _-----------_ .. ---..... --- .. _ ...... -.. _ .... _ ... __ ........ _--- .. _-- .... _-- .. ---... ---... -- ... ------- .. ----~--- . 

I X 
o X X 
X X X 

I X 
X X 
X I 

I 
X 
X 

'0' 
~ 0' 
'I' 

H H 
H L H 
H H L 

L H H H 
L H H H 
H H H H 

.. ' 
'4" 
'5' 



'1I5g' ,. , 
$ll5g' ,. , 
,m5g'EXTENDED ACCESS'; 
Smsg' ,. , 
$IIsg' ------------------ INPUT ------------------ ------------- OUTPUT ---------------- , 
'1II5g' OSC, RESET ,A22, RW, REfREQ, AS ,HSA ,SYSCLK, COUNT RfC ,RASI,KSEL ,CASI ,KC I ,W ,DSACK ,STATE 

, 
Smsg' _ .... -_ ....... ------ ... __ ...... ----...... -.. -- ... ----_ ...... --- .. --_ ........ -_ ..... -_ ........ -_ ........ -_ ........ -_.................. . 

C X X X '2' H H L H H '5' 
C X X X X '3' H H L H H '5' 
C X X X X '4' H H L H H '5' 
C X X X X X X '5' H L L H H '5' 
C X X X X X X '6' H L H H H '5' 
t X X X X X X '7' H L H L H '5' 
C X X X X X X '8' H L H L H '5' 
C X X X X X X '9' H L H H L '5' 
C X X X X X X ' 10' H L H H H '3' 

,lIsg' '; 
",sg" '; 
'.sg'HOLDING STATE 4 WITH HIGH SPEED ACCESS REQUEST'; 
"'5g" '; 
$.5g' ------------------ INPUT ------------------ -------------- OUTPUT --------------- , 
'lI5g' OSC , RESET ,m.RW.REfREQ,AS.HSA,SYSCLK, COUNT RfC.RASI. KSEL,CASI.KC I ,W .DSACK. STATE • 

, $.sg' 

$lsg' '; 
$.sg' '; 

.... -_ .. -..... ---... ------- .. -.. ------_ ... -....... ----_ ................ -_ .. _ .......... -- .... ---_ .. -- ... -... -.... -_.................. . 
X I 
X X 
X X 

X 
X 
o 

I '0' H 
X '0' H 
X 'I' H 

H 
H 
H 

H 
H 
H 

H '4' 
H '4' 

'6' 

$IIsg'HIGH SPEED ACCESS'; 
$msg' '; 
Smsg" ------------------ INPUT ------------------ -------------- OUTPUT --------------- , 
,msg' OSC,RESET ,A22 ,RW,REfREQ,AS,HSA,SYSCLK,COUNT RFC ,RAS I ,KSEL,CASI ,KC I,W,OSACK, STATE • 
$msg' 

$alsg' '; 
$IISg' '; 

-- ... ---_ ... ------.. ---... -_ .. ---- ..... _----_ .. -_ .... -_ .............. -_ .. ---------........ -----.. -.. --... -- -_...... . 
X X X 
X X X 
X X X 

X 
X 
X 

X '2' H 
X '3' H 
X '4' H 

H 
H 
H 

H 
H 
H 

'6' 
'6' 
'3' 

$msg'NON-MEMORY ACCESS fOLLOWED BY REfRESH REQUEST'; 
$Rlsg' '; 
'Rlsg" ------------------ INPUT ------------------ -------------- OUTPUT --------------- • 
$IIsg' OSC,RESET ,A22,RW,REfREQ,AS,HSA,SYSCLK,COUNT RFC,RASI,KSEL ,CASI ,KCI,W,DSACK, STATE ' 
$alsg' -- .. _-- --_ .. -.. ----_ .. --.. ---_ ................. -_ .. -_ ..................... -- -_ .. -- -_ ................... ---- --......................... . 

X I X '0' L H H H '4' 
I X X '0' H H H H '0' 
X X X '0' H H H H '0' 
X X 0 '0' H H H H "0' 
X X X '0' H H H H H "7' 
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$msg" , . , 
$msg' , . , 
$msg"NOR"AL REFRESH CYCLE"; 
$msg" " ; 
$msg" ------------------ INPUT ------------------ -------------- OUTPUT --------------- , 
$msg" OSC,RESfT, A22,RW ,REfREQ,AS,HSA ,SYSCLK, COUNT RFC ,RAS I, "SEl ,(ASI ,"( I, W,OSACK, STATE " 
$msg' -------.... ---- - - .. -- -- -_ .... -- ............................................... -_ ...... -- ................................... -_ ........................ 

X X X X X '0' H H H '7" 
X X X X X 'I' H H H "7" 
X X X X X '2' H H H "7" 
X X X X X '3 ' L H H "7" 
X X X X X '4 ' L H H "7" 
X X I X X '5' H H H "7" 

X X X '6' H H "0" 

$msg" " . , 
$msg" " ; 
Smsg'NORm REFRESH CYCLE FOLLOWEO BY ACCESS GRANT REQUEST'; 
$msg' "; 
$msg' --------- --------- INPUT ------------------ -------------- OUTPUT --------------- " 
$msg' OSC, RESET ,m ,RW,RHREQ,AS,HSA,SYSCLK,COUNT RFC,RASI ,mL,CASI ,"CI ,W,OSACK,STATE " 
$msg" -_ ........................................ -- .... -- --_ .. - .................... -_ .... -_ .................................. -_ .......... -_.............................................. . 

( X 0 X X '0' H H H H H H "7" 
( X X 0 X '0' H " H L " H "7" 
( X X X 0 X X 'I' " L " L " " '7' 
C X X X I X X '2' H L H L " " "7" 
C X X X I X X ']' L L H L H H "7" 
C X X X 0 X X ' 4' L L " L " " "7" 
C 0 X X 0 X X '5' H H H L " " "7" 
C 0 X X 0 X X '6' " " L " " " " "7" 
C 0 X X 0 X X '7' " " L " H " H '7' 
C 0 X 0 X X 'S' " " L H H " " "7" 
C 0 X 0 X X '9' H L L " H " " '7" 
C 0 X 0 X X '10' " L " " " " H "7" 
( 0 X X 0 X X 'II' " L " L " " L "7" 
( 0 X X 0 X X ' 12' H L H L H L L '7" 
C 0 X X 0 X X '13' " L " L " L L "7" 
C 0 X X 0 X X '14' " L H L H H " "]" 

$msg" " ; 
$msg" " . , 
$msg"HOLOING STATE 3 WIT" EXTENOED REFRESH REQUEST'; 
$msg" " ; 
Smsg' ------------------ INPUT ------------------ -------------- OUTPUT --------------- " 
$msg" OSC,RESET ,A22, RW,REFREQ, AS, HSA, SYSCLK,COUNT RFC,RAS I, "SEL,CASI,"C I ,W, OSACK, STATE , 
Smsg" .............. -_ .......... -_ .... -- ........ -_ .............. -_ .......................................................... - .... --- .............. --_ .... - ............. --.... . 

X X 0 ' 0' H "3" 
X X X '0' H ']" 
X X X '0' H "S" 
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$IIsg" '; 
Smsg' '; 
$tI5g'EXTEMDED REFRESH CYCLE"; 
$tI5g" '; 
$tIsg" ------------------ INPUT ------------------ -------------- OUTPUT --------------- • 
$tIsg" OSC , RESET ,A22,RW,REFREQ,AS,HSA,SYSCLK,COUNT RfC ,RAS I ,"SEL ,CAS!,"C I ,W, DSACK, STATE • 
$tIsg" 

x X X 
X X X 
X X X 
X X X 

X X 
X X 
X X 
X X 

X '0' H L L H H H "8" 
X '\' H H H H H H "S" 
X '2' H H H H H H "8" 
X ']' H H H H H "7" 
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Introduction 

As part of Texas Instruments Dynamic Memory support chip, Input Selectable Refresh 
Timer (SN74ALS6300) gives the user a simplified solution of generating refresh frequency 
and implementing hidden refresh. When combined with Texas Instruments 
Dynamic Memory Controllers (SN74ALS6301 and SN74ALS6302) and Programmable 
Sequence Generator (TIBPSG507), DRAM designers have a complete set of memory 
support chips at their disposal to meet their design needs. 

In order to keep up with current processor speeds, it is important to find ways to 
increase the memory bandwidth. One of the solutions is to implement a hidden refresh 
scheme. Hidden refresh is implemented under the assumption that there is at least one 
memory access per refresh period and that access cycles occur in a manner where there is 
enough time for a refresh cycle between access cycles. Under this assumption, a refresh cycle 
can be hidden from the processor by refreshing the DRAM immediately after the first 
memory access of each refresh period. 

This application note gives a functional description ofthe SN74ALS6300 and how it 
can be used to implement hidden refresh. A detail description of the timing controller for 
hidden refresh using TIBPSG507 is also provided. 

Functional Description 

The 'ALS6300 is a modified frequency divider with provisions to meet specific 
DRAM refresh requirements. It has an internal lO-bit counter that can run at frequencies 
ranging from 5 MHz to 40 MHz. Table 1 shows the list of different frequencies that can be 
selected with S3-S0 inputs. In addition to the S3-S0 input signals, RFC and RFC, CLK and 
RESET are the other input signals and MREF, MREF, REFREQ, and REFREQ are the 
output signals provided by 'ALS6300 for system interface. 

REFREQ (refresh request) output is activated every refresh period to signal the DRAM 
controller for a refresh cycle. MREF (mandatory refresh) is provided for hidden refresh 
implementation. In a normal distributive refresh, REFREQ is the only output signal required 
for refresh operations where refresh cycle is initiated as soon after the activation ofREFREQ 
as possible. In a hidden refresh operation, REFREQ signals the DRAM controller to initiate 
a refresh cycle immediately after an access cycle if there is a memory access. MREF, on the 
other hand, signals the timing controller to initiate a refresh cycle as soon as possible. MREF 
is always activated 20 clock periods before the next activation of REFREQ, if REFREQ is 
still active. MREF indicates to the DR.A:: controller that a refresh is mandatory and the 
controller has 20 clock periods to complete a refresh cycle before the next refresh cycle 
begins. 

The selection of S3-S0 sets the internal clock divisor rate so that the selected system 
clock frequency is divided down to the corresponding refresh rate (see Table 1). The refresh 
periods in Table 1 are guaranteed to meet the requirements of currently available DRAMs. 
RFC, refresh complete signal, resets the REFREQ and MREF to their inactive states. This 
input signal is the indication from the DRAM timing controller that a refresh cycle has been 
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completed. A synchronous reset (RESET) is provided for system reset where a low level on 
this input clears the ALS6300's counter and drives REFREQ and MiiEF signals to their 
inactive states. 

For design flexibility, both active high and active low options are available for 
REFREQ, MREF, and RFC signals. The range of frequencies for ' ALS6300 is chosen to 
support the clock frequencies of the most widely used processors. 

Table 1. System Clock Selection 

Select Inputs 
CPU Clock Refresh 

Frequencies 
Clock 

Periods 
% Chance of 

Divisor Hidden Refresh 
S3 S2 S1 SO (MHz) (""s) 
L L L L 5 77 15.4 74.0 

L L L H 6 93 15.5 78.5 

L L H L 7.5 116 15.5 82.8 

L L H H 8 124 15.5 83.9 

L H L L 10 155 15.5 87.1 

L H L H 11 171 15.5 88.3 

L H H L 12 186 15.5 89.2 

L H H H 12.5 194 15.5 89.7 

H L L L 15 233 15.5 91.4 

H L L H 16 248 15.5 91.9 

H L H L 18 280 15.5 92.9 . 
H L H H 20 310 15.5 93.5 

H H L L 24 373 15.5 94.6 

H H L H 25 389 15.6 94.9 

H H H L 33 511 15.5 96.1 

H H H H 40 625 15.6 96.8 

Hidden Refresh 

TMS4C1024 (1,048,576-bit x 1) DRAM requires that 512 rows of refresh be 
completed in 8 ms. With access cycles which normally take 500 ns and with the required 
refresh time of 8 ms, there can be a maximum of 16,000 access cycles without any refresh 
cycles within each 8 ms of the long refresh period. If an access cycle has to wait for a refresh 
cycle every time a refresh cycle is taking place, 3.2% of memory availability is lostto refresh. 
Hidden refresh is one solution to improve the memory performance with minor changes to 
the DRAM's basic building blocks at little or no cost. 

The hidden refresh cycle always follows an access cycle. As the DRAM timing 
controller makes the transition from the access cycle to the hidden refresh cycle, the column 
address strobe (CAS) signal is kept active so that the output data of the DRAMs remain valid 
to the processor while the refresh cycle is taking place. From the processor's point of view, 
this combination of access cycle and hidden refresh cycle is seen as a long access cycle. 
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From the DRAM's requirement, there must be one refresh cycle in every refresh period' 
of 15.5 ILS. This requirement is satisfied either by a hidden refresh or by a mandatory refresh. 
A hidden refresh cycle always accompanies the first access cycle of each refresh period, 
provided the first access cycle occurs within the start of the refresh period and 20 clock 
periods before the start of the next refresh period. The DRAM timing controller initiates a 
mandatory refresh cycle if the combination of access cycle and hidden refresh cycle has not 
been completed at 20 clock periods before the next refresh period. 

The only time the hidden refresh scheme will suffer a penalty in access time is when 
a normal access cycle follows right after the hidden refresh cycle. Due to the delay time to 
complete the hidden refresh cycle before starting the access cycle, this access cycle requires 
a longer period of time than a normal access cycle. Under the basic assumption of 
implementing hidden refresh, the occurrence of hidden refresh followed by normal access 
cycle is very rare. 

Timing Controller Details 

The flowchart for the timing controller of Figure 1 is shown in Figure 2. As can be seen 
from the flowchart, there are five different states. State 0 initializes the outputs of the timing 
controller during reset and between transitions of states. State 1 and state 3 initiates the 
mandatory refresh cycle and hidden refresh cycle, respectively. Normal access cycle is 
initiated during state 2 and access grant cycle is initiated in state 4. 

State 0 initializes MCl, RAS, DSACK, CAS, RFCAS, MSEL, and RFC outputs to 
their respective logic levels as shown in the flowchart. In addition to the outputs, internal 
register for access request, REQ, is also initialized. A system reset in any other state forces 
the timing controller to state O. From state 0, the status of the mandatory refresh request 
(MREF) from ' ALS6300 determines whether the timing controller goes to state 1 for 
mandatory refresh cycle or to continue with the decision, based on the AS and CLK signals, 
to go to state 2 for a normal access cycle. 

Mandatory refresh cycle gets initiated when active logic level on MREF forces the 
timing controller to state 1. The timing diagrams in Figure 5 shows the sequence of events 
during a mandatory refresh cycle. If there is an access request while the refresh sequence is 
in progress, the internal register signal REQ is activated. At the end of the refresh cycle, REQ 
signal becomes the determining factor to go to state 4 for an access grant cycle if there was 
~nding request. Figure 5 also shows the RFCAS signal for the purpose of driving 
CASO-CAS3 low via the CAS decoder as required by the CAS-before-RAS refresh 
sequence. Refresh complete signal (RFC) in state 1 sets the REFREQ and MREF outputs of 
the ' ALS6300 to their inactive states. 

A normal access cycle in state 2 is initiated based on the AS and CLK signals. Once 
in state 2, A23 (MIlO) signal is checked to determine whether the access requested is a 
memory request or an 110 request. Figure 3 shows the timing diagram for a normal access 
cycle. After completing the access cycle, activation of refresh request (REFREQ) signal 
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from 'ALS6300 forces the timing controller into state 3 for a hidden refresh cycle. This 
transition sequence from access cycle to hidden refresh cycle is shown in Figure 4. 

The sequence of events of the hidden refresh cycle in state 3 is similar to the mandatory 
refresh cycle. Access request is saved in the internal register and indicated with REO signal 
for the access grant sequence in state 4. Figure 4 shows an access cycle accompanied by a 
hidden refresh cycle. Notice that CASI signal is kept low throughout the transition from 
access cycle to refresh cycle to keep the data output of the DRAM valid for the duration of 
the refresh cycle. RFCAS is also provided as in mandatory refresh cycle so that 
CAS-before-RAS refresh is performed on the banks of DRAMs that are not being accessed. 
RFC signal of this refresh cycle has the same effect on the' ALS6300 as in state 1. 

Finally, the timing diagram of the access grant cycle in state 4 is shown in Figure 5 as 
following the mandatory refresh cycle. Mter completing either of the refresh cycles, MilO 
signal and REO signal determine the start ofthe access grant sequence. If there is no pending 
access request after either of the refresh cycles, the timing controller returns to state O. The 
sequence of events for the access grant cycle is identical to the sequence of events in the 
normal access cycle. Mter completing the access grant cycle, the timing controller returns 
to state O. 

The timing controller was developed using the TIBPSG507, a programmable sequence 
generator. Sample ABEL TM and CUPL ™ source files along with the functional test patterns 
are given in the appendix for reference. These source files can be changed to customize the 
timing controller to meet the designer's need. 

CAS Decoder 

CAS decoder takes CASO-CAS3 from the DRAM controller and RFCAS from the 
timing controller as its inputs. For ~al access cycle, output CAS (OCASO-OCAS3) are 
identical to the input CAS (ICASO-ICAS3). During a refresh cycle, the refresh CAS (RCAS) 
takes over to force all output CAS to their active levels. 

The CAS decoder is implemented with a TIBPAL16L8-10. Also given in the appendix 
are the ABEL ™ and CUPL TM source files for the CAS decoder. An option to this design is 
to have the RAS-only refresh instead of the CAS-before-RAS refresh. For this option, the 
CAS decoder can be eliminated. One disadvantage of the RAS-only refresh is that the data 
output of the DRAM is not available to the processor during the hidden refresh cycle. 

Software Support 

The TIBPSG507 is supported by two software packages. CUPL ™ which is supported 
by Logical Devices and ABEL ™ which was created by and is supported by FutureNet, a 
division of Data I/O Corp. Both of these software packages have been used to reduce 
equations and to generate the fusemap necessary to program the TIBPSG507 and 

ABEL is a trademark of FutureNet, a division of Data I/O Corporation. 
CUPL is a trademark of Logical Devices, Inc. 
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TIBPAL16L8. For additional information on designing with the TIBPSGS07, see A 
Designer's Guide to the TIBPSG507 application report (SDPA003A). 

Summary 

Although hidden refresh implementation increases the memory bandwidth by 
approximately 3%, it is achieved with very little cost. By generating the refresh request 
signals with the' ALS6300, the hidden refresh scheme can be implemented with the same 
building blocks as the requirement of the minimun DRAM system. While providing a ready 
made memory refresh timer, SN74ALS6300 is versatile enough to give the system designer 
the option of hidden refresh. 
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Appendix 

module _ BRFT flag '-Fl' 

title 'DRAM TIMING CONTROLLER WITH HIDDEN REFRESH 
BERTRAND LEIGH, TEXAS INSTRUMENTS, DECEMBER 17,1987' 

BRFT device 'F507'; 

"Input pin assignments 
OSC 
RESET 
REFREQ_ 
MREF 

PIN 1; 
PIN 2; 
PIN 3; 
PIN 4; 
PIN 5; 
PIN 6; 

" timing cont roller's input clock 
" system reset (active low) 
" refresh request 

AS 
" mandatory refresh request 
" address strobe 

Ai) " memory/IO access indicator (memory access 
, when high) 

CLK PIN 7; , system clock for synchronization (05C/2) 

'Output pin assignments 
RASI PIN 8; RRASI 
CASI- PIN 9; RCASI 
MSEL- PIN 10; RMSEL-
MCI PIN 11; RMCI 
RFC PIN 13; RRFC 
DSACK_ PIN 14; RDSACK 
RFCAS _ PIN 15; RRFCAS 

NODE 47; 
NODE 48; 
NODE 49; 
NODE 50; 
NODE 51; 
NODE 52; 
NODE 53; 

"row address strobe 
"column address strobe 
"row/col. mux select 
"mode select 
"refresh complete 
"data transfer acknowledge 
"refresh CAS 

'Internal" counter bits and control node declarations 
CO,Cl,C2,C3,C4,C5 NODE 55,56,57,58,59,60; 
SCLRO NODE 25; 
CNT BLDO NODE 28; 
CNT )101 NODE 29; RCNT 8LD1 NODE 30; 

'Buried state registers node declarations 
PO 
PI 
P2 
REQ_ 

NODE 31; 
NODE 32; 
NODE 33; 
NODE 34; 

RPO 
RP1 
RP2 
RREQ_ 

"Intermediate declaration 
STATE = [P2,Pl,POJ; 

NODE 39; 
NODE 40; 
NODE 41; 
NODE 42; 

COUNT- = [C5,C4,C3,C2,Cl,CO); 
8,L,C,X = 1,0, .C., .X.; 

HIGB = [1,0); 
LOW = [O,lJ; 

XRASI = [RASI ,RRASI J; 
XCASI = [CAS(, RCASI-]; 
XMSEL - = [MSEL~ RMSELJ;-
XMCI = [MC1,RMCIJ; 
XRFC ~ [RFC, RRFC]; 
XDSACK ~ [DSACK ,RDSACK ]; 
XREQ_ - = [REQ_, RREQJ; -

" state register 
" state register 
" state register 
" access request s:,tus 
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equations 

[RAS] ,CAS] ,RFCAS ,MC1,DSACK ,REQ ,SCLRO] := 'RESET; 
[RMSEL, RRF(RPO, RPI, RP2] - - := !RESE(; 

SCLRO = ! RESET 
I (STATE == 11 & (COUNT == 7) 
t (STATE - == 21 & (COUNT == 8) 
t (STATE - == 2) & (COUNT == 0) & 'A23 
t (STATE- == 3) & (COUNT == 5) 
t (STAT( == 41 & (COUNT == 11) 

CNT HLD1 : = 'RESET 
- t (STATE- == 1) & (COUNT == 7) & '(A23 & 'REQ ) 

t (STATE - == 2) & (COUNT == 8) & REFREQ -
t (STATE- == 2) & (COUNT == 01 & !A23 -
t (STATE- == 3) & (COUNT == 5) & '(A23 & 'REQ ) 
t (STAT( == 41 & (COUNT == 11) -

RCNT 8101 ,= (STATE == 0) & 'MREF & RESET 

State 0: 
XMC1 
XDSACK 
XRFC 
XREQ 
XRASI 
XCAS( 
XMSEL
XRFCAS 

case 

t (STATE - == 01 & AS & -eLK & RESET 
I (STATE - = 11 & (COUNT == 71 & (A23 & ! REQ ) & RESET 
t (STATE- == 21 & (COUNT == 8) & !REFREQ & RESET 
t (STAT( == 31 & (COUNT == 5) & (A23 & IREQ_l & RESET 

:= HIGH; 
:= HIGH; 
:= LOW ; 
:= HIGH; 
:= HIGH; 
:= HIGH; 
:= LOW ; 
:= HIGH; 

"RESET OR HOLDING STATE 

!MREF & RESET : 1 ; 
AS "& eLK & RESET : 2 ; 

endcase; 

State 1: 
XREQ 
XRASI 
XRFC 
XMCl 
XRFCAS 
XRFC 
XRASI 
XMC1 
XRFCAS 
XREQ_ -

'MANDATORY REFRESH CYCLE 
:= (AS & CLKI & LOW & RESET 
:= (COUNT = 2) & LOW & RESET 
:= (COUNT == 21 & HIGH & RESET_ 
:= (COUNT == 01 & LOW & RESET 
:= (COUNT == 1) & LOW & RESET
:= (COUNT == 41 & LOW; -
;= (COUNT =~ 61 & HIGH; 
:= (COUNT == 61 & HIGH; 
:= (COUNT == 61 & HIGH; 
:= (COUNT == 71 & 'A23 & HIGH; 



case 
!RESET I '( !REQ & A23) & (COUNT == 7) : 0 ; 
'REQ_ &" A23 & (COUNT == 7) & RESET : 4 ; 

endcase; 

State 2: 
XRASI 
XMSEL 
XCASI 
XDSACK 
XRASI 
XMSEL 
XCASI 
XDSACK 

case 

"NORMAL ACCESS CYCLE 
: = (COUNT == 0) & LOW & RESET 
: = (COUNT == I) & HIGH & RESET ; 
:= (COUNT == 2) & LOW & RESET -
: = (COUNT == 4) & LOW & RESET-
: = (COUNT == 6) & HIGH; -
:= (COUNT == 6) & LOW ; 
: = (COUNT == 6) & REE'REQ & HIGH ; 
:= (COUNT == 8) & HIGH -

!RESET_ t (COUNT == 0) & 'A23 : 0 ; 
REFREQ & (COUNT == 8) & RESET : 0 ; 
!REFREQ_ & (COUNT == 8) & RESET : 3 ; 

endcase; 

State 3: 
XREQ 
XMCl-
XRFCAS 
XRASI 
XRFC 
XRFC 
XRASI 
XMCI -
XCASI 
XRFCAS 

case 

"HIDDEN REFRESH CYCLE 
: = (AS & CLK) & LOW & RESET 
: = (COUNT == 0) & LOW & RESET ; 
:= (COUNT == 0) & LOW & RESET- ; 
:= (COUNT == I) & LOW & RESET- ; 
: = (COUNT == I) & HIGH & RESET ; 
:= (COUNT == 3) & LOW; -
:= (COUNT == 5) & HIGH; 
:= (COUNT == 5) & HIGH; 
:= (COUNT == 5) & HIGH; 
:= (COUNT == 5) & HIGH; 

'RESET t '('REQ & A23) & (COUNT == 5) : 0 ; 
! REQ_ &" A23 & (COUNT == 5) & RESET : 4 ; 

endcase; 

State 4: 
XREQ_ 
XRASI 
XMSEL 
XCASI 
XDSACK 
XRASI 
XMSEL-
XCASI 
XDSACK 

"ACCESS GRANT CYCLE 
:= (COUNT == 4) & HIGH ; 
: = (COUNT == 3) & LOW & RESET 
: = (COUNT == 4) & HIGH & RESET 
:= (COUNT = 5) & LOW & RESET -
:= (COUNT == 7) & LOW & RESET
:= (COUNT == 9) & HIGH; -
:= (COUNT == 9) & LOW ; 
:= (COUNT == 9) & HIGH ; 
: = (COUNT == III & HIGH ; 

if (COUNT == ll) I 'RESET then 0; 

test vectors 

"MEMORY ACCESS FOLLOWED BY A HIDDEN REFRESH 
([OSC,RESET ,REFREQ ,MREF ,AS ,A23,CLK,CQUNTj->[RASI ,CASI ,RFCAS ,MSEL,MCi,RFC,DSACK_,STATEJI 
[ C, L - X -, X -, X-, X, X, 0 j->[ H -, H -, H -, L, H, L, H , 0 ); 
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fe, L X , X , X , X , x, 0 1->[ H , H , H , L , H , L, H , 0 I; 
[ C , H L , H , L , X , X, 0 1-> [ H , H , H , L, H , L, a , 0 I; 
[ C , B L , H , H , X , H , 0 1->[ 8 , 8 , H , L , H , L , H , 2 I; 
[ C , B L , H , X , a , x , 0 1->[ L , H , H , L , H , L , H , 2 ]; 
[ C , H L , H , X , X , X, 1 ] -> [ L , H , H , 8 , B , L , H , 2 ]; 
[ C , B L , H , X , X , X , 2 1->[ L , L , H , B , 8 , L , H , 2 ]; 
[ C , B L , B , X , X , X, 3 1->[ L , L , H , H , B , L , B , 2 ]; 
[ C , H L , a , x , x , x , 4 ] -) [ L , L , H , H , B , L , L , 2 ]; 
[ C , B L , B , X , X , X , 5 ] ->[ L , L , H , H , 8 , L , L , 2 I; 
[ C , H L , H , X , X , X, 6 ] ->[ H , L , H , L , a , L , L , 2 ]; 
[ C , B L , B , X , X , X , 7 J -> [ H , L , H , L, a , L , L , 2 I; 
[ C , B L , H , X , X , X, 8 1->[ H , L , H , L , a , L, H , 3 ]; 
[ C , B L , a , x , x , x, 0 ] -> [ H , L , L , L , L , L, H , 3 ]; 
[ C , B L , a , x , x , x , 1 ] -> [ L , L , L , L , L , H, H , 3 ]; 
[ C , B L , H , X , X , X, 2 ] -> [ L , L , L , L , L , H , H , 3 ]; 
[ C , B L , H , X , X , X , 3 ] ->[ L , L , L , L , L , L , H , 3 ]; 
[ C , H B , H , X , X , X , 4 ] -> [ L , L , L , L , L , L , 8 3 ]; 
[ C , B H , H , X , X , X , 5 ] ->[ H , a , H , L , H , L, H , 0 I; 

test_vectors 

"MANDATORY REFRESH FOLLOWED BY AN ACCESS GRANT CYCLE 
([OSC, RESET_, REFREQ_, MREF _,AS_,A23, CLK, COONTI-> [RASI_, CASI_, RFCAS_, MSEL, MCl, RFC, DSACK _, REQ_, STATEJ) 
[ C , B L , L , X , X , X , 0 1->[ H , H , H , L , H , L , H , H , 1 I; 
[ C , H L , L , X , X , X , 0 1->[ H , H , H , L, L , L , H , H , 1 I; 
[ C , H L , L , X , X , X, 1 1-> [ H , H , L , L, L , L, H , H , 1 I; 
[ C , H L , L , H , X , H, 2 1->1 L , H , L , L , L , H , H , L , 1 I; 
I C , B L , L , X , X , X , 3 1-> I L , H , L , L, L , H , H , L , 1 I; 
I C , B H , B , X , X , X , 4 1->1 L , H , L , L , L , L , H , L , 1 I; 
I C , B B , B , X , X , X , 5 1->1 L , H , L , L, L , L, H , L , 1 I; 
[ C , B H , H , X , X , X , 6 1-> I H , H , H , L , H , L , H , L , 1 I; 
[ C , H H , H , X , H , X , 7 1->1 H , H , H , L, H , L , H , L , 4 I; 
I C , H !! , B , X , X , X , 0 1-> I H , H , H , L , H , L , H , L , 4 I; 
[ C , H H , H , X , X , X, 1 1->1 H , H , H , L , H , L , H , L , 4 I; 
[ C , B H , H , X , X , X , 2 1-> I 8 , H , H , L, H , L, H , L , 4 I; 
I C , H a , H , X , X , X , 3 1->1 L , H , H , L, a , L , H , L , 4 J; 
[ C , B B , 8 , X , X , X, 4 1-> I L , a , H , H , 8 , L, a , H , 4 I; 
[ C , B H , B , X , X , X , 5 1->1 L , L , H , H , H , L , H , H , 4 ]; 
[ c , B H , H , X , X , X , 6 1->[ L , L , H , H , a , L , H , a , 4 ]; 
I C , B ~ , H , X , X , X , 7 1->1 L , L , H , H , H , L, L , 8 , 4 I; 
[ C , B B , H , X , X , X , 8 1-> I L , L , H , H , H , L , L , H , 4 I; 
[ C , B H , a , X , X , X , 9 1->[ a , H , H , L, 8 , L , L , a , 4 I; 
[ C , B B , H , X , X , X , 10 I -> I H , a , H , L , H , L , L , H , 4 ]; 
[ C , B B , B , X , X , X , 1l 1->1 H , H , H , L, H , L , 8 , H , 0 I; 

test_vectors 

"NORMAL ACCESS CYCLE 
([OSC,RESET ,REFREQ ,MREF ,AS ,A23,CLK,COUNTI->IRASI ,CASI ,RFCAS ,MSEL,MC1,RFC,DSACK ,STATE_J) 
[ C, L - X -, X -, X-, X, X, 0 1->[ H -, H -, H -, L, H, L, H - 0 I; 
[ C , L X , X , X , X , X , 0 J ->[ H , H , H , L , a , L , H 0 I; 
[ C • B H , H , L , X • X , 0 1->1 H , H . H , L , H , L , H 0 J; 
I C , H H , H , H , X , 8 , 0 1->[ H , 8 , H , L , H , L, H , 2 I; 
I C , B H , H , X , a , X , 0 1->1 L , 8 , H , L , H , L, H , 2 J; 
[ C , H B , H , X , X , X , 1 J ->1 L , B , H , H , H , L , a 2 J; 
[ C , B B , B , X , X , X , 2 1->1 L , L , H , H , H , L , H 2 I; 
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I C , B H , H , X , X , X , J -) I L , L , H , H , H , L , H 2 ]; 
I C , H H , H , X , X , X , J -) I L , L , H , H , H , L , L 2 J; 
I C , B B , H , X , X , X , J -) I L , L , H , H , H , L , L , 2 ]; 
I C , 8 8 , H , X , X , X , J -) I H , H , H , L , H , L , L , 2 ]; 
Ie, 8 H , H , X , X , X , J -) I H , H , H , L , H , L , L 2 ]; 
I C , B B , H , X , X , X , J -) I B , H , H , L, H, L, H , 0 ]; 
I C , 8 8 , H , X , X , X , J -) I H , H , H , L , H , L, H , 0 J; 

test vectors 

"MANDATORY REFRESH CYCLE 
([OSC,RESET ,REFREQ ,MREF ,AS ,A23,CLK,CQUNTJ-)[RAS! ,CAS! ,RFCAS ,MSEL,MCl,RFC,DSACK ,REQ ,STATE JI 

. [C, 8 - L -, L -, X-, X, X, 0 J-)[ H -, H -, H -, L, H, L, H -, H -, 1 -J; 
[ C , B L , L , X , X , X , 0 ] -) I H , H , H , L , L, L , H , H , 1 ]; 
[ C , B L , L , X , X , X , 1 ] -) [ H , H , L , L , L, L , H , H , 1 ]; 
[ C , 8 L , L , H , X , H , 2 J -) [ L , H , L , L , L, H , H , L , 1 ]; 
I C , 8 L , L , X , X , X , ] -> [ L , H , L , L , L, H , H , L , ]; 
[ C , B H , H , X , X , X , j-> [ L , H , L , L , L, L , H , L , j; 
I C , 8 H , H , X , X , X , J -) I L , H , L , L , L, L , H , L , ]; 
[ C , H H , H , X , X , X , J -) [ H , H , H , L , H, L, H , L , ]; 
I C , H H , H , X , L, X, ] -) [ H , H , H , L , H, L , H , B , ]; 
Ie, H H , H , X , X , X , J -) [ H , H , H , L , H , L , H , H , ]; 

end 
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module CASDCODE 
title 'CAS DECODER FOR DRAM TIMING CONTROLLER WITH HIDDEN REFRESH 

BERTRAND LEIGH, TEXAS INSTRUMENTS, DECEMBER 17, 1987' 

CASDCODE device 'P 16L8' ; 

"********************************************************t********* 
" This CAS decoder decodes CASO-CAS3 from DRAM controller (ALS6301) 
" arid RCAS (refresh CAS) from DRAM timing controller for CAS before 
" RAS option refresh and hidden refresh. ICASO- ICAS3 are simply 
" passed on to OCASO-OCAS3 during access. During refresh, RCAS 
" overrides all ICAS. 
II ** ** tttt * ** ** it it tttttt *tU * ** ** it * * * ...... * ** Htt * * '.I: * *ttt *t* * * * * * *t * 

"Input pin assignments 
ICASO 
ICASe 
iCASf 
ICAS3-
RCAS_-

PIN 1; 
PIN 2; 
PIN 3; 
PIN 4; 
PIN 5; 

"Output pin assignments 
OCASO 
OCASC 
OCAS2-
OCAS3-

PIN 19; 
PIN 18; 
PIN 17; 
PIN 16; 

"Intermediate declaration 
B,L,C,X = 1,0, .C., .X.; 

truth table 

"REFRESH CAS (FOR CAS BEFOR RAS REFRESH) 

([ICASO ,ICAS1 ,ICAS2 ,ICAS3 ,RCAS ]->[OCASO ,OCAS1 ,OCAS2 ,OCAS3 ]) 
[ L - B - H - H - B -] c> [ L - H - H - H-] 
[B t H H H] -> [B L H H] 
[H H L B H ]->[ B B L H] 
[H B H L H ]->[ B H H L 1 
[X X X XL] ->[ L L L L] 

test vectors 

([lCASO ,ICAS1 ,ICAS2 ,ICAS3 ,RCAS ]->[OCASO ,OCAS1 ,OCAS2 ,OCAS3 ]) 
[ L - B - H - H - H -] ->[ L - H - H - H -] 
[if L H H B] -> [H t H B] 
[B B L B B] ->[ B B L B] 
[B B H 1 H] -> [B H H 1] 
[X X X XL] -> [L L 1 L 1 

END 



P ,rtno 
Name 
Date 
Revision 
Designer 
Company 
Assembly 
Location 

HRFT; 
HRFT; 
01/08/88; 
00; 
B. Leigh; 
Texas Instruments; 
None; 
Dallas, TX; 

IH it u** ******** * H* * ** * ** ** ** H**H*** * * * *' * *' * t** * * * * ** ** ** / 
/* DRAM TIMING CONTROLLER WITH HIDDEN REFRESH * I 
Itt ** *** ***** ttt ** it it H** H** t**t** ***** it it **t ** Hi * ** ** ** / 
/* Allowable Target Device Types: PSG507 * / 
1*** * Uti * ** HHH *' * * *' * * ** H** Hi *** t**t *t u** * ** * * * H**t * *' * / 

i* Input pin assignments * / 
PIN 1 =OSC ; /* Uming controller's input clock 
PIN 2 =RESET ; /* system reset (active low) 
PIN 3 =REFREQ_; /* refresh request 
PIN 4 =MREF _; /* mandatory refresh request 
PIN 5 =AS /* address strobe 

* / 
* / 
* I 
* / 
* / 

PIN 6 =A23 ; i* memory/lO access indicator (memory access *1 
/* when high) 

PIN 7 =CLK ; 1* system clock for synchronization 

/* Output pin assignments *1 
PIN 8 
PIN 9 
PIN 10 
PIN 11 
PIN 13 
PIN 14 
PIN 15 

=RASI 
=CAS I 
=MSEL
=MC1 
=RFC 
=DSACK 
=RFCAS-

/* Internal counter bits and control node declarations *1 
PINNODE [33 .. 38J = [CO .5J ; 
PINNODE 39 = SCLRO 
P INNODE 41 = eNT HLDO ; 
PINNODE 42 = CN(HLD1 ; 

/* Buried state registers node declarations *i 
NODE [PO .. 2]; /* state register * / 
NODE REQ_ /* access request status * / 

1* Intermediate declaration * / 
field STATE = [P2 .. 0); 
field COUNT = [C5 .. OJ; 

$define 5TO 'b' 000 
$define ST1 'b' 001 
$define ST2 'b'OlO 
$define ST3 'b' all 
$define ST4 'b' 100 

1* 8UILT- IN COUNTER CONTROL EQUATIONS * I 

* / 
(OSC/2) */ 
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SCLRO = ! RESET 
t STl , (COUNT:'d'7) 
t ST2 , (COUNT:'d'8) 
t ST2 , (COUNT:'d'O) , 'A23 
t ST3 , (COUNT:' d' 5) 
t ST4 , (COUNT:'d'll) 

CNT HLDl. S = !RESET 
- t STI , (COUNT:'d'7) & ! (A23 & 'REQ ) 

t ST2 & (COUNT:'d'8) & REFREQ -
t ST2 & (COUNT:'d'O) , !A23 -
t ST3 & (COUNT:'d'5) & ! (A23 & !REQ ) 
t ST4 , (COUNT:' d'll) -

CNT HLDl. R = STO, !MREF 'RESET 
- t STO & AS , - CLK & RESET 

t STl , (COUNT:'d'7) & (.03 & !REQ ) & RESET 
t ST2, (COUNT:'d'8) & !REFREQ & RESET -
t ST3 & (COUNT:' d' 5) & (A23 , ! REQJ & RESET_ 

1* STATE MACHINE EQUATIONS *1 

sequence STATE ( 
present STO: 1* RESET OR HOLDING STATE *1 

if ! MREF & RESET 
if AS '-CLK' RESET 
default 

next STl ; 
next ST2 ; 
next STO 

out ['RFC,MC1, DSACK _, REQ_, RASI_, CASI_, RFCAS_, 'MSEL] 

present ST1: 1* 
if AS 'CLK, RESET 
if (COUNT:'d'O) , RESET 
if (COUNT:' d'l) & RESET-
if (COUNT:' d'2) & RESEf 
if (COUNT:'d'4) -
if (COUNT:' d'6) 
if (COUNT:'d'7) & !A23 

MANDATORY REFRESH CYCLE * I 
next ST1 out [! REQ ]; 
next ST1 out ['Mel]; 
next ST1 out [' RFCAS ]; 
next ST1 out ['RASI_~RFC]; 
next STI out [' RFC] ; 
next ST1 out [RASI , MCl, RFCAS ]; 
next STl out [REQ ]; -

if 'RESET t! ('REQ 'A23) , (COUNT:'d'7) 
if !REQ & A23 , (COUNT:' d'7) , RESET 

next STO -
next ST4 

de fault- -

present ST2: 1* 
if !RESET t (COUNT:'d'O) & !A23 
if (COUNT:' d' 0) , RESET 
if (COUNT:'d'l) & RESEf 
if (COUNT:' d' 2) & RESET-
if (COUNT:'d'4) , RESET-
if (COUNT:' d' 6) -
if (COUNT:'d'6) 'REFREQ 
if (COUNT:' d' 8) -
if REFREQ & (COUNT:' d' 8) & RESET 
if !REFREQ , (COUNT:' d' 8) & RESET 
default - -

present ST3: 1* 

next ST1 ; 

NORMAL ACCESS CYCLE * I 
next STO ; 
next ST2 out [! RASI ] 
next ST2 out [MSEL]-; 
next ST2 out [I CASI J ; 

next ST2 out [' DSACK J ; 

next ST2 out [RASI , !MSEL] ; 
next ST2 out [CAS(j; 
next ST2 out [DSACK ]; 
next STO ; -
next ST3 ; 
next ST2 ; 

HIDDEN REFRESH CYCLE * I 



if AS & CLK & RESET 
if (COUNT:' d' 0) & RESET 
if (COUNT:'d'O) & RESET
if (COUNT:' d' I) & RESET
if (COUNT:' d' 3) -
if (COUNT:' d'S) 

next ST3 out [! REQ ]; 
next ST3 out ['MCl]; 
next ST3 out [' RFCAS ]; 
next ST3 out [RFC, 'RASU; 
next ST3 out [! RFC J; 
next ST3 out [RASI ,MCI, CASI ,RFCAS ]; 

if !RESET t! ('REQ & A23) & (COUNT:'d'S) 
if !REQ &" A23 & (COUNT: 'd'S) & RESET 
default -

next STO ; - --
next ST4 ; 
next ST3; 

present ST4: 
if (COUNT:'d'3) & RESET 
if (COUNT:' d' 4) 
if (COUNT:'d'4) & RESET 
if (COUNT:' d'S) & RESET
if (COUNT:' d'7) & RESET
if (COUNT:' d' 9) -
if (COUNT:'d'll) 
if (COUNT:' d'll) t ! RESET 

It ACCESS GRANT CYCLE * I 
next ST4 out ['RASI J; 
next ST4 out [REQ ]-; 
next ST4 out [MSEL]; 
next ST4 out ['CASI ]; 
next ST 4 out [! DSACK J; 
next ST4 out [RASI ,IMSEL, CAS! ); 
next ST4 out [DSACK ); -
next STO ; -

default - next ST4; } 

APPEND RASI .S = !RESET ; 
APPEND MC1.S = !RESET-; 
APPEND SCLRO = !RESET-; 
APPEND PO.R = !RESE(; 

APPEND CASI . S = 'RESET; 
APPEND DSACK .S= !RESET-; 
APPEND MSEL. R =! RESET -; 
APPEND Pl.R = !RESE(; 

APPEND RFCAS .S = !RESET ; 
APPEND REQ.S = 'RESET-; 
APPEND RFC~R = 'RESET-; 
APPEND P 2. R = ! RESE(; 

7-109 



Dartno HRFT; 
Name HRFT; 
Date 01/08/88; 
Revision 00; 
Designer B. l€igh; 
Company Texas Instruments; 
Assembly None; 
Location Dallas, TX; 

1* * * *t ** * * * * * * * * * * * * * * * ** ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I 
/t SIMULATION FILE FOR • / 
It DRAM TIMING CONTROLLER WITH HIDDEN REFRESH 'I 
/ * * * * * * * * * ** * * ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I 
/t Allowable Target Device Types: PSG507 * I 
1*** ******************* H**** .. * ** ** it HtHHH ** ** * H**t u** I. 

ORDER: OSC,%4,RESET ,%7,REFREQ ,%6,MREF ,%4,AS ,%3,A23,lJ,CLK,%4,COUNT,%3, 
RASI _, %5, CASI _, %5, RFCA(, %6, MSEL~ %3, MC1 ~ %3, RFC, %4, DSACK _, %5, REQ_, %5, STATE ; 

BASE: DECIMAL; 

VECTORS: 

$msg" MEMORY ACCESS FOLLOWED BY A HIDDEN REFRESH " . , 
$msg" --- --------- -- - ---- input ---- --------- ------- ----- ------ -- ------ -out put --- -- ----- -------- --- ---
$msg" OSC,RESET ,REFREQ ,MREF ,AS ,A23,CLK,COUNT RASI _, CASI _, RFCAS _, MSEL, MC1, RFC, DSACK _, REQ_, STATE _ 

" . , 
" . , 

$msg"-----------:-------:-----:---:-------------- - - - - -- - -- ---- --- - - - ---- -- - - -- -- ----- -- -- -- --------- "i 
C 0 1 1 X X X ' 0' H H H L H L H B "0" 
C 0 1 1 X X X ' 0' H H 8 L H L H H "0" 
C 1 0 1 0 X X ' 0' H H B L H L H H "0" 
C 1 0 1 1 X 1 ' 0' H 8 H L H L B H "2" 
C 1 0 1 X 1 X ' 0' L H B L H L H H "2" 
C 1 0 1 X X X '1' L H H H H L H H "2" 
C 1 0 1 X X X ' 2' L L H H H L H 8 "2" 
C 1 0 1 X X X ' 3' L L H H H L H H "2" 
C 1 0 1 X X X ' 4' L L H H H L L H "2" 
C 1 0 1 X X X ' 5' L L H H H L L H "2" 
C 1 0 1 X X X ' 6' H L H L H L L H "2" 
C 1 0 1 X X X ' 7' H L H L H L L 8 "2" 
C 1 0 1 X X X ' 8' H L H L H L H H "3 " 
C 1 0 1 0 0 X ' 0' H L L L L L H H "3" 
C 1 0 1 0 0 X ' I' L L L L L H H H "3" 
C 1 0 1 0 0 X ' 2' L L L L L H B 8 "3" 
C 1 0 1 0 0 X ' 3' L L L L L L H 8 "3 " 
C 1 1 1 0 0 X ' 4' L L L L L L H B "3" 
C 1 1 1 0 0 X ' 5' H H H L H L H B "0" 

$msg" MANDATORY REFRESH FOLLOWED BY AN ACCESS GRANT CYCLE "; 
$msg" ---- - ---- --- --- -- -- input -- -- -- - --- -- - ---- --- - --- - -- --- --- ---- -- -output --- - -- -- -- --- ---- --- ---- " . , 
$msg" OSC, RESET , REFREQ , MREF , AS ,A2l, CLK, COUNT RASI ,CASI , RFCAS , MSEL, MCl, RFC, DSACK_ ,REQ_ ' STATE " . - - - - , 
$msg" --- --- -- -- -: --- ----:- ----:- --:- --- --- - --- --- - -- -- -- --- - ---- - --- --- - - -- -- -- - -- ----- - ------ ------ " ; 

C 1 0 0 0 0 X ' 0' H H H L H L H H "1" 
C 1 0 0 0 0 X ' 0' H H B L L L H B "1 " 
C 1 0 0 0 0 X ' l' H 8 L L L L B B "1 " 
C 1 0 0 1 0 1 ' 2' L H L L L H H L "1 " 
C 1 0 0 0 0 X ' 3' L H L L L H L "1 " 
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c x ' 4' L B L L L L 8 L "1 " 
c X ' 5' L B L L L L B L "1 " 
e X ' 6' B H B L H L B L "1 " 
C X ' 7' H B B L H L 8 L "4 " 
c X ' 0' H H H L H L H L "4 " 
C X ' l' H H H L H L L "4 " 
e X ' 2' H H H L B L L "4 " 
e X ' 3' L B H L H L H L "4 " 
e X ' 4' L H H H H L B H "4 " 
e X ' 5' L L H H H L B H '4 ' 
e X ' 6' L L H B H L 8 H '4 " 
e X ' 7' L L H H H L L H '4 " 
e X ' 8' L L H H H L L H "4" 
e X ' 9' H H H L H L L H "4 ' 
e X ' 10' H H H L H L L H "4" 
e X ' 11' H H H H L H B '0' 

$msg"NORMAL ACCESS CYCLE ,. , 
$msg' ------ -- ----- --- --- input ------ ---- --- ------- -- -- -- ---- ------ ----out put -- --- ---------------- --- , 

$msg' OSC,RESET ,REFREQ ,MREF ,AS ,A23,CLK,COUNT RASI_, CASI _, RFCAS _, MSEL, MCI, RFC, DSACK _, REQ_, STATE_ " 
$msg" ------------= --------= ------= ----= ----------- --- --------------------------------------------------- " 

C 0 X X 0 0 X ' 0' H H H L H L H H '0" 
e 0 X X 0 0 X ' 0' B H H L B L B H '0" 
e 1 I 1 0 0 X ' 0' H H H L H L B H "0" 
e I I 1 1 0 I ' 0' H H H L H L B H "2" 
e 1 1 1 0 1 X ' 0' L H H H L 8 H "2" 
e 1 1 1 0 0 X ' l' L H H H L 8 H "2" 
e 1 1 1 0 0 X ' 2' L L H B H L B B "2" 
C 1 1 1 0 0 X ' 3' L L H H H L B H "2" 
C 1 1 1 0 0 X ' 4' L L B B L L B "2" 
C 1 I 1 0 0 X ' 5' L L H H L L B "2" 
e 1 1 1 0 0 X ' 6' 8 H H H L L B "2" 
e 1 1 1 0 0 X ' 7' H B H L H L L H "2" 
e 1 1 1 0 0 X ' 8' H H H L H L H H "0" 
e 1 1 1 0 0 X ' 0' H H L H L B H "0" 

$msg"MANDATORY REFRESB CYCLE ,. , 
$msg" ------ ----- ------- -input -- --- --------- ------ ---- -- ----- ---------output ---- ---- ------ -- ----- --- " 
$msg" OSe,RESET ,REFREQ ,MREF ,AS ,A23,CLK,COUNT RASI _, CASI _, RFCAS _, MSEL, MCI, RFC, DSACK _, REQ_, STATE_ " 
$msg" ------ ---- --= ----- ---=-- ----=----=-- ------ --- --- --------------------------------------------------- " 

e 1 0 0 0 0 X ' 0' B B H L H L H B "1 " 
e 1 0 0 0 0 X ' 0' H 8 H L L L H H "1 " 
e 1 0 0 0 0 ' l' H H L L L L B B "1 " 
C 1 0 0 I 0 ' 2' L H L L L H H L "1 " 
e 1 0 0 0 0 X ' 3' L H L L L H B L "1 " 
C 1 1 1 0 0 X ' 4' L B L L L L H L "1 " 
e 1 1 1 0 0 X ' 5' L B L L L L H L "1 " 
e 1 1 1 0 0 X ' 6' H H H L H L 8 L "1 " 
e 1 1 1 0 0 X ' 7' H H H L H L H 8 "0" 
C 1 1 1 0 0 X ' 0' B H 8 L L 8 B "0" 
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Partno CASDCODE; 
Name CASDCODE; 
Date 05/04/88; 
Revision 00; 
Designer B. Leigh; 
Company Texas Instruments; 
Assembly None; 
Location Dallas, TX; 
IU U uu U uu* *** it U u* UUH ** ** ** **H H** * ** ** * *H* * U * I 
1* CAS DECODER DRAM TIMING CONTROLLER * / 
1* tt t .. ttt t**tt*tttttttt*ttt Utttttt **ttt*t *t**ttt*** t* .. * * *1 
1* Allowable Target Device Types: TIBPAL16L8-10 *1 
I*u* *u*u * u'uu**' u ** HUHHH*, * H****, U,U**HU ** * I 

I u, *" **' * * * * ** *' * *" u, *" ** * * * H H * * * * * * * * * *" u" **' * * * * *'" *' * 
This CAS decoder decodes CASO-CAS3 from DRAM controller (ALS6301) 
and RCAS (refresh CAS) from DRAM timing controller for CAS before 
RAS option refresh and hidden refresh. ICASO-ICAS3 are simply 
passed on to OCASO-OCAS3 during access. During refresh, RCAS 
overrides all ICAS. 

* H * * **"" * **" H * * * * *' * * * *' * * * *' *' * * * * ** * * * * * * * * * * * * * * * * * * * * * * * *1 

1* Input pin assignments *1 
PIN 1 "ICASO ; 
PIN 2 .. ICASC ; 
PIN 3 " ICAS2- ; 
PIN 4 .. ICASf ; 
PIN 5 .. RCAS - 1* REFRESH CAS (FOR CAS-BEFORE-RAS REFRESH) *1 

1* Output pin assignments *1 
PIN 19 " OCASO 
PIN 18 = OCASC 
PIN 17 = OCASf 
PIN 16 " OCASf 

table 
[ICASO ,ICASl ,ICAS2 ,ICAS3 ,RCAS ]=>[OCASO ,OCAS1 ,OCAS2 ,OCAS3 ]( 
'b'0ll11=>'b'0111 ; - - - - - - -
'b' 10111=>' b' 1011 ; 
'b' 11011=>'b' 1101 ; 
'b' 11101=>' b' 1110 ; 
, b' XXXXO,,>' b' 0000 ; 



Partno CASDCODE; 
Name CASDCODE; 
Date 05/04/88; 
Revision 00; 
Designer B. Leigh; 
Company Texas Instruments; 
Assembly None; 
Location Dallas, TX; 
lit it it it it •• it. *tt *. it •• it •• it •• ttitit. tit it * •• it it *. * * it it / 
/. SIMULATION FILE FOR • / 
/. CAS DECODER DRAM TIMING CONTROLLER • / 
/**. **tt* it, tt. it •• ** ** •••• it.it •••• it •• H"" it. H' H * * H * * / 
/* Allowable Target Device Types: TIBPAL161B-IO */ 
/ H ** ***it ** ** ** •• ** ** **. **.**. ** **.tt t. H*., **.tt"",tt **. / 

ORDER: ICASe ,%2/ICASl ,%2/ICAS2 ,%2/ICAS3 ,%2/RCAS /%8/ 
OCAS(/%2/OCAS(/%2/OCAS(/%2/0CAS( ; -

VECTORS: 

$msg" 
$msg" 
$msg" 
$msg" 
$msg" 
$msg" 
$msg" 

----input---
I I I I 
C C C C R 
A A A A C 
S S S S A 
o 1 2 3 S 

---output -- "; 
000 0 .. , 
C C C C 
A A A A 
S S S S 
o 1 2 3 

"; 
" . / 

" . / 

"; 
-r-------- .. - _____________________ ft; 

o 1 1 1 
1 0 1 1 
1 1 e 1 
1 1 1 0 
X X X X 

1 H B H 
H L B H 
H B 1 B 
B B B L 
L 1 L L 
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IMPORTANT NOTICE 

Texas Instruments (Til reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. TI 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. 

TI 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 TI 
deems necessary to support this warranty. Unless mandated by 
government requirements, specific testing of all parameters of 
each device is not necessarily performed. 

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

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

Copyright © 1990. Texas Instruments Incorporated 
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Introduction 

The DRAM technology of today (i.e., 256K, 1M) has enabled system designers to 
use much larger memory sizes than ever before. However, as with most advances in 
technology, this has brought a new problem. For system memory sizes larger than 112 
million bits, it is generally considered that error detection and correction is required to 
guarantee system reliability without a tradeoff in performance. Although present methods 
of parity checking will identify errors, they are not able to correct them. And not correcting 
these errors can be costly. For example, in personal computers when parity errors are 
encountered, the system has to be reset to eliminate the problem. This system reset destroys 
any data stored in RAM and it must be reentered. This is obviously unacceptable to your 
customers. To eliminate this problem, TI has produced cost-effective Error Detection and 
Correction (EDAC) devices. 

Error Types and Sources in Dynamic Memories 

Two kinds of errors occur in memory devices; soft and/or hard errors. A hard error 
is a physical failure of the memory device (e.g., an internal short or an open lead). This 
type of error causes the memory location to always be either a high or a low. A soft error 
is a random occurrence of a memory location change from a high level to low leve1. These 
errors may be caused by system noise, alpha particle radiation, or power surges. 

In spite of design techniques used by memory chip manufactures to reduce these 
errors, they are still a source of major concern in your system. Table 1 indicates that as 
the density of memory chips increase their probability of errors also increase. Therefore, 
your data integrity decreases in larger memory arrays. 

Table 1. Chip Densities vs Soft-Error Rates 

CHIP DENSITY TYPICAL SOFT -ERROR RATE 

BITS/CHIP (% PER 1000 HOURS) 

64K 0.10 - 0.20 

256K 0.15 - 0.30 

1M 0.20 - 0.35 

Solutions to Boost System Reliability 

There are several alternatives available that will either decrease or eliminate these 
errors in your system. One method used to determine data integrity is the incorporation 
of parity checking. This can be accomplished by using an SN74ALS29833 Parity Bus 
Transceiver. To identify an error, the data word and the generated parity are compared 
by performing an exclusive-OR operation. If several bits in the data word are in error 
or the parity has changed, the exclusive-OR output would be low. While data integrity 
can be determined using this method, it is unable to correct errors. 
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To obtain the desired lev~l of quality, some type of error-correction scheme must 
be incorpor~ted. An EDAC <;hip provides the simple solution to the problem, while 
dramatically extending the system Mean Time Between Failures (MTBF). This is 
accomplishe<i by detecting and cprrecting single bit errors and detecting double bit errors. 
See Table 2. . 

Table 2. System MTBF Increases with an EDAC 

MTBFt 

Without EDAC I With EDAC 

Correctable Soft Error (single bit) 7 Months 1 >200 Years 

tSased on 16M-bit memory system using 256K DRAMs with a 0.30% per 1000 hour 
spft error rate. 

When you include the other system variables causing errors (power surges, noisy 
systems, etc.), your memory system MTBF, without an EDAC could be reduced to several 
days. These types of memory-cell errors can be corrected using an EDAC. 

EDAC Operation 

When data is written to memory, the TI SN74AS632 (32-Bit EDAC) generates parity 
check bits. Each check bit is generated by performing a specific parity check on the 32-bit 
data word. For example, CBO is obtained by comparing specific bits of the 32-bit word 
with those corresponding to an "X" in the Hamming Code Parity Algorithm (see Table 3). 
CBO will be at a high level if the total number of highs corresponding to these locations 
is an odd number. CBO will be at a low level if this number is even. This procedure is 
repeated 7 times to obtain the 7 check bits, CBO-CB6 of the Hamming Code. Check bits 
CBO-CB2 are used to determine odd parity. Check bits CB3-CB6 are used for even parity. 

Table 3. Hamming Code Parity Algorithm 

CHECK 
WORD 

32-81T DATA WORD 

81T 3130292827262524232221201918171615141312111098 7 6 5 432 1 0 
CBO X X X X X X X X X X X X X X X X 
CBl X X X X X X X X X X X X X X X X 
CB2 X X X X X X X X X X X X X X X X 
CB3 X X X X X X X X X X X X X X X X 
CB4 X X X X X X X X X X X X X X X X 
CB5 X X X X X X X X X X X X X X X X 
CB6 X X X X X X X X X X X X X X X X 

The seven check bits are parity bits derived from the matrix of data bits as indicated by "X" for each bit. 

These check bits are stored along with the data in your systems main memory. This 
additional memory requirement is the only overhead involved with the use of an EDAC. 
Figure 1 shows a typical system using an EDAC and illustrates this overhead. 
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Figure 1. Typical 'AS632 System 

During a read cycle, the data and check bits are read from memory, any of which 
may be invalid. New check bits are computed from the stored data bits. To determine 
the validity of the data, the new and old check bits are exclusive-ORed producing a 7·bit 
syndrome code. When decoded, these syndrome bits describe the condition of the data 
word: free of errors, having a single-bit error, or having multiple errors. See Table 4. 
Any single error in the 32-bit word can be corrected. Both single- and double-bit errors 
are indicated to the processor via single- and double-bit error flags. 

There are two additional options for implementing EDAC into your system; detect 
only and correct always. Of these two, correct always is the easiest to implement. The 
EDAC always corrects single-bit errors and writes this corrected word onto the system 
data bus or into memory. 

Because days can elapse between errors, correction can be done only when needed. 
The detect-only option increases your system performance during a read cycle by allowing 
data to be written directly to the system processor. If a single- or double-bit error occurs, 
the EDAC will flag the processor. This enables the processor to enter a wait cycle until 
the word is corrected. This method of implementation does not use the error correction 
portion of the EDAC until the processor determines what action to take in the event of 
an error. 

Another method of ensuring data integrity in your system is to use an EDAC unit 
during memory refresh. The EDAC will "clean" every memory location of errors during 
the mandatory refresh cycles. This process is known as memory scrubbing. The data can 
then be checked again during a memory-access cycle. By checking the data twice, the 
time between corrections is reduced. Therefore, the probability of multibit errors in your 
system declines. 
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Table 4. I AS632 Syndrome Decoding 

SYNDROME BITS 

6 5 4 3 2 1 0 
ERROR 

L L L L L L L unc 

L L L L L L H 2-bit 

L L L L L H L 2-bit 

L L L L L H H unc 

L L L L H L L 2-bit 

L L L L H L H unc 

L L L L H H L unc 

L L L L H H H 2-bit 

L L L H L L L 2-bit 

L L L H L L H unc 

L L L H L H L DB31 

L L L H L H H 2-bit 

L L L H H L L unc 

L L L H H L H 2-bit 

L L L H H H L 2-bit 

~.L H H H H DB30 

L L H L L L L 2-bit 

L L H L L L H unc 

L L H L L H L DB29 

L L H L L H H 2-bit 

L L H L H L L DB28 

L L H L H L H 2-bit 

L L H L H H L 2-bit 

L L H L H H H DB27 

L L H H L L L DB26 

L L H H L L H 2-bit 

L L H H L H L 2-bit 

L L H H L H H DB25 

L L H H H L L 2-bit 

L L H H H L H DB24 

L L H H H H L unc 

L L H H H H H 2-bit 

CB X = error in check bit X 
DB Y = error in data bit Y 
2-bit = double-bit error 
unc =, uncorrectable multi bit error 

SYNDROME BITS 

6 5 4 3 2 1 0 

L H L L L L L 

L H L L L L H 

L H L L L H L 

L H L L L H H 

L H L L H L L 

L H L L H L H 

L H L L H H L 

L H L L H H H 

L H L H L L L 

L H L H L L H 

L H L H L H L 

L H L H L H H 

L H L H H L L 

L H L H H L H 

L H L H H H L 

L H L H H H H 

L H H L L L L 

L H H L L L H 

L H H L L H L 

L H H L L H H 

L H H L H L L 

L H H L H L H 

L H H L H H L 

L H H L H H H 

L H H H L L L 

L H H H L L H 

L H H H L H L 

L H H H L H H 

L H H H H L L 

L H H H H L H 

L H H H H H L 

L H H H H H H 

ERROR 

2-bit 

unc 

DB7 

2-bit 

DB6 

2-bit 

2-bit 

DB5 

DB4 

2-bit 

2-bit 

DB3 

2-bit 

DB2 

unc 

2-bit 

DBO 

2-bit 

2-bit 

unc 

2-bit 

DB1 

unc 

bit 

2-bit 

unc 

unc 

2-bit 

unc 

2-bit 

2-bit 

CB6 



Table 4. 'AS632 Syndrome Decoding (continued) 

SYNDROME BITS 

6 5 4 3 2 1 0 
ERROR 

H L L L L L L 2-bit 

H L L L L L H unc 

H L L L L H L unc 

H L L L L H H 2-bit 

H L L L H L L unc 

H L L L H L H 2-bit 

H L L L H H L 2-bit 

H L L L H H H unc 

H L L H L L L unc 

H L L H L L H 2-bit 

H L L H L H L 2-bit 

H L L H L H H OB3 

H L L H H L L 2-bit 

H L L H H L H unc 

H L L H H H L OB14 

H L L H H H H 2-bit 

H L H L L L L unc 

H L H L L L H 2-bit 

H L H L L H L 2-bit 

H L H L L H H OB13 

H L H L H L L 2-bit 

H L H L H L H OB12 

H L H L H H L OB11 

H L H L H H H 2-bit 

H L H H L L L 2-bit 

H L H H L L H OB10 

H L H H L H L OB9 

H L H H L H H 2-bit 

H L H H H L L OB8 

H L H H H L H 2-bit 

H L H H H H L 2-bit 

H L H H H H H CB5 

CB X = error in check bit X 
DB Y = error in data bit Y 
2-bit = double-bit error 
unc = uncorrectable multi bit error 

SYNDROME BITS 

6 5 4 3 2 1 0 
ERROR 

H H L L L L L unc 

H H L L L L H 2-bit 

H H L L L H L 2-bit 

H H L L L H H OB23 

H H L L H L L 2-bit 

H H L L H L H OB22 

H H L L H H L OB21 

H H L L H H H 2-bit 

H H L H L L L 2-bit 

H H L H L L H OB20 

H H L H L H L OB19 

H H L H L H H 2-bit 

H H L H H L L OB18 

H H L H H L H 2-bit 

H H L H H H L 2-bit 

H H L H H H H CB4 

H H H L L L L 2-bit 

H H H L L L H OB16 

H H H L L H L unc 

H H H L L H H 2-bit 

H H H L H L L OB17 

H H H L H L H 2-bit 

H H H L H H L 2-bit 

H H H L H H H CB3 

H H H H L L L unc 

H H H H L L H 2-bit 

H H H H L H L 2-bit 

H H H H L H H CB2 

H H H H H L L 2-bit 

H H H H H L H CB1 

H H H H H H L CBO 

H H H H H H H none 
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Figure 2. Memory Management Systems Using Scrubbing 

The circuit illustrated in Figure 2 is an example of a memory system that used 
scrubbing. This circuit consists of the TI SN74ALS6302, a 1M-DRAM Controller, the 
TMS4C1024, 1M DRAMs, the SN74AS632, a 32-bit EDAC, and control circuits. 

Texas Instruments EDAC Family 

Because of the increase in MTBF, the SN74AS632 can increase system reliability 
typically by well over 500-fold. The 'AS632 provides built-in diagnostics to assure reliable 
device operation. Byte-write capability is included to allow operation on 8-bit, 16-bit, or 
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32-bit word widths in 3-state bus applications. The 'AS632 provides fast correction time, 
32 ns, and error-detection time, 25 ns. The architecture of the 'AS632 is illustrated in 
Figure 3. 
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Figure 3. 'AS632 Logic Diagram 
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Summary 
Memory errors are becoming a very important concern to the system designer. To 

effectively ensure data integrity, a method of correcting data errors is neCessary. An EOAC 
unit provides you with this essential function along with increasing sys~ein MTBF from 
days to years. The TI EOAC family offers you ease of implementation, high performance, 
and a device that is compatible with any microprocessor you might be using. 

For more information on the TI family of EOAC devices, please contact your local 
TI Sales Representative or the Customer Response Center at 1-800-232-3200. 
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Texas Instruments (Til reserves the right to make changes to or 
to discontinue any semiconductor product or service identified 
in this publication without notice. TI 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. 

TI warrants performance of its semiconductor products to current 
specifications in accordance with Tl's standard warranty. Testing 
and other quality control techniques are utilized to the extent TI 
deems necessary to support this warranty. Unless mandated by 
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Introduction 

Need for Error Correction 

With memory systems continuing to expand, it has become increasingly important 
that system designers consider error detection and correction. Generally, the larger the 
chip density, the greater the probability for device errors. It is easy to recognize this 
probability when one considers that a 32-bit X 64K memory, using 64K DRAMs. equates 
to approximately 2.1 million bits of information. This expands to 8.4 million bits of 
information when using 256K DRAMs. For memory sizes larger than 112 million bits, 
it is generally considered that error detection and correction is required to guarantee high 
reliability. 

The SN74ALS632B and SN74AS632 provide a simple solution to these requirements 
in 32-bit machines. In addition, the 'ALS632B and 'AS632 provide the necessary hardware 
to perform byte-write operations which are typically used in the more advanced systems. 
To ensure the integrity of the error detection and correction circuit itself, diagnostic 
capabilities have been provided in both devices. 

The 'ALS632B and 'AS632 devices are not limited to only 32-bit systems. They 
can easily be implemented in 16- or 24-bit systems. In the case of 16-bit systems, the 
additional memory needed for holding the check bits can be reduced when compared to 
conventional 16-bit EDACs. 

The terminal functions for the 'ALS632B and 'AS632 are shown in Table 1. 

Operational Description 

Write Mode 

During a memory write cycle, the EDAC is required to generate a 7-bit check word 
to accompany the 32-bit data word before being written into memory. To place the 
'ALS632B and 'AS632 in the write mode, simply take S1 and SO low. Output enable 
controls OEBO through OEB3 must be taken high before the data word can be applied. 
Output enable control OECB must be taken low to pass the check word to the external bus. 

The check word will be generated in not more than 30 ns for the 'ALS632B and 
26 ns for the 'AS632 after the data word has been applied. The 'ALS632B and 'AS632 
EDACs can be made to appear transparent to memory during the write mode because 
typical write times of most DRAMs are much larger than the propagation delay of data 
to check word. 
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Table 1. Terminal Functions for ' ALS632B and ' AS632 

PIN NAME DESCRIPTION 

Selects the operating mode of the EDAC 
S1 SO MODE OPERATION 
L L WRITE Input dataword and output checkword 

51, SO 
H L READ & FLAG Input dataword and output error flags 
H H CORRECT Latched input data and checkword/output 

corrected data and error syndrome code. 
L H DIAGNOSTIC Input various datawords against latched 

checkword/output valid error flags 

DBO 
through I/O port for entering or outputting data 

DB31 

OEBO 
Three-state control for the data I/O port. A high allows data to be entered; and a low 
level outputs the data. Each pin controls 8 data I/O ports (or one byte). OEBO 

through 
controls DBO through DB7, DEB 1 controls DBB through DB15, OEB2 controls 

OEB3 
DB 16 through DB23, and OEB3 controls DB24 through DB31. 

OEDB 
Three-state control for the data 110 port. A low level allows data to be outputted and 

(ALS634, 
ALS635) 

a high allows data to be entered. 

Controls the dataword output latch. When low. the data output latch is transparent. 
LEDBO When high. the latch stores whatever data was setup at its inputs when the last 

low toliigh transition occurred on the pin. 

CSO 
I/O port for entering or outputting the checkword. It is also used to output the 

through 
CS6 

syndrome error code during the error correction mode. 

Three-state control for the checkword I/O port. A high allows data to be entered 
OECS and a low allows either the checkword or syndrome code (depending on EDAC mode) 

to be outputted. 

ERR Single Error output flag. a low indicates at least a single bit error. 

MERR Multiple Error output flag. when low indicates two or more errors present. 
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Read-Flag-Correct Operation 

During a memory read cycle, the function of the these EDACs is to compare the 
32-bit data word against the 7-bit check word previously stored in memory. It will then 
flag and correct any single-bit error which may have occurred. Single bit errors will be 
detected through the ERR flag and double bit errors will be detected through the MERR 
flag. Figure 1 shows a typical timing diagram of the read-flag-correct operation. 

When SO is taken high, the EDAC will internally begin the correction process, 
although it should be noted that the error flags are enabled while in the read mode. For 
many applications, the simplest operation can be obtained by always executing the correction 
cycle, regardless if a single-bit error has occurred. 

Important Timing Considerations for Read-Flag-Correct Mode 

The most frequently asked question for an EDAC is how fast can a correction cycle 
be executed. Before SO can be taken high, the data and check word must be set up at 
least 5 ns. In addition, the data and check word must be held for at least 10 ns after SO 
goes high. This ensures the data and check word is saved in the EDAC's input latches. 
After the hold time has been satisfied, the source which is driving the data bus can be 
placed in high impedance and the EDAC's output drivers can be enabled. This is 
accomplished by taking OEBO through OEB3 low. 

If the minimum data setup time is used as a reference, and the output drivers are 
enabled after the minimum data hold time, then correction will be accomplished in not 
more than 37 ns for the 'ALS632B and 32 ns for the 'AS632. 
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Figure 1. Read-Flag-Correct Timing Diagram 



Read-Modify-Write OpeJ;ations 

The 'ALS632B and 'AS632 contain the necessary hardware to perform byte-write 
operations. When performing a read-modify-write function, typically the user would first 
want to perform the read-flag-correct cycle as discussed before and shown in Figure 1. 
This ensures that corrected data is used at the start of the modify-write operation. 

The corrected data is then latched into the output data latch by taking LEDBO from 
low to high. Upon completing this, modifying any byte or bytes is easily accomplished 
by taking the appropriate byte control OEBO through OEB3 high. This allows the user 
to place the modified byte or bytes back onto the data bus while retaining the o~er byte 
or bytes. An example of a read-modify-write for byte 0 is shown in Figure 2. Since the 
check word is no longer valid for the modified data word, a new one is easily generated 
by taking SO and S 1 low. After the appropriate propagation delay, the new check word 
will be available. 

~th(8)~ I ~' ______________________________ ~ 

so I I I 
~READ t,.. CORRECT _'" WRITE 

" --.J : I 
I I 
I OUTPUT CORRECTED DATA WORD t 

DBO THRU DB7 ---<r--:::'NP~U~T D~A~T~:-::W::::O;:;RD:-""'»»>C:X »») ( INPUT MODIFIED BYTE 0 »»»--
I I 

DBB THRU 0815 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

OB18 THRU 0823 INPUT DATA WORD OUTPUT CORRECTED DATA WORD 

0824 THRU OB31 INPUT OAT A WORD OUTPUT CORRECTED DATA WORD 

~ __________________ ~ __________ ~r____ 

0EB2 I ~ __________________ ~----------~r----
I 
I 

0EB3 : ~ __________________ ~----------~r----
~ 

~"'(21_ j4-tw(31~ 

LEDBO "I:'§,..~"'~"'~~"'~"'~\:::<:'~"'~"'~\:::<:'~"'~~~ .jw$$###W$o/A' 
~tw--t 

~ ______________ ~----------~r----
CBOTHRUCB6 INPUT CHECK WORD OUTPUT SYNDROME CODE OUTPUT CHECK WORD 

\~ ________ ~v~AL~ID~E~RR~F~LA~G~ ______ _Jl 

\~ ______ v~A~LI~D~ME~R~R~FL~AG~ ____ ~1 

Figure 2. Read-Modify-Write Operation 
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Important Timing Considerations for Read-Modify-Write Operations 

LEDBO should not be brought from low to high until 30 ns for the 'ALS632B and 
25 ns for the 'AS632 after SO goes high. 'AS632. This will ensure that corrected data 
is latched into the data output latChes. On the other hand, LEDBO should be brought high 
no later than 0 ns before SO and S 1 goes low. Again, this is to ensure that the corrected 
data is stored into the data output latches. Also of importance is the new check word will 
be available no later than 32 ns after SO and SI goes low for the 'ALS632B and 28 ns 
for the 'AS632. 

Diagnostic Mode Operation 

The purpose of the diagnostic mode is to provide the user with the capability of 
easily detecting when the EDAC or memory is failing. There are several possibilities as 
to how a user might employ this feature, but Figure 3 shows a typical timing diagram 
of some diagnostics which can be performed with these devices. Generally, the user would 
first place the EDAC in the read mode (SO = L, SI = H), then apply a valid check word 
and data word. A valid check word is defined as a check word for which the user knows 
the associated data word. The user would next place the EDAC into the diagnostic mode 
by taking SO high and S I low. This latches the valid check word into its input latches 
but leaves the data input latches transparent. To verify that the valid check word was latched 
properly, OECS can be taken low causing the valid check word to be placed back onto 
the bus. Since the data input latches remain transparent, this allows the user to apply various 
diagnostic data words against the valid check word. A diagnostic data word is one in which 
either a single or double bit error exists. In either case, the error flags should respond. 
The output data latch can be verified by taking LEDBO high and confirming that the stored 
diagnostic data word is the same. This is made possible because error correction is disabled 
while in the diagnostic mode (SO = H, SI = L). Taking SI high and LEDBO low will 
verify that the EDAC will cOrrect the data word. Also, the error syndrome code can be 
verified by taking OECB low. 
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16-Bit Systems Using the 'ALS632B and 'AS632 EDACs 

The 'ALS632B and 'AS632 EDACs can reduce the memory size required in 16-bit 
systems where conventional 16-bit EDACs (6 check bits, 16 data bits) are presently used. 
Figure 4 shows the typical system architecture for the 16-bit EDAC. In this system, 88 
devices would be required for the 22-bit x 256K memory array, assuming64K DRAMs 
are used. It is easy to see that 27.3% or 24 devices are required for storing the check 
bits. When using the 'ALS632B and 'AS632 EDACs, the memory required for the check 
bits can be reduced to 17.9 % or only 14 devices. This reduces the total number of DRAMs 
required by 10 devices. Figure 5 shows the architecture when using the 32-bit EDAC. 
The four 'ALS646s are used to group two 16-bit data words into one 32-bit data word. 
In addition, this type of system can be used in byte-write operations where the other system 
cannot. 
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Introduction 

With the increasing size of memory in electronic equipment, the need to implement Error 
Detection And Correction (BDAC) has increased to ensure memory integrity and to improve 
equipment reliability. The Texas Instruments SN74ALS632 and SN74AS632 have been 
leading the way in the 32-bit EDAC market over the past several years and now TI is leading 
the way in the 64-bit EDAC market with a new flow-through architecture by introducing the 
SN74AS6364. This application report shows the different configurations of designing with 
the flow-through architecture. Two specific examples of interfacing the' AS6364 with the 
MC68030 microprocessor are given in this application report; the correct-always 
configuration, with optional memory-scrubbing, and the correct-only-on-error 
configuration. The purpose of this application report is to explain the use of the' AS6364 and 
to show the advantages of the flow-through architecture. Deciding whether to use an EDAC 
is left to the designer. 

Flow-Through Architecture 

A conventional EDAC uses a single I/O port to access memory and processor data for 
detecting and correcting data errors. One disadvantage of this single I/O port operation is that, 
during the memory read and write operations, both input and output operations share the 
same port and one operation must wait for the other to be completed. The I/O port has to be 
turned around from input to output or vice versa. This turn-around time contributes 
significantly to correction time when using conventional EDACs. 

With the flow-through architecture, the I/O port turn-around time is eliminated by having two 
separate I/O ports, the processor I/O port and the memory I/O port. During a memory-write 
cycle, the processor I/O port functions as an input and the memory I/O port functions as an 
output. During read cycles, these functions are reversed. The correction-speed advantage of 
this architecture stems from the processor being able to read and write through the EDAC 
without having to wait for the I/O port turn-around time. The unique flow-through 
architecture of the 'AS6364 is such that the bus transceiver function, which is required in 
most memory designs, is also integrated .into the flow-through architecture. This feature 
makes memory system design using the' AS6364 as simple as putting it transceiver on the 
data bus. When the EDAC is in transceiver mode, bypassing the correction circuitry, the 
propagation delay through the EDAC is faster than the propagation delay when the EDAC 
is correcting data. The correct-only-on-error mode, explained later, takes advantage of this 
faster propagation delay specification. 

'AS6364 Functional Description 

The 'AS6364 is a 64-bit EDAC with two 64-bit parallel I/O ports and control signals similar 
to that of the' AS245 bus transceiver (see Figure 1). For the processor bus interface, one of 
the 64~bit I/O ports, DO-63, are provided with 48-mA drive capability. The memory data bus 
(MDO-63) supports 12-mA drive with a balanced output impedance of 25 Q high and low. 
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Three error flags are provided for the system interface; ERR, MERR, and CERR. The 
single-bit error flag, ERR, informs the system that there is at least a single-bit error. MERR, 
on the other hand, informs the system that there is at least a double-bit error. The 
correctable-error condition of ERR = low and MERR = high is indicated by the CERR flag. 

To make the interface simple, the 'AS6364 has the same data-flow control as used on 
conventional bus transceivers, such as the SN74AS245: a direction (DIR) pin and output 
enable (0) pin. In addition to the master output-enable control signal, there are eight 
output-enable control lines (OEBO-7) on the processor side for byte write operations. Other 
control signals consist of CORR, LE, INIT:and DIAG signals. 

A high on the CORR input enables the internal correction circuitry. When the correctior 
circuit is 'disabled (CORR low), the' AS6364 passes the data straight from the memory bus 
to the processor bus and puts the EDAC in the transceiver mode. 

The latch enable signal, LE, controls the latching function from the processor bus to the 
memory bus. A low level on this signal latches the data on the processor bus. 

For memory initialization, a low on INIT during write cycles forces the memory data outputs 
low and generates the appropriate set of check bits. 

Running diagnostics are possible via the DIAG input signal. This signal reverses data flow 
during read cycles by selecting the processor data through the input latches when DIAG is 
active (low). The selected data from the latches can then be compared with known sets of 
check bits applied through CBO~7. 

To determine the data bit at fault during the read operations, the syndrome codes are available 
through the error syndrome bus (SYNO-7). The bit in error is located by decoding the 
syndrome bits according to the table given in the data sheet. 

System Implementation 

Two of the most common modes of EDAC system configurations are the correct-always 
mode and the correct-only-on-error mode. The CORR input on the flow-through architecture 
greatly simplifies the implementation of both of these modes. 

As shown in Figure 4, correct-always mode can be implemented using the 'AS6364 by 
simply connecting the CORR signal to Vee (logic high). Figure 9 is a block diagram of the 
correct-always setup with memory scrubbing. Notice that this setup uses two EDACs; one 
for normal memory-access cycles and one for memory-refresh cycles (memory scrubbing). 
Memory scrubbing is used to significantly reduce the probability of the dual-bit errors by 
reducing single bit errors from accumUlating. 

In correct-only-on-error mode, the CORR input is controlled by the timing controller based 
on the result of the error flags. If there is no error on the memory data bus, the flow
through EDAC simply acts like a bus transceiver, passing the data from the memory data bus 
to the processor data bus. This correct-only on-error mode is faster because the correction 
circuitry is bypassed in this mode. Figure 12 is a block diagram of the correct-only-on-error 
implementation. 
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The following paragraphs explain in detail how these three different configurations are 
implemented in a system using the 20-MHz MC68030 processor and the TMS44400-80 
DRAM. Figure 2 shows a typical processor access cycle with all the timing details of the 
memory control signals. This figure in conjunction with the above mentioned block diagrams 
will form the basis for all the timing diagrams. 

Correct-Always Configuration 

The correct-always configuration is one of the simplest ways to implement error detection 
and correction into a system. This implementation becomes as easy as putting a bus 
transceiver between the processor and the memory data bus. The flow chart for this 
implementation is given in Figure 3. Figure 4 is the system block diagram of how 
correct-always mode can be implemented for a 32-bit system. For a 32-bit system, only seven 
check bits (CBO-6) are used. The corresponding data bits to these seven check bits are 
described in the footnote of the diagram. 

Normal Read and Write Cycle 

Read and write cycles from memory are controlled by the AS, 101M (A23), and R/W signals 
of the processor. The direction signal (DIR) of the timing controller is derived from these 
three signals and controls the read and write operations on both the EDAC and DRAM. To 
control the direction of the EDAC, the DIR signal from the timing controller is connected 
directly to the DIR pin on the EDAC. The same DIR signal is inverted and connected to the 
output enable (0) pin of the DRAM. This same signal is delayed by 15 ns and connected to 
the write (W) pin of the DRAM. Figure 5 shows the timing sequence of all the control signals 
for normal read and write operations. For these operations, the ERR flag is always high 
indicating that there are no errors associated with the memory data bits during read cycles. 

On the Motorola MC68030 processor, the falling edge of AS indicates that there is a valid 
address on the processor address bus. The timing controller, cycling between the idle state 
and the RAS delay state, checks for a refresh request (REFREQ) and access request via A23 
which is used to define main (DRAM) memory address space. If A23 indicates a main 
memory access just before the high to low transition of the AS signal, the timing controller 
goes into the access-check cycle where it checks the read/write (RIW) signal and the 101M 
signal to determine the type of access cycle, either a read-access or a write-access cycle to 
the DRAM. After this decision, the timing controller issues the appropriate RAS and CAS 
signals, DIR signal, and the output enable signals (see Figure 5). If there is no error near the 
end of the cycle, as indicated by the ERR flag of the EDAC, the access cycle is terminated. 

Read and Correct Cycles 

When a data bit is in error during a read cycle, the data bit is automatically corrected by the 
flow-through EDAC when data is presented by the processor data bus. This is a feature of 
the correct-always mode where the CORR signal of the EDAC is tied directly to Vee (to 
always put the EDAC in the correct mode). The corrected data is then latched into the 
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EDAC's data latch with the LE signal of the timing controller (refer to Figure 6). This latched 
data is used later during the correct cycle to write the corrected data back into DRAM. The 
ERR flag signals the timing controller to go through the correct cycle, right after the read 
cycle. As shown in Figure 6, the correction cycle is similar to a normal write cycle. During 
a correct cycle, the corrected data previously stored in the EDAC's input latch is used as data 
for the memory write cycle. This stored data enables the memory system to write to the. 
DRAMs within three clock cycles. 

As shown in the timing diagram, the basic read cycle remains unchanged for this read and 
correct cycle combination. Because the latched data is written back into memory, the first 
read cycle does not suffer any speed penalty. This is one advantage of the correct-always 
mode. The penalty for the correction cycle is incurred only when there is an access cycle 
following a read cycle. The following paragraphs explain how this back-to-back access cycle 
is handled by the timing controller. 

Read and Correct/Access Cycle 

Right after each read cycle, the ERR flag is checked for a single-bit error condition as 
mentioned in the previous paragraph. A low level on the ERR flag indicates that there was 
an error during the read cycle and the data must be written back into DRAM. At this point, 
the timing controller takes control of the memory bus and the corrected data stored in the 
EDAC's latch is written back to DRAM. This process takes three complete clock cycles after 
the read operation. If another access cycle is requested during the correct cycle, the access 
cycle will be delayed by the three clock cycles which are needed to write the corrected data 
back to DRAM. After the correct cycle, the 101M input is checked for any access which may 
have been requested during the correct cycle. A low 101M signal indicates a pending access 
request which causes the timing controller to go to the access cycle. Figure 7 illustrates the 
timing sequence of this read, correct, and access cycle combination. 

The read and correct cycle shown in Figure 7 is similar to that shown in Figure 6. The addition 
of the access cycle in Figure 7 is initiated by the high-to-Iowtransition oftheAS signal, which 
in turn causes the 101M signal to go low. The delay in an access cycle is controlled by 
inserting wait states to the processor via the DSACK signal. As Figure 7 illustrates, the 
appropriate direction, enable, RAS, CAS, and other control signals are issued for the access 
cycle, which is identical to normal read or write cycles shown previously. 

Refresh and Access Cycles 

As shown in the flow chart of Figure 3, the request for a refresh cycle is checked before every 
access cycle. Refresh request has a higher priority if access and refresh are being requested 
at the same time. If the refresh request occurs during an access cycle, the refresh cycle will 
follow immediately after the access cycle. If an access request occurs during the refresh 
cycle, the access cycle is delayed until the refresh cycle is completed. Again the 101M signal 
is used to indicate to the timing controller that there is a pending access cycle. The sequence 
of how the access cycle takes place after a refresh cycle is shown in Figure 8. The transition 
sequence between refresh and access cycle uses the same method as the correct and access 
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cycle combination, as described in the previous paragraphs where the DSACK signal is used 
to insert wait states which in turn delays the access cycle. 

Memory scrubbing is a method of correcting errors during refresh cycle. Because ofthe speed 
advantages of the flow-through architecture, implementing memory scrubbing does not 
penalize system performance as much as traditional EDAC implementations. The following 
paragraphs give the details of memory scrubbing in correct-always mode using two 
'AS6364s. 

Correct-Always Configuration with Memory Scrubbing Option 

Memory scrubbing is implemented using two EDACs (see Figure 9). One EDAC is used for 
normal access cycles and the scrubbing EDAC is used for refresh cycles. The underlying idea 
behind memory scrubbing is to reduce the occurrence of dual-bit errors by eliminating (or 
scrubbing) single-bit soft errors, thereby preventing their accumulation. Therefore, even if 
the system is in the idle state, the entire memory still gets checked for errors once every 
16.384 s, when 4 banks of 1M x 4 DRAMs are used as shown in Figure 9. In some systems, 
memory scrubbing may be the only error-correction scheme necessary to fulfill the reliability 
requirements. 

Refresh with Scrubbing and Access Cycles 

To implement scrubbing, an extra EDAC must be used for this flow-through architecture. 
The function of the original ( access) EDAC is the same as in the correct-always mode. It will 
still correct the single-bit errors during read operations and will write back to DRAM to 
update memory during read cycles. The extra (scrubbing) EDAC is used to correct errors 
during refresh cycles. At the beginning of a refresh cycle (see Figure 10), the direction signal 
(DIR) and the enable signal (G) are driven to a state which enables the scrubbing EDAC to 
read data and its associated check bits from memory. Simultaneously, the access EDAC 
monitors the same data and check bits. If there is a single-bit error, indicated by the error flag 
of the access EDAC, the memory is written back with data which has been corrected by the 
scrubbing EDAC. Throughout this process, the processor data bus (D0-63) of the access 
EDAC is disabled by keeping the output enable signal (0) high. By keeping the data bus 
disabled, the processor is free to use the data bus for non-memory accesses. For memory 
scrubbing, the refresh cycle must be extended by three clock periods to make a decision on 
whether or not there is an error. These extra clock periods appear as CNT3-5 as shown in 
Figure 10. If the error flag is low atthe end of CNT3, the controller scrubs the memory during 
CNT4 and CNTS. Otherwise, the refresh cycle terminates without scrubbing after CNTS. 
Any access that is requested during the refresh cycle is handled the same way as in the 
previously mentioned refresh and access cycle transition of the correct-always 
configuration. For this configuration, the access cycle is delayed until the refresh and 
memory scrubbing process is complete. 

Correct-Only-On-Error Configuration 

Correct-only-on-error eliminates some of the disadvantages of the correct-always mode 
which corrects data indiscriminately. Since the occurrence of errors is expected to be sparse, 
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correcting always may unnecessarily delay data during every read cycle. This is due to data 
having to go through the slower correction path. This is only a problem if this delay causes 
extra wait states on the microprocessor. The correct-only-on-error mode checks for errors 
before turning on the correction circuit of the EDAC. This feature enables data to flow 
through the EDAC faster for data which does not need correcting. The 8-ns difference 
between the two tpd specs from MDx and CBx to Dx of the data sheet reflects the speed 
difference between these two paths. Figure 11 is a flowchart of the correct-only-on-error 
implementation. There are two noticeable differences between the system block diagrams 
of the correct-always mode (Figure 4) and the correct-only-on-error mode (Figure 12). First, 
the CORR signal of the EDAC in Figure 4 is always in the correct mode, as opposed to the 
CORR signal being driven by the timing controller in Figure 12. Second, the ERR flag also 
drives the BERR and HALT inputs of the processor to rerun a read cycle when the error 
occurs while the controller is in a read cycle (indicated by DIR high). The gating ofDIR and 
ERR (see Figure 12) allows the processor not to have bus error conditions during write 
cycles. In the correct-always mode, the error flag simply drives the ERR input of the timing 
controller. The rest of the configuration of correct-only-on-error mode shown in Figure 12 
is similar to the correct-always mode shown in Figure 4. 

Normal Read and Write Cycles 

The basic sequence of the write cycle is identical to the correct-always mode, where AS, 
101M, and RJW initiates the cycle.Forread cycles, the only difference is the early availability 
of data on the processor bus because the correction circuit of the EDAC is bypassed. The 
CORR signal of the EDAC shown in Figure 13 is kept low throughout these read and write 
cycles because of the no error condition. During the read cycle, the decision to keep CORR 
signal low is the result of the ERR flag going high, which indicates that there are no errors. 

Read and Correct Cycles 

The transition between the read and the correct cycles is the main distinguishing factor 
between the correct-always mode and the correct-only-on-error mode. Figure 14 shows the 
ERR flag going low after the low-to-high clock transition of CNT3 during read cycles. A low 
ERR flag is caused by a single bit error. At the end of CNTI, the timing controller decides 
to go into a modify-write cycle based on the low ERR flag condition. In the meantime, the 
processor is being halted by the ERR flag since it is connected to the BERR (bus error) and 
HALT signals of the processor through the NAND gate. While the processor cycle is being 
halted by the BERR and HALT signals, the timing controller takes control of the memory 
bus to correct the memory bit in error (modify-write cycle shown in Figure 14). This 
modify-write cycle is different from typical DRAM modify-write cycles in that the latched 
address of the DRAM controller SN74ALS6301 is used to write to memory. The latching 
operation of 'ALS6301 is also controlled by the ERR flag. Mter completion of the 
modify-write cycle, the processorrerun feature of the MC68030 retries its original read cycle 
and terminates the cycle when there are no errors. 
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Refresh and Access Cycles 

Access requests coming in during refresh cycles for the correct-only-on-error operation are 
handled the same way as the correct-always mode. Again, the timing controller makes use 
of the 101M signal to check for the pending access request. This signal is checked at the end 
of refresh cycle to determine whether there is a pending access request. Figure 15 illustrates 
the transition between the refresh and access cycle. 

Timing Controller Implementation 
Three sets of timing controller files and their functional test vectors for each of the 
implementations are given in the appendix; one file each for correct-always mode and 
correct-only-on-error mode, and two files for the memory scrubbing option. The timing 
controllers are implemented using the TI programmable sequence generator TIBPSG507 A 
(refer to data sheet document number SRPS002A). Because of the additional outputs 
required by the memory scrubbing option, two of the TIBPSG507 A devices (two files in the 
appendix) are used. ABEL TM development software, which supports the TIBPSG507A, is 
used to reduce and generate the fuse map required to program the device. 

Summary 
By taking advantage ofthe flow-through architecture of the' AS6364, a designer can improve 
his memory system design in two ways. One way is the overall performance improvement 
of the system which is achieved by the speed advantage and simplicity of using the 
flow-through architecture over conventional EDACs. The second advantage is achieved 
through board space savings. The wide data bus, heavy-duty bus driving capability, and the 
integration of the transceiver function greatly contribute towards board space savings. 

ABEL is a trademark of FutureNet, a division of Data I/O Corporation. 
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Figure 4. Flow-through EDACs Correct-Always Mode Interface 
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Appendix 

MOdule KDACCA 
title 'FLOW TBRU EDAC MEMORY CONTROLLER FOR CORRECT ALIIAYS 1«lDE, 

BERTRAND LEIGH, TEXAS INSTRUMENTS, JANUARY 11, 1990' 

EDACCA device 'F507'; 

, Input pin assignments 

CLK pin 1; " CLOCK INPUT 
RST pin 2; , ACTIVE LOW SYSTEM RESET 
AS pin 3; , ADDRESS STROBE FROM PROCESSOR 
10M pin 4; , IO/MEMORY SPACE INDICATOR 
REFREQ_ pin 5; " REFRESH REQUEST 
Ril pin 6; , READ/WRITE SIGNAL 
ERR pin 7; " ERROR FLAG FROM EDAC 

" Output pin and node assignments 

ELE 
G 
OrR 
DLE 
MC1 
RASI 
RFC-
DSACK 

pin 8; 
pin 9; 
pin 10; 
pin 11; 
pin 13; 
pin 14; 
pin 15; 
pin 16; 

ELE R 
G R-

DrR R 
DLE-R 
MC1-R 
RASr R 
RFCR 
DSACK R 

node 47; 
node 48; 
node 49; 
node 50; 
node 51; 
node 52; 
node 53; 
node 54; 

, EDAC'S LATCH ENABLE 
, EDAC' S OUTPUT ENABLE 
" DIRECTION CONTROL 
" DMC'S LATCH ENABLE 
" DMC' S MODE CONTROL 
, RAS INPUT TO DMC 
" REFRESH COMPLETE 
" DATA ACKNOWLEDGE 

, Internal counter bits & control, and state reg - node declarations 

co node 55; 
Cl node 56; 
C2 node 57; 
SCLRO node 25; 
CNTHOLDI node 29; 
PO node 31; 
PI node 32; 
P2 node 33; 
ASCHK node 34; 

CNTHOLDI R 
PO R -
P1-R 
P2-R 
ASCHK R 

" INTERNAL COUNTER BIT 
" INTERNAL COUNTER BIT 
, INTERNAL COUNTER BI T 
, SYNC. CLEAR COUNTER CONTROL 

node 30; " COUNT/HOLD CONTROL REGISTER 
node 39; " BURIED STATE REGISTER 
node 40; , BURIED STATE REGISTER 
node 41; " BURIED STATE REGISTER 
node 42; , INTERNAL AS REGISTER 

" Set and reset definition for registers 

ELEX 
GX 
DIRx 
DLEX 
HClX 
RASIX 
RFCX -
DSACKx 
ASCHKX-

= [ELE, ELE RJ; 
= [G , G RJ; 
= [OrR, OIR RJ; 
= [DLE, DLE-RJ; 
= [MC1, MCCRJ; 
= [RASI , RASI Rl; 
= [RFC ~ RFC RT; 
= [DSACK , DSACK RJ; 
= [ASCHK~ ASCHK}I; 

, Intermediate declarations for Simplification. 

HIGH = [1, OJ; 
LOll = [0, lJ; 
COUNT = [C2,Cl,COJ; 
STATE = [P2,PI,POI; "STATE REGISTER SET DEFINED 
H,L,C~X = 1, 0, .C., .X.; 

, Intermediate state declarations 
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IDLE = ABOOO; 'SAME AS INITIALIZE STATE 
ACCESS CHI( • A8001; 
lIRITE - • AB010; 
READ = ABOll; 
CORRECT = AB100; 
REFRESH = AB10l; 
RAS _OLY = ABllO; 

equations 

, Initialization when RST _ is low 

[OSACK ,MC1,RFC ,RASI ,G ,OLE,ELE,DIR] 
[PO _ R, Pl J, P2 _ R)SCH( R]-

:= !RST; 
:= !RS(; 

, Counter controls defined 

SCLRO = !RST 
f (STATE =ACCESS CHK) & ((10M & REFREQJ t !REFREQJ 
t (STATE-==WRITE)-& (COUNT=3)-
f (STATE-==READ) & (COUNT==3) 
f (STATE-==CORRECT) & (COUNT==2) 
f (STATE-=REFRESH) & (COUNT==2) 
# (STATE -==IDLE) 
f (STAT( =RAS _DLY); 

, State definition 

state diagram STATE 
State IDLE: - ASCHKX:= HIGH & AS; 
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if RST _ then RAS _DLY; 

State RAS _DLY: MC1X := LOW & !REFREQ & RST ; 
RASIX := LOW & ((AS # ASCHK) &" REFREQ_ t !REFREQJ 

& RST ; 
ASCHKX : = LOW & - ASCHK; 
if AS & REFREQ & RST then ACCESS CHK 

else - -
if !REFREQ & RST then REFRESH 

else - -
IDLE; 

State ACCESS CHK: DIRX := LOW & ! 10M & !RW & REFREQ & RST ; 

State lIRITE: 

- GX := LOW & !IOM- & !Rlf & REFREQ- & RST-; 
mIX := HIGH & IOM- & REFREQ & RST-; -
RASIX : = HIGH & ! REFREQ & RST; -
if !lOM & !RI1 & REFREQ - & RST - then WRITE 

else - - - -

if nOM & RW & REFREQ & RST then READ 
else - - --

if (!REFREQ t 10M & REFREQ ) & RST then IDLE 
else - - - -

IDLE; 

ELEX := (COUNT==l) & LOW & RST ; 
RASIX := (COUNT==l) & HIGH & RST ; 
DSACKX := (COUNT==2) & LOW & RST ;
DSACKX> (COUNT=3) & HIGH & RSt; 



ELEX :" (COUNT""3) 
GX :" (COUNT""3) 
RASIX :" (COUNT""3) 
DIRX - :" (COUNT""3) 
case 

(COUNT""3) & RST_ 
endcase; 

& HIGH & RST_; 
& HIGH & RST ; 
& LOW & RST_; 
& HIGH & RST_; 

State READ: GX :" (COUNT""l) & LOW & RST ; 
RASIX :" (COUNT""l) & HIGH & RST ; 
DLEX - :" (COUNT""l) & LOW & RST ; 
DSACKX :" (COUNT""2) & LOW & RST-; 
DSACKX-:" (COUNT""3) & HIGH & RST ; 
GX -:" (COUNT""3) & HIGH & RST-; 
DLEX :" (COUNT""3) & HIGH & ERR- & RST ; 
RASIX :" (COUNT""3) & LOW & RST ; -
ELEX - :" (COUNT""3) & LOW & !ERR_ & RST_; 
case 

(COUNT""3) & ERR & RST 
(COUNT""3) & 'ERR_ & RST_ 

endcase; 

: ACCESS CHK; 
: CORRECT; 

State CORRECT: DIRX :" (COUNT""O) & LOW & RST ; 
:" (COUNT""O) & LOW & RST-; 
:" (COUNT""O) & HIGH & RST ; 
:" (COUNT""2) & HIGH & RST-; 
:" (COUNT""2) & HIGH & RST-; 
:" (COUNT""2) & HIGH & RST-; 
:" (COUNT""2) & LOW & RST ; 

State REFRESH: 

GX 
RASIX 
GX 
ELEX 
DLEX 
RASIX 
MClX 
DIRX 
case 

:" (COUNT""2) & LOW & !REFREQ & RST_; 
:" (COUNT""2) & HIGH & RST_; -

(COUNT""2) & REFREQ & RST : ACCESS CHK; 
(COUNT""2) & !REFRE(L & RST : REFRESH; 

endcase; 

RASIX 
RFCX_ 
MClX 
RASIX 
RFCX_-
case 

:" (COUNT""O) & HIGH & RST ; 
:" (COUNT""l) & LOW & RST ; 
:" (COUNT""2) & HIGH & RST ; 
:" (COUNT""2) & LOW & RST ; 
:" (COUNT""2) & HIGH & RSt; 

(COUNT""2) 
endcase; 

test vectors ' REFRESH SEQUENCE ' 
([CLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNT] -) [ELE,G ,DIR,DLE,MCl,RASI ,RFC ,DSACK, STATE II 
[ C, L-, X, X-, X -, X-, X-, 0 ] -) [ H , H, H , H , H, H -, H -, H -, IDLE - ]; 
[ C, H, X, X, X ,X, X, 0 ] -) [ H , H, H , H , H, H ,H, H, RAS DLY ]; 
[ C, H, X, X, L ,X, X, 0 ] -) [ H , H, H , H , L, L ,H, H, REFRESH ]; 
[ C, H, X, X, X ,X, X, 0 ] -) [ H , H, H , H , L, H ,H, H, REFRESH ]; 
[ C, H, X, X, X ,X, X, 1 ] -) [ H , H, H , H , L , ,L, H, REFRESH ]; 
[ C, H, X, X, X ,X, X, 2 ] -) [ H , H, H , H , H, L ,H, H ,ACCESS CHK]; 
[ C, H, X, H, H ,X, X, 0 ] -) [ H , H, H , H , H, H ,H, H, IDLE- ]; 
[ C, H, X, X, X ,X, X, 0 ] -) [ H , H, H , H , H, H ,H, H, RAS DLY ]; 
[ C, H, H, X, H ,X, X, 0 ] -) I H , H, H , H , H, L , H, H, ACCESS _ CHK]; 

test vectors ' WRITE SEQUENCE ' 
(ICLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNT] -) IELE,G ,DIR,DLE,MCl,RASI ,RFC ,DSACK, STATE ]) 
[ C, H-, X, L-, H -, L-, X-, 0 ] -) I H , L, L , H , H, L -, H -, H -, WRITE ]; 
I C, H, X, X, X ,X, X, 1 ] -) I L , L, L , H , H, H ,H, H, WRITE ]; 
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[ C , H, X, X , X , X, X , -> [ L , L, 1, H, H, H , H , L , WRITE I; 
[ C , H, X, X , X I X , X , -> [ H , H, H , H I H , L , H , ACCESS _ CHKI ; 

lest vectors ' READ SEQUENCE I 

([CLK, RST_, AS, IOM_,REFREQ_, RW _, ERR_-, COUNT I -> [ELE, G_, DIR, DLE, MCI, RASI _, RFC _, DSACK_, STATE )) 
[ C , H, X, L , B , H, X, 0 ) -> [ H , H, H , H , H , L , H , H , READ ); 
[ C , B, X, X, X , X, X, 1 ) -> [ B , L, B , L , H , H , H , H , READ I; 
[ C , B, X, X , X , X, X, 2 ) -> [ H , L, H , L , H , H , H , L , READ ); 
[ c , H, X,· X, X , X, H, 3 ) -> [ H , H, H , H , H , L , H , H , ACCESS_CHKI ; 

test_vectors ' READ, CORRECT & ACCESS SEQUENCE ' 
([CLK,RST_,AS, 10M _, REFREQ_,RW_, ERR_,COUNT) -> [ELE, G _,DIR, DLE,MC1, RASI_, RFC_, DSACK_, STATE ]) 
[ C , H, X, L , H , H, X , 0 ) -> [ H , H, B , H , H , L , H , H , READ- ); 
[ C , B, X, X , X , X, X , 1 ) -> [ H , L, H , L , H , H , H , H , READ ); 
[ C , B, X, X , X , X, X , 2 ) -> [ H , L, H , L , H , H , H , L , READ ); 
[ C , B, X, X, X , X, L , 3 ) -> [ L , H, H , L , H , L , H , H , CORRECT) ; 
[ C , B, X, X, X , X, X , 0 J -> [ L , L, L , L , H , H , H , H , CORRECT) ; 
[ C , H, X, X, X , X, X , 1 I -> [ L , L, L, L, H , H , H , H , CORRECT) ; 
[ C·, H, X, X, H , X, X, 2 J -> [ H , H, H, H, H I L , H , H , ACCESS _ CHKI; 

test_vectors ' READ, CORRECT & ·REFRESH SEQUENCE ' 
([CLK,RST_,AS, IOM_, REFREQ_, RW _, ERR._, COUNT) -> [ELE, G_, DIR, D1E, MCI, RASI _, RFC_, DSACK_, STATE ]) 
[ C , B, X, L , B , H, X , 0 I -> [ B , H, H , H , H , L , H , H , READ- I; 
[ C , B, X, X , X , X, X , 1 ) -> [ B , L, H , L , H , H , H , H , READ ); 
[ C , B, X, X , X , X, X , 2 ) -> [ H , L, H I L , H , H , H , L , READ ); 
[ C , B, X, X, X , X , L, 3 I -> [ L , H, H , L , H , L , H , H , CORRECT) ; 
[ C , H, X, X, X , X, X , 0 I -> [ L , L, L , L, H , H , B , H , CORRECT I; 
[ C , B, X, X, X , X, X , 1 ) -> [ L , L, L , L , H , H , H , H , CORRECT I; 
[ C , B, X, X, L , X, X , 2 I -> [ B , H, H , H , L , L , H , H , REFRESH) ; 
[ c , H , X, X, X , X, X , 0 ) -> [ H , H, H , H , L , H , H , H , REFRESH) ; 
[ C , H, X, X, X , X, X , 1 ) -> [ H , H, H , H , L , H , L , H , REFRESH) ; 
[ C , B , X, X , X , X, X , 2 I -> [ H , H, H , H , H , L , H , H , ACCESS _ CHK) ; 
[ C , B , X, X , L , X , X , 0 J -> [ H , H, H , H , H , H , H , H , IDLE I; 
[ C , B, X, X, L , X, X , 0 I -> [ H , H, H , H , H , B , H , H , RAS DLY I; 
[ C , H, X, X, L , X, X , 0 ) -> [ H , H, H , H , L , L , H , H , REFRESH I; 

end EDACCA 
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Module EDACMSl 
title 'FLOW THRU EDAC MEMORY CONTROLLER FOR CORRECT ALlIAYS IIODE 

lri11CII!IIIII SCRDBBIE, Dl!VICK f1 
BERTRAND LEIGH, TEXAS INSTRUMENTS, JANUARY 26, 1990' 

EDACMS1 device 'F507'; 

, Input pin assignments 

CLK pin 1; , CLOCK INPUT 
RST pin 2; , ACTIVE LOW SYSTEM RESET 
AS pin 3; , ADDRESS STROBE FROM PROCESSOR 
10M pin 4; " IO/MEMORY SPACE INDICATOR 
REFREQ_ pin 5; , REFRESH REQUEST 
Ril pin 6; " READ/WRITE SIGNAL 
ERR pin 7; , ERROR FLAG FROM EDAC 

, Output pin and node assignments 

ELE 
G 
DrR 
DLE 
RASI 
RFC-
DSACK 

pin 8; 
pin 9; 
pin 10; 
pin 11; 
pin 14; 
pin 15; 
pin 16; 

ELE R 
G R-

DrR R 
DLE-R 
RASr R 
RFCR 
DSACK R 

node 47; 
node 48; 
node 49; 
node 50; 
node 52; 
node 53; 
node 54; 

, EDAC'S LATCH ENABLE 
, EDAC' S OUTPUT ENABLE 
, DIRECTION CONTROL 
, DMC'S LATCH ENABLE 
, RAS INPUT TO DMC 
, REFRESH COMPLETE 
" DATA ACKNOWLEDGE 

, Internal counter bits & control, and state reg - node declarations 

CO node 55; 
C1 node 56; 
C2 node 57; 
SCLRO node 25; 
CNTHOLD 1 node 29; 
PO node 31; 
P1 node 32; 
P2 node 33; 
ASCHK node 34; 

CNTHOLD1 R 
PO R -
P1-R 
P2-R 
ASCHK R 

" INTERNAL COUNTER BIT 
, INTERNAL COUNTER BIT 
, INTERNAL COUNTER BIT 
, SYNC. CLEAR COUNTER CONTROL 

node 30; n COUNT/HOLD CONTROL REGISTER 
node 39; , BURIED STATE REGISTER 
node 40; • BURIED STATE REGISTER 
node 41; • BURIED STATE REGISTER 
node 42; " INTERNAL AS REGISTER 

n Set and reset definition for registers 

ELEX 
GX 
DIRx 
DLEX 
RASIX 
RFCX -
DSACKx 
ASCHKX-

= [ELE, ELE Rl; 
= [G , G Rl; 
= [DrR, ilIR Rl; 
= [OLE, DLE-Rl; 
= [RASI , RAsI Rl; 
= [RFC ~ RFC RT; 
= [DSACK , DSACK Rl; 
= [ASCH( ASCEK}l; 

, Intermediate declarations for simplification. 

HIGH = [1, 01; 
LOW = [0, 11; 
COUNT = [C2,C1,C01; 
STATE = [P2,P1,P01; n STATE REGISTER SET DEFINED 
B,L,C~X = 1, 0, .C., .X.; 

, Intermediate state declarations 
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IDLE = 'BODO; " SAME AS INITIALIZE STATE 
ACCESS CHK = 'B001; 
WRI~E - = 'BOlO; 
READ = 'BOll; 
CORRECT = 'B100; 
REFRESH = 'B101; 
RAS OLY = 'B110; 

equations 

" Initialization when RST is low 

[OSACK ,RFC ,RASI ,G ,DLE,ELE,DIRJ 
[PO J, P1_R, P2_R, ASCHK_ RJ 

,= !RST; 
!RS(; 

" Counter controls defined 

SCLRO = !RST 
t ISTATE ==ACCESS CHK) & 10M 
t ISTATE -==ACCESS -CHK) & !REFREQ 
t (STATE-==WRITE)-& (COUNT==3) -
t (STATE-==READ) & (COUNT==3) 
t (STATE - ==CORRECT) & ICOUNT==2) 
t ISTATE-==REFRESH) & ICOUNT==5) 
t ISTATE-==IDLE) 
t (STAT( =RAS _DLY) ; 

" State definition 

state diagram STATE 
State IDLE: - ASCHKX := HIGH & AS; 
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if RST _ then RAS _OLY; 

State RAS OLY: RASIX := LOW &'IIAS f ASCHK) & REFREQ_ f IREFREQJ 
& RST ; 

ASCHKX : = LOW & - ASCHK; 
if AS & REFREQ & RST then ACCESS CHK 

else --
if ! REFREQ & RST then REFRESH 

else - -
IDLE; 

State ACCESS_CHK: DIRX := LOW & 110M & !RW & REFREQ & RST ; 
GX := LOW & !IOM- & IRW- & REFREQ- & RST-; 

State WRITE: 

RASIX := HIGH & 10M- & REFREQ & RST-; -
RASIX := HIGH & IREFREQ & RST; -
if ! 10M & !RW & REFREQ -& RST - then WRITE 

else - - --
if !laM & RW & REFREQ & RST then READ 

else - - --

if I !REFREQ flaM & REFREQ ) & RST then IDLE 
else - - -

IDLE; 

ELEX := (COUNT==l) & LOW & RST ; 
RASIX := ICOUNT==l) & HIGH & RST_; 
OSACKX := ICOUNT==2) & LOW & RST ; 
DSACKX-:= ICOUNT==3) & HIGH & RST ; 
ELEX -:= (COUNT==3) & HIGH & RS(; 



GX : = (COUNT==3) & HIGH & RST ; 
RASIX := (COUNT==3) & LOW & RST -; 
DIRX - := (COUNT==3) & HIGH & RST_; 
case 

(COUNT==3) & RST_ 
endcase; 

State READ: GX := (COUNT==I) & LOW & RST ; 
RASIX_ := (COUNT==I) & HIGH & RST ; 
DLEX : = (COUNT== I) & LOW & RST -; 
DSACKX := (COUNT==2) & LOW & RST-; 
DSACKX-:= (COUNT=3) & HIGH & RST ; 

State CORRECT: 

State REFRESH: 

GX -:= (COUNT==3) & HIGH & RST-; 
DLEX : = (COUNT==3) & HIGH & ERR - & RST ; 
RASIX : = (COUNT==3) & LOW & RST -; -
ELEX - := (COUNT==3) & LOW & !ERR_ & RST_; 
case 

(COUNT=3) & ERR & RST : ACCESS CHK; 
: CORRECT; (COUNT=3) !ERR_ & RST_ 

endcase; 

DIRX 
GX 
RASIX 
GX -

EIix 
DLEX 
RASIX 
DIRX -
case 

:= (COUNT==O) & LOW & RST ; 
:= (COUNT==O) & LOW & RST-; 
:= (COUNT=O) & HIGH & RST ; 
:= (COUNT==2) & HIGH & RST-; 
:= (COUNT==2) & HIGH, RST-; 
:= (COUNT==2) , HIGH & RST-; 
:= (COUNT==2) ," LOW & RST -; 
:= (COUNT=2) & HIGH & RSt; 

(COUNT==2) & REFREQ & RST : ACCESS CHK; 
: REFRESH; (COUNT==2) !REFREQ_ & RST_ 

endcase; 

RFCX 
RFCX 
DIRX-

RASIX 
DIRX -

RASIX 
case 

:= (COUNT==I) & LOW & RST_; 
:= (COUNT==2) & HIGH & RST ; 
:= (COUNT==3) & LOW & !ERR - & RST ; 
:= (COUNT==3) & HIGH, RST-; -
:= (COUNT==4) & HIGH, RST-; 
:= (COUNT=5) & LOW & RSTJ 

(COUNT==S) 
endcase; 

test vectors ' REFRESH SEQUENCE WITH ERROR ' 
([CLK, RST _,AS, 10M _, REFREQ_, RW _,ERR _, COUNT] -) [ELE, G_, DIR, DLE, RAS] _, RFC_, DSACK_, STATE - ]) 
[ C , L, X, X, X , X , X, 0 ] -) [ H , H, H , H , H , H , H , IDLE ]; 
[ C , H, X, X, X , X , X, 0 ] -) [ H , H, H , H, H , H , H , RAS DLY ]; 
[ C , H , X, X , L , X , X, 0 ] -) [ H , H, H , H, L , H , H , REFRESH ]; 
[ C , H, X, X , X , X, X, 0 ] -) [ H , H, H , H , L , H , H , REFRESH ]; 
[ C , H, X, X , X , X, X , 1 -) [ H , H, H , H , L , L , H , REFRESH ]; 
[ C , H, X, X, X , X, X, 2 -) [ H , H, H , H , L , H , H , REFRESH ); 

[ C , H, X, X, X , X , L, 3 -) [ H , H, L , H , H , H , H , REFRESH ]; 
[ C , H, X, X , X , X , X , 4 -) [ H , H, H , H , H , H , H , REFRESH ]; 

[ C , H, X, X, X , X , X, 5 -) [ H , H, H , H , L , H , H ,ACCESS_eRR] ; 
[ C , H, X, H, H , X, X, 0 -) [ H , H, H , H , H , H , H , IDLE ]; 
[ C , H , X, X, X , X , X , 0 -) [ H , H, H , H , H , H H , RAS DLY ]; 
[ C , H, H, X, H , X , X , 0 -) [ H , H, H , H , L , H , H ,ACCESS _ CHK]; 
[ C , H, X, X, L , X, X , 0 -) [ H , H, H , H , H , H , H , IDLE ]; 
[ C , H, X, X, L , x, x, 0 -) [ H , H, H , H , H , H , H , RAS_DLY ]; 
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test vectors ' REFRESH SEQUENCE WITHOUT ERROR' 
([C1K, RST_, AS, IOM_,REFREQ_, RW_,ERR_, COUNT] -) [E1E, G _, DIR, 01E, RASI _, RFC _, OSACK_, STATE ]) 
[ C , ·H , X, X , 1 I X f X , 0 ] -) [ H , H, H , H , L , H , H , REFRESH ]; 
[ C , H , X, X , X , X , X , 0 ] -> [ H , H, H , H , L , H , H , REFRESH ]; 
[ C , H , X, X , X , X , X , 1 ] -) [ H , H, H, H , L , L , H , REFRESH ]; 
[ C , H , X, X , X , X , X , 2 I -) [ H , H, H, H , L , H , , REFRESH ]; 
[ C , H , X, X , X , X , H , 3 ] -) [ H , H, H, H , , H , REFRESH ]; 
[ C , H , X, X , X , X , X , 4 I -) [ H , H, H , H , , H , REFRESH ]; 
[ c , H , X, X , X , X , X, 5 ] -> [ H , H, H , H , , H ,ACCESS _ CHKI; 

test vectors ' WRITE SEQUENCE ' 
([CLK, RST_, AS, IOM_, REFREQ_, RW_, ERR _, COUNT] -> [ELE,G_, OIR, OLE, RASI _, RFC_, DSACK_, STATE ]) 
[ C , H , X, L , H , L , X , 0 I -) [ H , L, 1 , H , 1 , H H , WRITE ]; 
[ C , H , X, X , X , X , X , 1 I -) [ 1 , 1, 1, H , H , H , H , WRITE ]; 
[ C , H , X, X , X , X , X , 2 I -) [ L , L, 1, H , H , H , L , WRITE ]; 
[ C , H , X, • X , X , X , X , 3 I -) [ H , H, H , H , , H , H ,ACCESS _ CHK] ; 

test vectors ' READ SEQUENCE ' 
([C1K, RST _, AS, IOM_, REFREQ_, RW _, ERR_, COUNT I -) [ELE, G _, OIR, DLE, RASI _, RFC_, DSACK_, STATE II 
[ C , H , X, L, H , H , X , 0 I -) [ H , H, H , H , L , H , H , READ ]; 
[ C , H , X, X , X , X , X , 1 I -) [ H , L, H , L , H H , H , READ ]; 
[ C , H , X, X , , X , X , 2 I -) [ H , L, H , L , H , H , L , READ ]; 
[ C , H , X, X , , X , H , 3 I -) [ H , H, H , H , , H , H ,ACCESS_ CHKI; 

test vectors' READ, CORRECT & ACCESS SEQUENCE' 
([CLK, RST_, AS, IOM_, REFREQ_, RW_, ERR _, COUNT] -) [ELE, G_, OIR, DLE, RASI ,RFC - ' DSACK_, STATE ]1 
[ C , H , X, L , H , H , X , 0 ] -) [ H , H, H , H , L , H , H , READ ]; 
[ C , H , X, X , X , X , X , 1 ] -) [ H , L, H , L, H , H , H , READ ]; 
[ C , H , X, X , X , X , X , 2 ] -) [ H , L, H , L, H , H , L , READ ]; 
[ C , H, X, X , , X , L , 3 ] -) [ L , H, H , L, L H , H , CORRECT] ; 
[ C , H , X, X , , X , X , 0 ] -) [ L , L, L , L , H , H , H , CORRECT] ; 
[ C , H, X, X , , X , X , 1 ] -> [ L , L, L , L , H , H , H , CORRECT] ; 
[ C , H , X, X , , X , X , 2 ] -> [ H , H, H , H , L , H , ,ACCESS _ CHK]; 

test vectors' READ, CORRECT & REFRESH SEQUENCE' 
([CLK, RST_, AS, 10M _, REFREQ_, RW_, ERR _, COUNT] -> [ELE, G_, DIR, DLE, RASI ,RFC , DSACK_, STATE ]1 -[ C , H , X, L , H , H , X , 0 ] -> [ H , H, H , H , 1 , H , H , READ ]; 
[ C , H , X, X , f X I X , 1 ] -> [ H , L, H , L , , H , H , READ ]; 
[ C , H , X, X , , X , X , 2 ] -> [ H , L, H , L , H , H , L , READ ]; 
[ C , H , X, X , , X , L , 3 I -> [ L , H, H , L , L , H , H , CORRECT ]; 
[ C , H , X, X , , X , X , 0 ] -> [ L , L, L , L , H , H , H , CORRECT ]; 
[ C , H, X, X , , X, X , 1 ] -> [ L , L, L, L , , H , H , CORRECT ]; 
[ C , H , X, X , , X , X , 2 ] -> [ H , H, H , H , L , H , H , REFRESH ]; 
[ C , H , X, X , I X I X , 0 ] -> [ H , H, H , H , L , H , H , REFRESH ]; 
[ C , H , X, X , X , X , X , 1 ] -) [ H , H, H , H , L , L , H , REFRESH] ; 
[ C , H , X, X , X , X , X , 2 ] -> [ H ,. H, H , H , L , H , H , REFRESH] ; 
[ C , H , X, X , X , X , L , 3 ] -> [ H , H, L , H , H , H , H , REFRESH I; 
[ C , H , X, X , X , X , X , 4 ] -) [ H , H, H , H , H , H , H , REFRESH] ; 
[ C , H , X, X , X , X , X , 5 I -> [ H , H, H , H , L , H , H ,ACCESS _ CHK] ; 
[ C , H , X, X , , X , X , 0 ] -> [ H , H, H , H , H , H , H , IDLE ]; 
[ C , H , X, X , L , X , X , 0 ] -) [ H , H, H , H , H , H , H , RAS DLY ]; 
[ C , H , X, X, L , X , X , 0 ] -> [ H , H, H , H , L , H , H , REFRESH] ; 

end EDACMSI 
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Module EDACMS2 
titIe 'FLOW THRU EDAc MEMORY CONTROLLER FOR CORRECT ALIIAYS MODE 

Irtm-1I!IIlRY SCRUBIIllki, IlEVICK '2 
BERTRAND LEIGH, TEXAS INSTRUMENTS, JANUARY 26, 1990' 

EDACMS2 device 'F507'; 

, Input pin assignments 

eLK pin 1; " CLOCK INPUT 
RST pin 2; " ACTIVE LOW SYSTEM RESET -
AS pin 3; " ADDRESS STROBE FROM PROCESSOR 
10M ptf! 4; , IO/MEMORY SPACE INDICATOR 
REFREQ_ pIn 5; " REFRESH REQUEST 
RW pin 6; " READ/WRITE SIGNAL 
ERR pin 7; , ERROR FLAG FROM EDAC 

" Output pin and node assignment s 

SDIR pin 8; SDIR R node 47; "SCRUBBING EDAC'S DIRECTION CONTROL 
SLE pin 9; SLE R node 48; "SCRUBBING EDAC'S LATCH ENABLE 
SG pin 10; SG R 
MCa pin 11; MCa R 
MC1 pin 14; MCl-R 

node 49; "SCRUBBING EDAC'S OUTPUT ENABLE 
node 50; "DMC' S MODE CONTROL a 
node 52; "DMC' S MODE CONTROL 1 

" Internal counter bits & control, and state reg - node declarations 

CO node 55; 
Cl node 56; 
C2 node 57; 
SCLRO node 25; 
CNTHOLD1 node 29; 
PO node 31; 
PI node 32; 
P2 node 33; 
ASCHK node 34; 

CNTHOLD1 R 
PO R -
PCR 
P2-R 
ASCHK R 

" INTERNAL COUNTER BIT 
, INTERNAL COUNTER BIT 
" INTERNAL COUNTER BIT 
, SYNC. CLEAR COUNTER CONTROL 

node 30; , COUNT/HOLD CONTROL REGISTER 
. node 39; " BURIED STATE REGISTER 

node 40; , BURIED STATE REGISTER 
node 41; " BURIED STATE REGISTER 
node 42; " INTERNAL AS REGISTER 

, Set and reset definition for registers 

SDIRX = [SDIR, SDIR RI; 
SLEX = [SLE, SLE R]; 
SGX = [SG , SG RI; 
MCOX = [MCa, Mca RI; 
MC1X = [MCl, MCCRI; 
ASCHKX = [ASCHK, AS-CRK _ RI ; 

, Intermediate declarations for simplification. 

HIGH = [1, 01; 
LOW = [0, 11; 
COUNT = [C2,C1,COI; 
STATE = [P2,P1,POI; "STATE REGISTER SET DEFINED 
H,L,C) = I, 0, .C., .X.; 

" Intermediate state declarations 

IDLE = 'BOO 0; , SAME AS INITIALIZE STATE 
ACCESS CHK = 'Baal; 
WRITE - = 'BOlO; 
READ = 'Ball; 
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CORRECT = 'B100; 
REFRESH = 'B10l; 
RAS_OL~ = 'B110; 

equations 

" Initialization when RST is low 

[MC1,SLE,SG 1 
[PO _R,PtR, P2 _R, SOIR _R,ASCHK Jl 

!RST ; 
'= !RS(; 

" Counter controls defined 

SCLRO = !RST 
# (STATE ==ACCESS CHK) & 10M 
I (STATE-==ACCESS-CHK) & IREFREQ 
# (STATE-==WRITE)-& (COUNT==3) -
t (STATE-==READ) & (COUNT==3) 
t (STATE - ==CORRECT) & (COUNT==2) 
t (STATE-==REFRESH) & (COUNT==S) 
f (STATE-==IDLE) 
I (STAT(==RAS _OLY) ; 

" State definition 

state diagram STATE 
State IDLE: - ASCHKX := HIGH & AS; 
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if RST_ then RAS_OLY; 

State RAS OLY: MCOX : = HIGH & ! REFREQ & RST ; 
MC1X := LCW & !REFREQ -& RST ;-
SOIRX := HIGH & !REFREQ & RST ; 
SGX := LOW & !REFREQ_-& RSTJ 
ASCHKX : = LOW & ASCHK; 
if AS & REFREQ & RST then ACCESS _ CHK 

else --
if ! REFREQ & RST then REFRESH 

else - -

IDLE; 

State ACCESS CHK: 

State WRITE: 

if !IOM & IRW_ & REFREQ_ & RST_ then WRITE 
else 

if ! 10M & RW & REFREQ & RST then READ 
else - - - -

if (! REFREQ t 10M & REFREQ ) & RST _ then IDLE 
else - - -

IDLE; 

case 
(COUNT==3) & RST_ 

endcase; 

State READ: case 
(COUNT==3) & ERR & RST 
(COUNT==3) & !ERR_ & RSt 

endcase; 

: ACCESS _ CHK; 
: CORRECT; 

State CORRECT: MCOX := (COUNT==2) & HIGH & !REFREQ & RST ; 
MClX := (COUNT==2) & LCW & !REFREQ_-& RST J 



SOIRX := (COUNT==21 & HIGH & !REFREQ & RST ; 
SGX_ := (eOUNT==21 & LOW & !REFREQ_-& RS(; 
case 

(COUNT==21 & REFREQ & RST : ACCESS CHK; 
: REFRESH; (COUNT==21 !REFREQ_ & RSt 

endcase; 

State REFRESH: MCaX 
MCIX 
SOIRX 
SLEX 
SLEX 
SGX 
SOIRX 
case 

:= (COUNT==51 & LOW & RST ; 
,- (COUNT==51 & HIGH & RST ; 
:= (COUNT==31 & LOW & !ER( & RST_; 
:= (COUNT==31 & LOW & 'ERR & RST ; 
:= (COUNT==51 & HIGH & RST-; -
:= (COUNT==51 & HIGH & RST-; 
:= (COUNT==51 & LOW & RS(; 

(COUNT==51 
endcase; 

test vectors ' REFRESH SEQUENCE, WITH ERROR' 
([CLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNTI -> [SDIR,S1E,SG ,MCC,MCI, STATE II 
[C, 1-, X, X-, X -,X-, X-, a 1->[ 1,H,H-,1,H, IDLE I; 
[ C, H, X, X, X ,X, X, a I -> [ 1, H , H , 1 , H , RAS _ D1Y j; 
[ C, H, X, X, L ,X, X, a I -> [ H, H , 1 , E , 1 ,REFRESH I; 
[ C, H, x, X, X ,X, X, a I -> [ H, H , 1 , H , 1 ,REFRESH I; 
[ C, H I XI X, X I X I X I 1 ] -> [ H, H I L,B I 1 I REFRESH ] i 
[ C, H, x, X, x ,X, X, 2 I -> [ H, H , L , H , L ,REFRESH I; 
[ C, H, X, X, X ,X, L, 3 I -> [ 1, L , L , H , 1 ,REFRESH Ii 
[ C, H, X, X, X ,X, X, 4 I -> [ 1, 1 , L , H , L , REFRESH J; 
[e, H,X, x, X ,x, X, 51->[ 1,H,H,L,H,ACCESSCHKj; 
[ C, H, X, H, H ,X, X, a I -> [ 1, H , H , 1 , H, IDLE - j; 
[ C, H, x, X, x ,X, X, a I -> [ 1, H , H , L , H , RAS OLY ] i 
[ C, H, H, X, H ,X, X, a I -> [ 1, H , H , 1 , H ,ACCESS CHK]; 
[ C, H, X, X, L ,X, X, a J -> [ 1, H , H , 1 , H, 101E- J; 
[ C, H, X, X, L ,X, X, a I -> [ L, H , H , L , H , RAS D1Y I; 

test vectors ' REFRESH SEQUENCE WITHOUT ERROR ' 
([CLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNTI -> [SOIR,SLE,SG ,MCO,Mel, STATE II 
( C I H-, X, X-, L -, X--, X-, 0 J -> [ H I H I L-, H , L I REFRESH l; 
[ C, H, X, X, X ,X, X, ° I -> [ H, H , L , H , 1 , REFRESH J; 
[ C, H, X, X, X ,X, X, I I -> [ H, H , L , H , 1 ,REFRESH I; 
[ C, H, X, X, X ,X, X, 2 I -> [ H, H , 1 , H , 1 ,REFRESH I; 
[ C, H, X, X, X ,X, H, 3 J -> [ H, H , 1 , H , 1 ,REFRESH I; 
[ C, H, X, X, X ,X, X, 4 J -> [ H, H , L , H , 1 , REFRESH J; 
[ C, H, X, X, X ,X, X, 5 J -> [ 1, H , H , 1 , H ,ACCESS_CHKJ; 

test vectors ' WRITE SEQUENCE ' 
([C1K,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNTJ -> [SDIR,S1E,SG ,MCO,MCI, STATE Ii 
[ C, H-, X, 1-, H -, 1-, X-, a J -> [ 1, H , H-, 1 , H, WRITE I; 
[ C, H, X, X, X ,X, X, I J -> [ L, H , H , 1 , H, WRITE j; 
[ C, H, X, X, X ,X, X, 2 J -> [ 1, H , H , L , H, WRITE I; 
[C, H,X, X, X ,x, x, 3 J->[ L,H,H,L,H,ACCESS_CHKJ; 

test vectors ' READ SEQUENCE ' 
([CLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNT] -> [SOIR,SLE,SG ,MCO,MCl, STATE JI 
[ C, H-, X, L-, H -, H-, [, ° J -> [ L, H , H-, L , H, READ ]; 
[ C, B, X, X, X ,X, X, I ! -> [ L, H , H , L , H, READ I; 
[ C, H, X, X, X ,X, X, 2 J -> [ 1, H , H , L , H, READ I; 
[ C, H, X, X, X ,X, H, 3 ] -> [ 1, H , H , 1 , B ,ACCESS _CBK]; 

test vectors ' READ, CORRECT & ACCESS SEQUENCE ' 
([CLK,RST ,AS,IOM ,REFREQ ,RW ,ERR ,COUNT] -> [SOIR,SLE,SG ,MCO,MCI, 
[ C, H-, X, L-, H -, a-, X-, ° ] -> [ L, H , B-, L , H , 
[ C, 8, X, X, X ,X, X, 1 ] -> [ L, H , H , L , H , 
[ C, H, X, X, X ,X, X, 2 ] -> [ 1, H , H , L , H , 

JI STATE 
REAO- J; 
READ ]; 
READ ]; 
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[ C , H, X, X , , x , L, ] -) L , H , H , L , H , CORRECT 1; 
[ C , H, X, X , , X , X , ] -> L, H, H , L , H , CORRECT] ; 
[ c , H, X, X , , X , X , ] -> L, H, H , L , H , CORRECT] ; 
[ C , H, X, X, H , X, X, 2 ) -> [ L, H , H , L , H ,ACCESS _ CHKJ; 

test_vectors ' READ, CORRECT & REFRESH SEQUENCE ' 
([CLK, RST_, AS, IOM_, REFREQ_, RW _, ERR _, COUNT) -) [SDIR, SLE, SG_, Mea, MCI, STATE ]) 
[ c , B , X, L, R , H , X , a ) -) [ L, H , H , L , H , READ- ); 
[ C , H , X, X , X , X , X , I ] -) [ L, H, H , L , H , READ ]; 
[ C , H , X, X , X , X , X, 2 ] -) [ L , H, H , L , H , READ ]; 
[ C , H , X, X , X , X , L, 3 ] -) [ L, H , H , L , H , CORRECT] ; 
[ C , H, X, X , X , X 1 X, a ] -) [ L , H , H , L , H , CORRECT] ; 
[ C , H , X, X , X , X , X, I ] -) [ L, H , H , L , H , CORRECT] ; 
[ C , H , X, X, L , X , X , 2 ] -) [ H , H , L , H , L , REFRESH] ; 
[ C , H , X, X , X , X , X , a ] -> [ H , H, L , H , L , REFRESH] ; 
[ C , H , X, X, X , X , X , I ] -) [ H , H , L , H , L , REFRESH] ; 
[ c , H , X, X , X , X , X, 2 ] -) [ H , H, L , H , L , REFRESH] ; 
[ C , H , X, X , X , X , L, 3 ] .> [ L, L, L , H , L , REFRESH] ; 
[ C , H , X, X , X , X , X, 4 ] -) [ L, L , L , H , L, REfRESH] ; 
[ C , H, X, X , X , X , X, 5 ] -) [ L, H, H , L , H ,ACCESS CHK]; 
[ C , H , X, X , L , X , X , a ] -) [ L , H , H , L , H , IDLE ]; 
[ c , H , X, X , L , X , X , a ] -) [ L , H , H , L , H , RAS DLY ]; 
[ C , H , X, X , L , X , X , a ] -) [ H , H, L , H , L , REFRESH] ; 

end EDACMS2 
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Module EDACCOE 
title 'FLOII TimO EDAC MEMORY CONTROLLER FOR CORRECT OIlLY 01 ERROR MODE, 

BiRTRANn LEIGH, TEXAS INSTRUMENTS, JANUARY 30, 1990' 

EDACCOE device 'F507'; 

• Input pin assignments 

CLK pin 1; • CLOCK INPUT 
RST pin 2; • ACTIVE LOll SYSTEM RESET 
AS pin 3; " ADDRESS STROBE FROM PROCESSOR 
10M pin 4; • IO/MEMORY SPACE INDICATOR 
REFREQ_ pin 5; " REFRESH REQOEST 
Ril pin 6; " READ /IIRITE SIGNAL 
ERR pin 7; " ERROR FLAG FROM EDAC 

• Output pin and node assignments 

LE pin 8; 
G pin 9; 
DrR pin 10; 
CORR pin 11; 
MC1 pin 13; 
RASI pin 14; 
RFC pin 15; 
DSACK_ pin 16; 

LER 
GR 
orR R 
CORR R 
He1R 
RAsr R 
RFCR 
DSACK R 

node 47; 
node 48; 
node 49; 
node 50; 
node 51; 
node 52; 
node 53; 
node 54; 

" EDAC'S LATCH ENABLE 
• EDAC' S OUTPUT ENABLE 
" DIRECTION CONTROL 
• EDAC'S CORRECT CONTROL 
• DMC' S MODE CONTROL 
" RAS INPUT TO DMC 
" REFRESH COMPLETE 
" DATA ACKNOWLEDGE 

" Internal counter bits & control, and state reg - node declarations 

CO 
C1 
C2 
SCLRO 
PO 
P1 
P2 
ASCHK 

node 55; 
node 56; 
node 57; 
node 25; 
node 31; PO R 
node 32; peR 
node 33; P2-R 
node 34; ASCHK R 

" INTERNAL COUNTER BIT 
" INTERNAL COUNTER BIT 
" INTERNAL COUNTER BIT 
" SYNC. CLEAR COUNTER CONTROL 

node 39; n BORIED STATE REGISTER 
node 40; " BURIED STATE REGISTER 
node 41; " BURIED STATE REGISTER 
node 42; " INTERNAL AS REGISTER 

" Set and reset definition for registers 

LEX 
GX 
DIRx 
CORRX 
MC1X 
RASIX 
RFCX -
DSACKx 
ASCHKX 

= [LE, LE RJ; 
= [G , G RJ; 
= [DrR, OIR RJ; 
= [CORR, CORR RJ; 
= [MC1, MC1 RJ; 
= [RASI , RASI RJ; 
= [RFC ~ RFC R1'; 
= [DSACK , DSACK RJ; 
= [ASCHK~ ASCHK}]; 

" Intermediate declarations for simplification. 

HIGH = [1, OJ; 
LOll = [0, 1J; 
COUNT ;. [C2,C1,CO]; 
STATE = [P2,P1,POJ; "STATE REGISTER SET DEFINED 
H,L,C~X = 1, 0, .C., .X.; 

• Intermediate state declarations 

8-69 



IDLE • 'BOOO; "SAME AS INITIALIZE STATE 
A(;eE.S5 CHK = 'B001; 
WRITE - • 'BOlO; 
READ • 'BOll; 
MOD WRITE • 'B100; 
REFRESH .' Bl 0 1; 
RETRY = 'BllO; 
RAS_DLY • '8lll; 

equations 

" Initialization when RST is low 

[DSACK ,MC1,RFC ,RASI ,G ,LE,DIR) 
[PO_R, P1J, P2 _ R~CORR ji:,ASCHK Jl 

'RST ; 
.- !RS(; 

, Counter controls defined 

SCLRO. 'RST 
t (STATE ··ACCESS CHK) & 10M 
t (STATE-"ACCESS-CHK) & !REFREQ 
t (STATE-'=WRITE)-& (COUNT··3) -
t (STATE-==READ) & (COUNT=·3) 
t (STATE-==MOD WRITE) & (COUNT=·2) 
t (STATE-==REFRESH) & (COUNT==2) 
t (STATE-"RETRY) & (COUNT==3) 
t (STATE -==RAS DLY) 
t (STAT(==IDLE); 

" State definition 

state diagram STATE 
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State IDLE: - ASCHKX:= HIGH & AS; 
if RST_ then RAS_DLY; 

MClX := LOW & !REFREQ & RST ; 
RASIX _ := LOW & ((AS t ASCHK) "& REFREQ_ * !REFREQJ 

& RST ; 
ASCHKX := LOW &-ASCHK; 
if (AS t ASCHK) & REFREQ & RST then ACCESS _ CHK 

else -
if I REFREQ & RST then REFRESH 

else - -
IDLE; 

State ACCESS CHK: DIRX := LOW & ! 10M & ! RW & REFREQ & RST ; 

State WRITE: 

- GX := LOW & !IOM- & !RW- & REFREQ- & RST-; 
RASIX := HIGH & IOM- & REFREQ & RST-; -
RASIX := HIGH & 'REFREQ & RST ; -
if ! 10M & I RW & REFREQ - & RST - then WRITE 

else - - --

if ! 10M & RW & REFREQ & RST then READ 
else - - --

if (I REFREQ t 10M & REFREQ ! & RST then IDLE 
else - - -

IDLE; 

LEX := (COUNT=·I) & LOW & RST_; 
RASIX_ := (COUNT==l) & HIGH & RST_; 



DSACKX := (COUNT==2) & LOll & RST ; 
DSACKX-:= (COUNT==3) & HIGH & RST ; 
LEX -:= (COUNT==3) & HIGH' RST-; 
GX : = (COUNT=3) , HIGH' RST-; 
RASIX := (COUNT==3) & LOll & RST -: 
DIRX - := (COONT==3) & HIGH, RSt; 
case 

(COUNT==3) , RST 
endcase; -

State READ: GX := (COONT==l) , LOll , RST ; 
RASIX := (COUNT=l) , HIGH' RST ; 
DSACKX : = (COUNT=2) , LOW , RST -: 
DSACKX-:= (COONT==3) & HIGH' RST ; 
GX -:= (COUNT=3) & HIGH, ERR- , RST ; 
RASIX := (COUNT=3) & LOW & RST -: -
CORRX- := (COUNT=3) & HIGH & !ERR_ & RST_; 
case 

(COUNT==3) & ERR & RST 
(COUNT==3) & !ERR_ , RST_ 

endcase; 

: ACCESS CHK; 
: MOD_WRITE; 

State MOD WRITE: DIRX 
RASIX 
LEX -

:= (COUNT==O) , LOW , RST ; 
:= (COONT==O) , HIGH & RST ; 
:= (COUNT==O) , LOW & RST -: 
:= (COUNT==O) & LOiI & RST-; 
:= (COUNT==2) & LOll & RST-; 

State RETRY: 

CORRX 
RASIX 
DIRX -
case 

:= (COONT==2) , HIGH & !REFREQ_ & RST_; 

(COUNT==2) , RST_ : RETRY; 
endcase; 

RASIX 
DSACKX 
DSACKX
RASIX -
LEX -
GX 
MClX 
case 

:= (COUNT==l) & HIGH & RST ; 
:= (COUNT==2) , LOll' RST -: 
:= (COONT==3) & HIGH, RST ; 
:= (COUNT==3) & LOW & RST -: 
:= (COUNT==3) , BIGH , RST ; 
:= (COUNT==3) & BIGH & RST-; 
:= (COUNT==3) , LOll, !REFREQ_ & RST_; 

(COUNT==3) 'REFREQ & RST : ACCESS CHK; 
(COUNT==3) & !REFREQ & RST : REFRESH; 

endcase; --

State REFRESH: RASIX 
RFCX -
MCIX
RASIX 
RFCX_-

:= (COUNT==O) & HIGH & RST ; 
:= (COONT==l) & LOll & RST -: 
: = (COUNT=2) & HIGH & RST ; 
:= (COUNT==2) & LOll & RST -: 
:= (COUNT==2) & HIGH, RSt; 

case 
(COUNT==2) 

endcase; 

test vectors ' REFRESH SEQUENCE ' 
([CLK,RST ,AS,IOM ,REFREQ ,Rii ,ERR ,COUNT] -) [LE,G ,DIR,CORR,MCl,RASI ,RFC ,DSACK, STATE J) 
[ C, C X, X-, X -, X-, X-, 0 ] -) [ H, H, H, L, H, H -, H -, H -, IDLE - ]; 
[ C, H, X, X, X ,X, X, 0 ] -) [ H, H, H, L, H, H ,8, H, RAS DLY ]; 
[ C, H, X, X, L ,X, X, 0 ] -) [ H, H, H, L, L, L ,H, H, REFRESH ]; 
[ C, H, X, X, X ,X, X, 0 ] -) [ H, H, H, L, L, H , H, H, REFRESH ]; 
[ C, H, X, X, X ,X, X, 1 1 -) [ H, H, H, L, L, H ,L , H ,REFRESH ]; 
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[ C , H, X, X , X , X , X, -) [ H, H, H , L , H , L , H , , ACCESS _ CHK] ; 
[ C , H , X, H , H , X , X, -) [ H, H, H , L , H , , H , H , IDLE ]; 
[ C , H, X, X , X , X , X , -) [ H, H, H , L , H , H , H , H , RAS OLY ]; 
[ C , H, H, X , H , X , X , -) [ H, H, H , L , H , L , H , H ,ACCESS _ CHK]; 

test_vectors ' WRITE SEQUENCE ' 
([CLK,RST_,AS, IOM_,REFREQ_, RW_, ERR_, COUNT] -> [LE,G_, DIR, CORR, MCl, RASI _, RFC_, OSACK_, STATE ]) 
[ C , H, X, L, H , L, X, 0 ] '-> [ H, L, L, L, H, , H , H , WRITE ]; 
[ C , H, X, X, X , X , X , I ] -> [ L, L, L , L, H , H , H , H , WRITE ]; 
[ C , H, X, X, X , X , X , 2 ] -> [ L, L, L , L , H , , H , L , WRITE ]; 
[ C , H , X, X , X , X , X I 3 ] -> [ H, H, H , L , H , , H , H ,ACCESS_CHK] ; 

test_vectors ' READ SEQUENCE ' 
([CLK, RST_, AS, IOM_, REFREQ_, RW _, ERR_, COUNT] -> [LE,G_, DIR, CORR,MCI, RASI _, RFC _,DSACK_, STATE ]1 
[ C , H, X, L , H , H , X , 0 ] -> [ H, H, H , L , H , L , H , H , READ ]; 
[ C , H, X, X, X , X , X , I ] -> [ H, L, H, 1 , H, H , H , H , READ ]; 
[ C , H, X, X, X , X , X , 2 ] -> [ H, 1, H , 1, H , H , H , 1 , READ ]; 
[ C , H, X, X, X , X , H , 3 ] -> [ H, H, H , L, H, 1 , H , H ,ACCESS_CHK] ; 

test_vectors' READ, MOD _WRITE, RETRY & ACCESS SEQUENCE' 
([C1K, RST _,AS, IOM_, REFREQ_, RW _, ERR _,COUNT] -> [1E,G _, DIR, CORR, MCI, RASI _, RFC _, DSACK_, STATE - ]) 
[ C , H, X, L , H , H , X , 0 ] -) [ H, H, H , 1 , H , 1 , H , H , READ ]; 
[ C , H , X, X , X , X , X , I ] -) [ H, 1, H , 1 , H , H H , H , READ ]; 
[ C , H , X, X , X , X , X , 2 ] -) [ H, 1, H , 1 , H , H , H , 1 , READ ]; 
[ C , H , X, X, X I ~ I L , 3 ] -> [ H, L, H , H , H , 1 , H , H ,MOD WRITE ]; 
[ C , H, X, X , X , X , X , 0 I -> [ L, 1, 1, L , H , H , H , ,MOD-WRITE ]; 
[ C , H, X, X , X , X , X , I ] -> [ L, L, L , 1 , H , H , H , ,MOD-WRITE ]; 
[ C , H , X, X , , X , X , 2 I -> [ L, 1, H , L , H , 1 , H , H , RETRY ]; 
[ C , H , X, X , , X , X , 0 I -) [ 1, 1, H , 1 , H , 1 , H , H , RETRY ]; 
[ c , H, X, X, X , X , X , I ] -) [ 1, 1, H, 1 , H , H , H , H , RETRY ]; 
[ C , H , X, X , X , X , X , 2 ] -> [ 1, 1, H , 1 , H , H , H , 1 , RETRY ]; 
[ C , H , X, X , H , X , X , 3 ] -) [ H, H, H , 1 , H , 1 , H , ,ACCESS _ CHKj ; 

test_vectors' READ, MOD_WRITE, RETRY & REFRESH SEQUENCE' 
([CLK, RST_,AS, 10M _, REFREQ_, RW _, ERR _, COUNT] -> [1E, G _, DIR, CORR,MCI, RASI _, RFC _, DSACK_, STATE - ]) 

[ c , H , X, L , H , H , X , 0 I -> [ H, H, H , 1 , H , L , H , H , READ I; 
[ C , H , X, X, X , X , X , I I -> [ H, 1, H , L , H , H , H , H , READ ]; 
[ C , H, X, X , X , X , X , 2 ] -> [ H, L, H, L , H , H , H , L , READ ]; 
[ c , H , X, X , X , X , L , 3 ] -> [ H, L, H , H , H , L , H , H ,MOD WRITE ]; 
[ C , H , X, X , X , X , X , 0 I -> [ L, L, L , L , H , H , H , H ,MOD-WRITE ]; 
[ C , H, X, X , X I X I X , I I -> [ L, L, L , L , H , H , H , H ,MOD-WRITE ]; 
[ C , H , X, X , X , X , X, 2 ] -> [ L, L, H , L , H , L , H , H , RETRY ]; 
[ c , H , X, X , X , X , X , 0 ] -> [ L, L, H , L , H , L , H , H , RETRY ]; 
[ C , H , X, X, X , X , X, I I -> [ 1, L, H , L , H , H , H , H , RETRY ]; 
[ C , H, X, X, X , X , X, 2 I -> [ L, L, H , L , H, , H , L , RETRY ]; 
I C , H , X, X , L , X , X , J ] -> [ H, H, H , L , L , , H , H , REFRESH] ; 
[ C , H , X, X , X , X , X , 0 I -> [ H, H, H , L , L , H , H H , REFRESH] ; 
[ C , H, X, X, X , X , X , I I -> I H, H, H , L , L , H , L , H , REFRESH] ; 
[ C , H, X, X , X , X , X , 2 ] -) [ H, H, H, L , H , L , H , H ,ACCESS _ CHK]; 
[ C , H, X, X , L , X , X , 0 ] -> [ H, H, H , L , H , H , H , H , IDLE ]; 
[ C , H , X, X , X , X , X , 0 ] -) [ H, H, H , L , H , H , H , H , RAS DLY I; 
t C , H, X, X , X , X I X, 0 ] -) [ H, H, H , L , 1 , L , H , H , REFRESH I; 

end _EDACCOE 
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Introduction 

System reliability is a function of many factors, most of which can be traced to proper 
system design techniques. As systems have become more memory intensive in recent years, 
the overall system reliability tends to be very closely related to the reliability of the memory. 
There are two general reliability terms applied to failures in memory devices, soft errors and 
hard failures. Soft errors refer to those types of events in which data that had been stored at 
a given memory location changes, but subsequent accesses can store the correct data with no 
more likelihood of returning incorrect data than any other location. Hard failures refer to 
events where a location becomes permanently affected such that data can not be reliably 
stored in that location. The term "events" is used to imply either or both of the two general 
reliability terms. The system reliability is then a combination of these two types of events. 
The following information will provide you with a greater knowledge of the system 
reliabililty events. 

Mean Time Between Events 

One measure of system reliability can be obtained by observing the probability that an 
event will occur within an interval of time. Assuming that all events are independent (i.e., 
any event is not caused by another event, nor will it induce a subsequent event to occur), the 
probability that exactly r event~ occur in n locations follows the general form: 

Where: 

n! ( ) Pr = pr (1-p) n-r 
r!(n- r)! 

Pr = Probability of exactly r events 

n = number of independent trials (i.e., number of bits) 

r = number of events (i.e., number of errors) 

p = probability of event r (i.e., probability of an error in a single bit) 

(1) 

The probability that at least r events occur is the sum of probabilities for all possible 
error combinations of r through n: 

Ptotal = Pr + P(r+l) + P(r+2) + ... + Pn 

Calculations show that for relatively small time intervals (up to 10 hours), the first term 
(P r) dominates the total such that all subsequent terms may be ignored, therefore: 

Ptotal = Pr 

The value for p shown in the general equation (1) above may be calculated for soft 
errors (ps) from the error rate for a device and the number of bits contained within that device 
as: 

Soft Error Rate (errors/device-hours) 
ps = 

Bits per device 
(2) 
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Since soft errors have been shown predominantly to affect only single bits, division by 
the number of bits in the device obtains the probability for a single bit to be in error. Hard 
failures may affect a single bit, a group of bits, or an entire device. The groups of bits are 
usually located in a single row or a single column within the device; thus, the value of p for 
hard failures (ph) is: 

Where: 

( %B %R %C ) 
ph = FR BD + BR + BC + %D /100 

FR = Hard Failure Rate (failures/device-hours) 
BD = Bits per Device 
BR = Bits per Row within a device 
BC = Bits per Column within a device 
%B = Percent of failures to a single Bit 
%R = Percent of failures to a Row 
%C = Percent of failures to a Column 
%D = Percent of failures affecting the entire device 

(3) 

The probabilities calculated in equations 2 and 3 are expressed as errors per bit-hour 
or failures per device-hour, respectively. They could also be expressed as events per hour, 
where for soft errors the event is the expected number of errors per bit and for hard failures 
the event is the expected number of failures per device. Most designers are concerned with 
the "Mean Time Between Failures" (MTBF) for a particular system; however, soft errors are 
not necessarily failures (e.g., in error coi:rected systems), and this term is thus inaccurate. A 
more appropriate term would be "Mean Time Between Events" (MTBE) where the type of 
event is specified. The MTBE (expressed as hours per event) is calculated as the reciprocal 
of the probability, thus: 

MTBE = liP (4) 

To show how all of these formulas apply to an actual system, an example may clarify 
some questions. Consider a system with 64 Megawords of 1Mx1 dynamic random-access 
memories (DRAMs), where each word is 32 bits of data plus 7 bits for Error Detection and 
Correction (EDAC). This configuration consists of 64 banks of 39 devices for a total of2496 
DRAMs. Assume the system provides a distributed refresh cycle each 12 microseconds to 
one row and accesses the memory during active cycles every 250 nanoseconds. Also, for this 
example, assume the DRAMs have a Soft Error Rate of 1000 FITs (FIT = Failure In Time; 
thus, 1 FIT is equivalent to one event in one billion hours) and a Hard Failure Rate of200 FITs 
(for this example, assume all hard errors cause the entire device to malfunction). The memory 
is scanned once each hour to detect and correct any soft errors that may be present (this 
scanning process is called "scrubbing"). 
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The probability of one soft error occurring in any single bit during an hour is: 

Failure Rate (errors/device-hours) 
ps = 

Bits per device 

= 1000/1,000,000,000 = 9.52 X lO- 13 errors/bit-hour 
1,048,576 

Similarly, the probability of a hard failure occurring during an hour is: 

ph = FR ( %B + %R + %C + %D)/100 
BD BR BC 

200 (0 0 a ) 
= 1,000,000,000 BD + BR + BC + 100 /100 

= 2.00 x 10 -7 failures/device-hour 

For these values of ps and ph, the value of (l-p )(n-r) in equation 1 becomes very close 
to 1 (the actual error affects the equation by less than 1% so that it may be ignored). 
Equation 1 may then be used as: 

P n! r 
r = P r!(n - r)! 

(5) 

For the system under consideration, the probability of a single soft error (SE) occurring 
is: 

p = (2496 devices) (1,048,576 bits/device)! (9.52 X 10 _13)(1SE) 
IS (1 SE)! «2496 X 1, 048, 576) -1 SE)! 

= (2496 X !,048,576) (9.52 X 10- 13) = 0.0025 

This shows that the probability of a soft error is 0.0025 eventslhour. The Mean Time 
Between Events is the reciprocal of the probability, thus: 

MTBE1S = lIP 

= 1/(0.0025 eventslhour) 

= 400 hours/event or about 16.7 days 
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Analysis of the probability equation shQws that for the case of a single soft error, the 
equations can be reduced to: 

and 

PIS = (Number of devices) (FITs) 
1,000, 000, 000 

MTBEIS = 1,000,000,000 
(Number of devices)(FITs) 

For systems that employ Error Detection and Correction (EDAC), such as the one 
under consideration, a single error will be corrected and thus not affect system operation. 
However, the occurrence of two bits being in error in the same word will cause problems in 
the system because the EDAC cannot correct a double-bit error in the scheme described. 
Realize that in this case, the bits of interest are in a given word and the probability is based 
upon the word size of the memory system. Because the memory is scrubbed each hour, the 
probability of two errors occurring within a single word of 39 bits is: 

39! ( -13)2 
P2s(word) = 2! (39 _ 2)! 9.52 X 10 

= (39 X 38) 9.07 X 10-25 = 6.72 X 10-22 
2 

and because the system contains 16 Megawords, the probability of one double-bit error 
occurring in the system is: 

P2S = (67,108, 864)! 6.72 X 10 -22 = 4.51 X 10 -14 
1!(67, 108,864 -I)! 

thus the MTBE for a double bit failure is: 

MTBE2S = 1/4.51 X 10- 14 = 2.21 X 10 13 

This would indicate that with "scrubbing" of the memory at least once an hour, the 
possibility of a double-bit failure is very remote (once in 24 hundred million years!). For the 
system that does not scrub the memory, the probability equation results in a dependent 
equation that is the probability that an error will occur in one of the remaining bits in a word 
(i.e., given that an error has occurred, what is the likelihood that a subsequent error will 
happen in that word). For the example of a 32-bit system with EDAC, the probability that 
one of the remaining 38 bits in a 39-bit word would fail is: 

PSS = (38)! . (9.52 X 10 -13)1 = (38) 952 X 10 -13 = 3.62 X 10- 11 
1!(38-1)! 1 . 

MTBESS = 1/3.62 X 10 -11 = 2.76 X 10 10 

Given that an error has occurred in a word, the system will operate an average of 
27.6 billion hours (28 hundred thousand years) before a subsequent soft error will cause a 
double-bit error. 
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Table 1 shows results for several systems with differing word lengths to give an 
indication of how often various events might be expected in a system. Notice that each of the 
configurations listed is for a 64-Megaword memory array. Word sizes have been chosen to 
reflect a common nonprotected (no parity or EDAC) word length and the protected (either 
parity for 8-bit word or EDAC for other word lengths) word. Data in this table is calculated 
using the complete probability equation given in Equation 1. 

Thble 1. Mean Time Between Events for Various System and Error Types 
Device Type 1M DRAM 

Soft Error FITs = 1000 Hard Error FITs = 200 
System with 64 Megawords 

Bits per Word 8 9 16 22 

Total Devices S12 S76 1024 1408 

1 Soft Error 19S4 1736 977 710 

1 Hard Error 9767 8682 4884 3552 

2 Soft/system 7.63E+06 6.03E+06 1.91E+06 1.01E+06 

2 Hard/system 1.91E+08 1.51E+08 4.77E+07 2.52E+07 

2 Soft/Word 1,46E+14 1.14E+14 3,41E+13 1.77E+13 

2 Hard/Word 1,40E+10 1.S7E+10 2.79E+10 3.84E+10 

Hard then Soft 1.25E+OS 1.11E+05 6.25E+04 4.S5E+04 

Hard then Hard 7.14E+OS 6.2SE+OS 3.33E+OS 2.38E+OS 

Soft then Hard 7.14E+05 6.25E+OS 3.33E+OS 2.38E+05 

Soft then Soft 3.74E+10 3.28E+10 1.75E+10 1.2SE+10 

Bits per Word 32 39 64 72 

Total Devices 2048 2496 4096 4608 

1 Soft Error 488 401 244 217 

1 Hard Error 2442 2004 1222 1086 

2 Soft/system 4.77E+OS 3.21E+OS 1.19E+OS 9,42E+04 

2 Hard/system 1.19E+07 8.03E+06 2.98E+06 2.36E+06 

2 Soft/Word 8.26E+12 5.53E+12 2.03E+12 1.60E+12 

2 Hard/Word 5.58E+10 6.80E+10 1.12E+11 1.26E+11 

Hard then Soft 3.13E+04 2.S6E+04 1.56E+04 1.39E+04 

Hard then Hard 1.61E+05 1,32E+05 7.94E+04 7.04E+04 

Soft then Hard 1.61E+OS 1.32E+05 7.94E+04 7.04E+04 

Soft then Soft 8,46E+09 6.90E+09 4.16E+09 3.69E+09 
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Soft Error Rates have been demonstrated to be dependent upon cycle time and 
operating voltage as shown in Figure 1. The average cycle time at which the memories 
operate in a system is not necessarily the same as the active memory cycle time. If the 
processor performs accesses to memory such that not all devices are accessed for a given 
memory cycle, then those not accessed are not being cycled. When there are multiple banks 
of memory in the system, some of which are just being refreshed while one bank is active, 
then the Average Cycle Time (ACT) for the system is given by: 

Where: 

ACT = (#AD X CT) + «#TD - #AD) X RT) 
(#TD) 

ACT = Average Cycle Time 

#AD = Number of Active Devices each processor cycle 

#TD = Total Number of Devices 

CT = Active memory Cycle Time for processor access 

RT = Refresh Cycle Time (Average per row) 

Note that the quantity (#TD - #AD) is the number of devices just being refreshed. 
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0 
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~.,..-__ -I-"'7"':::::::"_-/,L===--500-ns Cycle 
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1---..3ooc:+--~-,tJ-f-=:.=-5_I-LS Cycle 

4 4.5 5 
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5.5 6 

1 FIT = 1 Failure per billion device hours 

Figure 1. DRAM Failures vs Voltage (Failures in FITs) 

Table 2 shows the ACT for some systems comprised of a given number of memory 
banks and varying Refresh Cycle Times for an Active Cycle Time of 250 nanoseconds. 
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Referring to the system that has been used for all of the calculations in this report, the 
Average Cycle Time would appear in the column under 64 banks and since the refresh time 
is 12 J.ls, the ACT is 11.82 ""s. 

Using the data from Figure 1 and Table 2, a Table of Mean Time Between Events can 
be derived as in Table 3 for systems of various sizes. 

The MTBE for hard failures (which are not dependent on cycle time) are combined in 
Figure 2 to allow determination of system MTBE for a single hard or soft event. A single such 
chart cannot be made for double events since there is a dependency upon the word width, 
however, the information provided in this report may be used to determine the Mean Time 
Between'Events for any system. 

Table 2. Average Cycle Time for Various Memory Configurations 

Active Cycle Time 250ns 

Total Banks 1 2 4 8 16 32 64 128 

Refresh Cycle Time (l1s) 

1 0.25 0.63 0.81 0.91 0.95 0.98 0.99 0.99 

2 0.25 1.13 1.56 1.78 1.89 1.95 1.97 1.99 

4 0.25 2.13 3.06 3.53 3.77 3.88 3.94 3.97 

6 0.25 3.13 4.56 5.28 5.64 5.82 5.91 5.96 

8 0.25 4.13 6.06 7.03 7.52 7.76 7.88 7.94 

10 0.25 5.13 7.56 8.78 9.39 9.70 9.85 9.92 

12 0.25 6.13 9.06 10.53 11.27 11.63 11.82 11.91 

14 0.25 7.13 10.56 12.28 13.14 13.57 13.79 13.89 

15 0.25 7.63 11.31 13.16 14.08 14.54 14.77 14.88 
15.625t 0.25 7.94 11.78 13.70 14.66 15.14 15.38 15.50 

16 0.25 8.13 12.06 14.03 15.02 15.51 15.75 15.88 

t A Refresh Cycle Time of 15.625 I1S is the maximum allowed by the specification for DRAMs operating 
with a distributed refresh cycle. 
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Table 3. MTBE for a Given Cycle Time and Number of Devices 

Observed FITs 7400 3700 200() 1100 500 
Cycle TIme (J.ls) 0.25 0.50 1.00 2.00 5.00 
Number of Devices 

16 8446 16892 31250 56818 125000 
32 4223 8446 15625 28409 62500 
64 2111 4223 7813 14205 31250 

128 1056 2111 3906 7102 15625 
256 528 1056 1953 3551 7813 
512 264 528 977 1776 3906 

1024 132 264 488 888 1953 
2048 66 132 244 444 977 
4096 33 66 122 222 488 

1-"'1 I J I I III 

Average System Cycle Tlme(J.ls) 

NOTE: 4.5 V, Soft Errors", 1 000 FITs, Hard Errors '" 2000 FITs 

250 
10.00 

150000 
125000 
62500 
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Figure 2. MTBE for a System Combination of Hard and Soft Errors 
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Introduction 

Microprocessors, due to the advent of high-density semiconductor memori~s (i.e., 64K 
or larger), are being used more and more in systems featuring memory structures larger than 
64K bytes. Some of the microprocessors in use or available today have a 16-bit address bus, 
with a maximum addressing capability of 64K words. Due to this limitation, some sort of 
memory mapping is necessary to adapt these microprocessors to applications where large 
memory structures are required. 

The memory mappers (SN74LS610 and SN74LS612) from TI were designed to 
alleviate this addressing limitation. These devices employ a paged memory mapping 
technique in expanding the system memory address bus by 8 bits, thus effectively increasing 
the system addressing capability by a factor of 28 or 256. For microprocessors with a 16-bit 
address bus (such as the Z-80, the 8085, and the 6800), this results in an increase in the 
maximum addressing capability from 64K bytes to 16M bytes and for the TMS9900 (which 
has a IS-bit address bus), the result is an increase from 32K words to 8M words 
(words = 2 bytes). 

In the mapping operation, the four MSBs of the microprocessor address word are used 
to access one of the sixteen 12-bit registers of the memory mapper's 16 x 12-bit RAM array. 
Each mapper register is capable of holding a 12-bit address that will be termed the page 
address and will be used as the 12 MSBs of the memory address bus. The remaining 12 bits 
(11 in the case of the TMS9900) of the microprocessor address bus will be transferred directly 
to memory from the microprocessor and will be used to address the memory locations within 
each page. (See Figure 1) 

The memory will be organized into 2X pages (where x equals the number of bits of the 
page address) with 2n-4 words or bytes (where n is the bit length of the microprocessor 
address bus) per page. Once loaded, the mapper can access only 16 pages or 64K bytes (32K 
words in the TMS9900 cases). In order to access more pages, the memory mapper RAM array 
must be reloaded with 16 new page addresses. This is done by the microprocessor via the data 
bus with the mapper in the WRITE mode. (A more detailed description of the modes of 
operation will be given later in this report.) 

Functional Description 

A functional block diagram of the SN74LS610 memory mapper, which consists 
mainly of: a 4-bit 2-to-1 multiplexer, a 16 x 12-bit RAM array, a 12-bit 2-to-1 multiplexer, 
24 3-state buffers, control logic, and in the case ofthe 'LS610, a 12-bit transparent latch, is 
shown in Figure 2. Table 1 lists the functional differences between the 'LS610 and 'LS612. 
Table 2 lists the function of each pin. 

Depending on the state of the input control signals (Le., CS. R/W, STROBE, MM, and 
ME), the mapper can be operated in three basic modes of operation, I/O (READ or WRITE), 
MAP, and PASS. An explanation of each mode and the control signals necessary to achieve 
that mode of operation is given below: (Refer to Table 3) 
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Input/Output Mode 
In this mode, a page address can be loaded either into a mapper register or can be read 

from a memory mapper register depending on the state of the RJW (READ/WRITE) input. 
This input signal controls either the READ or WRITE function of the I/O Mode. 

WRITE Mode 
One of the sixteen 12-bit registers is loaded with a page address via the 00-0111/0 

ports from the microprocessor. The address of the selected register is inputted via the 
RSO-RS3 inputs and is usually the four LSBs of the microprocessor address word. The chip 
select (CS), the strobe (STROBE), and RJW controls should all be low. 

TMS9900 
ADDRESS 

BUS 

4-MSBs 

11-MSBs 

Ci 

MA 10-3) 

RSIO·3) 

D 10-11) 

STROBE 
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12 

4" 

, MAO - MA3 

MEMORY 
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REGISTER 
FILE 

16 X 12 
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ARRAY 

L 
11 
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MOO -M011 

Figure 1. Mapping Operation 

MOO-M07 LOW 

4 

16 X 12 12 
RAM D 

ARRAY OUT 

D 
IN 

12 12 

DRIVE 

Rm C>------4I~___f 

Figure 2. Logic Diagram of the Memory Mapper 'LS610 
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Table 1. Device Comparison 

Device 
Map Outputs Map 

Latched Output Type 

SN74LS610 Yes 3-State 

8N74LS612 No 3-8tate 

READ Mode 
The contents of one of the sixteen 12-bit registers is read from the mapper via the 

DO-Dll I/O ports. As in the WRITE mode, the mapper register is selected E the address on 
the RSO-RS3 inputs. Again chip select (CS) should be low, while the R/W should be kept 
high. 

MAP Mode 
The contents of one of the sixteen 12-bit memory mapper registers is outputted to the 

system address bus via the MOO-Mall outputs. The address on MAO-MA3 selects the 
mapper register and is usually the four MSBs of the microprocessor address word. The chip 
select (CS) must be inactive (high), the map mode (MM) control and the map enable (ME) 
must both be active (low). The n - 4 LSBs, where n equals the microprocessor address bit 
length, of the microprocessor address bus will be transferred directly to memory from the 
microprocessor, while the remaining 12 MSBs of the system address bus will be driven onto 
the bus by the memory mapper. 

Table 2. Pin Functions 
Pin Pin Name Functional Description 

7-12 DO thru 011 1/0 connections to data and control bus used for reading from and 
29-34 writing to the map register selected by RSO-RS3 when CS is low. 

Mode controlled by RiW. (DO corresponds to MOO and is the most 
significant bit.) 

36,38,1,3 RSOthru RS3 Register select inputs for 1/0 operations. (RS3 is the least significant 
bit.) 

6 R/W Read or write control used in 1/0 operations to select the condition 
of the data bus. When high, the data bus outputs are active for 
reading the map register. When low, the data bus is used to write into 
the register. 

5 STROBE Strobe input used to enter data into the selected map register during 
1/0 operations. 

4 CS Chip select input. A low input level selects the memory mapper 
(assuming more than one used) for an I/O operation. 

35,37,39,2 MAOthru MA3 Map address inputs to select one of 16 map registers when in map 
mode (MM low and CS high). (MA3 is the least significant bit.) 

14-19 MOO thru M011 Map outputs. Present the map register contents to the system 
22-27 memory address bus in the map mode. In the pass mode, these 

outputs provide the map address data on MO-M011 and low levels 
on MOO-M07. (M011 is the least significant bit.) 
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Table 2. Pin Functions (Continued) 
Pin Pin Name Functional Description 

13 MM Map mode input. When low, 12 bits of data are transferred from the 
selected map register to the map outputs. When high (pass mode), 
the four bits present on the map address inputs are passed to the 
map outputs. 

21 ME Map enable for the map outputs. A low level allows the outputs to be 
active while a high input level puts the outputs at high impedance. 

28 C Latch enable inputforthe 'LS61 0 (no internal connection for 'LS612). 
A high level will transparently pass data to the map outputs. A low 
level will latch the outputs. 

40,20 VCC,GND Power supply (5 V) and network ground (substrate) pins 

Table 3. Modes of Operation 
Mapper I/O 
Inputs Write (Load) Read (Verify) 

Map Pass 

CS Active (Low) Active (Low) Inactive (High) Inactive (High) 

STROBE Active (Low) Don't Care Don't Care Don't Care 

R/W Low High Don't Care Don't Care 

MM Don't Care Don't Care Active (Low) Inactive (High) 

ME Inactive (High) Inactive (High) Active Active 

RSO-RS3 Address of Address of Don't Care Don't Care 
Selected Register Selected Register 

MAO-MA3 Don't Care Don't Care Address of Address of 
Selected Register Selected Register 

MOO-M011 High Impedance High Impedance Valid Address Valid Address 

00-011 Register contents to Register contents to Input Mode Input Mode 
be loaded (input) be read (output) 

PASS Mode 
The four LSBs (M08-MOll) of the memory mapper address bus (MOO-MOll) will 

be the same as the address on the MAO-MA3 input bus, while the remaining eight MSBs of 
the memory mapper address bus will all be low. The chip select (CS) and the map mode (MM) 
should both be inactive (high); map enable (ME) should be active. In other words, the address 
on the system address bus will be the same as the address outputted by the microprocessor, 
and the memory mapper becomes transparent to the system. 

SYSTEMS INTEGRATION 

The flexibility of the memory mapper is such thatit can be used with microprocessors 
that have either an 8-bit or a 16-bit data bus. In order to use the memory mapper to its fullest 
potential (Le., expand the address bus by eight bits) with an 8-bit microprocessor, the 12-bit 
page address must be multiplexed into the mapper via the 8-bit data bus. This means that the 

9-10 



time it normally takes to load or read the memory mapper will be at least doubled and extra 
external circuitry will be necessary. If the requirement of the system is such that the address 
bus needs to be increased by only four bits, then there is no need for multiplexing in the page 
address. Of course, this means that the address bus is expanded to only 20 bits resulting in 
a I-megabyte addressing capability. Next in this report, we will look at two 8-bit systems 
utilizing the 'LS612 memory mapper. 

TMS9995·Based System 
Figure 3 shows a TMS9995-based system using the 'LS612 to expand the address bus 

by four bits. The TMS9995 is an 8-bit microprocessor with a 16-bit address bus. This system 
employs the Programmable System Interface (TMS9901) to control the operation of the 
mapper. The control of the mapper is software programmable via the I/O ports of the 
TMS9901. Since the mapper registers are viewed as part of the logical memory space, an 
address decode (ADO) of the 12 MSBs is gated with a CRU bit to select the mapper for a 
READ or WRITE operation. The specific mapper register is then selected by the four LSBs 
of the microprocessor address bus (AI5-AI2) via the RSO-RS3 inputs of the mapper. Table 4 
shows the state of the three control signals PO, PI, and ADO and the corresponding mode of 
operation of the mapper. When placed in the I/O mode, the READ or WRITE operation is 
then controlled by ~.2!Y signals from the microprocessor (i.e., WEI 
CRUCLK, MEMEN, and DB IN). On POWER-UP and RESET, the I/O ports of the '9901 
are put into the input mode. The pull-up resistors Rl and R2 will ensure the mapper is placed 
in the pass mode during POWER-UP and RESET. The resultant address bus is 20 bits wide, 
and SA19 is the LSB. 

Z·SO· Bassed System 
Figure 4 shows another 8-bit (Z-80-based) system using the TI memory map~. In this 

case, the control of the mapper is implemented by two flip-flops feeding MM and CS. These 
flip-flops are programmed by the Z-80 and are addressed by the data bus, DO-Dl. Table 5 
shows the necessary states of DO and Dl to set the mapper in its proper mode of operation. 
Again during POWER-UP or RESET, the flip-flops are both cleared by RST, which is 
supplied by the system and which puts the mapper in the pass mode. 

Table 4. TMS9900l'LS610 Control Signals 
Memory Mapper Control Signals 

Mode of Operation P1 PO ADO 
MAP L H L 

PASS H H L 

I/O H L L 
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Table S. Z-801'LS610 Control Signals 
Control Signals Memory Mapper 

DO 01 (AOO)IORQ Mode of Operation 

L L t MAP 

H L t PASS 

L H t 1/0 

TMS990-Based System 
One of the limitations of using an 8-bit microprocessor with the memory mapper, 

without multiplexing the page address, is that the address bus can only be expanded four bits. 
In a 16-bit system, one based on a 16-bit microprocessor like the TMS9900, no extra circuitry 
is necessary to load the mapper with the full 12-bit address. Figure 5 shows a TMS9900 with 
an SN74LS612 for memory mapping. The control of the mapper is implemented in the same 
fashion as the system using the TMS9995 mentioned previously in the report. The resultant 
addressing capability is eight megawords. These TI microprocessors have set aside address 
space for RESET, XOP and INTERRUPT VECTORS, which are addressed when the 
microprocessor performs a context switch. During a context switch, the microprocessor must 
be able to address these locations which are part of the logical address (i.e., locations that are 
capable of being addressed by the microprocessor independently). One method, besides 
placing the mapper into the pass mode, is to load the memory mapper register whose 4-bit 
address is 0H with the address of the first page of physical memory. This, like the pass mode, 
will effectively make the memory mapper appear to be transparent. 

_ Another point worth noting is that in all three of the previously mentioned systems, the 
ME input was always connected to ground. This caused the mapper address buffers to be 
enabled during all modes of operation of the mapper. This is only a problem during the I/O 
mode where, when loading the mapper register, other memory locations are also being 
written into. The method used to avoid destroying data already in memory was to put the 
mapper into the pass mode during the I/O operation. This was accomplished simply by 
pulling MM input high, thus making the system address equal to the microprocessor address. 

Multimapper Systems 
In a system employing a single memory mapper, the maximum active addressing 

capability is only 16 pages; if increased addressing capabilities are needed, the mapper must 
be reloaded. To avoid this procedure, another mapper may be added to the system. This will 
not increase the overall addressing capability of the system, but it will double the amount of 
active pages and will also afford twice the active addressing capability. Even though the 
control of two mappers is a little more detailed than the control of one, the same basic 
methods employed in the systems with one mapper can be used here. . 
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TIMING 

The subject of how the maper affects the critical timing parameters of the memory 
READ/WRlTE cycles and what changes, if any, are needed to accommodate the mapper, 
have not been discussed in this report. First, looking at the I/O mode of operation where the 
mapper registers are either loaded or read from, it is seen that the mapper registers can be 
regarded as standard common I/O, static RAMs, with maximum access times (RS to valid 
MO, T A = 25°C, CL = 50 pF, Vee = 5 V) of 75 ns. Once the I/O mode is set (CS = low), the 
only two signals necessary to read or write into the mapper are STROBE and R/W. As shown 
in the previously mentioned system, these signals were supplied directly from the 
microprocessor with no wait states necessary to perform either function. This will be the case 
with most microprocessors. 

In the MAP and PASS mode, the main concern is the maximum access time (MA to 
MO). This access time is specified at a maximum of 70 ns, which, depending on the timing 
of the microprocessor and the memory used, mayor may not cause any problems. In "the 
Z-80-based system, no wait states were introduced by the mapper because the memory 
control signals become active 95 ns after the microprocessor address bus became valid. This 
gives the address bus sufficient time to settle down. 

SUMMARY 

The possible uses of the memory mapper and the various techniques that can be 
employed to control its operation are numerous and only some examples were shown in this 
report. Some of the other possible applications of the mapper include: (1) achieving system 
addressing capability greater than 16 megabytes is accomplished by reducing the number of 
mapper registers used by a factor of2, thus increasing the size of each page by the same factor 
of2 without affecting the total amount of pages; (2) being used in systems employing DMA; 
(3) memory protection which can be accomplished by sacrificing one or two bits of the page 
address, and gating these bits with the memory control signals. 

Another technique that may be employed in controlling the modes of operation of the 
mapper is to use PROMs. 
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Memory Interleave Applications 

Memory interleaving is an organizing technique for Dynamic RAMs that results in 
significantly reduced memory access cycle times. When even-address words of memory are 
located in one bank of DRAM and odd-address words of memory are located in the other 
bank, sequential accesses from the memory will be requested from alternating banks. This 
organization scheme takes advantage of the fact that when memory banks are accessed 
alternatively, the access cycles can be overlapped to avoid the DRAM's RAS precharge time. 

A typical access cycle timing of a 100-ns DRAM is shown in Figure 1. For this type 
of access cycle without memory interleave, the subsequent access cycle to the DRAM cannot 
begin until the RAS precharge time of 80 ns has expired. Based on this timing diagram, every 
access cycle takes 180 ns. 

w~--- 100 ns --•• ~14-- 80 ns ---+I 
------I RAS ~. ____________ ~I 

ADDR 

Figure 1. Typical DRAM Access Cycle Timing 

In an interleaved memory organization, BANKO of the DRAM is accessed by RASO 
and CASOsignals andBANKl isaccessedbyRASl and CAS 1 signals as shown in Figure 2. 
When the DRAM banks are accessed alternatively, the access cycle to the next bank need not 
wait for the previous bank's RAS precharge time. Based on this timing, each access cycle 
takes 100 ns. The reduction in memory access time for this ideal case is: 

m" & • l' 180 ns - 100 ns 
-10 tlme zmprovement Lor mter eavmg = 180 ns = 44% 
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j4--100ns~ 

RASO------~I I~-----------------

BANKO CASO 

ADDR 

J+--100ns ~ 
------------~II ~ -------

BANK1 CAS1 

ADDR 

Figure 2. Two-Way DRAM Access Cycle Timing 

Realistically, these two types of access cycles will be interspersed because of the 
sequential nature of the instruction fetches and random nature of the operand (data) accesses. 
A typical breakdown between these two types of access cycle is 50%. Under this assumption, 
the following calculations can be made: 

Access cycles without interleave = 180 ns 

Interspersed access cycles = (180 ns X 50%) + (100 ns X 50%) = 140 ns 

% time improvement for interleaving = 180 ns - 140 ns = 22% 
180 ns 

Figure 3 shows how the 'BCf2423/24 can be used to implement a memory interleave 
organization. Since the access cycles of the memory are overlapped, the need for latches 
arises. The 'BCf2423/24's input latches are available to meet this need. The multiplexed 
operation of the 'BCf2423/24 makes the device ideal for any memory interleave application 
where 2n banks of memory data must be multiplexed onto one bus. In addition to the 
multiplexing feature, 'BCI'2423/24's large output drive capability eliminates the need for 
bus drivers to interface to the processor bus. The BieMOS process used on 'BCI'2423/24 
greatly reduces the standby power of the device, which is an attractive feature when power 
consumption and noise problems are major concerns for the memory design. 
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B~S I 

INTEFACE I 
I 
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'BCT2423/24 

PROCE~~~r 1-----(.-\------1 ABO-AB15 

I AO-A 15 1---1:-/--_--' 
I 

AO 1-4_---.... --1 NBSEL 
I 
I 
I 
I 
I 
I 
I 
I 

_I 
R/W 

ADDRESS I 
STROBE I 

I ____ .J 

BUS CONTROL 
LOGIC 

BO-B15 J.-I.-l--. 

LEx 

ENx 

DYNAMIC RAM 

BANKO 

DATA 

ADDRO 
ADDR2 
ADDR4 

DYNAMIC RAM 

BANK1 ADDR 1 

ADDR3 
ADDR5 

DATA 

Figure 3. Memory Interleave System Interface 
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Memory Interface Applications 

In addition to memory interleave application, the 'BCf2423's and 'BCf2424's 
multiplexing function can also be used to multiplex the memory address into row and column 
address of the DRAM. As the DRAM sizes get larger, more address signals are needed to 
access the memory. Figure 4 shows how the 'BCf2423 or 'BCf2424 is used in a typical 
address multiplexing of the 4M DRAMs in a discrete logic implementation of the DRAM 
control logic. To generate the refresh address that is normaIlY...E.!£.vided by the counter 
internal to the multiplexer, one can make use of the CAS-before-RAS refresh feature of the 
DRAM, where refresh addresses are generated by the DRAM. 

DYNAMIC MEMORY 

4MDRAMSt 
ADDRESS MULTIPLEXER BANKO 

M 

'BCT2423/24 AO·A10 
iN 

ICROPROCESSOR AO-A10 

1 A11-A22 

AO·A 10 (ROW) 

AO-A22 
ABO·AB10 f-+-< 

ADDRESS BO·B10 (COL) r--- RASO 
CONTROL LOGIC AiBSEL - CASO 

PAL U LEx 

A23 ROW/COL~ ENx DYNAMIC MEMOR 

ADDRSTROBE AS LE 4MDRAMSt 
BANK1 

Y 

DATA ACK DACK EN 
AO-A10 

:+- REF~EQ iN iN 

r- RFC 
RASO 
CASO 

REFRESH nMER RAS1 RAS1 

'ALS6300 CAS1 CAS1 

REFREQ .....-

RFC -+-

t Use the CAS-before-RAS refresh feature ofthe DRAM to take advantage of the DRAM's internal refresh counter. 
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Figure 4. Use of SN74BCT2423 and SN74BCT2424 in DRAM Interface 
Applications 
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Explanation of Logic S.ymbols t 
1 Introduction 

The International Electrotechnical Commission (lEC) has been developing a 
very powerful symbolic language that can show the relationship of each input 
of a digital logic circuit to each output without showing explicitly the internal 
logic. At the heart of the system is dependency notation, which will be 
explained in section 4. 

The system was introduced in the USA in a rudimentary form in IEEEfANSI 
Standard Y32.14-1973. Lacking at that time a complete development of 
dependency notation, it offered little more than a substitution of rectangular 
shapes for the familiar distinctive shapes for representing the basic functions 
of AND, OR, negation, etc. This is no longer the case. 

Internationally, IEC Technical Committee TC-3 has approved a new document 
(Publication 617-12) that consolidates the original work started in the mid 
1960s and published in 1972 (Publication 117-15) and the amendments and 
supplements that have followed. Similarly for the USA, IEEE Committee SCC 
11.9 has revised the publication IEEE Std 91 fANSI Y32.14. Now numbered 
simply IEEE Std 91-1984, the IEEE standard contains all of the IEC work that 
has been approved, and also. a small amount of material still under international 
consideration. Texas Instruments is participating in the work of both 
organizations, and this document introduces new logic symbols in accordance 
with the new standards. When changes are made as the standards develop, 
future editions will take those changes into account. 

The following explanation of the new symbolic language is necessarily brief 
and greatly condensed from what the standards publications now contain. 
This is not intended to be sufficient for those people who will be developing 
symbols for new devices. It is primarily intended to make possible the 
understanding of the symbols used in various data books and the comparison 
of the symbols with logic diagrams, functional block diagrams, and/or function 
tables to further help that understanding. 

2 Symbol Composition 
A symbol comprises an outline or a combination of outlines together with 
one or more qualifying symbols. The shape of the symbol is not significant. 
As shown in Figure 1, general qualifying symbols are used to tell exactly what 
logical operation is performed by the elements. Table 1 shows general 
qualifying symbols defined in the new standards. Input lines are placed on 
the left, and output lines are placed on the right. When an exception is made 
to that convention, the direction of signal flow is indicated by an arrow as 
shown in Figure 11. 

t Written by F. A. Mann. 
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INPUT 
LINES 

OUTliNE 

{
** 

* * 

GENERAL aUALIFYING 
SYMBOL 

**~ OUTPUT 
LINES 

* * --

*Possible positions for qualifying symbols relating to inputs and outputs 

Figure 1. Symbol Composition 

All outputs of a single, unsubdivided element always have identical internal 
logic states determined by the function of the element except when otherwise 
indicated by an associated qualifying symbol or label inside the element. 

The outlines of elements may be abutted or embedded in which case the 
following conventions apply. There is no logic connection between the 
elements when the line common to their outlines is in the direction of signal 
flow. There is at least one logic connection between the elements when the 
line common to their outlines is perpendicular to the direction of-signal flow. 
The number of logic connections between elements will be clarified by the 
use of qualifying symbols, and this is discussed further under that topic. If 
no indications are shown on either side of the common line, it is assumed 
there is only one connection. 

When a circuit has one or more inputs that are common to more than one 
element of the circuit, the common-control block may be used. This is the 
only distinctively shaped outline used in the IEC system. Figure 2 shows that, 
unless otherwise qualified by dependency notation, an input to the common
control block is an input to each of the elements below the common-control 
block. 

A common output depending on all elements of the array can be shown as 
the output of a common-output element. Its distinctive visual feature is the 
double line at its top. In addition, the common-output element may have other 
inputs as shown in Figure 3. The function of the common-output element must 
be shown by use of a general qualifying symbol. 



COMMON~ONTROLBLOCK 

b--+--I 

b 

d-
d-----I 

Figure 2. Common-Control Block 

b 

COMMON-OUTPUT _____ F==~ 
ELEMENT --. 

(must, like other elements, 
have a qualifying symbol to 
denote its logic function) 

c 

d a 

b 

I--...... ----d 

1---1I..-+-...... ---e 

4>-f 
9 

c-------I 

Figure 3. Common-Output Element 

3 Qualifying Symbols 
3.1 General Qualifying Symbols 

Table 1 shows general qualifying symbols defined by IEEE Standard 91 . These 
characters are placed near the top center or the geometric center of a symbol 
or symbol element to define the basic function of the device represented by 
the symbol or of the element. 
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Table 1. General Qualifying Symbols 

SYMBOL DESCRIPTION CMOS TTL 
EXAMPLE EXAMPLE 

& AND gate or function. 'HCOO SN7400 
~1 OR gate or function. The symbol was chosen 'HC02 SN7402 

to indicate that at least one active input is 
needed to activate the output. 

=1 Exclusive OR. One and only one input must 'HC86 SN7486 
be active to activate the output. 
Logic identity. All inputs must stand at the 'HC86 SN74180 
same state. 

2k An even number of inputs must be active. 'HC280 SN74180 
2k + 1 An odd number of inputs must be active: 'HC86 SN74ALS86 
1 The one input must be active. 'HC04 SN7404 

I> or <l A buffer or element with more than usual 'HC240 SN74S436 
output capability (symbol is oriented in the 
direction of signal flow). 

.IT Schmitt trigger; element with hysteresis. 'HC132 SN74LS18 
XIV Coder, code converter (DEC/BCD, BIN/OCT, 'HC42 SN74LS347 

BIN/7-SEG, etc.). 
MUX Multiplexer/data selector. 'HC151 SN74150 
DMUX or DX Demultiplexer. 'HC138 SN74138 
E Adder. 'HC283 SN74LS385 
P-Q Subtracter. t SN74LS385 
CPG Look-ahead carry generator. 'HC182 SN74182 
1f Multiplier. t SN74LS384 
CaMP Magnitude comparator. 'HC85 SN74LS682 
ALU Arithmetic logic unit. 'HC18·1 SN74LS381 

JL. Retriggerable monostable. 'HC123 SN74LS422 

1.11.. Nonretriggerable monostable (one-shot). 'HC221 SN74121 
G Astable element. Showing waveform is t SN74LS320 

..JlJ1.. 
optional. 

!G Synchronously starting astable. t SN74LS624 
.JlJ""L 

G! Astable element that stops with a completed t t 
.JlJ"L 

pulse. 

SRGm Shift register. m = number of bits. 'HC164 SN74LS595 
CTRm Counter. m = number of bits; cycle 'HC590 SN54LS590 

length = 2m. 
CTR DIVm Counter with cycle length = m. 'HC160 SN74LS668 
RCTRm Asynchronous (ripple-carry) counter; cycle 'HC4020 t 

length = 2m. 

t Not all of the general qualifying symbols have been used in Tl's CMOS and TTL data books, but they are 
included here for the sake of completeness. 
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Table 1. General Qualifying Symbols (Continued) 

SYMBOL DESCRIPTION 
CMOS TTl 

EXAMPLE EXAMPLE 

ROM 
RAM 
FIFO 
1=0 
1=1 
<I> 

Read-only memory. 
Random-access read/write memory. 
First-in, first-out memory. 
Element powers up cleared to 0 state. 
Element powers up set to 1 state. 
Highly complex function; "gray box" symbol 
with limited detail shown under special rules. 

t SN74187 
'HC189 SN74170 

t SN74lS222 
t SN74AS877 

'HC7022 SN74AS877 
'ACT2140 SN74LS608 

t Not all of the general qualifying symbols have been used in TI' s CMOS and TTL data books, but they are 
included here for the sake of completeness. 

3.2 General Qualifying Symbols for Inputs and Outputs 

Qualifying symbols for inputs and outputs are shown in Table 2, and many 
will be familiar to most users, a likely exception being the logic polarity symbol 
for directly indicating active-low inputs and outputs. The older logic negation 
indicator means that the external 0 state produces the internal 1 state. The 
internal 1 state means the active state. Logic negation may be used in pure 
logic diagrams; in order to tie the external 1 and 0 logic states to the levels 
H (high) and L (low), a statement of whether positive logic (1 = H, 0 = LI 
or negative logic (1 = L,O = HI is being used is required or must be assumed. 
Logic polarity indicators eliminate the need for calling out the logic convention 
and are used in various data books in the symbology for actual devices. The 
presence of the triangular polarity indicator indicates that'the L logic level 
will produce the internal 1 state (the active state) or that, in the case of an 
output, the internal 1 state will produce the external L level. Note how the 
active direction of transition for a dynamic input is indicated in positive logic, 
negative logic, and with polarity indication. 

The internal connections between logic elements abutted together in a symbol 
may be indicated by the symbols shown in Table 2. Each logic connection 
may be shown by the presence of qualifying symbols at one or both sides 
of the common line, and, if confusion can arise about the number of 
connections, use can be made of one of the internal connection symbols. 

The internal (virtual) input is an input originating somewhere else in the circuit 
and is not connected directly to a terminal. The internal (virtual) output is 
likewise not connected directly to a terminal. The application of internal inputs 
and outputs requires an understanding of dependency notation, which is 
explained in section 4. 

10-11 



+1 
~ 
~ 
~~~1~~~~ 
~~~~¢~~~~ 

~~~~E~ 

10-12 

Table 2. Qualifying Symbols for Inputs and Outputs 

Logic negation at Input. External a produces internal 1. 

Logic negation at output. Internai 1 produces external a. 

Active-low input. Equivalent to--q in positive logic. 

Active-low output. Equivalent to p--in positive logic. 

Active-low input in the case of right-to-Ieft signal flow. 

Active-low output in the case cif right-to-Ieft signal flow. 

Signal flow from right to left. If not otherwise indicated. signal flow is from left 

to right. 

Bidirectional signal flow. 

POSITIVE NEGATIVE POLARITY 

LOGIC LOGIC INDICATION 

Dynamic L l I O . not used 
inputs 

a 
active H L not used not used 
on L 
indicated 

0--.1 aLl S 
H 

transition 
L 

Nonlogic connection. A label inside the symbol will usually define the nature of 
this pin. 

Input for analog signals (on a digital symbol) (see Figure 3-141. 

Input for digital signals (on an analog symbol) (see Figure 3-14). 

Internal connection. 1 state on left produces 1 state on right. 

Negated internal connection. 1 state on left produces a state on right.· 

Dynamic internal connection. Transition from a to 1 on left produces transitory 
1 state on right. 

Internal input (virtual input). It always stands at its internal 1 state unless 
affected by an overriding dependency relationship. 

Internal output (virtual outputl. Its effect on an internal input to which it is 
connected is indicated by dependency notation. 



In an array of elements, if the same general qualifying symbol and the same 
qualifying symbols associated with inputs and outputs would appear inside 
each of the elements of the array, then these qualifying symbols are usually 
shown only in the first element. This is done to reduce clutter and to save 
time in recognition. Similarly, large identical elements that are subdivided into 
smaller elements may each be represented by an unsubdivided outline. The 
SN54HC242 or SN54LS44a symbol illustrates this principle. 

3.3 Symbols Inside the Outline 

Table 3 shows some symbols used inside the outline. Note particularly that 
open-collector (open-drain), open-emitter (open source}, and 3-state outputs 
have distinctive symbols'. An EN input affects all the external outputs of the 
element in which it is placed, plus the external outputs of any elements shown 
to be influenced by that element. It has no effect on inputs. When an enable 
input affects only certain outputs, affects outputs located outside the indicated 
influence of the element in which the enable input is placed, and/or affects 
one or more inputs, a form of dependency notation will indicate this (see 4.1 a). 
The effects of the EN input on the various types of outputs are shown. 

It is particularly important to note that a D input is always the data input of 
a storage element. At its internal 1 state, the D input sets the storage element 
to its 1 state, and at its internal a state, it resets the storage element to its 
a state. 

The binary grouping symbol will be explained more fully in section 8. Binary
weighted inputs are arranged in order, and the binary weights of the least 
significant and the most significant lines are indicated by' numbers. In this 
document, weights of input and output lines will usually be represented by 
powers of two only when the binary grouping symbol is used; otherwise, 
decimal numbers will be used. The grouped inputs generate an internal number 
on which a mathematical function can be performed or that can be an 
identifying number for dependency notation (Figure 31). A frequent use is 
in addresses for memories. 

Reversed in direction, the binary grouping symbol can be used with outputs. 
The concept is analogous to that for the inputs, and the weighted outputs 
will indicate the internal number assumed to be developed within the circuit. 

Other symbols are used inside the outlines in accordance with the lEe/IEEE 
standards but are not shown here. Generally, these are associated with 
arithmetic operations and are self-explanatory. 

When nonstandardized information is shown inside Eln outline, it is usually 
enclosed in square brackets [like thesel. The square brackets are omitted when 
associated with a nonlogic input, which is indicated by an X sllperimposed 
on the connection line outside the symbol. 
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Table 3. Symbols Inside the Outline 

Postponed Dutput (of a pulse-triggered flip-flopl. The output changes 
when input initiating change (e.g., a C inputl returns to its initial external 
state or level. See paragraph 5. 

Bi-threshold input (input with hysteresis) 

N-P-N open-collector or similar output that can supply. a 
relatively low-impedance L level when not turned off. 
Requires external pull-up. Capable of positive· logic wired
AND connection. 

Passive-pull-up output is similar to N-P-N open-collector 
output but is supplemented with a bUilt-in passive pull-up. 

N-P-N open-emitter or similar output that can supply a 

relatively low-impedance H level when not turned off. 
Requires external pull-down. Capable of positive-logic wired 
OR connection. 

Passive-pull-down output is similar to N-P-N open-emitter 
output but is supplemented with a built-in passive pull-down. 

Three-state output 

+ 

Output with more than usual output capability (symbol is oriented in 
the direction of signal flow). 

Enable input 
When at its internal 1-state, all outputs are enabled. 
When at its internal O-state, open-collector and open-emitter outputs 
are off, three-state outputs are in the high-impedance state, and 
all other outputs (i.e., totem-poles) are at the internal O-state. 

Usual meanings associated with flip-flops (e.g., R = reset to 0, 
S = reset to 1). 

Toggle input causes internal state of output to change to its 
complement. 

"'-!SR Data Input to a storage element equivalent to: ~ 

Shift right (left) inputs, m = 1, 2, 3, etc. If m = 1, it is usually not 
shown. 

Counting up (down) inputs, m 
not shown. 

1, 2, 3, etc. If m 

Binary grouping. m is highest power of 2. 

1 , it is usually 



Table 3. Symbols Inside the Outline (Continued) 

--1CT = 15 
The contents-setting input, when active, causes the content of a 
register to take on the indicated value. 

CT=9~ The content output is active if the content of the register is as indicated. 

~J 
Input line grouping ... indicates two or more terminals used to 
implement a single logic input. 

e.g., The paired expander inputs of SN7450. ~=:jJE 

"1"r- Fixed-state output always stands at its internal 1 state. For example, 
see SN74185. 

4 Dependency Notation 
4.1 General Explanation 

Dependency notation is the powerful tool that sets the IEC symbols apart 
from previous systems and makes compact. meaningful symbols possible. 
It provides the means of denoting the relationship between inputs. outputs. 
or inputs and outputs without actually showing all the elements and 
interconnections involved. The information provided by dependency notation 
supplements that provided by the qualifying symbols for an element's function. 

In the convention for the dependency notation, use will be made of the terms 
"affecting" and "affected." In cases where it is not evident which inputs 
must be considered as being the affecting or the affected ones (e.g .• if they 
stand in an AND relationship). the choice may be made in any convenient way. 

So far. eleven types of dependency have been defined. and all of these are 
used in various TI data books. X dependency is used mainly with CMOS 
circuits. They are listed below in the order in which they are presented and 
are summarized in Table 4 at the end of section 4. 

Section 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4.11 
4.12 

Dependency Type or Other Subject 
G.AND 
General Rules for Dependency Notation 
V,OR 
N. Negate (Exclusive-OR) 
Z, Interconnection 
X, Transmission 
C, Control 
S, Set and R. Reset 
EN. Enable 
M, Mode 
A, Address 
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4.2 G (AND) Dependency 
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A common relationship between two signals is to have them ANDed together. 
This has traditionally been shown by explicitly drawing an AND gate with 
the signals connected to the inputs of the gate. The 1972 lEe publication 
and the 1973 IEEE/ANSI standard showed several ways to show this AND 
relationship using dependency notation. While ten other forms of dependency 
have since been defined, the ways to invoke AND dependency are now 
reduced to one. 

In Figure 4 input b is ANDed with input a, and the complement of b is ANDed 
with c. The letter G has been chosen to indicate AND relationships and is 
placed at input b, inside the symbol. A number considered appropriate by the 
symbol designer (1 has been used here) is placed after the letter G and also 
at each affected input. Note the bar over the 1 at input c. 

:~--

c~ 
Figure 4. G Dependency Between Inputs 

In Figure 5, output b affects input a with an AND relationship. The lower 
example shows that it is the internal logic state of b, un,affected by the 
negation sign, that is ANDed. Figure 6 shows input a to be ANDed with a 
dynamic input b. 

2t]I-+--J b 

Figure 5. G Dependency Between Outputs and Inputs 



a-fG1-
b"!:'1 

a---f&i-
b-----4 

Figure 6. G Dependency with a Dynamic input 

The rules for G dependency can be summarized thus: 

When a Gm input or output (m is a number) stands at its internal 1 state, 
all inputs and outputs affected by Gm stand at their normally defined 
ihternallogic states. When the Gm input or output stands at its 0 state, 
all inputs and outputs affected by Gm stand at their internal 0 states. 

4.3 Conventions for the Application of Dependency Notation in 
General 

The rules for applying dependency relationships in general follow the same 
pattern as was illustrated for G dependency. 

Application of dependency notation is accomplished by: 

1 ) labeling the input (or output) affecting other inputs or outputs 
with the letter symbol indicating the relationship involved (e.g., 
G for AND) followed by an identifying number, appropriately 
chosen, and 

2) labeling each input or output affected by that affecting input 
(or output) with that same number. 

If it is the complement of the internal logic state of the affecting input or output 
that does the affecting, then a bar is placed over the identifying numbers at 
the affected inputs or outputs (Figure 4). 

If two affecting inputs or outputs have the same letter and the same identifying 
number, they stand in an OR relationship to each other (Figure 7). 

a=[G-l-b Gl 
c 1 

Figure 7. ORed Affecting Inputs 

If the affected input or output requires a label to denote its function (e.g., 
"D"). this label will be prefixed by the identifying number of the affecting 
input (Figure 15). 

If an input or output is affected by more than one affecting input, the 
identifying numbers of each of the affecting inputs will appear in the label 
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of the affected one, separated by commas. The normal reading order of these 
numbers is the same as the sequence of the affecting relationships (Figure 15). 

If the labels denoting the functions of affected inputs or outputs must be 
numbers (e.g., outputs of a coder), the identifying numbers to be associated 
with both affecting inputs and affected inputs or outputs may be replaced 
by another character selected to avoid ambiguity, e.g., Greek letters (Figure 8). 

=i_-
a 1 

b ~1 
c 1 

Figure 8. Substitution for Numbers 

4.4 V (OR) Dependency 

The symbol denoting OR dependency is the letter V (Figure 9), 

When a Vm input or output stands at its internal 1 state, all inputs and outputs 
affected by Vm stand at their internal 1 states. When the Vm input or output 
stands at its internal 0 state, all inputs and outputs affected by Vm stand 
at their normally defined internal logic states. 

a-f~tb == [=l---R b = [=1-, 
a~ a~b 

__ ~a 

J-Ub ~: 
Figure 9. V (OR) Dependency 

4.5 N (Negate) (Exclusive-OR) Dependency 
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The symbol denoting negate dependency is the letter N (Figure 10). Each input 
or output affected by an Nm input or output stands in an Exclusive-OR 
relationship with the Nm input or output. 

When an Nm input or output stands at its internal 1 state, the internal logic 
state of each input and each output affected by Nm is the complement of 
what it would otherwise be. When an Nm input or output stands at its internal 
o state, all inputs and outputs affected by Nm stand at their normally defined 
internal logic states. 



Ita = D, then c = b 
If a = 1, then c = ii 

· []SD=: 

Figure 10. N (Negate) (Exclusive-OR) Dependency 

4.6 Z (Interconnection) Dependency 

The symbol denoting interconnection dependency is the letter Z. 

Interconnection dependency is used to indicate the existence of internal logic 
connections between inputs, outputs, internal inputs, and/or internal outputs. 

The internal logic state of an input or output affected by a Zm input or output 
will be the same as the internal logic state of the Zm input or output, unless 
modified by additional dependency notation (Figure 11). 

4.7 X (Transmission) Dependency 

The symbol denoting transmission dependency is the letter X. 

Transmission dependency is used to indicate controlled bidirectional 
connections between affected input/output ports (Figure 12). 

When an Xm input or output stands at its internal 1 state, all input-output 
ports affected by this Xm input or output are bidirectionally connected together 
and stand at the same internal logic state or analog signal level. When an 
Xm input or output stands at its internal 0 state, the connection associated 
with this set of dependency notation does not exist. 

Although the transmission paths represented by X dependency are inherently 
bidirectional, use is not always made of this property. This is analogous to 
a piece of wire, which may be constrained to carry current in only one 
direction. If this is the case in a particular application, then the directional 
arrows shown in Figures 12, 13, and 14 are omitted. 
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a~~-tb 

E z}-a 

8-1G1 ;l-c 
b-i.!Z2 J 

a- X1 

n 

p f'.." 

..... 
~ a 

'W' where -cJ- ---1>-

a where -C]+- == -<J-

b L~J 
a 

Figure 11. Z (Interconnection) Dependency 

b If a = 1, there is a bidirectional 
connection between band c. 

1/1 ... c ,. 
4 ~ d 

If a = 0, there is a bidirectional 
connection between c and d. 

Figure 12. X (Transmission) Dependency 

n 

JX1 

1 1 ---- .. ~ 

--L 

,-1 If-' 
b 

T 
p 

Figure 13. CMOS Transmission Gate Symbol and Schematic 

10-20 



# MUXDMUX 

# O} x J!. 
1 3 

0 ..oLn .. 
.. n .. 011/2/3 1 

n 
-n 

2 .. 
-n .. 

3 -
Figure 14. Analog Data Selector (Multiplexer/Demultiplexer) 

4.8 C (Control) Dependency 

The symbol denoting control dependency is the letter C. 

Control inputs are usually used to enable or disable the data (D, J, K, R, or 
S) inputs of storage elements. They may take on their internal 1 states (be 
active) either statically or dynamically. In the latter case, the dynamic input 
symbol is used as shown in the third example of Figure 1 5. 

When a Cm input or output stands at its internal 1 state, the inputs affected 
by Cm have their normally defined effect on the function of the element; i.e., 
these inputs are enabled. When a Cm input or output stands at its internal 
o state, the inputs affected by Cm are disabled and have no effect on the 
function of the element. 
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a--fc-;
b-120 

a~;-b C2 ::::: 

c 1,~ 

/ 

~
-

a G1 

b 1 C2 
c 20 

_a~& &s-
= b & 

c R 

Note AND relationship of a and b 

=f-a - G1 

b 1,20 

c--t~ 

a 1,20 a -- & ;.1 

b 1.20 
= b 

& 

c G1 c 

d C2 d----

Input c selects which of a or b is stored when d goes low. 

Figure 15. C (Control) Dependency 



4.9 S (Set) and R (Reset) Dependencies 

The symbol denoting set dependency 
is the letter S. The symbol denoting 
reset dependency is the letter R. 

Set and reset dependencies are used 
if it is necessary to specify the effect 
of the combination R = S = 1 on a 
bistable element. Case 1 in Figure 16 
does not use S or R dependency. 

When an Sm input is at its internal 1 
state, outputs affected by the Sm 
input will react, regardless of the 
state of an R input, as they normally 
would react to the combination S = 1 , 
R = O. See cases 2, 4, and 5 in 
Figure 16. 

When an Rm input is at its internal 1 
state, outputs affected by the Rm 
input will react, regardless of the 
state of an S input, as they normally 
would react to the combination S = 0, 
R= 1. See cases 3, 4, and 5 in 
Figure 16. 

When an Sm or Rm input is at its 
internal 0 state, it has no effect. 

Note that the noncomplementary 
output patterns in cases 4 and 5 are 
only pseudo stable. The simultaneous 
return of the inputs to S = R = 0 
produces an unforeseeable stable and 
complementary output pattern. 

4.10 EN (Enable) Dependency 

CASE 1 

s---r-1-: R-LJ-O 
CASE 2 

s-Fl-: 
R-Lt-O 

CASE 3 S-n-o 

R~a 
CASE 4 

s-F1-: 
R~O 

CASE 5 

s-ft-a 
R-U-0 

S R 
a a 
a 1 

1 a 
1 1 

S R 
a a 
a 1 
1 a 
1 1 

S R 
a a 
a 1 
1 a 
1 I 

S R 
a a 
a 1 
1 a 
1 1 

S R 

a a 
a 1 

1 a 
1 1 

a a 
nc nc 

a 1 

1 a 
? ? 

a a 
nc nc 

a 1 

1 a 
1 a 

a a 
nc nc 

a 1 

1 a 
a 1 

a a 
nc nc 

Q 1 
1 a 
1 1 

a a 
nc nc 

a 1 

1 a 
a a 

0= external 0 state 

nc = no change 

I = external I state 

? = unspecified 

Figure 16. S (Set) and 
R (Reset) Dependencies 

The symbol denoting enable dependency is the combination of letters EN. 

An ENm input has the same effect on outputs as an EN input, see 3.3, but 
it affects only those outputs labeled with the identifying number m. It also 
affects those inputs labeled with the identifying number m. By contrast, an 
EN input affects all outputs and no inputs. The effect of an ENm input on 
an affected input is identical to that of a Cm input (Figure 17). 
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1 V' b 

a--t..------tEN1 

EN V' c: 

d 
If a = D, b is disabled and d = c 
If a = 1, C is disabled and d = b 

Figure 17. EN (Enable) Dependency 

When an ENm input stands at its internal 1 state, the inputs affected by ENm 
have their normally defined effect on the function of the element, and the 
outputs affected by this input stand at their normally defined internal logic 
states; I.e., these inputs and outputs are enabled. 

When an ENm input stands at its internal 0 state, the inputs affected by ENm 
are disabled and have no effect on the function of the element, and the outputs 
affected by ENm are also disabled. Open-collector outputs are turned off, 
three-state outputs stand at their normally defined internal logic stlltes but 
externally exhibit high impedance, and all other outputs (e.g., totem-pole 
outputs) stand at their internal 0 states. 

4.11 !Vi (MODE) Dependency 

The symbol denoting mode dependency is the letter M. 

Mode dependency is used to indicate that the effects of particular inputs and 
outputs of an element depend on the mode in which the element is operating. 

If an input or output has the same effect in different modes of operation, the 
identifying numbers of the relevant affecting Mm inputs will appear in the 
label of that affected input or output between parentheses and separated by 
solidi (Figure 22). 

4.11.1 M Dependency Affecting Inputs 

M dependency affects inputs the same as C dependency. When an Mm input 
or Mm output stands at its internal 1 state, the inputs affected by this Mm 
input or Mm output have their normally defined effect on the function of the 
element; I.e., the inputs are enabled. 

When an Mm input or Mm output stands at its internal 0 state, the inputs 
affected by this Mm input or Mm output have no effect on the function of 
the element. When an affected input has several sets of labels separated by 
solidi (e.g., C4/2-/3 +), any set in which the identifying number of the Mm 
input or Mm output appears has no effect and is to be ignored. This represents 
disabling of some of the functions of a multifunction input. 



a 

b 

c 

d 
e 

The circuit in Figure 18 has two inputs, band c, that control which one of 
four modes (0, 1, 2, or 3) will exist at any time. Inputs d, e, and fare D inputs 
subject to dynamic control (clocking) by the a input. The numbers 1 and 2 
are in the series chosen to indicate the modes so inputs e and f are only enabled 
in mode 1 (for parallel loading), and input d is only enabled in mode 2 (for 
serialloadingl. Note that input a has three functions. It is the clock for entering 
data. In mode 2, it causes right shifting of data, which means a shift away 
from the control block. In mode 3, it causes the contents of the register to 
be incremented by one count. 

Note that all operations are synchronous. 

In MODE 0 (b = 0, c = 0), the outputs 
remain at their existing states as none 
of the inputs has an effect. 

In MODE 1 (b = 1, c = 0), parallel loading 
takes place thru inputs e and f. 

In MODE 2 (b = 0, c = 1), shifting down 
and serial loading thru input d take place. 

In MODE 3 (b = c = 1), counting up by 
increment of 1 per clock pulse takes place. 

Figure 18. M (Model Dependency Affecting Inputs 

4.11.2 M Dependency Affecting Outputs 

When an Mm input or Mm output stands at its internal 1 state, the affected 
outputs stand at their normally defined internal logic states; i.e., the outputs 
are enabled. 

When an Mm input or Mm output stands at its internal 0 state, at each affected 
output any set of labels containing the identifying number of that Mm input 
or Mm output has no effect and is to be ignored. When an output has several 
different sets of labels separated by solidi (e.g., 2,4/3,5), only those sets in 
which the identifying number of this Mm input or Mm output appears are to 
be ignored. 

Figure 19 shows a symbol for a device whose output can behave as either 
a 3-state output or an open-collector output deperiding on the signal applied 
to input a. Mode 1 exists when input a stands at its internal 1 state, and, 
in that case, the three-state symbol applies, and the open-element symbol 
has no effect. When a = 0, mode 1 does not exist so the three-state symbol 
has no effect, and the open-element symbol applies. 
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I> 
a Ml 

b EN 

c 1 'V/1Q d 

Figure 19. Type of Output Determined by Mode 

In Figure 20, if input a stands at its internal 1 state establishing mode 1, 
output b will stand at its internal 1 state only when the content of the register 
equals 9. Since output b is located in the common-control block with no 
defined function outside of mode 1, the state of this output outside of mode 1 
is not defined by the symbol. 

a-1 Ml 

I 
I 
I 

~ 

lCT=9 ~ b 

I 
I 
I 

~ 
Figure 20. An Output of the Common-Control Block 

In Figure 21, if input a stands at its internal 1 state establishing mode 1, output 
b will stand at its internal 1 state only when the content of the register equals 
15. If input a stands at its internal 0 state, output b will stand at its internal 
1 state only when the content of the register equals O. 

'-t' '':T"''P-' lCT=O 

I 
I I 

I I 

( S 
Figure 21. Determining an Output's Function 

In Figure 22, inputs a and b are binary weighted to generate the numbers 0, 
1, 2, or 3. This determines which one of the four modes exists. 

10-26 



Figure 22. Dependent Relationships 
Affected by Mode 

At output e, the label set causing negation (if c = 1) is effective only in modes 
2 and 3. In modes 0 and 1, this output stands at its normally defined state as if 
it had no labels. At output f, the label set has effect when the mode is not 
o so output e is negated (if c = 1) in modes 1, 2, and 3. In mode 0, the label 
set has no effect so the output stands at its normally defined state. In this 
example, 0,4 is equivalent to (1/2/3)4. At output g, there are two label sets: 
the first set, causing negation (if c = 1), is effective only in mode 2; the second 
set, subjecting 9 to AND dependency on d, has effect only in mode 3. 

Note that in mode 0 none of the dependency relationships has any effect on 
the outputs, so e, f. and 9 will all stand at the same state. 

4.12 A (Address) Dependency 

The symbol denoting address dependency is the letter A. 

Address dependency provides a clear representation of those elements, 
particularly memories, that use address control inputs to select specified 
sections of a multidimensional array. Such a section of a memory array is 
usually called a word. The purpose of address dependency is to allow a 
symbolic presentation of the entire array. An input of the array shown at a 
particular element of this general section is common to the corresponding 
elements of all selected sections of the array. An output of the array shown 
at a particular element of this general section is the result of the OR function 
of the outputs of the corresponding elements of selected sections. 

Inputs that are not affected by any affecting address input have their normally 
defined effect on all sections of the array, whereas inputs affected by an 
address input have their normally defined effect only on the section selected 
by that address input. 

An affecting address input is labeled with the letter A followed by an 
identifying number that corresponds with the address of the particular section 
of the array selected by this input. Within the general section presented by 
the symbol, inputs and outputs affected by an Am input are labeled with the 
letter A, which stands for the identifying numbers, i.e., the addresses, of the 
particular sections. 
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Figure 23 shows a 3-word by 2-bit memory having a separate address line 
for each word and uses EN dependency to explain the operation. To select 
word 1, input a is taken to its 1 state, which establishes mode 1. Data can 
now be clocked into the inputs marked" 1 ,40." Unless words 2 and 3 are 
also selected, data cannot be clocked in at the inputs marked "2,40" and 
"3,40." The outputs will be the OR functions of the selected outputs; i.8., 
only those enabled by the active EN functions. 

a A1 a EN1 
b A2 b EN2 
c A3 c EN3 
d C4 d C4 

e f e 
9 h 

9 

Figure 23. A (Address) Dependency 

The identifying numbers of affecting address inputs correspond with the 
addresses of the sections selected by these inputs. They need not necessarily 
differ from those of other affecting dependency inputs (e.g., G, V, N, ... ), 
because, in the general section presented by the symbol, they are replaced 
by the letter A. 

If there are several sets of affecting Am inputs for the purpose of independent 
and possibly simultaneous access to sections of the array, then the letter A 
is modified to 1 A, 2A, .... Since they have access to the same sections 
of the array, these sets of A inputs may have the same identifying numbers. 
The symbols for 'He170 or SN74LS170 make use of this. 

Figure 24 is another illustration of the concept. 



RAM 16 X 4 

EN 

D}A JL 
15 

3 

Cl 

Figure 24. Array of 16 Sections of Four Transparent Latches with State 
Outputs Comprising a 16-Word x 4-Bit Random-Access Memory 

Table 4. Summary of Dependency Notation 

TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT 
DEPENDENCY SYMBOL" AT ITS 1 -STATE AT ITS O-STATE 

Address A Permits action (address selected) Prevents action (address not selected) 

Control C Permits, action Prevents action 
Prevents action of inputs 
Ooutputs off 

Enable EN Permits action 'V0utputs at external high impedance, 
no change in internal logic state 

Other outputs at internal 0 state 

AND G Permits action Imposes 0 state 

Mode M Permits action (mode selected) Prevents action (mode not selected) 

Negate (Ex-OA) N Complements state No effect 

Aeset A 
Affected output reacts as 

No effect it would to S = 0, A = 1 

Set S 
Affected output reacts as 

No effect it would to S = 1, A = 0 

OR V Imposes 1 state Permits action 

Transmission X Bidirectional connection exists Bidirectional connection does not exist 

Interconnection Z Imposes 1 state Imposes 0 state 

"These letter symbols appear at the AFFECTING input (or output) and are followed by a humber. 
Each input (or output) AFFECTED by that input is labeled with that same number. When the 
labels EN, R, and S appear at inputs without the following numbers, the descriptions above 
do not apply. The action of these inputs is described under "Symbols Inside the Outline," 
see 3.3. 
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5 Bistable Elements 
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The dynamic input symbol, the postponed output symbol, and dependency 
notation provide the tools to differentiate four main types of bistable elements 
and make synchronous and asynchronous inputs easily recognizable 
(Figure 25). The.first column shows the essential distinguishing features; the 
other columns show examples. 

I I 
L __ ..J 

TRANSPARENT 
LATCHES 
r ---, 

-t crn ~ 
I I L ___ .J 

EDGE·TRIGGERED 

r - -.., 
I I 

-1Crn -+-
I I L ___ J 

PULSE·TRIGGERED 

r - --, 
I I 

-tCm-'r-
I I L ___ J 

DATA·LOCKOUT 

R'~ C2 
20 

1/2 SN74HC75 

U=~D 
Cl 

R 

1/2 SN74HC74 

., 

., 

.., 

., 

SN7411D 

fiJ -
Cl 

lK 
R 

1/2 SN74HC107 

1J 
Cl 
lK R ...., 

1/2 SN74107 

..., 

1/2 SN74111 

Figure 25. Four Types of Bistable Circuits 



Transparent latches have a level-operated control input. The D input is active 
as long as the C input is at its internal 1 state. The outputs respond 
immediately. Edge-triggered elements accept data from D, J, K, R, or S inputs 
on the active transition of C. Pulse-triggered elements require the setup of 
data before the start of the control pulse; the C input is considered static since 
the data must be maintained as long as C is at its 1 state. The output is 
postponed until C returns to its 0 state. The data-lockout element is similar 
to the pulse-triggered version except that the C input is considered dynamic 
in that, shortly after C goes through its active transition, the data inputs are 
disabled, and data does not have to be held. However, the output is still 
postponed until the C input returns to its initial external level. 

Notice that synchronous inputs can be readily recognized by their dependency 
labels (1 D, 1J, 1 K, 1 S, 1 R) compared to the asynchronous inputs (S, RI, which 
are not dependent on the C inputs. 

6 Coders 
The general symbol for a coder or 
code converter is shown in Figure 26. 
X and Y may be replaced by 
appropriate indications of the code 
used to represent the information at 
the inputs and at the outputs, 
respectively. 

[J 
Figure 26. Coder General 

Symbol 

Indication of code conversion is based on the following rule: 

Depending on the input code, the internal logic states of the inputs 
determine an internal value. This value is reproduced by the internal logic 
states of the outputs, depending on the output code. 

The indication of the relationships between the internal logic states of the 
inputs and the internal value is accomplished by: 

1) labeling the inputs with numbers. In this case, the internal value equals 
the sum of the weights associated with those inputs that stand at their 
internal 1-state, or by 

2) replacing X by an appropriate indication of the input code and labeling 
the inputs with characters that refer to this code. 

The relationships between the internal value and the internal logic states 
of the outputs are indicated by: 

1) labeling each output with a list of numbers representing those internal 
values that lead to the internal 1-state of that output. These numbers 
shall be separated by solidi as in Figure 27. This labeling may also be 
applied when Y is replaced by a letter denoting a type of dependency 
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b 
1 
2 
4 

x/v 

TRUTH TABLE 

1/4 
2/3 
3/4 

d 

---m-PUTS 
c b a 9 00- 0 0 
0 0 1 0 
0 1 0 0 
0 1 1 0 
1 0 0 0 
1 0 1 0 
1 1 0 , 0 

~~~1 

Figure 27. An X/V Code Converter 

OUTPUTS 
f e 
0 0 
0 0 
0 1 

1 1 
1 0 
0 0 
0 0 
0 0 

d 

0 
1 
0 
0 
1 

0 
0 
0 

(see section 7). If a continuous range of internal values produces the 
internal 1 state of an output, this can be indicated by two numbers that 
are inclusively the beginning and the end of the range, with these two 
numbers separated by three dots (e.g., 4 ... 9=4/5/6/7/8/9) or by 

2) replacing V by an appropriate indiction of the output code and labeling 
the outputs with characters that refer to this code as in Figure 28. 

TRUTH TABLE 

~I~ OUTPUTS ----_. __ . 
~_ b a j i h 9 f e d 
0 0 0 0 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 0 1 

0 1 0 0 0 0 0 0 1 0 
0 1 1 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 
1 0 1 0 0 1 0 0 0 0 
1 1 0 0 1 0 0 0 0 0 

X/OCT 
1 d 
2 
3 

2 4 9 
4 5 h 

6 
7 

1 1 1 1 0 0 0 0 0 0 -- --

Figure 28. An X/Octal Code Converter 

Alternatively, the general symbol may be used together with an appropriate 
reference to a table in which the relationship between the inputs and outputs 
is indicated. This is a recommended way to symbolize a PROM after it has 
been programmed. 



7 Use of a Coder to Produce Affecting Inputs 
It often occurs that a set of affecting 
inputs for dependency notation is 
produced by decoding the signals on 
certain inputs to an element. In such 
a case, use can be made of the 
symbol for a coder as an embedded 
symbol (Figure 29). 

2 

C3 

XIV 
0 
1 
2 

213 

Gl 
G2 
V4 
N5 

Figure 29. Producing Various 
Types of Dependencies 

=(JIM --

I 0 
2 1 

2 =D/V 
1 0 MO 
2 1 Ml 

2 M2 

I I 
I I 

Figure 30. Producing One Type 
of Dependency 

If all affecting inputs produced by a coder are of the same type as their 
identifying numbers shown at the outputs of the coder, Y (in the qualifying 
symbol X/Y) may be replaced by the letter denoting the type of dependency. 
The indications of the affecting inputs should then be omitted (Figure 30). 

8 Use of Binary Grouping t() Produce Affecting Inputs 
If all affecting inputs produced by a coder are of the same type and have 
consecutive identifying numbers not necessarily corresponding with the 
numbers that would have been shown at the outputs of the coder, use can 
be made of the binary grouping symbol. k external lines effectively generate 
2k internal inputs. The bracket is followed by the letter denoting the type of 
dependency followed by m 11m2. The m 1 is to be replaced by the smallest 
identifying number and the m2 by the largest one, as shown in Figure 31. 

9 Sequence of Input Labels 
If an input having a single functional effect is affected by other inputs, the 
qualifying symbol (if there is any) for that functional effect is preceded by 
the labels corresponding to the affecting inputs. The left-to-right order of these 
preceding labels is the order in which the effects or modifications must be 
applied. The affected input has no functional effect on the element if the logic 
state of anyone of the affecting inputs, considered separately, would cause 
the affected input to have no effect, regardless of the logic states of other 
affecting inputs. 
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x/v 
0 AO 
1 Al 

=f:}~~-
2 A2 
J AJ 
4 A4 

4 5 A5 
6 A6 
7 A7 

X/V 

=f>~~ 0 G5 
1 G6 

2 2 G7 
J G8 

Figure 31. Use of the Binary Grouping Symbol 

If an input has several different functional effects or has several different sets 
of affecting inputs, depending on the mode of action, the input may be shown 
as often as required. However, there are cases in which this method of 
presentation is not advantageous. In those cases, the input may be shown 
once with the different sets of labels separated by solidi (Figure 321. No 
meaning is attached to the order of these sets of labels. If one of the functional 
effects of an input is that of an unlabeled input to the element, a solidus will 
precede the first set of labels shown. 

If all inputs of a combinational 
element are disabled (caused to have 
no effect on the function of the 
element!. the internal logic states of 
the outputs of the element are not 
specified by the symbol. If all inputs 
of a sequential element are disabled, 
the content of this element is not 
changed, and the outputs remain at 
their existing internal logic states. 

Labels may be factored using 
algebraic techniques (Figure 331-

"', 

a_~l b G2 

c l~/~.~~ 

a=BMr --b- G2 
c fR 

1.2R 

~
--

a- & 

b c~ __ _ 

-~----

= a-~Gl 

Figure 32. Input Labels 



Figure 33. Factoring Input labels 

10 Sequence of Output Labels 
If an output has a number of different labels, regardless of whether they are 
identifying numbers of affecting inputs or outputs or not, these labels are 
shown in the following order: 

1) If the postponed output symbol has to be shown, this comes first, if 
necessary preceded by the indications of the inputs to which it must 
be applied 

2) Followed by the labels indicating modifications of the internal logic state 
of the output, such that the left-to-right order of these labels corresponds 
with the order in which their effects must be applied 

3) Followed by the label indicating the effect of the output on inputs and 
other outputs of the element. 

Symbols for open-circuit or 3-state 
outputs, where applicable, are placed 
just inside the outside boundary of the 
symbol adjacent to the output line 
(Figure 34). 

If an output needs several different 
sets of labels that represent 
alternative functions (e.g., depending 
on the mode of action), these sets 
may be shown on different output 

Figure 34. Placement of 
3-State Symbols 

lines that must be connected outside the outline. However, there are cases 
in which this method of presentation is not advantageous. In those cases, 
the output may be shown once with the different sets of labels separated 
by solidi (Figure 35). 
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ai;1--~C;:~b 
1 CT=15 

-------

af.~-~~;=;~~;=~tb = af~--lcT:tb 
- 1CT=15 

--------- ------
Figure 35. Output Labels 

Two adjacent identifying numbers of affecting inputs in a set of labels that 
are not already separated by a nonnumeric character should be separated by 
a comma. 

If a set of labels of an output not containing a solidus contains the identifying 
number of an affecting Mm input standing at its internal 0 state, this set of 
!abels has no effect on that olJtput. 

La?els may be factored using algebraic techniques (Figure 36). 

~0~~}- ~~3~~}-

Figure 36. Factoring Output Labels 



If you have questions on this Explantion of Logic Symbols, please contact: 

Texas Instruments Incorporated 
F.A. Mann, MS 3684 
P.O. Box 655012 
Dallas, Texas 75265 

Telephone (214) 997-2489 

IEEE Standards may be purchased from: 

Institute of Electrical and Electronic Engineers, Inc. 
IEEE Standards Office 
445 Hoes Lane 
P.O. Box 1331 
Piscataway, N.J. 08855-1331 

International Electrotechnical Commission (lEC) publications may be purchased from: 

American National Standards Institute, Inc. 
1430 Broadway 
New York, N.Y. 10018 
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MECHANICAL DATA CROSS-REFERENCE 

Table 1. Cache 

DEVICE PACKAGE 
PIN NO. 

TYPE TYPE 

SN74ACT2140A 52 FN 

SN74ACT2150A 24 DW. JD, NT 

SN74ACT2151/53 28 FN, N 

SN74ACT2152A/54A 28 FN, N 

SN74ACT2155 44 FN 

SN74ACT2156 44 FN 

SN74ACT2157 44 FN 

SN74ACT2158/59 44 FN 

SN74ACT2160 32 FM 

SN74ACT2163/64 32 FM 

SN748CT2160 32 FM 

SN748CT2163/64/66 32 FM 

TMS2150 24 OW, JD, NT 

Table 2. Dynamic Memory Controller 

DEVICE 
PIN NO. 

PACKAGE 

TYPE TYPE 
52 JD, N 

SN74ACT4503 
68 FN 

16 N 
SN74ALS6300 

24 OW 

52 JD, N 
SN74ALS6301/02 

68 FN 

SN74ALS6310A/llA 20 OW, FN, N 

48 JD, N 
THCT45028 

68 FN 

40 N 
TMS4500A 

44 FN 

Table 3. Error Detection and Correction 

DEVICE 
PIN NO. 

PACKAGE 

TYPE TYPE 

52 JD, N 
SN74ALS6328 

68 FN 

52 JD, N 
SN74AS632 

68 FN 

52 JD, N 
SN74AS632A 

68 FN 

SN74AS6364 17x 17 GA 

Table 4. Supporting Products 

DEVICE 
PIN NO. 

PACKAGE 

TYPE TYPE 

SN748CT2423/24 68 FN 

SN74LS610/612 40 JD, N 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 866303 • DALLAS, TEXAS 75265 

MECHANICAL DATA 
CROSS·REFERENCE 
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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 

prefix--------------------... I 
SN 
THCT 
TMS 

Standard Prefix 
Commercial CMOS 
Commercial NMOS 

Circuit Description-----------------J 

4 to 10 Characters 

74ACT2152 

Speed Designator _____________________ .-J 

-xx Speed in ns 

Package ----------------------------' 

DW 
JD 
N,NT 
FN, FM 
GA 

Small Outline 
Ceramic DIPs 
Plastic DIPs 
Plastic Chip Carrier 
Pin-Grid Array, Cavity Down 

TEXAS • 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 
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MECHANICAL DATA 

DW016, DW020, DW024, and DW028 plastic "small outline" packages 

Each of these "small outline" packages consists of a circuit mounted on a lead frame and encapsulated 
within a plastic compound. The compound will withstand soldering temperature with no deformation, and 
circuit performance characteristics will remain stable when operated in high-humidity conditions. Leads 
require no additional cleaning or processing when used in soldered assembly. 

DW01S, DW020, DW024, and DW028 
120-pln package used for Illustratlon) 

Ir~' 
~r 10,15 (0.400) 

7,55 (0.297) 

7.0512931 .~'~~~;:~~~~~~~~ 

0,785 10.0311 

~ 

9,010.354) 

0,510021 X O"Lb;=;;:sTo:i3ai~ 

~9 )jl r 00 00 \"70 NOM 
0.32010.0131 • 0 PLACES P 
0,230 (0.009) 1,27 fO.GSO) 

0,40 (0.016) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

tThe 28-pin package drawing is presently classified as Advance Information. 
NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material condition. 

B. Body dimensions do not include mold flash or protrusion. 
C. Mold flash or protrusion shall not exceed 0,15 (0.0061. 
D. Lead tips to be planar within ± 0,051 (0.0021 exclusive of solder. 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 855303 • DALLAS, Tj:XAS 76265 11-7 



MECHANICAL DATA 

FN020. FN028. FN044. FN052. FN068. and FN084 plastic chip carrier packages 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically non conductive plastic compound. The compound withstands soldering temperatures with 
no deformation. and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1.27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FN020. FN028. FN044, FN052, FN068, and FN084 
(20·terminal package used for iIIlustrationl 

l"'IO.18(O(xm(l)IB!JIID-E~1 FH- ISeeNoteD) CA- 01 (See Note BI---+ A1 SEATING PLANE 

1"'10,18 (OOO7)(I}IB@lo-E@! 

11.1(0,002 W/··)I·I V~';~~E~201 R MAxn A 
1,22 (0 048) 2 PLACES t -+1 ~ (See Note C) 1.42 (0 056) 

1.07 (00421 1_ _ I II 1.07100421 It: 

_ iii ~ 1.10,18 (0.007)(1)1 B$! A(1)1 
III I 2 SIDES (See Note E) • 18~~ f OJ - 3 I ~::~ :~ ~~!: TVP r 
~ L -.i. I 

w i ~ f E 1142;lci~s0501!~ Ise~~N:t! F) 
e W 4 C 1_10,38 (o.ol~)$ID-E~1 

- - 1+lo,JlS (o.ol~)~I,,-c(J)1 
: (} (See Note CI ~ 

9 10 11 12 13 -
~ __ ~~=====j==~-_~T+~~FT~~J 

--.I k ISee Note CI 

. . 
!!! 

SUM OF DAM BAR PROTRUSIONS 
TO BE 0,18 10.0071 MAXIMUM 
PER LEAD 

0,51 (0.020) MIN 

~j~ :~:g~:l (INCLUDES LEAD FINISH) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. All dimensions conform to JEDEC Specification MO·047AA/AF. Dimensions and tolerancing are per ANSI Y14.5M-1982. 

8. Dimensions Dl and E, do not include mold flash protrusion. Protrusion shall not exceed 0,25 (0.010) on any side. 

11-8 

C. Datums ID-EI and !F-GI for center leads are determined at datum !-H-! 

D. Datum 0 is located at top of leads where they exit plastic body. 

E. Location to datums !-A-I j"d ~-B-! to be determined at datum I-H-I 

F. Determined at seating plane -C 

TEXAS .., 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TeXAS 75285 



MECHANICAL DATA 

FN020. FN028. FN044. FN052. FN068. and FN084 plastic chip carrier packages (continued) 

NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AF. Dimensions and tolerancing are per ANSI Y14.SM-1982. 

F. Determined a~ seating plane I-c-I 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75266 11-9 



MECHANICAL DATA 

FM032 plastic lead chip carrier package 

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within 
an electrically nonconductive plastic compound. The compound withstands soldering temperatures with 
no deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27 (0.050) 
centers. Leads require no additional cleaning or processing when used in soldered assembly. 

FM032 

12;57 (0.495) F. 12'32 (0.485) 

11,51 (0.453) 

1W/''\l,lI'''I'-'l'''\l.,lMLIMLJMl.-lI 
.i*----"'Itt. 

1,27 (0.050) 
TYP 

13,34 (0.525) 

15,11 (0.595) 
14,86 (0.585) 

d 13,08 (0.515) 0,51 (0.020) 

-j-----Ltt. 

0,38 (0.015) :L
r-

SEATING PLANE 

I------r-- 3,56 (0.140) 
3,35 (0.132) 

1,24 (0.049) 
1,09 (0.043) 

0,20 (0.008) 
NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

TEXAS ." 
INSTRUMENTS 
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MECHANICAL DATA 

GA ceramic pin-grid-array package 

This is a hermetically sealed package with metal cap and gold-plated pins. 

17 x 17 GA 

INDEX CORNER--./ 

rr------ 45,5 (1.780) ----....... , 
42,7 (1.680) 

". l 
45,5 (1.780) 

42,7 (1.680) 

,~~,~ J 
2,54 (0.100) ~ 1,78 (0.070) I I~ 1,02(0.040) 

5,08 (0.200) ~ U ~ ~1J1f1J1JU1f1J1r~ ~ ITI-~~ 
2 54 (0.100) 0 508 (0 020) Il -./ I.-- 1,27 (0.050) NOM , , . -.I DIA (4 PLACES) 

ALL POSSIBLE PIN 
LOCATIONS ARE SHOWN. 
SEE APPLICABLE PRODUCT 
DATA SHEET FOR ACTUAL 
PIN LOCATIONS USED. 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Pins are located within 0,13 (0.005) radius of true position relative to each other at maximum material condition and within 
0,381 10.015) radius relative to the center of the ceramic. 

TEXAS ~ 
INSTRUMENlS 
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MECHANICAL DATA 

JD ceramic side-braze dual-in-line packages 

This is a hermetically sealed ceramic package with a metal cap and side-brazed tin-plated leads. 

JD CERAMIC-SlOE-BRAZE 

. bl<---N _. -_BMAX~~'I 

",;~:::..~---. n 0 uI 
OR NUMBERI~ l 

(0--------------------
If.. If.. 
Io---A---oI 1.7810.0701 
1 __ I 0.51 100201 MIN 0.76100~0Ij t , 
~ 1-ffimvvmJWW5.0810200IMAX _ SEATING • 

1:05: PLANE ~ 3.1810.~251 MIN 

II 0.3810.0151 1.9141~i.~~~sMAX .oj 1--1 j 
-.110- 0.20 10 0081 -'oj 10--2.54101001 NOM 0.5310.0211 

~~~eS~~I~~ 0.38 10.0151 

A +0.51 (+0.0201 

-0.25 (-0.0101 

B (MAXI 

C (NOMI 

(0.5901 (0.590) 

24 

7.62 

(0.3001 

30.86 

(1.2151 

7.37 

(0.2901 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS ." 
INSTRUMENTS 
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MECHANICAL DATA 

N016 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are 
compressed and inserted, sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N016 

G.. 

6,35 ± 0,25 
(0.250 ± 0.010) 

2.0 (0.080) NOM 

r- 19,8 (O.7aO) MAX -1 
~@@)@@@@)® 

~,::~:,::(::::: :I 
00000000 

. ~ --I 1--,.7810.0701 MAX 16PLACES 

't.O,25 (0.010) NOM I MIN 
5.08 10.2001 MAX J.- ~ t\ 

--SEATING PLANE--'L....--.c-lr--I 
---I 0,84 (0.033) M!N 

'--.- • 0'5110'020i~1 ~ 

90" -, U U U 12 PLACES 
\ \ _ 036 (0.014) 

16PlACES--I~0:2510.0101 3,17 10.1251 MIN L ~ _IL "'~3~O'>'!1 
16 PLACES ....., r-- 0,381 (0.015) 

(See Notes Band C) 1,65 (0.065) 16 PLACES 
0,38 (0.015) (See Notes Band C) 

Parts may be supplied in accordance 
with the alternate side view at the 
option of TI plants located in EUrope. 
In this case, the overall length of the 
package is 22,1 (0.870) max. 

4 PLACES PIN SPACING 2,54 (0.100) T. P. 
(See Note Al 

ALTERNATE SIDE VIEW 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder¥dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends trom the lead tip [Q at least 0,51 (0.020) 3bove ~eating 

plane. 

TEXAS • 
INSTRUMENTS 
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MECHANICAL DATA 

N020 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
non conductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7.62 (0.300) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N020 

20 PLACES 

762fO 2S 
(Q300±Q010) 

(See Notes Band C) 

~ J L ~ r-- 1,02 10.040) 
4PlACES 

VIEWA 
Parts may be supplied in accordance 
with the alternate side view at the 
OPtion of TI. European-manufactured 
parts may have pin 1 as shown in 
view A. Alternate-side-view parts 
manufactu red outside of the USA 
may have a maximum package length 
of 26,7 (1.0501. 

(See Note A) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

11-14 

S. This dimension does not apply for sOlder-dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating 

plane. 

TEXAS ." 
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MECHANICAL DATA 

N028 plastic dual-In-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 15.24 (0.600) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

N028 

1<-------36.6 (1.4401 MAX-----~ 

0.51 (0.0201 

MIN.------~--------,-r 

(0.011 ± 0.003) (0018 ± 0.003) 1 27 + 051 
.~".~~:~.!= j l !Jj :':8:~;::3::~N 
28 PLACES 28 PLACES PIN SPACING 2,54 (0 100) T P (0.050 ~ 0:0201 

(See Notes Band C} ISee Notes Band C} (See Note AI 4 PLACES 
1,40 ± 0,18 

(0055 ± 00070) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 10.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.020) above seating 

plane. 

TEXAS ~ 
INSTRUMENTS 
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MECHANICAL DATA 

N040 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted ona lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation, 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows typically on 15,24 (0.600) centers. Once the leads 
are compressed and inserted, sufficient tension is provided to secure the package in the board during 
soldering. Leads require no additional cleaning or processing when used in soldered assembly. 

40·PIN N PLASTIC 

'" 53,1 (2.090) MAX ~ 

m,~"~:~~::i:::::::::::::::::: I 
o .@ 

0,51 (0.020) 

'j 
13.9710.5501 

MAX 

~ 
Ii~ '5.49 10.6'01 ~Ii 

14.99 (O.S90) 

t = 1 MIN~~~~'"",,-
10:. _SEATINGPLANE4-~J ~ ~5'OB_~O'200)MAX 
go; -V V V V V ~ ~ V U V V U U U U U U mlu~ ~ 1 3.17 (0.125) MIN 

0.3610.0'411\0- 0.533 10,02'1 ~I"" I I 'j 
0.2010,0081 Ii .0.381 10.0151 ;.-.t- PIN SPACING 2,5410.1001 TVP 0,84 (0.033) MIN 

(See Notes Band Cl (See Notes Band Cl (See Note AI 2,41 (0.095) 

~ 
1,52 (0.060) NOM 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
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B. This dimension does not apply for solder·dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 10.020) above seating 

plane. 
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MECHANICAL DATA 

N048. N052. and N064 plastic dual-in-line package 

These dual-in-line packages consist of a circuit mounted on a lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with 
no deformation, and circuit performance characteristics will remain stable when operated in high-humidity 
conditions. These packages are intended for insertion in mounting-hole rows on 15,24 (0.600), 15,24 
(0.600), and 22,86 (0.900) centers for the N048, N052, and N064, packages respectively. Once the leads 
are compressed and inserted. sufficient tension is provided to secure the package in the board during 
soldering. Leads require no additional cleaning or processing when used in soldered assembly. 

48·PIN. 52·PIN. AND 64·PIN N PLASTIC 

INDEX-"-"'=:J 

C5----------------------------~ 
PIN SPACING 2.54 (0. tOOl TYP 

A ± 0.25 (0.0101 

BMAX 

(Se. Note AI 

48 

15.24 (0.6001 

62.2 (2.451 

52 

15,24 (0.6001 L;I::~.,:"'!H\J;~I$I) 

67,3 (2.651 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 

TEXAS ." 
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MECHANICAL DATA 

NT024 plastic dual-in-line package 

This dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within an electrically 
nonconductive plastic compound. The compound will withstand soldering temperature with no deformation. 
and circuit performance characteristics will remain stable when operated in high-humidity conditions. The 
package is intended for insertion in mounting-hole rows on 7.62 (0.300) centers. Once the leads are 
compressed and inserted. sufficient tension is provided to secure the package in the board during soldering. 
Leads require no additional cleaning or processing when used in soldered assembly. 

NOTE: For all except 24-pln packages, the letter N is used by itself since only the 24-pin package is available in more than one row-spacing. 
For the 24'pin package. the 7.62 10.3001 version is designated NT; the 15.24 (0.6001 version is designated NW. If no second 
letter or row-spacing is specified, the package is assumed to have 15,24 (0.600) row-spacing. 

NT024 

~---------------~:::;:;~:--------------~ 

a;7~';1:2~0~:MAX 
-1 ~.o (0.080) NOM 

-----*-{i1--:-r0.25 10.0101 NOM 

,::=:,::='0:::::::: v v I 
0000000008@<0 0,38 (0,015) 

MIN 1,78 {O,0701 T-t--1 r---~ 2'PLAC" 

'·:1~:"1 +-J~' ~ r-,.'.10.045IMIN 
-SEArtNG PLANE 

1050 

90" 
24 PLACES J 1_ 0,;36 (0,014) 

\ r 0,25 (0,010) 
24 PLACES 

{See Notes 8 and CI 

24 PLACES 
I I 

4,06 (O.T6D) - ~ W- ~ I-- ~:;:~ :~:~~~: 
~ 24 PlACES 

• . PIN SPACING 2,54 (0.100) TYP (See Notes B and C) 
2,16 (0.0851 !Se8 Note Al 

~ 
4 PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 

NOTES: A. Each pin centerline is located within 0.25 (0.0101 of it~ true longitudinal position. 

11-18 

B. This dimension does not apply for solder·dipped leads. 
C. When solder-dipped leads are specified. dipped area of the lead extends from the lead tip to at least 0.51 (0.020) above the 

seating plane. 
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IC SOCKETS 

INTRODUCTION 

Texas Instruments has developed solutions for today's high density packaging needs. The TI facility at Attleboro, 
Massachusetts (one of the world's largest suppliers of multimetal systems) provides leading-edge technology 
which, combined with reliable, high-volume, off-the-shelf interconnection products, allows TI to quickly meet 
volume commercial applications. 

During the last decade, TI has produced one of the largest IC socket families. TI's sockets include every type 
and size socket in common use today and are available in a wide choice of contact materials and designs. 

Our sockets are designed for: 

• easy and efficient hand assembly 
• compatibility with automatic assembly equipment 
• maximum performance and board density 

This section provides information on the following types of Ie socket products. 

PRODUCTION SOCKETS 
Plastic Leaded Chip Carrier 
Single-In-line Packages 
Pin-Grid Arrays 
Dual-In-line 
Dual-In-line 0.070-inch spacing 
Quad-In-line 

BURN-IN/TEST SOCKETS 
Plastic Leaded Chip Carrier 
Pin Grid Array 
Small Outlilne 
Dual-In-line 
Dual-In-line 0.070-inch spacing 
Small Outline 
Quad 

Specially formulated alloys give the TI contact springs: 

• Low Contact Resistance 

TYPE 
PLCC 
SIP 
PGA 
DIP 
Shrink Pack 
QUIP 

TYPE 
PLCC 
PGA 
J Lead 
DIP 
Shrink Pack 
Flat Pack 
Flat Pack 

• High Contact Strength (to stand up to repetitive insertions and withdrawals) 
• High normal forces assure gas-tight reliability 

A full line of reliable, readily available, low-cost interconnection systems means premium performance at an 
economical price. 

Additional information on these and other TI products, ,neluding pricing and delivery quotations, may be obtained 
from your nearest authorized TI Distributor. TI Sales Representative or: 

Texas Instruments Incorporated 
Connector Systems Department, MS 14-3 
Attleboro, Massachusetts 02703 

Telephone: (508) 699-5345 
TELEX: 92-7708 

TEXAS • 
INSTRUMENTS 

34 Forest Street. Attleboro, Massachusetts 02703 11-19 



IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G max 
Shock: 100 G max 
Insertion force: 0.59 Ibs per position typ 
Withdrawal force: 0.25 Ibs per position typ 
Normal force: 200 g min, 450 g typ 
Wipe: 0.075 in min 
Durability: 5 cycles min 
Contact retention: 1.5 Ibs min 

Electrical 
Current carrying capacity: 1 A per contact 
Insulation resistance: 5000 Mil min 
Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1 'pF max 

Environmental 
Operating temperature: 
Operating: - 40°C to 85 °C 
Storage: - 40°C to 95 °C 
Temperature cycling with humidity: will conform to final EIA 

specifications 

MATERIALS 
Body - Ryton R-4 (40% glass) UL 94 V-O rating 
Contacts - CDA 510 spring temper 
Contact finish - 90/10 tin/lead (200 "in -400 "in) over 

40 "in copper 

Extraction tool available. consult fae'tory 
Contact factory for detailed information 

PLASTIC LEADED CHIP CARRIER CPR SERIES 

1 , ! 1 : l' l' ~, " 
" " ! ! ! 

~ 
" " !' " ~o 

" " 0 0 !' !' 

" " " " 
" " 0 " l' 

" :, " " 
" " 5. !' 

" " " !' 
~' " 0 0 " .. 
" " " " !' " " .. " 4S " 

" " " " " " !' " !' 

1 
1 

I- . ·1 
68-Pin shown 

NOTE: Socket electrical pin-out pattern represents component side 
of p.e.B. layout. {TYP. counter clockwise numbering pin
out system,} 

2,54 10.1001 
TVP -c 

__ ·DE,VIC:E GUIDE 
BARRIERS 

EASILY 
AUTO INSERTED 

PART NUMBER SYSTEM 

CPR PH XXX-X-X-O 

UNIQUE, HIGH 
NORMAL FORCE 

CONTACT 

ll11 lcontact surface 1 - tin/lead 
plating 

Contact spacing 1 - 0.050 in 
Number of pos (044, 052, 068, 0841 

Plated thru hole, solder tail 
TI socket Series 
Plastic leaded chip carrier 

2.64 
(0.100) TVP 

0 

C) 
Pos A B C 

44 21,43 17,78 12,70 
(0.8441 (0.7001 (0.5001 

52 
23,98 20,32 15,24 

(0.9441 (0.800) (0.600) 

68 
29,06 25,40 20,32 

(1.1441 (1.0001 (0.8001 

84 
34,14 30,48 25,40 

(1.3441 (1.2001 (1.0001 

Dimensions in parentheses are in inches 

PRODUCTION DATA documents contsiA information 
current IS of publication date. Products conform to 
specifications per the terms of Texas Instruments 

:~~~~:~~i~ar::I~~e ~!:~~~ti:f :'IO:=:::t:~~S not 
TEXAS -1.!1 
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PRODUCT FEATURES 
Can be loaded by top actuated insertion or press-in 

insertion, either manually or automatically 
High reliability due to high pressure contact point 
Open,body and high stand-off design provide high efficiency 

in heat dissipation 
High durability up to 10,000 cycles 
Compact design 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 10,000 cycles 10 mO max contact resistance 

change 
Insertion force: Zero g 
Withdrawal force: Zero gt 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mO max initial 
Insulation resistance: j 000 MO per MIL-STD 202, 

Method 302, Condition B 
Dielectric withstanding voltage: 500 V ac rms per 

MIL-STD 202, Method 301 
Environmental 
Thermal shock: 100 cycles, - 25 DC to + 150 DC 
Temperature soak: 1 50 DC for 48 hours 
Operating temperature: - 40 DC to + 150 DC 

MATERIALS 
Body - UL TEM glass filled (UL 94 V-OI 
Contact - copper alloy 
Plating* - overall gold plate 4 I'in over min 70 I'in 

nickel plating 

t After IC is unlocked from the socket 
* For additional plating options contact factory 
For complete test report contact the factory 

PLCC BURN· IN/TEST SOCKETS CPJ SERIES 

1.27 10.0501 

L 5,08 10.200) 

12.9010.5071--1 

Dimensions in parentheses are inches 
Contact factory for detailed information 

IC SOCKETS 
PLCC BURN·IN/TEST 

PART NUMBER SYSTEM 

CPJ xx XX X XXX B I t L Number ~f contacts 

~'t':' 0.050 

Contact finish 
33 = overall gold plate 

Material 
AA = copper alloy 

TI Burn-in PLCC series 

18 PIN FOOTPRINT SHOWN 

2.54 
(0.1001 

2.54 tl 
10 1001~, 2.54 

101001 

2.54 
fO 100) 1.27 (9 050) 

5,08 (0 200) 

18,08 (07121--1 

SIZES: 18 PIN 
22 PIN 

PRODUCTION DATA documants contain information 
current as of publication date. Products conform to 
specifications per the terms of TaXIs Instruments 

~~~~~:~~i~8i~:t~7e ~~:~~~ti:; :'IO::~:::t:~~S not 
TEXAS ~ 

INSTRUMENTS 
34 Forest Street. Attleboro, Massachusetts 0270~ 11-21 



IC SOCKETS 
SINGLE·IN·L1NE PACKAGE SOCKETS 

PERFORMANCE SPECIFICATIONSt 

Mechanical 
Vibration: MIL-STD-202 
Durability: 30 cycles 

LEADLESS 
SINGLE-IN-LiNE 
PACKAGE 
(SIP) MODULES 

AUTOMATIC 
MODULE RETENTION 
AND SUPPORT 

Insertion force: Zero g 
Withdrawal force: Zero g t 
Contact (normal) force: 200 g min 

HIGH TEMPERATURE 
MOLDED BODY 

Contact retention force: 2 Ibs per circuit min 
Electrical 
Contact rating: 1 A 
Contact resistance: 30 mO max initial 
Insulation resistance: 1000 MO at 500 de 
Dielectric strength: 1500 V ac rms 
Capacitance: 2 pF max 

ZERO INSERTION FORCE, 
HIGH NORMAL FORCE CONTACT MOUNTING POST 

tVa lues may vary due to test sequence and SIP module 
configuration 

fAtter module is unlocked from the receptacle 
For a complete test report, please contact factory 

Environmental 
(20 mO max contact resistance change after all tests)' 
Operating and storage temperature: - 40°C to 100°C 
Humidity: MIL-STD 202, Method 106D, 10 days 
Temperature soak: 85°C for 160 hours 
Thermal Shock: 5 cycles, -40°C to 85°C per 

MIL-STD 202, Ml!thod 107E 

MATERIALS 
Body - PES polyether sulfone, glass filled, UL 94 V-O 
Contact - Beryllium copper C17000; phosphor bronze alloy 

CA510 
Contact finishes - Post plate min 200 "in tin/lead over min 
50"in nickel overall 
Post plate min 30 "in hard gold over min 75 I'in nickel overall 

For additional plating options contact the factory. 

DUAL ROW VERTICAL 

Contact factory for detailed information 

PART NUMBER SYSTEM 

TS8X XX xx X -XX - XX l L Variations 
00 - standard 
product 

Size 
(number of 
contacts per row) 

Housing material 
A - PES 

Contact base material/plating 
01-C17000/30 "in gold 
02-CA510/30 "in gold 
03-C17000/200 "in tin/lead 
04-CA510/200 "in tin/lead 

Configuration/row-to-row spacing 
01-single row/N/A 
03-dual row/0.300 in 
04-dual row/OAOO in 
05-dual row/0.500 in 

Series number denotes 
o -0.100 in pitch, vertical mount 
1 -0.100 in pitch, low-profile (25 °1 mount 

Consult factory for availability of configurations, materials, and 
sizes. 

SINGLE ROW LOW PROFILE 

Dimensions in parentheses are in inches 

PRODUC110N DATA documents contain information 
current 8S of publication date. Products conform to 
specifications per the terms of Texa&! Instruments 

:~~~~:~~i~at::1~1~ ~!::i~~i:; :I~o::~:~:,:~~s not 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.015 in to 0.021 in diameter 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.002 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 m!l max contact resistance change 

per MIL-STD 1344, Method 2016 
Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 

diameter test pin 
Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 

diameter test pin 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 m!l max initial 
Insulation resistance: 1000 M!l at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 1000 V ac rms 

per MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65 cC to 125 cC, gold; - 40 cC to 

100 DC, tin/lead 
Corrosive atmosphere: 10 m!l max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 m!l max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 m!l max contact resistance change 
when exposed to 105°C temperature for 48 hours 

MATERIALS 
Body - PBT polyester UL 94 V-O 
On request, G 1 0/FR4 or Mylar film 
Outer sleeve - Machined Brass (00-B-626) 
Inner contact - Beryllium copper (00-C-530) heat treated 
Plating: (specified by part number) 

PIN GRID ARRAY 

1 rr:-@:--:-@--:@:--:-@-@:--:-@--:@:--:-@--:@:--:-@--:@:-1 

@@@@@@@)@@®@ 
@@@@@@@@@@@ 

A B @@@@@@@@@@@ tL@@@@@@@@@@@ 
@@@@@@@@@@@ 

@@@@@@@@@@@ 
$- (o}(?)(O)@@@@@ 

1,3/2,0 2.54 

10.05/:,:/:.:V~c= 10.100) TV. NONCUM~lATIVE 

1014/0.'8~Jm ~ w w w w w ~ 
2.GL.Gl --I~O~~~DIA ~ ~,0.o~i)5DIA 

10.105/0.1501 

IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 

PRECISION 
SIX-FINGERED 

INNER CONTACT 

PRECISION 

SLEEVE 

Inner contact - 30 I'in gold over 50 I'in nickel or 100 I'in 
tin/lead over 50 I'in nickel 

Outer sleeve - 10 I'in gold over 50 I'in nickel or 50 I'in 
tin/lead over 50 I'in nickel 

PART NUMBER SYSTEM 

CXGXX-XXXX 

X ~-:i_5_L_en_g_th_.-___ -, 

WIRE WRAP 

3-0.510 long 

Plating 

Pin 
Grid 
Array 

Body Style and Orientation 

Contact Loading Pattern 

Number of Pins 
024 to 324 

Overall Grid Size 
5x5 =05 to 18x 18= 18 

BODY MATERIAL 
G - Glass Filled Epoxy 
P - PBT Polyester 

TI Socket 

Insulator Size A 
:to.Ol0 

9x9 (0.950) 24,13 
lOx 10 (1.050) 26,67 
11 xl1 (1.150)29,21 
12x 12 (1.250)31,75 
13x 13 (1.350) 34,29 
14x 14 (1.450) 36,83 
15x 15 (1.550) 39,37 
16x 16 (1.650) 41,91 
17x 17 (1.750)44,45 
18x 18 (1.850) 46,99 

t Noncumulative 
Dimensions in parentheses are inches 
Consult factory for detailed information 

B 
±0.005 t 

(0.800) 20,32 
(0.900) 22,86 
(1.000) 25,40 
(1.100)27.94 
(1.200) 30,48 
(1.300) 33,02 
(1.400) 35,56 
(1.500) 38,10 
(1.600) 40,64 
(1.700)43,18 

PRODUCTION DATA do.uments .ontain information 
currant I. of publication data. Products conform to 
specifications per the terms of Taxas Instruments 

:~~~~:~~i~8t::I~~i ~:~:~i:; lr~D::;:!~:t:~~s not TEXAS ~ 
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IC SOCKETS 
SOJ BURN·IN/TEST 

PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 10,000 cycles, 20 mil max contact resistance 

change 
Insertion force: 1.3 oz per position max 
Withdrawal force: 8.8 grams per position min 
Electrical 
Contact rating: 1.0 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil per MIL·STD 202, 

Method 302, Condition 8 
Dielectric withstanding voltage: 700 V ac rms per 

MIL·STD 202, Method 301 
Environmental 
Thermal shock: 100 cycles, - 25°C to + 180°C, 1 hour 
Temperature soak: 180 °C for 1000 hours, 80 mil max 

change 
Operating temperature: - 65°C to + 180°C 

MATERIALS 
Body - PES glass filled UL 94 V-O 
Contact - copper alloy 
Plating - overall gold plate min 41'in over min 70 I'in nickel 

plating 

2.63 ~~ 3.00 
10.099) 0,4010.016) 1.2710.0501 10.118) 
~--'~---·15.2410 .• 001--""~~ 2.53 

~-----20.3 10.800J------tf10.099J 

02 VERSION SHOWN r----...., 

Dimensions in parentheses are inches 
Contact factory for detailed information 

PART NUMBER SYSTEM 

CSJT xxx XX xx X 

T 
Body Material 

Blank = G.F. PES 
A = PPS R4-03 
B = G.F. PEl 

Body Variation 
02 = Standard 1 forwardl 

backward insertion 
03 = Special/orientation pin 
04 = Special/high standoff 
05 = Special/24-pin 
06 = Standard 2 forward 

insertion, ElECU 

Contact Finish 
37 = Overall gold plate 4 ~in 
38 = Overall gold plate 30 ~in 
57 = Selective gold plate 4 ~in 
58 = Selective gold plate 30 pin 

Number of Contacts 

TI SOJ series 

SIZES: 20 pin 
26 pin 

20·PIN (02 VERSION) FOOTPRINT SHOWN 
0,80 2.54 

I .11-10.0321 1 I 10.1001 

-~ i ~+~-~--4t$~-t®~l 
+

+1 \ \ I 1-5 I I R ; 

I I I I I ! 1 ~ e tl I I 1111:2 
f f-t-.~+i ftJffi ~1;'200} 

-$-~ ~----®"--$--\ I I 264 2,64 
1.27 1(0.1001 10.100) 

10.0&0) NO. 1 PIN 

PRODUCTION DATA documantl .ontlln Information 
current IS of publication data. Products conform to 
.pacifications par thl terms of Tlx.s Instruments 

=~~:~~I~ai~:1~1i ~:~~~ti:r :'~O::~:~~:;S~8 not 
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PERFORMANCE SPECIFICA nONS 

Mechanical 
Accommodates IC leads 0.011 ± 0.003 in by 

0.Q18 ± 0.003 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Recommended hole grid pattern: 0.100 in ± 0.003 in each 

direction 
Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 

Method 2005.1 Test Condition III. 
Shock: 100 G, sawtooth waveform, 2 shocks each direction 

per MIL-STD 202, Method 213, Test Condition I 
Durability: 5 cycles, 10 mil max contact resistance change 

per MIL-STD 1344, Method 2016 
Insertion force (C7X and C86): 16 oz (454 g) per pin max 
Withdrawal force: (40 g) per pin min 

Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc per 

MIL-STD 1344, Method 3003 
Dielectric withstanding voltage: 1000 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 

Environmental 
Operating temperature: - 55·C to 125 ·C, gold; - 40·C 

to 100·C, tin 
Corrosive atmosphere: 10 mil max contact resistance 

change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 mil max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mil max contact resistance change 
when exposed to 105·C temperature for 48 hours 

Materials (C7X and CB6) 
Body - PBT polyester UL 94 V-O 
C7X Contacts - Outer sleeve: brass 

Clip: BECU 
- clip 30 "in gold over 50 Itin nickel or 

50 "in tin/lead over 50 "in nickel 
Contact finish 

Specified by 
Part Number - sleeve 10 "in gold over 50 "in nickel 

or 50 "in tin/lead over 50 "in nickel 
C86 Contacts - Phosphor bronze base metal 
C86 Contact-finish - Tin plate 200 "in over copper flash 

IC SOCKETS 
DUAL·IN·LlNE 

C7X SERIES - SCREW MACHINE 
WIDE-TAPERED 

ENTRY 

PRECISION 
FOUR-FINGERED 

CONTACT 

PRECISION 
MACHINED 

SLEEVE 

C7X SERIES - SCREW MACHINE 

PART NUMBER SYSTEM 

C7X IX) XX - X X I II Vanatlons 
Solder Tall. 9 
Pin length 0.125 Typ 

~;~e~:t';," ~}1 0 

Plating (Sleeve/Clip) 
o - Gold/Gold Number of 

Positions 5 - TiniGold 

S - Single-in-line pack~ge (where applicable) 

Screw Machine Socket 
1 - wire wrap 
2 - solder tail 

CB6 SERIES - STAMPED AND FORMED 

CB6 SERIES 

PART NUMBER SYSTEM 

lc lS6 lXX - L Variation 

01 - Standard product 

Number of positions 

Tin Dual Beam Face Wipe 

TI Socket Series 

PRODUCTION DATA do.uments conlein informolion 
current II af publication datI. Productl conform to 
apacitlc.tionl per the terms of rexa. Instruments 
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IC SOCKETS 
DUAL·IN·lINE 

DUAL·IN·LlNE 
C7X AND C86 SERIES 

~~p=~~----~19 
1.35 

361/457 (0.063) 0.53-11-
(0.142)/(0.180) , (0.021) DIA 

-II-(~~:5) DIA 

DIPS 

'" on '" ~ 
0 g 0 

~ 0 i 0 
= 

0 
! +1 +I ! :E +I 

j " .. " 0 ~ " .. 
e ~ e e i ~ e 
is is is is 

6 
7,62 5.08 10.16 7.62 

'24 30.48 27.94 
103001 10.2001 104001 103001 11.2001 11.1001 

8 
10.16 7.62 10.16 7.62 

28 
35.56 33.02 

10.4001 10.3001 10.4001 10.3001 11.4001 11.3001 

14 
17.78 16.24 10.16 7.62 

32 
40.64 38.10 

10.7001 10:6001 10.4001 10.3001 11.6001 11.5001 

16 20.32 17.78 10.16 7162 
34 

45.72 43.18 
10.8001 10.7001 10.4001 10.3001 11.8001 11.7001 

18 22.86 20.32 10.16 7.62 40 50.80 48.26 
10.9001 10.8001 10.4001 10.3001 12.0001 11.9001 

20 
25.40 22.86 10.16 7.62 

48 
60.96 58.42 

11.0001 10.9001 10.4001 10.3001 12.4001 12.3001 

22 
27.94 25.40 12.76 10.16 

50 
63.50 60.96 

11.1001 11.0001 10.5001 10.4001 12.5001 12.4001 

30.48 27.94 11.78 15.24 81.28 78.74 
24 11.200 111.1001 10.7001 10.600 , 64 13.200 113.1001 

124 30.48 27.94 10.16 7.62 
11.200 111:1001 10.4001 10.3001 

t Nonstandard sizes 
Not all sizes available in each series 
Dimensions apply to all series 

Dimensions in parentheses are inches 
Contact factory for detailed information 

'" g 
i 0 

+I 

" 0 

~ a 
12.76 10.16 

10.5001 10.4001 
17.78 15.24 

10.7001 10.6001 
17.78 15.24 

10.7001 10.6001 
17.78 15.24 

10.7001 10.6001 
17.78 15.24 

10.7001 10.6001 
11.78 15.24 

10.7001 10.6001 

25.40 7.62 
11.0001 10.9001 

25.40 22.86 
11.0001 10.9001 

C7X SERIES 

1.35 
(0.053) 

C86 SERIES 

t 
4.25 

(0.169) 

* 

PRODUCTION DATA do.uments.onllin informetion 
currant 8. of publication date. Products conform to 
spacificatlons per the tarms of Taxal Instruments 
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PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads 0.011 in by 0.018 in 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hold size range: 0.032 in to 0.042 in 
Durability: 10K cycles - CM Series, 5K cycles - CP/CQ 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 mil max initial 
Insulation resistance: 1000 Mil at 500 V dc 
Dielectric withstanding voltage: 1000 V ac rms 
Capacitance: 1 pF max per Mil-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C - CP/CM Series, 

- 65°C to 150°C - CQ Series 
Humidity: 10 mil max contact resistance 
Temperature Soak: 10 mil max contact resistance change 

MATERIALS 
Body - PPS (polyphenylen sulfide) Ul 94 V-O 
Contacts - Higher performance copper nickel alioy 
Plating: t 4 I'in of gold min over 100 I'in of nickel min 

tFor additional plating options consult the factory 

BURN-IN/TEST DIP SOCKETS 

II 2.54 I I 

(O.100)~ ........ 

C037 SERIES 

CM37 SERIES 

~:: It: It!!HH!HHH!H!l!: 

=~:::::w.::::Jn 
I. A---J 

3.30~ 10.130)L 

~) 2.54 
~(O.1001 

SOLDER TAIL 

CP37 SERIES 

•. 50t (O.256) I V eQ,51 Ti,0201 

• 
--.l 

~~.J. 10.472) nll~"99 
0.53-11- 1 7 • ...J I.. 3.4. 

10.0211 (O.C)701 (0.137) 
0,50 

(0.020) 

IC SOCKETS 
BURN-IN/TEST· DIP 

PART NUMBER SYSTEM 

CX37XX-

A--O.100 centers 
8-0.070 centers l22 rS L Pin to pin 

PPS high temperature 
body material 

Copper nickel alloy 
Soldertail 

Number of positions 

Overall gold plate 

Series Features 
Q- Auto unloadable 
P - High density mounting 
M-Shrink 0.070 centers 

TI Socket Series 

C037 SERIES 

Number of 
A D 

±0.01 ±0.02 
Positions 

Length 

14 20,32 10.800) 
16 22,35 10.880) 12,70 

C 
±0.01 
Width 

15,24 

B 
±0.O1 

Contact 

7,62 
18 24,89 10.980) (0.500) (0.600) (0.300) 
20 27,43 (1.080) 

24 32,51 (1,280) 
28 37,59 (1.480) 19,05 22,86 15,24 
40 52,83 (2.080) (0.750) (0.900) (0.600) 
42 55,37 (2.180) 

CP37 SERIES 

Number of 
A B 

Positions 
max ±0.02 

Length 

8 11,68 (0.460) 
14 17,78 (0.700) 

7,62 
16 20,32 (0.800) 

(0.300) 
18 22,86 (0.900) 
20 25,40 (1.000) 

24 30,48 (1.200) 
15,24 

28 35,56 (1.400) (0.600) 
40 50,80 (2.000) 

CM37 SERIES 

Number of 
A B 

±0.016 ±0.02 
Positions 

Length 

28 27,18 (1.070) 
10,67 

(0.420) 

40 37,85 (1.490) 
16,51 42 39,62 (1.560) 

54 50,29 (1.980) 
(0.650) 

64 59,18 (2.3301 
20,32 

(0.800) 

DimenSions In parentheses are Inches 
Contact factory for detailed information 

C 
max 

Width 

12,70 
(0.500) 

20.32 
(0.800) 

C 
±O.016 
Width 

17,20 
(0.677) 

23,11 
(0.910) 

26,92 
(1.060) 

PRODUCTION DATA d ....... ts eont.i. i.formatio. 
current I. of publication dlta. Preducts conform to 

:r::!~t~:~,:.:r ~~~D7~:ro~ P~:':i~:t~::e:: 
nacesslrily incla'la testing of .11 perlmetars. 
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IC SOCKETS 
QUAD·IN·LlNE/SHRINK PACK 

PERFORMANCE SPECIFICATIONS 
Insertion fore!!: 16 oz (454 gl per pin max 
Withdrawal force: 1.5 oz (42 gl per pin min 
Operating temperature: - 40°C to 100 ·C, tin/lead 
Accommodates Ie leads 0.011 ± 0.0003 in by 

0.018 ± 0.003 in 
Contact rating: 1 A per contact 

MATERIALS 
Body - PST polyester UL 94 V-O 
C4S & CxW Contacts - Copper alloy 
Contact finish - Reflow tin plating, 40 I'in min 

PART NUMBER SYSTEM FOR CxW SERIES 

C X W XX - 11 
QUAD-IN·LlNE (CxW SERIES) 

DUAL BEAM 
EDGE GRIP 
CONTACT 

l11 1 Number of contacts (42, 52, 64) " A----+j 

Staggered leads 

- 5 - 64 contacts 
6 - 42, 52 contacts 

- TI Socket Series 

QUAD·IN-LiNE (CxW SERIES) 

Product 
A B 

Max Row to Row 
C 

Max Number 
Length Row to Row 

C5W64-11 
41,90 22,90 
(1.651 (0.950! 

C6W42-11 
27,90 22,90 
(1. 101 (0.9001 

C6W52-11 
34,30 22,90 
11.35) (0.900) 

Dimensions in parentheses are inches 
Con1:act factory for detailed information 

19,05 
(0.7501 

17,80 
(0.700) 

17,80 
(0.700) 

PART NUMBER SYSTEMt FOR C4S SERIES 

c 4 S XX- 02 1 L LNumber of contacts 
28, 40, 42, 52, 54, 64 

Shrink Pack 
(0.070 in pin-to-pin contact spacing) 

Reflow tin plating 

TI Socket Series 

t Also available in screw machine contacts 

C4S SERIES 

PROOUCTION DATA documents cantain information 
currant II of publication date. Products conform to 
specifications per the tarms of Taxas Instruments 

C4S SERIES 

A B 
Positions Max Row to Row 

Length 

28 
25,02 10,16 

(0.985) (0.400) 

40 
35,69 15,24 

(1.405) (0.600) 

64 57,07 19,05 
(2.247) (0.750) 

Dimensions in parentheses are inches 

SHRINK PACK DIP (C4S SERIES) 

::~~:~~i~ai~:I~li ~ti~:I~n :.r:::::t!~~1 not 
TEXAS ." 

INSTRUMENTS 
11-28 34 Forest Street. Attleboro, Massachusetts 02703 

C 
Max 

1,79 
(0.050) 

Width 

13,00 
(0.512) 

17,98 
(0.708) 

21,62 
(0.851) 



PERFORMANCE SPECIFICATIONS 

Mechanical 
Accommodates IC leads per specific IC device 
Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Durability: 5000 cycles, 10 ma max contact resistance 

change per MIL-STD 1344. Method 2016 
Electrical 
Contact rating: 1 A per contact 
Contact resistance: 20 ma max initial 
Insulation resistance: 1 Ma at 500 V dc per 

MIL-STD 1344, Method 3003.1 
Dielectric withstanding voltage: 700 V ac rms per 

MIL-STD 1344, Method 3001.1 
Capacitance: 1 pF max per MIL-STD 202, Method 305 
Environmental 
Operating temperature: - 65°C to 170°C 
Humidity: 10 ma max contact resistance change when 

tested per MIL-STD 202, Method 103B 
Temperature soak: 10 ma max contact resistance change 

when exposed to 105°C temperature for 48 hours 

MATERIALS 
Body - CFP Series - PES (polyether sulfone) glass filled 

UL 94 V-O 
Temperature: - 65°C to 170°C 
Contact - Beryllium copper 
Plating: t Overall gold plate min 4 "in over min 70 "in nickel 

plating 

tFor additional plating option consult the factory. 
Dimensional drawings available from factory. 

SMALL OUTLINE FLAT PACK (CFPH/K SERIES) 

PART NUMBER SYSTEM 

c XX Lx LXXX Lplati:: 

37 - overall gold plate 

Number of positions 

Configuration 
H - 14.16.18.20 Positions 

K - 24. 28 Positions 

Style FP - Flat pack 

TI Series socket 

PART NUMBER SYSTEM 

M - Quad pack 

IC SOCKETS 
BURN·IN/TEST 

01X 

Lvariations 
A-l.0mm~ 

B - 0.8 mm ~ 
contact spacing T= L~~: IXX 

TI socket Plating 
Style PF - Flat pack 37 - overall gold plate 

PIN GRID ARRAY (CZFW SERIES) 

PART NUMBER SYSTEM 

c xx X XXX xx 01 11 Lplatlng 
37 - overall gold plate 

Number of posItIons 

Configuration 
W-llxllx2 

Style ZF - Zero force 

TI Series socket 

AVAILABLE SIZES 

CFPH Series 14. 16.18.20 
CFPK Series 24, 28 

CFPM Series 64. 80 

CZFW Series 11 X 11 x 2 

Con~act factory for detailed information 

Small Outline 
Flat Pack 

Quad Flat Pack 

Pin Grid Array 

PRODUCTION DATA do.uments .on,,;o information 
current as of publication data. Products conform to 
spacificatioos par the terms of Taxas Instruments 
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For more information contact your 
loc~1 distributor or contactTI directly: 

TE!xas Instruments Incorporated 
CSD Marketing, MS 14·1 
Attllilboto, MA 02703 

UNITED STATES 

Cl!lIfornla 
Irvine 91714 
17891 Cartwright Road 
Phone: (714) 660-8111 

San Diego 92123 
4333 View Ridge Ave., Suite B 
Phone (SI9) 278-9600/9603 

Torrence 90502 
9505 Hamilton SI. 
Bldg. A, Suite One 
Phone: (213) 217-70QO 

Georgia 
Norcross 30092 
5515 Spaulding Drive 
Phone: (404) 662-7861/7931 

Massachusetts 
Attleboro 02703 
34 Forest Street, MS 10-S/MS 14-3 
Phone: (S17) Q99-!!20S/1278/5213 

North Carolina 
Charlotte 28210 
8 Woodlawn Green 
Suite 100 
Phone: (704) 527-0930 

Texas 
Dallas 75265 
7800 Banner Drive, MS 3936 
Phone: (214) 995-7550/754717548 

Texas Instruments provides customer 
ass/stance In varied technical areas. Since 
TI does not possess lull access to data 
concerning all 01 the uses and applications 
of customers' products, responsibility;s 
assumed by TI neither lor customer 
product design nor lor any Inlrlngement 01 
patents or rights 01 others, which may 
result from 11 assistance. 

11-30 

Field Sales Offices 

INTERNATIONAL 

Australia 
Texas lristruments Australia, Ltd. 
P.O. Box 63 
Elizabeth, South Australia 5112 
Phone: 61-8-255-2066 

England 
Texas Instruments, Ltd. 
Beffordia House 
Prebend Stsreet 
Bedford MK41 7PA 
Phone: (0234) S3211, Exl. 1 

France 
Texas Instruments, Ltd. 
Metallurgical Materials Division 
8-10 Avenue Morane Saulnier 
78140 Velizy-Villacoublay, Paris 
Phone: 333. 94S. 9712 

Hong Kong 
Texas Instruments Asia, Ltd. 
Asia Pacific Division 
8th Floor, World Shipping Centre 
Harbor City 7, Canton Road 
Kowloon, Hong Kong 
Phone: 852-3-722-1223 

Italy 
Texas Instruments Italia SPA 
Vlale Europa, 40 
1-20093 Cologno Monzese 
Milano 
Phone: 011-39-2-25.300.1 

(617) 699·5242/5269 

Japan 
Texas Instruments Japan, Ltd. 
305 Tanagasnira 
Oyama-Cho 
Suntoh-Gun, Shizuoka-Ken 
Japan 410-13 
Phone: (81) 550-81211 

Mexico 
Texas Instruments de Mexico, SA 
Av. Reforma No. 450-10 Piso 
Col. Juarez 
Delegaclon: Cuauhtemoc 
Mexico City, D.F. 
Mexico 06600 
Phone: 52-5-514-3583 

Singapore 
Texas Instruments Asia 
#02-08, 12 Lorong Bakar Batu 
Kolam Ayer Industrial Estate 
Singapore 1334 
Republic of Singapore 
Phone: 65-747-2255 

Taiwan 
Texas Instruments Supply Co. 
Taiwan Branch 
Bank Tower 
Room 903, 205 Tun Hwa N. Road 
T~ipei, Taiwan 
Phone: 886-2-713-9311 

West Germany 
Texas Instruments Deutschland GMBH 
Metallurgical Materials Div. 
Rosenkavalierplatz 15 
0-8000 Muenchen 81 
Phone: 011-49-89-915081 



Introduction 

Benefits 

Features 

TAPE AND REEL PACKAGING SURFACE-MOUNT COMPONENTS 

A new packaging system, SMtiTM Tape and Reel, has emerged along 
with the introduction of surface-mount semiconductor packages by 
Texas Instruments. 

SMti Thpe and Reel not only offers a new shipping method that protects 
components from mechanical and electrical damage, but also includes the 
benefits of automated inventory control, ship to stock, and total 
compatibility with today's automated placement systems. SMti Tape and 
Reel continues the trend towards industry automation and cost reduction 
and contributes to the overall goal of electronic system quality and 
reliability. 

The features of SMti Thpe and Reel packaging are as follows. 

• SMti Thpe and Reel packaging is in full compliance with EIA Standard 481-A, 
"Thping of Surface-Mount Components for Automatic Placement." 

• Industry-compatible tape format allows second sourcing without costly and 
time-consuming equipment changeovers and record-keeping changes. 

• Static-inhibiting materials, used in carrier tape manufacture, provide device 
protection from static damage. 

• Rigid, dust-free polystyrene reels provide mechanical protection and clean room 
compatibility for optimum equipment operation and manufacturing yield. 

• Completely compatible with dereeling equipment currently available on most 
high-speed automated placement systems. 

• Medium-density Code 39 bar coding enables inventory and manufacturing 
automation, as well as complete component traceability prior to, during, and 
after system manufacture. 

• Efficient packaging offers savings in storage space and manufacturing 
overhead. 

S''llK - SURFACE MOUNT 
!1. Y.J..tl TEXAS INSTRUMENTS and SMti are trademarks of -----

Thxas Instruments Incorporated. 

TEXAS • 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

11-32 

General Description 

Carrier Tape 

Cover 'IlIpe 

Reel 

SMtiTape and Reel offers users of surface·mounted semiconductor 
devices a new and efficient method of component handling. Tape and 
reel consists of three major elements: a carrier tape, a cover tape, and a 
reel. 

The carrier tape is a conductive material with custom-embossed pockets 
for a particular surface-mount package. Components are oriented in the 
embossed pockets per EIA 481-A specification "Taping of Surface-Mount 
Components for Automatic Placement." 

With each component in its embossment and protected from mechanical 
and static damage, a continuous opaque cover tape is heat sealed over 
the entire length of the carrier tape, isolating each component from the 
outside environment. This heat.sealing process guarantees sufficient 
seal strength to prevent components from falling from the pockets 
before use. The cover tape has a peel strength of 40 ± 30 grams in 
compliance with EIA 481·A and sufficient strength to ensure consis· 
tency during dereeling operations. 

The entire assemblage is wound on a high·strength polystyrene based 
reel. The reel provides a means of easy storage and handling as well as 
a method for feeding large quantities of packages to high.speed place· 
ment systems. In addition, SMti Tape and Reel offers a factory
automation alternative through the use of medium·density Code 39 bar 
coding on all reel assemblies. The bar code provides source, part 
number, date code, and quantity. 

TEXAS ." 
INSlRUMENTS 
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TAPE AND REEL PACKAGING SURFACE-MOUNT COMPONENTS 

Bar-Code Each reel of SMti components is labeled with a "man-and-machine" 
Labeling readable label that uses a medium-density Code 39 bar code in 

combination with alphanumeric characters. 

Figure 1 Bar-Code Label 

IIIIIIIIII~IIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~I ~IIII~~ III~ I~IIIIIIII~ 
TI TU184f~OP 02'10085:10 

IIIIIIIIIIIIII~IIIIIIIIIIIII~IIIIIIIIIIIIII~IIIIIIIIII1111 111111111111111111111111111111111111111111111111 
"31 JFFHC [ nm [(1~HlI1EHT'3 

Notes 

1. Sample labels are available for system compatibility testing. 

TEXAS ", 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Specification 

Figure 2 

11-34 

8Mt; Tape and Reel components are available In formats that are 
compatible with most Industry standard component loading and tape 
drive equipment. Figures 2 through 6 and Tables 1 through 6 provide 
Information regarding these formats. All dimensions are given in 
millimeters. 

Tape Format 

I---- TRAILER I (NO COMPONENTS) 
COMPONENTS -_*'0---- LEADER ::::--I 

(NO COMPONENTS) I 
~.-.-i-.~.~.--.-.--.-.~ ~------~---~ o 0 0 0 0 

---l r---l r- 1 :---""1 r--l r--1 r 
II II t: :: 11 I: __ J L __ J l J L ___ J L __ J L __ J I 

t==~==;;;==t 
I 400 ___ ~~~~~~~~~~~~~~ __ __ r--- 340 FOR COMPONENT COUNT 

Notes 

1. Carrier tape is conductive with a resistivity value of less than 1 x 105 ohms 
per square. 

2. Cover tape is sealed over the entire length of the carrier tape. 

TEXAS ." 
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TAPE AND REEL PACKAGING SURFACE·MOUrn COMPONENTS 

Figure 3 Component Format (All components are packaged per Note 1.) 

•••••••••••••••• 
[] [] [] [][] [] [] 

Note 

1. Pin #1 orientation. 

TEXAS ." 
INSTRUMENTS 

POST OFFICE BOX 655303 • DA~S. TEXAS 76265 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 
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Specification (Continued) 

Figure 4 

1.7 5±O.1 

1 
f 

Variables are used in Figures 4 and 5 and Tables 1 and 2. The definitions for 
the variables are as follows: W Is tape width, P Is pocket pitch, Aols pocket 
width, Bo is pocket length, Ko is pocket depth, K is maximum tape depth, and 
F is the distance between the drive hole and the centerline of the pocket. All 
dimensions are given In millimeters. 

Single·Sprocket Tape Dimensions 

+0.1 
4.0±O.10 I- - t-- 1.5 -0 .• 

DIAMETER -p-- 1-- t-- 2.00:!: 0.05 O.BMIN 

'" '" '" '" '" '" '\ T T T ~~ff r (1\ F 

1 
II: 

J. 1'\ \ , 
a, 

T Til: 

L ! ,I, 
i!) 
~ / --+ 

CARRIER TAPE ] 
I--- A, -

EMBOSSMENT DIRECTION • OF FEED 

1.SMIN 

DIAMETER 

Notes 

1. Thpewidthsare12, 16,and24mm. 

2. Camber per EIA Standard 481-A. 

3. Minimum bending radius per EIA Standard 481-A. 

TEXAS ." 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Variables are used in Figures 4 and 5 and Tables 1 and 2. The definitions for 
the variables are as follows: W is tape width, P is pocket pitch, AD is pocket 
width, Bo is pocket length, K" is pocket depth, K Is maximum tape depth, and 
F Is the distance between the drive hole and the centerline of the pocket. All 
dimensions are given In millimeters. 

Table 1 Single·Sprocket Variable Tape Dimensions 

Package Package Dimension 
Type Designator W P AD Bo Ko K F 

80-8 D 12 8 6.4 5.2 2.1 2.5 5.5* 

80·14 D 16 8 6.5 9.5 2.1 2.5 7.5 

80-16 D 16 8 6.5 10.3 2.1 2.5 7.5 

80-16L DW 16 12 10.9 10.7 3.0 3.4 7.5 

80-20L DW 24 12 10.9 13.2 3.0 3.4 11.5 

80-24L DW 24 12 10.9 15.8 3.0 3.4 11.5 

80-28L DW 24 12 10.9 18.3 3.0 3.4 11.5 

PLCC-18 FP** 24 12 8.7 12.2 3.75 4.1 11.5 

PLCC-18 FM 24 12 8.7 13.9 3.75 4.1 11.5 

PLCC-22 FM 24 12 8.7 13.9 3.75 4.1 11.5 

PLCC-32 FM 24 16 12.9 15.5 3.75 4.1 11.5 

PLCC-20 FN 16 12 10.3 10.3 4.9 5.3 7.5 

PLCC-28 FN 24 16 13.0 13.0 4.9 5.3 11.5 

Tolerance ±0.3 ±0.1 ±0.1 ±0.1 ±0.1 max ±0.1 

*Tolerance for this part is: ±0.05. 
**FP is a package designator for TM84164 and TMS4416. 

TEXAS ." 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 
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Specification (Continued) 

FigureS 

Variables are used in Figures 4 and S and Tables 1 and 2. The definitions for 
the variables are as follows: W is tape width, P is pocket pitch, Ao's pocket 
width, Bo is pocket length, K" is pocket depth, K is maximum tape depth, and 
F is the distance between the drive hole and the centerline of the pocket. All 
dimensions are given In millimeters. 

Double·Sprocket Tape Dimensions 

4.0.0.10 - I- -.. ~1.5 ~~:~ 
1.75±O.1~ --p-- 1- 14- 2.00.0.05 ;DIAMETER I 0.8 MIN 

II. .... .... " 
, 

I 
Ii '1' y '1' T y 

~, t r ' HI 
II' 

l 
Ilf t .... II' 
I' W 

8, 

J ~ -til. Ih.JJt. .... 

1.S 

DIA ~ !:~ -00 

2.5±0.1 

..!. .... 

__ A., __ 

T 

T "ktJ ,I ~ 
I', 

'" '" 
~~ 

-- __ 4.0 O.8M 

METER CARRIER TAPE DIRECTION 
±0.10 

• EMBOSSMENT OF FEED 

2.0 MIN rn ru 
DIAMETER 

Notes 

1. Thpe widths are 32,44, and 56 mm. 

2. Camber per EIA Standard 481·A. 

3. Minimum bending radius per EIA Standard 481-A. 

TEXAS ." 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Variables are used in Figures 4 and 5 and Tables 1 and 2. The definitions for 
the variables are as follows: W Is tape width, P is pocket pitch, Ao Is pocket 
width, Bo is pocket length, Ko Is pocket depth, K is maximum tape depth, and 
F is the distance between the drive hole and the centerline of the pocket. All 
dimensions are given in millimeters. 

Table 2 Doub/e·Sprocket Variable Tape Dimensions 

Package Package Dimension 
Type Designator W P Ao Bo Ko K F 

PLCC-44 FN 32 24 18.0 18.0 4.9 5.3 14.2 

PLCC-52 FN 32 24 20.5 20.5 5.3 5.7 14.2 

PLCC-68 FN 44 32 25.6 25.6 5.3 5.7 20.2 

PLCC-84 FN 44 36 30.7 30.7 5.3 5.7 20.2 

PLCC-lOO FN 56 40 35.8 35.8 5.3 5.7 26.2 

PLCC-124 FN 56 48 43.4 43.4 5.3 5.7 26.2 

Tolerance ±0.3 ±0.1 ±0.1 ±0.1 ±0.1 max ±0.1 

TEXAS ." 
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Specification (Continued) 

Figure 6 

Variables are used in Figure 6 and Table 3. The definitions for the variables 
are as follows: G is the distance between the flanges, T is the maximum reel 
width, and N is the diameter of the reel hub. All dimensions are given in 
millimeters. 

Reel Dimensions 

330 +0.0 
-4.0 

TEXAS ~ 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Variables are used in Figure 6 and Table 3. The definitions for the variables 
are as follows: G is the distance between the flanges, T is the maximum reel 
width, and N is the diameter of the reel hub. All dimensions are given in 
millimeters. 

Table 3 Variable Reel Dimensions 

Package Package Dimension 
Type Designator G T N 

80-8 D 12.4 18.4 100 

80-14 D 16.4 22.4 100 

80-16 D 16.4 22.4 100 

80-16L DW 16.4 22.4 100 

80-20L DW 24.4 30.4 100 

80-24L DW 24.4 30.4 100 

80-28L DW 24.4 30.4 100 

PLCC-18 FP' 24.4 30.4 100 

PLCC-18 FM 24.4 30.4 100 

PLCC-22 FM 24.4 30.4 100 

PLCC-32 FM 24.4 30.4 100 

PLCC-20 FN 16.4 22.4 100 

PLCC-28 FN 24.4 30.4 100 

PLCC-44 FN 32.4 40.4 100 

PLCC-52 FN 32.4 40.4 100 

PLCC-68 FN 44.4 52.4 150 

PLCC-84 FN 44.4 52.4 150 

PLCC-100 FN 56.4 64.4 150 

PLCC-124 FN 56.4 64.4 150 

Tolerance +2.0 max ±2.0 

• FP is a package designator for TM84164 and TMS4416. 

TEXAS • 
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Specification (Continued) 

All dimensions are given In millimeters. 

Table 4 Tape and Reel Format Summary 

Package Package Tape Package Pocket Dimensions 
Type Designator Width Pitch Width Length Depth 

so-s D 12 S 6.4 5.2 2.1 

SO-14 D 16 S 6.5 9.0 2.1 

SO-16 D 16 S 6.5 10.3 2.1 

SO-16L DW 16 12 10.9 10.7 3.0 

SO-20L DW 24 12 10.9 13.2 3.0 

SO-24L DW 24 12 10.9 15.S 3.0 

SO-2SL DW 24 12 10.9 IS.3 3.0 

PLCC-1S FP' 24 12 S.7 12.2 3.75 

PLCC-1S FM 24 12 8.7 13.9 3.75 

PLCC-22 FM 24 12 S.7 13.9 3.75 

PLCC-32 FM 24 16 12.9 15.5 3.75 

PLCC-20 FN 16 12 10.3 10.3 4.9 

PLCC-2S FN 24 16 13.0 13.0 4.9 

PLCC-44 FN 32 24 IS.0 IS.0 4.9 

PLCC-52 FN 32 24 20.5 20.5 5.3 

PLCC-6S FN 44 32 25.6 25.6 5.3 

PLCC-84 FN 44 36 30.7 30.7 5.3 

PLCC-I00 FN 56 40 35.S 35.S 5.3 

PLCC-124 FN 56 48 43.4 43.4 5.3 

• FP is a package designator for TMS4164 and TMS4416. 

TEXAS ~ 
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Reel Reel Hub Parts 
Diameter Diameter Per Reel 

330 100 2500 

330 100 2500 

330 100 2500 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 1000 

330 100 750 

330 100 500 

330 100 400 

330 150 250 

330 150 250 

330 150 100 

330 150 100 



TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Ordering Information 

Ordering by 
Part Number 

Formats and 
Quantities 

Shipping 

To order tape and reel components, you need to provide information about 
part numbers, quantities, shipping, and sample package applications. 

When ordering tape and reel components, add the letter R as a suffix to the 
part number. An example of the ordering sequence follows. 

1. Prefix T 
D R 

2. Unique Circuit Designator 

3. Package Type --------------' 

4. Thpe and Reel Packaging 
Must be designated by the letter R 

All orders for tape and reel packaging must be for whole reels. For example, if 
a customer requires 9,900 TL074 's in Thpe and Reel packaging, he needs to 
place the order for a quantity of 10,000 TL074 'so The order will be filled and 
shipped on four reels containing 2,500 parts per reel. 

Note: TI reserves the right to provide a smaller quantity of devices per reel to 
preserve date code integrity. 

A list of package and tape formats and the quantity of devices per reel is 
provided in Thble 5. 

Thped and reeled components are shipped in individual packing boxes 
measuring approximately 14" x 14". The depth of each box is tailored to the 
tape width. Individual boxes are packed in a larger box whose size depends on 
the quantity of components ordered. 

TEXAS • 
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TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Ordering Information (Continued) 

All dimensions are given In millimeters. 

Table 5 Condensed Tape and Reel Formats 

Package Package Tape Package Reel Parts 
Type Designator Width Pitch Diameter Per Reel 

80-8 D 12 8 330 2500 

80-14 D 16 8 330 2500 

80-16 D 16 8 330 2500 

80-16L DW 16 12 330 1000 

80-20L DW 24 12 330 1000 

80-24L DW 24 12 330 1000 

80-28L DW 24 12 330 1000 

PLCC-18 Fp· 24 12 330 1000 

PLCC-18 FM 24 12 330 1000 

PLCC-22 FM 24 12 330 1000 

PLCC-32 FM 24 16 330 1000 

PLCC-20 FN 16 12 330 1000 

PLCC-28 FN 24 16 330 750 

PLCC-44 FN 32 24 330 500 

PLCC-52 FN 32 24 330 400 

PLCC-68 FN 44 32 330 250 

PLCC-84 FN 44 36 330 250 

PLCC-100 FN 56 40 330 100 

PLCC-124 FN 56 48 330 100 

• FP is a package designator for TM84164 and TM84416. 

TEXAS ." 
INSTRUMENTS 

11-44 POST OFFICE BOX 655303 • DALLAS, TeXAS 75265 



Sample Package 
Applications 

Table 6 

TAPE AND REEL PACKAGING SURFACE·MOUNT COMPONENTS 

Sample components are availabie for a number of applications, such as 
standard mechanical sample packages, "daisy-chained" bars, and K-factor 
bars. Table 6 provides sample ordering information. 

Sample Package Applications 

Package Package Mechanical 
Type Designator Sample Daisy Chain K Factor 

SO-8 D SN102589 SN102590 N/A 

SO-14 D SN72197 SN200054 SN20U060 

SO-16 D SN72.198 SN200055 SN200061 

SO-16L DW N/A N/A N/A 

SO-20L DW SN72199 SN200056 SN200062 

SO-24L DW SN72200 SN200057 SN200063 

SO-28L DW N/A N/A N/A 

PLCC-18 TMS1864MS TMS1864JlC TMS1864KF 

PLCC-18 TMS182!)fiMS TMS182;;6DC TMS18256KF 

PLCC-22 TMS22464MS TMS22464DC TMS22464KF 

PLCC-32 FM N/A N/A N/A 

PLCC-20 FN SN72201 SN200058 N/A 

PLCC-28 FN SN72202 SN200059 N/A 

PLCC-44 FN SNI02767 SN102768 N/A 

PLCC-52 FN N/A N/A N/A 

PLCC-68 FN SN750002 SN750003 N/A 

PLCC-84 FN N/A N/A N/A 

PLCC-IOO FN N/A N/A N/A 

PLCC-124 FN N/A N/A N/A 

• The type of package is indi~ated by MS, DC. (oj KF at the< en'J of the !,art 
number. 
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TAPE AND REEL PACKAGING SURFACE-MOUNT COMPONENTS 

More Information 

Ship-to-Stock 
Eliminates 
Incoming 
Inspection 

Learn by. Doing 

Outside Help 
Available 

Want to Learn 
More? 
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As a major manufacturer of SMCs, TI is committed to helping you 
make the transition to surface-mount as easy and as economical as 
possible. Getting started in SMT -switching from older and less 
efficient methods of PCB fabrication-means learning some new 
manufacturing techniques, and it entails some capital outlay. But in 
volume production, it can actually reduce your capital and space 
costs by up to 50 percent. 

As your usage per surface-mount component (SMC) grows, TI can implement its 
ship-to stock program for you. With all the necessary quality-control procedures built 
into our standard testing process, your SMCs can be shipped directly to you in tape 
and reel or in factory-sealed boxes. Benefits to you: 
• Incoming inspection, scrap, and rework reduced or eliminated. 
• Inventory reduced. 
• Quality levels maximized. 

To help you realize the advantages of surface-mount technology (SMT), Texas 
Instruments maintains a surface-mount laboratory. There you can gain hands-on 
experience and guidance in building a surface-mount board from start to finish. To 
schedule an appointment, contact your TI Field Sales Engineer or call 
(800) 232-3200 for the address of the TI Field Sales Office nearest you. A 
description of the lab's equipment and services is available from TI. 

You can also find assistance among the growing number of SMT assembly houses, 
consultants, and associations. They can help you reduce the costs of converting to 
SMT, while supplying some valuable information on the latest technological advances 
and industry standards. 

Suppliers of assembly equipment such as pick-and-place machines and soldering and 
test equipment can also help you make the transition to SMT board fabrication. A 
current list of these suppliers is available from TI. 

How to Us~ Surface Mount Technology is available free of charge from Texas 
Instruments. This technical summary includes chapters on the process and the tooling 
required to implement it; the wide variety of available SMCs; inspection, testing, and 
repair; quality and reliability; and how to mix SMCs with standard DIP packages. 

For additional information on the availability of TI's growing line of SMCs, contact 
your local TI Field Sales Office or distributor. 

If you would like to have your name placed on our mailing list for additional SMT 
information as it becomes available from TI, please write Texas Instruments 
Incorporated, Dept. SSP05, P.O. Box 809066, Dallas, Texas 75380-9066. 
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SCOPE 

Guidelines for Handling Electrostatic-Discharge Sensitive (ESDS) 
Devices and Assemblies 

This specification establishes the requirements for methods and materials used to protect electronic parts, devices, and 
assemblies (items) susceptible to damage or degradation from electrostatic discharge (ESD). The electrostatic charges referred 
to in this specification are generated and stored on surfaces of ordinary plastics, most common textile garments, ungrounded 
people's bodies, and many other commonly unnoticed static generators. The passage of these charges through an electrostatic
sensitive part may result in catastrophic failure or performance degradation of the part. 

The part types for which these requirements are applicable include, but are not limited to the following: 

I) All discrete semiconductors and ICs 
2) Hybrid microcircuits 
3) Thin film passive devices. 

Definitions 

1.' Antistatic material: ESD protective material which minimizes the generation of static charges when rubbed against 
or separated from itself or other similar materials. 

2. Static dissipative material: ESD protective material having surface resistivity between 105 and 1012 O/square. 
3. Conductive material: ESD protective material having a surface resistivity of 105 O/square maximum. 
4. Electrostatic discharge (ESD): A transfer of electrostatic charge between bodies at different electrostatic potentials 

caused by direct contact or induced by an electrostatic field. 
5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length 

and unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface resistance 
between two electrodes forming opposite sides of a square. The size of the square is immaterial. Surface resistivity 
applies to both surface and volume conductive materials and has the dimension of O/square. 

6. Volume resistivity: Also referred to as bulk resistivity. It is normally determined by measuring the resistance 
(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T). 

']. Ionizer: Equipment that generates positive and negative ions, either by electrostatic means or by means of a 
radioactive energy source, in an airstream, and distributes a layer of low velocity ionized air over a work area 
to neutralize static charges. 

8. Close proximity: For the purpose of this specification, is 6 inches or less. 

Device Sensitivity per Test Circuit of Method 3015, MIL-STD-883 

I. For the purpose of this specification, all microelectronic devices are considered to be ESDS Class I. ESDS 
Class I devices require minimum protective packaging of a conductive container or an antistatic container within 
an electrostatic field shielding barrier. 

2. Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, test and 
shipment of completed equipment. 

APPLICABLE REFERENCE DOCUMENTS 

The following reference documents (of latest issue) can provide additional information on ESD controls: 

I) MIL-M-3851O Microcircuits, General Specification 
2) MIL-STD-883 Test Methods and Procedures for Microelectronics 
3) MIL-S-19491 Semiconductor Devices, Packaging of 
4) MIL-M-55565 Microcircuits, Packaging of 
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5) DOD-HDBK-263 Electrostatic Discharge Control Handbook for ProtectIOn 
6) DOD-STD-1686 Electrostatic Discharge Control Program 
7) NAVSEA SE 003-II-TRN-OIO Electrostatic Discharge Training Manual 
8) EIA-541 Packaging Material Standards for ESD Sensitive Items 

FACILITiES FOR STATIC-FREE WORK STATION 

The minimum acceptable static-free work station shall consist of the work surface covered with static dissipative material 
attached to ground through a I MO ± 10% resistor, an attached grounding wrist strap with integral I MO ± 10% resistor 
for each operator, and air ionizer(s) of sufficient capacity for each operator. If no insulator materials are present at the work 
station, operators may wear static dissipative smocks in lieu of using an ionizer. The wrist strap shall be connected to the 
static dissipative material at the same metallic button or contact used to ground the material. Ground must utilize either earth 
ground or third wire (green) electrical ground, refer to Figure I. Conductive floor tile along with conductive shoes may 
be used in lieu of the conductive wrist straps for nonseated personnel. The Site Safety Engineer must review and approve 
all electrical connections at the static-free work station prior to its implementation. 

Air ionizers shall be positioned so that the devices at the static-free work stations are within a 4-foot arc measured by 
a vertical line from the face of the ionizer and 45 degrees on each side of this line. 

General grounding requirements are to be in accordance with Table I. 

'\ L;J RECEPTICLE 

I-=,FI 

SERVICE 
EQUIPMENT 

GROUND 

CHAIR 

THIRD WIRE 
ELECTRICAL 
GROUND 

WITH GROUND 
(OPTIONALI 

R 

PERSONNEL 
GROUNp STRAP 

R 

R 

ESD PROTECTIVE 
TRAYS, ETC. 

STATIC DISSIPATIVE 
MATERIAL 

j IONIZER ELEC. I OTHER 

EQUIP. 

WORK BENCH 

J 

All electrical equipment sitting on the static dissipative work surface must be hard grounded and must be isolated from the s.tatir. dissipative 
work surface. Ground fault circuit interrupter (GFCI) is recommended for operator safety. 
NOTE: Earth ground consists of a metal pipe or rod insf!rted at least three (3) feet into the earth. All statlc·free work. stations in a single 

building may utilize a single earth ground. 

Figure 1. Static-Free Work Station 
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Table 1. General Grounding Requirements 

ANTISTATIC. STATIC DISSIPATIVE GROUNDED TO 

OR CONDUCTIVE MATERIAL COMMON POINT 

Handling Eqipment/Handtools X 

Metal Parts of Fixtures 

and Tools/Storage Racks 
X 

Handling Trays/Tubs X 

Soldering Irons/Bath X 

Table Tops/Floor Mats X X 

Personnel X Using Wrist Strap * 

·With 1 Mn ± 10% resistor. 

Usage of Antistatic Solution in Areas to Control the Generation of Static Charges 

The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESO program. Any antistatic 
chemical application shall be considered as a means to reduce or eliminate static charge generation on nonconduc t ive materials 
in the manufacturing or storage areas. 

The application of any antistatic chemical in a clean room of class 10,000 or less shall not be permitted. Accordingly, 
any user of antistatic solutions must consider the following precautions: 

I. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, or 
equipment. 

2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or personnel 
are exposed to spray mists and evaporation vapors. 

The need for initial application and frequency of reapplication can only be established through routine electrostatic voltage 
measurements using an electrostatic voltmeter. The following durability schedule is a reasonable expectation: 

1) Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying. 
2) Hard abused surfaces (floors, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, by 

wiping or mopping. 
3) Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, by wiping 

or spraying. 
4) Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding antistatic 

concentrate to final rinse water when cleaned. 

The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, and 
requirements shall be the responsibility of the Area Supervisor where antistatic chemicals are used. 

ESD Labels and Signs in Work Areas 

ESO caution signs at work stations and labels on static-se.nsitive parts and containers shall be consistent in color, symbols, 
class, voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all work stations performing 
any handling operations with static-sensitive items. These signs shall contain the following informatIon or its equivalent. 

CAUTION 

STATIC CAN DAMAGE COMPONENTS 

Do not handle ESOS items unless grounding wrist strap is properly 
worn and grounded. Do not let clothing or plain plastic materials 
contact or come in close proximity to ESDS items. 

Labels shall be affixed to all containers containing static-sensitive items ilt a place readily visible and proper for the intended 
purpose. Additionally, labels must be consistently placed on containers and packages at a standard location to eliminate 
mishandling. Use only QC accepted and approved signs and labels to identify static-sensitive products and work areas. The 
use of ESD signs and labels, and their information content shall be the responsibiiity ofthe Area Supervisor to assure consistency 
and compatibility throughout the static-sensitive routing. 
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Relative Humidity Control 

Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area should 
be maintained within the following relative humidity ranges: incoming/assembly/test/storage 40%-60%. 

PREPARATION FOR WORKING AT STATIC-FREE WORK STATION 

A work station with a static dissipative work surface connected to ground through a I MO ± 10% resistor, a grounding 
wrist strap with the ground wire connected to the static dissipative work surface, and an ionizer constitute a static-free work 
station (Figure I). An operator is properly grounded when the wrist strap is in snug (no slack) contact with the bare skin, 
usually positioned on the left wrist for a right-handed operator. The wrist strap must be worn the entire time an operator 
is at a static-free work station. If possible, operators should avoid touching leads or contacts even though grounded. 

CAUTION 

Personnel shall never be attached to ground without the presence 
of the I MO ± 10% series resistor in the ground wire. 

An operator's clothing should never make contact or come in close proximity with static-sensitive items. They must 
be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long sleeves must 
be rolled up or covered with antistatic sleeve protector banded to the bare wrist which shall "cage" the sleeve at least as 
far up as the elbow. Only antistatic finger cots, cotton gloves, antistatic gloves or conductive gloves (free of reactive elements 
such as chlorine, phosphorus, etc.) may be used when handling static-sensitive items. 

Any person not properly prepared, while at or near the work station, shall not touch or come in close proximity with 
any static-sensitive items. It is the responsibility of the operator and the Area Supervisor to ensure that the static-free work 
area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, plastic cosmetic 
bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All work-related items, including 
information sheets, fluid containers, tools, and parts carriers must be those approved for use at the static-free work station. 

GENERAL HANDLING PROCEDURES AND REQUIREMENTS 
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1. All static-sensitive items must be received in an antistatic/conductive container and must not be removed from 
the container except at static-free work station. All protective folders or envelopes holding documentation (lot 
travelers, etc.) shall be made of nonstatic-generating material. 

2. Each packing (outermost) container and package (internal or intermediate) shall have a warning label attached, 
stating the following information or equivalent: 

CAUTION 
ELECTAOST ATIC 

SENSITIVE 
DEVICES 

DO NOT OPEN OR HANDLE 
EXCEPT AT A 

STATIC·FREE WORKSTATION 

The warning label shall be legible and easily readable to normal vision at a distance of 3 feet. 
3. Static-sensitive items are to remain in their protective containers except when actually in work at the static-free 

station. 
4. Before removing the items from their protective container, the operator should place the container on the static 

dissipative bench top and make sure the wrist strap fits snugly around the wrist and is properly plugged into 
the ground receptacle. 

5. All operations on the items should be performed with the items in contact with the static dissipative bench top 
as much as possible. Do not allow conductive magazine to touch hard grounded test gear on bench top. 

6. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used. 
7. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe/heel 

strap may be used along with conductive tile/mats. 



8. When the operator moves from any other place to the static-free station, the start-up procedure shall be the 
same as in PREPARATION FOR WORKING AT STATIC-FREE WORK STATION. 

9. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, and shall 
be in operation during the entire time period the items are at the station. (See exception in FACILITIES FOR 
STATIC-FREE WORK STATION.) 

10. "Plastic snow" polystyrene foam, "peanuts," or other high-dielectric materials shall never come in contact 
with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as evidenced 
by pink color and generation of less than ± 100 volts). 

II. Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers made 
of untreated plastic material unless items are protectively packaged in conductive material. 

PACKAGING REQUIREMENTS 

Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item I). The use of tape and plain 
plastic bags are prohibited. All outer and inner containers are to be marked as outlined in GENERAL HANDLING 
PROCEDURES AND REQUIREMENTS, item 2, and conductive magazines/boxes may be used in lieu of conductive bags. 

SPECIFIC HANDLING PROCEDURES FOR STATIC-SENSITIVE ITEMS 

Stockroom Operations 

I. Containers of static-sensitive items are not to be accepted into stock unless adequately identified as containing 
static-sensitive items. 

2. Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing for 
order issue only be a properly grounded operator at an approved static-free station as defined in FACILITIES 
FOR and PREPARATIONS FOR WORKING AT STATIC-FREE WORK STATIONS. 

3. All subdivided lots must be carefully repackaged in protective containers (magazine/bag, etc.) prior to removal 
from the static-free work station and labeled to indicate that the package(s) contain static-sensitive items. If it 
is suspected that a static-sensitive item is not adequately protected, do not transfer it to another container, return 
it to the originator for disposition unless the originator is a Customer. In that case, the QC Engineer should 
contact the Customer and negotiate an appropriate disposition. 

4. It is the responsibility of the Stockroom Supervisor to ensure that all personnel assigned to this operation are 
familiar with handling procedures as outlined in this specification. A copy of this specification is to be posted 
in the vicinity so that it is accessible to the operators. Stock handlers and all others who might have occasion 
to move stock are to be instructed to avoid direct contact with unprotected static-sensitive items. 

Module and Subassembly Operations 

I. Static-sensitive items are not to be received from a stockroom, "killing, or machine insertion area unless received 
in approved static-protective packaging, and properly labeled to indicate that its contents are static sensitive. 

2. All single station, progressive line manual assembly operators, and visual inspectors prior to wave soldering 
operations are to be properly grounded with a grounding wrist strap when handling static-sensitive items. 

3. Progressive lines used as single stations where operators will be working on a mix of boards, both static-sensitive 
and nonstatic-sensitive, will require that all operators working on the line be properly grounded. This is necessary 
to accommodate the sliding of static-sensitive boards along the assembly bench or across positions not engaged 
in the assembly of this type board. 

4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or "degradation of these units in the event of 
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static
free stations are in proper working order and to ensure that operators are wearing grounding wrist straps properly 
(snugly in contact with bare skin). 

Soldering and Lead-Forming Operations 

I. All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to ensure 
that they are at the same ground potential as the grounded operators working on their stations. No machine 
surfaces exposed to static-sensitive items are to be above the ground potential. 

2. All processing equipment shall be grounded, including all loading and unloading stations, that is, the stations 
before and after each piece of processing equipment. 
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3. All nonmetallic, static-generating components in the handling systems shall be treated to ensure protection from 
static. 

4. All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas. 
5. Operators are to be properly grounded with a grounding wrist strap during any handling, loading, unloading, 

inspection, rework, or proximity to static-sensitive items. 
6. Unloading operators working at a grounded station shall place static-sensitive items into approved static-protective 

bags or containers. 
7. All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. Operators 

are to wear grounding wrist straps when working on static-sensitive items. Only grounded-tip solderingldesoldering 
irons are allowed when working on static-sensitive items. 

8. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 
familiar with this procedure and fully aware of the damage or degradation of these units in the event of 
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static
free stations are in proper working order and to ensure that operators are wearing grounding wrist straps properly 
(comfortably snug in contact with bare' skin). 

Electrical Testing Operations 

I. All electrical test stations shall be static protected. Operators shall be properly grounded when working on these 
items. 

2. Reused antistatic magazines must be monitored for maintenance of antistatic characteristics. 
3. Devices should be in an antistatic/conductive environment except at the moment when actually under test. 
4. Devices should not be inserted into or removed from circuits or tester with the power on or with signals applied 

to inputs to prevent transient voltages from causing permanent damage. 
5. All unused input leads should be biased if possible. 
6. Device or module repairs must be performed at static-free stations with the operator attached to a grounding 

wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items. 
7. Static-sensitive items shall be handled through all electrical inspections in static protective containers. Removal 

of the items from the protective containers shall be done at a static-free work station as discussed in 
PREPARATION FOR WORKING AT A STATIC-FREE WORK STATION. The units must be returned 
to the containers before leaving the station. 

8. All such items shall be shipped with an ESD warning label affixed as listed. 
9. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 

familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 

Packing Operations 
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I. Static-sensitive items are not to be accepted into the packing area unless they are contained in a static-protected 
bag or conductive container. 

2. A static-sensitive item delivered to the packer within an approved container or bag and found to be in order 
regarding identification shall be packed in the standard shipping carton or other regular packaging material. 
Containers are to be labeled in accordance with GENERAL HANDLING PROCEDURES AND 
REQUIREMENTS, item 2. 

3. Any void-fillers shall be made of an antistatic material. 



Burn-In Operations 

I. Bum-in board In3cling and unloading of static-sensitive items shall be done at a static-free station. 
2. Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into the 

board sockets. The clip/connector shall be taken off just prior to plugging the board into the oven connector. 
The clip/connector shall be installed immediately upon removal ofthe board from the oven connector. Installation 
and removal of the clip/connector shall be done by a properly grounded operator. 

3. All automatic or semiautomatic loading and unloading equipment shall be properly electrically grounded. 
4. It is the responsihility of the Area Supervisor to ensure that all personnel handling static-sensitive items are 

familiar with this procedure and fully aware of the damage or possible degradation of these units in the event 
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free 
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly 
in contact with bare skin). 

CUSTOMER RETURNED ITEM HANDLING PROCEDURE 

Receipt of ESDS-labeled items is to be done at a static-free work station and handled in accordance with applicable sections 
within this guideline. 

QUALITY CONTROL PROVISIONS 

Sampling 

Each manufacturing, stockroom, and testing operation handling ESDS devices will be audited a minimum of once each 
quarter for compliance with all terms of this specification by the responsible process control or QRA organization. Ground 
continuity and the presence of uncontrolled static voltages are considered critical and shall be checked more frequently as 
specified below. 

Wrist Straps (once a day) 

Wrist straps shall be ch~cked for minimum resistance to provide operator safety and maximum resistance to insure that 
proper body contact is maintained to drain generated charges. A go-no-go tester may be used provided it checks to a minimum 
of no less than 500 kO and a maximum of no greater than 2 MO. 

Ground Continuity (minimum of once a month) 

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. The 
presence of a 1 MO ± 10 % resistor in th~ ground connections between both the operator wrist straps to the work surface 
and the work surface to ground connector must be verified. 

Grounded Conditions (minimum of once a week) 

A visual inspection shall be made to determine full compliance with this specification at static-free work stations during 
handling of static-sensitive items, including operator being grounded as required, static-sensitive items not being handled 
in unprotected or unauthorized areas, and no static-generating materials at the grounded work station. 

Sleeve Protectors (minimum of once a week) 

A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved clothing either has 
sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist. 

Static Voltage Levels (minimum of once a week) 

In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check for 
uncontrolled electrostatic voltage_ at f)r near e1ectrl)static-controlled work stations. 
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Conductive Floor Tiles (minimum of once a month) 

Conductive floors must have a resistance of not less than 100 kO from any point on the tile to earth ground. Also, resistance 
from any point-to-point on the tile floor 3 feet apart shall be not less than 100 kO. The test methods to be used are 
ASTM-F-150-72 and NFPA 99. 

Records 

Written records must be kept of all these QC audits. 

TRAINING 

Training is applicable for all areas where individuals come in contact with ESDS (Class I) devices. It is the responsibility 
of each Area Supervisor to make sure that his/her people receive ESD training initially and every 12 months thereafter to 
maintain proficiency. Training should include static fundamentals, a review of applicable parts of this specification, and actual 
applications in the work area. 
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IIINNEsoTA: Eden _ ... : (612) 828-9300 
IIISSOURI: 
SU_: (314) 994-2100 
NEVI JERSEY: 
_no (201) 750-1050 
NEW IIEXICO: 
A~: (505) 345-2555 
NEW YORK: 
Eul 9291 
F 

NOA1II CAROLINA: 

~is\'r~~ 
OHIO: 

=-.:=;: (rm)W-i~ 
OREGON: _: (503) 543-6758 

PEHNSYLYAN.A: 
BlUe 80': (215) 825-9500 
PUERTO RICO: 
Hato Roy: (809) 753-8700 

J='=~ (615)461-2192 
TEXA.S: 

=~:: 1-J,'11lW:if: 
Houston: (713) 77Q.6592 
UTAH: 
Mu.....,: (801) 26&8972 
WA_TOH: 
Redmond: (206) 881-3080 
WISCONSIN: 
W~: (414) 782-2899 
CANADA: 
_: 1613/726-1970 
RICIunand HlI: (416) 884-9181 
SLl ....... : (514) 335-8392. 

"19IJOTc!lu"ll\!IInAmenr~ll1c.lt'f'I'rl1leJ 

TI Regional 
Technology 
Centers 
=~'c4~\'T.ia(~660-8140 
GEORGIA: More .... : (404) 662-7950 
ILLINOIS: Arlington Helghlll: (108) &40-2909 
INDIANA: 1 __ : (317)573-6400 

MASSACHUSEn'S: Wallham: (617) 895-9196 
IIEXICO: ... _ CIty: 491-70834 
MINNESOTA: MkineapoI18: (612) 828-9300 
TEXAS: Dalla: (214) 917-3881 
CANADA: Nopoan: (613) 726-1970 

TI Authorized 
North American 
Distributors 
Alliance Electronics. Inc. 
AJmacE\eclronics 
Arrowl1<lerulft Electronics G~ 
Arrow (Canada) 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
MarshalllnduSlries 
Newark8ec1ronics 
Schweber E19C1ronics 
Wyte Labora!Orles 
Zeus Components 
Rochester Electronics, Inc. (obsolete prodUd only) 

TI Distributors 
ALABAIIA: -_12(5) 837-8955· HaI>Marl< 
1205) 837-8700; Marshall (205) 881-9235; Sc'FNt8b8r 
205) 895-0480. 

ARIZONA: ArrowlKlerun;t ~~~~ ~7-O750; Hall-Mark 

t~ gr:=. ='(f~f~~~~; SctMaber 

1; 
Bon Fr .. dlCO B .. _: AnowJI(iarulff (408) 745-6600; 
Hall·Mark (~432-4ooo: -M~ 942-4600: 
~8i'I~~.h~432.7171:Wy~( ) 7-2500;Zeus 

COLORADO: Arrow/Kierultf (303) 790-4444; Hall-Mark 
1303) 790-1662; Marshall (300) 451-8383; Sc_ 
303) 799<l258; WyIe (303) 457-9953. 

CONNECllCUT: Anowll(;eruJffI203) 265-n41· 
Hall·Mark (203) 271-2844: "wsha' (203) 265-.... : 
Schweber (203) 264-4700. 
FLOFIDA: Fort laJderctale: ArrowhCietullf (305) 
429-8200; Hall-Mark (305) 971-9280; Marshall (305) 
977-4880; Schweller (305) 977-7511; 
0_: AnowI/(jerulffW n 333-9300; Hall·"ark (407) 
830·5855; Marshal (407 767-8585; Schwebef (401) 
331-7555; Zeus (401) 3000; 

~~~~~~\~u,~~~sha'(8'3) 

• TEXAS 
INSTRUMENTS 

rrinreJinrheU.S.A. 

GEORGIA: AnowhClerulffI404) 497·1300; Hall-Mark !!8:J t~=: Marshall 404) 923-5750; Schweber 

ILLINOIS: AnowIKie"'. (708~ 250-0~ Hall·Mark 

f~1~7'lrf~;='(?~0~)4:\'No?~~.Newa" 
L~~:a~~ e..~~';~~(~9.:13~~~~4mf317) 
843-1050. 
IOWA: Anowl1<.ierultf (319) 39&.1230; Schweber (319) 
373-1417. 

~~!=:I~~)(~r,i;~~::-'~;~M913) 
492-2922. 
MARYLAND: ArrowlKierulft (301) 99&.6002; HaII-Mark 
1301! 968-91100: """,,_113011 622-1118; So_, 
301 59&7800; Zeus (301) GG7·1118. 
IIASSACHUSETTS: AnowJI(/eN1ff \~8.\ ~5B-0900; 
Hall·Mark (617) 667-0902; Marshall ~n658-0810; 
~=J:oW 694-9100; Wyle (61 2 -7300; Zeus 

MICHIGAN: DetroIt: Arrowl1<ierutft (313) 462-2290· 
Hall·Marl< \313) 462·1205.0 "' .... haIl(313) 525.5ii50; 
Newark (3 3) 967-0600; .......... (313) 525-8100; 
Grand AIpkIe: ArrowIKieruiff (616) 243-0912. 
MINNESOTA: ArrowJKIarulff (612) 83[)·18OO; Hall-Mark 
16121941-2600; Marshall (612) 559-2211; SChweber 
612)941-5280. 

MISSOURI: AlTOWJKkuulff (314) 567-6888; HalJ..Mark 
1314) 291-5350; Marshall (314) 291-4650; So,",_ 
314} 739-0526. 

NEW HAMPSHIRE: Schwaber (603) 625-2250. 
Y: 

GAS 
609) 
100; 

Roche ... : ArrowJKIeruIIl (716) 427-0300; Hall-Mark 
1716) 425-3300; Marshall (716) 235-7620; Schweber 
716) 424-2222; 

Syrac .... : .... hall (607) 796-1611. 
NORTH CAROLINA: ArrowIKierulff ~19) 876-3132· 

l~lm~~: =r(r~,~)'llla%'&i.Marsha; 
ottO: Clevellnd: Anowl1<ierullf (2161248-3990: 
H';I·Marl< (216) 349-4832: "arshaU (216) ""'-1788; 
Schweber (21S) 464-2970; 
CoIumbur. Hall-Mark (614) 888-3313; 

~~G:'.:::g:;:VJfJ)~~~~?'3) 
293·6162. 

g~~~~Mf1:0~~Jf~)8ur-~7; Hall-Mark 

~~=:=~~~~!iJ~~=r(503) 
643·7900. 
PENNSYLVAMA: ArrowIKlerulff (215) 928-1800; GRS 

1215) 922-7037: Marshall (412) 188-0441; Schweber 
412) 963-6804. 

TEXAS: AulUn: Ar/'ONlKierulf (51?) 835-4180· 

~,cr.\~)~;~h~I,~1:fJs~~9'; 
~~=.;r~\~'~~~"h~J)4) 
247-6300; Wyle (21f) ~9953; Z8u& (214) 783-70\0; 
E1Paoo: Marshal (915) 593-0706; 
Houston: Anow/Kieruiff (~530 .... 7oo; HaII-MNk \713) 

~:l~~gg~ =~ar1~9-99~~; Sctwteber (713 

UTAH: Arrow/Kierulff (801) 973-6913; MarshaU (801) 
435-1551; WyJe (801) 974-9953. 
WASHINGTON: Almac (206) 643-9992, (509) 924-9500; 
ArrowhCierulff \2061 5~4420: Marshall (206) 486-5747: 
Wy/e (206) 88 -1150. 
WISCONSIN: AnowIKieru\fl (414) 792 .. 0150; Hall-Mark 
1414) 797·7844; Marshall (41") 797-8400; Schwebef 
414) 784-9451. 

CANADA: Celgary: Future (403) 235·5325; 
Edmonton: Future (403) 438-2858; 

~~=~~~~~5511;Future(514) 

=i£~~!~=~~~~~~r~; 
Toronto: Atraw Canada (416) 670-7769; Future (416) 
638-4n1; Marshall (416)458-6046: 
Vancouver: Arrow Canada (604) 291-2986; Future (604) 
294-1166. 

Important Notice: Texas InstnuDCnrs (TO 
reserves the rii;ht tll make changes to or to dis
ctmtinue any semicunductor product or service 
identified in this puhlicatiun without nut ice. TI 
advises its custumers tu obtain the hu'Csf ver.ilun 
()f the relevant infommtinn tt) verify. befure pll1e
ingorders, that the infonnation hein~ relied upon 
iscurrcnt. 

D590 
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I-T~I \¥--ld td 

I~~~~.~ I N·150, Huntsville, AL 35805, (205) 837·7530. 

KOREA: Texas Instruments Korea Ud,.2BIh Floor, Trade 
Tower, 159, Samsung-Dong, Kartlnam-ku Seoul, Korea, 
25512800. 
MEXICO: Texas Instnments de Mexico S.A., Alfonso 
~~o1J:i~~~' Mexico,D.F., 

MIDDlE EAST: Texas InSlrumentsp No. 13, 1st Floor 

~:~ ~~n~~":ntic~rrt73~:s81~' 
NORWAY: Texas Instruments Nor~ AIS, PB 106. 
~~~sbt'.senV8len 53), 0513 OSlo 5, Norway, 

Instruments 
-aSCitic 
China, (861) 

'os 

Worldwide R~ional 
Technology Centers 

~~~~: ~~x:J~t:,~:a~f8g~~~.T~=r 
Taipei. Taiwan 10592. ~hc of China, 2-7139311. 
TOKYO: Texas Instruments Japan ltd .• Texas 
Instruments Asia Ltd., Aoyama Fuji Building 4IF. 6-12 
Kita-Aoyama3-Cf1ome, Minato-Ku, Takyo,'3-498-2111. 
EUROPE 
BEDFORD: Texas Instruments Lid •• Manton Lane. 
Bedtofd, England MK41 7PA. 234-270 111. 
FREISING: Texas Instruments Deutschland GmbH •• 
Haggertystrasse 1. 8050 Fraising, Federal Republic of 
Germany, 8161-804152. 
HANNOVER: Texas Instruments Deutschland GmbH .• 

~1=':::J!=Y~5~~~~r 51, Federal 
MILAN: Texas Instruments haria. S.p.A., Cenlro 

~&f~~~~:r~r~(O~m.~~~ Paracelso 12, 

~~I.f::~~~~~:~e,8-10 
Ve~zy·ViUcoublay Cedell, France, 13-0701001. 
AUSTRALIA 
NEW SOUTH WALES: TelC8S Instruments Australia Ltd., 
6-10 Talavera Road, North Ryda, New South Wales, 
Australia 2113, 2-887-1122. 
SOIlTH AMERICA . 
SAO PAULO: Texas Instruments Electronlcos do Brasil 
~~1,~~~~1~' 524-7 Andar, 05424, Sao Paulo, 

.J TCllcrVCII the right to m~lke challW!s to or to dis-
Ctlntinue any semiCl.mductnr product or service 
iJcntified in this puhlicl1tilm withuut notice. TI 

• • lm;:'-nt-N-.:c-e:-Te-x",-;::~=~~~) 

liEXAS advises its customers to ohtain the lAtest version 
nf the relevant infutmati(m to verify. befure plac-

ARGENTINA.: Tell8s rnSirumentsA~entlna Viamonte INSTD IUMENTS inglmiers, that the infol'nultinn heingreliedupt.m ! U~~.:a~~tal Federal, Buenos ires, Argentina, ~ is current. 

L ______________________________ ~ ________________________ ~-----L----------------------·----~~~~ 
I'ri1\1e.llnrhl'U.S.A. 
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