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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reasona-
or sustain life, and whose failure to perform, when pro- bly be expected to cause the failure of the life support
perly used in accordance with instructions for use provi- device or system, or to affect its safety or effectiveness.

ded with the product, can be reasonably expected to
result in significant injury to the user.
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INTRODUCTION

The SGS-THOMSON Microelectronics Group SRAM Databook is a comprehensive collection
of information on advanced, high density, high speed SRAM products for specific applications.
SGS-THOMSON Microelectronics is a major supplier of a wide range of semiconductor devices,
and commands leading market positions in Intelligent Power, Power Transistors, and EPROM
Memories. The recent acquisition of INMOS has strengthened SGS-THOMSON's portfolio.
INMOS, based in the UK, manufactures very fast SRAMs, microprocessors called transputers,
color graphics products, and digital signal processing devices.

STATIC RAMs

The SGS-THOMSON Group offer static RAM products which cover Standard SRAMSs, Biport™
devices, Zeropower™ Timekeeper™ RAMs, and Cache Tag RAMs.

* Standard SRAM memories with a device density range of 4K bits to 1024k bits and performance
from 15ns to 200ns. Organizational flexibility (4K x 1, 1K x 4, 16K x 1, 4K x 4, 64K x 1, 16K x 4,
8K x 8,8Kx9,256K x 1, 64K x 4, 32k x 8, 128k x 8) covers a vast range of applications, including
large mainframes, high speed controllers, communications, graphics display and workstations.

* BIPORT™devices consist of a family of FIFO (First-In First-Out) buffers. These FIFOs provide
an interface between digital information paths with widely varying speeds. Each information
source can thus operate at its own intrinsic speed, while results are processed or distributed at
speed from 25ns to 200ns. The Biport™FIFO family also includes single chip bidirectional FIFOs,
and clocked FIFOs running at up 40 MHz

* The Cache-Tag family consists of devices, like very fast SRAMs with on board comparators,
called TAGRAMs. A TAGRAM™ is that part of a cache subsystem that determines if data or
instructions is retained in the cache memory (data cache). SGS-THOMSON offers various
organizations x4, x8 and x20 and speed as fast as 12ns.

* The Zeropower™and Timekeeper™ RAM family combines the operating simplicity of conven-
tional byte-wide SRAMSs with the excellent data integrity of Zeropower™technology. This integrity
is achieved, thanks to the use of advanced CMOS technology and long-life lithium cells. With
density from 2k x 8 to 32k x 8 and access/cycle from 55ns to 200ns, SGS-THOMSON covers
the full range of non-volatile needs for all microprocessor based systems. Thanks to the
combined features of Zeropower™ technology with an on chip real-time clock, Timekeeper™-
RAM offer unparalleled non-volatile performances while maintaining standard pin-out. Applica-
tions include RAM - clock/timer for communication, industrial systems, PCs, workstations.

PRODUCTION

There are two facilities which presently manufacture the SRAM product line, Newport (UK) and
Carrollton (USA). The Newport facility is an 8000 square meter building with a 3000 square meter
clean room operating to Class 10 environment in the work areas. The facility operates a 4" wafer
line and has the capacity to upgrade to a 6" sub micron capability. The Carrollton facility has a
5000 square meter class 100 4" wafer line and a 700 square meter class 10 6" wafer line with
sub-micron capability. Additional manufacturing capacity is available in Rousset, France where
both a 4 and 5" line are in operation.

Advanced manufacturing equipment is used in these facilities to produce high performance
devices, some consisting of up to one million transistors. Wafer steppers, plasma etchers and
ion implanters form the basis of fabrication.

SGS-THOMSON Muar (Malaysia) is the main in-house assembly facility for SRAM.

The in-house facilities used for final SRAM testing are located in Newport (UK), Colorado Springs
(USA), Toa Payoh (Singapore) and Muar (Malaysia).
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INTRODUCTION

MILITARY

Many of our static RAMs are available in military versions processed in full compliance with
MIL-STD-883C. Additionally, several JAN qualified devices are available for some of the product
lines.

We also supports the US Government Defense Electronics Supply Center (DESC) Standard
Military Drawing (SMD) program and is an approved supplier of a range of the SMDs already
established by DESC.

FUTURE DEVELOPMENTS

Research and Development

The SGS-THOMSON Group has achieved technical success based on a position of leadership
in products and process technology in conjunction with substantial R&D investment which, in
1988, represented 20 percent of sales, well above the estimated worldwide average of 13 percent
for the top 10 semiconductor manufacturers.

Process Developments

New process technologies are continuing to be developed for next generation products. Work
is taking place now to scale present technologies while new sub micron CMOS technologies are
being brought into production.

Package Developments

A wide selection of packages are available including plastic and ceramic DIP. Where surface
mount technology is desirable, the package offerings include PLCC, LCC, SOIC, SOJ, and
Flat-pack. Refer to the individual datasheets for a listing of the packages available for a particular
device.
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QUALITY AND RELIABILITY

INTRODUCTION

The Quality and Reliability of a product depend on all the activities from the conception and
design of a new product, through production and shipment, to the service given to the customers.

Itis well known that Reliability must be designed into the product and the process. To manufacture
consistently reliable high quality products, SGS-THOMSON Microelectronics believes that it is
essential for everyone in the Group to appreciate the importance of maintaining and improving
the levels of Quality and Reliability.

SGS-THOMSON has adopted a Total Quality Control approach which means that everyone in
the Group must work to improve Quality.

With this approach problems can be solved at the stage where they arise, so that latent failures
are not carried over to the next stage or to the finished product. Total Quality Control assures
the conditions to avoid quality problems rather than simply eliminating defective finished
products.

The following information describes in a precis form the SGS-THOMSON approach to Quality
and Reliability. The subject is comprehensively detailed in the SGS-THOMSON Quality and
Reliability publication SURE 5. This program is also applied totally to INMOS products.

QUALITY CULTURE

It is the precise choice of SGS-THOMSON to win its customers’ trust via the establishment of a
position of leadership for Service and Quality. The Group must therefore have a quality based
culture.

This culture can be seen in the behavior of every person within the Group and in the way each
person interacts with his or her fellow worker to establish new and ever more demanding goals.
It is sustained and nurtured through well defined policies, procedures, training and, of paramount
importance, through examples from the very highest Group management levels.

That quality is perceived as a company wide responsibility is no more obvious than in the field
of training. An ongoing program called Total Quality Control, was begun in 1982 to improve all
people and departments in the Group wherever the Group operates throughout the world.

Total Quality Control takes the position that it is not enough to believe that things must be done,
you must be able to do them. To this end it has as its primary objectives:

* Promotion of the Total Quality Control concept

* Training on statistical tools for people from all departments

* The creation of technical work groups for specific quality improvement programs
* The introduction of Quality Circles

Fundamental to this program is the conviction that quality is not an option, it is an obligation and
that everyone in the Group can, given suitable motivation and training, make a real contribution
to overall improvements in quality levels.

From the very highest management levels and involving designers, engineers, production,
supervisors and line operators in addition to Quality and Reliability people, the Total Quality
Control program is focused on:

* Personal motivation

* Quality in design

* Reliability in design

* Improved Statistical Process Control
* Customer satisfaction

£ SGS-THOMSON
Y/, MiGROELECTROMGCS




QUALITY AND RELIABILITY

In addition quality circles have been set up within the Group. The first, in 1982, was in the Group’s
Far East factories, with the first Quality Circle Convention being held in Singapore on January
30th 1983.

Recently SGS-THOMSON has begun a new company wide campaign - Quality and Service
Culture for Excellence - based on the premise that basic quality ideas and methodology, if applied
properly, will give:

* Complete Customer satisfaction

* Zero defect products

* Minimum product costs

These three basic ingredients for excellence will be complemented by a long term program to
improve data processing networks and to reduce response times at all levels as well as the
localization of everyone’s efforts on service, on quality and on process stability.

Our ultimate goal is to supply the products requested by our customers with zero delinquency,
zero defects and of course "just in time".
ORGANIZATION AND MANAGEMENT

SGS-THOMSON is organized in product divisions, geographical sales areas (Regions) and
Corporate departments.
Quality and Reliability control activities are managed, performed and promoted by the Corporate

Service and Quality group (which reports to the top management) and Quality and Reliability
departments at division and plant levels.

GENERAL
MANAGEMENT
CORPORATE SERVICE
PRODUCT - GEOGRAPHICAL
AND QUALITY BACK END
CENTRAL R&QC DIVISIONS REGIONS
|
I
I L -
I
I ]
DIVISION
| aserh PLANT PLANT
| e ol MANAGEMENT MANAGEMENT
} ! — [
- e — ] I A — 7
————,——————————— ——— - -———— -
RN [
PLANT QUALITY PLANT QUALITY
& RELIABILITY & RELIABILITY

Part of Corporate Service and Quality group is the Central Reliability and Quality Control
department. This organization makes it possible for SGS-THOMSON to handle Quality and
Reliability for an extensive product range both effectively and efficiently.
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QUALITY AND RELIABILITY

Education and training programs in the field of Excellence and Quality are managed by the
Corporate Service and Quality organization in cooperation with Human Resources department.

At every production location there is an incoming inspection department with the job of assuring
the quality of purchased materials.

Division Q&R departments evaluate the reliability of new processes and new products, before
they go into volume production.

They require and coordinate corrective actions necessary to improve Q&R of products and
processes; these improvements are planned in quality budgets.

They perform and collect reliability results and issue reliability reports for their products.
Division Q&R departments interface directly with customers from design phase to approval of
customers’ product specifications.

In the past, successful in-house customer qualification, testing and joint qualification programs
with customers has been achieved. SGS-THOMSON remains committed to these joint custo-
mer/vendor programs.

Plant Q&R departments perform all Quality and Reliability inspections and controls relevant to
production done in their plants such as: incoming inspection, in process control, outgoing
inspection, reliability testing and failure analysis.

QUALITY BY DESIGN

Since the Quality and Reliability of semiconductor devices depend to a large extent on the basic
structure, SGS-THOMSON pays careful attention to Q&R studies at the design stage, paying
deep attention to user’s reliability requirements and operating conditions. Quality and Reliability
checkpoints for materials, process and device structure are considered from the design phase
on.

One of the key steps in the Design Review which consists of a study of design documents, the
definition of reliability test methods to check on the compatibility of processes with design goals
and conditions of use, and review of failure mechanism history in similar products.

In addition, qualification procedures are used mainly to ascertain the main characteristics of new
processes/products (or to evaluate process/product changes) and to guarantee the availability
of a characterization and the complete set of specifications for introduction to SGS-THOMSON
manufacturing. Qualification should demonstrate capability to meet customer requirements.

QUALITY AUDITING

SGS-THOMSON performs quality audits to verify that products, processes, programs and the
Quality and Reliability organizations are still in accordance with the written procedures and
specifications.

A quality audit does not replace the normal quality monitors or acceptance but helps to ensure
that everything is being done as it should be and to anticipate quality problems.

SGS-THOMSON factories are familiar with internal and external audits.

THE SPECIFICATION SYSTEM

Quality and Reliability are measurable features. But, for measurements to have any meaning,
they must be carried out in accordance with strict procedures and methods. Similarly production
processes must be managed in a repeatable way. This means that detailed instructions and
descriptions of every process step must be prepared and kept updated.

This information is formalized in the Group’s specifications that cover all the procedures and
process instructions. This the Specification System documents all the various manufacturing
processes and encompasses the SGS-THOMSON technical know-how.

£ SGS-THOMSON
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QUALITY AND RELIABILITY

The Specification System consists of a series of documents properly organized by subject and
content. The system is managed and administered by Document Control at Divisional Specifi-
cation Centres for efficiently issuing, updating, approving and distributing specifications to all
the relevant departments. Special text processing software is used to ensure rapid updating and
distribution of specification documents. The Specification Centres guarantee homogeneity in
specifications, record changes histories and issues general specification procedures.

A very strict Group procedure governs the engineering changes (issue, approval and modifica-
tions).

RELIABILITY ASSURANCE

Reliability testing is an ongoing process adopted to identify and then improve reliability perfor-
mance.

Accelerated tests, such as extended temperature operating life, THB and temperature cycling,
are important tools for evaluating long-term reliability and stability of process and product
parameters.

MOS device life test equipment

‘?,’ SGS-THOMSON
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QUALITY AND RELIABILITY

SGS-THOMSON also performs rigorous tests throughout production to ensure that production
devices have the properly designed reliability.
Reliability tests are conducted in two stages:

first we test our engineering samples during design and development stages to see if their Q&R
corresponds to that called for in the design. Reliability testing is usually performed on a small
sample but for long periods or under very accelerated conditions to investigate wear out failures
and to determine tolerances and limits of design. For these tests it is also possible to use the
step-stress procedure (eg ESD resistance evaluation);

the second type of test is performed periodically during production to check, maintain and
improve the assured Quality and Reliability levels.

The reliability tests involve both environmental and endurance examination and are performed
under conditions more severe than those met in the field. These conditions are chosen to
accelerate the occurrence of failures that would appear in actual operation, and care is taken to
ensure that the failure modes and mechanisms are unchanged. The data from reliability tests
provide an objective tool for product performance evaluation under a wide range of conditions.

When a failure occurs, the SGS-THOMSON engineers conduct an in-depth analysis of the failure
mechanism/mode to apply immediate suitable corrective actions.

Reliability testing activity during recent years has been extended to all SGS-THOMSON factories
with new and advanced equipment enabling all the plants to perform all the main tests.

IYI %?@%é@&@m@sm?@%
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MILITARY QUALIFICATION

MILITARY PRODUCT PROGRAM

A Military Product Program has been developed to meet the increasingly demanding require-
ments for Class B memory product in accordance with paragraph 1.2.1 of MIL-STD-883
"Provisions for the use of MIL-STD-883 in conjunction with non-JAN devices".

Our MIL-STD-883 Class B product is screened to the specifications of Method 5004 with
electrical testing executed over the military temperature range -55 C to + 125 C.

Each inspection lot is subjected to the requirements of method 5004 Group A Electrical sampling
and Group B Mechanical and Environmental sample testing. Additionally, all new product and
changes to product as defined in MIL-M-38510 paragraph 3.4.2 (major changes) is qualified per
method 5005 Group C

(Die related) and Group D (Package related tests). Periodic Conformance Testing is carried out
per the requirements of MIL-STD-883 paragraph 1.2.1 for all relevant die families and package

types.

Full details of our military processing are included in a "General Military Processing Specifica-
tion", which may be obtained upon request.

Suitability for use in specific applications should be determined by using the guidelines of
MIL-STD-454.

By specifying one of our military products, the user is assured of a product which has been
subjected to the full Screening and Quality Conformance requirements of paragraph 1.2.1 of
MIL-STD-883 in addition to the full range of in-house process, test and quality control functions
designed to enhance the quality and reliability of all products.

STANDARD MILITARY DRAWING PROGRAM

The in-house Standard Military Drawing (SMD) program was introduced in 1986 to supply
military and governmental products. The SMD Program was implemented by the US Govern-
ment and its associated subcontractors to provide the industry with a single SMD for each military
IC requirement. These SMDs are intended to replace the multiplicity of Source Control Drawings
(SCDs) generated by each contractor. Components specified according to the SMD Program
are standard military MIL-STD-883 compliant devices.

SGS-THOMSON and other IC manufacturers, initiate the development of SMDs in conjunction
with military contractors who have significant demand for the particular device. Together they
initiate an SMD proposal which the Defense Electronics Supply Center (DESC) screens and
approves. Accepted SMDs are then circulated by DESC to industry vendors and consumers to
obtain multiple sources and registered users.

The SGS-THOMSON Group fully supports the Standard Military Drawing Program and the
DESC efforts to expand its usage.

Refer to the cross reference information which lists each approved product by its SMD number

i h
and the corresponding part number

57 SGS-THOMSON
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ALPHANUMERICAL INDEX

(unless otherwise specified all Static RAMs listed are produced in CMOS technology)

Part Number | Organization Description Page Number
IMS1203 4Kx1 SRAM . . ... ... 31
IMS1203M 4Kx1 Military SRAM . . . . ... ... ... 501
IMS1223 1Kx4 SRAM . . .. ... 39
IMS1223M 1Kx4 Military SRAM . . . . .. ... ... 511
IMS1400M 16Kx1 NMOS Military SRAM . . . . .. ... 521
IMS1403 16Kx1 SRAM . ... ... 47
IMS1403M/LM 16Kx1 Military SRAM . . . . ... ... L. 531
IMS1420M 4Kx4 Military SRAM . . . . ... ... ... 541
IMS1423 4Kx4 SRAM . ... ... 57
IMS1423M 4Kx4 Military SRAM . . . .. ... ... 551
IMS1600/1601L 64Kx1 SRAM . .. ... 67
IMS1600M/1601LM | 64Kx1 Military SRAM . . . . . ... ... 561
IMS1620 16Kx4 SRAM . .. ...... ... .. .. 77
IMS1620M/LM 16Kx4 Military SRAM . . . . .. ... ... 571
IMS1624 16Kx4 SRAMwithOE . . . . .. ... .... 87
IMS1624M/LM 16Kx4 Military SRAMwithOE . . . . . . .. 581
IMS1630L 8Kx8 SRAMwWithOE . . . . ... ... ... 97
IMS1630M/LM 8Kx8 Military SRAM . . . . ... ... ... 591
IMS16X5 (64K) Very High Speed Family SRAM . . 107
IMS16X5M (64K) Very High Speed Family Military SRAM 601
IMS1800 256Kx1 SRAM . .. ... 119
IMS1800M 256Kx1 Military SRAM . . . . ... ... ... 603
IMS1820 64Kx4 SRAM . .. ... 129
IMS1820M 64Kx4 Military SRAM . . . . ... ... ... 605
MK41H66/H67 16Kx1 SRAM . ... ... 139
MK41H68/69 4Kx4 SRAM . . ... ... ..., 149
MK41H78/79 4Kx4 SRAM with OE and flash clear 159
MK41H80 4Kx4 CacheTag . .............. 171
MK41S80 4Kx4 Very high speed Cache Tag . . . . . . 183
MK4202 2Kx20 CacheTag ... ............ 195
MK44S80 16Kx4 CacheTag . .. ... ......... 215
MK4501 512x9 FIFO . ... ... .. ... . ..., 217
MK4503 2048x9 FIFO .. ... ... ... .. .... 233
MK4505 1024x5 Clocked FIFO . . ... ... ... .. 251
MK45264/265 64x5X2 FIFO . ... ... ... ... . .... 271
MK45H01/02/03 512x9/1024x9/2048X9 | High speed FIFOs . . . . . . . . . .. 289
MK45H04/08 4Kx9/8Kx9 High speed FIFOs . . . .. ... ... 307
MK48127/28 128Kx8 SRAM . ... ... .. 323
MK4832 32Kx8 SRAM . .. ... 325
MK48C02 2Kx8 Zeropower without battery . . . . . . . 335
MK48H64 8Kx8 SRAM . ... ... 345
MK48H89 8Kx9 SRAM . ... ... 355
MK48H98/99 8Kx8/9 SRAM withparity . ... ....... 357
MK48S74/75 8Kx8 CacheTag . . ............. 361
MK48S80 8Kx8 Very highspeedCacheTag . . . . .. 373
MK48T02/12 2Kx8 Timekeeper . .. ... ........ 375
MK48T08/18 8Kx8 Timekeeper . . ... ... ...... 389
MK48T85Q Address/data multiplexed real-time clock 403
MK48T87/87A/B Address/data multiplexed real-time clock 409
MK48T878B Address/data multiplexed real-time clock 411
MK48202/12 2Kx8 Zeropower . . . ... ... ... 431
MK48208/09/18/19 | 8Kx8 Zeropower . . . ... ... .. 443
MK48Z30/Z30A 32Kx8 Zeropower . . . . ... ... .. 457
MK48232/Z32A 32Kx8 Zeropower . . . ... ... ... ... 469
MK6116/MKI6116 | 2Kx8 SRAM .. ... ... ... 479
MKI48202/12 2Kx8 Zeropower Industrial temp.range 489
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SELECTION GUIDE

ZEROPOWERS
IcCma
ORGANISATION | PART TEMP
DESCRIFTION | NUMBER | SPEEDRs  lacmve| TTL | cmos| VCC RANGE | PACKAGE
| o ~ |ma@ns| STBY | sTBY
—2Kx8 MK48Z02 | 120,150,200,250| 90 | 3 1 |5V+10-5%| 0to+70°C |PDIP 24
—2KX8 i
ULCERTIFIED | MK482028U | 120,150,200, 250/ 90 3 1 |5V+10-5%| Oto+70°C |PDIP24
-2K8 MK48Z12 | 120,150,200,250| 90 3 1 |5V+10-10%| Oto+70°C |P DIP 24
—2KX8 .
(O ERTIFED  |MK48Z12BU | 120, 150,200,250 90 3 1 |5V+10-10%| Oto+70°C |P DIP 24
|- 2Kx8 MKI48Z02 | 120,150,200,250| 90 3 1 |5V +10-5%) - 4010 +85°C|P DIP 24
— 2KX8 , .
O TFiED | MK148202BU| 120,150,200,250| 90 3 1 |5V+10-5% - 4010 +85°C|P DIP 24
—okx8 MKI48Z12 | 120,150,200,250| 90 | 3 1 |5V+10-10%) - 40to + 85°C P DIP 24
— 2KX8 .
O TIFiED | MKIM8Z12BU| 120, 150,200,250 90 3 1 |5V+10-10%| - 40t + 85°C|P DIP 24
—2KX8 . .
R TTERy |MK48CO2AN| 150,200,250 | 90 3 1 |5V+10-5%| 0t0+70°C |PDIP 24
—2KX8 ) .
WO BATTERY |MKBCO2AK| 150200250 | 90 | 3 | 1 |5V+10-5%) 010+70°C |PLOCG
— BKX8 55,70 125@70 ] ,
CERTIFED  MK48Z08 o0t 00 Taoed 3 |5V+10-10%| Oto+70°C |PDIP28
—8KX8 55,70 125@70 ]
ULCERTIFED | MK482088U — X BB 3 3 |5V+10-10%| Oto+70°C |PDIP28
—8KX8 MK48Z18 85,70 125@70, 4 3 |5V+10-10%| Oto+70°C |PDIP28
100, 150,200 | 80@100

— 8KX8 55,70 125@70 i
DlCeRTED MKBZIoBU L B 3 [5V+10-10%| Oto+70°C |PDIP28
—BKX8 MK48Z09 55,70 125@70| 4 3 |5V+10-10%| Oto+70°C |PDIP28
PWR FAILINT 100, 150,200 | 80@100
= 8KX8 55,70 125@70
UL-CERTIFIED |MK48Z09BU : 3 3 |5V+10-10%| Oto+70°C |PDIP28
PWRFALINT | 100, 150, 200 | 80@100
~ 8KX8 MK48Z19 55,70 125@70| 4 3 [5V+10-10%| Oto+70°C [P DIP 28
PWR FAILINT | 100, 150,200 | 80@100
— 8KX8
UL-CERTIFIED |MK482198U 55,70 R 3 |5V+10-10%| 0t0+70°C |PDIP28
PWR FAIL INT 100,150,200 | 80@100
Bhsihed MK48230 100,120,150 | 90 5 2 |5V+10-5% | Oto+70°C |PDIP28
10 YEARS -25°C
—32KX8 ,

MK48Z30A | 100,120,150 | 90 5 2 |5V+10-5% | Oto+70°C |PDIP28
10 YEARS -25°C
Z30KX8

MK48Z32 100,120,150 | 90 5 2 |5V+10-5% | 0to+70°C |PDIP28
10 YEARS -70°C
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SELECTION GUIDE

TIMEKEEPERS

Ly SCS-THOMSON
Y/ sicrosLEcTROMICS

ICCma
ORGANISATION |  PART TEMP
DESCRIPTION | NUMBER | SPEEDns  [acTvE| TTL | cMos| VEC RANGE | PACKAGE
mA@ns| STBY | STBY
— 2KX8 MKASTO2 | 120, 150,200,250 80 5 3 |5V+10-5%)| 0to+70°C |PDIP24
—2KX8 ,
L8 e |MKd8TO2BU| 120,150,200,250| 80 5 5V +10-5%| Oto+70°C |P DIP 24
—2KX8 MK4ST12 | 120, 150,200,250 80 5 3 |5V+10-10%| Oto+70°C |PDIP 24
—2KX8 .
A o [MKeSTI2BU 150,200,250 | 80 5 3 [5V+10-10% 00470°C PDP2s
~2KX8 MKI48TO2 | 120,150, 200,250 80 5 3 |5V+10-5% —40t0+85°C, P DIP 24
—2KX8 ]
L e |MKMETO2BU| 120, 150,200,250 80 5 3 | BV+10-10%| —4010+85°C|P DIP 24
—8KX8 MKA48T08 100,150,200 | 80 3 3 | 5V+105%| Ot0+70°C |PDIP24 |
—8KX8 MKAST18 | 100,150,200 | 80 3 3 |5V+10-10% Oto+70°C |PDIP24 |
—PC 5V +10-
REALTIME  |MKA4STS7S7A 100 15 | NA | NA (+10" | 0t0470C |PDIP24
CLOCK o
ZpC
REALRME  mkesTasQ 100 15 | 05 | NA |5V410-10%| Oto+70°C |PLCC 28
W/O BATTERY




SELECTION GUIDE

CACHETAG MEMORIES

ICCma
ORGANISATION | PART TEMP
DESCRIPTION | NUMBER | SPEEDNS  facTve| TTL |cmos| VCC | pange | PACKAGE
mA@ns| STBY | STBY
— 4KX4 MK41HBO | 20222535 | 120 | NA | NA |5V+10-10%| Oto+70°C |PDIP 22
|PoIP22
— 4KX4 MK41S80 12,15 120 | NA | NA |5V+10-10% Oto+70°C |F 0 2
— 2KX20 MK4202 20,22, 25 250 | 50 | NA |5V+10-10%| Oto+70°C |PLCC 68
_|powp2s
Saos MK48S74 20,22, 25 150 | NA | NA |5V+10-10%| 00470 DR |
8KX8 P DIP 28
Totom Pole Output |MK4880 20,22,25 150 | NA | NA |5V+10-10%| 0to+70°C |f O
16KX4 MK44S80 15,17, 20 150 | NA | NA |5V+10-10%| 0t0+70°C |2DIP24
300 MIL
FIFO's
ICCma
ORGANISATION | PART TEMP
DESCRIPTION | NUMBER | SPEEDNS  |acTVE| TTL |CMoOs | VCC RANGE | PACKAGE
mA@ns| STBY | STBY
65, 80, 100, 120 ] PDIP 28
— 5129 MK4501 0 80 8 NA | 5V+10-10%| 010+ 70°C | P 0P 28
. [PDIP28(1)
_512X9FAST  |MK45HO1 | 25,35,50,65,120| 120 | 12 | NA |5V+10-10%| Oto+70°C
/PLCC 32
—1KX9FAST  |MK45H02 | 25,3550,65,120| 120 | 12 | NA |5V+10-10%| Oto+70°C |7.DIP 28(1)
/PLCC 32
65,80, 100, 120 ) . P DIP 28
_ oKX9 MK4503 150 & 200 120 12 NA 5V +10-10%! Oto +70°C /PLCC 32
_lPoIP28()
_2KXOFAST  |MK45H03 | 25,35,50,65,120| 120 | 12 | NA |5V+10-10%| Oto+70°C
/PLCC 32
—4KXOFAST  |MK4SHO4 | 25,3550,65,120| 120 | 12 | NA |5V+10-10%| Oto+70°C |P DIP 28 (1)
_BKXOFAST  |MKA45H0B | 25,35,50,65,120| 120 | 12 | NA |5V+10-10%| Oto+70°C |P DIP 28
—1KX9 ok 40MHz | MK4505 M 25,33, 50 100 | NA | NA |5V+10-10%] Oto+70°C |P DIP 24
MASTER & SLAVE [MK4505 S 25,33, 50 100 | NA | NA |5V+10-10%| Oto+70°C |P DIP 20
—64X5x2 MK45264 55,70 60 | NA | NA |5V+10-10%) Oto+70°C |P DIP 24
BIDIRECTIONAL |MK45265 55,70 60 | NA | NA |5V+10-10%| Oto+70°C |P DIP 24
(1) 600 mil and 300 mil PDIP.
‘ SGS-THOMSON
Y/ iichorLECTRONICS




SELECTION GUIDE

820108/ didd] D-0L+01D.0 | %0I0l FAS | 0S¢ or 0 % 021001 0L S5 5 TOESISAI R
82001 . i . p -
d2 Mol 0.0L+ 0100 | %O0LOL+AS | 08 o w oot 5202 ‘Sl L9e9LSI| O/ 998 30 ¥XHOL
82001 o ! — -
ool D,0L+ 0.0 | %0OL+AS | 0SE ol @ 0oL 202 ‘Sl 62915l 30 XML
82001 o S -
v rom ] 0.0£+010,0 | %0104+ AS Lt Sz |SE®00)SZ®04) | S5 Sh ‘SE ‘e YZ9ISII 30 X!
72 103 . . -
22 oo s| 0:0L+010.0 | %0I0L+AS | OSE o1 % oot 52 ‘02 ‘Sl SZ9LSII XYL
A T . -
2 oomaes| 0:04+010:0 | %010k * A n 2 |se®00tS2®0LL | SS 'S ‘SE ‘e 0291 SWI PX9L
Ve ros o . -
2 oomaey| 0:00+010:0 | %0L-0L*AS | 0SE o1 % oot 52 ‘02 ‘Sl S091SWI 1XOHv9
Ve ros .
o O] o oo a + 3 -
oS 0.04+010.0 | %0L-0L+AS | 0Ok s gt o S5 ‘b ‘GE 1091SWI 1XO9
2 ros o e -
2 oot 08 0,00 +010.0 | %010k + AS Gl @ | Se®OLSZDLL | S5 'SP SE e 009LSII 1O
22diQd| D.0.%015.0 | %0I0L+AS | 05 | 00 | oF ) XA BLHPYIN[ET0 HEV ET 30 7O —
Z2didd| 0.00+010,0 | %0I0LFAG | 05 | S00 | ot o2l XA LI 30 PO =
02diad| D027 010.0 | %00l ¥ AS 8 ) XA BOHITIN| S0 1S4 10O =
02roS ) e
o O] o oo h + - -
R ooTAeS| 0:0L010:0 | %0101 +AS 100 | SI  |SE®00LSZ®S0l | SS 'Sy ‘G ‘Se £2rLSII PXOHY
02didd| D-0.%010.0 | %0I0L*AS | 05 | 500 8 o2l G 02 BOH TSI POl =
0cdiad| D-0.%010.0 | %0I0L*AS | 05 | 00 | Of ) XA Z9HIIN X1 =
02 00VdiGd] D-0.010.0 | %0101 ¥ AS or Sr o/ 5 Sh 6 G2 0V IS X1 =
02didd| D-0.%010.0 | %010l FAG or 0er XA GOHIPHIN| SO 1SVA ORI =
820108/ - - . —. HIMOd MOT
o | 0SB 0p— | %OLOL+AS | b 100 £ 55 052 ‘002 ‘05 9L L9 sl
wmw__ww\ Do S0L+AD 0v— | %00k +AS ' ! £ ss 052 ‘002 ‘051 9L LI XM —
820105/ — ) — HIMOd MOT
So 0S| 0:00+010,0 | %0101 +AS ' oo | € oL 02002 ‘01 191 L9 S
www___mm 0.0L+010.0 | %OLOL+AS | 1 L £ oL 052 ‘002 ‘051 9L LI XM —
8 diad] D.0.010:0 | %0101+ AG 8 a1 0T A CeEISII YOI
i didd| 0-0.010:0 | %0I0L ¥AG o o 08 5 58 G2 EG2ISHI T =
AGLS | AGS
L SU® JALLOV HIaNNN NOLLdIHS3a
o} L su
IOVYOVd | IONVH dWaL 20A uagy | SOW Ll g3ads v NOLLYSINYOYO
WVH JILV1S

MICROELECTRONICS

‘;i SGS-THOMSON

20



SELECTION GUIDE

‘maiaaid Jonpoid (1)

ZE rOS/ vo o . . . Z 318N diHO
o] 0c0L*00:0 | %0L0L+AS | OSt 20 € 08 $8°0L 'SS seI8nIN () ot —
N.Mn n_ﬁ_mw Do0L+010:0 | %0k0L+AS | OSH 20 € 08 $8°0L'SS L2189 (1) 80182 —
82diad| 0. 0L+ 0.0 | %0I0rFAS | 02 500 € 0L 0210z TEESVIN EC D
82diad| D.0L¥ 10,0 | %0I-0FFAG | 005 T € 0z 021 0L ZESVIN E D

82 001 T e ; ~
b2 ros g Q¢ 0L 000 | %0LOL*AS St o€ ozt Sb 'SE 0F 'S8 0Z8LSWI PXOIP9
82 001 S
sOL+ 0 0.0 | %0L- -

pzrOSaIg g O°0L+00:0 | %0L0L+AS St o€ oet Sb 'SE 08 'Se 008+SWI 101952

S diGd D.0.7010.0 | %010l *AG | 005 P 5e 0et 0% '0E 02 66\6HEYIN|  ALIEVd 6\8XYI8 =
Z€ 001 o . N _

62 oS O°0L+010:0 | %0L0L+AS | OsE ot sz 00t §2'02'Sl S69LSWI 30 X8
52didd D.0,701 0,0 | %0I0L+AG | 005 1 52 0el S€'52 02 68HEVIIN 30608
82 diad 0.0,*01 0.0 | %0I-0r+AG | 0S¢ or 52 00t 520251 SEOTSWI EC D
Mw w__mm 000L+010:0 | %0L0L+AS | §2 500 s |oz1@06 0,001 021 ‘0L THOHBYMN| 30 8XY8 -
Mm w__mw 2.0L+010.0 | %0L0L+AS | 005 | 00S s |021®060.@008  02L'0L OHEYIN 30 8XM8 -

AGLS | AGLS I
vl SU® 3ALLOV H3gNNN NOLdIHOS3a |
SoWd | L s
JOVHOVd | IONVH dW3L 20A A L ug3ads v NOLLVSINVDHO |

J

(panunuod) WvH JILVLS

Ly SEshonsan

21



SELECTION GUIDE

s|aA8"] SOWO ‘Indul BuioAg : z Aapig

S|9Aa7 1LL ‘Indu) B|gEIS © | AQPIS

0/l 8jesedss (2)

8|qeu3 ndinQ (1)

T~ 50Tdid] Seloise- | %OIFS v 'G5 08 OGS TSNl VYOS —
207did|  Seloige— | %O0ITS v 'S5 06 INOOB TSI 101952 =
307dia Geioige—  %OIFS S5 0 0 WSe9IShI 5008 -
20Tdid Seloige = | %0IFS NS 0 WGe9rShi B8 —
207'did Sl oIge— %OLFS R @ WZZOISAI PXOI0L =
00T'dia G2toIse— | %0I%S XA @1 WOZOISI PXo01 =
30Tdid Seloiss— | %O0IFS A 0 We29rShi X1 =
0Tdid SeloIe— | %0i%S SNA WGZSTSII XL =
507did Geloiss— | %0IFS SN NGOOTSII oS =
007'did| Seioles— | % 0IFS | vi00z | Vliog| VW oE VWigs 0/ 'S5 Sy INI0ES I ST 0B -
007Tdid| Geioige— | %OrFS VW02 VW OF VWiGs| 0. S5 Sy WOE9TSAI 808 =
207°did] Seloiss— | %0IFS | viooel | vwg VWoz VW 001 0/ 'S8 G¥ 0 WIveaIsni PRI =
207dia] Geloige— | %OrES VW Oz VW 0F VW 00r| 0S5 Gv 0 Wre9Isni P01 —
207°did] SZh oSG | %O0LFG | vio0zr | vwsl vwoz VW 00+ 0255 Gv 021 ST PXo01 =
07dia] Seloige— | %O0iFS VWi Oz| VW 08 VW 001| 0SS Gy INOZ9TSII PXO01 =
207'did| SelolSG— | %0ITS | vAO00zl | VWSl WWoz VWOZ| 0 'S8 S IWTOS IS oS =
307did| SeioisG— | %O0I%S Vel VWGe VWOL| 0 'S5 G INOOOTSII Owa =

SOVd A D0Tdid| Geioise— | %OIES VWIST| VWl 02 | G500r | Sed0el | 66 57 'SE WEZr TSN PO =
307dia Geioiss— | %OIFS © vwoe VWoet|  0L'SS NOGH TSI PO —

v2dia| 52 olgg— %O0LTS vweo  vws VW 06 .Smmw«mmwo . LosvadN|  (OdId) exels—

Vedid| SeIoies— | %O0i¥6 VW10 V@ or VW 0Z| 052002 ‘051 STIOBIN 01 =

0cdid| SZIoies— | %01FS VIG00| VW oF VWG| v S Se ZOHTVEDIN IXSR1 =
0Tdid] Seioiss— | %0IFS | vio0y | VWOI[ VWSl VWG| 655y e TS0V IS TXoRT =
307dia] Geioise— | %0iES VWOr| VWGl VWG| 55 Sr e WEOH TSI X501 =
3oTdid] Geloige = | %0rFS © vwoe VW02t 0 S5 S% OOV TSI XoI0F =
SOVd3'dia] G2l oiee— | %O0I%S V@or| VWSl VWOLT| Sv 'St G2 WNEZETSII PXOIT =
SOVdd'dia]  Geioige— | %O0ITS V@oL| VWSl VW 08| % G G2 INEOZ IS o =

AE® [zhapis|LAqpis | (su®@ vw) H3ANNN NOLLdIHOS3a
sebewoeq | sbuey dwioy %A 4000| | xew 09| xew 99y | jueuno eagoy | U PUS 1Hvd NOLLVSINVDHO

S1ONAOHd AHVLITIN

MICROELECTRONICS

5,' SGS-THOMSON

22



CROSS REFERENCE

AMD SGS-THOMSON DALLAS SGS-THOMSON
Group Semiconductor Group
AM2147 IMS1203 DS2009 MK4501/HO1
AM2148/9 IMS1223 DS2010 MK45H02
AM2167 IMS1403 DS2011 MK4503/H03
AM2168 IMS1423 or MK41H68 DS2012 MK45H04
AM9126 MK6116 DS1210 MK48202
AM99C68 IMS1423 or MK41H68 DS1225 MK48Z08
AM99C88 MK48H64 DS1243 MK48T08
AM99C89 MK48H89 DS1287 MK48T87
AM67C4501 MK4501/HO1 DS1235 MK48Z30
AM67C4502 MK45H02 DS1230 MK48Z30A
AM67C4503 MK4503/H03
SGS-THOMSON SGS-THOMSON
CYPRESS Group FUJITSU Group
CY2147 IMS1203 MB81C67 IMS1403 orMK41H67
CY2148/9 IMS1223 MB81C68 IMS1423 or MK41H68
CY7C147 iIMS1203 MB81C71 IMS1600
CY7C148 iIMS1223 MB81C74 IMS1620
CY7C164 IMS1620 MB81C75 IMS1624
CY7C166 IMS1624 MB81C78 MK48H64
CY7C167 IMS1403 or MK41H67
CY7C168 MK41H68
CY7C185 IMS1630L
CcY7C187 IMS1600 HARRIS SGS-EHOMSON
rou
CY7194 IMS1820 id
HM65747 IMS1203
CY7C197 IMS1800
HM65748 IMS1223
CYC412 MK4501/HO1
HM65767 IMS1403
CY7C424 MK45H02
HM65261 IMS1403
CYC429 MK4503/H03
HM65768 IMS1423 or MK41H68
HM65787 IMS1600
HM65764 IMS1630L
HM6116/L MK6116/L
HM20256 MK4832

£ SGS-THOMSON
Y/, MICROELECTRONICS
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CROSS REFERENCE

HITACHI SGS-THOMSON MICRON SGS-THOMSON
Group Technology Group
HM6116 MK6116 MT5C1601 IMS1403 or MK41H67
HM6147 IMS1203 MT5C1604 IMS1423 or MK41H68
HM6148 IMS1223 MT5C6401 IMS1600
HM6167 IMS1403 MT5C6404 IMS1620
HM6168 IMS1423 or MK41H79 MT5C6405 IMS1624
HM6264 MK48H64
HM6267 IMS1403
HYUNDAI SGS'E;'&";SON MITSUBISHI sc;s-g:gjngsw
HY6116 MK6116 M5M21C67P IMS1403
HY61C68 MK41H68 M5M21C68P IMS1423 or MK41H68
HY61C67 MK41H67 M5M5165P IMS1630 or MK48H64
HY62256 MK4832 M5M5187P IMS1600
HY62C87 IMS1600 M5M5188P IMS1620
HY62C88 IMS1620 M5M5178P IMS1630
HY6264 MK48H64 M5M5256 MK4832
DT SGS-‘(I;I;I&I\’I:SON MOTOROLA sss-é'lr-lo?jn;lsw
IDT6167A IMS1403 or MK41H67 MCM1423 IMSZ1420 or MH41H66
IDT6168 IMS1423 or MK41H68 MCM6064 MK48H64
IDT7164 IMS1630 MCM6164L IMS1630 L
IDT7187 IMS1600 MCM6168 IMS1420L or MH41H68
IDT7188 IMS1620 MCM6264 MK48H98
IDT7198 IMS1624 MCM6268 MK41H68
IDT7201 MK4501/Ho1 MCM6268 IMS1423 or MK41H68
IDT7202 MK4502/H02 MCM6269 IMS1421
IDT7103 MK4503/H03 MCM6287 IMS1601L
IDT7204 MK45H04 MCM6287 IMS1600
IDT7105 MK45H08 MCM6288 IMS1620
IDT6178S MK41H80 or MK41S80 MCM6290 IMS1624
IDT7174 MK48H74 MCM4180 MK41H80 or MK41S80

24
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CROSS REFERENCE

NEC ses-grrlg’ngSON SONY sas-étl&ngson
uPD2147 IMS1203 CXK5816 MK6116
uPD4311 IMS1403 orMK41H67 CXK5416 MK41H68

uPD21467 IMS1403 or MK41H67 CXK5864 MK48H64

uPD4314 IMS1423 or MK41H68 CXK5854 MK48H64

uPD4361 IMS1600

uPD4362 MK48H64IMS1630

uPD4364 MK48H64

uPD43256 MK4832

oki scs-g:g]ngsw TOSHIBA ses—g:ﬁrsm
MSM5165 MK48H64 TC55416 IMS1620
MSM5188 MK4832 TC55417 IMS1624
TC5561 IMS1600
TMM2068 IMS1423
TMM315 IMS1203
TMM5562 iIMS1620
SARRATOGA sc;sg:iocl)gson UMC ses-é:-:,?]n:son

SSM2148 IMS1223 UM4501 MK4501

SSM2149 IMS1223 UM4502 MK4502

SSM6167 IMS1403 orMK41H67 UM6116 MK6116

SSM6168 IMS1423 orMK41H68

SSM7164 IMS1630L

SSM7166 IMS1624

SSM7188 IMS1620

SSL4180 MK41H80

SSM6170 MK41H78

SSL7201 MK4501/H01

SSL7203 MK4503/H03

Ly7 SGS-THOMSON
’l MICROIELECTRONICS
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CROSS REFERENCE

VITELIC SGS'(T;t'g‘“gSON VLS 505 THOMSON
V61C67 IMS1403 or MK41H67 VT20C50 IMS1423 or MK41He8
V61C68 IMS1423 or MK41H68 VT20C68 IMS1423 or MK41Hg8
V62C16 MK6116 VT20C69 IMS1423 or MK41H68
V62C64 MK48HG4 VT62K54 IMS1620
V620256 MK4832

26




CROSS REFERENCE

STANDARD MILITARY DRAWING REFERENCE

SMD Number

INMOS
Part Number

SMD Number

INMOS
Part Number

4K X 1 (IMS 1203)

64K X 1 (IMS1600:IMS1601L)

5962-8751301VC

SMD1203S-25M

5962-8601503XC

SMD1600S-45M

5962-8751301XC SMD1203A-25M 5962-8601503ZA SMD1600N-45M
5962-8751302VC SMD1203S-35M 5962-8601504XC SMD1601S-45LM
5962-8751302XC SMD1203A-35M 5962-8601504ZA SMD1601N-45LM
5962-8751303VC SMD1203S-45M 5962-8601505XC SMD1600S-55M
5962-8751303XC SMD1203A-45M 5962-8601505ZA SMD1600N-55M

1K X 4 (IMS1223)

5962-8601506XC

SMD1601S-55LM

5962-8751304VC

SMD1223S-25M

5962-8601506ZA

SMD1601N-55LM

5962-8751304XC

SMD1223A-25M

5962-8601507XC

SMD1600S-70M

5962-8751305VC

SMD1223S-35M

5962-8601507ZA

SMD1600N-70M

5962-8751305XC

SMD1223A-35M

5962-8601508XC

SMD1601S-70LM

5962-8751306VC

SMD1223S-45M

5962-8601508ZA

SMD1601N-70LM

5962-8751306XC

SMD1223A-45M

16K X 4 (

IMS1624)

16K X 1 (IMS1403)

5962-8685911LC

SMD1624S-70LM

8413202RC SMD1403S-45M 5962-8685911XA SMD1624N-70LM
8413202YA SMD1403N-45M 5962-8685912LC SMD1624S-70M
8413205RC SMD1403S-35M 5962-8685912XA SMD1624N-70M
8413205YA SMD1403N-35M 5962-8685913LC SMD1624S-55LM
8413208RC SMD1403S-55M 5062-8685913XA SMD1624N-55LM
8413208YA SMD1403N-55M 5962-8685914LC SMD1624S-55M
4K X 4 (IMS1423) 5962-8685914XA SMD1624N-55M

5962-8670512RC

SMD1423S-35M

5962-8685915LC

SMD1624S-45LM

5962-8670512XA

SMD1423N-35M

~ 5962-8685915XA

SMD1624N-45LM

5962-8670512ZC

SMD1423Y-35M

5962-8685916L.C

SMD1624S-45M

5962-8670513RC

SMD1423S-45M

5962-8685916XA

SMD1624N-45M

5962-8670513XA

SMD1423N-45M

8K X8 (I

MS1630)

FOAS QATALA AT
IYbL-B8b /U 13LL

SMD1423Y-45M

FOAN QECACAANY A
JY0L-000LIV4AL

SMD1630S-70M

5962-8670514RC

SMD1423S-55M

5962-8552504YA

SMD1630N-70M

5962-8670514XA

SMD1423N-55M

5962-8552505XC

SMD1630S-55M

5962-8670514ZC

SMD1423Y-55M

5962-8552505YA

SMD1630N-55M

5962-8670515RC

SMD1423S-70M

5962-8552510XC

SMD1630S-55LM

5962-8670515XA

SMD1423N-70M

5962-8552510YA

SMD1630N-55LM

5962-8670515ZC SMD1423Y-70M 5962-8552511XC SMD1630S-70LM
5962-8552511YA SMD1630N-70LM
L S5 THMON
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MMOoS’

FEATURES

« INMOS' Very High Speed CMOS

Advanced Process - 1.6 Micron Design Rules
4K x 1 Bit Organization

25, 35, and 45 nsec Access Times

25, 35, and 45 nsec Chip Enable Access Times
Fully TTL Compatible

Separate Data Input and Output

Three-state Output

18 Pin, 300-mil DIP

Single +5V + 10% Operation

Power Down Function

.

IMS1203

CMOQOS

High Performance
4K x 1 Static RAM

DESCRIPTION

The INMOS IMS1203 is a high performance 4Kx1
CMOS static RAM. The IMS1203 allows speed enhance-
ments to existing 4Kx1 applications with the additional
benefit of reduced power consumption.

The IMS1203 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1203 pro-
vides a Chip Enable (/E) function that can be usedto place
the device into a low-power standby mode.

The IMS1203Mis a MIL-STD-883 version intended for
military applications.

PIN CONFIGURATION LOGIC SYMBOL
A0 [ 18 Vee —1 A0
A2 o 17 % At — At
A6 3 16 A3 ] :g
A8 []4 15[ ] A4 ]
A1d s 14[ ] A9 A
AS 16 13 A1t . :g op—-
Q [J7 1 % A7 a7
W s nF7D s
Vss e w0[JE — Ao
— at0
DIP —An
DEW
PIN NAMES
[ A,-A,, ADDRESS INPUTS | Vcc POWER
l»\?v WRITE ENABLE Vss GROUND
‘ D DATAINPUT
E CHIP ENABLE
1' a  oAtaoutPuT |
November 1989

BLOCK DIAGRAM

—
*o | Vee
AP
MEMORY ARRAY re—Vss
2 —{3— 32 ROWS
0 ——] 128 COLUMNS
e _{}:i -
D ——— > coLumnuocireurs Q
L COLUMN SELECT |
_ AS A6 A7 A8 A9 A10 Al1
E

g

18
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IMS1203

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vs .
Voltage on Q

Temperature Under Bias

Storage Temperature .

—2.01t07.0V
—1.010 (Ve + 0.5V)
~55°C to 125°C
~65°C to 150°C

*Stresses greater than those listed under Absolute Maximum Ratings
may cause permanent dama%e to the device This i a stress rating only
and functional operation of the device at these or any other conditions
above those indicated in the operational sections of this specification is
notimplied Exposure to absolute maximum rating conditions for extended
periods may affect reliability

Power Dissipation IW
DC Output Current 25mA
{One Second Duration)
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN| TYP| MAX |UNITS NOTES
Vee Supply Voltage 45150 55 \
Veg Supply Voltage 0 0 0 Vv
Viy Input Logic 1" Voltage 20 Vce +.5 Vv All inputs
Vi Input Logic 0" Voltage -1.0* 08 Vv All inputs
Ta Ambient Operating Temperature 0 70 OC | 400 linear fYmin air flow

"ViL Min = -3.0V for pulse width <20ns, note b.

DC ELECTRICAL CHARACTERISTICS (0°C = T, = 70°C) (V¢ = 5.0V + 10%)°

SYMBOL PARAMETER MIN | MAX| UNITS NOTES
lee, Average V.. Power Supply Current 80| mA tavay = tavay (MIN)
lec. V. Power Supply Current (Standby, 15 mA | ExV.
Stable TTL Input Levels) All other inputs Vi
<Vior=Vy
cCy Ve Power Supply Current (Standby. 6| mA E= (Vee —0.2V)
Stable CMOS Input Levels) All other inputs at Vi
< 0.2Vor_=
(Vee —0.2V)
e Ve Power Supply Current (Standby. 13] mA | E=(Vee —0.2V)
Cycling CMOS Input Levels) Inputs cycling at Vi,
<02Vor=
(Voo —0.2V)
m Input Leakage Current (Any Input) =1 uA Vee = max
Vin = Vss to Ve
oLk Off State Output Leakage Current +5 uA Ve = max
V‘N = v‘)fv to V(,L,
Vor Output Logic 1" Voltage 2.4 \Y lour = —4mA
Vo Output Logic “0” Voltage 041 Vv lour = 12mA
Note a Ic - 1s dependent on output loading and cycle rate the specified values are obtained with the output unloaded
AC TEST CONDITIONS CAPACITANCE (T, = 25°C, f = 1.0 MHz)®
SYMBOL PARAMETER MAX [ UNITS| CONDITIONS
””‘L‘: Z“\"‘:“:i%ygvﬁ‘:‘ q Vs I‘\:’jw\; Cor, Input Capacitance 4 pF AV =0103V
L e Levels 15V Ceyr Output Capacitance 4 pF oV =0t 3V
See Figure 1
Note b This parameter is sampled and rot 100% tested

2/8
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IMS1203

RECOMMENDED AC OPERATING CONDITIONS (0°C .. T,= 70°C) (Vcc = 5.0V + 10%)

READ CYCLE®
SYMBOL 1203-25 | 1203-35 | 1203-45
NO. fsrdard Alternate PARAMETER MIN[MAX [MIN[MAXTMIN[MAX UNITS | NOTES
1] oy tacs Chip Enable Access Time 25 35 45 ns
2 | tavav the Read Cycle Time 25 35 45 ns c
3| tavoy tan Address Access Time 25 35 45 ns d
4 1 taxax | ton Output Hold After Address Change | 3 3 3 ns
51 Lox t, Chip Enable to Output Active 5 5 5 ns ]
6 | tevos |tz Chip Disable to Output Inactive 0]20| 0}J30] 0]30} ns f
74 teocen | teu Chip Enable to Power Up 0 0 0 ns ]
8 | et | ten Chip Enable to Power Down 20 20 20 ns ]
ty Input Rise and Fall Times 50 50 50 ns e
Note c; For READCYCLE 182, Wis high for entire cycle.
Note d: Device is continuously selected; E low.
Note e: Measured between Vi_max and V4 min.
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vjyto Vy_ or V_ to V4 in a monotonic fashion.
Note j: Parameter guaranteed but not tested.
READ CYCLE 1%¢
2 tavav —»

(

ADDRESS |

Sy

<*+—— 3tavqy ——
4 1Axax

X |

KXXXXKA

OUTPUT VALID |

~ ————— Tlelqv ——>§
e \ VI
je————— 5 15| QX —-———.J 6 tEHQz >
Q(DATAOUT) ~ HIGHIMPEDANCE (_ouTPuTVALD }——
ACTIVE _ _ ! feveen 8 tEHICCL
lcc
DEVICE OPERATION READ CYCLE

The IMS1203 has two control inputs, Chip Enable (E)
and Write Enable (W). twelve address inputs (Ap-Ay;)
adatain (Dy)and adataout(Doyr) The Einputcontrols
device selection as well as active and standby modes
With E low, the device is selected and the twelve address
inputs are decoded to select one memory cell out of
4096. Read and Write operations on the memory cell are
controlled by W input. With E high. the device is deselected.
the output is disabled, and the power consumption IS
reduced to less than one-third of the active mode power
with TTL levels and even lower with CMOS levels

A read cycle is defined as W _ Vi min with E V) max
Read access time is measured from either E going low
or from valid address

The READ CYCLE 1 waveform shows a read access
that i1s initiated by a change in the address inputs while
E is low. The output remains active throughout READ
CYCLE 1 and is valid at the specified address access
time. The address inputs may change at access time
and as long as E remains low. the cycle time is equal to
the address access time
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RECOMMENDED AC OPERATING CONDITIONS (0°C = T, 70°C) (Vgc = 5.0V + 10%)

WRITE CYCLE 1: wconTroLLEDY "

SYMBOL 1203-25 | 1203-35 | 1203-45
NO. Standard | Alternate PARAMETER MINI MAX |MIN] MAX [MIN] MAX UNITS NOTES
9 taay tye Write Cycle Time 25 35 45 ns
10 | twowne [ twe Write Pulse Width 15 20 25 ns
11 teiwn tew Chip Enable to End of Write 20 30 40 ns
12 | toywn Data Set-up to End of Write 15 20 25 ns
13 twees | ton Data Hold After End of Write 0 0 0 ns
140ty | taw Address Set-up to End of Write 20 30 40 ns
15 | tavw tas Address Set-up to Beginning of Write | 0 0 0 ns
16 | tynax | tws Address Hold After End of Write 0 0 0 ns
17 Vtwios | twr Write Enable to Output Disable 0]15] 0]20} 0}20}| ns fi
18 | twiiox | tow Output Active After End of Write 0 0 0 ns i
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between V4 to Vy_or V)_to V| in a monotonic fashion.
Note h: E or W must be > Vi during address transitions.
Note i If W is low when E goes low, the output remains in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 1
|e 9 tavav »|

ADDRESS

e AL

¢ 11 L WH

17777777777

':: 15 taywL —

14 tAyWH ——————»4—#' 16 twHAX
[e— 10 WL wH —a

W PARRNNNY /

12 tovwH 13 tWHDX

D (DATAIN) L

DATA VALID

17 twLaz l‘——b L—.

18 twHQax

Q(pATAOUT) |

DATA UNDEFINED

HIGH IMPEDANCE

The READ CYCLE 2 waveform shows a read access
that 1s iniiated by E going low As long as address is
stable when E goes low. valid data is at the output at
the specified Chip Enable Access time. It address is not
valid when E goes low the timing is as specified In
READ CYCLE 1 Chip Enable access time is not affected
by the duration of the deselect interval

WRITE CYCLE

The write cycle of the IMS1203 1s inttiated by the latter
of £ or W o fall In the case of W falling iast. the output
buffer will be turned on t¢ v after the falling edge of
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E (just as in a read cycle) The output buffer is then
turned off within ty oz of the falling edge of W. During
this interval. it 1s passible to have bus contention between
devices with D and Q connected together in a common
I/O configuration Contention can be avoided in a care-
fully designed system During a write cycle, data on the
input is written into the selected cells and the output
1s floating

WRITE CYCLE 1 waveform shows a write cycle ter
minated by W going high. Data set-up and hold times
are referenced to the rising edge of W. When W goes
high at the end of the cycle with E active. the output of
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RECOMMENDED AC OPERATING CONDITIONS (0°C . Ty~ 70°C) (V¢ = 5.0V + 10%)

WRITE CYCLE 2: £ conTROLLEDY "

SYMBOL

1203-35 | 1203-45

NO. I iordard [Anternate PARAMETER -,%,3,?3,"?,( i max[uinmax] /TS [ NOTES
19 | tavy twe Write Cycle Time 25 35 45 ns

20 | twien | twe Write Pulse Width 15 20 25 ns

21 | teien | low Chip Enable to End of Write 20 30 40 ns

22 | toven tow Data Set-up to End of Write 15 20 25 ns

23 | teunx | ton Data Hold After End of Write 0 0 0 ns

24 | taven taw Address Set-up to End of Write 20 30 40 ns

25 | terax twa Address Hold After End of Write 0 0 0 ns

26 | taver tag Address Set-up to Beginning of Write | 0 0 0 ns

27 | twoz | twz Write Enable to Output Disable 0} 15 0] 20} 0} 20 ns f]

Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between V)4 to Vy_or Vi_to V4 in a monotonic fashion.

Note h: E or W must be 2 V) during address transitions.

Note i: f W is low when E goes low, the output remains in the high impedance state.

Note j:  Parameter guaranteed but not tested.

WRITE CYCLE 2 19 tavay
ADDRESS | X ) ¢ ]
2%

'AVEL g — o
E V1

! v,

. 20 .

—\ WLEH /‘————l

w [ \ A

22 tpVEH 23 tEHDX

D (DATAIN) | DATA VALID |

27twiaz l'—‘

Q(DATAOUT) |

DATA UNDEFINED

HIGH IMPEDANCE

the memory becomes active. The data from the memory
will be the same as the input data unless the input data
or address changes

WRITE CYCLE 2 waveform shows a write cycle ter-
minated by E going high. Data set-up_and hold times
are referenced to the rising edge of E. With E high,
the outputs remain in the high impedance state

APPLICATION

It is imperative when designing with any very high
speed memory. such as the IMS1203. that the funda-
mental rules in regard to memory board layout be
followed to ensure proper system operation

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of
decoupling capacitors to maintain the operating mar
gins of the IMS1203 The impedance in the decoupling
path from the power pin (18) through the decoupling
capacitor to the ground pin (9) should be kept to d
minimum. The impedance of this path is determined by
the series impedance of the power line inductance and
the inductance and reactance of the decoupling capacitor

Since the current transients associated with the opera-
tion of the high speed IMS1203 have very high frequency
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components. the line inductance is the dominating factor
To reduce the line inductance. the power trace and
ground trace should be gridded or provided by separate
power planes. The decoupling capacitor supplies energy
for high frequency current transients and should be
located as close to the devices with as short lead length
as possible. The high frequency decoupling capacitor
should have a value of 0.1 microfarad. and be placed
between each row of devices in the array (see drawing)
A larger tantalum capacitor. with a sufficient value to
eliminate low frequency ripple. should be placed near
the memory board edge connection where the power
traces meet the backplane power distribution system
These larger capacitors provide bulk energy storage to
prevent voltage drop due to the main supply being
located off the memory board and at the end of a long
inductive path

The ground grid of the memory array should extend to
the TTL driver periphery circuit. This will provide a solid
ground reference for the TTL drivers and prevent loss
of operating margin of the drivers due to differential
ground noise

TERMINATION

Trace lines on a memory board in the array look to
TTL driver signals like low impedance. unterminated
transmission lines. In order to reduce or eliminate the
reflections of the TTL signals propagating down the lines,
especially low going TTL signals, line termination is
recommended. The termination may be either series
or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number
of components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver
to dampen the reflection on the line. The resistor should
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be placed as close to the driver package as is practical
The line should be kept short by placing the driver-
termination combination close to the memory array.

Some experimentation will have to be done to find
the proper value to use for the series termination to
minimize reflections. but generally a series resistor in
the 10 to 33 ohm range will be required. Because each
deslgn will result in a different signal impedance, a
resistor of predetermined value may not properly match
the signal path impedance. The proper value of resistance
should therefore be selected empirically

<«DEVICE

CAPACITOR

a
Vce

Vss

Ve, Vss GRID SHOWING
DECOUPLING CAPACITORS
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD
A Formed flat-pack gold
B Formed flat-pack solder
C |LCC gold
D | Cerdip solder 3309
E Small outline, J-bend solder
G | PGA gold
H | Small outline, Gull wing [ solder QBour)
J | PLCC, J-bend solder O LUDING
K | Sidebraze ceramic DIP solder 200Q (SCOPE AND
N Ceramic LCC solder FIXTURE)
P Plastic DIP solder =
S | Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
F, DEVICE __SPEED PACKAGE PART NUMBER |
25ns PLASTIC DIP IMS1203P-25
‘ 25ns CERAMIC DIP IMS1203S-25
IMS1203 35ns PLASTIC DIP IMS1203P-35
35ns CERAMIC DIP IMS1203S-35
‘ 45ns PLASTIC DIP IMS1203P-45
45ns CERAMIC DIP IMS1203S-45
1
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PACKAGING INFORMATION

18 Pin Ceramic Dual-In-Line

-

T>] i< »ll< Bt
B
«—— 8 equal spaces @ - S
2.03

0.80

18 Pin Plastic Dual-In-Line
< D ————

Imrhﬁrm\rn‘Trnﬂ.—m.—mrr&L

>

>Ie1< >|E13< B1» |= '

<«—— B8equalspaces @ ——» L S
2.54

0.100
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Dim Inches mm
Nom| Tol | Nom | Tol
A .085 |.010 | 2.18 |.230
B .018 | .003 | .457 |.152
B1 |.054 |Typ | .137 |[Typ
D .900 [.011 |22.86 |.279
E .310 [ .010 {7.874 | 254
E1 |.295|.015 (7.493 | .381
e1 .100 | .010 | 2.54 |.254
L .145 | .020 | 3.683|.508
S .005 127
le—E1—>]
-« F—>
Inches mm
Dim
Nom | Tol | Nom | Tol
A |.130 | .007 | 3.302|.178
A1 |.020 | min | .508 | min
B |[.018 | .003 | .457 |.152
B1 [.060 | Typ |1.524 | Typ
D |.900 |.011 |22.86 |.279
E |.300|.003 |7.874 |.254
E1 |.295 |.015{7.620 |.076
el [.100 | .010 | 2.54 |.254
eA |.330 | .020 |8.382 |.508
L .135 | max | 3.429)max
S |.050 27
r<— E
E1~>’
At

e— eA**’l




NMOS’

FEATURES

.

INMOS' Very High Speed CMOS

Advanced Process - 1.6 Micron Design Rules
1K x 4 Bit Organization

25, 35, and 45 nsec Access Times

25, 35, and 45nsec Chip Enable Access Times
Fully TTL Compatible

Common Data Input and Output

Three-state Output

18 Pin, 300-mil DIP

+ Single +5V + 10% Operation

Power Down Function

IMS1223
CMOS

‘High Performance

1K x 4 Static RAM

DESCRIPTION

The INMOS [IMS1223 is a high performance 1Kx4
CMOS static RAM. The IMS1223 allows speed enhance-
ments to existing 1Kx4 applications with the additional
benefit of reduced power consumption.

The IMS1223 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1223 pro-
vides a Chip Enable (/E) function that can be usedto place
the device into a low-power standby mode.

The IMS1223M is a MIL-STD-883 version intended for
military applications.

PIN CONFIGURATION LOGIC SYMBOL
A6 1 18 Vee — a0 VO,
A5 2 17 A7 — A1
Ad 3 46 A8 a2 voub—
A3 4 15[ ] A9 ] 2
:f: 5 14 ] 10, :;
6 13[ ] 10, ]
A2 7 2] wos m :g 0y
E [CJs n[JVvos —{ A8
vss (]9 1o Jw — A9 1O, —
DIP T T 110,
E W 170y
10,
PIN NAMES
| Ag-Ay ADDRESSINPUTS | Vee POWER
W WRITE ENABLE " Vss GROUND
TE CHIP ENABLE |
70 DATAINIOUT '7'77*#“_"7*[
November 1989

BLOCK DIAGRAM

.

" |
” le—Vec
a2 MEMORY ARRAY Ve

32 ROWS
A 128 COLUMNS
M
A -
= [
) Q— = COLUMN VO CIRCUITS .
INPUT
DATA COLUMN SELECT
~ o e
= |
A6 A7 A8 A9

F;EiJ

J
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IMS1223

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Ve
Voltage on Q

-20to 70V
~10to (Voo + 0.5V)
Temperature Under Bias —55°C to 125°C
Storage Temperature —65°C to 150°C
Power Dissipation . . W

*Stresses greater than those lsted under Absolute Maximum Ratings
may cause pe:manent damage to the device Tnis is a Stress rating only
and functional operaton of the device at these or any other conditions
above those indicated in the cperational sections of this specification 1s
notimplied Exposure to absolute maximum rating conditions for extended
periods may affect reliability

DC Qutput Current 25mA
(One Second Duration
DC OPERATING CONDITIONS
SYMBOL PARAMETER MIN| TYP| MAX |UNITS NOTES
Vee Supply Voltage 45150 55 \Y
Vs Supply Voltage 0 0 \%
Vi Input Logic “1" Voltage 2.0 Veet 5 \ All inputs
Vi Input Logic "0" Voltage -1.0* 08 \Y All inputs
Ta Ambient Operating Temperature 0 70 °C | 400 linear ft/min air flow

“VIL Min = -3.0V for pulse width <20ns, note b.

DC ELECTRICAL CHARACTERISTICS (0°C < T, = 70°C) (V¢c = 5.0V + 10%)?

SYMBOL PARAMETER MIN | MAX| UNITS NOTES
lee, Average Vqc Power Supply Current 100 mA tavay = tavay (MIN)
lec, Ve Power Supply Current (Standby, 150 mA | ExVy
Stable TTL Input Levels) All other inputs Vy
<V or=Vy
lec, V. Power Supply Current (Standby, 6| mA | E=(Vee —0.2V)
N Stable CMOS Input Levels) All other inputs at Vi,
<02Vor_=
(Vee —0.2V)
loc, Vee Power Supply Current (Standby, 8| mA E=(Vee —0.2V)°
Cycling CMOS Input Levels) Inputs cycling at Viy
<02Vor_=
(Vee —0.2V)
Ik Input Leakage Current (Any Input) =1 uA Vee = max
Vin = Vss 10 Ve
lok Off State Output Leakage Current 5| wA | Vee = max
Vin = Vg tO Vee
Vo Output Logic "1" Voltage 2.4 \ lour = —4mA
Vo, Output Logic "0 Voltage 0.4 \ lour = 8mMA
Note a: I¢ 1s dependent on output loading and cyc.. rate. the specified values are obtained with the output unloaded
AC TEST CONDITIONS CAPACITANCE (T, = 25°C, f = 1.0 MHz)®
» SYMBOL PARAMETER MAX [ UNITS| CONDITIONS
lﬂgﬂ ;‘“S‘Z‘Zﬁ?ff“ Times vss tossn\é Cin Input Capacitance 4 pF AV =0to3V
input and Output Timing Reference Levels 15V Court Output Capacitance 4 pF AV =0to 3V
Output Load See Figure 1
Note b. This parameter is sampled and not 100% tested
2/8
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RECOMMENDED AC OPERATING CONDITIONS (0°C _T,-_ 70°C) (V¢c = 5.0V * 10%)

READ CYCLE®
SYMBOL 1223-25 | 1223-35 | 1223-45
NO.siondars Aiternate PARAMETER IMIN]MAX [MIN] MAX [MIN] MAX UNITS| NOTES
1 oy tacs Chip Enable Access Time 25 35 45 ns
2 | tavav ti Read Cycle Time 25 35 45 ns c
3 | tavav tan Address Access Time 25 35 45 ns d
4] taox | tow Output Hold After Address Change | 0 0 0 ns
51 tiox t; Chip Enable to Output Active 5 5 5 ns |
6 tewoz |t Chip Disable to Output Inactive 15 20 20| ns f
7 tercen |ty Chip Enable to Power Up 0 0 0 ns )
8 | tirncer | ten Chip Enable to Power Down 20 20 20 ns |
ty Input Rise and Fall Times 50 50 50 ns e
Note ¢: For READ CYCLE 1 & 2, Wis high for entire cycle.
Note d: Device is continuously selected; E low.
Note e: Measured between V) max and Vy min.
Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between Vi to Vy_ or V| to Vjy in a monotonic fashion.
Note j: Parameter guaranteed but not tested.
READ CYCLE 1°°
2 tavav |
aooress | X * |
| &—— 3tavqv —
4 1axax
vooaTAoU) [ XXX DATA_VALID |
READ CYCLE 2°
| ¢————— 1 g qv ——[
2 \ L1
5 fELOX 6 'eHQZ
WO (DATACUT) ~ HIGHIMPEDANCE ( DATA VALD }——
7
ACTIVE _ _ ELIOCH 8 tEHICCL
'CC
DEVICE OPERATION READ CYCLE

The IMS1223 has two control inputs: Chip Enable (E)
and Write Enable (W), ten address inputs (Ag-Ag). and
four data I/0 lines. The E input controls device selection
as well as active and standby modes. With E low, the device
is selected and the ten address inputs are decoded to
select one 4 bit word out of 1024. Read and Write
operations on the memory cell are controlled by W input.
With E high, the device is deselected, the outputs are
disabled, and the power consumption is reduced to less
than one-third of the active mode power with TTL levels
and even lower with CMOS levels.

A read cycle is defined as W 2> Vjy min with E <V, max.
Read access time is measured from either E going low
or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while
E is low. The output remains active throughout READ
CYCLE 1 and is valid at the specified address access
time. The address inputs may change at access time
and as long as E remains low, the cycle time is equal to
the adciress access time.

3/8
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RECOMMENDED AC OPERATING CONDITIONS (0°C <. T, 70°C) (V¢ = 5.0V = 10%)

WRITE CYCLE 1: w conTROLLEDY N

9 | tavay twe Write Cycle Time 25 35 45 ns
10 | twewn | twe Write Pulse Width 20 25 35 ns
1 teewn [ tow Chip Enable to End of Write 20 25 30 ns
12 | tovwn | tow Data Set-up to End of Write 10 15 15 ns
13 | twiox | tow Data Hold After End of Write 0 0 0 ns
14 | taywn | taw Address Set-up to End of Write 20 25 35 ns
15 | tavw | tas Address Set-up to Beginning of Write | 0 0 0 ns
16 | twuax | twa Address Hold After End of Write 0 0 0 ns
17 | twaz | twz Write Enable to Output Disable 15 20 20 ns fi
18 | twrax | tow Output Active After End of Write 5 5 5 ns i
Note f: Measured $+200mV from steady state output voltage. Load capacitance is 5pF.

Note g: E and\ W must transition between Vi to Vy_or Vy(_to V} in a monolonic fashion.
Note h: E or W must be 2 V| during address transitions.
Note i: If W is low when E goes low, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 1
|- 9 tavav »|
ADDRESS |
- 11 g LwH
14 tAVWH o-le—] 16 twyax
_ F: 15 tavwL — L e—— 10 twLwH _4 -
w \ \ y
ARRRNNY /
12 thywH 13 tWHDX
1o (DATAIN) | DATA VALID ]
17 twLaz l‘—. L——. 18 twHQx
Vo (DATAOUT) | DATA UNDEFINED HIGH MPEDANGE

The READ CYCLE 2 waveform shows a read access
that is initiated by E going low. As long as address is
stable when E goes low, valid data is at the output at
the specified Chip Enable Access time. If address is not
valid when E goes low, the timing is as specified in
READ CYCLE 1. Chip Enable access time is not affected
by the duration of the deselect interval

WRITE CYCLE

The write cycle of the IMS1223 is initiated by the latter
of E or W to transition from a high to a low. In the case
of W falling last, the output buffer will be turned on
te qx after the falling edge of E (just as in a read cycle).
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The output buffer is then turned off within ty, o7 of the
falling edge of W. During this interval, it is possible to
have bus contention between devices with common I/0
configurations. Contention can be avoided in a carefully
designed system. During a write cycle. data on the input
is written into the selected cells and the output is floating.

WRITE CYCLE 1 waveform shows a write cycle ter-
minated by W going high. Data set-up and hold times
are referenced to the rising edge of W. When W goes
high at the end of the cycle with E active, the output of
the memory becomes active. The data from the memory
will be the same as the input data unless the input data
or address changes
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RECOMMENDED AC OPERATING CONDITIONS (—0°C - T,.. 70°C) (Vee = 5.0V * 10%)

WRITE CYCLE 2: £ contrOLLEDY D

SYMBOL 1223-25 | 1223-35 | 1223-45
No. Standard | Alternate PARAMETER %N MAX JMIN| MAX JMIN] MAX UNITS| NOTES
19 | tavav twe Write Cycle Time 25 35 45 ns
20 | twien twe Write Pulse Width 15 25 35 ns
21 b tow Chip Enable to End of Write 20 25 30 ns
22 | thwen tow Data Set-up to End of Write 10 15 15 ns
23 | tewox | ton Data Hold After End of Write 0 0 0 ns
24 | taven | taw Address Set-up to End of Write 20 25 35 ns
25 | tiwax | twn Address Hold After End of Write ns
26 | tavi tas Address Set-up to Beginning of Write | 0 0 0 ns
27 Vtwoz | twr Write Enable to Output Disable 15 20 20 ns f
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vjy to V) or Vy_to V| in a monotonic fashion.
Note h: E or W must be > V) during address transitions.
Note i: If W is low when E goes low, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 2
19 tavav
) 4
aooress | X X
26
'AVEL ole 2P EH  —
E [ /
f——————— 24 laveH #{ 25 tEHAX
. t 20 .
\ WLEH
w [ / I
22 tpveH 23 fgHDX
VO (DATAIN) | DATA VALID |

27twiaz In—o

11O (DATAOUT) l

DATA UNDEFINED

HIGH IMPEDANCE

WRITE CYCLE 2 waveform shows a write cycle ter-
minated by E going high. Data set-up_and hold times
are referenced to the rising edge of E. With E high.

the outputs remain in the high impedance state
APPLICATION

It 1s imperative when designing with any very high
speed memory. such as the IMS1223, that the funda-
mental rules in regard to memory board layout be
followed to ensure proper system operation

POWER DISTRIBUTION
The recommended power distribution scheme com-
bines proper power trace layout and placement of

decoupling capacitors to maintain the operating mar-
gins of the IMS1223. The impedance in the decoupling
path from the power pin (18) through the decoupling
capacitor to the ground pin (9) should be kept to a
minimum. The impedance of this path is determined by
the series impedance of the power line inductance and
the inductance and reactance of the decoupling capacitor

Since the current transients associated with the opera-
tion of the high speed IMS1223 have very high frequency
components, the line inductance is the dominating factor.
To reduce the line inductance. the power trace and
ground trace should be gridded or provided by separate
power planes. The decoupling capacitor supplies energy
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1

for high frequency current transients and should be
located as close to the devices with as short lead length
as possible. The high frequency decoupling capacitor
should have a value of 0.1 microfarad. and be placed
between each row of devices in the array (see drawing)
A larger tantalum capacitor. with a sufficient value to
eliminate low frequency ripple. should be placed near
the memory board edge connection where the power
traces meet the backplane power distribution system
These larger capacitors provide bulk energy storage to
prevent voltage drop due to the main supply being
located off the memory board and at the end of a long
inductive path

The ground grid of the memory array should extend to
the TTL driver periphery circuit. This will provide a solid
ground reference for the TTL drivers and prevent loss
of operating margin of the drivers due to differential
ground noise

TERMINATION

Trace lines on a memory board in the array look to
TTL driver signals like low impedance, unterminated
transmission lines. In order to reduce or eliminate the
reflections of the TTL signals propagating down the lines,
especially low going TTL signals. line termination is
recommended. The termination may be either series
or parallel

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number
of components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver
to dampen the reflection on the line. The resistor should
be placed as close to the driver package as is practical
The line should be kept short by placing the driver-
termination combination close to the memory array.

6/8
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Some experimentation will have to be done to find
the proper value to use for the series termination 1o
minimize reflections. but generally a series resistor in
the 10 to 33 ohm range will be required. Because each
design will result in a different signal impedance. a
resistor of predetermined value may not properly match
the signal path impedance. The proper value of resistance
should therefore be selected empirically

<«DEVICE

CAPACITOR

Vce

Vss

Vees Vss GRID SHOWING
DECOUPLING CAPACITORS
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD
A | Formed flat-pack goid 5.0V
B Formed flat-pack solder
C LCC gold
D | Cerdip solder 480Q
E Small outline, J-bend solder
G PGA gold o)
H | Small outline, Gull wing solder 30pF
J PLCC, J-bend solder (INCLUDING
K | Sidebraze ceramic DIP solder 2550 SCOPE AND
N | Ceramic LCC solder FIXTURE)
P Plastic DIP solder = =
S | Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
ORDERING INFORMATION
DEVICE SPEED PACKAGE PART NUMBER
25ns PLASTIC DIP IMS1223P-25
25ns CERAMIC DIP IMS1223S-25
35ns PLASTIC DIP IMS1223P-35
IMS1223 35ns CERAMIC DIP IMS1223S-35
45ns PLASTIC DIP IMS1223P-45
45ns CERAMIC DIP IMS1223S-45
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45



IMS1223

PACKAGING INFORMATION

18 Pin Ceramic Dual-In-Line

i« D ——————>

[

Dim

Inches mm

Nom| Tol | Nom | Tol

N

B1

.

—A;l

-«—— 8 equal spaces @
2.03
0.80

18 Pin Plastic Dual-In-Line

p——————— D

.085 |.010
.018 {.003

054 [ Typ
on
010
015
010
020

2.18
.457
137
22.86
7.874
7.493
254
3.683
27

.230
152
Typ

279
.254
.381
.254
.508

.310
.295
.100
145

=S

e—E1—>

< E—>»

Dim

Inches mm

Nom | Tol | Nom | Tol

Al

P T RS, (SN, SO~ o .o S s O

B1

E1
el

W

+

eA

.130 | .007
.020 | min
.018 | .003
.060 | Typ

.900 | .011
.300 | .003
.295 | .015
.100 | .010
.330 | .020
.135 | max

3.302
.508
457
1.524
22.86
7.874
7.620
254
8.382
3.429
27

178
min
152
Typ
219
254
076

.508
max

R e e e " e W e i W W W

Y ..

A

y g
L

A

etle >l B1>|L
B

Al

>L— 8 equal spaces @ ——»
2.54
0.100
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NMOS’

+ INMOS' Very High Speed CMOS

+ Advanced Process - 1.6 Micron Design Rules
+ 16K x 1 Bit Organization

« 25, 35, 45 and 55 nsec Access Times
+ Fully TTL Compatible

+ Separate Data Input & Output

+ Three-state Output

+ Power Down Function

« Single +5V t 10% Operation

« 20-Pin, 300-mil DIP (JEDEC Std.)

+ 20-Pin Ceramic LCC (JEDEC Std.)

IMS1403

CMOS
High Performance
16K x 1 Static RAM

DESCRIPTION

The INMOS IMS1403 is a high performance 16K x 1
CMOS Static RAM. The IMS1403 provides maximum
density and speed enhancements with the additional
CMOS benefits of lower power and superior reliability.

The IMS 1403 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1403 pro-
vides a Chip Enable (/E) function that canbe usedto place
the device into a low-power standby mode.

The IMS1403M and IMS1403LM are MIL-STD-883
versions intended for military applications.

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
Az Ag Ve A'
= =) - AT B L v,
A 2 19 b A
A: s 183 A; A, :l A‘—k o— Vss
A, e w73 A, Ay - ?—&:
A, s w[OA, A, - A,—>— Row MEMORY ARRAY
A M A A, —at © A _IS_|SELECT 128 ROWS
P N e N — R 126 COLUMNS
2 " A, — A
Qs wEA, g —as, s~
W e 12 D . —An A
Vo TJ0 n[JE Talals “az = -
W VuE D 7Y | ]
EW D COLUMN 110
DIP CHIP
CARRIER COLUMN SELECT
PIN NAMES Ag Ag Ag Ay Ay Ay, Ay
[Ag-As; ADDRESSINPUTS [Q  DATAOUTPUT :
w "7 WRITE ENABLﬁEV _1Vec POWER
£ CHIPENABLE Vgs GROUND |
o Towmawrr | W
November 1989 110

47



IMS1403

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vss......... -2.0to 7.0V
Voltage on Q ..o -1.0 to (Vcc+0.5)
Temperature Under Bias.. ...-55°C to 125°C
Storage Temperature .................... -65° C to 150°C
Power Dissipation............ccococceviiniinicsiiine s
DC Output Current...........ccooveeiiieeceenn 25mA

(One Second Duration)

DC OPERATING CONDITIONS

*Stresses greater than those listed under

Ratings® may cause permanent damage to the device. Th

"Absolute Maximum

is is

stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute

maximum rating conditions for extended periods may affect relial

bility.

SYMBOL PARAMETER MIN TYP MAX NOTES
Vec | Supply Voltage 45 | 50 55 v o
Vss Supply Voltage 0 0 0 \
Vin Input Logic "1" Voltage 20 ] Vee+.5 \" Allinputs
Vi Input Logic "0" Voltage -1.0* 0.8 \" o All inputs ]
Ta Ambient Operating Temperature 0 25 70 °C 400 linear ft/min air flow

*Vimin = -3 volts for pulse width <20ns, note b.

DC ELECTRICAL CHARACTERISTICS (0°C < Ta ¢ 70°C) (Vec=5.0V + 10%)®

SYMBOL PARAMETER ! MIN | MAX | UNITS NOTES
lcc1 | Average Vcc Power 75 mA | tavav = tavav (min)
Supply Current
loca Vcc Power Supply Current 15 mA E > Vii. Al other inputs at
(Standby,Stable TTL Input Levels) VINS ViL or 2 VH
leca Vec Power Supply Current 5 mA [ (Vec - 0.2). All other inputs at
(Standby, Stable CMOS Input Levels) ViN< 0.2 or 2 (Vec-0.2V)
Vce Power Supply Current E 2 (Vec-0.2). Inputs cycling at
lec (Standby, Cycling CMOS Input Levels) 10 MA U< 02 or s (Ve - 0.2V)
Vece = max
lik Input Leakage Current (Any Input) +1 HA Vi = Vss to Ve
loLk Off State Output Leakage Current 5 pA x:;c:\z:):o Vee
Vou | Output Logic "1" Voltage 2.4 \ lo = -4mA
VoL Output Logic "0" Voltage 04 \ loH = 16mA

Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded.

AC TEST CONDITIONS

CAPACITANCE® (Ta=25°C, f=1.0MHZ)

Input Pulse Levels SYMBOL| PARAMETER |MAX | UNITS|CONDITIONS
Input Rise and Fall Times ...............c.cccccce.... 5ns : e Ay |
Input and Output Timing Reference Levels.. 1.5V Cn Input Capacitance 4 pF_| AV =0t3v
Output Load ..........ccocoeeveveiriane, See Figure 1 Cout | Output Capacitance| 4 pF | AV=0to3V
Note b: This parameter is sampled and not 100% tested.
210
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IMS1403

RECOMMENDED AC OPERATING CONDITIONS (0°C = T, 70°C) (Vcc = 5.0V * 10%)

READ CYCLE?®
o [ PARAMETER e e ot Tz unis ores
1 tov tacs | Chip Enable Access Time 25 35 45 55] ns
21 tavav tac Read Cycle Time 25 35 40 50 ns
31 tavav tan Address Access Time 25 35 40 50| ns d
41 taxox ton | Output Hold After Address Change| 5 5 5 5 ns
51 teLax t, Chip Enable to Output Active 5 5 5 5 ns J
6] tenaz thz Chip Disable to Output Inactive 0]120] 020 0f20| O] 25| ns f,]
7| teicen | teu Chip Enable to Power Up 0 0 0 0 ns i
8] tewicer | o | Chip Enable To Power Down 30 30 30 30| ns j
tr Input Rise and Fall Times 50 50 50 50] ns e |
Note ¢: For READ CYCLE 1 & 2, Wis high for entire cycle.
Note d: Device is continuously selected. E low.
Note e: Measured between V. max and Viy min
Note f: Measured * 200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between V,, to V,_ or V,_ to V,, in @ monotonic fashion
Note j: Parameter guaranteed but not tested.
READ CYCLE 1%¢
2 taAvAv >
aooress | X )k ]
| «—— 3lavqv —
< 4 taxax
a(aTAOUT) | OO0 DATA VALID |
READ CYCLE 2°
4—— 1 g qy -t
_ Iy s
E \ L1
jg———— 5 £ QX ——.‘ 6 EHQZ ———ui fe—
Q(DATAOUT)  HIGHIMPEDANCE (XXXXX  DATA vaLD Y——
YA'A'ATAV N J
7 ELICCH
ACTIVE _ _ 8 tEHICCL
lcc  s1anpay
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IMS1403

RECOMMENDED AC OPERATING CONDITIONS (0°C < T, < 70°C) (Ve = 5.0V + 10%)
WRITE CYCLE 1: w conTROLLEDY "

NO e Sua0L PARAMETER S o] UNITS [NOTES
9| tavav twe | Write Cycle Time 20 30 40 50 ns

10] twuwn | twe | Write Pulse Width 15 20 20 25 ns

11 tewn tew ]| Chip Enable to End of Write 20 30 35 45 ns

12] tovwn | tow | Data Set-up to End of Write 15 15 15 20 ns

13) twiox | ton | Data Hold After End of Write 0 0 0 0 ns

14| tavwn taw | Address Set-up to End of Write 20 30 35 45 ns

15] tavwe tas Address Set-up to Beginning of Write | 0 0 0 0 ns

16| twiax | twsn | Address Hold After End of Write 0 0 0 0 ns

17] tweaz | twz | Write Enable to Output Disable 0]20| 0j20] 0}j20] 020 ns f.)

18] twhox tow | Output Active After End of Write 0 0 0 0 ns i

Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF
Note g E and W must transition between Vi, to Vi, or V, to Vi in a monotonic fashion.
Note h: E or W must be > V,, during address transitions.

Note i: If Wis low when E goes low, the output remains in the high impedance state.
Note j; Parameter guaranteed but not tested

WRITE CYCLE 1
|e 9 tavav »
ADDRESS |
| &——— 1 e ———————————]
14 t >l 16 t
t 15 tavwL —o4 AVWH "_ 10 tWLWH ——a L WHAX
W \ —
W AN /

12 lpywH 13 twHDX
DOATAN) [ DATA VALID ]

17 twLaz l-—— I-—' 18 twHax

Q(oATAOUT) | DATA UNDEFINED HIGH IMPEDANCE

4/10
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IMS1403

RECOMMENDED AC OPERATING CONDITIONS (0°C - T,- 70°C) (Ve = 5.0V © 10%)
WRITE CYCLE 2: £ conTtrROLLEDY "

PARAMETER e T s [ores
191 tavav twe, | Write Cycle Time 20 30 40 50 ns

20| twien twe Write Pulse Width 15 20 20 25 ns

21 teren tew | Chip Enable to End of Write 20 30 35 45 ns

22| toven tow | Data Set-up to End of Write 15 15 15 20 ns

23] tennx ton Data Hold After End of Write 0 0 0 0 ns

241 tavin taw Address Set-up to End of Write 20 30 35 45 ns

25| tenax twx | Address Hold After End of Write 0 0 0 0 ns

26| tave tas Address Set-up to Beginning of Write | 0 0 0 0 ns

27| tweoz | twz | Write Enable to Output Disable 0]20| 0]20| 020 Of25} ns f)

Note f: Measured + 200mV from steady state output voltage. Load capacitance i1s 5pF
Note g E an(lW must transition between V,, to V, or V, to V,, in a monotonic fashion

Note h: E or W must be  V,, during address transitions
Note i It W is low when E goes low. the output remains in the high impedance state

Note |

WRITE CYCLE 2

ADDRESS L_}(

D(DATAIN) [

Q(ATAOUT) |

Parameter guaranteed but not tested

19 tavav

26

'AVEL

21 \ELEH —_—

//__—__

24 'AVEH

2 ARRRRRARRRRRANNNNY

j——

20

'WLEH

1 25 tgHAX
—

22 \pyvEH 23 tfEHDX
)[ DATA VALID |

27 twiaz !-—.

DATA UNDEFINED

HIGH IMPEDANCE

5/10
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IMS1403

DEVICE OPERATION

_The IMS1403 has two control inputs. Chip Enable
(E) and Write Enable (W). fourteen address inputs (A -
A..). a Data in (D) and a Data out (Q). The E input
controls device selection as well as active and standby
modes With E low. the device Is selected and the fourteen
address inputs are decoded to select one bit out of 16K
bits. Read and Write operations on the memory cell are
controlled by W input. With E high. the device is de-
selected. the output is disabled. and power consumption
is reduced to less than one-fourth of the active mode
power with TTL levels and even lower with CMOS levels

READ CYCLE _ _

A read cycle is defined as W = V,, min with £ =
V,, max Read access time is measured from either E
going low or from valid address

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while
E 1s low. The output remains active throughout READ
CYCLE 1 and is valid at the specified address access
time. The address inputs may change at access time
as long as E remains low. the cycle time is equal to the
address access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by E going low. As long as address is
stable when E goes low, valid data is at the output at
the specified Chip Enable Access time. If address is not

6/10
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valid when E goes low. the timing is as specified in
READ CYCLE 1. Chip Enable access time is not affected
by the duration of the-deselect interval

WRITE CYCLE

A write cycle of the IMS1403 is initiated by the latter
of E or W to transition from a high to a low. In the case
of W falling last. the output_buffer will be turned on
teLox after the falling edge of E (just as in a read cycle).
The output buffer is then turned off within t,, o, of the
falling edge of W During this interval. it is possible to
have bus contention between devices with D and Q
connected together in a common I/O configuration
Contention can be avoided in a carefully designed sys-
tem. During a write cycle. data on the input is written
into the selected cells and the output is floating

WRITE CYCLE 1 waveform shows a write cycle ter-
minated by W going high. Data set-up and hold times
are referenced to the rising edge of W. When W goes
high at the end of the cycle with E active, the output
of the memory beccmes active. The data from the
memory will be the same as the input data unless the
input data or address changes

WRITE CYCLE 2 waveform shows a write cycle ter-
minated by E going high. Data set-up_and hold times
are referenced to the rising edge of E. With E high.
the outputs remain in the high impedance state




IMS1403

APPLICATION

It is imperative when designing with any very high
speed memory, such as the IMS1403, that the funda-
mental rules in regard to memory board layout be fol-
lowed to ensure proper system operation

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of de-
coupling capacitors to maintain the operating margins
of the IMS1403. The impedance in the decoupling path
from the power pin through the decoupling capacitor,
to the ground pin should be kept to a minimum. The
impedance of this path is determined by the series im-
pedance of the power line inductance and the induc-
tance and reactance of the decoupling capacitor.

Since the current transients associated with the opera-
tion of the high speed IMS1403 have very high frequency
components, the line inductance is the dominating factor.

<« DEVICE

CAPACITOR

Vee, Vss GRID SHOWING
DECOUPLING CAPACITORS

To reduce the line inductance, the power trace and ground
trace should be gridded or provided by separate power
planes. The decoupling capacitor supplies energy for
high frequency current transients and should be located
as close to the devices with as short lead length as
possible. The high frequency decoupling capacitor
should have a value of 0 1xF, and be placed between
each row of devices in the array (see drawing). A larger
tantalum capacitor, with a sufficient value to eliminate
low frequency ripple. should be placed near the memory
board edge connection where the power traces meet
the backplane power distribution system. These larger
capacitors provide bulk energy storage to prevent voltage
drop due to the main supply being located off the memory
board and at the end of a long inductive path

The ground grid of the memory array should extend
to the TTL periphery circuit. This will provide a solid
ground reference for the TTL drivers and prevent loss of
operating margin of the drivers due to difterential ground
noise.

TERMINATION

Trace lines on a memory board in the array look to
TTL driver signals like low impedance, unterminated
transmission fines. In order to reduce or eliminate the
reflections of the TTL signals propagating dowh the lines.
especially low going TTL signals. line termination is
recommended. The termination may be either series
or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC currentand usinga minimum number
of components. Thisis accomplished by placing a series
resistor in the signal line at the output of the TTL driver
to dampen the retiection on the iine. The resistor shouid
be placed as close to the driver package as is practical.
The line should be kept short by placing the driver-
termination combination close to the memory array.

Some experimentation will have to be done to find
the proper value to use for the series termination to
minimize reflections, but generally a series resistor in
the 10 to 33 ohm range will be required. Because each
design will result in a different signal impedance, a resis-
tor of predetermined value may not properly match the
signal path impedance. The proper value of resistance
should therefore be selected empirically.

710
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Type | Package Lead finish
A | Formed flat-pack gold
B Formed flat-pack solder
o] LCC gold
D Cerdip solder
E Small outline, J-bend solder
G PGA gold
H Small outline, Gull wing solder
J PLCC, J-bend solder
K Sidebraze ceramic DIP solder
N | Ceramic LCC solder
P Plastic DIP solder
S | Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold

ORDERING INFORMATION

FIGURE 1. OUTPUT LOAD
5.0V

250Q

Q (Dour)

30pF
(INCLUDING
SCOPE AND
FIXTURE)

DEVICE SPEED PACKAGE PARTNUMBER
25ns PLASTIC DIP IMS1403P-25
25ns CERAMIC DIP IMS1403S-25
25ns CERAMIC LCC IMS1403W-25
35ns PLASTIC DIP IMS1403P-35
35ns CERAMIC DIP IMS1403S-35

IMS1403 35ns CERAMIC LCC IMS1403W-35
45ns PLASTIC DiP IMS1403P-45
45ns CERAMIC DIP IMS1403S-45
45ns CERAMIC LCC IMS1403W-45
55ns PLASTIC DIP IMS1403P-55
55ns CERAMIC DIP IMS14035-55
55ns CERAMIC LCC IMS1403W-55
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IMS1403

PACKAGING INFORMATION

20 Pin Plastic Dual-In-Line Dim [—Inches_| __mm
Nom | Tol | Nom | Tol

e ——— D - A |.140 | .015 | 3.566 | .381
A1 |.020 | min | .508 | min
8 |.018 |.003 |.457 |.152
e T S o S 7S 5 SO » U 2 S= 2 Y B1(.060 | Typ |1.524 | Typ
D [1.035.015 |26.289] .381
E |.300 |.003 |7.620 | .076
N + E1 |.250 6.350

o1 |.100 |.010 | 254 |.254
A |.330 |.020 |8.382 | .508
L |.120 | min | 3.048| min

Fis

R B Ve A W W W Vo

Y
K Al
T»* elle >« B le— eA—>
B
-«—— 9 equal spaces @ ———»
2.54
0.100
20 Pin Ceramic Dual-In-Line Dim |Inches mm
D Nom | Tol | Nom | Tol

A |.096 |.012 | 2.438|.305
A1].015 .381

B |.018 |.003 |.457 |.152
B1|.054 [ Typ |.137 |Typ
D |1.00 |.015|25.40 | .381
E
E

e

.315 | .010 |8.001 | .254
11.295|.015|7.493 | .381
1.100 [ .010 | 2.54 |.254

L |.125| min| 3.175| min
s — ——— == s | .00 127

le—pE 1 —>]

i
,14—— 9 equal spaces @ —» =S
2.54
0.100

9/10
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20 Pin Leadless Chip Carrier

!
i

-

56

. Inches mm
Dim Notes
Nom| Tol | Nom| Tol
A .071 | .007 | 1.803 | .178
B1 |.025|.003|.635 |.076
D |.425 .o1oL|0A795 .254
E .290 | .010 {7.360 | .254
el |.050 |.005|1.270
T g fujn
Al

L,

el




NMOS’

FEATURES

+ INMOS' Very High Speed CMOS
+ Advanced Process - 1.6 Micron Design Rules

* 4K x 4 BitOrganization

« 25,35, 45 and 55 nsec Access Times

+ Fully TTL Compatible

+ Common Data Input & Output

+ Three-state Output

+ 20-Pin, 300-mil DIP & SOJ (JEDEC Std.)
+ 20-Pin Ceramic LCC (JEDEC Std.)

+ Single +5V + 10% Operation

+ Power Down Function for Low Standby Power

+ Pin Compatible with IMS1420

IMS1423

High Performance
4K x 4
CMOS Static RAM

DESCRIPTION

The INMOS IMS1423 is a high performance 4K x 4
CMOS static RAM. The IMS1423 provides maximum
density and speed enhancements with the additional
CMOS benefits of lower power and superior reliability.

The IMS 1423 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1423
provides a Chip Enable (/E) function that can be used to
place the device into a low-power standby mode.

The IMS1423M is a MIL-STD-883 version intended
for military applications that demand superior
performance and reliability.

PIN CONFIGURATION

A A VoA,
=0 Kl =p 2u0 0 13s L9
[l wf a4 A 1
a s [F =] A
A e vBa A
A s efd A Ay
A e “Bio A
= B0 ©
A e uho An
E 9 2o,
cq. B

CHIP
DiP& CARRIER
SoJ
PIN NAMES

A,-A,. ADDRESS INPUTS

V.. POWER (+5V)

w WRITE ENABLE

V5. GROUND

E CHIP ENABLE

1/0  DATAIN/QUT

November 1989

LOGIC SYMBOL BLOCK DIAGRAM
_Ja. 1o} Ac {kj le— v,
3 : ] MEMORY -
A" vo}— 2
. : R TROW ARRAY
—a: ARseLecT 128 ROWS
—a; A 128 COLUMNS
": 1/0,f— A'%:
A’ N 3
3 :f‘, 10— T
10—
T Y o INPUT COLUMN 1/0
E W o DaTA COLUMN SELECT

A A A A,

il Fazms

m
|

1/10
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IMS1423

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to V- —20to 70V
Voltage on 1/0 (Pins 13-16) —10to (Ve + 05V)
Temperature Under Bias —=55°C to 125°C
Storage Temperature (Ambient) —65°C to 150°C iy
Power Dissipation W T '
DC Output Current 25mA
‘One Second Duration
DC OPERATING CONDITIONS
r I
SYMBOL PARAMETER MIN | TYP MAX UNITS NOTES }
Vee Supply Voltage | 45 50 55 v o J
Vss Supply Voltage 0 0 0 \ }
ViH Input Logic “1" Voltage 20 L’ Vec+ 5 \" AII mputs }
ViL Input Logic "0" Voltage -1.0° 0.8 \ Allinputs
Ta Ambient Operating Temperature o] 25 70. °C 400 linear f/min air flow
* VIL Min = -3.0V for pulse width <20ns, note b.
DC ELECTRICAL CHARACTERISTICS (0°C _ T, 70°C) (V¢ = 5.0V * 10%)°
[SYMBOL PARAMETER 1 MIN | MAX | UNITS ~____Notes l
i 105 mA tAVAV 2508 |
leci ézeralgec Ve Power 100 mA | tayay = 35ns
pply Current 100 mA tAVAV 45!’15 & 55ns ]
| Vcc Power Supply Current 15 A E > V) All other inputs at ‘
CC2 | (Standby,Stable TTL Input Levels) MA - Tvs V) or 2V |
| V¢ Power Supply Current 5 A E > (Ve -0.2) All other inputs at I
CC3 | (Standby, Stable CMOS Input Levels) MA 1 viNs02 or 2(Ve-02V) {
i | A I |
I Ve Power Supply Current 10 A E> (Vg -0.2) Inputs cycling at 1
cca (Standby, Cycling CMOS Input Levels) m VIN$0.2 or 2(Vcc-0.2V) |
) Vee =max |
ik Input Leakage Current (Any Input) i +1 B I-L‘A _ VIN “Vssto XCC - -
Vee = max 3
I Off State Output Leakage Current cC |
OLK peitestage™ P ViN=Vsstoveo R
VoH Output Logic "1" Voltage 24 Vv loH =4mA ‘
VoL Output Logic "0" Voltage 0.4 \ loL = 8mA

Note a: lcc is dependent on output loading and cycle rate, lhe speclhad vaJues are obtamsd wnh the outputs unloadad

AC TEST CONDITIONS

Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Reference Levels
t Output Load

..See Figure 1

2/10
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CAPACITANCE®(Ty = 25°C, { = 1. 0MHy)

SYMBOL PARAMETER MAX UNITS CONDITIONS
CIN Input Capacilance 4 pF ‘ AV=0to 3V ‘
J Cout Output Capacilanoe 4 pF ’ AV =0 'to 3V

Note b: This parameter is sampled and not 100% tested




IMS1423

RECOMMENDED AC OPERATING CONDITIONS (0°C T, 70°C) (V¢c = 5.0V * 10%)
READ CYCLE®

1 o ta. | Chip Enable Access Time 25 35 45 551 ns

21 tavav tiac Read Cycle Time 25 35 40 50 ns [¢]

3 tavov tan | Address Access Time 25 35 40 50| ns d

41 theox to | Output Hold After Address Change| 3 3 3 3 ns

51 tiiox t, Chip Enable to Output Active 5 5 5 5 ns ]

6] tiio, t.,- | Chip Disable to Output Inactive 0}15] 0] 15} 0 15| 0] 15] ns f

71 tocen | oo Chip Enable to Power Up 0 0 0 0 ns |

8t | oo Chip Disable To Power Down 30 30 30 30| ns |
4 Input Rise and Fall Times 50 50 50 50] ns | e

Note c: For READ CYCLE 1 & 2. W is high for entire cycle

Note d' Device is continuously selected. E low.

Note e Measured between V., max and V,, min

Note f: Measured * 260mV from steady state output voltage Load capacitance i1s 5pF
Note g E and W must transition between V,, to V, or V, 1o V,, 1n a monotonic fashion
Note | Parameter guaranteed but not tested

READ CYCLE 1°¢

ADDRESS[ X S | <ﬂ-—vﬂ - ]

| ) |
/0 (DATAOUT) | ~ DATA VALID 1
| — P— A — — SR |
READ CYCLE 2°
_ e 1 tetav S
N f////////// """""
ja— — - 5 teLax — 6 lEHOZ —
vo(paTAouT) HIGHIMPEDANCE DATA VALID
o ’1 7 tELICCH 8 tEHIceL L o

ACTIVE _ S — S —
C
STANDBY /

3/10
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IMS1423

RECOMMENDED AC OPERATING CONDITIONS (0°C < To< 70°C) (Vcc = 5.0V = 10%)

WRITE CYCLE 1: wconTroLLEDY "

SYMBOL 1423-25 | 1423-35 | 1423-45 | 1423-55
No. d[Alternat PARAMETER Wﬁmﬂx MIN[MAX[MIN[MAX] UN'TS [NOTES
9 tavay tae | Write Cycle Time 25 35 40 50 ns
10] twowe | twe | Write Pulse Width 20 25 35 45 ns
T terwn tew | Chip Enable to End of Write 20 25 35 45 ns
12] toyw | tow | Data Set-up to End of Write 10 13 15 20 ns
13 twox | tow Data Hold After End of Write 2 2 3 3 ns
14 tavwrs | taw | Address Set-up to End of Write 20 25 30 40 ns
15] tavwe tas Address Set-up to Beginning of Write | 0 0 0 0 ns
16| tweax | tws | Address Hold After End of Write 2 3 5 5 ns
17 twaz | tws | Write Enable to Output Disable 0] 15] 0]15| 0]20] Of25]| ns f
18] twnax | tow | Output Active After End of Write 6 6 6 6 ns i
Note f: Measured + 200mV from steady state output voltage. Load capacitance is 5pF
Note g: E and W must transition between V,,; to V, or V,_to Vy, in @ monotonic fashion
Note h: E or W must be = V., during address Iransmops
Note i: If Wis low when E goes low, the output remains in the high impedance state.
Note j; Parameter guaranteed but not tested.
WRITE CYCLE 1
9 tavav >
ADDRESS L [ _J
, h————-» — 11 tELWH —_—— -
I VT
e 14 tavwH >E 16 twHAx
l:* 15 tavwe —— fe—— 10 twLwH ——
" T
12 tovwH > 13 twHDX
IO (DATAIN) { ) DATA VALID * J

— S
I/O(DATAOUT)l DATAUNDEFINED
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IMS1423

RECOMMENDED AC OPERATING CONDITIONS (0°C < T,- 70°C) (Vec = 5.0V * 10%)
WRITE CYCLE 2: £ contrROLLEDY' N

T e PARAMETER e P P s [ores
191 tavav twc | Write Cycle Time 25 35 40 50 ns

201 twien twe | Write Pulse Width 20 25 35 45 ns

21 tecen tew | Chip Enable to End of Write 20 25 35 45 ns

22 toven tow | Data Set-up to End of Write 10 13 15 20 ns

23] tenox ton Data Hold After End of Write 3 3 3 5 ns

241 taven taw | Address Set-up to End of Write 20 25 30 40 ns

25] tenax twn | Address Hold After End of Write 2 3 5 5 ns

26| tavel tas Address Set-up to Beginning of Write | 0 0 0 0 ns

27| twors twz Write Enable to Output Disable 0115] 0} 15| 020} 0O]25f ns f

Note f: Measured + 200mV from steady state output voltage Load capacitance is 5pF
Note g: E and W must transition between V,,, to V. or V. to V,; in a monotonic fashion

Note h: E or W must be - V,, during address transitions.
Note i: If W is low when E goes low, the output remains in the high impedance state

Note |

WRITE CYCLE 2

VO (DATA OUT) |

Parameter guaranteed but not tested

ADDRESS [ )
26

1

19 1,

AVAV

AVEL

=

21t

—_—

24 ¢,

AVEH

w AN\

AN

25 1t

EHAX

twien /77777771

VO (DATA IN) |

'_‘;1 23 o0
DATA VALID I
V4 - /I

2 |

DATA UNDEFINED

HIGH IMPEDANCE
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IMS1423

DEVICE OPERATION

_The IMS1423 has two control inputs. Chip Enable
(E) and Write Enable (W) twelve address inputs (Ag-
A1) and four Datal/Olines. The E input controls device
selection as well as active and standby modes. With E
low. the device 1s selected and the twelve address inputs
are decoded to select one 4-bit word out of 4K words
Read and Write operations on the memory cell are con-
trolled by W input. With E high. the device is deselected
the outputs are disabled and the power consumption 1s
reduced to less than one-fourth of the active mode power
with TTL levels and even lower with CMOS levels

READ CYCLE _ _

A read cycle is defined as W _ Vi min with E __ Vi
max. Read access time is measured from etther E guing
low or from valid address

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while
E is low The outputs remain active throughout READ
CYCLE 1 and i1s valid at the specified address access
time. The address inputs may change at access time
and as long as E remains low, the cycle time IS equal to
the address access time

The READ CYCLE 2 waveform shows a read access
that is initiated by E going low As long as address is
stable when E goes low. valid data is at the outputs at the
specified Chip Enable Access time . If address is notvalid
when E goes low. the timing is as specified in READ
CYCLE 1. Chip Enable access time is not affected by the
duration of the deselect interval

WRITE CYCLE

The write cycle of the IMS1423 is initiated by the latter
of E or W to transition from a high level to a low level. In
the case of W falling last. the output butfers will be turned
on tgLox after the falling edge of E (just as in a read
cycle). The output buffers are then turned off within tw o,
of the falling edge of W. During this interval it is possible
to have bus contention between devices with common
170 configurations. Therefore input data should not be
active until ty gz to avoid bus contention

6/10
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WRITE CYCLE 1 waveform shows a write cycle ter-
minated by W going high. Data set-up and hold times
are referenced to the rising edge of W. When W goes
high at the end of the cycle with E active. the outputs
of the memory become active. The data from the memory
will be the same as the input data unless the input data
or address changes.

WRITE CYCLE 2 waveform shows a write cycle ter-
minated by E going high. Data set-up and hold times
are referenced to the rising edge of E. With E high. the
outputs remain in the high impedance state

<DEVICE

CAPACITOR

Vces Vss GRID SHOWING
DECOUPLING CAPACITORS




IMS1423

APPLICATION

It 1s imperative. when designing with any very high
speed memory such as the IMS1423. that the funda-
mental rules in regard to memory board layout be foi-
lowed to ensure proper system operation

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of de-
coupling capacitors to maintain the wide operating mar-
gins of the IMS1423. The impedance in the decoupling
path from the power pin through the decoupling capacitor
to the ground pin should be kept to a minimum. The
impedance of this path is determined by the series
impedance of the power line inductance and the induc-
tance and reactance of the decoupling capacitor

Since the current transients associated with the opera-
tion of the high speed IMS1423 have very high frequency
components, the line inductance is the dominating factor.
To reduce the line inductance. the power trace and
ground trace should be gridded or provided by separate
power planes. The decoupling capacitor supplies energy
for high frequency current transients and should be o
cated as close to the devices with as short lead length
as possible. The high frequency decoupling capacitor
should have a value of 0.1uF and be placed between
each row of devices in the array (see drawing) A larger
tantalum capacitor. with a sufficient value to eliminate
low frequency ripple. should be placed near the memory
board edge connection where the power traces meet
the backplane power distribution system. These larger
capacitors provide bulk energy storage to prevent voltage

drop dueto the main supply being located off the memory
board and at the end of a long inductive path

The ground grid of the memory array should extend
to the TTL periphery circuit This will provide a solid
ground reference for the TTL drivers and prevent loss
of operating margin of the drivers due to differential
ground noise

TERMINATION

Trace lines on a memory board in the array look to TTL
driver signals like low impedance. unterminated trans
mission lines. In order to reduce or eliminate the reflec-
tions of the TTL signals propagating down the lines,
especially low going TTL signals, line terminatiori is recom-
mended The termination may be either series or parallel

The recommended technique s to use series termina-
tion. The series termination technique has the advantage
ofdrawing no DC currentand using a minimum number
ofcomponents. Thisis accomplished by placing a series
resistor in the signal line at the output of the TTL driver
to dampen the reflection on the line. The resistor should
be placed as close to the driver package as is practical
The line should be kept short by placing the driver-
lermination combination close to the memory array.

Some experimentation will have to be done to find the
proper value to use for the series termination to mini
mize reflections. but generally a senes resistor in the
10to 33ohm range will be required. Because each design
will result in a different signal impedance. a resistor of
predetermined value may not properly match the signal
path impedance. The proper value of resistance should
therefore be selected empirically

710
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD 5oy
A Formed flat-pack gold
B Formed flat-pack solder
C LCC gold
D | Cerdip solder gt
E Small outline, J-bend solder
G PGA gold
H Small outline, Gull wing solder 10
J PLCC, J-bend solder
K Sidebraze ceramic DIP solder
N Ceramic LCC solder 2550
P Plastic DIP solder
S | Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder = -
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold

ORDERING INFORMATION

DEVICE SPEED PACKAGE | PART NUMBER
25ns PLASTIC DIP IMS1423P-25
25ns PLASTIC SOJ IMS1423E-25
25ns CERAMIC DIP IMS14238-25
25ns CERAMICLCC IMS1423W-25
35ns PLASTIC DIP IMS1423P-35
35ns PLASTIC SOJ IMS1423E-35
35ns CERAMIC DIP IMS1423S-35

IMS1423 35ns CERAMICLCC IMS1423W-35
45ns PLASTIC DIP IMS1423P-45
45ns PLASTIC SOJ IMS1423E-45
45ns CERAMIC DIP IMS1423S-45
45ns CERAMICLCC IMS'1423W-45
56ns PLASTIC DIP IMS1423P-55
56ns PLASTIC SOJ IMS1423E-55
56ns CERAMIC DIP IMS1423S-55
56ns CERAMICLCC IMS1423W-55

8/10
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PACKAGING INFORMATION

20 Pin Plastic Dual-In-Line Dim |—Inches mm
Nom | Tol | Nom | Tol
R D e A |.140 | .015 | 3.566 | .381

A11.020 | min | .508 | min
B |.018 | .003 | .457 [.152
P S S Sy SO SO IS, SO S, SO SO, B1|.060 | Typ [1.524 | Typ
D [1.035|.015 [26.289|.381
E |.300 |.003 |7.620 |.076

} + E1 |.250 6.350
e1 |.100 |.010 | 254 |.254

eA |.330 | .020 |8.382 | .508
L |.120 [ min | 3.048 [ min

<— E
1
A1

A
A
el |- >|Bl4 Bv»l l< l<—eA—>3

«——— 9 equal spaces @ ———>»

O A NP o o TR A A a9

0.100
. . . Dim Inches mm
20 Pin Ceramic Dual-In-Line Nom | Tol_| Nom | Tol
.096 | .012 | 2.438 | .305
1].015 .381

A

A

B |.018 |.003 |.457 |.152
B1|.054 |Typ |.137 |Typ
D |1.00 |.015 |25.40 |.381
E
E
e
L
s

.315 | .010 |8.001 |.254
1.295 | .015 |7.493 |.381
.100 | .010 | 2.54 |.254
125 | min | 3.175| min
.005 27

le—E1—>]

- .
>L— 9 equal spaces @ ]

2.54
0.100
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IMS1423

20 Pin Leadless Chip Carrier

. Inches mm
Dim Notes
Nom| Tol | Nom| Tol
A .071 | .007 | 1.803 | .178
B1 |.025|.003|.635 |.076
D .425 | .010 10.795 | .254
E .290 | .010 {7.360 | .254
el |.050 |.005 |1.270
TR u T
e A
H==
D —
— el
—
L) nll

20 Pin Plastic J Bend

«————— D

00N0000n0nnqQ A T T T R

N Min |Max | Min _|Max

O A 120 |.140 | 3.05 |3.556
B1 |.014|.019| .350 |.480

C .009 [.0125| .230 | .320

D .500 | .510 |12.70 |12.95
+ E .335 | .347 |8.510 |8.810
E1 .292 |.299 |7.420 |7.590
el .050 | .050 {1.270 |1.270
eA |.262 |.272 |6.650 (6.910
L .028 | .036 | .071 |.091

— J
Uoouoguggogod

2 R

- LHHHHE Lt\j =

/A /Rl S
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NMOS

FEATURES

+ INMOS' Very High Speed CMOS

« Advanced Process - 1.6 Micron Design Rules

+ 64K x 1 Bit Organization

« 25, 30, 35, 45 and 55 nsec Access Times

» Fully TTL Compatible

+ Separate Data Input & Output

» Three-state Output

» Power Down Function

« Single +5V + 10% Operation

+ 22-Pin, 300-mil DIP (JEDEC Std.)

+ 22-Pin Ceramic LCC (JEDEC Std.)

* 24-Pin, 300-mii SGJ

« Battery Backup Operation - 2V Data Retention
(L. version only)

IMS1600

IMS1601L
CMOS
High Performance

64K x 1 Static RAM

DESCRIPTION

The INMOS IMS1600 is a high performance 64K x 1
CMOS Static RAM. The IMS1600 provides maximum
density and speed enhancements with the additional
CMOS benefits of lower power and superior reliability.

The IMS1600 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1600 pro-
vides a Chip Enable (/E) function that can be use dto place
the device into a low-power standby mode.

The IMS1601L is a low power version offering battery
backup data retention operating from a 2 volt supply.

The IMS1600M and IMS1601LM are MIL-STD-883

versions intended for military applications.

PIN CONFIGURATION

A2 AQ Vee A1
RNPLE
M 3 s
as [¢ was
As 5 1.C]A7
a0 6 17]Ae
a2 [ 37 s—fAn
=T} s ara
a W
W0 112 1
nnnn
Wvss E D
o)1 CHIP
CARRIER
PIN NAMES

Q DATA OUTPUT
Vcc POWER
Vss GROUND

| Ao-A,5 ADDRESS INPUTS

W WRITE ENABLE
E CHIP ENABLE
D DATAINPUT

November 1989

s0J

BLOCK DIAGRAM

]

o —FT «—Veo
i > Vs
a2 {3
n —{3—] MEMORY ARRAY
256 ROWS
a3 256 COLUMNS
ns —F ]
as —L3—]
A7 {5 i
0(0,) ———— > COLUMN VO CIRCUITS (DouT)Q
L COLUMN SELECT 1
- . AB A9 A10 A11 A12 A13 A4 A15
E
w
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IMS1600/1601L

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vss......... 20to 7.0V *Stresses greater than those listed under "Absolute Maximum Ratings”
- may cause permanent damage to the device. This is a stress rating
Voltage on Q............. S 1.0 :O (VCC+0;,5) only and functional operation of the device at these or any other
Temperature Under Bias. .-55°C 10 125°C conditions above those indicated in the operational sections of this
Storage Temperature ................... -65° C to 150°C specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect reliability.

Power Dissipation

DC Output Current 25mA

(One Second Duration)

DC OPERATING CONDITIONS - Y B

SYMBOL PARAMETER MIN [ TYP MAX | UNITS NOTES

e | swmbvowe | as s | ss v
Vss Supply Voltage 0 0 o | Y

L A\fi' o Input Log|c 1" V;Itage 7 2.0 ‘ Vcc+0,5‘r V‘ AII inputs

) V\L o Input Logic "0" Voltage ) 10' 4 08 V ) AII mputs

Ta Amtlenrgperaung Temperature 0 | 25 70 °C 400 Imear ft/min air ﬂow

Vu min = 3 vol|s for pulse width <20ns, note b.

DC ELECTRICAL CHARACTERISTICS (0°C ¢ Ta ¢ 70°C) (Voo =5.Cv + 10%)°

SYMBOL‘ ~ PARAMETER MIN | MAX | UNITS NOTES
[ leer Average Vcc Power 77 | mA tAVAV = 25ns and 30ns (PRELIM)
‘( | | Supply Current 70 | mA tAvVAV = 35, 45 and 55ns
lcca Vce Power Supply Current o5 .
(Standby Stable TTL lnput Levels) mA E > Vi All other inputs at
T < >
IMS1601Lver510n 15 Ving Vi or 2 Vi
lecs Vee Power Supply Current i4 B
(Standby, Stable CMOS Input Levels) mA E > (Vcc - 0.2). All other inputs at
- 1 ViN¢ 0.2 or 2 (Vec-0.2V)
IMS1601L version 2
leca Vce Power Supply Current _ )
(Standby, Cycling CMOS Input Levels) 15 E 2 (Vec - 0.2). Inputs cycling at
| [ e mA ViN¢ 0.2 or 2 (Vec-0.2V)
| IMS1601L version 5
Ik | Vce = max
nput Leakage Current (Any Input) +1 BA [V = Vesto Vcc
) S | —_— ]
lok | Off State Output Leakage Current +5 pA x;c:&;:): o Vee
VoH Output Loglc ok Voltage 124 v loL = -4mA
. — I B o
Vou | Output Loglc ‘0" Voltage J 0.4 v JIOH = 8mA

Note a: lccis dependent on output loading and cycle rate, the specified values are obtained with the output unloaded

AC TEST CONDITIONS _ CAPACITANCE® (Ta=25°C, f=1.0MH2)
Input Pulse Levels .............................. Vss to 3V W ¥SYMBOL{ PARAMETER I max fUNITSlCONDITIONS§
Input Rise and Fall Times ................... ... 5ns 1 I i _
+ Input and Output Timing Reference Levels.. 1.5V | Cn Input Capacitance . 4 | PF . av= Orto v ‘
~OutputLoad ..o See Figure1 | Cour 1 Output Capacitance 7 pF AV=0to 3V
Note b: This parameter is sampled and not 100% tested.
2/10
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta ¢ 70°C) (Vcc = 5.0V £10%)

READ CYCLE?®
' ) IMs IMS T IMs ms [ ms [, N '
SYMBOL 1600-25 | 1600-30 160:-35 160:-45 1602-55 N|oO
| T
PARAMETER PRELIM PRELIM 1601-35 1601-45 1601-55 T E
No.|Standard |Alternate MIN | MAX | MIN [MAX| MIN [MAX |MIN [MAX [MIN [MAX | S | S
1 | tetav tacs | Chip Enable Access Time 25 30 35 45 55 | ns
2 | tavav tac | Read Cycle Time 25 30 35 45 55 ns
3 | tavav 7V Address Access Time 25 30 35 45 55 |nsi{d
4 taxax ton | O/P Hold After Address Change | 3 3 5 5 5 ns
5 | terox tz Chip Enable to O/P Active 3 3 5 5 5 ns | j
6 | teHaz thz | Chip Disable to O/P Inactive 0 {15/ 0 |15/ 0 | 20{0 {25 |0 |30 |ns|fj
7 | teuccH | teu Chip Enable to Power Up 0 0 0 0 ns | j
teHicoL | tep Chip Enable to Power Down 25 30 35 45 55 {ns| j,
| 7 tr I’P Rise and Fall Times | 50 50 50 50 50 |nsiej ‘
Note ¢:  For READ CYCLE 1 & 2, W is high for entire cycle.
Note d: Device is continuously selected; E low.
Note e: Measured between Vi max and Vik min.
Note f:  Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vin to ViL or ViLto Vi in a monotonic fashion.
Note j:  Parameter guaranteed but not tested.
READ CYCLE 1°4
2 tavav e
oo | - .\]/ T
ADDRtbe A - - 77**774\ j
I d— — 3 tavav A*"“"
4 taxaox
[ 1
Q (DATAOUT) | OUTPUT VALID |
READ CYCLE 2°¢
; f¢——— 1 teLQv — -
T /e
o o ) |
|#—-——— 5 teLox —— 6 teHQZ ——— I-
Q (DATA ouT) HIGH IMPEDANCE OUTPUT VALD 3
1‘ """ —"‘ 7 tELiccH L
ACTNVE | 8 temoot =
lec
STANDBY |
3/10
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IMS1600/1601L

RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta ¢ 70°C) (Vec = 5.0V £10%)
WRITE CYCLE 1: W CONTROLLEDg"

IMS IMS IMS IMS IMS
1600-25 [1600-30 [1600-35 [1600-45 |1600-55 z g
SYMBOL PARAMETER & & & LT
PRELIM |PRELIM [1601-35 [1601-45 |1601-55 T lE
No |Standard |Alternate MIN [MAX [MIN [MAX|MIN [MAXMIN [MAX|MIN [MAX| S |S
9 | tAVAV | twC Write Cycle Time 25 30 35 45 55 ns
10| tWLWH | twp Write Plus Width 20 20 20 20 25 ns
11| tELWH | tcw Chip Enable to End of Write 20 20 30 30 30 ns
12| tpvwH | tpw Data Setup to End of Write 15 15 15 20 20 ns
13| twHDX | tDH Data Hold after End of Write 0 0 0 0 0 ns
14| tAVWH | taw Address Setup End of Write 20 20 25 25 30 ns
15| tAVWL | tAS Address Setup to Start of Write | 5 5 5 5 5 ns
16| tWHAX | tWR  |Address Hold after End of Write| 5 5 5 5 5 ns
17 | twLaz | twz Write Enable to Output Disable | 0 [ 15 | 0 [15] 0 [20 |0 |20 |0 |25 |ns|fj
18 | twHQX | tOW  |Write Enable to Qutput Disable | 0 0 0 0 0 ns|i
Note f:  Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vi to Vic or Vit to Vix in a monotonic fashion.
Note h: E or W must be > Vi during address transitions.
Note i: It W is low when E goes low, the output remains in the hlgh impedance state.
Note j:  Parameter guaranteed but not tested.

WRITE CYCLE 1

ADDRESS

4/10

9 tavav

e 11 teELwn

B ———

|

14 tavwH
iz 15 tavwe ——-—I

=l

re— 10 twiwH ——

ARVRRY

12 tovwH

70

DATA VALID

]

l—

18 twHax

HIGH IMPEDANCE




IMS1600/1601L

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%)
WRITE CYCLE 2: E CONTROLLED®: h

IMS IMS IMS IMS MS |y (N

1600-25 |1600-30 | 1600-35 |1600-45 [1600-55 | \ (4

SYMBOL PARAMETER PRELIM |PRELIM |1601-35 |1601-45 [1601-55 | , |

T |E

No [Standard |Alternate MIN {MAX | MIN [MAX|MIN |[MAX{MIN [MAX|MIN |MAX S|s
19| tAVAV | twC Write Cycle Time 25 30 35 45 55 ns
20| tWLEH | twp Write Plus Width 20 20 20 20 25 ns
21| tELEH | tcw Chip Enable to End of Write 20 20 30 30 30 ns
22| tDVEH | tpw Data Setup to End of Write 15 15 15 20 20 ns
23| tEHDX | tDH Data Hold after End of Write 0 0 0 0 0 ns
24 | tAVEH | tAw Address Setup to End of Write | 20 20 30 30 30 ns
25| {EHAX | tWR  |Address Hold after End of Write| 5 5 5 5 5 ns
26| {AVEL | tAS Address Setup to Start of Write | 0 0 0 0 0 ns

27 | tWLQZ | twz Write Enable to Output Disable| 0 | 15| 0 |15/ 0 | 20]0 |20 | 0 |25 |ns|fj

Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between Vi to ViL or ViL to Vi1 in a monotonic fashion.
Note h: E or W must be > Vin during address transitions.

Note i: If W is low when E goes low, the output remains in the high impedance state.
Note j: Parameter guaranteed but not tested.

WRITE CYCLE 2 101
< ay ]

ADDRESS D 7

26

taver 1 21ty —_—
E A

24, P+ 5,
20
—>
v i\ Lo s 7—/,
w 4/ L

22 t 23 ¢,

DVEHW 1 EHDX
D(DATA IN) | ){ DATA VALID |

27 tyop L—"

I \ HIGH IMPEDANCE
Q (DATA OUT) | DATA UNDEFINED
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IMS1600/1601L

DEVICE OPERATION

The IMS1600 has two control inputs, Chip Enable (/E)
and Write Enable (/W), 16 address inputs (A0 -A15), a
data in (D) and a data out (Q).

The /E input controls device selectior: as well as active
and standby modes. With /E low, the device is selected
and the 16 address inputs are decoded to select one
memory cell out of65,536. Read and Write operations on
the memory cell are controlled by the /W input. With /E
high, the device is deselected, the output is disabled and
the power consumption is reduced to less than one-fourth
of the active mode power with TTL levels and even lower
with CMOS levels.

READ CYCLE

A read cycle is defined as /W 2 ViHmin with /E g Vi
max. Read access time is measured from either /E going
low or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while /E
is low. The output remains active throughout READ
CYCLE 1andis validat the specified address access time.
The address inputs may change at access time and long
as /E remains low, the cycle time is equal to the address
access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by /E going low. As long as address is
stable when /E goes low, valid data is at the output at the
specified Chip Enable Access time. If address is not valid
when /E goes low, the timing is as specified in READ
CYCLE 1. Chip Enable access time is not affected by the
duration of the deselect interval.

WRITE CYCLE

The write cycle of the IMS1600 is initiated by the latter
of /E or /W to transition from a high to a low. In the case
of /W falling last, the output buffer will be turned on teLax
after the falling edge of /E (just as in a read cycle). The
output buffer is then turned off within twaz of the falling
edge of /W. During this interval it is possible to have bus
contention between devices with D and Q connected
together in a common I/O configuration. Therefore input
data should not be active until tw.az to aviod bus conten-
tion.

6/10
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WRITE CYCLE 1 waveform shows a write cycle termi-
nated by /W going high. Data set-up and hold times are
referenced to the rising edge of /W. When /W goes high
at the end of the cycle with /E active, the output of the
memory becomes active. The data from the memory will
be the same as the input data unless the input data or
address changes.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by /E going high. Data set-up and hold times are
referenced to the rising edge of /E. With /E high the output
remains in the high impedance state.

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1600. The impedance in the decoupling path from the
power pin through the decoupling capacitor to the ground
pin should be kept to a minimum. The impedance of this
path is determined by the series impedance of the power
line inductance and the inductance and reactance of the
decoupling capacitor.

Currenttransients associated with the operation of any
high speed device have very high frequency components,
so line inductance is the dominating factor. To reduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 microfarad and be placed between each row of de-
vices in the array. A larger tantalum capacitor of a suffi-
cient value to eliminate low frequency ripple, should be
placed near the memory board edge connection where
the power traces meet the backplane power distribution
system. These larger cag: ~itors provide bulk energy
storage to prevent voltage drop due to the main supply
being located off the memory board and at the end of a
long inductive path. The ground grid of the memory array
should extend to the TTL driver periphery circuit area.
This will provide a solid ground reference for the TTL
drivers and prevent loss of operating margin of the drivers
due to differential ground noise.




IMS1600/1601L

TERMINATION

Trace lines on amemory board in the array look to TTL
driver signals like low impedance, unterminated transmis-
sion lines. In order to reduce or eliminate the reflections
of the TTL signals propagating down the lines, especially
low going TTL signals, line termination is recommended.
The termination may be either series or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number of
components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver to

dampen the reflection on the line. The resistor should be
placed as close to the driver package as is practical. The
line should be kept short by placing the driver-termination
combination close to the memory array.

Some experimentation will have to be done to find the
proper value to use for the series termination to minimize
reflections, but generally a series resistor in the 10 to 33
ohm range will be required. Because each design will
result in a different signal impedance, a resistor of
predetermined value may not properly match the signal
path impedance. The proper value of resistance should
therefore be selected empirically.

DATA RETENTION (L version only) (0°C < Ta < 70°C)

SYMBOL PARAMETER MIN|TYP*| MAX | UNITS NOTES

VDR Data Retention Voltage 2.0 volts [VIN<0.2Vor2(Voc-0.2V) E2(Veg-02V)
lccDR1 Data Retention Current 8 100 HA | Vco=3.0volts

lccpr2 Data Retention Current 5 70 pA | Vco= 20 volts

tEHVCCL | Deselect Time (tcpR) 0 ns |ik

tVCCHEL | Recovery Time (tg) trc ns |k (trc= Read Cycle Time)

*Typical data retention parameters at 25°C.
Note j: Parameter guaranteed but not tested.

Note k: Supply recovery rate should not exceed 100mV per ps from VpRto Vg min.

LOW V cc DATA RETENTION

DATA RETENTION MODE

Ve¢ —8 ———|
4.5V

N\

Vor 22V

/1‘ 4.5V

E> (pr-0.2V) \N\\
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD
A Formed flat-pack gold 5.0V
B Formed flat-pack solder
C LCcC gold
D Cerdip solder
E Small outline, J-bend solder 480Q
G PGA gold
H | Small outline, Gull wing solder Q (Dour)
J PLCC, J-bend solder
K | Sidebraze ceramic DIP solder 5 ﬁz%'iUDING
N | Ceramic LCC solder 255Q UNCEoAND
P Plastic DIP solder FIXTURE)
S | Sidebraze ceramic DIP gold = =
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
ORDERING INFORMATION
PART NUMBER
DEVICE SPEED PACKAGE
STANDARD LOW POWER
25ns PLASTIC DIP IMS1600P-25
25ns CERAMIC DIP IMS1600S-25
25ns CERAMIC LCC | IMS1600W-25
25ns PLASTIC SOJ IMS1600E-25
30ns PLASTIC DIP IMS1600P-30
30ns CERAMIC DIP IMS1600S-30
IMS1600 30ns CERAMIC LCC | IMS1600W-30
IMS1601L 30ns PLASTIC SOJ IMS1600E-30
35ns PLASTIC DIP IMS1600P-35 IMS1601LP35
35ns CERAMIC DIP IMS1600S-35 IMS1601LS35
35ns CERAMIC LCC IMS1600W-35 IMS1601LW35
35ns PLASTIC SOJ IMS1600E-35 IMS1601LE35
45ns PLASTIC DIP IMS1600P-45 IMS1601LP45
45ns CERAMIC DIP IMS1600S-45 IMS1601LS45
45ns CERAMIC LCC | IMS1600W-45 IMS1601LW45
45ns PLASTIC SOJ IMS1600E-45 IMS1601LE45
55ns PLASTIC DIP IMS1600P-55 IMS1601LP55
55ns CERAMIC DIP IMS1600S-55 IMS1601LS55
55ns CERAMIC LCC | IMS1600W-55 IMS1601LW55
55ns PLASTIC SOJ IMS1600E-55 IMS1601LESS
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PACKAGING INFORMATION

22 Pin Dual-In-Line-Package

O

D

—_—

|

+

]
)

|

Inches

Dim

Nom| Tol

Nom | Tol

Al

B1

E1
el

.118 | .010
.035 | .015
.018 | .003
.060 | Typ
1.10 | .013
.3151.010
.295 | .015
.100 | .010
.145|.020

2997/ .254
.889 | .381
457 |.152
1.524 | Max
27.94 | .330
8.001 |.254
7.493 | .381
254 |.254
3.683|.508

y
L

A

B-jf

B1

y
vy A

<

~el=
10 equal spaces @
2.54

0.100

22 Pin Ceramic Dual-In-Line

-—————————

D

fe—E1—>]

-« E —>»

Dim

inches

Nom

Tol

Nom

Tol

>
R

Al

B1

E1
el

118
.035
.018
.060
1.10
.315
.295
.100

145

.010
.015
.003
Typ
.013
.010
.015
.010
.020

2997
.889
.457
1.524
27.94
8.001
7.493
254
3.683

.254

152
Max
.330
.254
.381
.254
.508

B ~jf

>‘ el }<
«—— 10 equal spaces @
2.54

0.100

B1

g 1—]

-« F —>»
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22 Pin Leadless Chip Carrier

Dim Inches mm Notes
Nom | Tol | Nom | Tol
A .071 | .007 | 1.803 | .178
B1 |.025|.003 | .635 |.076
D .490 | .006 13.446 | .152
E .290 | .006 |7.366 | .152
el .050 1.270

_ﬂ
ﬂ

J

|

-
(
L
> 000000

b
'
y

B1

~ =

el

<

24 Pin Plastic J Leaded SOJ

«————— D

nnnnnnnonnnan OIm e T Tt T e |3
s N

Min |Max | Min | Max

O A |.120 |.140 | 3.048 | 3.556
B1 |.014 |.019 | .356 | .483
c |.000 .254
D |.602|.612 15.291(15.545
+ E |.335.347 |8.509 |8.814

E1 .292 | .299 |7.417 | 7.595
el .050 | .050 {1.270 |1.270
eA |.262 |.272|6.655 | 6.909
L .028 | .036 | .711 | .914

' )
A

L U

+0/10
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[NMOS'

FEATURES

« INMOS' Very High Speed CMOS

« Advanced Process - 1.6 Micron Design Rules

» 16K x 4 Bit Organization
+ 25, 30, 35, 45 and 55 nsec Access Times
+ Fully TTL Compatible
+ Common Data Input & Output

+ Three-state Output
+ Power Down Functio

n

+ Single +5V + 10% Operation
«+ 22-Pin, 300-mil DIP (JEDEC Std.)
+ 22-Pin Ceramic LCC (JEDEC Std.)

*+ 24-Pin, 300-mil SOJ

IMS1620

CMOS

High Performance
16K x 4 Static RAM

DESCRIPTION

The INMOS IMS1620 is a high performance 16K x 4
CMOS Static RAM. The IMS1620 provides maximum
density and speed enhancements with the additional
CMOS benefits of lower power and superior reliability.

The IMS1620 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. Additionally, the IMS1620 pro-
vides a Chip Enable (/E) function that can be used to place
the device into a low-power standby mode.

The IMS1624 is the functional equivalent of the
IMS 1620 with the addition of an Output Enable input.

The IMS1620M and IMS1620LM are MIL-STD-883
versions intended for military applications.

PIN CONFIGURATION

A6 A5 Vec A4

A7

A9

A0
A1t
A2
A13

A,-A,, ADDRESS INPUTS

3
[Ja
s
=]
=7
-]
=]

Qs

1

Cnaonn®

20 a3
19 a2
s gAY
170 A0
160,
1510,

1o,

T Vss W 10,

CHiP
CARRIER

PIN NAMES

/0 DATA IN/OUT

w WRITE ENABLE Vcc POWER (+5V)
E CHIP ENABLE Vss GROUND
November 1989

BLOCK DIAGRAM

A0 A9 AI0 AlT A12 A1

A
1 f— Voo
» fe— Vss
A
MEMORY ARRAY

A seeer 256 ROWS

As 256 COLUMNS

As

A7

a I
Vo, E COLUMN 1O ——]

— —

vo, '[',‘::J A' COLUMN SELECT
vo, ci
vo, &

110




IMS1620

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vss......... -2.0t0 7.0V
Voltage on I/O -1.0 to Vcc+0.5
Temperature Under Bias.. .-55°Cto 125°C
Storage Temperature -65° C to 150°C
Power Dissipation
DC Output Current

(One output at a time, one second duration)

DC OPERATING CONDITIONS

*Stresses greater than 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 above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

[SYMBO'- _ PARAMETER | _MIN | TYP | "l‘ix UNITS | NOTES
Voo Supply Voltage 45 ? 50 | 55 v |
Vssi s . Supply Voltage 0 0 0 \
I vvimii In;)LILoglc "1 Vo!}agg - 2.0 Vee+.5 \ All inputs ‘\
Ve Input Logic "0" Voltage 1.0° J 0.8 v Al inputs 1
Ta A Amblengperaflng Temp;éragi;oiji i ég 70 ] °C 4‘(v)(anlrlinear ﬂ/mm aerﬂOW‘
“Vimin = -3 volts for pulse width <20ns, note b
DC ELECTRICAL CHARACTERISTICS (0°C< Ta< 70°C) (Vec=5.0V+10%)%
SYMBOL PARAMETER MIN ; MAX! UNITS NOTES ;
lect ,Average Ve Power 110 MA | tAVAV = 25ns and 30ns |
' ﬁLS_UBpIy Current 7 1”00 mA |tAVAV = 35, 45 and 55ns
lec2 Vcc Power Supply Current 25 mA | E2 ViH. All other inputs at
i (Srta‘r]gpxtStéb_le TTL Input Levels) N VINS ViLor 2 VW
lccs | Vee Power Supply Current 14 mA | E 2 (Vcc-0.2) . All other inputs at
L (Standby, Stable CMOS Input Levels) ) VIN< 0. 20r2 _(Vcc 0.2v)
lcce | Vee Power Supply Current 17 mA | E2 (Vcc-0.2). Inputs cycling at
L (Standby, Cycling CMOS Input Levels) o "\7/7.3‘75 0.2 or » (Vcc - QA2V)
lik | Input Leakage Current (Any Input) 1 HA xﬁ‘c_ Vms:);o Vee
loik | Off State Output Leakage Current 5 KA xﬁ‘c_ Vn;:);o Vee ‘
: _ . e |
Von | Output Loglc 1" Voltage | 24 Vo lon=-4mA |
I il
VoL Output Logic "0" Voltage 0.4 Vi o= 8mA

Note a: lcc is dependem on output loadmg and cycle rate, the specified values are obtained with the output unloaded.

AC TEST CONDITIONS
v A

l lnput Pulse Levels
Input Rise and Fall Times
Input and Output Timing Reference Levels.. 1 5V
Output Load See Figure 1

2/10
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CAPAC!TANCE*’ (Ta=25°C, f=1.0MHZ)

‘ | _PARAMETER | MAX |UNITS|CONDITIONS
iA | Input Capacitance 1 QFWM‘ AV=010 3V |
‘r Cout | Output Capacnancg 7 \ pF AV_0103V¢

Note b: This parameter is sampled and not 100% tested.




IMS1620

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V £10%)
READ CYCLE® -

U|N
IMS IMS IMS IMS Ms |n|o
SYMBOL PARAMETER 1620-25 | 1620-30 | 1620-35 |1620-45 | 1620-55 | | [t
T|E
No dard |Alternate MIN [MAX [MIN [MAX|MIN [MAX[MIN [MAX|MIN [MAX| S [S
1| tELQv | tACS |[Chip Enable Access Time 25 30 35 45 55 |Nns
2| tAvav | tpc  |Read Cycle Time 25 30 35 45 55 ns|c
3 | tAvav | taa Address Access Time 25 30 35 45 55 |ns|d
4 | taxax | ton O/P Hold After Address Change| 5 5 5 5 5 ns
5| tetax | tLz  [Chip Enable to O/P Active 5 5 5 5 5 ns|i
6 | teHaz | thz  |Chip Disable to Output Inactive | 0 |15 [0 {15 | 0 [15 [0 |20 |0 |25 [ns|f]
7 | teLiccH tpu  |Chip Enable to Power Up 0 0 0 0 0 ns| |
8 | tEHICCY tPD  |Chip Enable to Power Down 25 30 35 45 55 |ns| i
tT Input Rise and Fall Times 50 50 50 50 50 [nsle.j
Note c: ForREADCYCLE1&2,Wis high for entire cycle.
Note d: Device is continuously selected; E low.
Note e: Measured between Vi max and Vik min.
Note f:  Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vi to ViL or ViLto Vik in a monotonic fashion.
Note j: Parameter guaranteed but not tested.

READ CYCLE 1¢¢

2 tavav

e —

e—— 3 tavav

e 4 taxax
1/0 (DATA OUT) ‘—v OUTPUT VALID ‘

READ CYCLE 2°
_ le————— 1 teLov ———
E .
11111771
le————— 5 tecax —— 6 tEHOZ ——— f——
HIGH IMPEDANCE
1’0 (DATA OUT) OUTPUT VALID
L——’ 7 teuccH
ACTVE 8 temccL —
lec
STANDBY

310
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RECOMMENDED AC OPERATING CONDITIONS (0°C <
WRITE CYCLE 1: W CONTROLLEDS#"

Ta ¢ 70°C) (Voc = 5.0V £10%)

IMS IMS IMS IMS IMS z g

SYMBOL PARAMETER 1620-25 | 1620-30 | 1620-35 |1620-45 | 1620-55 || |

TI|E

No |Standard |Alternate MIN [Max [miN [Max[MIN [Max|miN [max]miN [Max]| S [ S
9 | tavav | twc Write Cycle Time 25 30 35 45 55 ns
10| tWLWH | twp Write Pulse Width 20 20 30 30 40 ns
11| tELWH | tew Chip Enable to End of Write 20 20 30 30 40 ns
12 | tpVvWH | tpw Data Setup to End of Write 13 15 15 20 25 ns
13| twHDX | tpH Data Hold after End of Write 0 0 0 0 0 ns
14| tAVWH | taw Address Setup End of Write 20 25 30 30 40 ns
15| tAVWL | tAs Address Setup to Start of Write | 0 0 0 0 0 ns
16| tWHAX | tWR  |address Hold after End of Write| 5 5 5 0 0 ns

17 | twLaz | twz Write Enable to Output Disable | 0 [ 15 { 0 | 15| 0 |20 | 0 (20 | O |25 |ns|f|

18 | twHOX | tow Write Enable to Ou*put Disable | 0 0 0 0 0 ns| i

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vix to ViL or Vit to ViH in a monotonic fashion.
Note h: E or W must be > Vin during address transitions.
Note i: If W is low when E goes low, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.

WRITE CYCLE 1

9 tavav —_—
ACDRESS ’
I — 11 tetwH @—————————»
; /1111177777
— 14 AWH ———————————— >1 16 twhax
15 tavwe. ——» e—— 10 twLwH —
" AN
12 tovwh =] 13 twrox
1/0 (DATA IN) ' < DATA VALID \k ’
v tweaz F—b \4— 18 twHox
VO (DATA OUT)L DATA UNDEFINED HIGH IMPEDANCE .| j

4/10
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RECOMMENDED AC OPERATING CONDITIONS (0°C ¢

WRITE CYCLE 2: E CONTROLLEDS:h

Ta ¢ 70°C) (Vece = 5.0V £10%)

U [N
IMS IMS IMS IMS IMS N |o
SYMBOL PARAMETER 1620-25 | 1620-30 | 1620-35 |1620-45 | 1620-55 'R
T |E
No [Standard |Alternate MIN [MAX |MIN [MAX|MIN [MAX|MIN [MAX[MIN [MaX| S |S
19| tAVAV | twC Write Cycle Time 25 30 35 45 55 ns
20| tWLEH | twp  |Write Pulse Width 20 20 30 30 40 ns
21| tELEH | tcw Chip Enable to End of Write 20 20 30 30 40 ns
22 | {DVEH | tpw Data Setup to End of Write 13 15 15| . 20 25 ns
23| tEHDX | tDH Data Hold after End of Write 0 0 0 0 0 ns
24 | tAVEH | tAw Address Setup to End of Write | 20 25 30 30 40 ns
25| tEHAX | twR Address Setup to Start of Write | 5 5 ns
26| tAVEL | tAS Address Hold after End of Write| O 0 ns
27 | twLaz | twz Write Enable to Output Disable 150|150 |15]/0 |20 |0 |25 |ns|fj
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vit to ViL or ViL to ViH in a monotonic fashion.
Note h: E or W must be > ViH during address transitions.
Note i: If W is low when E goes low, the output remains in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 2
< 19 Ly —— P
aa I > 4
ADDRESS \ I
26
tA‘IEL ) 21 lELﬁN ———__’
E
— 244, pa—P{2s 1,
20
l— ) —P
— 'WLEH
W AL LA ALY ([7//7//]
‘22 tEIVEN >— 23 ‘EHDI
1o (DATA IN) | DATA VALID |
27 twmz L‘»
Vo (DATA OUT) | DATA UNDEFINED HIGH IMPEDANCE
5/10
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DEVICE OPERATION

The IMS1620 has two control inputs, Chip Enable (/E)
and Write Enable (/W), 14 address inputs (A0 -A13), and
four Data /0O pins.

The /E input controls device selection as well as active
and standby modes. With /E low, the device is selected
and the 14 address inputs are decoded to select one 4-bit
word out of 16,384. Read and Write operations on the
memory cells are controlled by the /W input. With /E high,
the device is deselected, the outputs are disabled and the
power consumption is reduced to less than one-fourth of
the active mode power with TTL levels and even lower with
CMQOS levels.

READ CYCLE

A read cycle is defined as /W > ViH min with /E < ViL
max. Read access time is measurad from either /E going
low or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while /E
is low. The outputs remain active throughout READ
CYCLE 1 andis valid at the specified address access time.
The address inputs may change at access time and long
as /E remains low, the cycle time is equal to the address
access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by /E going low. As long as address is
stable when /E goes low, valid data is atthe outputs at the
specified Chip Enable Access time. If address is not valid
when /E goes low, the timing is as specified in READ
CYCLE 1. Chip Enable access time is not affected by the
duration of the deselect interval.

WRITE CYCLE

The write cycle of the IMS1620 is initiated by the latter
of /E or /W to transition from a high to a low. In the case
of /W falling last, the output buffers are turned on teLax
after the falling edge of /E (just as in a read cycle). The
output buffers are then turned off within twLazof the falling
edge of /W. During this interval it is possible to have bus
contention between devices with common I/O configura-
tions. Therefore input data should not be active until tw.az
to aviod bus contention.

6/10
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WRITE CYCLE 1 waveform shows a write cycle termi-
nated by /W going high. Data set-up and hold times are
referenced to the rising edge of /W. When /W goes high
at the end of the cycle with /E active, the output of the
memory becomes active. The data from the memory will
be the same as the input data unless the input data or
address changes.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by /E going high. Data set-up and hold times are
referenced to the rising edge of /E. With /E high the
outputs remain in the high impedance state.

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1620. The impedance in the decoupling path from the
power pin through the decoupling capacitor to the ground
pin should be kept to a minimum. The impedance of this
path is determined by the series impedance of the power
line inductance and the inductance and reactance of the
decoupling capacitor.

Currenttransients associated with the operation of any
high speed device have very high frequency components,
so line inductance is the dominating factor. Toreduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 microfarad and be placed between each row of de-
vices in the array. A larger tantalum capacitor of a suffi-
cient value to eliminate low frequency ripple, should be
placed near the memory board edge connection where
the power traces meet the backplane power distribution
system. These larger capacitors provide bulk energy
storage to prevent voltage drop due to the main supply
being located off the memory board and at the end of a
long inductive path. The ground grid of the memory array
shouldextendto the TTL driver periphery circuitarea This
will provide a solid ground reference for the TTL drivers
and prevent loss of operating margin of the drivers due to
differential ground noise.




IMS1620

TERMINATION

Trace lines on amemory board in the array look to TTL
driver signals like low impedance, unterminated transmis-
sion lines. In order to reduce or eliminate the reflections
of the TTL signals propagating down the lines, especially
low going TTL signals, line termination is recommended.
The termination may be either series or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number of
components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver to

dampen the reflection on the line. The resistor should be
placed as close to the driver package as is practical. The
line should be kept short by placing the driver-termination
combination close to the memory array.

Some experimentation will have to be done to find the
proper value to use for the series termination to minimize
reflections, but generally a series resistor in the 10 to 33
ohm range will be required. Because each design will
result in a different signal impedance, a resistor of
predetermined value may not properly match the signal
path impedance. The proper value of resistance should
therefore be selected empirically.

7110
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD
A | Formed flat-pack gold 5.0V
B Formed flat-pack solder
C LCC gold
D Cerdip solder
E Small outline, J-bend solder 4800
G PGA gold
H Small outline, Gull wing solder 1/0 (Dour)
J PLCC, J-bend solder S00F
K Sidebraze ceramic DIP solder p
N Ceramic LCC solder 255Q gggﬁuEDmcg
P Plastic DIP solder I FIXTURE)
S | Sidebraze ceramic DIP gold = —
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
ORDERING INFORMATION
DEVICE SPEED PACKAGE PART NUMBER
25ns PLASTIC DIP IMS1620P-25
25ns CERAMIC DIP IMS1620S-25
25ns CERAMIC LCC IMS1620W-25
25ns PLASTIC SOJ IMS1620E-25
30ns PLASTIC DIP IMS1620P-30
30ns CERAMIC DIP IMS1620S-30
30ns CERAMIC LCC IMS1620W-30
30ns PLASTIC SOJ IMS1620E-30
IMS1620 35ns PLASTIC DIP IMS1620P-35
35ns CERAMIC DIP IMS1620S-35
35ns CERAMIC LCC IMS1620W-35
35ns PLASTIC SOJ IMS1620E-35
45ns PLASTIC DIP IMS1620P-45
45ns CERAMIC DIP IMS1620S-45
45ns CERAMIC LCC IMS1620W-45
45ns PLASTIC SOJ IMS1620E-45
55ns PLASTIC DIP IMS1620P-55
55ns CERAMIC DIP IMS1620S-55
55ns CERAMIC LCC IMS1620W-55
55ns PLASTIC SOJ IMS1620E-55
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PACKAGING INFORMATION

22 Pin Plastic Dual-In-Line Dim [—inches | _mm
Nom | Tol | Nom | Tol
- D — A |.140 | .015 | 3.566 | .381
A1 |.020 | min|.508 | min
B |.018|.003|.457 |.152
RS SUPS o SUPS , SRS, SRS o SRS, IS, SRS o S o SUR=s | B1 |.060 | Typ | 1.524 | Typ
D [1.035].015 |26.289|.381
E |.300|.003|7.620 |.076
AN _ E1 |.250 6.350
~ e1 |.100|.010 | 2.54 |.254
eA |.330 | .020 |8.382 |.508
L |.120 | min | 3.048 | min
| W T TR T T
E —»
Y E1
T+A v
X A1l
L
T 1
e1|* >H< le— oA—>]
10 equal spaces @ ———— >
2.54
0.100
22 Pin Ceramic Dual-In-Line Dim [—Inches mm
D Nom| Tol | Nom | Tol |
- _——
A |.118].010 | 2.997|.254
A1(.035 | .015 | .889 |.381
e p— B |.018 |.003 | .457 |.152
B1|.060 | Typ | 1.524| Max
D |1.10 |.013 [27.94 | .330
M + E {.315[.010 {8.001 |.254
L E1|.295 |.015 |7.493 |.381
el |.100 |.010 | 2.54 |.254
o L |.145|.020 | 3.683|.508
A
Y (.\1 A
L
A B>H<- B1 >1 et |<— |<——E1——>|
10 equal spaces @ -— E—>»
2.54

0.100
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22 Pin Leadless Chip Carrier

Dim Inches mm Notes
Nom | Tol | Nom | Tol

A .071 | .007 | 1.803 | .178
B1 1.025 (.003 | .635 |.076
D .490 | .006 [13.446 | .152
E .290 | .006 (7.366 |.152
el .050 1.270

MTIT B ET.,
4+ B+

-t

el

24 Pin Plastic J Leaded SOJ
«—————— D

0ooaonaoannnnimn Dim - NGNS MMy qtes
p

Min |Max | Min | Max

— |
O A .120 | .140 | 3.048 | 3.556
B1 |.014.019| .356 | .483
c |.010 254
D |.602 ]| .612 15291 |15.545
+ E [.335|.347 |8.509 | 8.814

E1 .292 | .299 [7.417 | 7.595

el .050 | .050 (1.270 |1.270

J eA |.262|.272 |6.655 | 6.909
L .028 | .036 | .711 | .914

N
guouounouigouuoouanu

' | e
A

I 1 c
Y

AR R 8 aja g -
ellw 1,”. LL:eA—JJ
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MMos

FEATURES

INMOS' Very High Speed CMOS

Advanced Process - 1.6 Micron Design Rules

16K x 4 Bit Organization with Output Enable

25, 30, 35, 45 and 55 nsec Address Access Times
25, 30, 35, 45 and 55 nsec Chip Enable Access Times
Fully TTL Compatible

Common Data Input & Output

Three-state Output

Power Down Function

Single +5V + 10% Operation

24-Pin, 300-mil DIP (JEDEC Std.)

28-Pin Ceramic LCC (JEDEC Std.)

24-Pin, 300-mil SOJ

.

.

IMS 1624

CMOQOS

High Performance
16K x 4 Static RAM
with Output Enable

DESCRIPTION

The INMOS IMS1624 is a high performance 16K x 4
CMOS Static RAM. The IMS1624 provides maximum
density and speed enhancements with the additional
CMOS benefits of lower power and superior reliability.

The IMS1624 features fully static operation requiring
no external clocks or timing strobes, and equal address
access and cycle times. The IMS1624 provides a Chip
Enable (/E) function that can be used to place the device
into a low-power standby mode. The IMS1624 also
includes an Output Enable (/G) for fast access to dataand
enhanced bus contention control.

The iMSi1624 is the functionai equivaient of the
IMS 1620 with the addition of an Output Enable input.

The IMS1624M and IMS1624LM are MIL-STD-883
versions intended for military applications.

As 24 Jvec
A8 23 [JAe
a7 20am
A8 21 0 a2
A9 20 [J At
M0 [g 19 ] a0
AN 18 One
M2(0g 17 Jwo,
AM3g 18
E s g
G [Oun 1dwo,
vss 12 13 QW
TvssNC W IO,
CHIP SOJ
CARRIER
PIN NAMES

Ay-A,3 ADDRESS INPUTS
" WRITE ENABLE
CHIP ENABLE
OUTPUT ENABLE

/O DATA IN/OUT
Vcc POWER (+5V)
Vss GROUND

November 1989

LOGIC SYMBOL

m|

BLOCK DIAGRAM

le—Vee
j&—Vss
MEMORY ARRAY
256 ROWS
256 COLUMNS

11O, COLUMN 1O |
-
110, D,J“AT COLUMN SELECT
10, - oI
-
1o,
-
AD A9 A10 A11 A12 AY3
———

oFl
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IMS1624

ABSOLUTE MAXIMUM RATINGS*
Voltage on any pin relative to Vss -2.0to 7.0V
Voltage on I/0 ..-1.0 to Vcc+0.5
Temperature Under Bias 55° C to 125°C
Storage Temperature -65° C to 150°C
Power Dissipation.............c.c..ccooviiiiie
DC Output Current

(One output at a time, one second duration)

DC OPERATING CONDITIONS

*Stresses greater than 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 above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

SYMBOL|  PARAMETER | MN | TVP | MAX UNTS | NOTES ‘

| Vec | SupplyVotage a5 LrsAo | 55 ' v

B Vss SF{PP'X Volrtagie ] 0 0 ‘ 0 | Vv l
A\ | Input Logic *1" Voltage 20 chpfS v ~ Allinputs ‘
Vie | Input Logic " 0  Voltage - l -170:7 | 08 v ~ Allinputs
WTA 7”}‘ ;berlt Operatmg Temperature i 0 | 25 ; 70 1 jT: 400 Iunear ﬂ/mm air flow

Vyme = -3 volts for pulse width <20ns, note b.

S!MBOPL PARAMETE MINJ MAX UNITS } NOTES
lec | Average Vcc Power 1110 mA | tavav = 25ns and 30ns
‘ Supply Current | 100 mA IAVAV =35, 45, and 55ns
I I
leca Vce Power Supply Current ’ 25 mA E> Vin. All other inputs at
| (Standby,Stable TTL Input Levels) ‘ VIN S ViL or 2 VIH
lccs | Vce Power Supply Current ‘ 14 mA (Vce - 0.2). All other mpuls at
| (Standby, Stable CMOS Input Levels } | VIN < 0.2 or > (Vec-0.2V)
R e i
loce | Vce Power Supply Current | 17 mA E > (Vcc - 0.2). Inputs cycling at
| (Standby, Cycling CMOS Input Levels) J ! | VINS 0.2 or 2 (Voc - 0.2V)
i Vce = max
I Input Leakage Current (Any Input) : +1 HA \ Vm Vs o Vee
| Vcc max
loLk Off State Outpul Leakage Current + +5 HA VIN = Vss to Ve
VOH Output Logic "1" Voltage | 24 | v | loH=-4mA
- — e E : :
Vou { Output Logic "0" Voltage 1 0.4 Vv ! loL = 8mA
|
- I R R L

AC TEST CONDITIONS B

\ Input Pulse Levels Vss to 3V
| Input Rise and Fall Times .......................... 5ns
| Input and Output Timing Reference Levels.. 1.5V

~Output Load .. See Figure 1
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DC ELECTRICAL CHARACTERISTICS (0°C ¢ Ta< 70°C) (Voc = 5.0V & 10%)°

Note a: Icc is dependent on output Ioadmg and cycle rate, the specified values are obtained with the output unloaded

CAPACITANCE® (Ta=25°C, {= 10MHZ)

TVSYMBOL} PARAMETER MAX UNITS CONDlTlONS
Il Q'ﬁ; Inpul Capapji%;:é L4 pF vAV 0to3V
/| Cour ’Output Capacitance;, 7 | pF  AV=01t03V

Note b: This parameter is sampled and not 100% tested




IMS1624

RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta ¢ 70°C) (Vcc = 5.0V +10%)
READ CYCLES®

U|N
IMS IMS IMS IMS IMS N lo
SYMBOL PARAMETER 1624-25 | 1624-30 | 1624-35 | 162445 |1624-55 'BE;
T|E
No [Standard |Alternate MIN [MAX [MiN [MAX|MIN [MaX[MIN [MAX MIN [MAX] S | S
1| tELQv | tACcS |Chip Enable Access Time 25 30 35 45 55 [ns
2 | tAvAvV | tRc Read Cycle Time 25 30 35 45 55 ns|c
3 | tAvav | taa Address Access Time 25 30 35 45 55 |ns|d
4 | tgLav | tToe [|O/P Enable Access Time 15 15 20 20 25 [ns
5| taxax | ton O/P Hold After Address Change| g 5 5 5 5 ns |
6 | terax |tz O/P Enable to O/P Active 5 5 5 5 5 ns|i
71 taLax | toLz |O/P Enable to O/P Active 0 0 0 0 0 ns| i
8 | tEHQZ | thz Chip Disable to Output Inactive | 0 |15 | 0 {15 [0 |15 |0 |20 |0 |25 |ns|f.]
9 [ tGHQzZ | toHz |O/P Disable to Outputinactive [ o |15 [0 |15 1o (150 |20]0 |25 |ns f,j
17707 tELICCH| tPU Chip Enable to Power Up 0 0 0 0 0 ns|j
1] tEHICCY tPD  |Chip Disable to Power Down 25 30 35 45 55 |ns| i
B tT Input Rise and Fall Times 50 50 50 50 50 |nsfe,]j
Note c: For READ CYCLE 1 & 2, W is high for entire cycle.
Note d: Device is continuously selected; E and G low.
Note e: Measured between ViL max and Vi1 min.
Note f:  Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E, G and W must transition between Vinto ViL or Vit to Vinin a monotonic fashion.
Note j: Parameter guaranteed but not tested.
READ CYCLE 1°¢
2 tavav
ADDRESS | ]
M 3 twvav
I — L .
READ CYCLE 2°¢
e 2 tavav 1
::— 1 telaqv ——
2 S TR
e X [IT11T17
l 8 teHaz
9 tGHaz
G 4 tatov "
7 tGLox nam— 1
EHICCL
HIGH Z
170 (DATA OUT) L OUTPUT VALID )-——
10 teuiccH
ACTVE
lec STANL'BY
3/10
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IMS1624

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta ¢ 70°C) (Vcc = 5.0V £10%)
WRITE CYCLE 1: W CONTROLLED®"

U |N
IMS IMS IMS IMS IMS N |0
SYMBOL PARAMETER 1624-25 ) 1624-30 | 1624-35 |1624-45 |1624-55 || |T
T |E
No |Standard |Atternate MIN [MAX |MIN [MAX|MIN [MAX|MIN [MAX[MIN [MAX| g |s
12| tAVAV | tweC Write Cycle Time 25 30 35 45 55 ns
13| tWLWH | twp Write Pulse Width 20 20 30 30 40 ns
14 | tELWH | tcw Chip Enable to End of Write 20 20 30 30 40 ns
15 | tDVWH | tpw Data Setup to End of Write 13 15 15 20 25 ns
16 | twHDX | tDH Data Hold after End of Write 0 0 0 0 0 ns
17 | tAVWH | taw JAddress Setup to End of Write | 20 25 30 30 40 ns
18 | tAVWL | tAs Address Setup to Start of Write | 0 0 0 0 0 ns
19| {WHAX | tWR  |Address Hold after End of Write| 5 5 5 0 0 ns
20 | twLQz | twz \Write Enable to Output Disable | 0 [ 15| 0 | 15] 0 [ 150 |20 |0 |25 [ns|fi
21 | twHOX | tOW  |O/P Active after end of Write | O 0 0 0 0 ns|j
WRITE CYCLE 2: E CONTROLLEDS®"
U |N
IMS IMS IMS IMS Ms |N|o
SYMBOL PARAMETER 1624-25 | 1624-30 | 1624-35 |1624-45 |[1624-55 | | |T
. T|E
No |Standard |Atternate MIN [MAX | MIN [MAX[MIN [MAX[MIN [MAX|MIN [MAX| g [g
22| tAvAV | twe Write Cycle Time 25 30 35 45 55 ns
23| tWLEH | twp Write Pulse Width 20 20 30 30 40 ns
24 | tELEH | tcw Chip Enable to End of Write 20 20 30 30 40 ns
25 | {DVEH | tpw Data Setup to End of Write 13 15 15 20 25 ns
26| tEHDX | tDH Data Hold after End of Write 0 0 0 0 0 ns
27 [ tAVEH | taw Address Setup to End of Write | 20 25 30 30 40 ns
28| tEHAX | tWR  |Address Hold after End of Write| 5 5 0 ns
29| tAVEL | tAS Address Setup to Start of Write | o 0 0 ns
30 | twLQz | tWZ  |Write Enable to Output Disable 15 151 0 | 15 20 |0 |25 [ns]f)
WRITE CYCLE 3: Fast Write, Outputs Disabled?"
U [N
IMS IMS IMS IMS IMS Nlo |
SYMBOL PARAMETER 1624-25 |1624-30 | 1624-35 |1624-45 |1624-55 | | |T
T |E
No |standard |Atternate MIN [MAX [MIN [MAX|MIN [MAX[MIN [MAX|MIN |MAX| g |g
31| 1AVAV | tWC Write Cycle Time 18 20 20 25 30 ns
32| tWLWH | twp Write Pulse Width 13 15 15 20 25 ns
33 | tDVWH | tpw Data Setup to End of Write 18 20 20 25 30 ns
34 | twHDX | tpH Data Hold after End of Write Y 0 0 0 0 ns
35| tAVWH | taw Address Setup to End of Write |12 15 15 20 25 ns
36 | {WHAX | twR Address Hold after End of Write 5 5 5 0 0 ns
37| tAvWL | tas Address Setup to Start of Write | 0 0 0 0 0 ns
Note f:  Measured £200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E, Gand W must transition between Vi to ViL or Vi to Vik in a monotonic fashion.
Note h: E or W must be 2 Vin during address transitions.
Note i: If W is low when E goes low, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.
4/10
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IMS1624

WRITE CYCLE 1

12 tavav >
ADDRESS * \
14 teLwH B Em—
17 tavwhH #{ 19 twHAX
13 twiwH ——
“ A
15 tovwH

* i 16 twHDX

/O (DATA IN) |

DATA VALID X ‘

20 IWLOZI-—H |<—>~ 21 twHax
i HIGH IMPEDANCE
/0 (DATA OUT)‘ DATA UNDEFINED
WRITE CYCLE 2
22 tavav
ADDRESS ' <
29
tave le—sl PR l
lAVEL —— 24 (ELEH -
E L
|
27 tAvEH 28 teHAX
« 23
tWLEH

ZZANAENRARERRRRRRRRANY

=

26 teHDX

/O (DATA IN) [

)

DATA VALID

30 twioz L—-

\ HIGH IMPEDANCE
1/0 (DATA OUT) I DATA UNDEFINED
WRITE CYCLE 3
31 tavav >
ADDRESS l > T ]
- /]
e — » 36 twhA
_ [&—— 32 twwwH ——>
w X /
33 —»

1/O (DATA IN) r

toVWH  —— 34 twHDx
DATA VALID * J

5/10
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IMS1624

DEVICE OPERATION

The IMS1624 has three control inputs, Chip Enable
(/E), Output Enable (/G) and Write Enable (/W), 14 ad-
dress inputs (A0 -A13), and four Data I/O pins.

The /E input controls device selection as well as active
and standby modes. With /E low, the device is selected
and the 14 address inputs are decoded to select one 4-bit
word out of 16,384. Read and Write operations on the
memory cells are controlled by the /W and/G inputs. With
/E high, the device is deselected, the outputs are disabled
and the power consumption is reduced to less than one-
fourth of the active mode power with TTL levels and even
lower with CMOS levels.

READ CYCLE

A read cycle is defined as /W > ViHmin with /E and /G
< ViLmax. Read access time is measured from the latter
of either /E or /G going low or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while /E
and /G are low. The outputs remain active throughout
READ CYCLE 1 and are valid at the specified address
access time. The address inputs may change at access
time and long as /E and /G remain low, the cycle time is
equal to the address access time.

The READ CYCLE 2 waveform shows a read access
that is initiated bythe latter of /E or /G going low. As long
as address is stable when /E goes low, valid data is at the
outputs at thelatter of specified Chip Enable Access or
Output Enabie Access times. if address is not vaiid when
/E goes low, the timing is as specified in READ CYCLE 1.
Chip Enable access time is not affected by the duration of
the deselect interval.

Since /G controls the outputbuffers, /G is required to be
low in order for the outputs to be active.

6/10
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WRITE CYCLE

The write cycle of the IMS1624 is initiated by the latter
of /E or /W to transition from a high to a low. In the case
of /W falling last, the output buffers are turned on teLax
after the falling edge of /E if /G is already low (justas in a
read cycle). The output buffers are then turned off within
twiaz of the falling edge of /W. During this interval it is
possible to have bus contention between devices with
common /O configurations. Therefore input data should
not be active until tw.az. To aviod bus contention, the /G
input can be held high throughout the write operation.

WRITE CYCLE 1 waveform shows a write cycle termi-
nated by /W going high. Data set-up and hold times are
referenced to the rising edge of /W. When /W goes high
at the end of the cycle with /E active, the output of the
memory becomes active (if /G is low). The data from the
memory will be the same as the input data unless the input
data or address changes.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by /E going high. Data set-up and hold times are
referenced to the rising edge of /E. With /E high the
outputs remain in the high impedance state.

WRITE CYCLE 3 waveform shows a write cycle
controlled by /W, with /G high and /E low throughout the
cycle. As the outputs will not become active during this
operation, maximum data bandwidth is provided by allow-
ing very shortwrite cycles and eliminating any bus conten-
tion considerations.




IMS1624

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1624. The impedance in the decoupling path from the
power pin through the decoupling capacitor to the ground
pin should be kept to a minimum. The impedance of this
path is determined by the series impedance of the power
line inductance and the inductance and reactance of the
decoupling capacitor.

Currenttransients associated with the operation of any
high speed device have very high frequency components,
so line inductance is the dominating factor. To reduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 microfarad and be placed between each row of de-
vices in the array. A larger tantalum capacitor of a suffi-
cient value to eliminate low frequency ripple, should be
placed near the memory board edge connection where
the power traces meet the backplane power distribution
system. These larger capacitors provide bulk energy
storage to prevent voltage drop due to the main supply
being located off the memory board and at the end of a
long inductive path. The ground grid of the memory array
shouldextendto the TTL driver periphery circuitarea This

will provide a solid ground reference for the TTL drivers
and prevent loss of operating margin of the drivers due to
differential ground noise.

TERMINATION

Trace lines on amemory board in the array look to TTL
driver signals like low impedance, unterminated transmis-
sion lines. In order to reduce or eliminate the reflections
of the TTL signals propagating down the lines, especially
low going TTL signals, line termination is recommended.
The termination may be either series or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number of
components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver to
dampen the reflection on the line. The resistor should be
placed as close to the driver package as is practical. The
line should be kept short by placing the driver-termination
combination close to the memory array.

Some experimentation will have to be done to find the
proper value to use for the series termination to minimize
reflections, but generally a series resistor in the 10 to 33
ohm range will be required. Because each design will
resultin a different signal impedance, a resistor of prede-
termined value may not properly match the signal path
impedance. The proper value of resistance should there-
fore be selected empirically.

7710
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IMS1624
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FIGURE 1. OUTPUT LOAD

Type | Package Lead finish
A Formed flat-pack gold 5.0V
B Formed flat-pack solder
C Lcc gold
D Cerdip solder
E Small outline, J-bend solder 4800
G PGA gold
H | Small outline, Gull wing solder 1/0 (Dour)
J PLCC, J-bend solder 30pF
K Sidebraze ceramic DIP solder
N Ceramic LCC solder 255Q gzg%uED;m%
P Plastic DIP solder I FIXTURE)
S | Sidebraze ceramic DIP gold = =
T | (Skinny) Flat-pack solder
W [ Ceramic LCC gold
Y (Skinny) Flat-pack gold
ORDERING INFORMATION
DEVICE SPEED PACKAGE PART NUMBER
25ns PLASTIC DIP IMS1624P-25
25ns CERAMIC DIP IMS1624S-25
25ns CERAMIC LCC IMS1624W-25
25ns PLASTIC SOJ IMS1624E-25
30ns PLASTIC DIP IMS1624P-30
30ns CERAMIC DIP IMS1624S-30
30ns CERAMIC LCC IMS1624W-30
30ns PLASTIC SOJ IMS1624E-30
IMS1624 35ns PLASTIC DIP IMS1624P-35
35ns CERAMIC DIP IMS1624S-35
35ns CERAMIC LCC IMS1624W-35
35ns PLASTIC SOJ IMS1624E-35
45ns PLASTIC DIP IMS1624P-45
45ns CERAMIC DIP IMS16245-45
45ns CERAMIC LCC IMS1624W-45
45ns PLASTIC SOJ IMS1624E-45
55ns PLASTIC DIP IMS1624P-55
55ns CERAMIC DIP IMS1624S-55
55ns CERAMIC LCC IMS1624W-55
55ns PLASTIC SOJ IMS1624E-55
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IMS1624

PACKAGING INFORMATION

24 Pin Plastic J Leaded SOJ

e———— D

NN00nnnnonnnan Dim e ot L "

S Max Max
O A |.120 | .140 | 3.048| 3.556
B1 |.014|.019| .356 | .483
c |.010 .254
D |.602 | .612 [15.291(15.545
+ E |.335|.347 |8.509 [8.814

E1 .292 | .299 |7.417 | 7.595
el .050 {.050 (1.270 [1.270
J eA |[.262|.272|6.655 | 6.909
L .028 | .036 | .711 | .914

Ubououtououguoug

/

ngc
1 N

24 Pin Plastic Dual-In-Line

>
>‘ |<r-

Inches mm
Dim
D » Nom| Tol | Nom | Tol
A |.165 4.551
) S WA ST s SRS SURPS s SO, S, S, SR S o SRS o 51 Al | .045 |.025 | 1.143 | .635

B |.018 |.006 | 0.457 |.152
B1 {.060 |.003 | 1.524 |.127
Y + | o |1.160|.002 | 20.46 | .05
L/ E |.300|.003 |7.620 |.076
el |.100 |.010 | 254 |.254
oA |.325 | .010 | 8.255 |.254

R W e N e T T e Vol W W)

Y
A X
Al
B»ll« Bt > el le— eA—>
- 11 equal spaces @
2.54
0.100

9/10
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IMS1624

24 Pin Ceramic Dual-In-Line

Inches mm
Dim
Nom | Tol | Nom | Tol
———— _———>
D A |.096 |.012 | 2.438|.305
A1 1.035.015 | .889 |.381
_ L . B |.018|.002|.457 |.051
B1 |.060 | Typ | 1.524 | Max
D |1.20|.012|30.48 |.305
™ E ].315].010 |8.001 |.254
4 E1 |.295|.015|7.463 |.381
el |.100 | .010 | 254 |.254
o L |.145|.020 | 3.683 ‘SOSJ
y A
5
L A1
| e e ek ~er
11 equal spaces @ -« E—>»
2.54
0.100
28 Pin Leadless Chip Carrier
Dim Inches mm Notes
Nom | Tol | Nom | Tol
A .071 | .007 | 1.803 | .178
B1 .025 | .003 | .635 | .076
D .550 | .010 {13.970| .254
E .350 | .010 | 8.890 | .254
el .050 |.002 | 1.270 | .051
J(—; ]
| s—
— _Y_
= B1
- A
D + jL
| s—
| —
o —
\k—‘—ﬁ L] w
e Sk
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(NMOS’
FEATURES

« INMOS' high performance CMOS

Advanced Process - 1.6 Micron Design Rules

8K x 8 Bit Organization

45, 55, 70, 100 and 120 ns Address Access Times
45,55, 70, 100 and 120 ns Chip Enable Access Times
Fully TTL Compatible

Common Data Inputs and Outputs

Single +5V + 10% Operation

Standard 28 Pin 600-mil DIP, 28-Lead SOIC

and Skinny DIP Package

Battery Backup Operation - 2V Data Retention

PIN CONFIGURATION LOGIC SYMBOL

Ne [ 28 [ Vee —{ao

‘“252 27%‘2’2 —{a o, —

A7 3 % —{n

A s 25 [ A8 —m O

A5 [s 20 [ A9 —fAs 1O, —

M e 23 [ AN —{as  vog }—

. 2 [T —a 0

2 s 21 [ A0 — 5

Al e 20 (1B — a8 O —

A o 19 g VOg — a0 o, |—

10, 1 18 o, — a0

Vozé 12 17 [ vog —J Ay Os—

(e 13 16 [ VOs — A12

vss []14 15 [] VOs T17Y
DIP and SOIC BETW

PIN NAMES

| A,- A, ADDRESS INPUTS |
LW WRITE ENABLE

orios  DATANOUT
E1,E2  CHIPENABLE
| G ) QUTPUT ENABLE

Vec POWER (+5V)
GROUND

Vee

November 1989

IMS1630L
CMOS

High Performance
8K x 8 Static RAM

DESCRIPTION

The INMOS IMS1630L is a high performance 8Kx8
CMOS Static RAM.

The IMS1630L features fully static operation requiring
no external clocks or timing strobes, with equal access
and cycle times. The IMS1630L provides two Chip Enable
functions (E1, E2) to place the device into a reduced
power standby mode.

In the low power battery backup data retention mode,
the IMS1630L consumes typically 10uA at 2 volts supply.

mim
g

ols

BLOCK DIAGRAM

M3 | le— vee
i > le— Vss
a3
MEMORY ARRAY
o e 56 ROWS
as —{3— 256 COLUMNS
A —{F ]
an—{F
ae—{F ] - ]
VO, ’—_‘ r—— COLUMN 1O
Vol COLUMN SELECT
05 l INPUT
0, DATA
cTL
vos j—w A0 A1 A2 A3 A10
10, o
vo, :{_?_
VOy j—

11 1
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IMS1630L

ABSOLUTE MAXIMUM RATINGS*
Voltage on any pin relative to Vss......... -2.0to 7.0V
Voltage on /0o -1.0 to (Vcc+0.5)
Temperature Under Bias. ..-565° C to 125°C
Storage Temperature -65° C to 150°C
Power Dissipation..............coccceeeneniiiiiiiie e
DC Output Current....

(One output at a time, one second duration)

DC OPERATING CONDITIONS

“Stresses greater than 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 above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating

conditions for extended periods may affect reliability.

[
I SYMBOL PARAMETER L | MIN TYP MAX ’ UNITS ‘ NOTV[ESN -
Vec | Supply Voltage a5 | 50 | 55 v |
Vss Supply Voltage 0 0 ] 0 \
ViH Input Logic "1" Voltage ?.0 VccTO.S Vv All inputs
Vi Input Logic "0" Voltage -1.0* 0.8 \" All inputs
Ta Ambient Operating Temperature | 0 70 j °C |400 linear h/mip air flow,
VIL;I-H - ;56 volts for pulse width <20ns, note b.
DC ELECTRICAL CHARACTERISTICS (0°C < Ta< 70°C) (Vcc=5.0V £ 10%)°
SYMBOL PARAMETER MIN | MAX | UNITS NOTES
| Average Vcc Power ; )
cc Supply Current 90 | MA  [tAvAVv = tavAv (min)
lccs | Vec Power Supply Current 20 MA | E1 > Vi or E2<VIL. All other inputs at
(Standby,Stable TTL Input Levels) 7 VINS ViL or > VH
leca Vcc Power Supply Current 8 mA |E1> (Vcec - 0.2V) or E2 < 0.2V. All oth-
(Standby, Stable CMOS Input Levels) er inputs at VN < 0.2 or > (Vcc- 0.2V
lcca | Vec Power Supply Current 10 | mA | E12 (Voc-0.2V)or E2<0.2V. Inputs
(Standby, Cycling CMOS Input Levels) | cycling at Vin < 0.2 or 2 (Vec - 0.2V)
+1 uA | Vee = max
liLk Input Leakage Current (Any Input) VIN = Vss to Vcc
+5 uA Vce = max
lotk Off State Output Leakage Current VIN = Vss to Vce
VoH | Output Logic "1" Voltage 2.4 Voo =-4mA
VoL Output Logic "0" Voltage | 04 v loL = 8mA
— o 1 -

Note a: lcc is dependent on output loading and cycle rate, the specified values are obtained with the outputs unloaded.

AC TEST CONDITIONS

CAPACITANCE® (TA=25°C, f=1.0 MHZ)

Input Pulse Levels ~.Vss10 3V
Input Rise and Fall Times
Input and Output Timing Reference Levels.. 1.5V

See Figure 1

| |SYMBOL| PARAMETER  MAX|UNITS |CONDITIONS
r”_pw Input Capacitance{n ] 5 pF | AV = Oto 3\(
N T Cour | Output Capacitance| 7 pF | AV=0to3V

2/10
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Note b: This parameter is sampled and not 100% tested.




IMS1630L

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V +10%)
READ CYCLE?®

IMS MS IMS IMS mMs [U]N
1630L- | 1630L- 1630L- | 1630L- |1e30L- |N|O
SYMBOL a5 55 70 100 120 |17
PARAMETER T|E
No | Stan'd Alt. MIN [MAX|MIN |MAX [MIN [MAX|MIN ]MAX MIN|MAX|s | §
1 [tE1LQv [tACS [Chip Enable Access Time 45 55 70 100 120 |7
2 | tE2HQV JtACS | Chip Enable Access Time 45 55 70 100 120 |NS
3 | tAVAV_[tRc |Read Cycle Time 45 55 70 100 120 ns| o
4| tavav |taa |Address Access Time 45 55 70 100 [120|ns| g
5| tGLQv [toe [O/P Enable to Data Valid 20 20 35 40 50 |ns
6 | tAXQX |tOH |O/P Hold After Addr's Ch'ge 5 5 10 10 10 ns
7“_‘ E1LQZ | tLZ |Chip Enable to O/P Active 5 5 10 10 10 ns
8 | tE1HQZ | tHZ | Chip Disable to O/P Inactive 0 200 [25 | 0| 250 | 35| O] 40]nslt,j
9 |tE2HQZ | tLZ |Chip Enable to O/P Active S 5 10 10 10 ns
10 |te2Laz | 'HZ | chip Disable to O/P Inactive 0 {2 |0 25 | 0] 25/0 | 35| O 40|ns|tj
11 [tGLAX_ | 1Lz |o/P Enable to O/P Active 5 5 5 5 5| _Ins
12 |tGHAZ |tHZ |O/P Disable to O/P Inactive O (200 |25 | 0] 25[{0 | 35| O 40]ns|t,j
13 |tE1HICCH tPU_| Chip Enable to Power Up 0 0 0 0 0 ns| j
14 |tE1LICCL| tPD |Chip Enable to Power Down 20 20 20 25 30 [ns| |
15 |tE2HICCH tPU | Chip Enable to Power Up 0 0 0 0o 0 ns| |
16 | tE2LICCL| tPD | Ghip Disable to Power Down 20 20 20 25 30(ns| j
v tT__|vP Rise and Fall Times 50 50 50 50 50 | nsle, j
Note c: For READ CYCLE 1 &2, Wis high for entire cycle.
Note d: Device is continuously selected; E1 low, G low and E2 high.
Note e: Measured between Vi. max and Vi min.
Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E1, E2, G and W must transition between Vi1 to Vi or ViL to Vin in @ monotonic fashion.
Note j: Parameter guaranteed but not tested.
READ CYCLE 1c,d 31AVAV >
ADDRESS D ADDRESS VALID * "l
4 AVQV >
H——— 6 tAXQX ——
VO (Data Ou!)l OUTPUT VALID ]
READ CYCLE 2°
re- 31AVAV
ADDRESS l:* ADDRESS VALID I
11E14QV
—\[¢— 7 {E1LOX —1
B X T ooz
10 tE2L0Z

l
S S SN

[¢——— 9 tE2HOX
12 1GHQZ
s1GLQV —®|
G
11 1GLAX 14 tE1HICCL
16 tE2LICCL
VO (Data Out) OUTPUT VALID
je———s1aEruicen
acTvE 15 1E2LICCH
1cc STANDBY

3/10
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V £10%)

WRITE CYCLE 1: W CONTROLLEDS"

IMS IMS IMS IMS IMS : g

SYMBOL 16::%L- 16:;2L- 16:;%L~ 1613:°L- 1 61320(:.- L

PARAMETER T |E

No|Stan'd | Al MIN [MAX [MIN [MAX{MIN [MAX] MIN [MAX [MIN |MAX]| S |S
18tavAv [twc |Write Cycle Time 45 55 70 100 120 ns
19|tWLWH | twp |Write Pulse Width 35 40 40 60 70 ns
20|te1LWH| tcw |Chip Enable 1 to End of Write 35 40 40 60 70 ns
21 |teoHwH tcw |Chip Enable 2 to End of Write 35 40 40 60 70 ns
22 tpywH | tpw |Data Setup to End of Write 20 20 20 40 40 ns
23|twHDX |tpH |Data Hold after End of Write 0 0 0 0 0 ns
24 [tAVWH | tAw |Address Setup to End of Write 35 40 40 80 85 ns

25 [tAVWL |t AS |Address Setup to Start of Write 0 0 0 0 0 ns:
26 twHAX | twr |Address Hold after End of Write 0 0 0 1t} 0 ns

27|twLQz | twz |Write Enable to Output Disable o] 20| o] 20| of 20f 0| 35|0 40 | ng E

28 [tWHQX | tow |Output Active After End of Write 5 5 5 5 5 ns|i,j

WRITE CYCLE 2: E1 OR E2 CONTROLLEDS"

‘ IMS IMS IMS IMS IMS z g

SYMBOL 16::05L- 16:;(;L- 162;%L- 163;;- 1613;);- VT

PARAMETER T|E

No | Stan'd Alt. MIN [MAX [MIN [MAX|MIN [MAX [MIN [MAX{MIN [MAX]| S |S
29 [ tAVAV [ twC | Write Cycle Time 45 55 70 100 120 ns
30[tWLE1H| twp | Write Pulse Width 35 40 40 60 70 ns
31[{tE1LEIH tCcw | Chip Enable 1 to End of Write 35 40 40 60 70 ns
32 |teoHe2l] tow | Chip Enable 2 to End of Write 35 40 40 60 70 ns
33|tbVETH| tpw | Data Setup to End of Write 20 20 20 40 40 ns
34|tE1HDX | tpH | Data Hold after End of Write 0 0 0 0 0 ns
35 |tAVE1H | tAW | Address Setup to End of Write 35 40 40 80 85 ns
36 |tE1HAX | twR | Address Hold after End of Write 0 ns
S7T|tAVEIL | t AS | Address Setup to Start of Write 0 ns

38 twLQZ | tWZ | Write Enable to Output Disable 20| ol 20! 0| 20 30| 0] 35]|ns|fj

Note f:
Note g:
Note h:
Note i:
Note j:

4/10

Measured +200mV from steady state output voltage. Load capacitance is 5pF.
E1, E2, G and W must transition between Vix to ViL or Vit to Vin in a monotonic fashion.
E1, or W must be > Vi1 or E2 must be < Vit during address transitions.
If W is low when the later of E1 goes low or E2 goes high, the outputs remain in the high impedance state.

Parameter guaranteed but not tested.
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WRITE CYCLE 1
¢ 18IAVAV
ADDRESS [ * ADDRESS VALID J
——————————— 20 tE1 LWH———— P

| |<—--—-——— 21 tE2HWH —————————] |

':_———25 AW —by 24 AVWH ] 26 tWHAX
|@— 19 tWLWH —
W }\\\\\k ‘ ,:j_—

22
. tDVWH
— 23 tWHDX
/0 (DATAIN) | ; DATA VALID )t ]
27 WLQZ ‘q_. 28 tWHQX
1/O (DATA OUT) | \ HIGH IMPEDANCE

v

WRITE CYCLE 2
¢————— 29 tAVAV >
ADDRESS D ADDRESS VALID
4——————————— 31 tE1E1H ————————————— ]
E1 4
—> 37 tAVE1IL
E2 32 tE2HE2L —__p\\

|<—-—-—-—- 35AVETH _____.__>4__>l 36 tE1HAX

N ANAANNANNNNNNN NN 777777777/,

33
tDVE1H
> 34 tETHDX
110 (DATAIN) | J; DATA VALID )& |

38 tWLQZ l<.__’

1/0 (DATA OUT) [ HIGH IMPEDANCE

5/10
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IMS1630L

DEVICE OPERATION

The IMS1630L has four control inputs, Chip Enable1
(E1), Chip Enable 2 (E2), Write Enable ( (W) and Output
Enable (G). There are also13 address inputs (A0 -A12)
and eight Data I/O lines (I/0 1 to I/0 8). The Enable inputs
control device selection as well as active and standby
modes. The W input controls the mode of operation (Read
or Write). The G input controls only the state of the eight
output drivers.

With both E1 low and E2 high, the device is selected
and the 13 address inputs are decoded to select one 8-bit
word out of 8K words. Read and Write operations on the
memory cells are controlled by the Winput. With either E1
high or E2 low, the device is deselected, the outputs dis-
abled and the power consumption is reduced to less than
one-fourth of the active mode power. G serves only to
control the operation of the output drivers. When G is high,
the output drivers are in a high impedance state, indepen-
dant of the E1, E2 and W inputs.

READ CYCLE

A read cycle is defined as W > ViHmin with E1 < ViL max,
E2 > ViH min and G < VIL max. Read access time is
measured from the later of either E1 going low, E2 going
high, valid address, or G going low.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while E1
is low and E2 is high (with G low). The output remains
active throughout READ CYCLE 1 and is valid at the
specified address access time. The address inputs may
change at access time and the output remains valid for a
minimum of tAXQX. As long as E1 remains low and E2 is
high, the cycle time is equal to the address access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by the later of E1 going low, E2 going high
or G going low. As long as address is stable when the
later of E1 goes low or E2 goes high, valid data is at the
output at the later of tE1LQV, tE2HQV or tGLQV. |f
address is not valid when the later of E1 goes low or E2
goes high, the timing is as specified in READ CYCLE 1.
Chip Enable access time is not affected by the duration of
the deselect interval.

The G signal controls the output buffer. G is required to
be low (along with E1 low and E2 high) in order for 1/01 -
1/0 8 to be active.

WRITE CYCLE

The write cycle of the IMS1630L is initiated by the later of E1
or Wto transition from a high to a low or E2 transitioning from
low to high. The G control will remove bus contention if held
high throughout the duration of the write cycle. If G is low
during a W controlled write cycle (Write Cycle 1), the output
bufferwillbe turned on by the later of tE1LQX afterthe falling
edge of E1 ortE2HQX after the rising edge of E2. The output
buffer is then turned off within tWLQZ of the falling edge of

6/10
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W. During this interval, it is possible to have bus conten-
tion between devices with common input/output connec-
tions. Therefore the recommended mode of operationisto
keep G high during the write cycle. During a write cycle,
data onthe inputs is written into the selected cells and the
outputs are floating.

For any write cycle, tAVWL, tAVE1L, or tAVE2H must
be met, depending on whether E1, E2 or W is the last to
transition. After either W or E1 goes high or E2 goes low
to terminate the write cycle, addresses may change. If
address set-up and hold times are not met, contents of
other cells may be altered in unpredictable ways. The
fidelity of the W control signal is very important. Excessive
ringing on highto low transitions may cause signals to rise
above VIL max, violating the minimum W pulse width
specification - tWLWH.

WRITE CYCLE 1 waveform shows a write cycle termi-
nated by W going high. Data set-up and hold times are
referenced to the rising edge of W. When W goes high
while E1 islow and E2 is high, the outputs remainin a high
impedance state (unless G is low). If G is low when W
goes high at the end of a write cycle the data read fromthe
memory will be the same as the data just written into the
memory. Thus, no data bus contention will occur.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by the later E1 going high or E2 going low. Data set-
up and hold times are referenced to the later of the rising
edge of E1 or the falling edge of E2. With either E1 high
or E2 low the outputs remain in the high impedance state.

When using WRITE CYCLE 1 proper management of
the G control signal will avoid bus contention. If G is low
when W goes high (with E1 low and E2 high) the output
buffers will be active tWHQX after the rising edge of W.
Data out will be the same as the data just written, unless
the address changes. If input data fromthe previous cycle
is still valid after the address changes, contention may
result. Contention may also result if the device is selected
(E1 low, E2 high, G low) before W goes low and input data
is valid early in the cycle. The recommended mode of
operationis to keep G high except when readingdata from
the device, thus avoiding bus contention.

TTL VS. CMOS INPUTLEVELS

The INMOS 1630L is fully compatible with TTL input
levels. The input circuitry of the IMS1630L is designed for
maximum speed and also for conversion of TTL level
signals to the CMOS levels required for internal operation.
The IMS1630L consumes less power when CMOS levels
are used instead of TTL levels. The lower CMOS Icc
specifications (lcc3 and lcc4) may be achieved by using
CMOS levels. The power consumption will be lower at
typical TTL levels than at the worst case levels.




IMS1630L

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1630L. The impedance in the decoupling path from
the power pin through the decoupling capacitor to the
ground pin should be kept to a minimum. The impedance
of this path is determined by the series impedance of the
power line inductance and the inductance and reactance
of the decoupling capacitor.

Current transients associated with the operation of any
high speed device have very highfrequency components,
so line inductance is the dominating factor. To reduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 uF and be placed between each row of devices in the
array. A larger tantalum capacitor of a sufficient value to
eliminate low frequency ripple, should be placed near the
memory board edge connection where the power traces
meet the backplane power distribution system. These
larger capacitors provide bulk energy storage to prevent
voltage drop due to the main supply being located off the
memory board and atthe end of a long inductive path. The
ground grid of the memory array should extendtothe TTL
driver periphery circuit area. This will provide a solid
ground reference for the drivers and prevent loss of
operating margin due to differential ground noise.

DATA RETENTION (L version only) (0°C < TA < 70°C)

TERMINATION

Trace lines ona memory board inthe array look to TTL
driver signals like low impedance, unterminated transmis-
sion lines. In order to reduce or eliminate the reflections
of the TTL signals propagating down the lines, especially
low going TTL signals, line termination is recommended.
The termination may be either series or parallel.

The recommended technique is to use series termina-
tion. The series termination technique has the advantage
of drawing no DC current and using a minimum number of
components. This is accomplished by placing a series
resistor in the signal line at the output of the TTL driver to
dampen the reflection on the line. The resistor should be
placed as close to the driver package as is practical. The
line shouid be kept short by placing the driver-termination
combination close to the memory array.

Some experimentation will have to be done to find the
proper value to use for the series termination to minimize
reflections, but generally a series resistor in the 10 to 33
ohm range will be required. Because each design will
result in a different signal impedance, a resistor of prede-
termined value may not properly match the signal path
impedance. The proper value of resistance should there-
fore be selected empirically. A resistor of predetermined
value may not properly terminate the transmission line.

Proper power distribution techniques, including ade-
quate use of decoupling capacitors, and proper termina-
tion of TTL drive outputs are some of the most important
yet basic guidelines that need to be followed when design-
ing and building a memory board. The guidelines are
intended to maintain the operating margins of all devices
on the memory board by providing a quiet environment
free of noise spikes, undershoot, and excessive ringing. It
is wise to verify signal fidelity by observation utilising a
wideband oscilloscope and probe.

SYMBOL PARAMETER MIN TYP* [MAX|UNITS NOTES

VbR Data Retention Voltage 2.0 volts | VN £0.2Vor 2 (Vce -0.2V) E 2(Vee -0.2V)
IcCDR1 Data Retention Current 10 | 100| MA | Vce = 3.0 volts

Iccorz | Data Retention Current 70 | BA | Vce=2.0volts

teqvecoL | Deselect Time (ICDR) 0 ns ik

tvccHeL | Recovery Time (R ) tRC ns | jk (tpc = Read Cycle Time)

* Typical data retention parameters at 25 °C
Note j: Parameter guaranteed but not tested

Note k: Supply recovery rate should not exceed 100mV per10us from Vprto Vg min

Data Retention Mode

<

45V

Vece

VDR > 2V

4.5V

tCDRl@

m|

E2(Vpr-0.2V)

710
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Type | Package Lead finish FIGURE 1. OUTPUT LOAD
A Formed flat-pack gold 5.0V
B Formed flat-pack solder
Cc LCC gold
D Cerdip solder
E Small outline, J-bend solder
G PGA gold
H Small outline, Gull wing solder 1/0 (Dour) -

J PLCC, J-bend solder
K Sidebraze ceramic DIP solder
N | Ceramic LCC solder 255Q
P Plastic DIP solder I
S | Sidebraze ceramic DIP gold = =
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
E1 E2 w G o |  MODE
H X X X HI-Z Standby (Isb)
X L X X HI-Z Standby (Isb)
L H H | H HI-Z | Output disable
L H H L Dout a Read
L H L X DIN Write
ORDERING INFORMATION
DEVICE ~ SPEED PACKAGE PART NUMBER
45ns PDIP IMS1630LP45
45ns SoIC IMS1630LH45
45ns Skinny DIP IMS1630LP45Z
55ns PDIP IMS1630LP55
55ns SoICc IMS1630LH55
55ns Skinny DIP IMS1630LP55Z
IMS1630 70ns PDIP IMS1630LP70
70ns sSolC IMS1630LH70
70ns Skinny DIP IMS1630LP70Z
100ns PDIP IMS1630LP10
100ns soic IMS1630LH10
100ns Skinny DIP IMS1630LP10Z
120ns PDIP IMS1630LP12
120ns Soic IMS1630LH12
120ns Skinny DIP IMS1630LP12Z
8/10

104




IMS1630L

PACKAGING INFORMATION
28 Pin Plastic Dual-In-Line

|l »!

- D

T = = P~ o S~ s S = S P o SO = o~ S =S = A~ S =0 DIm Inches mm

Nom | Tol | Nom | Tol

A 1.150 | .010 | 3.810|.254
A1 [.020 .508

N B |.018 | .006 | 0.457 |.152

o *}* B1 {.060 | Typ | 1.524 | Typ
D [1.450|.015 | 36.83 | .381
E |.600 |.003 {15.240(.076
el [.100|.010| 2.54 |.254
eA |.640 | .020 [16.256.408

I o Y T v Y " "

L[5
T [

’ le— eA—>]

A

13 equal spaces @ »
2.54
0.100

28 Pin SOIC

Dim Inches mm
Min | Max | Min_ |Max
A 120 3.048

Al | .002 |.014 | .051 |.356
B [.014 |.020 | .356 |.508
C |.006|.012|.152 |.305
E | B1 |.014.024|.356 |.610

D |.697|.728 {17.704 18.49
E |[.453 |.500 [11.506(12.7
el |.050 | Typ | 1.27 |Typ
E1 |.324 | .350 | 8.230 | 8.89

c E1

»| |« 016012
-406/.305

9/10
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28 Pin Skinny DIP

Inches mm
Dim
- D Min |Max | Min | Max
? A |.130 3.302
Al | 040 1.016
R ST S = S~~~ o SO = s SO SO SRS s S 5 o B |.016 |.020 | 0.406 |.457
B1 |.045 | .055| 1.143 [1.397
D [1.345/1.355|34.163| 3.442
D $ + $ E |.300|.325| 7.62 |8.255
el [.100 [Typ | 254 |Typ
S 020 | .030 |.508 |.762
T =7 &7 T T e IVl W S ar S A =
Y r— E~—>l
y A

A1
)hS B>H< B)»l L >l e1|< I‘"eA—A

10/10
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@ InMmoSs

IMS 1605: 64K x 1

IMS 1625: 16K x4

IMS 1629: 16K x 4 with Output Enable
IMS 1626/7: 16K x 4 with Separate 1/Os
IMS 1635: 8K x8

IMS 1695: 8Kx9 .
FEATURES

- INMOS' Very High Speed Double Metal CMOS
. Advanced Process-1.2 Micron Design Rules

» 64K Bit Devices

15, 20 and 25 ns Address Access Times

15, 20 and 25 ns Chip Enable Access Times
Fully TTL Compatible

Single +5V + 10% Operation

Battery Backup Operation - 2V Data Retention,
10pA typical at 25°C

Packages include: DIP, LCC and SOJ

Military Versions Available

; s_dk x1

I

COLUMN 110 CIRCUITS
COLUMN SELECT

mi

g

16K x 4 (Without and with Oulput Enable)

With Output Enable
Version

*—Vcc
*—Vss
MEMORY ARRAY
128 ROWS
512 COLUMNS

A0 M [*—Vcc
3 [*—Vss
2 MEMORY ARRAY
@ 128 ROWS
Ja 512 COLUMNS
3
=
A6 H
1/04 L F4 COLUMN VO
l 0S| | COLUMN SELECT
b— =
8
110, H 3
A7—*A13

IMS16X5 series
High Performance

Memory Products

Advance Information

DESCRIPTION

The INMOS IMS16X5 series are high speed advanced

64K double layer metal CMOS Static RAMs.

The range features fully static operation requiring no
external clocks or timing strobes, with equal access and
cycletimes. A chip enable function (E) that canbe used to
place the device into a low-power standby mode is avail-
able onallorganisations. The 8K x 8 organisations provide
an additional Chip Enable for reduced low-power standby
mode. Output Enable (G) is an enhancement on organisa-
tions requiring fast access to dataand enhanced bus con-

tention control.

Military versions of the 16X5 are also available.

16K x 4 (Separate lnputs and Outputs)

= Vcc
[ Vss
MEMORY ARRAY

128 ROWS
512 COLUMNS

-0

82

A7———=A13

= 4
High impedance outputs
/ ‘during write mode
”ﬁ]— J

1627 only

1626 oT\ly_':

Outputs track inputs
- during write mode

8Kx8/8Kx9

AO Vce

§ F-Vss
MEMORY ARRAY

R 128 ROWS
[ 512 COLUMNS
)

AB -

/Og
VOg -

Extra /O on x9
Versions

mim
-nN

November 1989
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IMS16X5
21 Electrical specifications
211 Absolute maximum ratings’
Symbol | Parameter Min Max Unit
Vss Value on relative pin -2.0 7.0 v
Voltage on I/0 —-1.0 | Vec +05 | V
Ta Temperature under bias | —55 125 °C | (One output at a time, one second duration).
Storage temperature -65 150 °C
Power dissipation 1 w
DC output current 25 mA
21.2 DC qperating conditions
Symbol | Parameter Min | Typ Max Units Notes
Vee Supply Voltage 45 | 5.0 55 v
Vss Supply Voltage 0 0 0 \
ViH Input Logic ‘1" Voltage 2.0 Vee +0.5 Vv All inputs
Vi Input Logic ‘0’ Voltage -0.5* 08 \Y) All inputs
Ta Ambient Operating Temperature 0 70 °C | 400 linear f/min air flow

*Vimin. = —3.0V for pulse width <10ns, note b

213

DC electrical characteristics (0°C < Ta < 70°C)(Vcc = 5.0V + 10%)?

For suffixes refer to section 2.1.7.

Symbol | Parameter Min | Max | Units | Notes

lect Average Vcc Power Supply 100 mA tavav = tavav(min).
Current

lecz Vcc Power Supply Current 40 | mA |E, > VyorEx < V. Al
(Standby, Stable TTL Input other inputs at Viy < Vi or
Levels) > V.

leca Vec Power Supply Current 2 mA | E; > (Vec — 0.2V) or E, <
(Standby, Stable CMOS In- 0.2V. Al other inputs at
put Levels) Vin < 0.20r > (Ve — 0.2V,

leca Ve Power Supply Current 25 mA | Ey > (Vec — 0.2V) or E; <
(Standby, Cycling CMOS In- 0.2V. Inputs cycling at Viy <
put Levels) 0.2 0or > (Veec — 0.2V.

ik Input Leakage Current (any +1 uA | Vec = max. Vi = Vgs to
input) Vee.

lotk Off State Output Leakage +5 uA | Vec = max. Viy = Vgs to
Current Vee.

VoH Output Logic ‘1’ Voltage 2.4 \" lon = —4mA.

Vou Output Logic ‘0’ Voltage 0.4 Vv lo. = 8mA.

"Stresses greater than those listed 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 above those indicated in the operational sections of this specification is not implied

Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2/12
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214 AC test condition

Input pulse levels Vgs to 3.0V
Input rise and fall times 5ns
Input and output timing reference levels 1.5V
Output load see figure 2.1
5V
4800
1/0 (Dour)

2550 —I— 30pF (including scope and fixture)

Figure 2.1 Output load

215 Capacitance®

Symbol Parameter Min | Max | Units Conditions
Cin Input capacitance 5 pF AV =0 to 3.0V
Cour Output capacitance 7 pF AV =010 3.0V

2.1.6 Recommended AC operating conditions (0°C < Ta < 70°C)(Vec = 5.0V £ 10%)

Read cycle®
Symbol 16X5-15 16X5-20 16X5-25

No. | Stand. | Alt. | Parameter min [ max | min [ max [ min | max | Units | Notes*
1 te1Lqv tacs | Chip Enable Access Time 15 20 25 ns
2 teonav tacs | Chip Enable Access Time 15 20 25 ns
3 tavav tac | Read Cycle Time 15 20 25 ns c
4 tavav tan | Address Access Time 15 20 25 ns d
5 teLav toe | O/P Enable to Data Valid 8 10 10 ns
6 taxax ton | O/P Hold After Add's Ch'ge 3 3 3 ns
7 teswax' | iz | Chip Enable to O/P Active 8 8 10 ns
8 te1Haz tuz | Chip Disable to O/P inactive 8 10 10 ns f,j
9 teoHaz tz | Chip Enable to O/P Active 8 10 10 ns
10 | teataz tyz | Chip Disable to O/P Inactive 8 10 10 ns f,i
11 taLax tz O/P Enable to O/P Active 3 3 3 ns
12 | tgHaz tuz | O/P Disable to O/P Inactive 8 10 10 ns £
13 teruceH | teu Chip Enable to Power Up 0 0 0 ns j
14 | tequcer | teo | Chip Disable to Power Down 15 20 25 ns i
15 | teanicen | tru | Chip Enable to Power Up 0 0 0 ns j
16 | teauccL | teo | Chip Disable to Power down 15 20 25 ns j
17 tr I/P Rise and Fall Times 50 50 50 ns e,

* Refer to section 2.1.7.
" Terax is always greater than Tgngz

312
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3 tavav

—
ADDRESS ) 4*

4 tavav
6 taxax |

1/0 (Data Out) *

OUTPUT VALID

Figure 2.2 Read cycle 19

. 3 tavav
ADDRESS * (
1 tesay
L — 7 tetox
E1
8 te1Haz
10 teataz
E2 2 teonav
9 teanox
12 tahoz
e O talav
G —:t ‘
14 tesmiceL
11
tavox ~ r—-} 16 teaticeL
110 (Data Out) ‘\( OUTPUT VALID J’—
13 tesLiceH

15 tesnicen

lec

Figure 2.3 Read cycle 2°
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Write cycle 1: W controlled®"

Symbol 16X5-15 | 16X5-20 | 16X5-25
No. | Stand. | Ait. | Parameter min | max | min | max | min | max | Uriis | Notes*
18 | tavav twc | Write Cycle Time 15 20 25 ns
19 | twuwn | twp | Write Pulse Width 12 15 20 ns
20 | tenwn | tcw | Chip Enable 1 to End of Write | 12 15 20 ns
21 teavwn | tcw | Chip Enable 2 to End of Write | 12 15 20 ns
22 | tovws | tow | Data Setup to End of Write 10 12 15 ns
23 | twiox | tow [ Data Hold after End of Write | 0 0 0 ns
24 | tavwn | taw | Address Setup to End of | 15 15 20 ns
Write
25 | tavw | tas | Address Setup to Start of | O 0 0 ns
Write
26 | twhax | twr | Add's Hold After End of Write | 0 0 0 ns
27 | twaz | twz | Write Enable to Output Dis- | 0 8 0 10 0 10 ns f,j
able
28 | twHax | tow | Output Active after End of | 0 0 0 ns ij
Write
Write cycle 2: E1 or E2 controlled®"
Symbol 16X5-15 | 16X5-20 | 16X5-25
No. | Stand. Alt. | Parameter min | max | min | max | min [ max | Units | Notes*
29 | tavav twc | Write Cycle Time 15 20 25 ns
30 | twuwetn | twp | Write Pulse Width 12 15 20 ns
31 teren | téw | Chip Enable 1 to End of Write | 12 15 20 ns
32 | teaneat | tew | Chip Enable 2 to End of Write | 12 15 20 ns
33 | tovein tow | Data Setup to End of Write 10 12 15 ns
34 | teswpx | tow | Data Hold after End of Write | 0 0 0 ns
35 |tavein | taw | Address Setup to End of | 15 15 20 ns
Write
36 | teynax twr | Address Hold after End of | 0 0 0 ns
Write
37 | taves tas | Address Setup to Start of | 0 0 0 ns
Write
38 | twiaz twz | Write Enable to Output Dis- | 0 8 0 10 0 10 ns f
able

* Refer to section 2.1.7.

217

Notes

Note a: Icc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded.
Note b: This parameter is sampled and not 100% tested.

Note c: For Read Cycle 1 and 2, W is high for entire cycle.

Note d: Device is continually selected, E1 low G low and E2 high.

Note e: Measured between V,_ max. and V), min.

Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.

Note g: E1, E2, G and W must transition between Vy, to V,_ or V,_to V, in a monotonic fashion.

Note h: E1 or W must be > Vi or E2 must be < V| during address transitions.

Note I: If W is low when the later of E1 goes low or E2 goes high, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.

Note k: Supply recovery rate should not exceed 100mV per 10us from Vpg to Ve min.
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111



IMS16X5

18 tavav

ADDRESS ADDRESS VALID

20 tesiwn
E1

21 teonwH ‘
E2

24 taywn -»1 ’_, 26 twHax
25 tAVWL 19 IWLWH
w
22 tovwu
> 23 twHpx
1/O (Data In) DATA VALID

27 twiaz

1/0 (Data Out)

’l Lt 28 twhax
HIGH IMPEDANCE
||

Figure 2.4 WRITE CYCLE 1

ADDRESS 1

. 29 tavav
ADDRESS VALID
— /|\
31 teietn
E1
*’ I 37 taverL

E2 [ 32 teoneal

L 35 taven > I* 36 terhax

I 30 twieH o

w

Y

33 tovetn

-

1/O (Data In)

DATA VALID

f’ 34 te1HDx

38 twioz

1/0 (Data Out)

HIGH IMPEDANCE

6/12

Figure 2.5 WRITE CYCLE 2
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218 Power distribution

Recommended power distribution schemes combine proper power trace layout and placement of decoupling
capacitors to maintain the wide operating margins of the IMS 16X5 series. The impedance in the decoupling
path from the V¢ power pin through the decoupling capacitor to the ground pin should be kept to a minimum.
The impedance of this path is determined by the series impedance of the power line inductance and the
inductance/reactance of the decoupling capacitor.

Current transients associated with the operation of high speed memories have very high frequency compo-
nents, so line inductance is the dominating factor. To reduce the line inductance, the power trace and ground
trace should be gridded or provided by separate power planes. The decoupling capacitor supplies energy for
high frequency current transients and should be located as near the memory as possible, with the shortest
lead lengths practical. The high frequency decoupling capacitor should have a minimum value of 0.1uF and
be placed between the rows of memory devices in the array. A larger tantalum capacitor for low frquency
current transients should be placed near the memory board edge connection where the power traces meet
the backplane power distribution system. These larger capacitors provide bulk energy storage to prevent
voltage drop due to the main supply being located off the memory board and at the end of a long inductive
path. The ground grid of the memory array should extend to the TTL driver periphery circuit. This will provide
a solid ground reference for the drivers and prevent loss of operating margin due to differential ground noise.

219 Termination

Trace lines on a memory board in the array look to TTL driver signals like low impedance, unterminated
transmission lines. In order to reduce or eliminate the reflections of the TTL signals propagating down the
line, especially low going TTL signals, line termination is recommended. The termination may be either series
or parallel.

The recommended series termination technique uses no DC current and a minimum number of components.
This is accomplished by placing a series resistor in the signal line at the output of the TTL driver to dampen
the reflection on the line. The termination resistor should be placed as close to the driver package as possible.
The line should be kept short by placing the driver—termination combination close to the memory array.

Some experimentation will have to be done to find the proper value to use for the series termination to
minimise reflections, but generally a series resistor in the 10 to 330 range will be required. Because the
characteristic impedance of each layout will be different, it is necessary to select the proper value of this
resistor by trial and error. A resistor of predetermined value may not properly terminate the transmission line

Proper power distribution techniques, including adequate use of decoupling capacitors, and proper termination
of TTL drive outputs are some of the most important yet basic guidelines that need to be followed when
designing and building a memory board. The guidelines are intended to maintain the operating margins
of all devices on the memory board by providing a quiet environment free of noise spikes, undershoot, and
excessive ringing. It is wise to verify signal fidelity by observation utilizing a wideband oscilloscope and probe.
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-« DEVICE

CAPACITOR

Vee
Vss

Figure 2.6 Grid showing decoupling capacitors

2.1.10 Data retention (low power versions only)(0°C < T, < 70°C)

Symbol | Parameter Min | Typ(25°C) | Max | Units | Notes*

Vor Data Retention Voltage | 2.0 v ViN < 0.2Vor > (Vee—0.2V)E >
{(Vee — 0.2V)

lccor1 Data Retention Current 15 100 pA | Vo = 3.0V

lccorz Data Retention Current 10 70 uA | Vec = 2.0V

tenveet Deselect Time (tcpr) 0 ns ik

tvccuer | Recovery Time (tg) tac ns | jk (tgc = Read Cycle Time)

* Refer to section 2.1.7.

DATA RETENTION MODE

Vee 45V Vor > 2V Kasy

tcor e tr

E ) \ E > (Vpor — 0.2V) D

Figure 2.7 Data retention

8/12

114



IMS16X5

2.2 Packaging information
221 Pin-outs and packages
Chip carrier
Q
DIP QeSS soJ
7 N- SN
A 10 022 Vee o Ao 10 N24 Vee
A, 20 h21 A, A; 20 023 A,
As 30 20 As A 3 D20 A A 3 h22 A
As 40 019 As As 4 D19 As As 4 N21 As
As 50 n18 A, Ag 5 018 A; As 50 020 A;
Ay 60 017 Ag A 6 D17 A A 60 D19 NC
Az 70 016 Ay A 7 D16 Ay NC 70 D18 Ag
Ays 80 015 Ass Aia 8 D15 A Ay, 8( 017 Ay
Q 90 D14 Ass Q9 D14 As A, 90 016 Asa
W 100 013D Q100 N15 Ass
Vgs 110 D12 E wWi1Q D14 D
or oo Vss 120 D13 E
iz gwo
>
Figure 2.8 64K x 1 pin configuration
Chip carrier
DIP é’é’>8<" SoJ
- R
As 1 022 Ve ° As 10 024 Voo
As 20 D21 Ag As 20 H23 A,
A; 30 020 A, A7 3 D20 Ay A; 30 h22 A
As 40 019 A, As 4 019 A, As 45 N21 A,
Ay 50 N18 A, As § 018 A Ay 5 020 A,
Ao 60 017 Ao A 6 017 Ao Ao 60 019 Ao
Ay 70 h16 1/0, Ay 7 D161/0y A, 70 118 NC
A, 80 015 1/0, Az 8 D151/02 A, 8 017 1/0,
Az 900 014 1/03 A 9 D141/0s A 95 016 1/0;
E 100 D13 1/04 E 100 015 1/03
Vss 110 D12W NC 110 014 1/04
or am Vss 120 D13 W
waizs
>

Figure 2.9 16K x 4 pin configuration
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Chip carrier
Q
DIP and SOJ £00><
Z2Z, .
T ™ N ~N N
As 10 024 Vce °
As 20 023 As As 4 26 NC
A; 30 022 A; A; 5 025 Ag
As 40 n21 A Ag 6 (124 A;
Ag 50 020 Ay Ay 7 23 A,
A 60 019 Ag Ay 8 22 Ay
Ay 70 D18 NC Ay 9 021 A
A2 80 17 1/0, A2 10 120 1/0,
Az 90 016 1/0, Az 11 19 1/0,
E 100 015 1/0; E12 118 1/0,
G 110 014 1/04
Ves 1204 P13 w oY e en
[%2] <
w;%BQ
Figure 2.10 16K x 4 (with output enable) pin configuration
Chip tarrier
DIP and SOJ g o
T gz <
Ao 10 028 Vcc on-J &
Ay 20 N27 A3
Az 30 026 A1 As 4 ® 126 Ay
As 40 025 Ay A, 5 025 Ay
As 50 024 Ao As 6 024 Ay
As 60 E23Ag As 7 N23 Ag
As 70 22 Dy A; 8 122 D4
A; 80 n21 D3 As 9 D21 Dy
As 90 020 Q. D, 10 020 Q4
D1 10[ ]19 Qa [)2 11 319 03
D110 018 Q E 12 018 Q2
E; 120 017 Q,
Vé 125 316w M D O~
1 PTLEE
ss 5E; Iofﬁ'l;c’

10/12

Figure 2.11 16K x 4 (with separate Inputs and Outputs) pin configuration

116




IMS16X5

Chip carrier
DIP and SOJ o)
TT00> B
T ZZ . o
NC 10 N28 Vce TON-O MO
A2 20 D27 W
A; 30 n2e6 E, As 5 b 129 Ag
As 40 025 As As 6 28 Ag
As 50 024 Ag Ay 7 027 A1
As 60 ]23_&11 A; 8 126 NC
As 74 D22 G A 9 025G
A; 8( 021 Ao A, 10 [124 Ao
Ay 90 020 E; Ao 11 023 E,
Ao 100 D19 1/0s NC 12 (122 1/0g
1/0, 110 ni8 1/0; 1/0y 13 p211/0;
1/02 120 p171/Oe EpEpEpEESpuyE|
1/03 130 316|/85 fvoeroag
Ves 140 h15 1/0, e e -
N OWO I 00
9942999
Figure 2.12 8K x 8 pin configuration
Chip carrier
DIP and SOJ Q
£Ioo> B
> 224 -0
A 10 028 Vee TONT OO0
As 20 o7 W
As 30 H26 E, As 5 i 29 A,
A; 40 n25 Az A, € 28 A,
As 50 n24 A As 7 127 Ao
As 60 023 Ao As 8 26 NC
Ao 70 P22 G Ao 9 No5 G
Ay 80 D21 As Ay 10 124 Az
Az 90 020 E; Az 11 023 E,
1/04 100 019 1/0g 1/0; 12 22 1/0,
%82 110 3:3:;8& 1/02 13 (121 1/0g
1/03 12Q 7
1/04 130 1016 1/0¢ Egggggg
Vgs 140 N151/0s ::a‘)gzzﬁ
22¢=282¢°

Figure 2.13 8K x 9 pin configuration
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2.3 < 4ering information

Device | Speed | Part Number
15ns | IMS1605z-15
IMS1605 | 20ns | IMS1605z-20
25ns | IMS1605z-25
15ns | IMS1625z-15
IMS1625 | 20ns | IMS1625z-20
25ns | IMS1625z-25
15ns | IMS1629z-15
IMS1629 | 20ns | IMS1629z-20
25ns | IMS1629z-25
15ns | IMS1626z-15
IMS1626 | 20ns | IMS1626<-20
25ns | IMS1626z-25
15ns | IMS1627z—-15
IMS1627 | 20ns | IMS1627z-20
25ns | IMS1627z-25
15ns | IMS1635z-15
IMS1635 | 20ns | IMS1635z-20
25ns | IMS1635z-25
15ns | IMS1695z-15
IMS1695 | 20ns | IMS16952z—20
25ns | IMS16952-25

Where z refers to packages P, S, E, or W. See also Appendix D.
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NMOS’

FEATURES

INMOS' Very High Speed CMOS

Advanced Process - 1.2 Micron Design Rules
256K x 1 Bit Organization

25, 30, 35 and 45 ns Address Access Times
25, 30, 35 and 45 ns Chip Enable Access Times
Fully TTL Compatible

Separate Data Input and Outputs

Three-state Output

24 Pin 300-mil DIP, SOJ and

28 Pin LCC

Single +5V + 10% Operation

Power Down Function

e o o s o o s o o

IMS1800
CMOS
High Performance

256K x 1 Static RAM

DESCRIPTION

The INMOS IMS1800 is a high performance 256Kx1
CMOS Static RAM. The IMS1800 provides maximum
density and speed enhancements with the additional
benefits of lower power and superior reliability.

The IMS1800 features fully static operation requiring
no external clocks or timing strobes, with equal access
and cycle times. Additionally, the IMS1800 provides a
Chip Enable function (E) that can be used to place the
device into a low power standby mode.

The IMS1800E is an extended temperature version
pending military qualification of the IMS1800M.

ouT

PIN CONFIGURATION LOGIC SYMBOL
AB A7 A8 Vec A
A 2 [ vee ;]_]L]UU[_]zv —Ir
A7 2 2 as we [ 2 LI 28 24 —ne a2
a8 3 2 - A s - ‘—‘u
A e 2 1A )= Was e
A10 [ 20 1A an 7 a2 s
ake wida =N a A e
e i O = = e
a0 g 16 A3 A 0 2o {are i | oo
o [ 15 [ ar2 o En Ars I
w ; 1" “ o Ne 32, 16 10CINC — an
wide  nE Esilili %
Wvis E D A2 —] A
DIP and SOJ — A
CHIP I Pt
CARRIER — aie
- A7
37
ooy E W
PIN NAMES
| A,-A,,ADDRESS INPUTST Q DATA OUT
I'w WRITE ENABLE | Vcc POWER (+5V)
E CHIP ENABLE | Vss GROUND
D DATA INPUT [ ~
November 1989

BLOCK DIAGRAM

Al
A2 re— Ve
A3 [— Vss
M ROW MEMORY ARRAY
SELEC’ 256 ROWS
AS 1024 COLUMNS
As
A7
A8
D(Ow) QD
COLUMN SELECT

TR A

A9 A10 A11 A12 A13 A14 A1S A16 A17

19
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IMS1800

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vss......... -2.0t0 7.0V *Stresses greater than those listed under *Absolute Maximum Ratings™
Voltage on /0 . -1.0t0 6.0V may cause permanent damage to the device. This is a stress rating

ge on Vo............ S v Fo o only and functional operation of the device at these or any other
Temperature Under Bias... ..-55°Ct0 125°C conditions above those indicated in the operational sections of this
Storage Temperature .... ..-65° C to 150°C specification is not implied. Exposure to absolute maximum rating
Power Dissipation conditions for extended periods may affect reliability.
DC Output-Current...

(One output at a time, one second dur:

SYMBOL PARAMETER ) TYP MAX | UNITS __NOTES ‘
| Voo | Supply Voltage 50 | 55 v
Vss Supply Voltage 0 0 - \' ]
Vi Input Logicv"l" Vorltage +0.5 \" All inputs |
Vi Input Logic "0" Voltage 0.8 \ All inputs
Ta Ambient Operating Ig‘rknperatuirér . 79” °C “j

*ViL min = -3.0V for pulse width <10ns, note b

DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C) {Vcc = 5.0V + 10%)®

SYMBOL PARAMETER MIN MAX/UNITS |  NOTES ]
Average Vcc Power .
lcct Supply Current 120 | mA  |tAVAV = tAvAV (min)
loc2 Vcc Power Supply Current 30 mA | E 2> ViH. All other inputs at
(Standby,Stable 1 iL Input Levels) VINS VL or 2 VH
leca Vcc Power Supply Current 10 mA | E2 (Vcc - 0.2V). All other inputs at
(Standby, Stable CMOS Input Levels) VIN< 0.2 or 2 (Vce - 0.2V)
lcca | Ve Power Supply Current 15 mA | E2 (Vcc-0.2V). Inputs cycling at
(Standby, Cycling CMOS Input Levels) VINS 0.2 or 2 (Vec - 0.2V)
+1 A | Vec = max
lik Input Leakage Current (Any Input) VIN = Vss to Vee
+10 uA Vce = max
loLk Off State Output Leakage Current VIN = Vss fo Vee
Vo | Output Logic "1" Voltage 24 V| lon=-4mA
VoL Output Logic "0" Voltage 0.4 v loL = 8mA

Note a: lcc is dependent on output loading and cycle rate, the specified values are obtained with the output unloaded.

AC TEST CONDITIONS -
Input Pulse Levels ............ NVssto3V |
Input Rise and Fall Times ...................c.......... Sns |
Input and Output Timing Reference Levels..1.5V

{ Output Load ..o, See Figure 1

CAPAQ!ENCEb (Ta=25°C, 1=1.0 MH2)

SYMBOL| PARAMETER | MAX|UNITS/CONDITIONS|
~CN | Input Capacitanceﬂ 4 l pF A\_/_=“0toW§VvJ

i

Cour | Output Capacitance] 4 | pF | AV=0103V

Note b: This parameter is sampled and not 100% tested.

2/9
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IMS1800

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V +10%)

READ CYCLE?
IMS IMS MS MS : g
SYMBOL 18:50' s 18:: - 18::’ T
PARAMETER TlE
No | Stan'd Alt. MIN |MAX [MIN IMAX MIN |[MAX [MIN [MAX] S | S
1 [tELQV |t ACS [Chip Enable Access Time 25 30 35 45 | ns
2 [tAVAV | tRC |Read Cycle Time 25 30 35 45 ns|c
3 [tAvav |t aa |Address Access Time 25 30 35 45 | ns|d
4 1tAXQX | toH |O/P Hold After Addr's Ch'ge 3 3 3 3 ns
5 [tELQX |tz |Chip Enable to O/P Active 3 3 3 3 ns
6 [tEHQZ |tz |Chip Disable to O/P Inactive 0 |20 0 |20 0 J]20 |0 |20 | ns|fi
7 |tELICCH t PU |Chip Enable to Power Up 0 0 0 0 ns| |
8 [tELICCL] tPD |Chip Enable to Power Down 30 30 30 30| ns| |
t T |Input Rise and Fall Times 50 50 50 50| ns| e,

Note c: For READ CYCLE 1& 2, Wis high for entire cycle.

Note d: Device is continuously selected; E low.

Note e: Measured between ViL max and Vi1 min.
Note f:  Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between Vix to ViL or Vi to ViH in a monotonic fashion.
Note j: Parameter guaranteed but not tested.

READ CYCLE 1°¢
2tAVAV -
ADDRESS [ * J
31AVQV >
r—— 4 taxax —»
Q (Data Out) l DATA VALID ]
READ CYCLE 2°
|¢———————— 1 tELQy ————¥ l
: T I
le— siELox—»] 6 EHQZ
Q (Data Out) HIGH IMPEDANCE [ DATA VALID J‘:
_"@"E_I:—__:. o il
icc STANDBY }[

3/9
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta< 70°C) (Vcc = 5.0V £10%)

WRITE CYCLE 1: W CONTROLLED®"

U |N
IMS IMS IMS IMS N |O
SYMBOL 1800- 1800- 1800- | 1800- || |T
PARAMETEH 25 30 35 45 T |E
No|Stan'd | Al MIN| MAX | MIN [MAX |MIN [MAX{MIN|MaX| S | S
9 [tavav [twc |Write Cycle Time 25 30 35 45 ns
10|tWLWH | twp | Write Pulse Width 20 o5 30 40 ns
11[{teLwH |tcw |Chip Enable to End of Write 20 25 30 40 ns
12 |tDVWH | t pw [Data Setup to End of Write 10 12 15 20 ns
13 |tWHDX | tpy |Data Hold after End of Write 0 0 0 0 ns
14/ tAVWH | t AW | Address Setup to End of Write 20 25 30 40 ns
151tAVWL | t AS | Address Setup to Start of Write 0 0 0 0 ns
16 [tWHAX | twRr |Address Hold after End of Write 2 2 0 0 ns
17 twLQz | twz [Write Enable to Output Disable ol10 01]10 0]20( 020 |ns|fj
18 [ tWHQX | t ow | Output Active After End of Write 5 5 5 5 ns | i
Note f:  Measured £200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between Vi1 to Vi or ViL to Vi in a monotonic fashion.
Note h: E, or W must be > Vi during address transitions.
Note i: If W is low when E goes low, the outputs remain in the high imBedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 2: E1 OR E2 CONTROLLEDS"
< 9 tAVAV >
ADDRESS | ( ]

Z

44— 1 1HHELWH ————————— P

| 14 tAVWH

15 tAVWL —

»la
g

_ \\\“‘— 10 tWLWH —pp
w )
ID:/%NH ;

—

16 tWHAX

D (DATAIN) |

- —» 13 tWHDX
* DATA VALID )[ —I

17 tWLQZ

g

>

Q (DATA OUT) r DATA UNDEFINED

e

HIGH IMPEDANCE

18 tWHQX

4/9
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RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V £+10%)
WRITE CYCLE 2: E CONTRCLLEDS-h

U|N
MS mMs MS mMs |n|o
SYMBOL 1800- 1800- 1800- 1800- | T
PARAMETER 25 30 35 45 T1lE
No | Stan'd | Alt. MIN | MAX | MIN [MAX |MIN [MAX|MIN|MAX| S | S
19 {tAVAV |twc |Write Cycle Time 25 30 35 45 ns
20tWLEH | twp Write Pulse Width 20 25 30 40 ns
21tELEH |tcw |Chip Enable to End of Write 20 25 30 40 ns
22 |tDVEH | tpw | Data Setup to End of Write 10 12 15 20 ns
23 [tEHDX | tpy |Data Hold after End of Write 0 0 0 0 ns
24|tAVEH | t AW | Address Setup to End of Write 20 25 30 40 ns
25 [tEHAX | t WR |Address Hold after End of Write 2 2 0 0 ns
26 [tAVEL |tAs |Address Setup to Start of Write 0 0 0 0 ns
271 twWLQZ | {wz | Write Enable to Output Disable ol 10 ol 10 ol15] o |20 |ns] 1,
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between ViH to ViL or ViL to ViH in a monotonic fashion.
Note h: E or W must be > ViH during address transitions.
Note i: If Wis low when E goes low, the output remains in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 2
< 19 tAVAV >
ADDRESS [ ADDRESS VALID ( 1
26 tAVEL —]
21 tELEH ———
z — —
< 24 tAVEH 14— 25 tEHAX
. l—— 20 tWLEH ——pp
W NN /711717771
22
tDVEH
—» @— 23tEHDX
D (DATAIN) | |
27 tWLQZ IQ___.
HIGH IMPEDA
Q (DATAOUT) [ EDANCE
5/9
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DEVICE OPERATION

The IMS1800 has two control inputs, Chip Enable (/E)
and Write Enable (/W), 18 address inputs (A0 -A17), a
Data In (D) and a Data Out (Q). The /E input controls
device selection as well as active and standby modes.
With /E low, the device is selected and the 18 address
inputs are decoded to select one bit out of 256 Kbits. Read
and Write operations on the memory cell are controlled by
the /W input. With /E high, the device is deselected, the
outputs are disabled and the power consumption is re-
duced to less than one-third of the active mode power with
TTL levels and even lower with CMOS levels.

READ CYCLE

A read cycle is defined as /W > ViH min with /E < ViL
max. Read access time is measured from either /E going
low or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while /E
is low. The output remains active throughout READ
CYCLE 1 and is valid at the specified address access
time. The address inputs may change at access time and
long as /E remains low, the cycle time is equal to the
address access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by /E going low. As long as address is
stable when /E goes low, valid data is at the output at the
specified Chip Enable Access time. If address is not valid
when /E goes low, the timing is as specitied in READ
CYCLE 1. Chip Enable access time is not affected by the
duration of the deselect interval.

WRITE CYCLE

The write cycle of the IMS1800 is initiated by the latter
of /E or /W to transition from a high to a low. In the case
of /W falling last, the output buffer will be turned on teLax
after the falling edge of /E (just as in a read cycle). The
output buffer is then turned off within twLaz of the falling
edge of /W. During this interval it is possible to have bus
contention between devices with D and Q connected
together in a common I/O configuration. Therefore input
data should not be active until twLaz to aviod bus conten-
tion.

WRITE CYCLE 1 waveform shows a write cycle termi-
nated by /W going high. Data set-up and hold times are
referenced to the rising edge of /W. When /W goes high
at the end of the cycle with /E active, the output of the
memory becomes active. The data from the memory will
be the same as the input data unless the input data or

6/9
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address changes.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by /E going high. Data set-up and hold times are
referencedto the rising edge of /E. With/E high the output
remains in the high impedance state.

APPLICATION

Itis imperative when designing with any very high speed
memory, such as the IMS1800, thatthe fundemental rules
in regard to memory board layout be followed to ensure
proper system operation.

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1800. The impedance in the decoupling path from the
power pin through the decoupling capacitor to the ground
pin should be kept to a minimum. The impedance of this
path is determined by the series impedance of the power
line inductance and the inductance and reactance of the
decoupling capacitor.

Current transients associated with the operation of any
high speed device have very high frequency components,
so line inductance is the dominating factor. To reduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 microfarad and be placed between each row of de-
vices in the array. A larger tantalum capacitor of a suffi-
cient value to eliminate low frequency ripple, should be
placed near the memory board edge connection where
the power traces meet the backplane power distribution
system. These larger capacitors provide bulk energy
storage to prevent voltage drop due to the main supply
being located off the memory board and at the end of a
long inductive path. The ground grid of the memory array
should extend to the TTL driver periphery circuit area.
This will provide a solid ground reference for the TTL
drivers and prevent loss of eperating margin of the drivers
due to differential ground noise.




IMS1800

ORDERING INFORMATION

DEVICE SPEED PACKAGE PART NUMBER
25ns Plastic DIP IMS1800P-25
25ns Ceramic DIP IMS1800S-25
25ns SOJ IMS1800E-25
25ns Ceramic LCC IMS1800W-25
25ns Ceramic LCC IMS1800N-25
30ns Plastic DIP IMS1800P-30
30ns Ceramic DIP IMS1800S-30
30ns SOoJ IMS1800E-30
30ns Ceramic LCC IMS1800W-30
30ns Ceramic LCC IMS1800N-30

IMS1800 35ns Plastic DIP IMS1800P-35
35ns Ceramic DIP IMS1800S-35
35ns SOJ IMS1800E-35
35ns Ceramic LCC IMS1800W-35
35ns Ceramic LCC IMS1800N-35
45ns Plastic DIP IMS1800P-45
45ns Ceramic DIP IMS1800S-45
45ns SOJ IMS1800E-45
45ns Ceramic LCC IMS1800W-45
45ns Ceramic LCC IMS1800N-45

Type | Package Lead finish
A Formed flat-pack gold
B Formed flat-pack solder
Cc LcC gold
D Cerdip solder
E Small outline, J-bend solder
G PGA gold
H Small outline, Gull wing solder
J PLCC, J-bend solder
K Sidebraze ceramic DIP solder
N Ceramic LCC solder
P Plastic DIP soider
S Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold
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IMS1800

PACKAGING INFORMATION

24 Pin Plastic J Leaded Small Outline

«——-««—— D

fl_l H ﬂ HJ ﬂ H H ﬂ ﬂ H [L Dim Mll:c';::x MlnmmMax Notes
O

A .120 | .140 | 3.048| 3.556
B1 .014 | .019 | .356 | .483
C .010 .254

D .602 | .612 [15.291|15.545
E .335 | .347 |8.509 | 8.814
.292 | .299 (7.417 | 7.595
e1 .050 | .050 {1.270 |1.270

+

eA |.262|.272|6.655 | 6.909
L .028 |.036 | .711 | .914
guouooudgiuoooguoognd
E1
Y
A L /
T U Jt’ﬂ
'S }
» €1l B
24 Pin Plastic Dual-In-Line
f————————— D . Dim |_Inches mm
Nom | Tol [ Nom | Tol
A |.165 4.551
A A S S A1 ].045 |.025 | 1.143 | .635

B |.018 | .006 | 0.457 | .152

k B1{.060 | .003 | 1.524 | 127
+ D [1.160|.002 | 20.46 | .05

= E |.300|.003|7.620 |.076
o1 {100 | 010 | 254 |.254

eA |.325 | .010 | 8.255 |.254

I e N T Y W W v

ol
y A
X
B»H* B> >’ e1|< e eA——A
- 11 equal spaces @ ————»
0100
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IMS1800

24 Pin Ceramic Dual-In-Line o |_inches | mm
Nom | Tol | Nom | Tol
f—————————— [ —
D A |.096|.012 | 2.438/.305
A1 |.035 | .015 | .889 |.381
— e — . B |.018[.002 | .457 |.051
B1 |.060 | Typ | 1.524 | Max
D |1.20 |.012 [30.48 | .305
N E |.315|.010 {8.001 |.254
L + E1 |.295 | .015 |7.493 | .381
e1 |.100 |.010 [ 2.54 |.254
o L |.145|.020 | 3.683.508
Y
A
Y
Y - \
L A1
I Bafl« " B1| [« el ~—E1—
~«—— 11 equal spaces @ <«— F—»
2.54

0.100

28 Pin Leadless Chip Carrier

Dim Inches mm Notes
Nom | Tol | Nom | Tol
A .071 |.007 | 1.803 | .178
B1 1.025|.003 |.635 |.076
D .550 | .010 |13.970| .254
E .350 | .010 | 8.890 | .254
el .050 | .002 | 1.270 | .051

[

i
LL —+
=

j
]

<

99
NMOoSs’
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NMOS’

FEATURES

+ INMOS' Very High Speed CMOS

Advanced Process - 1.2 Micron Design Rules
64K x 4 Bit Organization

25, 30, 35 and 45 ns Address Access Times
25, 30, 35 and 45 ns Chip Enable Access Times
Fully TTL Compatible

Common Data Input and Outputs

Three-state Outputs

24 Pin 300-mil DIP, SOJ and

28 Pin LCC

Single +5V + 10% Operation

Power Down Function

IMS1820

CMOS

High Performance
64K x 4 Static RAM

DESCRIPTION

The INMOS IMS1820 is a high performance 64Kx4
CMOS Static RAM. The IMS1820 allows speed enhance-
ments to existing 64K x 4 applications with the additional
benefit of reduced power consumption .

The IMS1820 features fully static operation requiring
no external clocks or timing strobes, with equal access
and cycle times. Additionally, the IMS1820 provides a
Chip Enable function (/E) that can be used to place the
device into a low power standby mode.

The IMS1820E is an extended temperature version
pending military qualification of the IMS1820M.

PIN CONFIGURATION

LOGIC SYMBOL

BLOCK DIAGRAM

a6 [ 24 [ vee
A7 AS —
SE 3g% = - v
A s 21 A — a2 A v
A0 s 20 ] A2 — A3 o, A2 [ Ves
A (e 1w d A —1 A4 MORY ARRAY
a2 )7 18 [ A0 —{ a8 8] Aow “Ezss o
A3 [T 17 [(3 Wy —ae 2 seLect
a1e o MaEN % Ae 1024 COLUMNS
A1s 10 15 W05 — as X as
E " 14 ] w0 —
"“Em v:gw ‘ —-«::a e
— A vo, A7
NCVi E VO, 1
DIP and SOJ CHIP — a3
CARRIER — Ate vo, oo
— ats Vo wRy
? DATA! COLUMN SELECT
_Y E 10y cn
E W v,
AB A9 AT0 AT1 A1ZA13 Al4 A1S
PIN NAMES
I _ 1
Ay -A, s ADDRESS INPUTS Vcc POWER (+5V) ‘
w WRITE ENABLE | Vss GHOUND“
O-vO  DATANOUT |
| E CHIP ENABLE | - 4]
November 1989 1/9
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IMS1820

ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to Vss......... -2.0to 7.0V
Voltage on /O -1.0 to (Vcc+0.5V)
Temperature Under Bias -55° C to 125°C
Storage Temperature ...-65° C to 150°C
Power Dissipation
DC Output Current

(One output at a time, one second duration)

DC OPERATING CONDITIONS

*Stresses greater than 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 above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

SYMBOL‘ PARAMETEB,,, - ‘
7\777 Supply Voltage }“
\;sisii Supply Voltage i I
7V|H - Input Logic "1" Voltage |
;/\L i J Input Logic "0" Voltage

Ta Ambient Operating Tempe rature

i

* VIL min = -3.0V for pulse width < 10ns, note b

DC ELECTRICAL CHARACTERISTICS (0°C < Ta< 70°C) (Vcc = 5.0V + 10%)?

MIN | TYP | MAX | UNITS  NOTES 7‘
45 50 | 55 v i
0 0o 0 v o
20 ;' i>\}op+os v All inputs |
05* 08 | v | Alinputs

o | [ 70 | °c[400ineartumin airfiow

SYMBOL PARAMETER
lcct Average Vcc Power
Supply Currem
lcca Vce Power Supply Current
(Standby,Stable TTL Input Levels)
lcca Vcc Power Supply Current
(Standby, Stable CMOS Input Levels)
i Vcc Power Supply Current
eC4 | (Standby, Cycling CMOS Input Levels)
liLk Input Leakage Current (Any Input)
loLk Off State Output Leakage Current
VoH Output Logic "1" Voltage

‘ Output Logic "0" Voltage

AC TEST CONDITIONS
Input Pulse Levels
Input Rise and Fall Times
Input and Output Timing Reference Levels..1.5V
Output Load See Figure 1

CAPACITANCE? (Ta=25°C, f=1.0 MHZ2)

MIN | MAX | UNITS
120 mA

30 mA

10 mA

15 mA

+1 HA

#10| pA

B I
2.4 Vv
0.4 \"

|
'

UNITS | CONDITIONS

Note b: This parameter is sampled and not 100% tested.
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NOTES
tAVAV = tAVAV (min)

E1 2 Vi or E2<VIL. All other inputs at |
VINS ViL or 2 Vi

E12 (Vce - 0.2V) or E2 < 0.2V. All oth-
er inputi:it ViN< 0.2 or 2 (Vec-0.2V

E1)>
E1

2

(Voo - 0.2WU)
(Vce - 0.2V)
<

 cycling at Vin < 0.

rE2
red
or

02V, In
v.ev. i

(Vee -

orE2<
2 2
Vee = max

VIN = Vss to Vce

Vce = max
VIN = Vss to Vcc

IoH = -4mA

loL = 8mA

]

Note a: lcc is dependent on output loadmg and cycle rate, the specified values are obtained with the outputs unloaded.

FIGURE 1. OUTPUT LOAD 50y
|

SYMBOL| PARAMETER  MAX|
CIN Input Capacitance | 4 | pF | AV=0to3V
Cour | Output CapacrtanceJ 4 | pF ‘ AV=0103V |

; 480Q

|
o

30pF
gNCLUDING
AND

FIXTURE)

255Q




IMS1820

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vec = 5.0V £10%)

READ CYCLE®
IMS MS IMS ms | b N
" 1820- 1820- 1820- 1820- | 1 ‘T’
SYMBOL PARAMETER 25 30 35 R I
No| Stan'd Alt. MIN [MAX IMIN |[MAX |MIN |MAX [MIN [MAX| S |s
1 | tELQV |t ACS | Chip Enable Access Time 25 30 35 45| NS
2 [tAVAV ItRC |Read Cycle Time 25 30 35 45 i
3 | tAvVQV [taa |Address Access Time 25 30 35 45| ns
4| tAxax |toH |O/P Hold After Addr's Chige | 3 3 3 3 ns
5 |tELQX [tLz |Chip Enable to O/P Active 3 3 3 3 ns
6 | tEHQZ [tHz |Chip Disable to O/P Inactive 0| 121 0|15 |0 15| 0|20 | ns| fj
7 [ tELICCH|tPU |Chip Enable to Power Up 0 0 0 0 ns | i
8 | tEHicCL|tPD | Chip Enable to Power Down 30 30 30 30| ns| i
tT Input Rise and Fall Times 50 50 50 50( ns|ej
Note c: For READ CYCLE 1&2, Wis high for entire cycle.
Note d: Device is continuously selected; E low.
Note e: Measured between Vi max and Vi min.
Note f: Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between ViHto ViL or Vi to Vi in a monotonic fashion.
Note j: Parameter guaranteed but not tested.
READ CYCLE 1°4
<+ 2 tAVAV >
ADDRESS [ ( * ]
3AvVav >
M—— 4 1axax —¥]
Q (Data Out) ) DATA VALID l

READ CYCLE 2°¢

E

Q (Data Out)

ICC

< 1ELQY > 1
B - L

‘4———» 7 ELICCH

ACTIVE

6 tEHQZ
DATA VALID

8 EHICCL

/
STANDBY /

3/9
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mo 104V

RECOMMENDED AC OPERATING CONDITIONS (0°C ¢ Ta < 70°C) (Vcc = 5.0V £10%)

WRITE CYCLE 1: W CONTROLLEDS""

U|N
IMS IMS wms IMS N|o
SYMBOL 1820- 1820- 1820- | 1820- T
PARAMETER 25 30 35 45 TI|E
No | Stan'd | Alt. MIN [MAX | MIN [MAX [miN [max|min{max | S | S
9 [tavav [twc [Write Cycle Time 25 30 35 45 ns
10{twLWH | twp |Write Pulse Width 20 25 30 40 ns
11[teLWH [tcw [Chip Enable to End of Write 20 25 30 40 ns
12|tDVWH | t pw | Data Setup to End of Write 10 12 15 20 ns
13|twHDX | tpHy [ Data Hold after End of Write 0 0 0 0 ns
141tAVWH | t AW | Address Setup to End of Write 20 25 30 40 ns
15 tAVWL | t AS | Address Setup to Start of Write 0 0 0 0 ns
16 [tWHAX | t wr | Address Hold after End of Write 2 2 0 0 ns
17| twLQz | twz |Write Enable to Output Disable ol 10 ol 10 ol 15] ol20 |ns!¥i
181 tWHQX | t ow |Output Active After End ot Write 5 5 5 5 ns| i
Note f:  Measured +200mV from steady state output voltage. Load capacitance is 5pF.
Note g: E and W must transition between Vix to ViL or ViL to ViH in a monotonic fashion.
Note h: E, or W must be > Vii during address transitions.
Note i:  If W is low when E goes low, the outputs remain in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 1
1< 9 tAVAV >
ADDRESS X
44— 11 tELWH ————————— P
| 14 tAVWH »>< 16 tWHAX
lq— 15 tAVWL —»
_ \\\\ 4— 10OtWLIWH—pf—— 1
W \f /
12
tDVWH
—p 13 tWHDX
D (DATA IN) [ DATA VALID ]
17tWLQZ | 18 tWHQX
H -DANCE
Q (DATA OUT) [ DATA UNDEFINED IGH IMPED |
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IMS1820

RECOMMENDED AC OPERATING CONDITIONS (0°C < Ta < 70°C) (Vcc = 5.0V £10%)
WRITE CYCLE 2: E CONTROLLEDS: "

U|IN
IMS IMS IMS IMS N|O
SYMBOL 1820- 1820- 1820- | 1820- T
PARAMETER 25 30 35 45 T|e
No|Stan'd | Al MIN [MAX | MIN|MAX |MIN [MAX|MIN [MAX | S| S
19tAVAV [twc |Write Cycle Time 25 30 35 45 ns
20|tWLEH |twp |[Write Pulse Width 20 25 30 40 ns
21|teLEH |tcw |Chip Enable to End of Write 20 25 30 40 ns
22|tDVEH | tpw |Data Setup to End of Write 10 12 15 20 ns
23(tEHDX | tpH |Data Hold after End of Write 0 0 0 0 ns
24| tAVEH | tAw | Address Setup to End of Write 20 25 30 40 ns
25| tEHAX | tWR [Address Hold after End of Write 2 2 0 0 ns
26 {tAVEL |tAs |Address Setup to Start of Write 0 0 ns
i7 tWLQZ | twz | Write Enable to Output Disable ol 10 ol10 0l 15| 0|20 [nsl
Note f: Measured +200mV from steady state output voltage. Load capacitance is SpF.
Note g: E and W must transition between Vi to ViL or ViL to ViH in a monotonic fashion.
Note h: E or W must be 2 Vin during address transitions.
Note i: If W is low when E goes low, the output remains in the high impedance state.
Note j: Parameter guaranteed but not tested.
WRITE CYCLE 2
< 19 tAVAV >
ADDRESS | X ADDRESS VALID D ]
26 1AVEL —]
44— 21 tELEH ————————— ]
£ N
< 24 tAVEH P 4—P| 25 tEHAX
_ l@—— 20 tWLEH —ppy
L ANNRRNRRRRNRNY L1T77777
22
tDVEH o] €— 23tEHDX
D (DATAIN) | |
27tWLQZ IQ_____.
HIGH IMPEDANCE
Q (DATA OUT) |
5/9
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Wi 104V

DEVICE OPERATION

The IMS1820 has two control inputs, Chip Enable (/E)
and Write Enable (/W), 16 address inputs (A0 -A15), and
four data 1/0 lines.

The /E input controls device selection as well as active
and standby modes. With /E low, the device is selected
andthe 16 address inputs are decoded to select one 4 bit
word out of 64K words. Read and Write operations on the
memory cell are controlled by the /W input. With /E high,
the device is deselected, the output is disabled and the
power consumptionis reducedto less than one-third of the
active mode power with TTL levels and even lower with
CMOS levels.

READ CYCLE

A read cycle is defined as /W > ViH min with /E < Vit
max. Read access time is measured from either /E going
low or from valid address.

The READ CYCLE 1 waveform shows a read access
that is initiated by a change in the address inputs while /E
is low. The output remains active throughout READ
CYCLE 1 and s valid at the specified address access
time. The address inputs may change at access time and
long as /E remains low, the cycle time is equal to the
address access time.

The READ CYCLE 2 waveform shows a read access
that is initiated by /E going low. As long as address is
stable when /E goes low, valid data is at the output at the
specified Chip Enable Access time. If address is not valid
when /E goes low, the timing is as specified in READ
CYCLE 1. Chip Enable access time is not affected by the
duration of the deselect interval.

WRITE CYCLE

The write cycle of the IMS1820 is initiated by the latter
of /E or /W to transition from a high to a low. In the case
of /W falling last, the output buffer will be turned on teLox
after the falling edge of /E (just as in a read cycle). The
output buffer is then turned off within twLaz of the falling
edge of /W. During this interval it is possible to have bus
contention between devices with D and Q connected
together in a common I/O configuration. Therefore input
data should not be active until tw.az to aviod bus conten-
tion.

WRITE CYCLE 1 waveform shows a write cycle termi-
nated by /W going high. Data set-up and hold times are
referenced to the rising edge of /W. When /W goes high
at the end of the cycle with /E active, the output of the
memory becomes active. The data from the memory will

6/9
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be the same as the input data unless the input data or
address changes.

WRITE CYCLE 2 waveform shows a write cycle termi-
nated by /E going high. Data set-up and hold times are
referenced to the rising edge of /E. With/E high the output
remains in the high impedance state.

APPLICATION

It is imperative when designing with any very high speed
memory, such as the IMS1820, that the fundemental rules
in regard to memory board layout be followed to ensure
proper system operation.

POWER DISTRIBUTION

The recommended power distribution scheme com-
bines proper power trace layout and placement of decou-
pling capacitors to maintain the operating margins of the
IMS1820. The impedance inthe decoupling path from the
power pin through the decoupling capacitor to the ground
pin should be kept to a minimum. The impedance of this
path is determined by the series impedance of the power
line inductance and the inductance and reactance of the
decoupling capacitor.

Current transients associated with the operation of any
high speed device have very high frequency components,
so line inductance is the dominating factor. To reduce the
line inductance, the power trace and ground trace should
be gridded or provided by separate power planes. The
decoupling capacitor supplies energy for high frequency
current transients and should be located as close to the
devices with as short lead length as possible. The high
frequency decoupling capacitor should have a value of
0.1 microfarad and be placed between each row of de-
vices in the array. A larger tantalum capacitor of a suffi-
cient value to eliminate low frequency ripple, should be
placed near the memory board edge connection where
the power traces meet the backplane power distribution
system. These larger capacitors provide bulk energy
storage to prevent voltage drop due to the main supply
being located off the memory hoard and at the end of a
long inductive path. The ground grid of the memory array
should extend to the TTL driver periphery circuit area.
This will provide a solid ground reference for the TTL
drivers and prevent loss of operating margin of the drivers
due to differential ground noise.




IMS1820

ORDERING INFORMATION

DEVICE SPEED PACKAGE PART NUMBER
25ns Plastic DIP IMS1820P-25
25ns Ceramic DIP IMS1820S-25
25ns SOJ IMS1820E-25
25ns Ceramic LCC IMS1820W-25
25ns Ceramic LCC IMS1820N-25
30ns Plastic DIP IMS1820P-30
30ns Ceramic DIP IMS1820S-30
30ns SOJ IMS1820E-30
30ns Ceramic LCC IMS1820W-30
30ns Ceramic LCC IMS1820N-30

IMS1820 35ns Plastic DIP IMS1820P-35
35ns Ceramic DIP IMS1820S-35
35ns SOJ IMS1820E-35
35ns Ceramic LCC IMS1820W-35
35ns Ceramic LCC IMS1820N-35
45ns Plastic DIP IMS1820P-45
45ns Ceramic DIP IMS1820S-45
45ns SOJ IMS1820E-45
45ns Ceramic LCC IMS1820W-45
45ns Ceramic LCC IMS1820N-45

Type | Package Lead finish
A Formed flat-pack gold
B Formed flat-pack solder
C |LCcC gold
D Cerdip solder
E Small outline, J-bend solder
G PGA gold
H Small outline, Gull wing solder
J PLCC, J-bend solder
K Sidebraze ceramic DIP solder
N Ceramic LCC solder
P Plastic DIP solder
S Sidebraze ceramic DIP gold
T (Skinny) Flat-pack solder
W | Ceramic LCC gold
Y (Skinny) Flat-pack gold

719
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IMS1820

PACKAGING INFORMATION

24 Pin Plastic J Leaded Small Outline

e———— D

Inches mm
Di
Anonooonopnaoaon m i e (Wi | mae | Notes
e N
O A [.120{.140 | 3.048| 3.556
B1 |[.014|.019| .356 | .483
c |{.010 254
D |.602|.612[15.29115.545
‘}‘ E .335 | .347 |8.509 | 8.814
E1 |.292 |.299 |7.417 | 7.595
el |.050 |.050 {1.270 [1.270
eA |.262 |.272|6.655 | 6.909
N J L 028 |.036 | .711 | .914
goouoouuuoououn
Y E1
L
A 1ﬂﬂﬂﬂgﬁL c
»lellw Bl»l L L# eA —J
24 Pin Plastic Dual-In-Line
———————————— D [ Dim |—'nches mm
Nom | Tol | Nom | Tol
A |.165 4.551
N ey o 5y oy P A T~ A N~ AW =AY A1 |.045 |.025 | 1.143| 635
B (.018 |.006 | 0.457 |.152
B1 {.060 | .003 | 1.524 |.127
N + D [1.160.002 | 20.46 | .05
L E |.300|.003 |{7.620 |.076
el [.100|.010 | 254 |.254
eA [.325|.010 | 8.255 | .254
R W N T W W W N Y el
Y <— E ,>‘
y A

B>I I<— B >‘ el I<
B 11 equal spaces @
2.54

0.100
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IMS1820

24 Pin Ceramic Dual-In-Line

Inches mm

Nom

Tol | Nom | Tol

f——————————— —_—
D A [.096
A1 |.035
.018

0 | e
> + J J

.012 | 2.438|.305
.015 | .889 |.381
.002 | .457 |.051
Typ | 1.524 | Max
.012 130.48 |.305
.010 |8.001 |.254

E1 |.295|.015(7.493 |.381
el |.100 | .010 | 254 |.254
[e) L .145 | .020 | 3.683| .508
Y
A
I}
L |
L Al

A B[« Bt > ol|=

<«——— 11 equal spaces @
2.54
0.100

28 Pin Leadless Chip Carrier

Dim Inches mm Notes
Nom | To! | Nom | Tol

A .071 {.007 | 1.803|.178
B1 |.025 |.003|.635 |.076
D .550 |.010 {13.970| .254
E .350 | .010 | 8.890 | .254
el .050 |.002 | 1.270 | .051

]
J

I

|1

1

le—g1—>]

- F—»

B1

~ =

el
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[7— SGS-THOMSON MK41H66/MK41H67(N,P)

MICROELECTRONICS

-20/25/35

16K x 1 CMOS STATIC RAM

= 20, 25, AND 35NS ADDRESS ACCESS TIME

s EQUAL ACCESS AND CYCLE TIMES

= 20-PIN, 300 MIL PLASTIC

= ALL INPUT AND OUTPUT PINS TTL COMPA-
TIBLE, LOW CAPACITANCE, AND PROTEC-
TED AGAINST STATIC DISCHARGE

= 50pa CMOS STANDBY CURRENT (MK41H67)

a HIGH SPEED CHIP SELECT (MK41H66)

= JEDEC STANDARD PINOUT

TRUTH TABLE (MK41H66)

DIP-20
(Plastic Package)

[ WE Mode DQ Power
H X Deselect | High Z Active
L L Wite | HighZ | Active PIN NAMES
L H Read Data Out| Active Ay - Ay3 - Address WE - Write Enable
X = Don't Care CE - Chip Enable |GND - Ground
(MK41H67) | Vec-+5V
TRUTH TABLE (MK41H67) CS - Chip Select D - Data In
CE WE Mode Da Power (MK41H66) Q - Data Out
H X Deéelmt HighZ | Standby Figure 1 : Pin Connections.
L L Write High Z Active
L H Read Data Out| Active

DESCRIPTION

The MK41H66 and MK41H67 feature fully static
operation requiring no external clocks or timing
strobes, and equal address access and cycle times.
Both require only a single + 5V + 10 percent power
supply. Both devices are fully TTL compatible.

The MK41H67 has a Chip Enable power down fea-
ture which automatically reduces power dissipation
when the CE pin is brought inactive (high). Standby
power can be further reduced to microwatt levels by
holding the Address and CE pins at full supply rail
voltages.

The MK41H66 Chip Select pin provides a high
speed chip select access, allowing fast read cycles
despite decoder delays.

October 1989

Ay 10e 120 Ve
A, 20 [ 119 A,
A, 30 (118 A,
A, o[} L1417 A,
A s ijiaiiissliﬁj 16 A
A, 6L [ 115 Ay
A, 70 [ 114 A,
o 8] (113 A,
WE 9 [] (112 D
GND 10 [ (111 .

* CS = MK41H66 ; CE = MK41H67.
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MK41H66/MK41H67(N,P)-20/25/35

The MK41H66 Chip Select pin provides a high
speed chip select access, allowing fast read cycles
despite decoder delays.

OPERATIONS
READ MODE
The MK41H66/7 is in the Read Mode whenever WE

(Write Enable) is high and CE/CS (Chip Ena-
ble/Select) is low, providing a ripple-through access

FIGURE 2. READ-READ-READ-WRITE TIMING

to any one of 16,384 locations in the static storage
array. Valid data will be available at the Data Out-
put pin (Q) within ty, after the last address input
signal is stable, providing that the CE/CS access
time is satisfied. If CE/CS access time is not met,
data access will be measured from the limiting
parameter (tc,) rather than the address. The state
of the Data Output pin is controlled by the CE/CS,
and WE control signals. The Q may be in an indeter-
minate state at t;, but the Q will always have valid
data at tpa.

S Y tac tac | !
S o X X
tan taa —— | taa —— taw ——>]
l— tea—>| tea
CECS Y
tacs [e—— te ’-“
ﬁ 1
o *VALID N
I
to -———
et —
Q —_— (— VALID OUT VALID OUT

READ CYCLE TIMING
AC ELECTRICAL CHARACTERISTICS
(0°C=<Tp=70°C) (Vcc = 50 V + 10 percent)

MK41H6X-20|MK41H6X-25MK41H6X-35

SYM| PARAMETER MIN [ MAX | MIN {MAX | MIN | MAX | UNITS | NOTES
tac | Read Cycle Time 20 25 35 ns

taa | Address Access Time 20 25 35 ns 1
tc. | Chip Enable to Low-Z (MK41H67) 5 5 5 ns 2
tc. | Chip Select to Low-Z (MK41H66) 5 5 5 ns 2
tca | Chip Enable Access Time (MK41H67) 20 25 35 ns 1
tca | Chip Select Access Time (MK41H66) 10 12 15 ns 1
tacs | Read Command Setup Time 0 0 0 ns

trcn | Read Command Hold Time 0 0 0 ns

ton | Valid Data Out Hold Time 5 5 5 ns 1
tcz | Chip Enable to High-Z (MK41H67) 8 10 13 ns 2
tcz | Chip Select to High-Z (MK41H66) 7 8 10 ns 2
twez | Write Enable to High-Z 8 10 13 ns 2

2no .
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WRITE MODE

The MK41H66/7 is in the Write Mode whenever the
WE and CE/CS inputs are in the low state. CE/CS
or WE must be high during address transitions. Ad-
dresses must be held valid throughout a write cy-
cle. The Write begins with the concurrence of a low
on WE and CE ICS. Therefore, t,g is referenced to

FIGURE 3. WRITE-WRITE-WRITE-READ TIMING

the latter occurring edge of CE/CS, or WE.

If the output is enabled (CE/CS is low), then WE
will return the output to high impedance within
twez of its falling edge. Data-In must remain valid
tpy after the rising edge of CE/CS or WE.

r_.f‘ e — —tye we Ac
S G X X X
—{ts - —l " "

=] los

D VALID IN

—] ton

o ’»'o’o‘o
WRITE CYCLE TIMING
AC ELECTRICAL CHARACTERISTICS
(0°C<T,<70°C) (Vec = 50 V + 10 percent)
IMK41HEX-20|MK41HBX-25|MK41H6X-35
SYM| PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS |NOTES
twe | Write Cycle Time 20 25 35 ns
tas | Address Setup Time 0 7 0 ns
taw | Address Vaiid to End of Write i6 20 30 ns
tan | Address Hold after End of Write 0 0 0 ns
tcw | Chip Enable/Select to End of Write 18 22 32 ns
twew | Write Enable to End of Write 16 20 30 ns
tps | Data Setup Time 12 14 15 ns
tpq | Data Hold Time ns
tweL | Write Enable to Low-Z ns 2
310

IS7] %‘E},‘Egn@ss
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FIGURE 4. DATA RETENTION TIMING

LOW V¢ DATA RETENTION

[<@———————— DATA RETENTION MODE ——————

TIMING (MK41H67)

LOW V.. DATA RETENTION CHARACTERISTICS
(0°C<T,<70°C)

SYM

PARAMETERS

MIN MAX

VDR

V¢ for Data Retention

20 Vee (min)

lccor

Data Retention Power Supply Current

— 50

tcor

Chip Deselection to Data Retention Time

0 i

tR

Operation Recovery Time

trc —

STANDBY MODE (MK41H67 Only)

The MK41H67 is in Standby Mode whenever CE is
held at or above V.

FIGURE 5. STANDBY MODE TIMING

[ 50%

STANDBY

STANDBY MODE
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp=<70°C) (Vcc = 50 V + 10 percent)

MK41H67-20

MK41H67-25 MK41H67-35

SYM| PARAMETER MIN | MAX

MIN | MAX | MIN

MAX

UNITS

NOTES

tpp | Chip Enable High to Power Down 20

25

35

ns

tpy | Chip Enable Low to Power Up 0

ns

410
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APPLICATION

The MK41H66/7 operates from a 5.0 volt supply. It
is compatible with all standard TTL families on all in-
puts and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. Additionally, because
the outputs can drive rail-to-rail into high impedance
loads, the 41H66/7 can also interface to 5 volt
CMOS on all inputs and outputs. Refer to the nor-
malized performance curves that follow.

Since very high frequency current transients will be
associated with the operation of the MK41H66/7,
power line inductance must be minimized on the cir-
cuit board power distribution network. Power and
ground trace gridding or separate power planes can

ABSOLUTE MAXIMUM RATINGS*

be employed to reduce line inductance. Additionally,
a high frequency decoupling capacitor should be
placed next to each RAM. The capacitor should be
0.1uF or larger.

Though often times not thought of as such, the
traces on a memory board are basically unter-
minated, low impedance transmission lines. As
such they are subject to signal reflections
manifested as noise, undershoots and excessive
ringing. Series termination in close proximity to the
TTL drivers can improve driver/signal path im-
pedance matching. While experimentation most
often proves to be the only practical approach to
selection of series resistors, values in the range of
10 to 33 ohms often prove most suitable.

Parameter Value Unit
Voltage on any Pin Relative to GND -1.0t0 +7.0 "
Ambient Operating Temperature (Ta) ] 0to+ 70 °C
Ambient Storage Temperature (plastic) -55to +125 °C
Ambient Storage Temperature (ceramic) -65 to +150 °C
Total Device Power Dissipation 1 w
Output Current per Pin 50 mA

“ Stresses greater than 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 other conditions beyond those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C<T,<70°C)

Symbol Parameter Value Unit | Notes
Min. Typ. Max.
Vee Supply Voltage 45 5.0 55 " 3
GND Supply Voltage 0 o 0 Vv
Viy Logic 1 Voltage, All Inputs 22 Ve + 1.0 Vv 3
Vi Logic 0 Voltage, All Inputs -0.3 0.8 \ 3,4
DC ELECTRICAL CHARACTERISTICS (0°C < Tp <70°C) (V¢ = 5.0V £ 10 percent)
Symbol Parameter Value Unit |Notes
Min. Typ. Max.
lce Average Power Supply Current 120 mA 5
lcce TTL Standby Current (MK41H67 only) 10 mA 6
lcea CMOS Standby Current (MK41H67 only) 50 pA 7
I Input Leakage Current (any input pin) -1 +1 HA 8
loL Output Leakage Current (any output pin) -10 +10 HA 9
Vou Output Logic 1 Voltage (lout = — 4mA) 24 Y, 3
Vou Output Logic 0 Voltage (lout = + 8mA) 04 v 3
ST e 2
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CAPACITANCE

(T = 25°C, f = 1.0 MH2)
SYM PARAMETER TYP MAX | UNITS | NOTES
C, Capacitance on input pins 4 5 pF 10
C, Capacitance on Q pins 8 10 pF 5 10

NOTES

1. Measured with load shown in Figure 6(A).

2. Measured with load shown in Figure 6(B).

3. All voltages referenced to GND.

4. V) may undershoot to —2.0 volts for 200ns or less dur-
ing input transitions.

5. Iccy is measured as the average AC current with Voo
= Vg (max) and with the outputs open circuit. tcycle
= min. duty cycle 100%.

6. CE = V|, All Other Inputs = Don't Care.

AC TEST CONDITIONS

Input Levels
Transition Times
Input and Output Signal Timing Reference Level
Ambient Temperature

Vcc .....................................

FIGURE 6. OUTPUT LOAD CIRCUITS

. Ve (max) =2CE=Vgg - 03V

GND + 03 V=2Ag-Aq3=V|L (min) or V| (max)
=Ag-A13=Vcc —03 V. All Other Inputs = Don't Care.
Input leakage current specifications are valid for all V)
such that 0 V<Vny<Ve. Measured at Voo = Voo
(max).

Output leakage current specifications are valid for all
Vour such that 0 V<VoyTt <Vg, CE/CS = Vi and
V¢ in valid operating range.

10. Capacitances are sampled and not 100% tested.

®

©

GNDto 30V
5ns
...................................... 15V
0°C to 70°C
.......................... 50 V + 10 percent

+50V

<

>
3 470 OHMS
>

DEVICE
UNDER
TEST

30 pF*
3 240 OHMS

<

* INCLUDES SCOPE AND TEST JIG.

+50V

$ 470 OHMS
<

DEVICE
UNDER
TEST

.
$ 240 OHMS 5P
<
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

NORMALIZED CHIP ENABLE ACCESS TIME VS. LOGIC THRESHOLD VOLTAGE VS.
AMBIENT TEMPERATURE V. =5.0V SUPPLY VOLTAGE T,=25°C
13 g T e T 2 T
T TR | TTTTIT
MR R R R AP | y e
| | [ i ! 18 |
. b l prd - | [ A
| i | FS "l L
PR 1 A sy I Ly ; 1 B : 17 7 2 /r
o : : | K | . -
g | | H | 1
'i 1 e S e o o 15 4/ ; ~—— -
E ‘} \ ); | § 14 ?A/ | - -t —_— -
_ I
| T ! . § 13
| . | = v
“ i - T\ || 12 r B S
‘l ] R 0 S PP S g
Tt T ! T T
60 80 100 120 4 4.2 44 46 52
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V)
LOGIC THRESHOLD VOLTAGE VS. NORMALIZED ACCESS TIME VS.
AMBIENT TEMPERATURE V.. =5.0V OUTPUT LOADING V. =5.0 V T,=25°C
T T s
77 1]
- ) | | | 45 - i - /
N~ | o : 1 |
‘*\ VM
g BN O T S e e i}
a I | Tt —t—e s ¥ P r B N N
H | [ !
u 1 { g . B —
§ 1 F 4o
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2 .
z +-
|1 T e E A A A S AR BN B I —
4 * Vo =
A -’»o+-~T" b
——+
0 20 4 0 80 100 120 200 400 600 800 1000
AMBIENT TEMPERATURE (°C) CAPACITANCE (pF)
NORMALIZED SUPPLY CURRENT VS. NORMALIZED SUPPLY CURRENT VS.
SUPPLY VOLTAGE T,=0°C AMBIENT TEMPERATURE V. =5.0V
14 12 N
115 4
1.3
/ 11
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14 7 2 N
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

NORMALIZED SUPPLY CURRENT VS. NORMALIZED ACCESS TIME VS.
CYCLE TIME V.. =5.0V T,=25°C SUPPLY VOLTAGE T,=25°C
- - 125 T
12—5. - ’ -
115 41— LN -
Pl
i ’_: 1.1 1- \7+\ - —
3
o \E 105 41— }~ 4‘, \1\ 1
2 3 !
N 2 | .
3 F # T ‘ | \1\\
H S
T z ! -
S .
T 1
I F
- |
I EREaN
|
j.
} 08 —+ I
- l
t | 075 ] | 1
46 50 a 44 a6 48
CYCLE FREQUENCY (MHz) SUPPLY VOLTAGE (V)
NORMALIZED SOURCE AND SINK CURRENTS VS. NORMALIZED SOURGE AND SINK CURRENTS VS.
OUTPUT VOLTAGE VOLTAGE V.. =5.0V T, =25°C SUPPLY VOLTAGE T,=25°C
2 T
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[we] Lewex] [n] [20]

Speed grade

Package Type
N: Plastic DIP

Device family and
identification number

SGS-THOMSON
prefix
ORDER CODES
Part Number Access Time Package Type Temperature Range
MK41H67N-20 20ns 20 Pin Plastic DIP 0°C to 70°C
MK41H67N-25 25ns 20 Pin Plastic DIP 0°C to 70°C
MK41H67N-35 35ns 20 Pin Plastic DIP 0°C to 70°C
MK41H66N-20 20ns 20 Pin Plastic DIP 0°C to 70°C
MK41H66N-25 25ns 20 Pin Plastic DIP 0°C to 70°C
MK41H66N-35 35ns 20 Pin Plastic DIP 0°C to 70°C
LN SGS-THOMSON 9o
Y/ aicroELECTROMICS
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PACKAGE DESCRIPTION

20 PIN "N" PACKAGE PLASTIC DIP

Dim.

mm

Inches

Min. [Max.

Min.

Max.

Notes

IANABANANAN AN NaNaNhl
o

5.334

210

Al

0.381

.015

UUUUUTTUTY

A2

3.0483.556

.120

140

o

0.381(0.533

.015

.021

o —

B1

1.27 (1.778

.050

.070

0.203/0.304

.008

.012

25.908/26.67

1.020

1.050

D1

1.52411.905

.060

.075

7.62 (8.255

.300

.325

E1

6.096|6.858

.240

.270

el

2.286(2.794

.080

110

eA

7.62 {10.16

.300

.400

3.048

120

Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.

3. The maximum limit shall be increased by 003 in when solder lead finish is specified.

10710 L§7 SGs-THoMSON
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[-’—- SGS-THOMSON MK41H68/MK41H69(N,P)

MICROELECTRONICS

-20/25/35

4K x 4 CMOS STATIC RAM

= 20, 25, AND 35ns ADDRESS ACCESS TIME

= EQUAL ACCESS AND CYCLE TIMES

= 20-PIN, 300 MIL PLASTIC

a ALL INPUTS AND OUTPUTS TTL COMPATI-
BLE, LOW CAPACITANCE, AND PROTECTED
AGAINST STATIC DISCHARGE

a 50pA CMOS STANDBY CURRENT (MK41H68)

» TTL STANDBY CURRENT UNAFFECTED BY
ADDRESS ACTIVITY (MK41H68)

a HIGH SPEED CHIP SELECT (MK41H69)

= JEDEC STANDARD PINOUT

TRUTH TABLE (MK41H68)

CE WE Mode DQ Power
H X Deselect | High Z Standby
L L Write Dy Active
L H Read Dout Active

TRUTH TABLE (MK41H69)

cS WE Mode DQ Power
H X Deselect | High Z Active
L L Write Div Active
L H Read Dout Active

X : Don't care.

DESCRIPTION

The MK41H68 and MK41H69 feature fully static
operation requiring no external clocks or timing
strobes, and equal address access and cycle times.
Both require only a single + 5V + 10 percent power
supply. Both devices are fully TTL compatible.

The MK41H68 has a Chip Enable power down fea-
ture which automatically reduces power dissipation
when the CE pin is brought inactive (high). Standby
power can be further reduced to microwatt levels by
raising the CE pin to the full Vcc voltage.

The MK41H69 Chip Select pin provides a high
speed chip select access, allowing fast read cycles
despite decoder delays.

October 1989

N
DIP-20
(Plastic Package)

PIN NAMES
Ao - Ayq - Address WE - Write Enable
DQ, - DQ; - Data I/O GND - Ground
Ve - + 5 Volts

CE - Chip Enable (MK41H68)

CS - Chip Select (MK41H69)

Figure 1 : Pin Connections.

A, 1Je ] 20 Voo
A 2] 119 A,
A, 30 118 A,
A, 4] 117 A,
A 8 Dummsslse e
A, 80 115 pa,
A, 70 tluoo,
A, 8[] 113 Da,
+ 9] 7 12 pa,
GNp 10 [} 1 WE

*CS = 41H69 ; CE = 41H68

1/10
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power can be further reduced to microwatt levels
by raising the CE pin to the full V¢ voltage.

The MK41H69 Chip Select pin provides a high
speed chip select access, allowing fast read cycles
despite decoder delays.

OPERATIONS
READ MODE

The MK41H68/9 is in the Read Mode whenever WE
(Write Enable) is high and CE/CS (Chip Ena-
ble/Select) is low, providing a ripple-through access

FIGURE 2. READ-READ-READ-WRITE TIMING

to data from four of 16,384 locations in the static
storage array. The unique address specified by the
12 Address Inputs defines which one of 4096 nib-
bles of data is to be accessed.

Valid data will be available at the four Data Output
pins within ty, after the last address input signal
is stable, providing that the CE/CS access time is
satisfied. If CE/CS access time is not met, data ac-
cess will be measured from the limiting parameter
(tca) rather than the address. The state of the four
Data /O pins is controlled by the CE/CS, and WE
control signals. The data lines may be in an indeter-
minate state at t;, but the data lines will always
have valid data at tpa.

O A

e ;_T*,-wc —

READ CYCLE TIMING
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp<70°C) (Ve = 50 V + 10 percent)

MK41H6X-20 MK41H6X-25MK41H6X-35

SYM| PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
tsc | Read Cycle Time 20 25 35 ns

taa | Address Access Time 20 25 35 ns 1
tcL | Chip Enable to Low-Z (MK41H68) 7 7 7 ns 2
tce | Chip Select to Low-Z (MK41H69) 5 5 5 ns 2
tca | Chip Enable Access Time (MK41H68) 20 25 35 ns 1
tca | Chip Select Access Time (MK41H69) 10 12 15 ns 1
trcs | Read Command Setup Time 0 0 0 ns

trcn | Read Command Hold Time 0 0 0 ns

ton | Valid Data Out Hold Time 5 5 | 5 ns 1
tcz | Chip Enable to High-Z (MK41H68) 8 110 13 ns 2
tcz | Chip Select to High-Z (MK41H69) 7 8 10 ns 2
twez | Write Enable to High-Z 8 10 13 ns 2

210
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WRITE MODE

The MK41H68/9 is in the Write Mode whenever the
WE and CE/CS inputs are in the low state. CE/CS
or WE must be high during address transitions. Ad-
dresses must be held valid throughout a write cy-
cle. The Write begins with the concurrence of a low
on WE and CE /CS. Therefore, t,q is referenced to
the latter occurring edge of CE/CS, or WE.

FIGURE 3. WRITE-WRITE-WRITE-READ TIMING

If the output is enabled (CE/CS is low), then WE
will return the outputs to high impedance within
twez of its falling edge. Care must be taken to avoid
bus contention in this type of operation. Data-In
must remain valid tpy after the rising edge of
CE/CS or WE.

;4——*" twe— 7-‘—5’0' - twe

A, - A

o " Pt

—tw ———»

CE/CS )L /L—\ !
‘ \
o ——>| i* tew -——f‘ L_A.‘ tow ——|
< twew ——-—b{ -~ twew

|
|

4

e——twe,

‘os tos 1‘4—-— — g je— —| by |e—
-_-} ‘on [4— —.1 ,_,l tou }4— — tou |<-—
DQ, - ba, VALID IN — VALID IN VALID IN VALID OUT>
WRITE CYCLE TIMING
AC ELECTRICAL CHARACTERISTICS
(0°C<T,<70°C) (Vcc = 50 V + 10 percent)
MK41H6X-20MK41HBX-25]MK41H6X-35
SYM| PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
twc | Write Cycle Time 20 25 35 ns
tas | Address Setup Time 0 0 0 ns
taw | Address Valid to End of Write 16 20 30 ns
tan | Address Hold after End of Write 0 0 0 ns
tcw | Chip Enable/Select to End of Write 18 22 32 ns
twew| Write Enable to End of Write 16 20 30 ns
tps | Data Setup Time 12 14 15 ns
toy | Data Hold Time 0 ns
twe, | Write Enable to Low-Z ns 2
3110
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FIGURE 4. DATA RETENTION TIMING

LOW V. DATA RETENTION TIMING (MK41H68)

|—————— DATA RETENTION MODE ———————— >

v
C v MN - — — — — \

LOW V. DATA RETENTION CHARACTERISTICS
(0°C<TA=<70°C)

SYM PARAMETERS MAX

Vor Vcc for Data Retention Ve (min) \Y 6

lccor Data Retention Power Supply Current 50

tcor Chip Deselection to Data Retention Time 0

Operation Recovery Time

tr tre

STANDBY MODE (MK41H68 Only)

The MK41H68 is in Standby Mode whenever CE is
held at or above V.

FIGURE 5. STANDBY MODE TIMING

STANDBY

STANDBY MODE
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp=70°C) (Voc = 50 V + 10 percent)

[MKa1He68-20

MK41H68-25|MK41H68-35

SYM

PARAMETER

MAX

MIN

MAX

MIN

MAX

UNITS

NOTES

trp

Chip Enable High to Power Down

20

25

35

ns

tey

Chip Enable Low to Power Up

ns

410
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APPLICATION

The MK41H68/9 operates from a 5.0 volt supply. It
is compatible with all standard TTL families on all
inputs and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. Additionally, because
the outputs can drive rail-to-rail into high impedance
loads, the 41H68/9 can also interface to 5 volt CMOS
on all inputs and outputs. Refer to the normalized
performance curves that follow.

Since very high frequency current transients will be
associated with the operation of the MK41H68/9,
power line inductance must be minimized on the
circuit board power distribution network. Power and

ABSOLUTE MAXIMUM RATINGS*

ground trace gridding or separate power planes can
be employed to reduce line inductance. Addition-
ally, a high frequency decoupling capacitor should
be placed next to each RAM. The capacitor should
be 0.1 4F or larger.

Though often times not thought of as such, the
traces on a memory board are basically untermi-
nated, low impedance transmission lines. As such
they are subject to signal reflections manifested as
noise, undershoots and excessive ringing. Series
termination in close proximity to the TTL drivers can
improve driver/signal path impedance matching.
While experimentation most often proves to be the
only practical approach to selection of series resis-
tors, values in the range of 10 to 33 ohms often
prove most suitable.

Voltage on any pinrelative to GND . .............. ... ... .. ... .. .. ... -10Vto +70 V
Ambient Operating Temperature (Ta) . ...............o ittt 0°C to +70°C
Ambient Storage Temperature (Plastic) . .................. . ... ... ....... —55°C to +125°C
Ambient Storage Temperature (Ceramic) . ..................cooiunoaonn .. -65°C to +150°C
Total Device Power Dissipation. ... ... ... ... ... . 1 Watt
Output Current per Pin. . ... 50 mA

*Stresses greater than 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 other conditions beyond those indicated
in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for ex-
tended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C<T,<70°C)
SYM PARAMETER MIN TYP MAX | UNITS | NOTES
Vee Supply Voltage 45 50 55 \" 3
GND Supply Voltage 0 0 0 \"
ViH Logic 1 Voltage, All Inputs 2.2 Vce+1.0 \"
Vi Logic 0 Voltage, All Inputs -03 08 v

DC ELECTRICAL CHARACTERISTICS

(0°C<Tp<70°C) (Vcc = 50 V £ 10 percent)
SYM PARAMETER MIN MAX | UNITS | NOTES
lees Average Power Supply Current 120 mA 4
lccz TTL Standby Current (MK41H68 only) 8 mA 5
lccs CMOS Standby Current (MK41H68 only) 50 pA 6
h Input Leakage Current (Any Input Pin) -1 +1 A 7
loL Output Leakage Current (Any Output Pin) -10 +10 KA 8
Von Output Logic 1 Voltage (Iloyr = —4 mA) 24 \" 3
VoL Output Logic 0 Voltage (Iopyt = +8 MA) 04 Vv 3

510
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CAPACITANCE
(Tp = 25°C, f = 1.0 MH2)
SYM PARAMETER TYP MAX UNITS | NOTES
C;, Capacitance on input pins 4 5 pF 9
C, Capacitance on DQ pins 8 10 pF 59
NOTES 6. Ve (max) =CE=Veg — 03V, All Other Inputs =

1. Measured with load shown in Figure 6(A).

2. Measured with load shown in Figure 6(B).

3. All voltages referenced to GND.

4. |cc1 is measured as the average AC current with Voo
= V¢ (max) and with the outputs open circuit. tcycle
= min. duty cycle 100%.

5. CE = V|y, All Other Inputs = Don't Care.

AC TEST CONDITIONS

Input Levels
Transition Times
Input and Output Signal Timing Reference Level
Ambient Temperature

Vcc .....................................

FIGURE 6. OUTPUT LOAD CIRCUITS

Don'’t Care.

Input leakage current specifications are valid for all V|

such that 0 V<V|N<V(e. Measured at Ve = Ve

(max).

8. Output leakage current specifications are valid for all
Vour such that 0 V<VgoyT<Vee, CE/CS = V|y and
Ve in valid operating range.

9. Capacitances are sampled and not 100% tested.

...................................... 15V
G°C to 70°C
.......................... 50 V + 10 percent

+50V

i; 470 OHMS

DEVICE
UNDER
TEST

b 30 pF*
3 240 OHMs

| GND

(A)

* INCLUDES SCOPE AND TEST JIG.

+5.0 V

i: 470 OHMS

DEVICE
UNDER
TEST

L .
$ 240 OHMS SpF
<
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MK41H68/MK41H69(N,P)-20/25/35

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

7]

LECTROMICS

NORMALIZED SUPPLY CURRENT VS. NORMALIZED SUPPLY CURRENT VS.
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MK41H68/MK41H69(N,P)-20/25/35

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

LOGIC THRESHOLD VOLTAGE VS. LOGIC THRESHOLD VOLTAGE VS.
AMBIENT TEMPERATURE Vcc =5.0V SUPPLY VOLTAGE T‘ =25°C
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MK41H68/MK41H69(N,P)-20/25/35

L | | amex

[20]

ORDER CODES

Speed grade

Package Type
N: Plastic DIP

Device family and
identification number

SGSTHOMSON
prefix

Part Number Access Time Package Type Temperature Range
MK41H68N-20 20ns 20 Pin Plastic DIP 0°C to 70°C
MK41H68N-25 25ns 20 Pin Plastic DIP 0°C to 70°C
MK41H68N-35 35ns 20 Pin Plastic DIP 0°C to 70°C
MK41H69N-20 20ns 20 Pin Plastic DIP 0°C to 70°C
MK41H69N-25 25ns 20 Pin Plastic DIP 0°C to 70°C
MK41H69N-35 35ns 20 Pin Plastic DIP 0°C to 70°C

E— 657 sesmomson
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MK41H68/MK41H69(N,P)-20/25/35

PACKAGE DESCRIPTION

20 PIN "N" PACKAGE, PLASTIC DIP

. mm Inches
AANNAAANNN Dim- in. [ Max. [ min. [Max.| "'
o A 5.334 210 2
C A1 10.381 .015 2
A2 |3.048(3.556( .120 | .140
U &J U WG] W L"‘J B 10.381(0.533| .015 | .021 3
—~o=— B1 | 1.27 [1.778] .050 | .070
° 0.203|0.304| .008 | .012 3
D |25.908|26.67]1.020(1.050( 1
D1 [1.524(1.905| .060 | .075
E 7.62 |8.255| .300 | .325
E1 |6.096(6.858( .240 | .270
el |2.286(2.794( .090 | .110
' Y eA | 7.62 (10.16| .300 | .400
——”——e A___‘ L [3.048 120
Notes : 1.Overall length includes .010 in. Flash on either end of the package.
2.Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by .003 in. When solder lead finish is specified.

10/10 LNy SGS-THOMSON
7’ MICROELECTRONICS
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MK41H78/79(N,P)
-20/25/35

4K x 4 CMOS STATIC RAM

= 20, 25, AND 35ns ADDRESS ACCESS TIME

= EQUAL ACCESS AND CYCLE TIMES

= 22-PIN, 300 MIL PLASTIC

» ALL INPUTS AND OUTPUTS TTL COMPATI-
BLE, LOW CAPACITANCE, AND PROTECTED
AGAINST STATIC DISCHARGE

= TTL STANDBY CURRENT UNAFFECTED BY
ADDRESS ACTIVITY

s SEPARATE OUTPUT ENABLE CONTROL

s FLASH CLEAR FUNCTION

DESCRIPTION

The MK41H78/79 features fully static operation re-
quiring no external clocks or timing strobes, and
equal address access and cycle times. It requires a
single + 5V £ 10 percent power supply and is fully
TTL compatible.

The device has a Chip Enable power down feature
which automatically reduces power dissipation
when the CE pin is brought inactive (high). Standby
power can be further reduced by raising the CE pin
to the full Vcc voltage. An Output Enable (OE) pin
provides a high speed tristate control, allowing fast
read/write cycles to be achieved with the common-
I/O data bus.

Flash Clear operation is provided on the MK41H79
via the_CLR pin, and CE active (low). A low applied
to the CLR pin clears all RAM bits to zero, making
it especially useful for high speed cache and buffer
storage applications.

October 1989

DIP-22
(Plastic Package)

Figure 1 : Pin Connection.

R T 22rrr2>

8

10e (122 Ve
2 121 A,
3 [120 A,
«0 119 A,
5 QukarnraraP? 18 A
s O] 117 CLR*
70 (116 DQ,
s [] (115 pQ,
9 O (114 DQ,
10 ] 113 DQ,
1 [ 112 WE

* Applies to MK41H79 only.

PIN NAMES

Ao - Aty

- Address

QE

- Ouput Enable

DQo - DQ3 -

Data /0

WE

- Write Enable

CLR -

Flash Clear

GND

- Ground

CE -

Chip Enable

Vee

-+ 5V

1711
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MK41H78/MK41H79(N,P)-20/25/35

ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit
Voltage on any Pin Relative to GND -10to+70 \
Ambient Operating Temperture (Ta) 0to 70 °C
Ambient Storage Temperature (plastic) -55t0 + 125 °C
Ambient Storage Temperature (ceramic) - 65 to +150 °C
Total Device Power Dissipation 1 w
Output Currrent per Pin 50 mA |

" Stresses greater than 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 other conditions beyond those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

TRUTH TABLE
CE OE WE CLR* Mode DQ Power
H X X X Deselect High Z Standby
L X L H Write D Active
L L H H Read Dour Active
L H H H Read High Z Active
L X L L Flash Clear High Z Active
L L H L Flash Clear Low Z Active
L H H L Flash Clear High Z Active
X = Don't Care
* Applies to MK41H79 only.
RECOMMENDED DC OPERATING CONDITIONS (0°C < T4 < 70°C)
Symbol Parameter Value Unit |Notes
Min. Typ. Max.
Vce Supply Voltage 45 50 55 \' 3
GND Supply Voltage 0 0 0 \"
Vin Logic 1 Voltage, All Inputs 22 Vee + 1.0 \ 3
Vi Logic 0 Voltage, All Inputs -03 0.8 \" 3
DC ELECTRICAL CHARACTERISTICS (0°C < T, < 70°C) (V¢ = 5.0V + 10 percent)
Symbol Parameter Value Unit |Notes
Min. Typ. Max.
lcct Average Power Supply Current 120 mA 4
lcc2 TTL Standby Current 16 mA 5
lcea CMQOS Standby Current 8 mA 6
I Input Leakage Current (any input pin) -1 +1 HA 7
loL Output Leakage Current (any output pin) - 10 +10 HA 8
Vou Qutput Logic 1 Voltage (loyt = — 4 MA) 24 \4 3
VoL Output Logic 0 Voltage (loyt = + 8 mA) 04 ' 3
e (ST L ]
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MK41H78/MK41H79(N,P)-20/25/35

CAPACITANCE (T, = 25°C, f = 1.0MHz)

Symbol Parameter Value Unit |Notes
Min. Typ. Max.
Ci Capacitance on Input Pins 4 5 pF 9
Cz Capacitance on DQ Pins 8 10 pF

Notes : 1. Measured with load shown in figure 2(A).

2. Measured with load shown in figure 2(B).

3. All voltages referenced to GND.

4. lcct is measured as the average AC current with Vcc = Vec (max) and with the outputs open circuit. tac = tac (min)
is used.

5. CE = Vi, all other inputs = Don't Care.

6. Vcc (max) 2 CE 2 Vcc - 0.3V, all other inputs = Don't Care.

7. Input leakage current specifications are valid for all Vin such that OV < Vin < Vcc. Measured at Vee = Vee (max).
8. Output leakage current specifications are valid for all Vour such that OV < Vour < Vce, CE = Vi and Ve in valid

AC TEST CONDITIONS

Input Levels . ... GND to 3.0V
Transition TImMesS . ... ... e 5ns
Input and Output Signal Timing Reference Level . ............................ 1.5V
Ambient Temperature . .......... ...t 0'Cto70°C
Ve o 5.0V + 10 percent
Figure 2 : Output Load Circuits.
+50V +50V
470 OHMS 2 470 OHMS
pevice UNDER.
UNDER J_ TEST
A ..
3 240 OHMS el $2000ums  —— 5F
q
.J__ GND —L_ ew
- * INCLUDES SCOPE AND TEST JIG. B
Q] ®
LNz SGS-THOMSON s/
Y/ wicrorLECTROMICS :
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MK41H78/MK41H79(N,P)-20/25/35

OPERATIONS

READ MODE

The MK41H78/79 is in the Read Mode whenever
WE (Write Enable) is high and CE (Chip Enable) is
low, providing a ripple-through access to data from
four of 16,384 locations in the static storage array.
The unique address specified by the 12 Address In-
puts defines which one of 4096 nibbles of data is to
be accessed.

Figure 3 : Read-read—read—write Timing.

Valid data will be available at the four Data Output
pins within taa after the last addregs input signal is
stable, providing that the CE and OE (output Ena-
ble) access times are satisfied. f CE or OE access
times are not met, data access will be measured
from the limiting parameter (tcea or toga) rather than
the address. The state of the four Data I/O pins is
controlled by the CE, WE and OE control signals.
The data lines may be in an indeterminate state at
tceL and toeL, but the data lines will always have
valid data at taa.

¥

S —

ey

KA

(0°C £Tp £70°C) (Ve = 5.0V £ 10 percent)

AC ELECTRICAL CHARACTERISTICS (read cycle timing)

MK41H7X-20 |MK41H7X-25 |MK41H7X-35
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. Unit | Notes
e Read Cycle Time 20 25 35 ns
taa Address Access Time 20 25 35 ns 1
tceL Chip Enable to Low-Z 7 7 7 ns 2
tcea Chip Enable Access Time 20 25 35 ns 1
toeL Output Enable to Low-Z 2 2 2 ns 2
toea Output Enable Access Time 10 12 15 ns 1
tres Read Command Setup Time 0 0 ns
tachH Read Command Hold Time 0 0 ns
ton Valid Data Out Hold Time 5 5 ns 1
tcez Chip Enable to High-Z 8 10 13 | ns 2
toez Output Enable to High-Z 7 8 10 ns 2
twez Write Enable to High-Z 8 10 13 ns 2
am SGS-THOMSON
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MK41H78/MK41H79(N,P)-20/25/35

WRITE MODE

The MK41H78/79is in the Write Mode whenever the
WE and CE inputs are in the low state. CE or WE
must be high during address transitions. Addresses
must be held valid throughout a write cycle. The
Write begins with the concurrence of a low on WE
and CE. Therefore, tas is referenced to the latter oc-

Figure 4 : Write—write—write—read Timing.

curring edge of CE or WE. The write cycle is ter-
minated by the earlier rising edge of CE or WE.

If the output is enabled (CE and OE low), then WE
will return the outputs to high impedance within twez
of its falling edge. Care must be taken to avoid bus
contention in this type of operation. Data-In must
remain valid tpH after the rising edge of CE or WE.

DR .“,_A+,,,,_|‘ —

-

AC ELECTRICAL CHARACTERISTICS (write cycle timing)

(0°C £ To £70°C) (Ve = 5.0V £ 10 percent)

|MKa1RH7X-20

MK41H7X-25 |MK41H7X-35

Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. Unit | Notes
twe Write Cycle Time 20 25 35 ns
tas Address Setup Time 0 0 0 ns
taw Address Stable to End of Write 16 20 30 ns
tan Address Hold after End of Write 0 0 0 ns
toew Chip Enable to End of Write 18 22 32 ns
twew Write Enable to End of Write 16 20 30 ns
tos Data Setup Time 12 14 15 ns
ton Data Hold Time 0 0 0 ns

twEL Write Enable to Low-Z 5 5 5 ns 2
Lyr SESTHoNS -
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MK41H78/MK41H79(N,P)-20/25/35

FLASH CLEAR

A Flash Clear cycle sets all 16,384 bits in the RAM
to logic zero. A Clear begins at the concurrence of
a low on Chip Enable (CE) and Flash Clear (CLR).
A Clear may be ended by a high on either CE or
CLR. A low on CLR has no effect if the device is dis-

abled (CE high). A Clear may be executed within
either a Read or a Write cycle. Figure 4 illustrates a
Clear within a Read cycle. Clears within Write cycles
are constrained only in that Write timing parameters
must be observed as soon as the Flash Clear pin
returns high.

Figure 5 : Last Read-flash Clear—first Write (MK41H79 only).

| 1, |

—tae |

we
FIRST WRITE ADDRESS *

— ter

__lcu___.

o 10— XN

tial flash clear.

&R K Vi MIN F
le— te—s
ﬁ \
—.‘ ‘cwx P
oE \ / \ /
[e— touc

CAUTION : Application of transient levels below VIH minimum on the CLR input during normal operation may result in par

-

AC ELECTRICAL CHARACTERISTICS (clear cycle timing)

(0°C'< T4 <70°C) (Voo = 5.0 + 10%)

MK41H7X-20 [MK41H7X-25 [MK41H7X-35
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | 07t | Notes
trcc Flash Clear Cycle Time 40 50 70 ns
fcec Chip Enabie Low to End of Clear 40 50 70 ns
Tep Flash Clear Low to End of Clear 38 48 68 ns
tox Clear to Inputs Don't Care 0 0 0 ns
tor End of Clear to Inputs Recognized 0 0 0 ns
towx Clear to Write Enable Don't Care 0 L 0 0 ns
toe Valid Data Out Hold from Clear 5 | 5 5 ns | 1
6/11

&7
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MK41H78/MK41H79(N,P)-20/25/35

STANDBY MODE

The MK41H78/79 is in Standby Mode whenever CE
is held at or above V.

Figure 6 : Standby Mode.

E— | by
——————— ACTIVE— — — — — — [~
IOC
STANDBY
AC ELECTRICAL CHARACTERISTICS (standby mode)
(0°C £ T, £70°C) (Vi = 5.0V £ 10 percent)
|IMK41H7X-20 |MK41H7X-25 |MK41H7X-35 it N

| f)fmbol Paraméter 77777777 B Min. | Max. | Min. | Max. | Min. | Max. Unit | Notes

teo Chip Enable High to Power Down 20 25 35 ns

oy Chip Enable Low to Power up 0 0 0 ns
APPLICATION placed next to each RAM. The capacitor should be

The MK41H78/79 operates from a 5.0 volt supply.
It is compatible with all standard TTL families on all
inputs and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. Additionally, because
the outputs can drive rail-to-rail into high impedance
loads, the 41H79 can also interface to 5 volt CMOS
on all inputs and outputs. Refer to the normalized
performance curves that follow.

Since very high frequency current transients will be
associated with the operation of the MK41H79,
power line inductance must be minimized on the cir-
cuit board power distribution network. Power and
ground tracegridding or separate power planes can
be employed to reduce line inductance. Additionally,
a high frequency decoupling capacitor should be

&y

SGS-THOMSON
MICROELECTRONICS

0.1uF or larger. A pull-up resistor is also recom-
mended for CLR on the MK41H79. This will ensure
that any low going system noise, coupled onto the
input, does not drive CLR below Vi minimum
specifications.

Though often times not thought of as such, the
traces on a memory board are basically untermina-
ted, low impedance transmission lines. As such they
are subject to signal reflections manifested as noise,
undershoots and excessive ringing. Series termina-
tionin close proximity to the TTL drivers can improve
driver/signal path impedance matching. While expe-
rimentation most often proves to be the only practi-
cal approach to selection of series resistors, values
in the range of 10 to 33Q often prove most suitable.

711
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MK41H78/MK41H79(N,P)-20/25/35

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS
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NORMALIZED I,
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MK41H78/MK41H79(N,P)-20/25/35

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

INPUT LOGIC LEVELS (V)

NORMALIZED isink/isource

NORMALIZED Isink/isource

LOGIC THRESHOLD VOLTAGE VS.
AMBIENT TEMPERATURE V. =5.0V

22777

NORMALIZED SOURCE AND SINK CURRENTS VS.
OUTPUT VOLTAGE V. =5.0V T, =25°C
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&7

INPUT LOGIC LEVELS (V)

NOAMALIZED lyink/isource

SGS-THOMSON
MICROELECTRONICS

LOGIC THRESHOLD VOLTAGE VS.
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MK41H78/MK41H79(N,P)-20/25/35

Speed grade
Package Type
N: Plastic DIP

Device family and
identification number

SGSTHOMSON
prefix

ORDER CODES
Part Number Access Time Package Type Temperature Range
MK41H78N-20 20ns 22 Pin Plastic DIP 0°C to 70°C
MK41H78N-25 25ns 22 Pin Plastic DIP 0°C to 70°C
MK41H78N-35 35ns 22 Pin Plastic DIP 0°C to 70°C
MK41H79N-20 20ns 22 Pin Plastic DIP 0°C to 70°C
MK41H79N-25 25ns 22 Pin Plastic DIP 0°C to 70°C
MK41H79N-35 35ns 22 Pin Plastic DIP 0°C to 70°C
1071 LNy SGS-THOMSON
Y/ vicroriEcTRONICS
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MK41H78/MK41H79(N,P)-20/25/35

PACKAGE DESCRIPTION

22 PIN "N" PACKAGE PLASTIC DIP

mm Inches J
ANAAANANAANN g Dim. Min. |Max.| Min. | Max. Notes
d A 5.334 .210 2
A1 {0.381 .015
P U U U U U U U A2 |3.048(3.556] 120 | .140
—{f—m B [0.381(0.533| .015 | .021 | 3
o B1 [1.143[1.778| .045 | .070
C |0.203{0.304|.0008| .012 3
1 D ]25.908/26.67(1.020|1.050| 1
D1 |0.25410.635| .010 | .025
E | 7.62 [8.255| .300 | .325
E1 |6.096(6.858| .240 | .270
el |2.286(2.794| .090 | .110
eA | 7.62 |9.271| .300 | .365
* L [3.175 125
‘Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by 003 in when solder lead finish is specified.
J T Ao —
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(v SGS-THOMSON MK41HB80(N)
Y/ uicRoELECTRONICS -20/22/25/35

4K x 4 CMOS TAGRAM™

s 4K x 4 SRAM WITH ONBOARD 4 BIT COMPA-
RATOR

= 20,22,25, AND 35ns ADDRESS TO COMPARE
ACCESS TIME

= EQUAL ACCESS, READ AND WRITE CYCLE
TIMES

s FLASH CLEAR FUNCTION

= 22-PIN, 300 MIL PLASTIC

DIP-22
DESCRIPTION (Plastic Package)

The MK41H80 is a member of SGS-THOMSON . . .
Microelectronics 4K x 4 CMOS Static RAM family ~ Figure 1: Pin Connections.
featuring fully static operation requiring no external
clocks or timing strobes. Cycle Time and Compare
Access Time are equal. The MK41H80 is powered
by a single + 5V * 10% power supply and the inputs
and outputs are fully TTL compatible.

The MiK41HBO features an onboard 4 bit compara-
tor that compares RAM contents and current input
data. The result is an active high match on the
MATCH pinor an active low miss on the MATCH pin. Plastic DIP

JTo L

The MATCH pins of several MK41 H80's can be nan- A, 1 Cle M 2 vee
ded together to provide enabling or acknowledging 4 -
signals to the data cache or processor. As 2 Ea 121 Ag
Tag data can be read from the data pins by bringing As 3 H 20 Az
Output Enable (OE) low. This will allow data stored A7 4L [ 19 Ay
in the memory array to be displayed at the Outputs Ag 5 []MKatHgo [] 18 Ap
(DQo-DQy3). Ag 6 [ ) 17 CLR
Flash Clear operation is provided on the MK41H80 Ao 7 O ] 16 DQ3
viathe (CL.R) pin. A Iqw appliedto the CLR pinclears Ay 8 [ 0 15 bas
all RAM bits to a logic zero. OF o [ O 14 pa
WE 10 [ 7 13 DQg

PIN NAMES vss 11 [ ] 12 MATCH

Ao - Ay Address Inputs

DQo - DQ3 Data Input/output

MATCH Comparator Output

WE Write Enable

OE Output Enable

CLR Flash Clear

Vee Power (+ 5V)

Vss Ground
October 1989 1/11
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Figure 2 : MK41H80 Block Diagram.

Ay ROW aow | MEMORY
ADDRESS > b ——»f ARRAY
SUFFER DECODER ‘ 128 ROWS
. 32 x4 COL.
CLR CLEAR
| BUFFER r’_"'ATCH
] J— 4
o=, WRITE WRITE CTRL
WE "l ENABLE L all l
BUFFER DATA INPUT COLUMN j COMPARATOR
DQ<—-/— | BUFFER o A\l
I - ‘\ COLUMN J COL. ADDR.
OUTPUT 1 WDATA OUTPUT | DECODE i BUFFER
~= ENABLE
BUFFER R
° surreR_ [ I A5
ABSOLUTE MAXIMUM RATINGS*
Parameter Value Unit
Voltage on any Terminal Relative to Vsg -10to+70 \
Operating Temperture T (ambient) Oto+ 70 °C
Storage Temperature (ceramic) - 65to + 150 °C
Storage Temperature (plastic) - 5510 +125 °C
Power Dissipation 1 W
Output Currrent per Pin 50 mA

Stresses greater than 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 above those indicated in the opera-
tion sectionsof this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time

TRUTH TABLE (MK41H80)

WE OE CLR Match Mode
H H H Valid Compare Cycle
L X H Invalid Write Cycle
H L H Invalid Read Cycle
X X L Invalid Flash Clear Cycle

X = Don't Care

2/11

GS-
ST Rl
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RECOMMENDED DC OPERATING CONDITIONS (0°C < Ty <70°C)

Symbol Parameter Value Unit |Notes
) Min. Typ. Max.
Vee Supply Voltage (refereArlced to Vss) 45 5.0 55 \
Vss Ground 0.0 0.0 0.0 \
Viu Input High (logic 1) Voltage, 22 Vee + 0.3 \
All Inputs (referenced to Vgs)
ViL Input Low (logic 0) Voltage, -03 0.8 \
All Inputs (referenced to Vgs)

DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C) (Ve = 5.0V +10%)

Value )
Symbol Parameter Min Typ Max Unit |Notes

lccs Operating Current - Average Power Supply 120 mA 1
Operating Current

I Input Leakage Current, Any Input -1 1 pA

loL Output Leakage Current -10 10 A 6

Vou Output High (logic 1) Voltage 2.4 Vv
Referenced to Vgs ; lon = - 4mA

Vor Output Low (logic 0) Voltage 0.4 \"
Referenced to Vss : loL = + 8mA

AC ELECTRICAL CHARACTERISTICS (0°C < Ty <+ 70°C) (V¢c = 5.0V £ 10%)

Value
Symbol Parameter Min. Typ. Max. Unit |Notes
Cy Capacitance on any Input Pin 4 5 pF
Cz Capacitance on any Output Pin 8 10 pF 2
AC TEST CONDITIONS
INPUL LBVEIS ...ttt s GND to 3.0V
TTANSIHION THMES ..ttt 5ns
Input and Output Signal Timing Reference Level ... 1.5V
AMDIENt TEMPEIAIUIE.....c...ceieiieieeiieeeii ettt 0'Cto70°C
L oo TSP O T PO P PP 5.0V £ 10 percent
K37 S5STONGN >
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Figure 3 : Output Load Circuits.

+5V +5V
470
ohms ohms
D.U.T. D.U.T.
240 30 pF* 5 pF*
ohms ohms -
* Includes scope and test jig.
(A) (B.)
Notes : All voltages referenced to GND.

Measured with GND < V < Vec. Outputs are deselected with exception to MATCH which is always enabled.

]
2

3. Measured with load as shown in Figure 3A.
4. Measured with load as shown in Figure 3B.
5
6
7

lect measured with outputs open, Vcc max, f = min. cycle.

Output buffer is deselected.
Capacitances are sampled, and not 100% tested.

COMPARE, WRITE AND READ TIMING

The MK41H80 employs three signals for device
control. The Write Enable (WE) pin enables a Write
Cycle if low and either a Compare Cycle or a Read
Cycle when high. The OE pin enables a Read Cycle
if low or a Compare Cycle if high. The CLR pin en-
ables a Flash Clear Cycle when brought low.

The MK41H80 begins a Compare Cycle with the ap-
plication of a valid address (see figure 4). A valid
MATCH is enabled when OE and WE go high in
conjunction with their respective Set Up and Hold
times. MATCH will occur taca after a valid address,
and tpca after valid Data In. MATCH will then go in-

valid taru after the addrecg chanaes
VauG IACH aller tne aggress changes.

4m Ly7 S5S:THOMSON

The MK41H80 starts a Write Cycle with stable ad-
dresses (see figure 4). OE may be in either logic
state. WE may fall with stable addresses, and must
remain low until taw with a duration of twew. Data in
must be held valid tos before and toH after WE goes
high. MATCH will be invalid during this cycle.

The MK41H80 begins a Read Cycle with stable ad-
dresses and WE high (see figure 4). DQ becomes
valid taa after a valid address, and toea after the fall
of OE. DQ outputs become invalid toH after the ad-
dress becomes invalid or toez after OE is brought
high. Ripple through data access may be accomplis-
hed by holding OE active low while_strobing ad-
dresses Ao-A11, and holding CLR and WE high. The
MATCH output will be invalid during the Read cycle.

MICROELECTRONICS
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Figure 4 : Compare and Write Cycle.

* Avoid metastable inputs

COMPARE CYCLE WRITE CYCLE
e . B —
AO —_— R - — — - S S — - N
Ay ADDRESS VALID ADDRESS VALID
“tcog —— e t CCH -
1o ) |
%/ \ AN
e taw — ¥t AHI‘*
’“"‘ RCS — t RCH ——e— t WEW —]
_ — o
w 7 ;
—— t AS —
tpS — ¢t DH
DG, - >< TAG DATAVALID >( _>‘< DATA IN VALID
0Q," ——— -
- tpca |< t ACH
—— tACA — L— roCH
MATCH X VALID COMPARE
* AVOID METASTABLE INPUTS MKS80CW

Figure 5 : Write and Read Cycle.

WRITE C

|
o
Ag- !

YCLE

e -

ADDHESS

IV - —

VALID ><N7W

— 1

READ CYCLE

ADDRESS VALID

oE / f / /

- t WEW I
WE

t WEZ
ftos )
DG - DATAIN VALID "VALID OUT
0Q, : ~ T
— tDH
MATCH INVALID
* AVOID METASTABLE INPUTS MKSBOWR1
" Avoid metastable inputs
‘ SGS-THOMSON 511
Y/ NicroELECTRORICS
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ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(0°C < Tp £70°C) (Ve =5.0V£10%)  Units = ns
- 20 - 22 - 25 - 35
Symbol Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | "°'®S
o Cycle Time 20 25 25 35
tecs Compare Command Set Up Time 8 10
tecH Compare Command Hold Time 0 0
taes | Read Command (WE) Set Up 0 0 0
Time
tacn | Read Command (WE) Hold Time 0 0 0 0
tas Address Set-up Time 0 0 0 0
taw Address Stable to End of Write 16 18 20 30
Command (WE)
tAH Address Hold Time after End of Write 0 0 0 0
twew | Write Command (WE) to End of Write 16 18 20 30
tos Data Set Up Time 12 13 13 14
ton Data Hold Time 0 0 0 0
toca Data Compare Access Time 12 15 15 20 3
taca | Address Compare Access Time 20 22 25 35 3
tacH Address Compare Hold Time 5 5 5 3
tocH Data Compare Hold Time 3 3 3 3
toea | Output Enable (OE) Access Time 10 10 12 15 3
oy | Valid Data Out (DQ) Hold Time 5 5 5 5 3
tan Address Access Time 20 22 25 35 3
toez | Output Enable (OE) to High-Z 7 8 8 10 4
toer | Output Enable (OE) to Low-Z 2 2 2 2 4
twez | Write Enable (WE) to High-Z 8 10 10 13 4
twe. | Write Enable (WE) to Low-Z 5 5 5 5 4
APPLICATION rator circuitry is always enabled, metastable data in-

The MK41H80 operates from a 5.0 volt supply. It is
compatible with all standard TTL families on all in-
puts and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. Additionally, because
the outputs can drive rail-to-rail into high impedance
loads, the MK41H80 can also interface to 5 volt
CMOS on all inputs and outputs. Refer to the nor-
malized performance curves that follow.

The MK41H80 compares contents of addressed
RAM locations to the current data inputs. A logic one
(1) output on the MATCH pin indicates that the input
data and the RAM contents match. Conversely, alo-
gic zero (0) on the MATCH pin indicates at least one
bit difference between the RAM contents and input
data generating a miss.

The MATCH output is always at either an active high
or low logic level, and does not exhibit a three-state
or high impedance characteristic. Since the compa-

&r
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put levels can result in excessive MATCH output ac-
tivity. Therefore, the use of pull-up or pull-down
resistors is recommended on the data bus.

A pull-up resistor is also recommended for the CLR
input. This will ensure that any low going system
noise, coupled onto the input, does not drive CLR
below Vi1 minimum specifications.

Because high frequency current transients will be
associated with the operation of the MK41H80, po-
wer lines inductance must be minimized on the cir-
cuit board power distribution network. Power and
ground trace gridding or separate power planes can
be employed to reduce line inductance.

Though often times not thought of as such, the
traces on a memory board are basically untermina-
ted, low impedance transmission lines. As such they
are subject to signal reflections manifested as noise,
undershoots and excessive ringing. Series termina-
tion in close proximity to the TTL drivers can improve
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driver/signal path impedance matching. While expe-
rimentation most often proves to be the only practi-
cal approach to selection of series resistors, values
in the range of 10 to 33 ohms often prove most sui-
table.

Figure 6 : Read-flash Clear-write Cycle.

FLASH CLEAR CYCLE

A Flash Clear Cycle begins as CLR is brought low
(see figure 5). A Flash Clear sets all 16,384 bits in
the RAM to logic zero. Control Inputs will not be re-
cognized from tcx after CLR falls to tcr after CLR is
brought high. OE and WE are Don't Cares and DQ
is High-Z. MATCH will be invalid while CLR is low.

READ CYCLE CLEARCYCLE WRITE CYCLE
e tc ' tFce tc !
Ag-  — -
A11 ADDRESS VALID VALID ;>< ADDRESS VALID
ﬂ* tex
OF \ / j/
tCR1+—
tcLp
CLR t AW
tcx e
. g 7 \l‘; twew
w R
E l— tOEZ g 7 -
tos
— tOEA [ r tDH t‘—
qu - -
oy’ DATA OUT }k DATA IN )K
MATCH X INVALID
MK R
* AVOID METASTABLE INPUTS S80CL
“ Avoid metastable inputs

AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(0°C £ T, £70°C) (Ve = 5.0V £10%)  Units = ns.
- 20 - 22 - 25 -35
Symbol Parameter Min. | Max. | Min. |Max. | Min. | Max. | Min. | Max. Notes
tecc | Flash Clear Cycle Time 40 50 50 70
tox | Clear (CLR) to Inputs Don't Care 0 0 0
tcr | End of Clear (CLR) to Inputs 0 0 0
Recognized
toLp Flash Clear (CLR) Pulse Width 36 36 60 60
O =
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

NORMALIZED ICC1

NORMALIZED ICCt

NORMALIZED ACCESS TIME
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

NORMALIZED Iy /lyounce

NORMALIZED g x/lgounce
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[ M | [ awe0 | [ N | [ 20]

_ Package Type
N : Plastic Dip

Speed grade

— Device family and identification

number
! SGS-THOMSON
- — — ———————— prefix
ORDER CODES
Part Number Access Time Package Type Temperature Range

MK41H80N-20 20ns 22 Pin Plastic DIP 0°C to 70°C
MK41H80N-22 22ns 22 Pin Plastic DIP 0°C to 70°C
MK41H80N-25 25ns 22 Pin Plastic DIP 0°C to 70°C
MK41H80N-35 35ns 22 Pin Plastic DIP 0°C to 70°C

1011 L§7 SGS-THOMSON
7 MICROELECTRONICS
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PACKAGE DESCRIPTION

22 PIN "N" PACKAGE PLASTIC DIP

mm Inches J
Dim. i " i M Notes;
DAAAAAAAAA in. |Max. | Min. |Max.
o A 5334 210 2
C A1 |0.381 015 2
A2 (3.048(3.556| .120 | .140
PRACAYATRYAVAPRYEPRE Nt B [0.381(0.533 .015 [ .021| 3
,_,l te— 01
o BY | 1.27 |1.778/ .050 | .070

C 10.2030.304}.0008| .012 | 3
D |25.908|26.67)1.020/1.050| 1
I-‘—ﬂ—j D1 |0.254|0.635| .010 | .025
E | 7.62(8.255( .300 | .325
E1 [6.096(6.858 .240 | .270
el |2.28612.794| .090 | .110

! eA | 7.62|10.16] 300 | 400
A-

L |3.048 120

Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by 003 in when solder lead finish is specified.

‘ SGS-THOMSON 1
Y/ icRoELECTRONICS
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Lyg SGS-THOMSON MK41S80(N,X)
Y uicroeLEcTRONIGS -12/15

4K x 4 CMOS TAGRAM™

ADVANCED DATA

= 4K x 4 FAST HCMOS CACHE TAGRAM
= 12,15ns ADDRESS TO COMPARE ACCESS
a EQUALACCESS, READ/WRITECYCLE TIMES
» FLASH CLEAR FUNCTION
a 22-PIN 300 MIL PLASTIC DIP
24-PIN 300 MIL SOJ
22-Pin
(300 MIL Plastic Dip)
DESCRIPTION Figure 1 : Pin Connections.
The MK41S80 is a member of SGS-THOMSON
Microelectronics 4K x 4 CMOS Static RAM family Plastic DIP
featuring fully static operation requiring no external A
clocks or timing strobes. Cycle Time and Compare Ay 1 @ H 22 vee
Access Time are equal. The MK41S80 is powered As 2 [ 21 A3
by a single + 5V + 10% power supply and the inputs Ag 3 [ 020 Ay
and outputs are fully TTL compatible. Ay 4[] T 19 A
The MK41S80 features an onboard 4 bit comparator Ag 5 [ MKAISEO D 18 Ag
thatcompares RAM contents and currentinputdata. Ao 6 0 17 oA
The resultis an active high match on the MATCH pin ° C
or an active low miss on the MATCH pin. The At 7 4 16 DQg
MATCH pins of several MK41S80’s can be nanded A1 8 [ 115 DpQ»
together to provide enabling or acknowledging si- OE 9 [ [ 14 DQ1
gnals to the data cache or processor. WE 10 [] 713 pag
Tag data can be read from the data pins by bringing Vss 11 [ [] 12 MATCH
Output Enable (OE) low. This will allow data stored e
in the memory array to be displayed at the Outputs 300 MIL SOJ
(DQo-DQy3). -
Flash Clear operation is provided on_the MK41S80 R b - 24 Vee
viathe (CLR) pin. A low appliedto the CLR pin clears As 2 0 23 A3
all RAM bits to a logic zero. Ae 3 [ 22 Ap
Ay 4 [ 21 Ay
PIN NAMES Ag 5 []MKaisso [1 20 Ap
Ay - Ay, Address Inputs Ag 6 [ 19 NC
DQ, - DQ; Data 0, 5 NC 7 [ K 18 CLR
MATCH Comparator Output :10 Z E g 17 DQs
— 11 L] 16 DQ2
O*E Ou.tput Enable CE 10 [ [J 15 DQ1
E Write Enable WE 11 ] D 14 pag
CLR RAM Flash Clear Vss 12 (] [J 13 MATCH
Vee Vss +5V, GND —
October 1989 1/11
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Figure 2 : MK41S80 Block Diagram.

Ay ROW ROW X:g;\ovm
ADDRESS
7 BUFFER DECODER 128 ROWS
32x 4 COL.
CLR CLEAR
| BUFFER MATCH
4
WE — ‘I’EV,\F“;LEE |, WRITE CTRL 4BIT
BUFFER DATA INPUT COLUMN COMPARATOR
DQ 4 BUFFER 0o
- COLUMN COL. ADDR.
oUTPUT DATA OUTPUT DECODE BUFFER
N ENABLE
|——» BUFFER P
OF — ourrern | 4 A, J/S
ABSOLUTE MAXIMUM RATINGS*
Parameter Value Unit

Voltage on any Pin Relative to Ground -03t0 7.0 \Y
Operating Temperature 0to 70 °C
Storage Temperature -55t0+ 125 °C
Power Dissipation 1 W
Output Current 50 mA

* Stresses greater than 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 above those indicated in the opera-
tion sectionsof this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time

TRUTH TABLE (MK41S80)

WE OE CLR Match Mode
H H H Valid Compare Cycle
L X H Invalid Write Cycle
H L H Invalid Read Cycle
X X L Invalid Flash Clear Cycle
X = Don't Care
= L7 S55THONSON
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RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <70°C)

Symbol Parameter Min. Max. Unit | Notes
Vee Supply Voltage 45 55 v 1
Vss Supply Voltage, GND 0 0 \ 1
Viy Logic 1 All Inputs 22 Vee + 0.3 \ 1
Vi logic 0 All Inputs -03 0.8 v 1
DC ELECTRICAL CHARACTERISTICS (0°C < T, <70°C) (V¢c = 5.0V £10%)
Symbol Parameter Min. Max. Unit | Notes
lec Average Vcc Power Supply Current 120 mA
e Input Leakage Current, (Any Input) -1 1 HA 2
lou Output Leakage Current -10 10 HA 2
Vo Output logic 1 Voltage 24 \ 1
(lour = - 4.0mA)
Vou Output logic 0 Voltage 04 \Y 1
(loyr = 8.0mA)
AC ELECTRICAL CHARACTERISTICS (0°C < Tp <+ 70°C) (V¢ = 5.0V £ 10%)
Value
Symbol Parameter Min. Typ. Max. Unit |Notes
Cy Capacitance on any Input Pin 4 5 pF 2
C2 Capacitance on any Output Pin 8 10 pF 2
AC TEST CONDITIONS
Input Levels................... et GND to 3.0V
TranSIIoN TIMES .....ceiiiiiiiee et b s e ae s 1.5ns
Input and Output Signal Timing Reference Level..............ccocooii, 1.5V
AMDIENt TEMPEIALUIE .......c.eovieeeieieiie ettt e s s sa s 0°Cto 70°C

&7

SGS-THOMSON
MICROELECTRONICS

.................................................... 5.0V £ 10 percent

3/1
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Figure 3 : Output Load Circuits.

+5V

T

-
470 470
ohms ohms

D.U.T. D.U.T.
‘7,,7, — — - —
240 ‘L 30 pF* 240 L 5pF
ohms ohms ‘ )
T * Includes scope and test jig. —
(A) (B.)
Notes : All voltages referenced to GND.

Measured with GND < V < Vee. Outputs are deselected with exception to MATCH which is always enabled.

]
2

3. Measured with load as shown in Figure 7A.
4 Measured with load as shown in Figure 7B.
5
6
7

lec1 measured with outputs open, Vcc max, f = min. cycle.

Output buffer is deselected.
Capacitances are sampled, and not 100% tested.

COMPARE, WRITE AND READ TIMING

The MK41S80 employs three signals for device
control. The Write Enable (WE) pin enables a Write
Cycle if low and either a Compare Cycle or a Read
Cycle when high. The OE pin enables a Read Cycle
if low or a Compare Cycle if high. The CLR pin en-
ables a Flash Clear Cycle when brought low.

The MK41580 begins a Compare Cycle with the ap-
plication of a valid address (see figure 4). A valid
MATCH is enabled when OE and WE go high in
conjunction with their respective Set Up and Hold
times. MATCH will occur taca after a valid address,
and toca after valid Data In. MATCH will then go in-
valid tacn after the address changes.

Al Ly7 S5S-THOMSON

The MK41880 starts a Write Cycle with stable ad-
dresses (see figure 4). OE may be in either logic
state. WE may fall with stable addresses, and must
remain low until taw with a duration of twew. Data in
must be held valid tps before and toH after WE goes
high. MATCH will be invalid during this cycle.

The MK41S80 begins a Read Cycle with stable ad-
dresses and WE high (see figure 4). DQ becomes
valid taa after a valid address, and toea after the fall
of OE. DQ outputs become invalid ton after the ad-
dress becomes invalid or toez after OE is brought
high. Ripple through data access may be accomplis-
hed by holding OE active low while_strobing ad-
dresses Ao-A11, and holding CLR and WE high. The
MATCH output will be invalid during the Read cycle.

MICROELECTRONICS
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Figure 4 : Compare and Write Cycle.

—

* Avoid metastable inputs

COMPARE CYCLE WRITE CYCLE
% — tc — tc — -
AO' — — S S—
Aty ADDRESS VALID ADDHESS VALID
~—1ces I‘ t CCH
% /) | OANAAARENRARNN
o tAaw AHf
I‘"HRCS |l tRoH e twEw
we /1 | f
/ . ﬁ& B
~ t DS~ t DH
bG - )< TAG DATAVALID DATA IN VALID
0Q,’ . AR _ S o S
* tDCA * tACH
¢ LACA — L tDCH ,}
MATCH ‘X VALID COMPARE X
* AVOID METASTABLE INPUTS MKSBOCW

Figure 5 : Write and Read Cycle.

WRITE CYCLE

f tc e . —
Ao L, .
Al ,,,g*‘,,f, ADDRESS VALID }{ )
|
e ///
- t RCS
O etwew
WE L _;fz
k- tDs %!
DG, - DATAIN VALID
P, ——
_ ﬁ t DH ‘,‘,,,
MATCH INVALID
* AVOID METASTABLE INPUTS MKSBOWR1
* Avoid metastable inputs
‘ > SGS-THOMSON 511
Y/ wicroELECTRONICS
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ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(0°C < T, £70°C) (Ve = 5.0V £10%)  Units = ns
-12 -15
Symbol Parameter Min. Max. Min. Max. Notes

tc Cycle Time 15 20

tees Compare Command Set Up Time 5 6
tooH Compare Command Hold Time 0 0

tres Read Command (WE) Set Up Time 0 0

tach Read Command (WE) Hold Time 0 0

tas Address Set-up Time 0 0

taw Address Stable to End of Write 10 12

Command (WE)

tan Address Hold Time after End of Write 1 1
twew Write Command (WE) to End of Write 10 12

tos Data Set Up Time 10 12

ton Data Hold Time 0 0

toca Data Compare Access Time 8 10 3
taca Address Compare Access Time 12 15 3
tacH Address Compare Hold Time 2 3
tocH Data Compare Hold Time 0 3
toea Output Enable (OE) Access Time 8 10 3
ton Valid Data Out (DQ) Hold Time 2 2 3
taa Address Access Time 15 20 3
toez Output Enable (OE) to High-Z 7 7 4
toeL Output Enable (OE) to Low-Z 0 0 4
twez Write Enable (WE) to High-Z 7 7 4
twed Write Enable (WE) to Low-Z 1 1 4

APPLICATION

The MK41S80 operates from a 5.0 volt supply. It is
compatible with all standard TTL families on all in-
puts and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. Additionally, because
the outputs can drive rail-to-rail into high impedance
loads, the MK41S80 can also interface to 5 volt
CMGOS on all inputs and outputs. Refer to the nor-
malized performance curves that follow.

The MK41S80 compares contents of addressed
RAM locations to the current data inputs. A logic one
(1) output on the MATCH pin indicates that the input
data and the RAM contents match. Conversely, alo-
gic zero (0) on the MATCH pinindicates at least one
bit difference between the RAM contents and input
data generating a miss.

The MATCH output is always at either an active high
or low logic level, and does not exhibit a three-state
or high impedance characteristic. Since the compa-

611 L3z SGS-THOMSON

rator circuitry is always enabled, metastable datain-
put levels can result in excessive MATCH output ac-
tivity. Therefore, the use of pull-up or pull-down
resistors is recommended on the data bus.

A pull-up resistor is also recommended for the CLR
input. This will ensure that any low going system
noise, coupled onto the input, does not drive CLR
below V4 minimum specifications.

Because high frequency current transients will be
associated with the operation of the MK41S80, po-
wer lines inductance must be minimized on the cir-
cuit board power distribution network. Power and
ground trace gridding or separate power planes can
be employed to reduce line inductance.

Though often times not thought of as such, the
traces on a memory board are basically untermina-
ted, low impedance transmission lines. As such they
are subject to signal reflections manifested as noise,
undershoots and excessive ringing. Series termina-
tionin close proximity to the TTL drivers can improve

MICROELECTROMICS
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driver/signal path impedance matching. While expe-
rimentation most often proves to be the only practi-
cal approach to selection of series resistors, values
in the range of 10 to 33 ohms often prove most sui-
table.

Figure 6 : Read-flash Clear—write Cycle.

FLASH CLEAR CYCLE

A Flash Clear Cycle begins as CLR is brought low
(see figure 5). A Flash Clear sets all 16,384 bits in
the RAM to logic zero. Control Inputs will not be re-
cognized from tcx after CLR falls to tcr after CLR is
brought high. OE and WE are Don't Cares and DQ
is High-Z. MATCH will be invalid while CLR is low.

— tOEA

DQO_ S [

READ CYCLE CLEAR CYCLE WRITE CYCLE
i tc - ‘ trce tc
Ag- : L . R —
Al >‘< ADDRESS VALID vmoW}{ ADDRESS VALID
-'} tex | - |
« 7
K/ ] jf
i ™ tcr
F cLp |
R 4% |
. | ji LA
| — tex r
o — R R S ; ) tWEW S
T 77
[+ toez—w / /[ S
‘ —1tps

l *DHE'—

- 7""\7{{*:;1{%{]& }K;

wo X

* AVOID METASTABLE INPUTS

* Avoid metastable inputs

INVALID

MKSB80CLR

AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(0°C < T, <£70°C) (Vee = 5.0V £10%)  Units = ns.
i 12 - 15
Symbol Parameter Min Max Min Max Notes
trec Flash Clear Cycle Time 50 50
tox Clear (CLR) to Inputs Don't Care 0 0
tcr End of Clear (CLR) to Inputs 0
Recognized
top Flash Clear (CLR) Pulse Width 35 35
L7 SN e
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS

Yio Vi
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[ mc | [a1s80 | [N

| [z ]

ORDER CODES

Speed grade

Package Type
N : Plastic Dip

Device family and identification
number

SGS-THOMSON
prefix

Part Number Access Time Package Type Temperature Range
MK41S80N12 12ns 300 MIL Plastic DIP 0°C to 70°C
MK41S80N15 15ns 300 MIL Plastic DIP 0°C to 70°C
MK41S80X12 12ns 300 MIL Plastic SOJ 0°C to 70°C
MK41S80X15 15ns 300 MIL Plastic SOJ 0°C to 70°C

= K7 SSmson
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PACKAGE DESCRIPTION

22 PIN "N" PACKAGE PLASTIC DIP

mm Inches
Dim. T Notes

DAAAAAANNACA in. | Max. | Min. |Max.

o A 5.334 210
q A1 |0.381 015

, A2 |3.048(3.556] .120 | .140

VYUV UUVUUY B |0.381]0.533] .015 | .021 | 3
0 . B1 | 1.27 [1.778] .050 | .070

C |0.2030.304|.0008| .012 | 3
D |25.908{26.67|1.020{1.050| 1
D1 |0.254(0.635| .010 | .025

—-’u‘—— I——Ei—l
Ja I T £ |7.62 8255 300 | .325
L E1 |6.096|6.858| .240 | 270
sl | i et |2.286|2.794] 090 | .10

1 1

oo

®

s eA | 7.62 [10.16] 300 | 400

L |3.048 120

Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by 003 in when solder lead finish is specified.

. 11/11
L7 SESThoNe
193






[_ SGS-THOMSON
Y7 icrolEcTRONICS  MK4202(Q)-20/22/25

2048 x 20 CMOS TAGRAM™

= 2048 x 20 CMOS SRAM WITH ONBOARD
COMPARATOR
= MATCH ACCESS TIME = 20ns (max)
s READ ACCESS TIME = 25ns (max)
s« RESET CYCLE = 25ns (max)
= lcc (outputs deselected) = 250mA (max)
s STANDBY = 50mA (max)
s FLASH CLEAR VALID BIT FUNCTION
s TARGET APPLICATION :
= 68020-25, 68030-33 AND 80386 CACHE Q
PLCC68
(Plastic Chip Carrier)
Figure 1 : Pinout for 68 Pin PLCC Package. PIN NAMES
Vee, Vss | + 5V Supply, Ground
Veea, V 5V Output Supply,
Py P, P P EEECE Vo A A A A AR A Y coarTssa (t)utpu( GFr)ound PPy
Ao-Aig Index Address Input
__| 03 08 07 06 05 04 03 02 01 6B 67 66 65 64 63 62 6 CDOo Ciearable Tag Data /0
ol 501 A DQ,-DQ,,| Tag Data /O
Ve | 1 59 | Ve Eo-Es3 Chip Enablebl ;
rogrammable active
cog, | 12 58 | oo, iow or high}
oo | 13 57 | og, Po-P3 Chip Enable Program
! L Inputs
Vea | ¥ N RS Reset Input (active low)
bg, | 15 55 | oa,, S Chip Select Input
(active low)
oo, | 1 541 00 w erit‘e E|nab)le
v " 83 |V active low
et °0 G Data Output Enable
ba, | 18 TOP VIEW 52 | DO (active low)
g, | 18 51 | oa, Co (ngggg)e 0 Output
Ve, | 20 50 | Vegq Hit = High, Miss = Low
o, | 2 as | oo, C; %Sg‘t‘gta‘?’)‘? 1 (?utput
oo, | 22 a8 | oo, _ it = ngh, Miss = Low
Ho Force hit 0 Input
Ve | 23 a7 |V, _ (active low)
oo, | 2a a6 | oo, H Fa%?fef}gvs)'npm
oo, | 25 4 Do, Mo Force Miss 0 Input
% u |y _ (active low)
U 27 28 20 30 31 32 33 38 35 36 37 38 39 40 41 42 43 | O Mi E?éng{'éﬁ‘ Input
- U CGo Compare 0 Output
A A A GV, W S VM HCG M, K CGV, C C, Enab‘l)e (active Igw)
CGi Compare 1 Output
Enable (active low)
October 1989 119
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DEVICE DESCRIPTION AND FEATURES

The MK4202 is designed to be connected DIRECT-
LY to a high performance 32 bit'microprocessor, al-
lowing the elimination of the logic delays associated
with collecting HIT or Miss outputs into a subsequent
gate or the RC delays associated with wired-OR
open collector match outputs.

The MK4202 TAGRAM has four major features that
allow direct connection :

1.Wide enough for aimost any TAGRAM application
without requiring multiple chip width expansion
and the delays that would result.

2.Four (4) programmable CHIP ENABLE inputs, al-
lowing DEPTH EXPANSION without any of the at-
tendant chip enable decode delays that would
otherwise be required.
Po-P3 should be tied directly to Vcc or Vss, or
through pull-up or pull-down resistors. The
MK4202 is selected when Eo-E3 equals Po-P3 in
a binary match.
(Example : Eo-E1 = 0110, Po-P3=0110.)

3.3-STATE COMPARE OUTPUTS, allowing all
Compare outputs to be bused together so the Ad-
dress-to-Compare access time for a depth ex-
panded application is identical to that of a single

device. The Programmable Chip Enables prevent
bus contention by assuring that only one
TAGRAM at a time drives each Compare bus
when in Compare mode.

4.DUAL COMPARE OUTPUTS (Co and C+) and
FORCED HIT (Ho and H1) and FORCED MISS
(Mo and M) inputs for each. The arrangement
allows direct connection of the TAGRAM to two
separate processor inputs (such as BERR and
HALT on the 68030), and connection of all sig-
nals that would otherwise have been connected
to those processor inputs to be passed
THROUGH the TAGRAM ; eliminating the need
for a subsequent gate to collect the COMPARE
output and other BERR or HALT signal sources
to the processor. The net effect is that the Ad-
dress-to-Compare access time demonstrated
by the MK4202 is all of the delay the user must
consider. The alternative approach, using nar-
row TAGRAMs with open collector outputs or
narrow TAGRAMs with 2-state outputs and a
10ns programmable logic device, requires that
the narrow TAGRAMs demonstrate a 10ns Ad-
dress-to-Compare access time to yield the same
performance in a user’s system that the MK4202
provides.

TRUTH TABLE (MK4202Q)

RS 5 E w G M, Hy | CGy, Mode Cx DQ | Notes
Hi - X N N Lo X X Force Miss Low - 1
Hi - X - - Hi Lo X Force Hit High - 1
Hi - X - - Hi Hi Hi Comp Disable Hi-Z - 1
Hi X F X X Hi Hi X Standby Hi-Z Hi-Z
Hi X T Hi Hi Hi Hi Hi Compare Hi-Z Din
Hi X T Hi Hi Hi Hi Lo Compare HiorLo| Din
Hi Hi T Lo X Hi Hi Lo Hit High Hi-z
Hi Hi T X Lo Hi Hi Lo Hit High Hi-Z
Hi Lo T Lo X Hi Hi Lo Write High Din
Hi Lo T Hi Lo Hi Hi Lo Read High | D Out
Lo Hi X X X - - - Reset - Hi-Z
Lo X F X X - - - Reset - Hi-Z
Lo X X Hi Hi - - = Reset - Hi-Z
Lo X Hi Lo - - - Reset - Lo-Z
Lo Lo T Lo X - - - Not Allowed - Hi-Z 2
Lo X T Hi Hi Hi Hi Lo Reset Lo Din 3
Key : X = Don't Care Notes : 1. Force hitvmiss operations independent of
Hx = Ho or Hy other RAM operations.
Mx = Mo or M, 2. May disrupt Reset, will not damage
CGx = CGo or CGs device.
F = (False) Eo-Es pattern DOES NOT match Po-P3 pattern. 3. Reset will force Cx low during a valid
T = (True) Eo-Es pattern DOES match Po-Ps pattern. compare when CDQo is Din = HIGH.
— = Not related to identified mode of operation.
= Ly SETHANEON
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Figure 2 : MK4202 Block Diagram.
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Ay l COMPARE
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ouTPUT ¢
BUFFER

w WRITE WRITE 4 TAG
S | CONTROL DRIVE 20 ,[COLUMN 10 | 20,,| SENSE COMPARE |—
= LOGIC (READWRITE) ave | LOGIC
4
16} 20 T
COLUMN DECODER on?v.;n
| Mg Ho CGy
20 4 I
OLUMN ADDRESS Y I
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T T N
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| |
1
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o
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Figure 3 : Device Logic Symbol.
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POWER DISTRIBUTION

The MK4202, being a 20 output device, obviously
requires the use of good power bussing techniques.
MK4202 has been designed in such a way as to al-
low the user to minimize the effects of switching
transients on overall circuit operation. Of particular
interest is the separate bussing of the Vcc and Vss
lines to the output drivers. The advantage provided
by these separate power pins, designated Vcca and
Vssq, is that voltage sags and ground bumps seen
on these pins are not reflected into the other portions
of the chip, particularly the input structures. As a re-

Figure 4 : Application Block Schematic.

sult, switching noise in the supply has much less ef-
fect on input levels, providing the user with more
noise margin than would otherwise be available.

Of course Vcc and Vcca must always be at the
same DC potential. Vss and Vssa must match as
well. Differences between them due to AC effects
are expected, but must be minimized through the
adequate use of bussing and bypassing. All speci-
fications and testing are done with Vss = Vssa
+10mV RMS, Vce = Veca = 10mV RMS with instan-
taneous peak differences not exceeding 50mV.

P = 0001
P = 0000
32BIT WP

n
INDEX ———d A, A,

1
INDEX ————JE; E;

19
TAG ———=4 DQ, DO,

vcc
VALD ———»{ CDQ,
SELECT —————»{ s
WRITE ——l c, —j
READ ——pi G <o < ) BERR
BUS ERR ——— 4 M, c,
HALT ———— M, c, HALT
Vee ——{H,
Veo ——] F‘
v, —»{CG
SS 0
vCC
ve ——»{cs,
c— SGS-THOMSON 519
Y/ ICROELECTRONICS -
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ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit
Voltage on any Pin Relative to Vgg —-0.3107.0 \Y
Ambient Operating Temperature (Tp) 0to 70 °C
Ambient Storage Temperature (plastic) - 5510 125 °C
Total Device Power Dissipation 25 Watts
RMS Output Current per Pin 25 mA

* Stresses above 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 condition above those indicated in the operation sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS (T, = 0 to 70°C)

Symbol Parameter Value Unit Notes
Min. Typ. Max.
Vee Supply Voltage 4.5 5.0 55 \
Vss Supply Voltage, GND 0 0 0 Vv
ViH Logic 1 All Inputs 22 Vec + 0.3 v 5
Vi Logic 0 All Inputs -0.3 0.8 \ 5
Note : All voltages referenced to Vss.
DC ELECTRICAL CHARACTERISTICS (T, = 0 to 70°C, Vg = + 10%)
Symbol Parameter Value Unit Notes
Min. Typ. Max.
lec Average Power Supply Current 250 mA 1
leca Active Power Supply Current (f = 0) 200 mA 1
[ TTL Standby Current 50 mA 1
I Input Leakage Current -1 +1 HA 2
loL Output Leakage Current - 10 + 10 pA 3
Von Logic 1 Output Voltage (loyr = — 4mA) 24 \ 4
Vou Logic 0 Output Voltage (loyt = 8mA) 0.4 Vv 4
Notes : 1. Measured with outputs open. Vcc max.
2. Measured with Vin = 0.0V to Vce.
3. Measured at CDQo, DQ1-DQ1g, Co and Ci.
4. All voltages referenced to Vssa.
5. Inputs (Po-Pa) require Viy min. = 4.5 volts and Vi. max. = 0.5 volts.
6. Sampled, not 100% tested. Measured at 1 MHz.
7. Measured at all data 1/O's, Co and Cs.
CAPACITANCE (T, = 25°C, f = 1.0 MH2)
Symbol P Value Unit Nott
ymbo arameter Min. Tvp. Max ni otes
C Input Capacitance 4 4 pF
Co Output Capacitance 8 10 pF 6.7
AL (37 SGS-THOMSON
Y/ raicrozLEcTRORICS
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AC TEST CONDITIONS

INPUL LBVEIS ...t st s GND to 3V
TraNSIHON TIME ..ot 5ns
Input and Output Timing Reference Level ..o 1.5V
Ambient Temperature ...0"t0 70°C
LYoo TP SO O U USSP SRRPPPPPN 5.0V +10%
Figure 5 : Equivalent Output Load Circuit.
+5V +5V
2 470 OHMS $ 470 OHMS
1 <
DUt DUT
$ 240 OHMS ] $ 240 o
2 — 30pt* b I MS —— Sspt
T ]
Ve Vss
(A) B)
* Includes scope and test JIG.
READ MODE (S), and Output Enable (G) access times have been

The MK4202 is in the Read mode whenever W is
HIGH, and G is LOW provided Chip Select (S) is
LOW and a true Chip Enable pattern (Eo-E3) is ap-
plied. The 11 address inputs (Ao-A1o) define a uni-
que index address giving access to 20 of 40,960 bits
of data in the static memory array. Valid data will be
present at the 20 output pins within tavav of the last
stable address provided Chip Enable, Chip Select

met. If Chip Enable, S, or G access times are not
met, data access will be measured fromthe latter fal-
ling edge or limiting parameter (tevav, tsLav, or
taLav). The state of the tag data I/O pins is controlled
by the (Eo-E3), S, G, and Winput pins. The data lines
may be indeterminate at tevax, or tsLax, or taLax, but
will always have valid data at tavav.

‘Y_I SGS-THOMSON 7n9

MICROELECTRONICS
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ELECTRICAL CHARACTERISITCS AND RECOMMENDED AC OPERATING CONDITIONS
(read cyle timing) (0°C < T, < 70°C) (Voe = 5.0 +5%)

STD ALT Parameter |20 - 22 25 | Units | Notes
Symbol | Symbol Min. |Max. | Min. |Max. | Min. | Max.
tavav tc Cycle Time 25 25 30 ns
tavav taa Address Access Time 25 25 30 ns
taxax taoH Address Output Hold Time 5 5 5 ns
taeQv fea Chip Enable Access Time 25 25 30 ns
texax teoH Chip Enable Output Hold Time 4 4 ns
tevax terz Chip Enable TRUE to Low-Z 4 4 ns
texaz tenz Chip Enable FALSE to high-Z 8 8 10 ns
tsLav tsa Chip Select Access Time 15 15 18 ns
tshax tson Chip Select Output Hold Time 2 2 2 ns
tsLax tsLz Chip Select to Low-Z 3 3 3 ns
tshaz tsHz Chip Select to High-Z 4 4 6 ns
taLav tea Output Enable Access Time 13 13 15 ns
taHax tgoH Output Enable Output Hold Time 2 ns
taLax taLz Output Enable to Low-Z 2 ns
teHaz taHz Output Enable to high-Z 5 5 8 ns
Figure 6 : Read Cycle.
Law - S
ADDRESS ;k—' VALID ADDRESS
A—_— f4_4| I.—lm,,
50‘53 TRUE CHIP ENABLE PATTERN )(
ey —! texaz

S

G

W

— be——— twnax
pa DATA OUT D p—r
81s (37 SGS-THOMSON
Y/ GicRoELECTROMIGS
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Figure 7 : Address Read Cycle.

ADDRESS

DQ

VALID A

DDRESS

—} Laxax
DATA OUT <

Figure 8 : Chip Enable Read Cycle.

X TRUE CHIP ENABLE PATTERN X

f—— Yeva—————
o tevaxr——1

—]

( DATA OUT

Figure 9 : Chip Select Read Cycle.

; L v
-— gy — — " Snaz ";
| 'SLQ! ‘—L —*‘ 'SNOX [
ba N\ ( DATA OUT ]
Figure 10 : Output Enable Read Cycle.
'
G \K J
— ] torov '.- — tonoz F
— taoax  fe—— — ' o le——
oQ -1-\ DATA OUT '
o 9/19
L7 355N
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WRITE MODE _

The MK4202 is in the Write mode whenever W is
LOW provided Chip Select (S) is LOW and a true
Chip Enable pattern (Eo-E3) is applied (G may be in
either logic state). Addresses must be held valid
throughout a write cycle, with either W or S inactive
HIGH during address transitions. W may fall with
stable addresses, but must remain valid for twLwH.
Since the write begins with the concurrence of W

and S, should W become active first, then tsLs must
be satisfied. Either W or S can terminate the write
cycle, therefore tovwH or tovsH must be satisfied be-
fore the earlier rising edge, and twHpx or tsHpx after
the earlier rising edge. If the outputs are active with
G and S asserted LOW and with true Chip Enable,
then W will return the outputs to high impedance wi-
thin twiHz of its falling edge.

ELECTRICAL CHARACTERISITICS AND RECOMMENDED AC OPERATING CONDITIONS

(write cycle timing) (0°C < T, < 70°C) (Vee = 5.0 + 10%)

STD ALT Parameter - 20 - 22 - 25 Units | Notes
Symbol | Symbol Min. | Max. | Min. | Max. | Min. |Max.
tavav tc Cycle Time 25 25 30 ns
tavwL tas Address Set-up Time to WLOW 0 0 0 ns
twHAX tan Address Hold Time from W HIGH 0 0 0 ns
tavsL tas Address Set-up Time to S LOW 0 0 0 ns
tshax tan Address Hold Time from S HIGH 0 0 0 ns
tevwL tes Chip Enable Set-up Time to WLOW 3 3 3 ns
twhEX ten Chip Enable Hold Time from WHIGH | 0 0 0 ns
tevse tes Chip Enable Set-up Time to S LOW 3 3 3 ns
tSHEX ten Chip Enable Hold Time to S HIGH 0 0 0 ns
twLwh tow | Write Pulse Width 15 15 18 ns
tsLsH tsw Chip Select Pulse Width 16 16 20 ns
tovwH tos Data Set-up Time to W HIGH 12 12 15 ns
twHbx ton Data Hold Time from W HIGH 0 0 0 ns
tovsH tos Data Set-up Time to S HIGH 12 12 15 ns
tsHox ton Data Hold Time from S HIGH 0 0 0 ns
twiaz twz Outputs Hi-Z from W.LOW 8 8 10 | ns
tHax twL Outputs Low-Z from W HIGH 5 5 5 ns
10719 L37 S5S:THOMSON
MICROELECTRONICS
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Figure 11 : W Write Cycle.

b———— l'm’

ADDRESS )( VALID ADDRESS )(
—e]  tawt '.~_~ ﬂ twiax [——

=3 TRUE CHIP ENABLE PATTERN

tevw }'— — twrex

 pal—— Lwiwn —————=

K__ yd
; \ | L

———={ twhox |e——

L

DATA IN

Figure 12 : S Write Cycle.

ADDRESS VALID ADDRESS K
Yvst }‘—— —’i tsuax [+

EqE, TRUE CHIP ENABLE PATTERN

Levsr ] tsuex
Lsisn ————

s .

. /
W/

1 Swox [

/

pa DATA IN

‘ SGS-THOMSON 11/19
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COMPARE MODE

The MK4202 is in the Compare mode whenever w
and G are HIGH provided a true Chip Enable (Eo-E3)
pattern is applied. Chip Select (S) is reguarded as
adon't care since the user is not concerned with the
data outputs, but only with the Compare (Cx) out-
puts. Mx and Hx must be HIGH, and CGx active
LOW to enable the Compare outputs for a valid com-
pare hit or miss.

The 11 index address inputs (Ao-A10) define a unique
location in the static RAM array. The data presented
on the Data Inputs (DQ1-DQ1g and CDQo) as Tag Da-
ta is compared to the internal RAM data as specified
by the index. If all bits are equal (match) then a hit

condition occurs (Cx = HIGH). If at least one bit is not
equal, then a miss occurs (Cx = LOW).

The Compare output will be valid tavcv from stable
address, or tpvcv from valid tag data provided Chip
Enable is true, and CGx is active LOW. Should the
address be stable with valid tag data, and Chip En-
able false, then compare access will be within tevcy
from true Chip Enable. When executing a write-to-
compare cycle (W = LOW, and G = LOW or HIGH),
Cx will be valid twHcv or taHcv from the latter rising
edge of W or G respectively. Finally, when gatingthe
Cx output in the compare mode with CGx, the com-
pare output will be valid tcgL-cv from the falling edge
of CGx.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(compare cycle timing) (0°C < T, <70°C) (V¢ = 5.0 £ 10%)

TD ALT -20 - 22 -2 .
53"“”' s\""l‘-b°l Parameter Min. |Max. | Min. | Max.| Min. :nax. Units | Notes
tavev taca Address Compare Access Time 20 22 25 ns
taxcx tacon Address Compare Output Hold Time 5 5 5 ns
tovey toca Tag Data Compare Acccess Time 16 18 20 ns
toxex tocH Tag Data Compare Hold Time 2 2 2 ns
twicH twon | WLOW to Compare HIGH 10 11 12 | ns
twHex tweon | W Compare Output hold Time 3 3 ns
twiex twcz | Wto Compare HOLD 3 3 ns
twmcy twev | Wto Compare Valid 10 10 12 | ns
taLcH tacH G Low to Compare HIGH 10 11 12 ns
taHex tcaon | G Compare Output Hold Time 3 3 ns
taLcx tacz | Gto Compare to HOLD 3 3 ns
tancy tacv | Gto Compare Valid 10 10 12 | ns
tevey teca E True to Compare Access Time 20 22 25 ns
texcx tecon E False Compare Hold Time 4 ns
tevex tcLz E True to Compare Low-Z 4 4 ns
texcz tecHz E False to Compare high-Z 8 8 10 ns
teaLcv tcca CGx to Compare Access Time 8 8 10 ns
togH-cx tcaon CGx Compare Hold time 2 2 ns
toaL-cx tcaz CGx LOW to Compare low-Z 2 2 2 ns
taicz | teaiz | CGx HIGH to Compare High-Z 8 8 10 | ns
12/19 [’7 SGS-THOMSON
MICROELECTRONICS
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MK4202(Q) -20/22/25

Figure 12 : Summary Compare Cycle.

AVAY — >

L

ADDRESS VALID ADDRESS ;(
ey *o— —] Luex l‘*
EjE TRUE CHIP ENABLE PATTERN >< FALSE CHIP ENABLE
|
- — e
- | o e -
|
pa DATA IN }{
. |
— lm DXCX r-‘-‘—
e, b 7
— LegLev l“* —| leonez
—_— lcc-u: fa——— —J 'OGH-CI o ——
c, HIT/MISS VALID H
Note : W and C_i_are both assumed to be HIGH.
Hx and Mx are both assumed to be HIGH.
Figure 13 : Compare Cycle.
ADDRESS VALID ADDRESS >{ VALID ADDRESS
—ny t AVCV l*v
—_— taxex |.—,—
DQ DATA IN K DATA IN
1
S P —
— toxex
Cy VALID HIT/MISS VALID HIT/MISS

Note : W and G are both HIGH, CGx is LOW, and a true Chip Enable pattern is present. Hx and Mx are both assumed to be HIGH.

13/19

‘ -THOMSO
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MK4202(Q) -20/22/25

RESET MODE

The MK4202 allows an asynchronous resetwhenever
RS is LOW regardless of the logic state on the other
input pins. Reset clears all internal RAM bits in CDQo
(2048 bits) to a logic zero. This output can be used as
a valid tag bit to insure a valid compare miss or hit . It
should be noted that a valid write cycle is not allowed

during a reset cycle (W = LOW, S = LOW, RS = LOW,
and Chip Enable is true). The state of the data outputs
is determined by the input control logic pins : Chip En-
able, S, G, and W (see truth table). Should a reset oc-
cur during a valid compare cycle, and the CDQo valid
tag bitis set to alogic (1), then Cx will go LOW attrsL-
ct from the falling edge of RS.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(reset cycle timing) (0°C < T, <70°C) (Vee = 5.0 £ 10%)

S?:»Eol S:n&;ol Parameter Mir;. 2:Aax. Mir;.zl\zllax. Mir;. 2Ij’lax. Units | Notes
tRLSL-AV tasc Reset Cycle Time 20 25 30 ns
tRSL-RSH trsw Reset pulse Width 25 25 30 ns
tasi.cL tasct | RS LOW to Compare Output LOW 25 25 30 | ns
tAsH-AV tasR Address Recovery Time 0 0 0 ns
tRsH-EV tRsR Chip Enable Recovery Time 0 0 0 ns

FORCE HIT AND FORCE MISS

The MK4202 can force either a miss or hit condition
onthe Cx output by asserting Mx or Hx LOW. A Force
Miss overrides a Force Hit condition and is not de-
pendent upon Compare Qutput Enable {CGx) (see

truth table). The Cx output will go HIGH within tHLcH
from the falling edge of Hx or Cx will go LOW within
tmLcL from the falling edge of Mx. All Mx and Hx inputs
must be HIGH during a valid compare cycle.

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(force hit or miss cycle timing) (0°C < T, £ 70°C) (Ve = 5.0 £ 10%)

STD ALT Parameter - 20 - 22 “25 | Units | Notes
Symbol | Symbol Min. |Max. | Min. |Max. | Min. |Max.
tiich tia Hx to Force Hit Access Time 8 8 10 | ns
trez tHHz Hx to Compare High-Z 5 5 8 ns
tiLcox ts Force hit to CG xdon't care 2 2 2 ns
tHH-caH R Force hit to CG xrecognized 2 2 2 ns
tmLcL twa Mx to Force Miss Access Time 8 8 10 ns
ez tunz Mx to Compare to high-Z 5 8 ns
twLcox tws Force Miss to CG ydon't care 2 2 2 ns
turcaH tur Force Miss to CG xRecognized 2 2 2 ns
tuLix twis | Force Missto H xdon't care 2 2 2 ns
MHHH tMHR Force Miss to H xRecognized 2 2 2 ns
1419 L37 S5S:THOMSON
MICROELECTRONICS

208




MK4202(Q) -20/22/25

Figure 14 : Reset Cycle.

ADDRESS

EGE,

ba

WRITE
Lavav
a< VALID ADDRESS
—— b [ — —] uax fe——
tywm — P — "] twuax [
‘)‘ TRUE CHIP ENABLE PATTERN (
JEEN L) P — Snex fo—
tevwi ——1 twuex
‘S‘SN
o |WLWN
}‘— tas av — 1
[ tasLasn -~
tasway —— [— - tsupx [+—
tasuey—  lo—— — Yoy
tovsn j
(DVWH
DATA IN CE—

Note : Reset during an active write cycle is not allowed. A write cycle may disrupt Reset, but will not damage device.

Figure 15 : Valid Compare - Reset.

N

L"— tﬂSL-hSH -

RS
— " tasicL -
Cx VALID COMPARE
Note : CDCy is presumed to be HIGH.
[Ny SGS-THOMSON 1519
Y/ wicRoELECTROKICS
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Figure 16 : Force Hit and Force Miss.

— 1t cox tuLcox—> fe———

. tﬂLHX

— it

HLCH

— hue

X VALID HIT

Figure 17 : Late Write - Hit Cycle.

EE; TRUE CHIP ENABLE PATTERN X
tevey — — texcz
k\@ fs——— — (Exu( |. —

X

L]

Ny

CG, NR J[
1
- togLov e —e leancz [
— luoex teomex
C HIT

I

Note : G is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW.

16/19 (37 SGS-THOMSON
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MK4202(Q) -20/22/25

Figure 18 : Compare - Write Hit - Compare Cycle.

—

fe——— o ————— Ywhev '*——
b 'wu:A—’* twiex [~
Cy VALID COMPARE } HIT 5 COMPARE

Note : G is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW, with CGx LOW.

Figure 19 : Late Read - Hit Cycle.

EE, TRUE CHIP ENABLE PATTERN )<

ZJ
\“\
1
\

: T W™ —

Note : W is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, (with CGx LOW.)

. 17119
L7 SN
211



MK4202(Q) -20/22/25

Figure 20 : Compare - Read Hit - Compare Cvcle.

s X '8

Yoo — Yooy l‘“

- tc‘u tGMCX

Cy VALID COMPARE ’y// HIT COMPARE

Note : W is HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW.

Figure 21 : Early Write - Hit Cycle.

w
feio twnex
G,
— toaov +~—— tcancz—1
c, Yo iy N

Note : G is HIGH and a Valid Address is present, with (Eo — Ea) = True. Hx and My are both assumed to be HIGH.

Figure 22 : Early Read - Hit Cycle.

tocn ——=1 —|  louex t'_

ttaov [ - tegnez —

c Vou b HIT “\J

X

Note : W is HIGH and a Valid Address is present, with (Eo — Es) = True. Hx and Mx are both assumed to be HIGH.

18/19 LYy SGS-THOMSON
7’ MICROELECTRONICS
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MK4202(Q) -20/22/25

ORDER CODE
Part Number Access Time Cycle Time Package Type Temperature
MK4202(Q)-20 20ns 25ns 68 Pin PLCC 0°C to 70°C
MK4202(Q)-22 22ns 25ns 68 Pin PLCC 0°C to 70°C
MK4202(Q)-25 25ns 30ns 68 Pin PLCC 0°C to 70°C
PACKAGE DIMENSIONS
Pin | identification
2413 Identification ¢ 4,20 2261
243 - 5,08 23,62
2433 - ~
-
127
9381
|
[ 44
~ 1
'27"";4}"”"”'7’1'&1 zg,gz_
ezl ieq.cjelelelejeleeleleje o elele max 25,27
TYP—"' 4544 4‘?‘H’H‘+—H+
68 &
Sorties
LNy SGS-THOMSON 19719
Y/ HicRoELECTRONICS
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MK44S80(N,X)
-15/17/20

65,536-BIT FAST CMOS
16 K X 4 CACHE TAGRAM™

FEATURES

= 16K x 4 FAST CMOS CACHE TAGRAM

s 15,17,20ns ADDRESS TO COMPARE ACCESS
= 10,12,14ns TAG DATA TO COMPARE ACCESS
= EQUAL ACCESS, READ/WRITE CYCLE TIMES
= FLASH CLEAR FUNCTION

= 24-PIN 300 MIL STANDARD PLASTIC DIP

DESCRIPTION

The MK44S80 is a 65,536-bit CMOS Static TA-
GRAM, organized as 16Kx4 using SGS-THOM-
SON Microelectronics’ advanced fast HCMOS
process technology. This device is functionally
compatible with the industry standard
MK41S80 4Kx4 TAGRAM. All inputs and out-
puts are TTL compatible using a single 5V
supply.

The MK44S80 provides full static operation, re-
quiring no external clocks or refresh opera-
tions, and features a MATCH output for indica-
ting either a cache hit or miss condition. The
on-board 4-bit comparator compares RAM
contents with current input (tag) data. The result
on the MATCH pin is an active high match
("hit"), or active low for a "miss" condition. The
MK44S80 offers a totem-pole  MATCH output
design for fast access times, allowing the
MATCH pins of several devices to be gated to-
gether to provide an enable or acknowledge to
the data cache or cache control logic (refer to
Figure 2).

October 1989

ADVANCE DATA

PIN CONNECTION

24-Pin DIP or SOJ
e —
Ag 1 [e ] 24 Vee
Ay 2 [ ] 23 Aq3
Ax 3 (] (122 Aqp
Az 4 [] 121 Aqq
Ag 5 [ [] 20 Aqp
Ag 6 []MK44S80 ] 19 Ag
Ag 7 ] ] 18 CLR
A; 8 [ J 17 DQj
Ag 9 O 116 DQ»
OE 10 [] ] 15 DQ;
WE 11 (] ] 14 DQg
Vss 12 [] [] 13 MATCH
MK44S80 TRUTH TABLE
WE | OE | CLR | MATCH | MODE
H | H | H Valid Compare
L | x | H | vaid | Write
H L H Invalid Read
| X | X [ L | Invalid | Clear
PIN NAMES
Ac-Aiz Address Inputs
DQo-DQ3 Data 1/0o-3
MATCH Comparator Output
OE Output Enable ]
WE | Write Enable
ICLR  |RamFlashClear
Vce,Vss +5V, GND

12
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MK44S80(N,X)-15/17/20

TAGRAM FUNCTION

The MK44S80 is an SRAM based Cache Tag di-
rectory (hence the name TAGRAM). Figure 2
shows a general block diagram using a cache
tag directory (TAGRAM) in a cache subsystem
application. The system must detect whether
the requested data resides in the cache data
RAM, or if extended read cycles to main me-
mory are necessary.

The MK44S80 features four modes of opera-
tion: Write, Read, Compare, and Clear. The
MK44S80 incorporates an on-board 4 bit com-
parator that compares internal RAM contents
with current (tag) input data. If the device isin
the compare mode, and the comparator de-
tects a "match", then the MATCH pin will go
high for a hit condition. If a match is not de-
tected by the comparator, then the MATCH pin
drives low to denote a "miss" condition. Stand-
ard write/read operations_are performed with
Write (WE) and Output (OE) Enable inputs. Ad-
ditionally, the device provides a Flash Clear
operation viathe CLR pin.

When a low level (Vi) is applied to the CLR
input pin for the specified tcLp time, all RAM
bits are set to a logic zero.

Compare data (internal RAM) can be read from
the data pins by bringing Output Enable (OE)
low. This will allow data stored in the memory
array to be displayed at the Outputs (DQo -
DQa).

GENERAL CACHE SUB SYSTEM BLOCK DIAGRAM

DRAM
TAGRAM CACHE
A/D A D
MATCH MAIN
PROCESSOR — " VALID (AN
WAIT o — CONTROL
CONTROL — > CONTROL
Bl

2/2

‘7—’ SGS-THOMSON
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‘ SGS-THOMSON MK4501(N,K)
Y/ ichoslecrRomics  -65/80/10/12/15/20

512 x 9 CMOS BiPORT FIFO

ADVANCE DATA

s FIRST-IN, FIRST-OUT MEMORY BASED
ARCHITECTURE
» FLEXIBLE 512 x 9 ORGANIZATION
= LOW POWER HCMOS TECHNOLOGY
s ASYNCHRONOUS AND SIMULTANEOUS
READ/WRITE
a BIDIRECTIONAL APPLICATIONS
s FULLY EXPANDABLE BY WORD WIDTH OR
DEPTH
s EMPTY AND FULL WARNING FLAGS N K
= RETRANSMIT CAPABILITY
DiP-28 PLCC32
» HIGH PERFORMANCE (Plastic Package) (Plastic Chip Carrier)
PIN NAMES
Part No Access Time R/W Cycle Time W ~ Write X - Expansion In
MK4501-65 65ns 80ns R = Read XO = Expansion Out
MK4501-80 80ns 100ns BS - Reset FF - Ful Flag
MK4501-10 100ns 120ns FLRT = First Load/ EF = Empty Flag
MK4501-12 120ns 140ns Retransmit Vee =5V
MK4501-15 150ns 175ns D = Data In GND = Ground
MK4501-20 200ns 235ns Q = Data Out
Figure 1 : Pin Connections.
w 1] Elzavm AL
D8 2 (] [127 Da /A:lzgnmn
03 3(] 126 b5 02,15 ”b 3
02 4[] 125 D6 o ]s nf) o
[ [124 O7 oo(]7 nE wc
po 6 (] ti 23 FUWT x]e u:] Ev
Xi 7] wmKkasor []22 RS s 32 Pin ACC =[] s
_ . Top View
FF 81 ] [) 2 EF oo (0 u[) &
Qo 9] [0 20 X0 o []n n[) ©
al 10 [] [J19 a7 'c[]u 22[] a7
Q2 1] 18 Q6 az2(] 2l os
Q3 12 [] Jw as LA
Qs 13 ] btem o = 20 ¥ =
GND 14 [ D15 A ees =99
October 1989 115

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.

217



MK4501(N,K)-65/80/10/12/15/20

DESCRIPTION

The MK4501 is amember of the BIPORT™Memory
Series, which utilizes special two-port cell techni-
ques. Specifically, this device implements a First-In,
First-Out algorithm, featuring asynchronous
read/write operations, full and empty flags, and un-
limited expansion capability in both word size and
depth. The main application of the MK4501 is as a
rate buffer, sourcing and absorbing data at different
rates, (e.g., interfacing fast processors and slow
peripherals). The full and empty flags are provided
to prevent data overflow and underflow. The data is
loaded and emptied on a First-In, First-Out (FIFO)
basis, and the latency for the retrieval of data is ap-
proximately one load cycle (write). Since the writes
and reads are internally sequential, thereby requir-
ing no address information, the pinout definition will
serve this and future high-density devices. The ninth
bit is provided to support control or parity functions.

FUNCTIONAL DESCRIPTION

Unlike conventional shift register based FIFOs, the
MK4501 employs a memory-based architecture
wherein a byte written into the device does not “rip-
ple-through”. Instead, a byte written into the
MK4501 is stored at a specific location, where it
remains until over-written. The byte can be read and
re-read as often as desired.

Twin address pointers (ring counters) automatic

address poi g counters) automatical

Figure 2 : MK4501 Block Diagram.

generate the addresses required for each write and
read operation. The empty/full flag circuit prevents
illogical operations, such as reading un-written
bytes (reading while empty) or over-writing un-read
bytes (writing while full). Once a byte stored at a
given address has been read, it can be over-written.
Address pointers automatically loop back to address
zero after reaching address 511. The empty/full
status of the FIFO is therefore a function of the dis-
tance between the pointers, not of their absolute
location. As long as the pointers do not catch one
another, the FIFO can be written and read con-
tinuously without ever becoming full or empty.
Resetting the FIFO simply resets the address
pointers to address zero. Pulsing retransmit resets
the read address pointer without affecting the write
address pointer.

With conventional FIFOs, implementation of a larger
FIFO is accomplished by cascading the individual
FIFOs. The penalty of cascading is often unaccep-
table ripple-through delays. The 4501 allows im-
plementation of very large FIFOs with no timing
penalties. The memory-based architecture of the
MK4501 allows connecting the read, write, data in,
and data out lines of the MK4501s in parallel. The
write and read control circuits of the individual FIFOs
are then automatically enabled and disabled
through the expansion-in and expansion-out pins as
appropriate (see the Expansion Timing section for a

lata Aicniiaai \
mgore compiete Giscussion).

ey

i 7 - #Q,-Q,

» INPUT OUTPUT
— BUFFER | BUFFER
WRITE 512X 9 READ
w WRITE - ‘J BIPORT - 4 | meap &
| controL e I MEMORY ARRAY e I CONTROL
A A A
[ —————
FLAG LOGIC > EF
- — >
Y \
e
EXPANSION LOGIC
Xi- B E— —————————®» X0
RESET/RETRANSMIT
S < S I
RS LoGIC W
2ns Ly7 SGS-THOMSON
l MICROELECTROMICS
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MK4501(N,K)-65/80/10/12/15/20

WRITE MODE

The MK4501 initiates.a Write Cycle (see Figure 3A)
on the falling edge of the Write Enable control in-
put (W), provided that the Full Flag (FF) is not as-
serted. Data set-up and hold-time requirements
must be satisfied with respect to the rising edge of
W. The data is stored sequentially and independent
of any ongoing Read operations. FF is asserted dur-
ing the last valid write as the MK4501 becomes full.
Write operations begun with FF low are inhibited.
FF will go high tgee after completion of a valid

FIGURE 3A. WRITE AND FULL FLAG TIMING

READ operation. FF will again go low tygr from
the beginning of a subsequent WRITE operation,
provided that a second READ has not been com-
pleted (see Figure 4A). Writes beginning tgry af-
ter FF goes high are valid. Writes beginning after
FF goes low and more than typ, before goes
high are invalid (ignored). Writes beginning less
than typ, before FF goes high and less than tggy,
later may or may not occur (be valid), depending
on internal flag status.

£ SGS-THOMSON
Y/, MICROELECTRONICS

LAST VALID INVALID INDETERMINANT FIRST VALID
WRITE WRITE WRITE WRITE
l—— twe
— twew
twew -— twa
3 7
w Y—\\ /T / \r\ /
\——— (——
twer |- | — [ terw
twp) —
FF NOT FULL FULL NOT FULL
v ‘RVF
‘ . FIRST
. 4F \ e V\ /\ /\
A/ \
—— ‘ x!)N
“b{ (DS - | ——
I<" VAi.m")I /7 vALiD VALID
04Dy DATA — DATA DATA
IN
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp=< +70°C) (Vcc = +50 volts + 10%)
4501-65 | 450180 | 450110 | 450112 | 450115 | 4501-20
SYM| PARAMETER MIN |[MAX |MIN |MAX |MIN (MAX | MIN |MAX | MIN |MAX |MIN (MAX |UNITS |NOTES
twc | Write Cycle Time 80 100 120 140 175 235 ns
wpw Write Pulse Width 65 80 100 120 150 200 ns 1
twr | Write Recovery Time 15 20 20 20 25 35 ns
tps | Data Set Up Time 20 25 |1 36 40 50 65 ns
ton | Data Hold Time 10 10 10 10 10 10 ns
twee| W Low to FF Low 60 75 95 115 145 195| ns | 2
terw| FF High to Valid Write | 10 10 10 10 10 10 ns 2
taer| R High to FF High 60 75 95 110 140 190 | ns 2
twei | Write Protect Indeterminant 35 35 35 35 35 35| ns 2
315
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MK4501(N,K)-65/80/10/12/15/20

READ MODE

The MK4501 initiates a Read Cycle (see Figure 3B)
on the falling edge of Read Enable control input (R),
provided that the Empty Flag (EF) is not asserted.
In the Read mode of operation, the MK4501 pro-
vides a fast access to data from 9 of 4608 locations
in the static storage array. The data is accessed on
a FIFO basis independent of any ongoing WRITE
operations. After R goes high, data outputs will
return to a high impedance condition until the next
Read operation.

In the event that all data has been read from the
FIFO, the EF will go low, and further Read opera-

FIGURE 3B. READ AND EMPTY FLAG TIMING

tions will be inhibited (the data outputs will remain
in high impedance). EF will go high tygr after
completion of a valid Write operation. EF
will again go low tggr from the beginning a subse-
quent READ operation, provided that a second
WRITE has not been completed (see Figure 4B).
Reads beginning tgrp after EF _goes high
are valid. Reads begun after EF goes low
and more than tgp, before EF goes high
are invalid (ignored). Reads beginning less than
tpp) before EF goes high and less than t .. later
may or may not occur (be valid) dependmg on in-
ternal flag status.

LT N/

EF EMPTY ]‘_/ EMPTY

' \\.-_.//’ ‘+L___/

o0, i our DK o™
AC ELECTRICAL CHARACTERISTICS
(0°C=<Ta=< +70°C) (Vcc = +50 volts + 10%)

4501-65 | 4501-80 | 450110 | 450112 | 450115 | 4501-20

SYM| PARAMETER MIN|MAX | MIN MAX MIN|MAX |MIN MAX (MIN |MAX | MIN|MAX|UNITS INOTES
trc | Read Cycle Time 80 100 120 140 175 235 ns
ta | Access Time 65 80 100 120 150 200| ns 2
trr | Read Recovery Time 15 20 20 20 25 35 ns
trew| Read Pulse Width 65 80 100 120 150 200 ns 1
tn, | R Low to Low Z 0 0 0 0 0 0 ns | 2
tpy | Data Valid from HighR | 5 5 5 5 5 5 ns | 2
tanz| R High to High Z 25 25 25 35 50 60| ns | 2
trer| R Low to EF Low 60 75 95 115 145 195 ns | 2
terr| EF High to Valid Read | 10 10 10 10 10 10 ns | 2
tver| W High to EF High 60 75 95 110 140 190 | ns 2
tae | Read Protect Indeterminant 35 35 35 35 35 3% | ns | 2

‘ SGS-THOMSON
Y/ SucroEUECTRONICS




MK4501(N,K)-65/80/10/12/15/20

FIGURE 4A. READ/WRITE TO FULL FLAG

' 'RFF

FIRST READ
SINCE FULL

T
s

WFF I

R

—
rr ¥
w

FIGURE 4B. WRITE/READ TO EMPTY FLAG

‘WEF

FIRST WRITE
SINCE EMPTY

£ SGS-THOMSON
Y/ H1CROELECTRONICS
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MK4501(N,K)-65/80/10/12/15/20

RESET

The MK4501 is reset (see Figure 5) whenever the
Reset pin (RS) is in the low state. During a Reset,
both the internal read and write pointers are set to
the first location. Reset is required after power up,
before a Write operation can begin.

FIGURE 5. RESET

Although neither W or R need be high when RS
goes low, both W and R must be high tggg be-
fore RS goes high, and must remain high
tpsr afterwards. Refer to the following discussion
for the required state of FL/RT and XI during Reset.

tasc

tasp—>

tass

\/ \’\/\/ \/\/ N7 \/ \/ \/7\/
TR RIRIRITRRRRIRS

SIROERSSOOKF

00020, X 0
FF XXX 190%%6% % & 0.0.0‘0.00 S
CRRRRRRAKRK CRRXRKKS
NOTE
EF and FF may change status during Reset,
but flags will be valid at trsc:
AC ELECTRICAL CHARACTERISTICS
(0°C=<Tp=< +70°C) (Voc = +50 volts + 10%)
4501-65 | 450180 | 450110 | 450112 | 450115 | 4501-20
SYM| PARAMETER MIN |MAX |MIN |MAX | MIN [MAX |MIN |MAX |MIN /MAX | MIN |MAX |UNITS [NOTES
trsc| Reset Cycle Time 80 100 120 140 175 235 ns
trs | Reset Pulse Width 65 80 100 120 150 200 ns 1
trsr| Reset Recovery Time 15 20 20 20 25 35 ns
trss| Reset Set Up Time 45 60 80 100 130 180 ns
6/15 -THO
1S7; msﬂuc@cg@m@vn@‘@mm
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MK4501(N,K)-65/80/10/12/15/20

RETRANSMIT

The MK4501 can be made to retransmit (re-read
previously read data) after the Retransmit pin (RT)
is pulsed low. (See Figure 6).

A Retransmit operation sets the internal read pointer
to the first physical location in the array, but will not
affect the position of the write pointer. R must be

FIGURE 6. RETRANSMIT

inactive tgrg before RT goes high, and must remain
high for tgrg afterwards.

The Retransmit function is particularly useful when
blocks of less than 512 Writes are performed be-
tween Resets. The Retransmit feature is not com-
patible with Depth Expansion.

3

t, -

tarR—|

e 1 KB RN

N

FLAG VALID
-
NOTE
EF and FF may change status during Retransmit,
but flags will be valid at tgr..
AC ELECTRICAL CHARACTERISTICS
(0°C<Ta=< +70°C) (Vcc = +50 volts + 10%)
450i-65 | 4501-80 | 45010 | 450i-iZ | 450115 | 4501-20
SYM| PARAMETER MIN [MAX |MIN |MAX |MIN |MAX (MIN [MAX |MIN |MAX |MIN |MAX |UNITS |NOTES
trrc | Retransmit Cycle Time | 80 100 120 140 175 235 ns
trr | Retransmit Pulse Width | 65 80 100 120 150 200 ns 1
trrr| Retransmit Recovery 15 20 20 20 25 35 ns
Time
trrs | Retransmit Setup 45 60 80 100 130 180 ns
Time
-THOMSON 715
Lyz 53 THOMSON

223



MK4501(N,K)-65/80/10/12/15/20

SINGLE DEVICE CONFIGURATION

A single MK4501 may be used when application re-
quirements are for 512 words or less. The MK4501
is placed in Single Device Configuration mode when
the chip is Reset with the Expansion In pin (XI)

grounded (see Figure 7).

WIDTH EXPANSION

Word width may be increased simply by connect-
ing the corresponding input control signals of mul-
tiple devices. Status Flags (EF and FF) can be
detected from any one device. Figure 8 demon-
strates an 18-bit word width by using two MK4501s.
Any word width can be attained by adding additional
MK4501s.

FIGURE 7. A SINGLE 512 x 9 FIFO CONFIGURATION

EXPANSION OUT  (X0)
WRITE (W) (R)  READ
9 9
IL 4
DATA IN / 5 DATA OUT
T
— 0 —
FULL FLAG (FF) 1 (EF) EMPTY FLAG
RESET (RS) (RT) RETRANSMIT

EXPANSION IN (X)

FIGURE 8. A 512 x 18 FIFO CONFIGURATION (WIDTH EXPANSION)

DATA IN

WRITE — (W1 ]

FULLFLAG (FF)
-

ReseT—(RSL |

T (XO) EXPANSION OUT

(R) READ

(EF) EMPTY FLAG

(RT) RETRANSMIT
l——————————

NOTE

output signals together.

EXPANSION IN (XI) i

9

1 18
/ ) DATA OUT

Flag detection is accomplished by monitoring the FF and EF signals on either
(any) device used in the width expansion configuration. Do not connect flag

815
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DEPTH EXPANSION (DAISY CHAIN)

The MK4501 can easily be adapted to applications
when the requirements are for greater than 512
words. Figure 9 demonstrates Depth Expansion us-
ing three MK4501s. Any depth can be attained by
adding additional MK4501s.

External logic is needed to generate a composite
Full Flag and Empty Flag. This requires the ORing
of all EFs and the ORing of all FFs (i.e., all must
be set to generate the correct composite FF or EF).

The MK4501 operates in the Depth Expansion con-
figuration after the chip is Reset under the below
listed conditions.

1. The first device must be designated by grounding
the First Load pin (FL). The Retransmit function is
not allowed in the Depth Expansion Mode.

2. All other devices must have FL in the high state.
3. The Expansion Out (XO) pin of each device must

be tied to the Expansion In (XI) pin of the next
device.

FIGURE 9. A 1536 x 9 FIFO CONFIGURATION (DEPTH EXPANSION)

w o A
=1 =
94 l 91 i N [] 1 9 L
DATA IN / ) 1 / DATA OUT
7 7 Fr 7
> -t Vee
Ax
X0
ol a “Om EMPTY
FULL [ FF ; EF
9
)
7 1 —
FU
A
X0
- < ||

£

 _

X!

‘ SGS-THOMSON
Y/, (ICROELECTROMICS
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EXPANSION TIMING

Figures 10 and 11 illustrate the timing of the Expan-
sion Out and Expansion In signals. Discussion of
Expansion Out/Expansion In timing is provided to
clarify how Depth Expansion works. Inasmuch as
Expansion Out pins are generally connected only
to Expansion In pins, the user need not be con-
cerned with actual timing in a normal Depth Ex-
panded application unless extreme propagation
delays exist between the XO/XI pin pairs.

FIGURE 10. EXPANSION OUT TIMING

Expansion Out pulses are the image of the WRITE
and READ signals that cause them; delayed in time
by tyo. and tyoy. The Expansion Out signal is
propagated when the last physical location in the
memory array is written and again when it is read
(Last Read). This is in contrast to when the Full and
Empty Flags are activated, which is in response to
writing and reading a last available location.

WRITE TO
LAST PHYSICAL
LOCATION

READ FROM
LAST PHYSICAL
LOCATION
i \ 7(
'XOL 'XOH ’1 L_ 'XOL L_‘XON
—1 §
o /
) |
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp=< +70°C) (Vg = +50 volts + 10%)
4501-65 | 4501-80 | 450110 | 450112 | 450115 | 4501-20
SYM| PARAMETER MIN | MAX | MIN |MAX | MIN |MAX |MIN |MAX |MIN |MAX | MIN |MAX |UNITS |NOTES
txor| Expansion Out Low 55 70 75 90 115 150 | ns
txon| Expansion Out High 60 80 90 100 125 155| ns
10115 .
177 %f@gﬂm%ﬂmnm
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When in Depth Expansion mode, a given MK4501
will begin writing and reading as soon as valid
WRITE and READ signals begin, provided FL
was grounded at RESET time. A MK4501 in Depth
Expansion mode with FL high at RESET
will not begin writing until after an Expansion In
pulse occurs. It will not begin reading until

FIGURE 11. EXPANSION IN TIMING

a second Expansion In pulse occurs and the Emp-
ty Flag has gone high. Expansion In pulses must
occur ty,g before the WRITE and READ signals
they are intended to enable. Minimum Expansion
In pulse width, ty,, and recovery time, tyz, must be
observed.

T Ee—
iR

- 2

X /

WRITE TO
FIRST PHYSICAL /—t
LOCATION
w
= tas READ FROM
FIRST PHYSICAL
LOCATION /—
R
AC ELECTRICAL CHARACTERISTICS
(0°C<Tp=< +70°C) (Vgc = +50 volts + 10%)
4501-65 | 4501-80 | 450110 | 450112 | 450115 | 4501-20
SYM| PARAMETER MIN | MAX [MIN |MAX MIN MAX MIN MAX |MIN MAX MIN |MAX UNITS [NOTES
ty; | Expansion In Pulse 60 75 95 115 145 195 ns 1
Width
txir | Expansion In Recovery | 15 20 20 20 25 35 ns
Time
txis | Expansion In Setup 25 30 45 50 60 85 ns
Time

£ SGS-THOMSON
Y/ MICROELECTRONICS
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COMPOUND EXPANSION

The two expansion techiques described above can
be applied together in a straight forward manner
to achieve large FIFO arrays (see Figure 12).
BIDIRECTIONAL APPLICATIONS

Applications, which require data buffering between

FIGURE 12. COMPOUND FIFO EXPANSION

two systems (each system capable of READ and
WRITE operations), can be achieved by pairing
MK4501s, as shown in Figure 13, Care must be
taken to assure that the appropriate flag is moni-
tored by each system. (i.e., FF is monitored on the
device where W is used; EF is monitored on the
device where R is used.) Both Depth Expansion and
Width Expansion may be used in this mode.

Q0-08 Q0-a17
.. Q0-QN
00-08 Q9-017
Q(N-8)-QN
R.W.RS MK4501 MK4501 MK4501
————— | DEPTH EXPANSION »| DEPTH EXPANSION |— + « « —pDEPTH EXPANSION
BLOCK BLOCK BLOCK
‘_JTDO-DS D9-D17 D(N-8)-DN
DO-DN
D9-DN D18-DN =+ o o D(N-8)-DN
NOTES
1. For depth expansion block see DEPTH EXPANSION Section and Figure 9.
2. For Flag operation see WIDTH EXPANSION Section and Figure 8.
FIGURE 13. BIDIRECTIONAL FIFO APPLICATION
w, — la——— Ry
a
- I
1
Q408
SYSTEM A SYSTEM 8
Q,0-8 a K Dg0-8
5
— 0 J—
Ry ———————— > p fe————————— W,
EF, +— F——————»FF,
12115 (37 SGS-THOMSON
Y/, MiCRoEEeTRONIGS
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ABSOLUTE MAXIMUM RATINGS*

Voltage on any pin relative to GND .. ....... ... ... .. ... ... .. .. .. .. ... -05Vto+70V
Operating Temperature T, (Ambient) ... .......... ... ... i 0°C to + 70°C
Storage Temperature . ... ........... ... -55°C to + 125°C
Total Device Power Dissipation. .. ........ ... .. .. ... 1 Watt
Output Current per Pin. . ... .. .. 20 mA

*Stresses above 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 above those indicated
in the operational sections of this specification, is not implied. Exposure to absolute maximum ratings for extended
periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C < T, = +70°C)
SYM | PARAMETER MIN TYP MAX UNITS | NOTES
Vee Supply Voltage 45 50 55 \ 3
GND | Ground 0 0 0 \'
Viu Logic “1” Voltage All Inputs 20 Voo + 1 V' 3
Vi Logic “0” Voltage All Inputs -03 08 \ 3 4
DC ELECTRICAL CHARACTERISTICS
(0°C<To=<+70°C) (Vcc = 50 volts + 10%)
SYM | PARAMETER MIN MAX UNITS | NOTES
e Input Leakage Current (Any Input) -1 1 A 5
loL Output Leakage Current -10 10 A 6
VoH Output Logic “1” Voltage Igyr = -1 mA 24 \" 3
Voo Output Logic “0” Voltage loyr = 4 mA 04 v 3
lecs Average V¢ Power Supply Current 80 mA 7
lec2 Average Standby Current 8 mA 7
(R =W =RS = FLRT = V)
lcea Power Down Current 500 wA 7
(All Inputs = V¢ -0.2 V)
AC ELECTRICAL CHARACTERISTICS
(T, = 25°C, f = 1.0 MHz2)
SYM | PARAMETER TYP MAX NOTES
C Capacitance on Input Pins 7 pF
Ca Capacitance on Output Pins 12 pF 8
NOTES

1. Pulse widths less than minimum values are not allowed. 5. Measured with 04<V|N <V,

2.Measured using output load shown in Output Load
Diagram.

3. All voltages are referenced to ground.

4. —15 volt undershoots are allowed for 10 ns once per

cycle.

o7+ Hlivitio e

6. ﬁzV|H, 04=Voyr=Vce-
7. Icc measurements are made with outputs open.
8. With output buffer deselected.

13/156
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FIGURE 14. OUTPUT LOAD

DEVICE
UNDER

5V

TEST

6800 $

AC TEST CONDITIONS:
Input Levels

1

$ { 30 pF

GND to 30 V

Transition TiIMeS ......cccccoviiiiieiiiieieence e, 5ns
Input Signal Timing Reference Level ................... 15V
Output Signal Timing Reference Level 08 V and 2.2 V
Ambient Temperature 0°C to 70°C

50 V + 10%

FIGURE 15. MK4501 PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS

ANANANANANAN AN AN N A4 NANaNA!
o

DU U U U U UUUUUUUY

Dif=—

NOTES

1. OVERALL LENGTH INCLUDES .010 IN
FLASH ON EITHER END OF THE PACKAGE.

2. PACKAGE STANDOFF TQ BE MEASURED
PER JEDEC REQUIREMENTS.

3. THE MAXIMUM LIMIT SNALL BE
INCREASED BY .003 IN. WHEN
SOLDER LEAD FINISH IS SPECIFIED.

i fi=—

—
-
S

mm inches

Dim. Notes

Min | Max | Min | Max
A — 5334 | — 210 2
Al 0381 — .015 - 2
A2 | 3.556| 4.064 | .140 | .160
B 0.381{ 0.533( .015 021 3
B1 | 127 | 1.778| .050 | .070
C 0.203| 0.304| .008 | .012 3
D [36.576 [37.338 | 1.440 | 1.470 1
D1 | 1.651] 2159 .065 | .085
E 1524 |15875] 600 | 625
E1 [13.462|14.224| .530 | .560
el 2.286| 2.794| 090 | .110
eA (1524 (17.78 | .600 | .700
L 3048 — 120 | —

14115
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FIGURE 16. MK4501 PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE)

0
01— 4
r“gﬁ 2 PLCS .023__|
.029
DENOTES PIN 1
DMI 1
r ke
g | 4
g 8]
qd b Et B,T
s p
q p
o P
(s u]
mm inches
Dim.
a2z 9238 Min Max Min Max
T3 2 8 2w A 3.048 3.556 120 140
Al 1.981 2413 .078 .095

B 0.330 0.533 013 .021
B1 0.660 0.812 .026 .032
D 12.319 | 12,573 485 .495
D1 | 11.3583 | 11.506 447 .453
D2 9.906 | 10.922 .390 .430
E 14.859 | 15.113 .585 .595
E1 13.893 | 14.046 .547 .563
E2 | 12.446 | 13.462 490 .530

|

Do oo Oo oD O

e MANZE S

ORDERING INFORMATION

PART NO. |access Time| MY O¥CLE 6100k FREQ.| PACKAGE TYPE | panae T
MK4501N-65 65 ns 80 ns 125 MHz |28 Pin Plastic DIP 0° to 70°C
MK4501N-80 80 ns 100 ns 100 MHz |28 Pin Plastic DIP 0° to 720°C
MK4501N-10 100 ns 120 ns 83 MHz 28 Pin Plastic DIP 0°to 70°C
MK4501N-12 120 ns 140 ns 71 MHz 28 Pin Plastic DIP 0° to 70°C
MK4501N-15 150 ns 175 ns 5.7 MHz |28 Pin Plastic DIP 0° to 70°C
MK4501N-20 200 ns 235 ns 4.2 MHz |28 Pin Plastic DIP| 0°to 70°C
MK4501K-65 65 ns 80 ns 125 MHz {32 Pin Plastic LCC 0°to 70°C
MK4501K-80 80 ns 100 ns 100 MHz |32 Pin Plastic LCC| 0°to 70°C
MK4501K-10 100 ns 120 ns 83 MHz 32 Pin Plastic LCC 0°to 70°C
MK4501K-12 120 ns 140 ns 71 MHz |32 Pin Plastic LCC| 0°to 70°C
MK4501K-15 150 ns 175 ns 57 MHz |32 Pin Plastic LCC| 0°to 70°C
MK4501K-20 200 ns 235 ns 42 MHz (32 Pin Plastic LCC| 0°to 70°C

T T T T

SGSTHOMSON Device family Package type Speed grade

Prefix and number N: Plastic DIP Access Time

identification K: Plastic LCC
IO Hitocinoie =R
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‘ SGS-THOMSON MK4503(N)
Y/ icroslecrRomics  65/80/10/12/15/20

2048 x 9 CMOS BiPORT FIFO

ADVANCE DATA

s FIRST-IN, FIRST-OUT MEMORY BASED
ARCHITECTURE

s FLEXIBLE 2048 x 9 ORGANIZATION

s LOW POWER HCMOS TECHNOQLOGY

» ASYNCHRONOUS AND SIMULTANEOUS
READ/WRITE

= BIDIRECTIONAL APPLICATIONS

s FULLY EXPANDABLE BY WORD WIDTH OR

DEPTH N
« EMPTY AND FULL WARNING FLAGS DIP-28
= RETRANSMIT CAPABILITY (Plastic Package)

= HIGH PERFORMANCE
s HALF FULL FLAG IN SINGLE DEVICE MODE

Figure 1 : Pin Connections.

DESCRIPTION

The MK4503 is a member of the BIPORT™ Memory
Series, which utilizes special two-port cell techni-
ques. Specifically, this device implements a First-In,
First-Out  algorithm, featuring asynchronous
read/write operations, full, half full and empty flags,
and unlimited expansion capability in both word size

and depth. The main application of the MK4503 is
as a rate buffer, sourcing and absorbing data at dif- w 1] [ 28 Ve
ferent rates, (e.g., interfacing fast processors and oe 20] 127 b4
slow peripherals). The full, half full and empty flags N ] =
are provided to prevent data overflow and under- D3 3 % D5
flow. The data is loaded and emptied on a First-in, D2 4] 125 06
First-Out (FIFO) basis, and the latency for the o1 5[] 24 o7
retrieval of data is approximately one load cycle D0 6 [ E]za AmT
(write). Since the writes and reads are intemally se- xi 7[] mKkasos [122 RS
quential, thereby requiring no address information, F s 121 eF
the pinout definition will serve this and future high- Q0 o 5 [ 20 xome
density devices. The ninth bit is provided to support [Lj
control or parity functions. a0 L (] or
Q@ n({ [ 118 Q6
PIN NAMES a3 12 P 7 as
— _ Qs 13 [] 116 Q4
_V_V = Write Xl = Expansion in GND 14 [] 115 R
R = Read XO/HF = Expansion out
Half Full Flag
RS = Reset FF =Full Flag
FURT = First Load/ EF = Empty Flag
Retransmit Vee =5V
D =Data in GND = Ground
Q = Data out NC = No Connection
October 1989 117

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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FUNCTIONAL DESCRIPTION

Unlike conventional shift register based FIFOs, the
MK4503 employs a memory-based architecture
wherein a byte written into the device does not "rip-
ple-through". Instead, a byte written into the
MK4503 is stored at a specific location, where it
remains until over-written. The byte can be read and
re-read as often as desired in the single device con-
figuration.

Twin internal pointers (ring counters) automatically
generate the addresses required for each write and
read operation. The empty/full flag circuit prevents
illogical operations, such as reading un-written
bytes (reading while empty) or over-writing un-read
bytes (writing while full). Once a byte stored at a
given address has been read, it can be over-written.

The address pointers automatically loop back to ad-
dress zero after reaching address 2047. The
empty/half full and full status of the FIFO is therefore
a function of the distance between the pointers, not

Figure 2 : MK4503 Block Diagram.

of their absolute location. As long as the pointers do
not catch one another, the FIFO can be written and
read continuously without ever becoming full or
empty.

Resetting the FIFO simply resets the write and read
pointers to location zero. Pulsing retransmit resets
the read address pointer without affecting the write
address pointer.

With conventional FIFOs, implementation of alarger
FIFO is accomplished by cascading the individual
FIFOs. The penalty of cascading is often unaccep-
table ripple-through delays. The 4503 allows im-
plementation of very large FIFOs with no timing
penalties. The memory-based architecture of the
MK4503 allows connecting the read, write, data in,
and data out lines of the MK4503s in parallel. The
write and read control circuits of the individual FIFOs
are then automatically enabled and disabled
through the expansion-in and expansion-out pins.

D-D 9 9
(N
I QOQ s
_ o INPUT ~outPuT
| BUFFER BUFFER |
W WRITE X9 READ READ B
— | WRITE
w controL [T ADDRESS L J 8iPoRT " ADDRESS CoNTFO
POINTER ! MEMORY ARRAY POINTER o
1
?l‘_dA _
EF LOGIC EF
= EXPANSION LOGIC
X » XO/HF
— RESET/RETRANSMIT
RS - RT
’ LoaIc
2117
MICROELECTROMICS
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MK4503(N) 65/80/10/12/15/20

ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit
Voltage on any Pin Relative to GND ) ~0510+ 7.0 v
Operating Temperature Ta (ambient) B 0to+70 °C
Storage Temperature -55t0 + 125 °C
Total Device Power Dissipation 1 Watt
Output Current per Pin 20 mA

* Stresses above 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 above those indicated in the operational
sections of this specification, is not implied. Exposure to absolute maximum ratings for extended periods may affect device

RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <+ 70°C)

Symbol Parameter Value Unit Notes
Min. Typ. Max.
Vee Supply Voltage 45 5.0 55 \ 3
GND | Ground o | 0 0 \

ViH Logic "1" Voltage all Inputs 20 Vee +.3 \" 3,9

Vi Logic "0" Voltage all Inputs -03 08 \" 3,4,9
DC ELECTRICAL CHARACTERISTICS (0°C < Ty <+ 70°C) (V¢c = 5.0V £ 10%)

Symbol Parameter Value Unit Notes
Min. Typ. Max.

I Input Leakage Current (any input) -1 1 HA 5
loL Output Leakage Current -10 10 uA 6
VoH Output Logic "1" Voilage oyt =- TMA 2.4 Y 3
VoL Output Logic "0" Voltage loyt = 4mA 0.4 \ 3
lcch Average Vcc Power Supply Current 120 mA 7
lccz Average Standby Current 12 mA 7

(R=W=RS =FURT =V)
lcca Power Down Current (all inputs > Vgg - 0.2V) 4 A 7
AC ELECTRICAL CHARACTERISTICS (0°C < Ta < + 70°C) (V¢ = + 5.0V £ 10%)
Symbol P t Value
ymbo arameter Min. Typ. Max. Unit Notes
C Capacitance on Input Pins 7 pF
Ca Capacitance on Output Pins 12 pF 8
Notes : 1. Pulse widths less than minimum values are not allowed.
2. Measured using output load shown in Output Load Circuit.
3. All voltages are referenced to ground.
4. — 1.5 volt undershoots are allowed for 10ns once per cycle.
5. Measured with 0.0 < Vv < Vce.
6. R 2V, 0.0 = Vour < Ve
7. lcc measurements are made with outputs open.
8. With output buffer deselected.
9. Input levels tested at 500ns cycle time.
Lyy S6S:THOMSON 3n7
MICROELECTRONICS
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MK4503(N) 65/80/10/12/15/20

AC TEST CONDITIONS :

Input Levels........ccovrvnnennnnn. GND to 3.0V
Transition Times
Input Signal Timing

Reference Level........................ 5
Output Signal Timing
Reference Level....................... 0.8V and 2.2V
Ambient Temperature................ 0°Cto 70°C
VCC ciiieieeeceeeeeee e 5.0V +10%
4/17

&7
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Figure 3 : Output Load Circuit.
5v
1.1 KQ
DEVICE
UNDER
TEST
680 N i: 30 pF
SGS-THOMSON
MICROELECTRONICS




MK4503(N) 65/80/10/12/15/20

READ MODE

The MK4503 initiates a Read Cycle (see figure 4) on
the falling edge of Read Enable control input (R),
provided that the Empty Flag (EF) is not asserted.
In the Read mode of operation, the MK4503
provides a fast access to data from 9 of 18432 loca-
tions in the static storage array. The data is ac-
cessed on a FIFO basis independent of any
on-going WRITE operations. After R goes high, data
outputs will return to a high impedance condition
until the next Read operation.

In the event that all data has been read from the
FIFO, the EF will go low, and further Read opera-

Figure 4 : Read And Empty Flag Timing.

tions will be inhibited (the data outputs will remain in
high impedance). EF will go high twer after comple-
tion of a valid Write operation. EF will again go low
trer from the beginning a subsequent READ opera-
tion, provided that a second WRITE has not been
completed (see figure 6B). Reads beginning terr
after EF goes high are valid. Reads begun after EF
goes low and more than trpi before EF goes high are
invalid (ignored). Reads beginning less than trpi
before EF goes high and less than terr later may or
may not occur (be valid) depending on internal flag
status.

FIRST

W ———

VALID

WRITE

— IWEF N

§ R
EMPTY
. ey J NOT EMPTY
EF — — 1t
— RC t
REF
RPI |
INVALID INDETERMINANT
_ READ READ FIRST
] VALID
/ \ / READ
~
t t )q-—luv t
RLr_ —-; A ‘ RHzI‘
Q-
£

VALID DATA VALID DATA VALID DATA S
ouT ouTt out

AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (V¢ = + 5.0volts + 10%)

4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 .
Sym. Parameter Min. |Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. |Max. Unit | Notes
tac | Read Cycle Time 80 100 120 140 175 235 ns
ta | Access Time 65 80 100 120 150 200 | ns 2
trr | Read Recovery Time 15 20 20 20 25 35 ns
trpw | Read Pulse Width 65 80 100 120 150 200 ns | 1
tRL RLow to Low Z 0 0 0 0 0 0 ns 2
toy | Data Valid from R High 5 5 5 5 5 5 ns | 2
tauz | R High to High Z 25 25 25 35 50 60 [ ns | 2
taer | R Low to EF Low 60 75 95 115 145 195 | ns | 2
teFR EF High to Valid Read 10 10 10 10 10 10 ns 2
twer | W High to EF High 60 75 95 110 140 190 | ns | 2
trp) | Read Protect Indeterminant 35 35 35 35 35 35 | ns 2
517

r SGS-THOMSON
Y/ wicroELECTRONICS
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WRITE MODE

The MK4503 initiates a Write Cycle (see figure 5) on
the falling edge of the Write Enable control input (W),
provided that the Full Flag (FF) is not asserted. Data
set-up and hold-time requirements must be satisfied
with respect to the rising edge of W. The data is
stored sequentially and independent of any ongoing
Read operations. FF is asserted during the last valid
write as the MK4503 becomes full. Write operations
begun with FF low are inhibited. FF will go high trrF

Figure 5 : Write And Full Flag Timing.

after completion of a valid READ operation. FF will
again go low twrr from the beginning of a sub-
sequent WRITE operation, provided that a second
READ has not been completed (see figure 6A).
Writes beginning trrw after FF goes high are valid.
Writes beginning after FF goes low and more than
twei before FF goes high are invalid (ignored).
Writes beginning less than twe| before FF goes high
and less than trrw later may or may not occur (be
valid), depending on internal flag status.

INVALID
WRITE

LAST VALID
WRITE

INDETERMINANT
WRITE

FIRST VALID
WRITE

t . ‘
WFF
FF

FULL

Yo
[P —

NOT FULL

NOT m
- 7/

FIRST
77 VALID

W&_

READ

VAN

1

D-D
]

8 VALID DATA / ‘
IN .

VALID DATA VALID DATA
IN IN

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢ = + 5.0volts + 10%)

4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 )

Sym. Parameter Min. [Max.Min. |Max.|Min. [Max.Min. |[Max.|Min. |Max.|Min. |Max. Unit Notes

twe | Write Cycle Time 80 100 120 140 175 235 ns

twpw | Write Pulse Width 65 80 100 120 150 200 ns 1

twr | Write Recovery Time 15 20 20 20 25 35 ns

tps | Data Set Up Time 30 40 40 40 50 65 ns

tpy | Data Hold Time 10 10 10 10 10 10 ns

twrr | W Low to FF Low 60 70 95 115 145 195 | ns | 2

terw | FF High to Valid Write 10 10 10 10 10 10 ns | 2

tarr | R High to FF High 60 70 95 110 140 190 [ ns | 2

twp) | Write Protect Indeterminant 35 35 35 35 35 35 | ns 2
6/17
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Figure 6a : Read/write To Full Flag.

FIRST READ
SINGE FULL

Figure 6b : Write/read To Empty Flag.

FIRST WRITE
SINCE EMPTY

s!
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MK4503(N) 65/80/10/12/15/20

RESET

The MK4503 is reset (see figure 7) whenever the
Reset pin (RS) is in the low state. During a Reset,
both the internal read and write pointers are set to
the first location. Reset is required after power up,
before a Write operation can begin.

Figure 7 : Reset.

Although neither W or R need be high when RS goes
low, both W and R must be high trss before RS goes
high, and must remain high trsr afterwards. Refer
to the following discussion for the required state of
FU/RT and XI during Reset.

t
RSC »
RS — yy—
\ t
G
tRSS
o TELILILLLILAS
W IEIIREIELKEKL,
SRRRIRIRERE N
IXSTLKS 7 = -
A R RRIIIKLRLL
fodotetetelelototetetelelelel
B R R R R R IR L L
RRILHEELLEEELIIIIEELLIIGEELKIELLIEN
HF, FF

Note : HF, EF and FF may change status during Reset, but flags will be valid at tggc.

AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (Vg = + 5.0volts + 10%)

4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 .
Sym. | Parameter T Max. | Min. |Max.| Min. |Max. | Min. | Max. | Min. | Max.| Min. |Max.| U™ [NoteS
trsc | Reset Cycle Time 80 100 120 140 175 235 ns
tas | Reset Pulse Width 65 80 100 120 150 200 ns | 1

trsr | Reset Recovery Time | 15 20 20 20 25 35 ns

trss | Reset Set Up Time | 45 60 80 100 130 180 ns
817 L3y S6S-THOMSON
MICROELECTRONICS
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MK4503(N) 65/80/10/12/15/20

RETRANSMIT

The MK4503 can be made to retransmit (re-read
previously read data) after the Retransmit pin (RT)
is pulsed low. (See figure 8).

A Retransmit operation sets the internal read pointer
to the first physical location in the array, but will not
affect the position of the write pointer. R must be in-

Figure 8 : Retransmit.

active trrs before RT goes high, and must remain
high for trTr afterwards.

The Retransmit function is particularly useful when
blocks of less than 2048 Writes are performed bet-
ween Resets. The Retransmit feature is not com-
patible with Depth Expansion.

t
RTC

[+ tnm*‘

Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tgrc.

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢c = + 5.0volts + 10%)

s P 4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 unit IN
m. arameter " " N " nit {Notes
¥ Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
tgrc | Retransmit Cycle 80 100 120 140 175 235 ns
Time
Rt Retransmit Pulse 65 80 100 120 150 200 ns 1
Width
tatr | Retransmit Recovery 15 20 20 20 25 35 ns
Time
tars | Retransmit Setup 45 60 80 100 130 180 ns
Time
[§7 SGS-THOMSON Nz
Y/ NMiCROBLECTROMICS
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MK4503(N) 65/80/10/12/15/20

SINGLE DEVICE CONFIGURATION

A single MK4503 may be used when application re-
quirements are for 2048 words or less. The MK4503
is placed in Single Device Configuration mode when
the chip is Reset with the Expansion In pin (XI)
grounded (see figure 9).

Figure 9 : A Single 2047 x 9 FIFO Configuration.

WIDTH EXPANSION

Word width may be increased simply by connecting
the corresponding input control signals of muitiple
devices. Status Flags (EF and FF) can be detected
from any one device. Figure 10 demonstrates an 18-
bit word width by using two MK4503s. Any word
width can be attained by adding additional
MK4503s. The half full flag (HF) operates the same
as in the single device configuration.

(HF) HALF FULL FLAG

L

WRITE w) R READ
® 9
DATAIN ) 7,‘Jt> MK4503 Tj‘>
FULL FLAG (FF) — DATA OUT
-— (EF) EMPTY FLAG
RESET (RS) (RT) RETRANSMIT
EXPANSION (N (XI)
Figure 10 : A 2048 x 18 FIFO Configuration (width expansion).
. w ~ o
_ A . T __M’:F FULLFLAG
DATA IN ¢
WRITE (W)* JR— (R) READ
— e (mean
FULFAG @ | MK4503

RESET (RS)

(EF) EMPTY FLAG

MK4503

(RT) RETRANSMIT

EXPANSION W) I

9/

DATA OUT

F LS

—/

Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan-
sion configuration. Do not connect flag output signals together

10/17
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MK4503(N) 65/80/10/12/15/20

HALF FULL FLAG LOGIC

When in single device configuration, the (HF) output
acts as an indication of a half full memory. After half
of the memory is filled, and at the falling edge of the
next write operation, the half full flag (HF) will be set

Figure 11 : Half Full Flag Timing.

low and remain low until the difference between the

write pointer and read pointer is less than or equal
to one half the total memory. The half full flag (HF)
is then reset by the rising edge of the read operation
(see figure 11).

s|

HALF-FULL

HALF-FULL + 1

HALF-FULL

AC CHARACTERISTICS (0°C < T <+ 70°C) (Ve = + 5volts £ 10%)

P 4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 Unit I
Sym. arameter Min. |Max. | Min. | Max. | Min. |Max. | Min. | Max. | Min. |Max. | Min. | Max. nit |Notes
twHr | Write Low to Half 80 100 120 140 175 235 | ns
Full Flag Low
trur | Read High to Half 80 100 120 140 175 235 | ns
Full Flag High
"- SGS-THOMSON nnz
Y/ siicRoELECTRONICS

243



MK4503(N) 65/80/10/12/15/20

DEPTH EXPANSION (daisy chain)

The MK4503 can easily be adapted to applicauuiis
when the requirements are for greater than 2048
words. Figure 12 demonstrates Depth Expansion
using the MK4503s. Any depth can be attained by
adding additional MK4503s.

External logic is needed to generate a composite
Full Flag and Empty Flag. This requires the ORing
of all EFs and the ORing of all FFs (i.e., all must be
set to generate the correct composite FF or EF).

The MK4503 operates in the Depth Expansion con-
figuration after the chip is Reset under the below
listed conditions.

1. The first device must be designated by grounding
the First Load pin (FL). The Retransmit function is
not allowed in the Depth Expansion Mode.

2. All other devices must have FL in the high state.

3. The Expansion Out (XO) pin of each device must
be tied to the Expansion In (XI) pin of the next
device. The Half Full Flag (HF) is disabled in this

Figure 12 : A 4K x 9 FIFO Configuration (depth expansion).
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DATA IN

MK4503 EF

oI
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7

——‘ 9
>
DATA OUT

FL/RT v

cc
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MK4503(N) 65/80/10/12/15/20

EXPANSION TIMING

Figures 13 and 14 illustrate the timing of the Expan-
sion Out and Expansion In signals. Discussion of
Expansion Out/Expansion In timing is provided to
clarify how Depth Expansion works. Inasmuch as
Expansion Out pins are generally connected only to
Expansion In pins, the user need not be concerned
with actual timing in a normal Depth Expanded ap-
plication unless extreme propagation delays exist
between the XO/XI pin pairs.

Figure 13 : Expansion Out timing.

Expansion Out pulses are the image of the WRITE
and READ signals that cause them ; delayed in time
by txoL and txoH. The Expansion Out signal is
propagated when the last physical location in the
memory array is written and again when it is read
(Last Read). This is in contrast to when the Full and
Empty Flags are activated, which is in response to
writing and reading a last available location.

_ WRITE TO
w LAST PHYSICAL —
_\i LOCATION 7_
READ FROM
LAST PHYSICAL
— LOCATION
R
" Yoo t tXO t
1 xoH XOH
X0

AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (V¢ = + 5.0volts + 10%)

4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 )

Sym. Parameter Min. | Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max. | Min. | Max. Unit |Notes
txoL | Expansion Out Low 55 70 75 90 115 150 | ns
FIXOH Expansion Out High 60 80 90 100 125 1565 | ns

When in Depth Expansion mode, a given MK4503
will begin writing and reading as soon as valid
WRITE and READ signals begin, provided FL was
grounded at RESET time. A MK4503 in Depth Ex-
pansion mode with FL high at RESET will not begin
writing until after an Expansion In pulse occurs.

It will not begin reading until a second Expansion In
pulse occurs and the Empty Flag has gone high. Ex-
pansion In pulses must occur txis before the WRITE
and READ signals they are intended to enable. Min-
imum Expansion In pulse width, tx;, and recovery
time, txir, must be observed.

Ly $55-THOMSON 13/17

MICROELECTRONICS
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MK4503(N) 65/80/10/12/15/20

Figure 14 : Expansion In Timing.

L t | t
—JR XI XIR

ﬁs

Xl
| S
L xis WRITE TO
W FIRST PHYSICAL
LOCATION
R

t)(IS

READ FROM

FIRST PHYSICAL

LOCATION

___/

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢ = + 5.0volts £ 10%)

P 4503-65 | 4503-80 | 4503-10 | 4503-12 | 4503-15 | 4503-20 unit In
Sym. arameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. nit Notes
ty Expansion in Pulse | 60 75 95 115 145 195 ns 1
Width

twr | Expansionin 15 20 20 20 25 35 ns
Recovery Time

tws | Expansionin 25 30 45 50 60 85 ns
Setup Time

COMPOUND EXPANSION

The two expansion techniques described above can
be applied together in a straight forward manner to
achieve large FIFO arrays (see figure 15).

BIDIRECTIONAL APPLICATIONS

Applications, which require data buffering between
two systems (each system capable of READ and

14/17

&7
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WRITE operations), can be achieved by pairing
MK4503s, as shown in figure 16. Care must be
taken to assure that the appropriate flag is
monitored by each system. (i.e., FF is monitored on
the device where W is used ; EF is monitored on the
device where R is used). Both Depth Expansion and
Width Expansion may be used in this mode.




MK4503(N) 65/80/10/12/15/20

Figure 15 : Compound Fifo Expansion.

Q17
Q00N

i
008 o

QN8N

[ MK4s03 MKas03 MK4503
RWRS
81 DEPTH EXPANSION s — DEPTH EXPANSION
8L0CK 8LOCK BLOCK
0008 }
S— 09017
090N

y
01808 D(N-8)-ON

DIN-8) ON

DODN

Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 12.
2. For Flag operation see WIDTH EXPANSION Section and Figure 10.

Figure 16 : Bidirectional Fifo Application.
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MK4503(N) 65/80/10/12/15/20

ORDER CODES

Part No Access Time “’“T’iﬁf"'e Clock Freq. Package Type Ter:;;zrga:ure
MK4503N-65 65ns 80ns 12.5MHz 28 Pin Plastic DIP 0° to 70°C
MK4503N-80 80ns 100ns 10.0MHz 28 Pin Plastic DIP 0° to 70°C
MK4503N-10 100ns 120ns 8.3MHz 28 Pin Plastic DIP 0° to 70°C
MK4503N-12 120ns 140ns 7.1MHz 28 Pin Plastic DIP 0° to 70°C
MK4503N-15 150ns 175ns 5.7MHz 28 Pin Plastic DIP 0° to 70°C
MK4503N-20 200ns 235ns 4.2MHz 28 Pin Plastic DIP 0° to 70°C

Part No Access Time R/W Cycle Time

MK4503-65 65ns 80ns
MK4503-80 80ns 100ns
MK4503-10 100ns 120ns
MK4503-12 120ns 140ns
MK4503-15 150ns 175ns
MK4503-20 200ns 235ns
= L7 3SR
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MK4503(N) 65/80/10/12/15/20

PACKAGE DESCRIPTION

MK4503 PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS

mm Inches
Dim. Notes
Min. | Max. [ Min. | Max.
ANNANANNAANANANANNN A 5.334 210 2
[+]
A1 |0.381 .015 2
a A2 |3.5564.064 | 140 | .160

B [0.381(0.534| .015|.021| 3
B1 | 1.27 |1.778| .050 | .070
UUUUUUUUUUUUUY ¢ |0.203/0.304| .008 | .012| 3

o D [36.576/37.338{1.440{1.470| 1

D1 [1.651[2.159 | .065 | .085
" ‘ E [15.24|15.875| .600 | .625
g J ’ E1 [13.462|14.224| .530 | .560

\ el |2.286(2.794| .090 | .110
eA |15.24|17.78 | .600 | .700

—-f
— S — L |3.048 120

Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by 003 in when solder lead finish is specified.

[Ny SGS-THOMSON 177
Y/ MiCROELECTROMICS
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MK4505M/S
-25/33/50

VERY HIGH-SPEED CMOS CLOCKED FIFO

= 1024 x 5 ORGANIZATION
= VERY HIGH PERFORMANCE

Part No Cycle Time Cycle Access Time
Frequency
4505-25 25ns 40MHz 15ns
4505-33 33ns 30MHz 20ns
4505-50 50ns 20MHz 25ns

RISING EDGE TRIGGERED CLOCK INPUTS
= SUPPORTS FREE-RUNNING 40% TO 60%
DUTY CYCLE CLOCK INPUTS

SEPARATE READ AND WRITE ENABLE IN-
PUTS

=« BIPORT™ RAM ARCHITECTURE ALLOWS
FULLY ASYNCHRONOUS AND SIMULTA-
NEOUS READ/WRITE OPERATION
CASCADABLE TO ANY DEPTH WITH NO AD-
DITIONAL LOGIC

WIDTH EXPANDABLE TO MORE THAN 40
BITS WITH NO ADDITIONAL LOGIC

HALF FULL STATUS FLAG

FULL AND EMPTY FLAGS, ALMOST FULL, AL-
MOST EMPTY, INPUT READY, OUTPUT VA-
LID STATUS FLAGS (4505M)

FULLY TTL COMPATIBLE

DESCRIPTION

The MK4505 is a Very High Speed 1K x 5 Clocked FI-
FO memory. It achieves its high performance through
the use of a pipelined architecture, a 1.2y full CMOS,
single poly, double level metal process, and a memory
array constructed using SGS-THOMSON'S 8 transis-
tor BiPORT memory cell.

The device is designed for use in applications where
data is moving through a system on a square wave
clock ; applications such as digitized video and
audio, image processing, A-to-D and D-to-A conver-
sions, high speed data links, Radar return sampling
or data tracing.

The device is available in two versions ; a Master,
the MK4505M, and a Slave, the MK4505S. The
Master provides all of the control signals necessary
for reliable, full speed, fully asynchronous width ex-
pansion and/or depth expansion. The Master also
provides a full compliment of status flags, including
Output Valid, Empty, Aimost Empty, Half Full, Al-

October 1989

PDIP20
(300-Mil PDIP)

PDIP24
(300-Mil PDIP)

(Ordering Information at the end of the datasheet)

Figure 1 : Pin Configurations.

o, 1(]e [ 24
o, 2[] [ 23
b, 3(] L:]22
D, 4l [ 21
D, 5] 1] 20
AE 6 (] mxasosm [ 119
Rs 704 () 18
av 8] R/
&F e[ [) 16
RE, 10 (] s
cx, 10 [) 14
Ves 12 [ ) 13
o, 1(]e [ ] 20
o, 2] [ 19
o, 30} [ 18
o, 4l [ ) w7
D, 5] mKesoss [J16
as 6 ] [ 15
RE, 7 [] [ 14
Re, al [ 13
o, 9 ] () 12
- -
Ves 100 [ n
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MK4505M/S

most Full, Full, and Input Ready. The Master cannot
be written while Full or read while Empty. The Slave,
in contrast, can be forced to write and/or read con-

tinuously regardless of device status ; a feature use-
ful in triggered data acquisitions, or for retransmit
(repeat reading) applications.

PIN NAMES 4505M only
N _ FF, EF — Full and Empty Flag (active low)
Do - Da Data Input AF, AE — Almost Full, Aimost Empty Flag
Qo - Q4 — Data Output DR, QV - Input Ready, Output Valid
CKw, CKgr — Write and Read Clock .
WE/ — Write Enable Input 1 4505S only
RE: — Read Enable Input 1 WE. — Write Enable Input 2
RS — Reset (active low) RE; — Read Enable Input 2 (rising edge
HF — Half Full Flag triggered 3 state control)
Vee, Vss -+ 5 Volt, Ground
Figure 2 : Block Diagram.
5 5
o 7L l = - Q
WE, > INPUT ouTPUT '
(4505M) BUFFER BUFFER - (45!1)
WRITE READ
WE, CONTROL WRITE | X x s BIPORT ARRAY READ CONTROL re,
(45058) POINTER [ POINTER (45055)
§ 1 ) = A [
HF, AF, AE
Ok FF, BF CKn
HF FLAG LOGIC
LR et el b e [ T e >
V' asos 1
Rt ——— e e e - AM @ p——— | e »>av
| tosic
AF g —m e e e e - pm————m e |- - > AE
Lo |
L
219 LNy SGS-THOMSON
Y/ saicrozLECTROMICS
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
\ Voltage on any Pin Relative to GND -10t0 7.0 Vv
Ta Ambient Operating Temperature 0to+ 70 °C

Tsig Ambient Storage Temperature (plastic) -55t0 + 125 °C
Pp Total Device Power Dissipation 1 Watt
Ip Output Current per Pin . 25 mA

Note : Stresses greater than 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 other conditions beyond those indicated in the
operational section of this specification is not implied. Exposure to absolute maximum rating conditions for extended pe-
riods of time may affect reliability. ’

RECOMMENDED DC OPERATING CONDITIONS (0°C < Tp <+ 70°C)

Symbol Parameter Value Unit Note
Min. Typ. Max.
Vee Supply Voltage 45 5.0 55 Vv 1
Vss Supply Voltage 0 0 0 \ 1
Vin Logic 1 Input 22 Vee +1.0 \ 1
Vi Logic 0 Input -03 0.8 " 1
Note : 1. All voltages referenced to GND.
DC ELECTRICAL CHARACTERISTICS
(Ta = 0°Cto 70°C, V¢ = 5.0 £ 10%)
Symbol Parameter 4505-25 4505-33 4505-50 Unit | Note
) Min. Typ.lMax. in. Typ.{Max. Min. Typ.‘Max.
lcc Average Power Supply Current 115[ 140 95 1140 75 ] 1401 mA 1
Symbol Parameter Min. | Max. | Unit | Note
mn Input Leakage Current -1 +1 LA 2
loL Output Leakage Current -10 | +10 HA 2,3
Vou Logic 1 Output Voltage (lout = — 4 mA) 24 \ 4
VoL Logic 0 Output Voltage (loyt =8 mA) 04 \' 4
Notes : 1. Measured with both ports operating at tck Min, 50% duty cycle, outputs open, Vcc max. Typical values reflect tck Min, outputs
open, with Vec = 5.0, 25°C, with 50% duty cycle.
2. Measured with V = 0.0V to Vce.
3. Measured at Qo —~ Qq, with QV = Low (4505M) ; after clocking with RE2 = Low (4505S).
4. All voltages referenced to GND.

CAPACITANCE (T4 = 25°C, f = 1.0MHz)

Symbol P t Value Unit Not
mbo arameter . ni ote
y Min. Typ. Max. .

C Input Capacitance 4 5 pF 1
CO, Output Capacitance 8 10 pF 1,2
CO, Output Capacitance 12 15 pF 1,3

Notes : 1. Sampled, not 100% tested. Measured at IMHz._ _
2. Measured at all data and flag outputs except EF and FF.
3. Measured at EF and FF.
<73 SGS-THOMSON 3/19
7’ MICROELECTRONICS
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MK4505M/S

AC TEST CONDITIONS

Parameter Value Unit
Input Levels O0to3 \
Transition Times 5 ns
Input and Output Timing Reference Levels 15 \%
Ambient Temperature 0to 70 °C
Vce 5.0+ 10% v
Figure 3 : Output Load Circuit.
+5V +5V
4700 47000
DEVICE DEVICE
UNDER I O out UNDER ouTt
TEST | 00 40pF¥ TEST | 200 5pF*
V000273 V000274

Note : Includes scope and test Fig.

READ AND HOLD OPERATIONS

The device will perform a Read on the next rising
edge of the Read Clock (CKr) whenever (see fig-
ure 4) :

- (4505S) RE¢ and RE2 are high at the rising
edge of the clock.

- (4505M) RE; and EF are high at the rising
edge of the clock.

Because the device only re-evaluates and updates
the Empty Flag (EF) on the rising edge of CKR, the
appearance of an active Empty Flag at valid flag ac-
cess time, tr1a, assures the user that the next rising
edge of CKRr will generate an inhibit condition. All Q
outputs will be High Z at taz from the rising edge of
CKgr. EF is latched between subsequent read
clocks.

The device will perform a Hold Cycle (hold over pre-
vious data) if RE 1 is low at the rising edge of the clock

4ns Ly7 SGs-THOMSON

(CKp). If EF (4505M) or RE2 (4505S) is low at the
rising edge of the clock, then the outputs will go to
High-Z.

WRITE OPERATIONS

The device will perform a Write on the next rising
edge of the Write Clock (CKw) whenever (see fig-
ure 5) :

_ (4505S) WE+ and WE:2 are high at the rising
edge of the clock.

_ (4505M) WE+ and FF are high at the rising
edge of the clock.

Because the device only re-evaluates and updates
the Full Flag (FF) on the rising edge of CKw, the ap-
pearance of an active Full Flag at valid flag access
time, tr1a, assures the user that the next rising edge

of CKw will generate a No-Op condition. FF is
latched between subsequent write clocks.

MICROELECTRONICS
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MK4505M (Master) WRITE TRUTH TABLE

Present State . Next State
CKy — — Operation _
RS WE, FF FF Data In
X 0 X X Reset 1 Don't Care
) 1 0 0 No-Op ? Don't Care
T 1 0 1 No-Op 1 Don't Care
T 1 1 0 No-Op ? Don't Care
T 1 1 1 Write ? Data In
= Device Status is referenced to the "next state" logic conditions.
The "next state" flag logic level is unknown due to the possible occurence of a read operation.
MK4505M (Master) READ TRUTH TABLE
CKa _ Present State __ Operation _ Next State
RS RE; EF EF Qout
X 0 X X Reset 0 Hi Z
T 1 0 0 Inhibit ? Hi Z
T 1 0 1 Hold 1 Previous Q
T 1 1 0 Inhibit ? Hi Z
T 1 1 1 Read ? Data Out

? = Device Status is referenced to the "next state” flag logic and Qour conditions.

The "next state" flag logic level is unknown due to the possible occurrence of a write operation.

MK4505S (Slave) WRITE TRUTH TABLE

CKw __ Present State Operation Next State
RS WE, WE. Data
X 0 X X Reset Don't Care
T 1 0 0 No-Op Don't Care
H 1 ] 1 No-Op Don't Care
T 1 1 0 No-Op Don't Care
T 1 1 1 Write Data In
MK4505S (Slave) READ TRUTH TABLE
CKw _ Present State Operation Next State
RS RE;, RE; Qour
X 0 X X Reset Hi Z
T 1 0 0 Inhibit Hi Z
T 1 0 1 Hold Previous Q
T 1 1 0 Inhibit Hi Z
T 1 1 1 Read Data Out
RESET abled (WE1 = RE1 = LOW). All status flag outputs will

RS is an asynchronous master reset input. A Reset
is required after power-up, before first write. Reset
commences on the falling edge of RS irrespective
of the state of any other input or output. The user is
required to observe Reset Set Up Time (trss) only
if the device is enabled (see figure 7). The trss
specification is a don't care if the device remains dis-

57 SGS-THOMSON

be valid trsa from the falling edge of RS, and all Q
data outputs will be high impedance trsaz from the
same falling edge.

After Reset, if no valid Read operations have been
performed since Reset, the "previous data" that will
be output when executing the first Hold cycle will be
all zeros (see figure 8).

5/19
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AC ELECTRICAL CHARACTERISTICS (T, = 0°C to 70°C, V¢ = 5V + 10%)

4 - - -
Symbol Parameter 505-25 4505-33 4505-50 Unit | Notes
Min. | Max. | Min. [ Max. [ Min. | Max.
tek Clock Cycle Time 25 33 50 ns 1
toku Clock High Time 10 13 20 ns 1
tekL Clock Low Time 10 13 20 ns 1
ts Set Up Time 10 13 16 ns 1
ty Hold Time 0 0 0 ns
ta Output (Q) Access Time 15 20 25 ns 1,2
tria Flag 1 Access Time(?) 15 20 25 ns 1,2
troa Flag 2 Access Timeg, 20 25 30 ns 1,2
toH QOutput Hold Time 5 5 5 ns 1,2
taz Clock to Outputs High-Z 15 20 25 ns 1,3
taL Clock to Outputs Low-Z 5 5 5 ns 1,3
trss Reset Set Up Time 12 16 25 ns 1,4
tas Reset Pulse Width 25 33 . 50 ns '
trsa Reset Flag Acces Time ‘50 66 100 ns 1,3
trsaz Reset to Outputs High-Z 25 33 50 ns 1,3
trRL First Read Latency 50 66 100 ns 1,5
trFL First Flag Cycle Latency 25 33 50 ns 1,6
Notes : 1. All AC Electrical Characteristics measured under conditions specified in "AC Test Conditions".
2. Measured w/40pf Output Load (figure 3A).
3. Measured w/5pf Output Load (figure 3B).
4. Need not be met unless device is Read and/or Write Enabled.
5. Minimum first Write to first Read delay required to assure valid first Read.
6. Minimum first Write to first Read Clock delay required to assure clearing the Empty Flag.
7. Flag 1 = EF, FF,QV, DR.
8. Flag 2 = AE, AF, HF.
AL 37 SGS-THOMSON
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Figure 4 : Read Cycle Timing.

b—-——'F\A——ﬁ
= \\\\\\\\\\\\\\\\\\\\

(o N/
"OH-’

trA—

R

A

b'QH

o 7/

S

(4505M) ‘le 4" :”"‘.
RE, todo A A
45085) : o 3 \
—e_ton e — T o
LK > X 5
— PREVIOUS

Note : For this particular diagram the EF changes logic states presuming that a valid WRITE operation has occured prior to the
rising edge of CKg at ta.

Figure 5 : Write Cycle Timing.
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Note : For this particular diagram the FF changes logic states presuming that a valid READ operation has occured prior to the
rising edge of CKw at ta.
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Figure 6 : Hold Cycle Timing.
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Note : EF = HIGH (master)
RE2 = HIGH (slave)

Figure 7 : Reset Cycle Timing.
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Note : tass must be met if the device is read AND/OR write enabled (WE;, RE; = High).
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Figure 8 : First Hold After Reset.
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Note : A valid write operation is presumed between t1 and ta.

Figure 9 : Almost Empty Flag Timing (4505M only).
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Note : 1. This example does not show the hysterisis in the ALMOST FLAGS.
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Figure 10 : Almost Full, Half Full Flag Timing.
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HOLD PREVIOUS Q MF OR A

Notes :

1. Q outputs in Master/Slave Width Expansion (RE = EF), or when using MK4505S Slave separately.

2. Qoutputs in Master-to-Master Depth Expansion (RE1 with EF = HIGH), or when using the MK4505M separately.
3. This example does not show the hysterisis in the ALMOST FLAGS.

FLAG INTERPRETATION KEY

%al::f Gating Flag Flag Read Locations Write Locations
Operation Affected Transition Remaining to Empty Available to Full

CKg |CKw

T - Read AE A 8* 1016

- |7 Write AE A 10 1014

T - Read AE Y 9 1015

- |7 Write AE Y 11 1013

T - Read AF _[ 1014 10

- T Write AF _[ 1016 8"

T - Read AF Y 1013 11

- ) Write AF v 1015 9

| - Read HF I 510 514

- T Write HF I 512 512*

T - Read HF Y 509 515

- T Write HF 1 511 513
Notes : *. Flag definition to the respective operation and clock.

1. Allexamples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operatlon
The flag remains stable as long as the condition that set or cleared the flag exists in the device.
. The table describes the number of the cycles that can be performed, including the next rising edge.
. Remaining Read or Available Write locations at the flag transition point reflects the hysterisis inherent to the internal scheme
that detects the flag status.
4. Asynchronous or simultaneous dual port operations at the flag transition point may result in a false flag status. When this
occurs, the flag is evaluated and updated on the subsequent clock.

w N

10/19
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Figure 11 : Simultaneous Write/Read Timing (4505M only).
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Figure 12 : Simultaneous Write/Read Timing (4505S only).
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SIMULTANEOUS WRITE/READ TIMING

The Empty Flag (EF) is guaranteed to clear (go
HIGH) in response to the first rising edge of the read
clock (CKR) to occur trrL (First Flag Latency) after a
valid First Write (from the rising edge of CKw). Read
clocks occurring less than trrL after a First Write may
clear the EF, but are not guaranteed (see figure 10).
As always, reads attempted in conjunction with an
active Empty Flag are inhibited. Therefore, the next
rising edge of CKRr following trrL will produce the first
valid read. This is the trrL (First Read Latency)
parameter, and must be observed for proper system
operation with the latched EF. Coming from an
empty condition, the First Read operation should be
accomplished by enabling RE1 no less than ts
before the rising edge of CKr at trrL. The Q outputs
will present valid data ta from the rising edge of CKg.

When using the MK4505S (Slave) separately, the
user must observe the trrL (First Read Latency)
parameter to ensure first-write-to-first-read valid
data. Referring to figure 12, the first rising edge of
CKR to occur trrL after a First Write clock will
guarantee valid data ta from the rising edge of CKR.
Read operations attempted before trgL is satisfied
may result in reading RAM locations not yet written.
Careful observance of trrL by the user is a must
when using free running asynchronous read/write
clocks on the MK4505S ; there is no automatic read
and write protection circuitry in the Slave.

It should also be noted that the MK4505M/S has an
expected "fall-through delay time" described as First
Write data presented to the FIFO and clocked out to
the outside world. This can be calculated as :
ts + tFRL + ta (from figure 11 or 12). Further occurring

QV Definition Table.

valid read clocks will present data to the Q outputs
ta from the rising edge of CKg.

WIDTH AND DEPTH EXPANSION

A single Master (MK4505M) is required for each 1K
of depth configured. The number of Slaves that can
be driven by a single Master is limited only by the ef-
fects of adding extra load capacitance (Write and
Read Enable Input Capacitance) onto the Input
Ready (DR), Output Valid (QV), Full Flag (FF) and
Empty Flag (EF) outputs. However, even 40 bits of
width (8 devices) results in only 40pf of loading,
which corresponds to the amount of load called out
in the AC Test Conditions. Additional loading will
slow the flags down, but as long as Enable Set Up
time (ts) is met, slowing the flags has no negative
consequences.

DEPTH EXPANSION HANDSHAKE
PROTOCOL

The depth expansion handshake device connec-
tions are shown in figure 13. The expansion inter-
face signals can be considered transparent to the
user, as long as the expansion clock continues to
run. The Output Ready (QV) flag, and the Data
Ready (DR} flag logic descriptions are detailed inthe
following charts. Since the expansion clock is the
read clock for the sending FIFO, as well as the write
clock for the receiving FIFO, these two signals
prevent data loss during depth expansion applica-
tions where the receiving bank (bank B, figure 13)
goes full simultaneously as the sending bank goes
empty (bank A, figure 13).

Before Read Clock . After Read Clock
= — Operation at CKg Note
RE+ EF Qv Reads Remaining Qv Status
X 0 X 0 Inhibit 0 Empty 1
0 | | 21 Hold 0 Active 2
1 1 0 1 Read A Empty 3
1 1 X >2 Read 1 Active 4 |

Notes : 1. Whenever EF is active low, further attempted read cycles are inhibited.
2. QVis gated by RE; such that the QV flag will be latched low tr1a from the rising edge of CKs when RE; is low. The RE1
input must meet the set-up time (ts) prior to the read clock edge. QV does not logically allow or prevent a read operation.

W

. Whenever RE; is active high, QV will always follows the EF signal by one read clock cycle.
This condition displays a typical read operation when remaining memory locations (prior to the read operation) are from 2

to 1024. EF and QV continue to acknowledge that the FIFO has more data available.

12119 Ly S5S-THOMSON
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DR Definition Table.

Before Write Clock . After Write Clock
== Operation at CKy Note

WE, FF DR Write Available DR Status
X 0 0 0 No-Op 0 Full 1
0 1 0 1 No-Op 1 Full-1 2
0 1 1 1 No-Op 0 Full-1 2
1 1 X 1 Write 0 Full 1
0 1 X 2 No-Op 1 Active 3
1 1 1 2 Write 0 Full-1 4

0 1 1 23 No-Op 1 Active
1 1 1 23 Write 1 Active 5

Notes : 1. DR can be low only when the MK4505M is full or (full-1). Whenever the device goes full (FF = low), then DR will be latched

low trs4 from the same write clock edge (CKw) regardless of the logic state of the DR flag at the clock transition. Further
attempted write operations are blocked since FF is low.

. If DR changes logic states after the write clock, then this example reflects the condition when the MK4505M has one (1)

memory location available (full-1). DR will presume the opposite logic state of the previous cycle for subsequent write clocks
if WE is disabled (low) and one memory location is available. Whenever the MK4505M goes full (FF =low), DR will be latched
low in the same clock cycle. (This is part of the Depth Expansion Protocol, and acts to notify the sending unit that space is
available.) The DR flag does not logically allow or prevent a write operation.

. If DR is a logic 1 before and after the write clock, then this example signifies that the available memory locations in the

MK4505M are greater than or equal to 2, after the completed write operation.

4. During a valid write cycle, the DR flag will go inactive low te1a from the rising edge of CKw if the write counter is (full-2) at
the clock transition. This results is a (full-1) condition. (Refer to notes 1 and 2.)

5. This condition displays a typical write cycle, where available memory locations (prior to the write operation) are from 3 to
1024. DR and FF continue to acknowledge that the FIFO is ready to accept more data.

Insummary, the QV flag follows the EF signal by one
read clock cycle (in all instances) when RE1 is active
high at the rising edge of CKr. Whenever RE is dis-
abled (low), the QV flag will go low tr1a from the
rising edge of CKg. Of course, the RE+ input must
satisfy the set-up time (ts) prior to CKg. The QV flag
does not enable or inhibit read operations. Read
protection is provided by the EF signal.

The DR flag will go low one cycle prior to a full con-
dition (full-1), or DR will go high at (full-2) from the
rising edge of CKw. However, if WE1 is disabled
(low), and the device has one location available,
then DR will toggle each subsequent write cycle until
full. This way the device notifies the sending unit that
at least one more byte of data can be accepted.
Whenthe device goes full, the DR flag will be latched
low tr1a from the clock edge (during the same write
cycle), regardless of its previous logic state. As with
all valid write cycles, the WE1 input must satisfy the
set-up time (ts) prior to CKw. The DR flag does not
enable or inhibit write operations. Write protection is
provided by the FF signal.

WIDTH AND DEPTH EXPANSION EX-
AMPLES

The width and depth expansion interface timing
diagrams (figures 14 and 15) are in reference to the
width and depth expansion schematic in figure 13

[’7 SGS-THOMSON

(For simplicity all clocks have the same frequency
and transition rate).

Example 1 - First Write Since Empty - Reading the
timing diagram from the top left to bottom right, one
can determine that figure 13 illustrates the effects of
the first WRITE/READ cycles from an EMPTY array
of FIFOs. Both of the EF pins are initiaily iow (EFx,
EF and RE2). As data is written into Bank A, the ex-
pansion clock reads data from Bank A and writes it
to Bank B, the interface EF (EF and RE2) and the ex-
ternal EF (EFx) go inactive (logic 1) while data is
shifted through the FIFO array from Bank A through
Bank B to the external output (Qx). The EF logic
goes valid (logic 0) once data is shifted out of its
respective bank.

Example 2 - First Read Since Full - Reading the
timing diagram from the bottom left to top right, one
can determine that figure 15 illustrates the effects of
the first READs from a FULL array of FIFOs. As data
is read out of the system (Qx), it allows Bank B to
receive data (Qexp) shifted from Bank A. As Bank B
shifts data out via Qx, allowing Bank A to shift data
into Bank B, both banks will show a cleared FF
status (logic 1) on the expansion FF (FF and WE2)
as well as the internal FF (FFx). When Bank A is no
longer considered FULL, Data In from the system
(Dx) is now written into Bank A. The FIFO array is
again completely Full.

13/19
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APPLICATION

The MK4505 operates from a 5V supply. It is com-
patible with all standard TTL families on all inputs
and outputs. The device should share a solid ground
plane with any other devices interfaced with it, par-
ticularly TTL devices. Additionally, because the out-
puts can drive rail-to-rail into high impedance loads,
the MK4505 can also interface to 5V CMOS on all
inputs and outputs.

Since very high frequency current transients will be
associated with the operation of the MK4505, power
line inductance must be minimized on the circuit
board power distribution network. Power and
ground trace gridding or separate power planes can
be employed to reduce line inductance. A high fre-
quency decoupling capacitor should be placed next

1419 L7 S6s-THOMSON

to each FIFO. The capacitor should be 0.1uF or
larger. Also, a pull-up resistor in the range of 1KQ is
recommended for the RESET input pin to improve
proper operation.

Though often times not thought of as such, the
traces on a memory board are basically unter-
minated, low impedance transmission lines. As
such they are subject to signal reflections
manifested as noise, undershoots and excessive
ringing. Series termination in close proximity to the
TTL drivers can improve driver/signal path im-
pedance matching. While experimentation most
often proves to be the only practical approach to
selection of series resistors, values in the range of
10€2 to 33Q2 often prove most suitable.
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.

Figure 13 : MK4505M/S 2K x 10 Width and Depth Expansion Schematic.
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Figure 14 : Example 1 - Width and Depth Expansion Interface Timing.
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Note : *. Example begins with both banks empty, as status flags indicate
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Figure 15 : Example 2 - Width and Depth Expansion Interface Timing.
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Note : *. Example begins with both banks full, as indicated by status flags.
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PACKAGES MECHANICAL DATA
Figure 16 : MK4505M 24-Pin Plastic DIP (N), 300-Mil.

Dim.

mm

Inches

Min. [ Max.

Min.

Max.

Notes

o

- ]5.334

210

C A1

0.381| -

.015

A2

3.048}3.556

120

140

U UUUUUUUTUY

0.381]0.533

.015

.021

n——hj-l B1

1.143{1.778

.045

.070

0.203|0.304

.008

.012

- |32.258

1.270

1.524 2.286

.060

.075

7.62 |18.255

.300

325

=
R

6.906|6.858

.240

.270

T F\ :

.

2.286|2.794

.090

110

= I,

7.62 19.271

.300

.365

3.175( -

125

Notes : 1. Overall Length includes .010 IN.Flash on either end of the package.
2. Package standoff to be measured per Jedec requirements.

3. The maximum limit shall be increased by .003 IN. when solder lead finish is specified.

Figure 17 : MK4505S 20-Pin Plastic DIP (N), 300-Mil.

Dim.

mm

Inches

Notes

Min. | Max.

Min.

Max.

- |5.334

210

A1—‘

0.381| -

015

A2

3.048(3.556

120

140

0.381/0.533

.015

.021

B1

1.143(1.778

.045

.070

0.203|0.304

.008

.012

25.908(26.67

1.020

1.050

D1

1.524 11.905

.060

075

7.62 |8.255

.300

.325

E1

6.906 | 6.858

.240

.270

el

2.286(2.794

.090

110

eA

7.62 |9.271

.300

.365

3.175| -

125

Notes : 1. Overall Length includes .010 IN. Flash on either end of the package.
2. Package standoff to be measured per Jedec requirements.

3. The maximum limit shall be increased by .003 IN. when solder lead finish is specified.
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ORDERING INFORMATION

. . I
Part Number Access Time | Cycle Time Fr&yuce(:ucy Ter%;;::;ure Package Type
MK4505MN-25 15ns 25ns 40MHz 0°C to 70°C PDIP24 300-MiL
MK4505MN-33 20ns 33ns 30MHz 0°C to 70°C PDIP24 300-MiL
MK4505MN-50 25ns 50ns 20MHz -0°C to 70°C PDIP24 300-MIL
MK4505SN-25 15ns 25ns 40MHz 0°C to 70°C PDIP20 300-MIL
MK4505SN-33 20ns 33ns 30MHz 0°C to 70°C PDIP20 300-MIL
MK4505SN-50 25ns 50ns 20MHz 0°C to 70°C PDIP20 300-MIL
Note : PDIP = Plastic DIP.
|_M# [ 4505M | N 25

Speed grade

Cycle Time

Package Type

N : Plastic DIP

Device family and

' number identification

4505M : Master

4505S : Slave

SGS-THOMSON prefix

[‘" SGS-THOMSON 19/19
Y/ sicrocLECTRONICS
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MK45264/45265(N)
-55/70

(64 x 5) x 2
CMOS BIDERECTIONAL BiPORT FIFO/TRANSCEIVER

s DUAL 64 x 5 FIFOs PLUS A '245-TYPE
TRANSCEIVER FUNCTION

s FULLY ASYNCHRONOUS DUAL PORT
OPERATION

= EMPTY, FULL, ALMOST FULL AND ALMOST
EMPTY STATUS FLAGS

= SPARE BITS FOR PARITY AND BEGIN-
NING/END-OF-MESSAGE FLAGS

PIN NAMES

Vee, Vss + 5V, GND

Don-DQx4 X Port Data /0
DQyo-DQys| Y Port Data /0O

Wx, Wy X & Y Port Write Enables

Rx/DIR X Port Read Enable and
Transceiver Direction Control

= + 12mA OUTPUT DRIVE CAPABILITY
s DUAL Vcc AND Vss FOR IMPROVED MARGIN

AND DRIVE
= 300 MIL DIP PACKAGE

= APPLICATION : ARBITRATION-FREE pP-TO-

uP MESSAGE PASSING

DiP-24
(Plastic Package)

G Transceiver Enable
Ry Y Port Read Enable
—— Access i
RS Master Reset Part No Time Cycle Time | Cycle Rate
EFx, FFy | Y-to-X FIFO Empty/full Flag MK45264N-55 | 55ns 75ns 13.3MHz
EFy, FFx | X-to-Y FIFO Empty/full Flag MK45265N-55 | 55ns 75ns 13.3MHz
AEy, AFx | X-to-Y FIFO Almost Empty/full MK45264N-70 | 70ns 95ns | 10.5MHz
AEx, AFy | Y-to-X FIFO Almost Empty/full MK45265N-70 | 70ns 95ns | 10.5MHz
Figure 1 : Pin Connections.
Ves 10 [124 Vee Vss 1] 124 v
s 20 (123 Wy 6 204 D23 W,
AR 3 O [122 FFy, ARvoIR 3 O] (122 AF,
EF, 4] (121 Day, AE, 4[] (121 Dy,
DOy 50 [120 DQy, DOy, 5 720 pay,
00 80 Lisses 1 DOv pay, 6L} MK45265 119 Dy,
pa,, 70} [118 Day, DOy, 7 [118 DQy,
pa,, 8 [} [117 Day, DAy, 8 ] (117 DQy,
bq,, 9 [} 116 EFy Doy, 9] [116 AE,
Fr 10 O 115 R aF, 100 (115 Ry
w, n 0O (114 RS w, 1] [114 RS
Veo nlf1 [113 vgg Veo |2E1 [113 Vg
October 1989 1/18
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FIGURE 2. DEVICE LOGIC SYMBOL

v‘SS ‘ilcc VJSS VCC
<« FF, FF, <« AF, AF, }—>
<«— EF, EF, |—> <«— AE, AE, [—>
MK45264 MK45265

—|G RS je—r —]G s le—

——{ R,/DIR W, |— ——{R,/DIR W, fe—

— W, Ry fe—— — W, R f—

5
<—,§—> DQ, DQ, [&—F—>’ <—/—{DQ, DQ, [ —r—>
VCC vSS VCC VSS
TRUTH TABLE
RS | G “Ry/DIR Wy | Ry | Wy | MODE DQy DQy
Lo | X X X X X Master Reset High Z High Z
Hi Lo Hi X X X | Transparent XY Data In DQy
Hi Lo Lo X X X | Transparent Y-X DQy Data In
Hi Hi Hi Hi Hi Hi Sby X / Sby Y High Z High Z
Hi Hi Hi Hi Lo | Hi | Sby X/ReadY High Z Data Out
Hi Hi Hi Hi X Lo [ Sby X/ Write Y High Z Data In
Hi Hi Lo Hi Hi Hi Read X / Sby Y Data Out High Z
Hi Hi Lo Hi Lo Hi | Read X/ Read Y Data Out Data Out
Hi Hi Lo Hi X Lo | Read X/ Write Y Data Out Data In
Hi Hi X Lo Hi Hi | Write X / Sby Y Data In High Z
Hi Hi X Lo Lo Hi | Write X / Read Y Data In Data Out
Hi Hi X Lo X Lo | Write X / Write Y Data In Data In
X = Don’t Care

NOTE: Truth Table logic states presume all status flags to be inactive.

2/18
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MK45264/45265(N)-55/70

FIGURE 3. BLOCK DIAGRAM

5
<¢—F—»{DQ DQ = F—
TRANSCEIVER B
1 DIR Gl G
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FIFO
—_ 4, -
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R, /DIR - w,
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\
5 = s
RS
- Q p = +
»{ R YT0X Wl
FIFO
64x5
ﬁt (E‘) ¢ - Ff, (ﬁv)

DEVICE APPLICATION/FUNCTION

The MK45264/65 contains two independent single  Once the transceiver is activated, direction is con-
direction FIFOs, and a bidirectional transceiver, con-  trolled by the Ry/DIR pin. A high on Ry/DIR points
nected via two internal three state busses to I/O  the transceiver X-to-Y; a low points it Y-to-X. A low
drive circuits. One FIFO is pointed X-to-, and the on G disables FIFO operations. Activating the Tran-
other pointed Y-to-X. Either port's FIFOs can be read  sceiver during FIFO operations may result in invalid
or written asynchronous with FIFO read or write  or unpredictable FIFO operation.

operations on the other port. The transceiver is ac-

tivated with a low on G.

318
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AC ELECTRICAL CHARACTERISTICS
(To = 0° 10 70°C, Ve = 50 +10%)

ALT. STD. 55 70
SYMBOL | SYMBOL | pARAMETER MIN |MAX | MIN | MAX [UNITS| NOTES
tp tRL-RH Read Pulse Width 55 70 ns
tp twLwH Write Pulse Width 55 70 ns
tp taH-RH X-ceiver Disable to end of Read 55 70 ns
tp taH-WH X-ceiver Disable to end of Write 55 70 ns
tr tRH-AL Read Recovery Time 20 25 ns
tr twHWL Write Recovery Time 20 25 ns
tr tRH-WL Read Write Recovery Time 20 25 ns
tg twH-RL Write Read Recovery Time 20 25 ns
tc tRL-AL Read Cycle Time 75 95 ns
tc twLwe Write Cycle Time 75 95 ns
tos tov.wH Data Set Up Time 20 25 ns
ton twH-0x Data Hold Time ns
taL trLaL R Low to Outputs Low-Z 5 ns 2
ta taL.qv Read Access Time 55 70 | ns 3
ton tRH-ax Output Hold Time ns 3
ton twLax Output Hold Time 5 ns 3
taz taH-Qz R High to Outputs High-Z 30 40 | ns 2
twaz twr.az W Low to Outputs High-Z 45 55 | ns 2
teLs twL-FFL W Low to Full Flag Low 60 80 | ns 4
teLy tRLEFL R Low to Empty Flag Low 60 80 | ns 4
ten twhern | W Hi to Empty Flag High 50 65 | ns 4
tem tRH-FFH R Hi to Full Flag High 50 65 | ns 4
teLo twLAFL W Low to Almost Full Flag Low 60 80 | ns 5
teo tRLAEL R Low to Almost Empty Flag Low 60 80 | ns 5
tepo twH-AEH W Hi to Aimost Empty Flag High 75 95 | ns 5
teno tRH-AFH R Hi to Aimost Full Flag High 75 95 | ns 5
t) tWL-FFH Write Protect Indeterminate 25 30 | ns 6
t) tRL-EFH Read Protect Indeterminate 25 30 | ns 7
teR teEH-WL Full Flag Recovery ns 6
teR teFH-RL Empty Flag Recovery 0 ns 7
trs trsL-RSH Reset Pulse Width 55 ns
418
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MK45264/45265(N)-55/70

AC ELECTRICAL CHARACTERISTICS
(Ta = 0°10 70°C, Vg = 50 +10%)

ALT. STD. 55 70

SYMBOL | SYMBOL | pARAMETER MIN [MAX | MIN [MAX [UNITS| NOTES
trsr tRSHWH Reset Recovery Time - | 75 95 ns

tRev tRSL-FFH Reset to Full Flag Valid 70 90 | ns 3
tary trsiarn | Reset to AF Flag Valid 70 90 | ns 3
tRrv tRSLEFL Reset to Empty Flag Valid 70 90 ns 3
trev tasLaeL | Reset to AE Flag Valid 70 90 | ns 3
thax trsL-ax Outout Hold from RS Low 0 0 ns 3
traz tasL-az RS Low to Output High Z 40 50 | ns 2
tra twh-GL FIFO Mode to X-ceiver Mode 0 0 ns

tra tRH-GL FIFO Mode to X-ceiver Mode 0 0 ns

tar taHwWL X-ceiver Mode to FIFO Mode 5 5 ns

tar taH-RL X-ceiver Mode to FIFO Mode 5 5 ns

teaL taLaL G to Output Low Z 0 0 ns 2
teav taLav G to Output Valid 75 95 | ns 3
taax taH.ox Output Hold from G 0 ] ns 3
taaz taH.qz G to Output High Z 40 50 | ns 2
tovav tov.av Input to Output Valid 55 70 ns 3
toxax tox.ax Input to Output Invalid 10 10 ns 3
toaL toiRv-aL Ry/DIR to Output Low Z 0 0 ns 2
toav toiRv.av Rx/DIR to Output Valid 55 70 | ns 3
toax toiRv-ax Output Hold from Ry/DIR 0 0 ns 3
toaz toiRv-az Ry/DIR to Output High Z 40 50 | ns 2

NOTES 5. Applies to AEy, AFy, AEy, AFy. Measured w/30pf Out-

1. All AC Electrical Characteristics measured under con-
ditions specified in “AC Test Conditions”.

2. Measured w/5pf Output Load. See Equivalent Load Cir-
cuit B.

3. Measured w/30pf Output Load. See Equivalent Load Cir-
cuit A.

4. Applies to EFx, FFy, FFy, EFy. Measured w/30pf Out-
put Load. See Equivalent Load Circuit C.

. MICROELECTRONICS

put Load. See Equivalent Load Circuit C.

6. Writes beginning a) more than t; (max) before FF goes
high will be blocked. b) less than t| (max) before and less
than tgR (min) after FF goes high may be performed.
¢) teR (min) after FF goes high will be performed.

7. Reads beginning a) more than t; (max) before EF goes
high will be blocked. b) less than t| (max) before and less
than tpg (min) after EF goes high may be performed.
¢) tpr (min) after EF goes high will be performed.

5118
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MK45264/45265(N)-55/70

Read/Write

The FIFOs utilize separate Read and Write enable
inputs to control port activity and direction. A low
on a Read Enable reads a port’s receive FIFO. A
high on a Read Enable or a low on a Write Enable
disables a port’s data outputs to a high impedance
state. A low on a Write Enable initiates a write to
a port’s transmit FIFO, regardless of the state of
Read Enable. Input data is latched into the FIFO
on the rising edge of a Write Enable.

Full/Empty Flags

An active Full Flag indicates that a port’s transmit
FIFO is full and will accept no more data. Writes
done to a FIFO while full are blocked. Once a read
has occurred on a full FIFO, clearing a location in
the FIFO, the Full Flag will go inactive, allowing
another write to begin on the next falling edge of
Write Enable.

An active Empty Flag indicates a port’s receive FIFO
is empty and can send no more data. Any reads
done on a FIFO while empty are blocked. Once a
write to an empty FIFO has occurred, the Empty
Flag will go inactive, allowing another read to be-
gin on the next falling edge of Read Enable.

FIGURE 4. WRITE TIMING

Almost Flags

An inactive Almost Full flag indicates a port's trans-
mit FIFO has room for at least four (4) more bytes,
which is to say the flag will go active during the
fourth write from full and stay active until after the
fourth location from full has been vacated (read).
An inactive Almost Empty flag indicates a port’s
receive FIFO has at least four (4) bytes of data in
memory, ready to be read, which is to say that the
flag will go active while reading the fourth remain-
ing byte and remain active until after the fourth byte
has been stored (written).

Reset

Reset is initiated by a low on the Master Reset (RS)
input. A reset returns all data outputs to a high im-
pedance state, taking precedence over the read
strobes (Ry/DIR and Ry) and G. The states of the
FIFO control inputs (Ry/DIR, Wy, Ry and Wy) are
a Don't Care throughout reset. The read strobes are
a Don't Care at the end of reset because the Emp-
ty Flag becomes active (goes low) during reset,
blocking any attempted reads. The write strobes
(Wx and Wy) may fall any time during or after
reset, but must not go high until tggg after RS goes
high.

!

/_ \
r' DATA IN j—
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MK45264/45265(N)-55/70

FIGURE 5. READ TIMING
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MK45264/45265(N)-55/70

FIGURE 8. FULL (ALMOST FULL) FLAG TIMING
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MK45264/45265(N)-55/70

FIGURE 11. FIRST READ AFTER EMPTY TIMING
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MK45264/45265(N)-55/70

FIGURE 13. TRANSCEIVER RESET TIMING
(EXAMPLE SHOWN WITH Ry/DIR HIGH)
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MK45264/45265(N)-55/70

FIGURE 16. TRANSCEIVER Ry/DIR TIMING
(EXAMPLE SHOWN WITH G LOW)
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MK45264/45265(N)-55/70

FIGURE 18. WRITE/ALMOST EMPTY/EMPTY FLAG TIMING SUMMARY

[ « | = [ = [ « [ s [ o ]
N\ /N \ SN

Y |e— I tenz i‘
EF

=l
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ABSOLUTE MAXIMUM RATINGS*

 MKA45264/45265(N)-55/70

Parameter Value Unit
Voltage on any Pin Relative to Vsg -15t0+70 \%
Ambient Operating Temperature (Ta) Oto+ 70 °C
Ambient Temperature under Bias - 55t0+ 125 °C
Ambient Storage Temperature (plastic) - 55to0 + 125 °C
Allowable Total Device Power Dissipation 1 W
Allowable RMS Output Current per Pin 80 mA

* Stresses greater than those listed "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 above those indicated in the operational section of this specification is not implied.
Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (T, = 0° to + 70°C)

Value
Symbol Parameter Min. Typ. Max. Unit |Notes

Vee Supply Voltage 45 5.0 55 \ 1

Vss Supply Voltage 0 0 0 \ 1

Viy Logic 1 Input 22 Vee +03 v 1

Vi Logic 0 Input -03 0.8 \Y 1
DC ELECTRICAL CHARACTERISTICS (T, = 0° to 70°C, V¢ = 5.0 + 10%)

Value .
Symbol Parameter Min. Typ. Max. Unit |Notes

leca Quiescent Power Supply Current, per Port 25 mA | 12

lcca Active Power Supply Current, per Port 40 mA | 13

lecp Dynamic Power Supply Current, per Port 1.2 mA/MHz | 1.4

lect Total Power Supply Current, both Ports 100 mA | 15

' Input Leakage Current -1 +1 A 6

loL Output Leakage Current - 10 +10 uA 7
| Von Logic 1 Output Voltage 24 v |78

VoL Logic 0 Output Voltage 0.4 " 7.9
Notes 1. Measured with outputs open. o _

2. Measured with opposite port quiescent ; R, W and G 2 Viu (Min).
3. Measured with opposite port quiescent ; R or W < V. (Max) and 2 Vi (Min).

and G
4. Measured with opposite port quiescent ; R or W toggling and G 2 Vin

5. Measured with both ports operating at tc (min.).
6. Measured with Vin = 0.0V to Vcc.

7. All voltages referenced to Vss. i
8. Data Output Pins (DQxo-DQxs and DQvo-DQva) lout - - 12ma : Fiag ouput Pis EFx. EFy, FFx FFy. AEx AEy, AFx, AFy)

lour =

~1mA.

(Min).

9. Data Outputs (DQxo-DQxs and DQyo-DQva) lout - 12ma ; Fiag Ouput Pins EFx, EFy, FFx, FFy, AEx AEv. AFx AFv) lour = 4mA.

CAPACITANCE (T, = 0° to 70°C, V¢ = 5.0 + 10%)

Value
Symbol Parameter Min. Typ. Max. Unit [Notes
Cy Input Capacitance 4 5 pF 1
Co Output Capacitance 8 10 pF 1
Note :  1.Sampled, not 100% tested. Measured at 1 MKz.
— 57 stmomson ~~

283



MKA45264/45265(N)-55/70

AC TEST CONDITIONS

InputLevels .. ............. ... .. ... .....
Transition Times . ..........................
Input and Output Reference Levels ............
Ambient Temperature . . .....................

Vcc = 50 Volts + 10%

.................................. 1.5 Volts
................................. 0° to 70°C

FIGURE 21. EQUIVALENT OUTPUT LOAD CIRCUIT

$ 298 OHMS
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3
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:E 298 OHMS
$

DUT ——4¢
$ l
3 116 OHMS :|.

(B)

5pF*

*INCLUDES SCOPE AND TEST JIG.

APPLICATION ISSUES
Width Expansion

The MK45264/65 is designed to be used in sets of
two or more, as shown below. The MK45264/65 is
supplied in two configurations, MK45264 and
MK45265; the MK45264 having Empty and Full
Flags, the MK45265 having Almost Empty and
Almost Full Flags. This scheme allows a pair of
devices to be connected in such a way as to as-
sure that the PAIR present a full complement of sta-
tus flags in BOTH directions, that is, both to the left
and to the right.

The resulting 10 bit wide configuration allows both
parity AND beginning or end of message flag bits

14118
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to be carried along with an 8 bit byte of data. The
20 bit wide configuration allows carrying 2 bits of
parity AND separate message start and stop bits
in 16 bit applications.

The MK45264/65 was designed as a 5 bit wide
device in order to allow the use of a 300 mil DIP
package; allowing the MK45264/65 to: a) achieve
the highest function/board space ratio possible for
a fully featured bidirectional BiPORT FIFO, b) pro-
vide higher performance with improved noise mar-
gins than would be possible in higher pin count
packages, and c) provide greater flexibility to users
of various bus widths.




MK45264/45265(N)-55/70

FIGURE 22. (64x10)x2 WIDTH EXPANSION
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MK45264/45265(N)-55/70

Width Expansion and Word-Skew

Word-skew, in this context, is defined as what hap-
pens when FIFOs that are wired in parallel for width
expansion get out of sync with one another. Halt-
ing writes when full and reads when empty circum-
vents the problems altogether. Reading while empty
and writing while full should, therefore, be avoid-
ed. The problem of word-skew can emerge if one
is using the MK45264/65 in width expansion mode
AND writing (or reading) WHILE full (or WHILE

empty).

Slight differences in Full (or Empty) Flag response
delays between different devices may result in “dis-
agreements” between adjacent devices as they go
from Full to Not Full or from Empty to Not Empty;
resulting in one device accepting an attempted write
(or read) while an adjacent device blocks the cy-
cle. The simplest approach to avoiding word skew
is configuring the system using the FIFOs to begin
reading only when the Aimost Empty flag has gone
high, rather than right after the Empty flag has gone
high. In like manner, waiting to write until the Aimost
Full flag goes high, rather than right after the Full
flag goes high will prevent the problem, which is
why the Almost flags are provided. However, should
such a scheme prove unworkable in a particular ap-
pication, the addition of an external flag latching
circuit can also solve the problem.

The circuit shown below, when connected to the
Write strobe and Full Flag, latches the status of the
flag at the beginning of a write. If the flag is inac-
tive, the Write strobe is passed through to the FIFO.

When the flag goes active (low) the falling-edge trig-
gered flop is reset. The reset flop, in concert with
the level-sensitive latch and the OR gate block the
write strobe.

Tying the Flag to the Reset input of the edge-
triggered flop assures that the Write strobe is
blocked on the first write attempted after the flag
falls. The level sensitive latch also prevents transi-
tions in the flag from disturbing cycles that are al-
ready in progress. In the event that a write is begun
just as the flag is going inactive (high) the falling
edge-triggered flop will latch its interpretation of the
metastable flag. If it interprets the metastable input
as being low, the present and next cycle are
blocked, as were their predecessors. If it interprets
the flag as being high, the present cycle is still
blocked, because the the level sensitive latch was
still seeing an active flag as the cycle began.
However, the next attempted cycle is passed
through.

Although “throwing away” write cycles goes against
the grain conceptually, it does not actually present
a problem in this situation. It must be assumed that
Writing while Full or Reading while Empty would
only be allowed in applications where the write
and/or read strobes are proceeding regardless of
FIFO status anyway. “Throwing away” reads or
writes cannot, by definition, be considered an error.

Remember, overall signal timing must comprehend
the delays of the particular components chosen to
implement the external circuit.

FIGURE 24. EXTERNAL ANTI-WORD-SKEW CIRCUIT
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MK45264/45265(N)-55/70

Overlapping Read and Write Strobes

Overlapping Read and Write strobes on a given port  timing diagrams are provided only to illustrate the
is neither tested nor recommended. The following  relationship between the control functions.

FIGURE 25. OVERLAPPING READ/WRITE TIMING
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NOTE: THE SECOND D OUT IS THE SAME AS THE FIRST. A
OVERLAPPING WRITE DOES NOT INCREMENT THE READ AD-
DRESS COUNTER.

FIGURE 26. OVERLAPPING READ/WRITE TIMING
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MK45264/45265(N)-55/70

ORDERING INFORMATION

PART NO. |ACCESS TIME R’“;If:gLE CLOCK FREQ.| PACKAGE TYPE TEM:E:QLU"E
MK45264N-55| 55 ns 75 ns 133 MHz | 24 Pin Plastic DIP | 0° to 70°C
MKA45265N-55| 55 ns 75 ns 133 MHz |24 Pin Plastic DIP | 0° to 70°C
MK45264N-70| 70 ns 95 ns 105 MHz |24 Pin Plastic DIP| 0 to 70°C
MK45265N-70| 70 ns 95 ns 105 MHz |24 Pin Plastic DIP | 0° to 70°C
18/18 [;I— mé%m%
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MK45H01/02/03(N,K)
-25/35/50/65/12

HIGH SPEED 512/1K/2K x 9
CMOS BiPORT™ FIFO

s FIRST-IN-FIRST-OUT MEMORY BASED AR-
CHITECTURE

s FLEXIBLE x 9 ORGANIZATIONS : MK45HO01
(512 x 9), MK45H02 (1K x 9), MK45H03 (2K x 9)

s LOW POWER, HIGH SPEED HCMOS TECH-
NOLOGY

s ASYNCHRONOUS AND SIMULTANEOUS
READ/WRITE

= FULLY EXPANDABLE IN WORD WIDTH AND
DEPTH

ADVANCE DATA

s EMPTY AND FULL WARNING FLAGS N K
s RETRANSMIT CAPABILITY DIP-28 PLCC32
s HALF-FULL FLAG IN SINGLE DEVICE MODE (Plastic Package) (Plastic Chip Carrier)
DESCRIPTION
The MK45H01, MK45H02, and MK45H03 are mem-
bers of the BiPORT FIFO Family from SGS-THOM-
SON Microelectronics, which utilize special two-port
memory cell techniques. Specifically, these devices
implement a First-In-First-Out (FIFO) algorithm, ~ F'N NAMES
featuring asynchronous read/write operations, full, w = Write Xi = Expansion In
empty, and half full status flags, and unlimited ex- = N = _ -
pansion capability in both word size and depth. The R -Read X0 = Expansion Out
full and empty flags are provided to prevent data | RS___ = Reset FF__=Full Flag
overflow and underflow. The data is loaded and FLRT = First Load/ EF  =Empty Flag
emptied on a first-in-first-out basis, and the latency Retransmit HF = Half-full Flag
for retrieval of data is approximately one load (write) Dos =Data In Voo  Power, +5V
cycle. These devices feature a read/write cycle time .
of only 35ns (28.5MHz). Qp =Data Out GND_ = Ground
Figure 1 : Pin Connections.
Plastic DIP
w e~ b
w 1 28 Ve
os 20 5 2 o4 32 pin PLCC
o 3 0O [0 26 Ds
0, ¢ [ [ 25 Dg
oy s O [0 24 Dy
0o 6 (] [0 23 FU/AT
X 7 [Jmxaswox [J 22 RS
Fos g Ba F MK45HOX
Q, 9 [ [ 20 XO/HF
ay 10 O 1 a7 TOP VIEW
a; 11 ] 18 Qg
oz 12 [ 0 17 Qs
ag 13 [ [J 16 Q4
e 14 [ Ons R
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK45H01/2/3(N,K)-25,35,50,65,12

DESCRIPTION (continued)

The reads and writes are internally . sequential
through the use of separate read and write pointers
in a ring counter fashion. Therefore, no address in-
formation is required to load or unload data. Data is
loaded and unloaded with the use of W (write), and
R (read) input pins. Separate data in (Do-Dg) and
data out (Qo-Qs) pins allow simultaneous and
asynchronous read/write operations, provided the
status flags are not protecting against data under-
flow or overflow.

The main application of these devices is a buffer for
sourcing and absorbing data at different rates (e.g.,
interfacing fast processors and slow peripherals).
The MK45H01, MK45H02, and MK45HO03 incor-
porate 9-bit wide data arrays that provide for support
control or parity bit functions. This feature is helpful
in data communications where the extra parity bit is
used for transmission and reception error checking.
These devices also offer retransmit (RT) and half-
full features in single device or width expansion
modes. The retransmit function allows data to be re-
read by resetting the read pointer while not disturb-
ing the write pointer. This is for applications where
the FIFO is not full, or is written with less than 512,
1024, or 2048 words. The MK45H01, MK45H02,
and MK45H03 continue our 28-pin industry stand-
ard pin-out assignment.

Figure 2 : MK45HOX Block Diagram.

FUNCTIONAL DESCRIPTION

Unlike conventional shift register based FIFOs, the
MK45H01, MK45H02, and MK45HO03 employ a
memory-based architecture wherein a byte written
into the device does not "ripple through”. Instead, a
byte written into the device is stored in a specific
location, where it remains until over-written. The
byte can be read and re-read as often as desired in
the single device configuration.

Two internal pointers (ring counters) automatically
generate the addresses required for each write and
read operation. The empty/full flag circuit prevents
illogical operations, such as reading un-written
bytes (reading while empty) or over-writing un-read
bytes (writing while full). Once a byte stored at a
given address has been read, it can be over-written.
The address pointers automatically loop back to ad-
dress zero after reaching the final address in the
FIFO (512, 1024, or 2048). The empty, half full, and
full status of the FIFO is therefore a function of the
distance between the pointers, not of their absolute
location. As long as the pointers do not catch one
another, the FIFO can be written and read con-
tinuously without ever becoming full or empty.
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MK45H01/2/3(N,K)-25,35,50,65,12

ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit
Voltage on any Pin Relative to Ground -0.3t0o+7.0 \
Operating Temperature Oto+ 70 °C
Storage Temperature -55t0 + 125 °C
Power Dissipation 1 Watt
Output Current 20 mA

" This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation

sections of this specification is not implied. Exposure to absolute maximum ratings for extended periods of time may affect device
reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <+ 70°C)

Symbol Parameter Value Unit Notes
Min. Typ. Max.
Vee Supply Voitage 45 55 \Y 3
GND | Ground 0 0 \Y
Vi Logic "1" Voltage all Inputs 20 Vee +1.0 Vv 3
Vi Logic "0" Voltage all Inputs -0.3 0.8 v 3

DC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Ve = 5.0V £ 10%)

Symbol Parameter Value Units Notes
) Min. Typ. Max.
lecy Average VCC Power Supply Current 120 mA
leca Average Standby Current 12 mA 6
(R=W=RS = FL/RT = VIH)
leca Power Down Current 2 mA 6
— (Inputs 2 VCC — 0.2V)
e Input Leakage Current (Any Input) -1.0 1.0 MA 4
loL Output Leakage Current -10.0 10.0 HA 5
Vou Output Logic 1 Voltage (IOUT = — 4.0mA) 24 Volts 3
Vou Output Logic 0 Voltage (IOUT = 8.0mA) 04 Volts 3
Notes . Pulse widths less than minimum values are not allowed.

1
2. Measured using output load shown in Output Load Circuit.
3. All voltages are referenced to ground.

4. Measured with 0.4 < Vin < Vce.

5.R 2 Vi, 0.4 2 Vour < Vcc.

6. lcc measurements are made with outputs open.

r SGS-THOMSON 3n7
Y/ MiCRoELECTRONICS
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Resetting the FIFO simply resets the write and read
pointers to location zero. Pulsing retransmit resets
the read address pointer without effecting the write
address pointer.

With conventional FIFOs, implementation of a larger
FIFO is accomplished by cascading individual
FIFOs. The penalty of cascading is often unaccep-
table ripple through delays. The MK45H01,
MK45H02, and MK45HO03 allow implementation of
very large FIFOs with no timing penalties. The
memory-based architecture of the device allows
connecting the read, write, data in, and data outlines
of the device in parallel. The write and read control
circuits of the individual FIFOs are then automat-
ically enabled and disabled through the expansion-
in and expansion-out pins.

WRITE MODE

The MK45H0X initiates a Write Cycle (see figure 3A)
on the falling edge of the Write Enable control input

Figure 3A : Write and Full Flag Timing.

(W), provided that the Full Flag (FF) is not asserted.
Data set-up and hold-time requirements must be
satisfied with respect to the rising edge of W. The
data is stored sequentially_and independent of any
ongoing Read operations. FF is asserted during the
last valid write as the MK45HOX becomes full. Write
operations begun with FF low are inhibited. FF will
go high trrr after completion of a valid READ opera-
tion. FF will again go low twrr from the beginning of
a subsequent WRITE operation, provided that a
second READ has not been completed (see fig-
ure 4A). Writes beginning trrw after FF goes high
are valid. Writes beginning after FF goes low and
more than twe before FF goes high are invalid (ig-
nored). Writes beginning less then twpi before FF
goes high and less then trrw later may or may not
occur (be valid), depending on internal flag status.

LAST VALID INVALID
WRITE WRITE

INDETERMINANT FIRST VALID
WRITE WRITE

;/L/Lﬂ

FULL NOT FULL

I
}r{
; -
&° j@ATA e

FIRST
VALID
READ

VALID DATA VALID DATA
IN IN

417
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MK45H01/2/3(N,K)-25,35,50,65,12

AC ELECTRICAL CHARACTERISTICS (0°C < Tp <+ 70°C) (Ve = + 5.0V £ 10%)

[ -25 -35 -50 -65 -120 _
Sym. Parameter Min. [Max.|Min. [Max.|Min. [Max.|Min. [Max.|Min. |Max.| O™t |Notes
twc_ | Write Cycle Time 35 45 65 80 140 ns
twew | Write Pulse Width 25 a5 50 65 120 ns | 1
twr | Write Recovery Time 10 10 15 15 20 ns
tbs | Data Set Up Time s 18 30 30 40 ns
ton Data Hold Time 0 0 0 0 0 ns
;wpp W Low to FF Low 30 35 |45 60 60 | ns | 2
| trw | FF High to Valid Write 10 10 10 10 10 |ns| 2
trr | R High to FF High 30 135 45 60 60 | ns | 2
twp | Write Protect Indeterminant 10 10 10 10 10 ns 2
READ MODE FIFO, the EF will go low, and further READ opera-

The MK45HO0X initiates a Read Cycle (see fig-
ure 3B) on the falling edge of Read Enakle control
input (R), provided that the Empty Flag (EF) is not
asserted. In the read mode of operation, the
MK45HO0X provides a fast access to data from 9 of
the locations in the static storage array. The data is
accessed on a FIFO basis independent of any on-
going WRITE operations. After R goes high, data
outputs will return to a high impedance condition
until the next read operation.

In the event that all data has been read from the

Figure 3B : Read and Empty Flag Timing.

tions will be inhibited (the data inputs will remain in
high impedance). EF will go high twer after comple-
tion of a valid WRITE operation. EF will again go low
trer from the beginning a subsequent read opera-
tion, provided that a second WRITE has not been
completed (see figure 4B). Reads beginning teer
after EF goes high are valid. Reads begun after EF
goes high are invalid (ignored). Reads beginning
less than trpi before EF goes high and less then terr
later may or may not occur (be valid) depending on
internal flag status.

N FIRST
w VALID |
WRITE
— er A |
r \ EMPTY
EF EMPTY / NOT EMPTY
t tac
EFR
IRPI v tHEF
g‘g’:")—'D INDETERMINANT )
READ
R N
Q-Q ]
08 o VALID DATA VALID DATA VALID DATA
ouT . out 7§ ouTt
‘ SGS-THOMSON 517
7’ MICROELECTRONICS
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AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢g = + 5.0V £ 10%)

-25 -35 -50 -65 -120
Sym. Parameter Min. [Max. | Min. |Max. | Min. |Max. | Min. [Max. | Min. [Max.| 0" | '
tre Read Cycle Time 35 45 65 80 140 ns
ta Access Time 25 35 50 65 120 | ns 2
tRR Read Recovery Time 10 10 15 15 20 ns
trpw | Read Pulse Width 25 35 50 65 120 ns | 1
tRL RLow to Low Z 0 0 0 0 0 ns 2
toy | Data Valid from R High 5 5 5 5 5 ns | 2
tauz | R High to High Z 18 20 25 25 35 [ ns | 2
taer | R Low to EF Low 30 35 40 60 60 [ ns | 2
terr | EF High to Valid Read 10 10 10 10 10 [ ns | 2
twer | W High to EF High 30 35 45 60 60 | ns | 2
tRPI Read Protect Indeterminant 10 10 10 10 10 ns 2

Figure 4A : Read/Write to Full Flag.

— FIRST READ
R SINCE FULL

=|
\

Figure 4B : Write/Read to Empty Flag.

FIRST WRITE

W SINCE EMPTY
EF
R ] -
617 c— SGS-THOMSON
Y/ wicRomLEcTRONICS
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RESET

The MK45HQX is reset (see figure 5) whenever the
Reset pin (RS) is in the low state. During a reset,
both the internal read and write pointers are set to
the first location. Reset is required after power up,
before a WRITE operation can begin.

Figure 5 : Reset.

Although neither W or R need be high when RS goes
low, both R and W must be high trss before RS goes
high, and must remain high trsr afterwards. Refer
to the following discussion for the required state of
FL/RT and XI during Reset.

RS tas —
N A
* RsAP
t
RSS
t
XK KKK KR KKK K, RSS
RO KX yvvy,/yx\f v
EF
W FF :

Note :

HF, EF and F?r?may change status during Reset, but flags will be valid at tgge.

AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (Vcc = + 5.0V £10%)

-25 -35 -50 -65 -120
Sym. Parameter Min. [Max.| Min. [Max.|Min. [Max.| Min. [Max.|Min. [Max.| Ut [NOtes
tasc | Reset Cycle Time 35 45 65 80 140 ns
trs | Reset Pulse Width 25 35 50 65 120 ns 1
trsr | Reset Recovery Time 10 10 15 15 20 ns
trss | Reset Set Up Time 25 30 30 45 100 ns
7 S homeas =
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RETRANSMIT

The MK45H0X can be made to retransmit (re-read
previously read data) after the Retransmit pin (RT)
is pulsed low. (See figure 6). A Retransmit operation
sets the internal read pointer to the first location in
the array, but will not affect the position of the write

Figure 6 : Retransmit.

pointer. R must be inactive tars before RT goes
high, and must remain high for trTR afterwards.

The Retransmit function is particularly useful when
blocks of less than the total FIFO depth are per-
formed bet-ween Resets. The Retransmit feature is
not compatible with Depth Expansion.

1
RTC g
RT tHT — e ———
. A
[ 'RTR*|
t _
RTS
" XL
______%XX> % ITILIIILE KK ARG
R IIRRKKKLK
HF, B FF 00O LRIILLLLRRRRRIIIILLLL | i
SRS N ™

NOTE

HF, EF, and FF?Fr\ay change status during Retransmit,
but flags will be valid att ..

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Vec = + 5.0V £ 10%)

-25 -35 -50 -65 -120
Sym. Parameter Min. [Max.|Min. [Max.|Min. [Max.|Min. [Max.|Min. [Max.| Ut | NOteS
tgrc | Retransmit Cycle Time 35 45 65 80 140 ns
tar | Retransmit Pulse Width 25 35 10 65 120 ns | 1
tarr | Retransmit Recovery Time 10 10 15 15 20 ns
tars | Retransmit Setup Time 25 30 30 45 100 ns
7 Ly SGs-THoMsON
MICROELECTRONICS
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SINGLE DEVICE CONFIGURATION

A single MK45HOX may be used when application
requirements are for a depth of the device depth or
less. The MK45HOX is placed in the Single Device
Configuration mode when the chip is Reset with the
Expansion In pin (XI) grounded (see figure 7).

Figure 7 : A Single MK45HO0X FIFO Configuration.

WIDTH EXPANSION

Word width may be increased simply by connecting
the corresponding input contrQl signals of multiple
devices. Status Flags (EF and FF) can be detected
from any one device. Figure 8 demonstrates an 18-
bit word width by using two MK45H0Xs. Any word
width can be attained by adding additional
MK45H0Xs. The half full flag (HF) operates the
same as in single device configuration.

(HF) HALF FULL FLAG

|

WAITE w G READ
e
s 9
DATAIN MK45HOX i:t)
FULL FLAG (FF) EF) EMPTY FLAG DATA OUT
RESET RS) (RT) RETRANSMIT
EXPANSION IN (XI)
Figure 8 : MK45HOX Width Expansion FIFO Configuration.
L
.
oaTA
wAiTE ) J— F) reao
— e e Mome
(FF)

FULFUAG ¢———————————— MK45HOX
RESET (RS)

MK45HOX (EF) EmeTY FLAG

J— [Gu]

EXPANSION IN (Xi) l

s/

DATAOUT

—7

Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan-
sion configuration. Do not connect flag output signals together.

Ly7 S6s.THoMsON o7
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HALF FULL FLAG LOGIC

Whenin single device configuration, the (HF) output
acts as an indication of a half full memory. After half
of the memory is filled, and at the falling edge of the
next write operation, the half full flag (HF) will be set

Figure 9 : Half Full Flag Timing.

low and remain low until the difference between the
write pointer and read pointer is less than or equal
to one half the total memory. The half full flag (HF)
is then reset by the rising edge of the read operation
(see figure 9).

ol

HALF-FULL

HALF-FULL + 1

| i -

—

t
WHF

HALF-FULL

AC CHARACTERISTICS (0°C <Tp <+ 70°C) (Vee = + 5V £ 10%)

-25 -35 -50 -65 -120
Sym. Parameter Min. [Max.| Min. [Max.| Min. [Max.|Min. [Max.|Min. [Max.| "'t | NOtes
twue | Write Low to Half Full Flag Low 30 35 45 60 60 | ns
taur | Read High to Half Full Flag High 30 35 45 60 60 | ns
1017 L37 $5S:THOMSON
MICROELECTRONICS
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DEPTH EXPANSION (daisy chain)

The MK45HOX can be easily adapted to applica-
tions when the requirements are greater than the in-
dividual device word depth. Figure 10 demonstrates
Depth Expansion using two MK45H0Xs. Any depth
can be attained by adding additional MK45HO0Xs.

External logic is needed to generate a composite
Full and Empty Flag. This requires the ORing of all
the EFs and the ORing of all the EFs (i.e., all must
be set to generate the composite FF or EF).

The MK45HOX operates in the Depth Expansion
configuration after the chip is Reset under the below
listed conditions :

1. The first device must be designated by grounding
the First Load pin (FL). The Retransmit function is
not allowed in the Depth Expansion Mode.

2. All other devices must have FL in the high state.

3. The Expansion Out (XO) pin of each device must
be tied to the Expansion In_(XI) pin of the next
device. The Half Full Flag (HF) is disabled in this
mode.

Figure 10 : A Two Device Depth Expansion Configuration.

X0
[ SR . R
F _
N ____| MK45HO0X EF
9 [ P 9
\ ° ]
CATA IN 7 -/ DATA OUT
7 = '
) FURT v
e — Yeo
FULL — X EMPTY
= 5"
| =
— ’ - B le .
FF
L MK45HOX | ] ’
9 EF
L - '
LS SGS-THOMSON LAY
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EXPANSION TIMING

Figures 11 and 12 illustrate the timing of the Expan-
sion Out and Expansion In signals. Discussion of
Expansion Out/Expansion In timing is provided to
clarify how Depth Expansion works. In asmuch as
Expansion Out pins are generally connected only to
Expansion In pins, the user need not be concerned
with the actual timing in a normal Depth Expanded
application unless extreme propagation delays exist
between the XO/XI pin pairs.

Figure 11 : Expansion Out Timing.

Expansion Out pulses are the image of the WRITE
and READ signals that cause them ; delayed in time
by txoL and txoH. The Expansion Out signal is
propagated when the last physical location in the
memory array is written and again when it is read
(Last Read). This is in contrast to when the Full and
Empty Flags are activated, which is in response to
writing and reading a last available location.

o WRITE TO
LAST PHYSICAL o
w Ai LOCATION ] !
— READ FROM
§ LAST PHYSICAL
_ LOCATION
R
— ot t t
" "xoH XOH

X0 /
AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Vgo = + 5.0V £ 10%)

s P ‘ -25 -35 -50 -65 -120 Uni
ym- arameter Min. |Max.|Min. |Max.|Min. [Max.|Min. [Max.|Min. [Max.| U™t [Notes
txoL | Expansion Out Low 25 35 40 55 90 | ns
txon | Expansion Out High 25 35 40 55 90 | ns

Whenin Depth Expansion mode, a given MK45H0X
will begin writing and reading as soon as_valid
WRITE and READ signals begin, provided FL was
grounded at RESET time. A MK45H0X in Depth Ex-
pansion mode with FL high at RESET will not begin
writing until after an Expansion in pulse occurs.

12/17
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It will not begin reading until a second Expansion In
pulse and the Empth Flag has gone high. Expansion
In pulses must occur txis before the WRITE and
READ signals they are intended to enable. Minimum
Expansion In pulse width, tx;, and recovery time,
txir, must be observed.
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Figure 12 : Expansion In Timing.

Xl
i* t
XIs WRITE TO
‘W‘ FIRST PHYSICAL
LOCATION
R

et

XIS
READ FROM

FIRST PHYSICAL
LOCATION

e

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢c = + 5.0V £ 10%)

Sym. Parameter |25 35 50 -85 120 Unit|Notes
o Min. |Max.|Min. |Max.|Min. [Max.|Min. [Max.|Min. [Max.
ty Expansion in Pulse Width 25 35 45 60 115 ns i
tws | Expansion in Recovery Time 10 10 10 10 10 ns
tws | Expansion in Setup Time 15 15 15 15 15 ns

COMPOUND EXPANSION

The two expansion techniques described above can
be applied together in a straight forward manner to
achieve large FIFO arrays (see figure 13).

BIDIRECTIONAL APPLICATIONS

Applications, which require data buffering between
two systems (each system capable of READ and

&7

SGS-THOMSON
MICROELECTRONICS

WRITE operations), can be achieved by pairing
MK45HO0Xs, as shown in figure 14. Care must be
taken to assure that the appropriate flag is
monitored by each system. (i.e., FF is monitored on
the device where W is used ; EF is monitored on the
device where R is used). Both Depth Expansion and
Width Expansion may be used in this mode.

13/17
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Figure 13 : Compound FIFO Expansion.

DO-D8
D9-D17

DO-DN D9-DN —
D18-ON D(N-8)-DN

Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 10.
2. For Flag operation see WIDTH EXPANSION Section and Figure 8.

Qo0-08 Qo0-Q17
 — Qo-aN
| ‘ Q0-08 Qear?
K ; " Q(N-8)-ON
RWHAS MK45HOX 1 MK45HOX MK45HOX
ol oeprHExpansion Fw DEPTHEXPANSION |~ —»  DEPTHEXPANSION
]
BLOCK [ L BLOCK BLOCK (

D(N-8)-DN

Figure 14 : Bidirectional FIFO Application.

MK45H0X

SYSTEMA(— — — — SYSTEMB
Qo-8 D0-8

A B
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ORDER CODES

Part No Access Time Cycle Time Package Type Temperature
MK45H01N-25 25ns 35ns 600 MIL Plastic DIP 0° to 70°C
MK45H01N-35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45H01N-50 50ns 65ns 600 MIL Plastic DIP 0° to 70°C
MK45HO1N-65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45HO01N-12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
MK45H01K-25 25ns 35ns 32 PLCC 0° to 70°C
MK45H01K-35 35ns 45ns 32 PLCC 0° to 70°C
MK45H01K-50 50ns 65ns 32 PLCC 0° to 70°C
MK45H01K-65 65ns 80ns 32 PLCC 0° to 70°C
MK45H01K-12 120ns 140ns 32 PLCC 0° to 70°C
MK45H02N-25 25ns 35ns 600 MIL Plastic DIP 0° to 70°C
MK45H02N-35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45H02N-50 50ns 65ns 600 MIL Plastic DIP 0° to 70°C
MK45H02N-65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45H02N-12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
MK45H02K-25 25ns 35ns 32 PLCC 0° to 70°C
MK45H02K-35 35ns 45ns 32 PLCC 0° to 70°C
MKA45H02K-50 50ns 65ns 32 PLCC 0° to 70°C
MK45H02K-65 65ns 80ns 32 PLCC 0° to 70°C
MK45H02K-12 120ns 140ns 32 PLCC 0° to 70°C
MK45H03N-25 25ns 35ns 600 MIL Plastic DIP 0° to 70°C
MK45H03N-35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45HO03N-50 50ns 65ns 600 MIL Plastic DIP 0° to 70°C
MK45H03N-65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45H03N-12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
MK45H03K-25 25ns 35ns 32 PLCC 0° to 70°C
MK45H03K-35 35ns 45ns 32 PLCC 0° to 70°C
MK45H03K-50 50ns 65ns 32 PLCC 0° to 70°C
MK45H03K-65 65ns 80ns 32 PLCC 0° to 70°C
MK45H03K-12 120ns 140ns 32 PLCC 0° to 70°C
MK45H13N-25 25ns 35ns 300 MIL Plastic DIP 0° to 70°C
MK45H13N-35 35ns 45ns 300 MIL Plastic DIP 0°to 70°C
MK45H13N-50 50ns 65ns 300 MIL Plastic DIP 0° to 70°C
MK45H13N-65 65ns 80ns 300 MIL Piastic DIP 0° to 70°C
MK45H13N-12 120ns 140ns 300 MIL Plastic DIP 0° to 70°C

Part No Access Time R/W Cycle Time
MK45H01/2/3-25 25ns 35ns, 28.5MHz
MK45H01/2/3-35 35ns 45ns, 22.2MHz
MK45H01/2/3-50 50ns 65ns, 15.3MHz
MK45H01/2/3-65 65ns 80ns, 12.5MHz
MK45H01/2/3-12 120ns 140ns, 7.14MHz

L7 35O =
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PACKAGE DESCRIPTION

MK45H0X PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS

mm Inches <l
Dim. Min. | Max. | Min. |Max. Notes
AAAONNNAANAANANANANANAN A 5.334 210 | 2
° A1 |0.381 .015 2
( A2 |3.556|4.064| .140 | .160

B ]0.381{0.534| .015|.021 | 3
B1 | 1.27 |1.778| .050 | .070

vvvvvvuvvvvvutpL ¢ [0.203{0.304 008 | 012 3
0 —lo D (36576/37.338{1.440|1.470| 1

D1 |1.651(2.159| .065 | .085
- ‘ E [15.24[15.875| 600 | 625
T— 1A T E1 [13.462|14.224| 530 | .560
Ikd WW}L E el |2.286(2.794 | .090 | .110
M A1 eA [15.24[17.78| .600 | .700

- —_u L (3.048 120

Notes : 1. Overall length includes 010 in flash on either end of the package.
2. Package standoff to be measured per jedec requirements.
3. The maximum limit shall be increased by 003 in when solder lead finish is specified.

AMZACLIANY DM AQTIA I AN AL AAMRMIEMD An MR L7 TN
VINGOMUA FLAOSITIL LEADED LNIF VARRICER, < FIIN ( 1Yre)
mm Inches
— o Dim.| Min. | Max. [ Min. | Max.
o1 A |3.048|3556| .120 | .140
T'Sﬁ? PLCS .023

DENOTES PIN 1 1029 A1 |1.981|2.413| .078 | .095
“'_h‘uc‘””” B ]0.330(0.533| .013 | .021

B1 {0.660|0.812| .026 | .032
D [12.319]12.573| .485 | .495
D1 [11.353|11.506| .447 | .453
D2 | 9.906 (10.922| .390 | .430
E [14.859[15.113| .585 | .595
E1 |13.893|14.046| .547 | .553
E2 [12.446(13.462| .490 | 530

81

AoooOooan@ar
g g gy gy gy
m
-

TTooouoo————
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PACKAGE DESCRIPTION

MK45H0X PLASTIC DIP (N), 28 PINS

ANAANANANANAANNNA
o

Dim. inches
Min. Max.
C A 210
. At 015
LAYAYATATYAYAYAYAYAYATAY R " 120 790
. oo B 015 021
B1 045 070
c 1008 012
' D 1.270
T D1 060 1090
A E 300 325
E1 240 270
1 o1 090 110
oA 300 365
L—¢A———| L 125

L3y S5S-THOMSON iy

MICROELECTRONICS
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(37 SGS-THOMSON MK45H04/MKA5HO8(N)
YJ icRoELECTROMICS -25/35/50/65/12

HIGH SPEED 4K x 9/ 8K x 9 CMOS BIPORT™ FIFO

= FIRST-IN-FIRST-OUT MEMORY  BASED

ARCHITECTURE
s FLEXIBLE 4K x 9, 8K x 9 ORGANIZATIONS
s LOW POWER, HIGH PERFORMANCE HCMOS

TECHNOLOGY
= ASYNCHRONOUS AND SIMULTANEOUS

READ/WRITE
= BIDIRECTIONAL AND RATE BUFFER APPLI-

CATIONS N
s FULLY EXPANDABLE IN WORD WIDTH AND DIP-28

DEPTH (Plastic Package)
» EMPTY AND FULL WARNING FLAGS
s« RETRANSMIT CAPABILITY
= HALF-FULL FLAG IN SINGLE DEVICE MODE Figure 1 : Pin Connections.

Plastic DIP

DESCRIPTION w1 ."U M s vee
The MK45H04 and MK45H08 are members of the Ds 2 52 b
BIiPORT FIFO Family from SGS-THOMSON 8 4
Microelectronics, which utilize special two-port D3 3 ) 26 Ds
memory cell techniques. Specifically, these deyices Dy 4 [1 25 Dg
implement a First-In-First-Out '(FIFO) algorithm, Dy s [ 24 D5
featuring asynchronous read/write operations, full, 5 S
empty, and half-full status flags, and unlimited expan- Po 6 23 FL/RT
sion capability in both word size and depth. The full Xi 7 [MkasHox [] 22 RS
:nd emdpty flag?f? areT;?:ovided toI prgvgnt ((jjata overc; FF 8 ] 21 EF
ow and underflow. The data is loaded and emptie b s
on a first-in-first-out basis, and the latency for retrieval Qo 9 - 20 XO/HF
of data is approximately one load (write) cycle. These Qy 10 19 Q7
devices feature a read/write cycle time of only 35ns Qy 1 [ 18 Qg
(28.5MHz). s 12 D17 Qs
The reads and writes are internally sequential Qg 13 [ 16 Qg
through the use of separate read and write pointers GND 14 015 R
in a ring counter fashion. Therefore, no address in-
formation is required to load or unload data. Data is
loaded and unioaded with the use of W (write), and
R (read) input pins. Separate datain (Do-Ds) and data PIN NAMES
out (Qo-Qs) pins allow simultaneous and
asynchronous read/write operations, provided the W = Wrie X =Expansion in
status flags are not protecting against data underflow R ~ Read X0 = Expansion out
or overflow. = — = _—
The main application of these devices is as a rate e ,ese — =2 e
buffer for sourcing and absorbing data at different FURT = First Load/ EF  =Empty Flag
rates (e.g., interfacing fast processors and slow Retransmit HF___ = Half-full Flag
peripherals). The MK45H04 and MK45H08 incor- Dyg =Data in Vec  Power, + 5 Volts
porate 9-bit wide data arrays that provide for support Qs = Data out GND = Ground
control or parity bit functions.
January 1989 1/15
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This feature is helpful in data communications
where the extra parity bit is used for transmission
and reception error checking. These devices also
offer retransmit (RT) and half-full features in single
device or width expansion modes. The retransmit
function allows data to be re-read by resetting the
read pointer while not disturbing the write pointer.
This is for applications where the FIFO is not full, or
is written with less than 4096, or 8192 words. The
MK45H04 and MK45H08 continue our 28-pin in-
dustry standard pin-out assignment.
FUNCTIONAL DESCRIPTION

Unlike conventional shift register based FIFOs,
the MK45H04 and MK45H08 employ a memory-
based architecture wherein a byte written into the
device does not “ripple through”. Instead, a byte
written into the device is stored in a specific loca-
tion, where it remains until over-written. The byte
can be read and re-read as often as desired in the
single device configuration.

Two internal pointers (ring counters) automatically
generate the addresses required for each write
and read operation. The empty/full flag circuit
prevents illogical operations, such as reading un-
written bytes (reading while empty) or over-writing
un-read bytes (writing while full). Once a byte

Figure 2 : MK45HOX Block Diagram.

stored at a given address has been read, it can be
over-written. The address pointers automatically
loop back to address zero after reaching the final ad-
dress in the FIFO (4096 or 8192). The empty, half
full, and full status of the FIFO is therefore a function
of the distance between the pointers, not of their ab-
solute location. As long as the pointers do not catch
one another, the FIFO can be written and read
continuously without ever becoming full or empty.

Resetting the FIFO simply resets the write and read
pointers to location zero. Pulsing retransmit resets
the read pointer without effecting the write address
pointer.

With conventional FIFOs, implementation of a
larger FIFO is accomplished by cascading in-
dividual FIFOs. The penalty of cascading is often
unacceptable in ripple through delays. The
MK45H04 and MK45H08 allow implementation of
very large FIFOs with no timing penalties. The
memory-based architecture of the device allows
connecting the read, write, data in, and data out
lines of the device in parallel. The write and read
control circuits of the individual FIFOs are then auto-
matically enabled and disabled through the expan-
sion-in (XI) and expansion-out (XO) pins.

D-D 9 9
ot QQ
 Jweor outeuT e
T BUFFER BUFFER T
w WRITE X9 READ READ B
| WRITE
W CONTROL Qgﬁﬁiis ’f"r * siponr ™ ADDRESS CONTROL R
POINTER
MEMORY ARRAY !

*| FLAG .

FE LoGIC , EF
v H v
_ EXPANSION LOGIC
Xl SN » XO/HF
. RESET/RETRANSMIT
RS _ ] AT
LoGic
2/15
‘7’ SGS-THOMSON
MICROELECTRONICS
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ABSOLUTE MAXIMUM RATINGS*

Parameter Value Unit

Voltage on any Pin Relative to GND -03t0+7.0 \'
Operating Temperature 0to+70 °C
Storage Temperature -55t0 + 125 °C
Power Dissipation 1 ' Watt
| Output Current 20 mA

* This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in
the operation sections of this specifications is not implied. Exposure to absolute maximum rating conditions for extended
periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS (0°C < T, <+ 70°C)

Symbol Parameter Min. Max. Units | Notes
Vec | Supply Voltage 45 55 \Y 3
GND | Ground 0.0 0.0 \Y
Vi Logic 1 all Inputs 2.0 VCC +1.0 \' 3
Vi Logic 0 all Inputs -0.3 0.8 \ 3

DC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Ve = 5.0 £ 10%)

Symbol Parameter Min. Max. Units | Notes
lect Average VCC power Supply Current 120 mA 6
leco Average Standby Current 12 mA 6

(R=W=RS=FLRT=Vy)
leca Power Down Current 2 mA 6
(Inputs > V¢ - 0.2V)
I Input Leakage Current (any input) -1.0 1.0 uA 4
oL Output Leakage Current -10.0 10.0 uA 5
Vou | Output Logic 1 Voltage (loyr = — 4.0mA) 24 \' 3
VoL Output Logic 0 Voltage (loyr = 8.0mA) 04 v 3

AC ELECTRICAL CHARACTERISTICS (TA = 25°C, f = 1.0MHz)

Syﬁibol Parameter Typ. Max. Unit | Notes
C, Capacitance on Input Pins 8 pF 8
Co Capacitance on Output Pins 12 pF 8.9

Notes : 8. Sampled : not 100% tested.
9. Output buffer deselected.

‘ SGS-THOMSON 315
Y/ WicRoELECTROKICS
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WRITE MODE

The MK45H0X initiates a Write Cycle (see Figure 3A)
on the falling edge of the Write Enable control input
(W), provided that the Full Flag (FF) is not asserted.
Data set-up and hold-time requirements must be
satisfied with respect to the rising edge of W. The data
is stored sequentially and independent of any ongo-
ing Read operations. FF is asserted during the last
valid write as the MK45HOX becomes full. Write
operations begun with FF low are inhibited. FF will go

Figure 3A : Write and Full Flag Timing.

high trer after completion of a valid READ operation.
FF will again go low twrr from the beginning of a
subsequent WRITE operation, provided that the
second READ has not been completed (see Figure
4A). Writes beginning trrw after FF goes high are
valid. Writes beginning after FF goes low and more
then twpi before FF goes high are invalid (ignored).
Writes beginning less than twri before FF goes high
and less than trrw later may or may not occur (be
valid), depending on the internal flag status.

INVALID
WRITE

LAST VALID
WRITE

FIRST VALID
WRITE

INDETERMINANT
WRITE

NOT FULL

DH
tos
D-D

08 VALID DATA
N /

VALID DATA VALID DATA
IN IN

AC ELECTRICAL CHARACTERISTICS (0°C < T, < + 70°C) (Vgg = + 5.0volts + 10%)

-25 -35 - 50 - 65 - 120
Sym. Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | UM {Notes
twe | Write Cycle Time 35 45 65 80 140 ns
twew | Write Pulse Width 25 35 50 65 120 ns | 1
twr | Write Recovery Time 10 10 15 15 20 ns
tps | Data Set Up Time 15 18 30 30 40 ns
toy | Data Hold Time 0 0 0 0 0 ns
twer | W Low to FF Low 30 35 45 60 60 | ns | 2
terw | FF High to Valid Write 10 10 10 10 10 | ns | 2
taer | R High to FF High 30 35 45 60 60 | ns | 2
twpi | Write Protect Indeterminant 10 10 10 10 10 ns 2
415 Ly $6S:THOMSON
MICROELECTRONICS
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READ MODE

The MK45HO0X initiates a Read Cycle (see Figure
3B) on the falling edge of Read Enable _control
input (R), provided that the Empty Flag (EF) is not
asserted. In the read mode of operation, the
MK45HOX provides a very fast access to data from
9 of the locations in the static storage array. The
data is accessed on a FIFO basis independent of
any ongoing WRITE operations. After R goes
high, data outputs will return to a high impedance
condition until the next read operation.

In the event that all the data has been read from the
Figure 3B : Write And Full Flag Timing.

FIFO, the EF will go low, and further READ operations
will be inhibited (the data outputs will remain in high
impedance). EF will go high twer after completion of
a valid WRITE Operation. EF will again go low trer
from the beginning of a subsequent read operation,
provided that a second WRITE has not been com-
pleted (see Figure 4B). Reads beginning teFr after EF
goes high are valid. Reads begun after EF goes low
and more then trpi before EF goes high are invalid (ig-
nored). Reads beginning less than trpi before EF
goes high and less than terr later may or may not
occur (be valid) depending on intemal flag status.

LAST VALID INVALID

FIRST VALID
WRITE

INDETERMINANT
WRITE

NOT FULL

WRITE WRITE
W "o }" rr
w /
J=
_ | wer |
FF
NOT FULL 1 FULL
o
_ |
R ! /

It

Ds
D-D ,
0" 8
—

__/ VALID DATAN\ ___ /VALID DATA
IN IN

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢ = + 5.0volts + 10%)

—

-25 - 35 - 50 - 65 - 120 .
Sym. Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. unit Notes
tac | Read Cycle Time 35 45 65 80 140 ns
ta | Access Time 25 35 50 65 120 | ns 2
trr | Read Recovery Time 10 10 15 15 20 ns
trew | Read Pulse Width 25 35 50 65 120 ns 1
ta | RLowtoLow Z 0 0 0 0 0 ns | 2
ty | Data Valid from R High 5 5 5 5 5 ns | 2
tanz | R High to High Z 18 20 25 25 35 [ns | 2
taer | R Low to EF Low 60 75 95 115 145 [ ns | 2
terr | EF High to Valid Read 10 10 10 10 10 | ns| 2
twer | W High to EF High 30 35 45 60 60 | ns | 2
trp | Read Protect Indeterminant 10 10 10 10 10 ns 2
L7 355NN =
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Figure 4A : Read/write To Full Flag.

t
— FIRST READ RFF
R SINCE FULL
Yerw "7
FF
— ee
" \——/“

Figure 4B : Write/read To Empty Flag.

FIRST WRITE
SINCE EMPTY

EF /]
—‘J tF'(EF
' XR—/——
6/15 y
L7 55N
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RESET

The MK45HO0X is reset (see Figure 5) whenever the
Reset pin (RS) is in the low state. During a reset,
both the internal read and write pointers are set to
the first location. Reset is required after power up,
before a WRITE operation can begin.

Figure 5 : Reset.

Although neither W or R need to be high when RS
goes low, both R and W must be high trss before
RS goes high, and must remain high trsr after-
wards. Refer to the following discussion for the re-
quired state of FL/RT and XI during Reset.

RS tes —
N t
[+ RsA ™|
tRSS
w 4 N
t
RSS
R “
= 5
HF, FF

Note : HF, EF and FF may change status during Reset, but flags will be valid at tggc.-

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢ = + 5.0volts + 10%)

-25 - 35 - 50 - 65 - 120
Sym. Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. Unit | Notes
trsc | Reset Cycle Time 35 45 65 80 140 ns
tas | Reset Pulse Width 25 35 50 65 120 ns 1
tasr | Reset Recovery Time 10 10 15 15 20 ns
tass | Reset Set Up Time 25 30 30 45 100 ns
JOT Al o =
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RETRANSMIT

The MK45HO0X can be made to retransmit (re-read
previously read data) after the Retransmit pin (RT)
is pulsed low. (see Figure 6). A Retransmit opera-
tion sets the internal read pointer to the first location
inthe array, but will not affect the position of the write

Figure 6 : Retransmit.

pointer. R must be inactive trrs before RT goes
high, and must remain high for trTr afterwards.

The Retransmit function is particualrly useful when
blocks of less than the total FIFO depth are per-
formed between Resets. The Retransmit feature is
not compatible with Depth Expansion.

e
fc |

__ OOOEK SKHKIK < FLAG

FEEF 5 SLHLKS 00

FEF.FF 3055 s ssnssensss < S8 VALD
Note : HF, EF and FF may change status during Retransmit, but flags will be valid at trTC

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (Ve = + 5.0volts £ 10%)

s P - 25 - 35 - 50 - 65 - 120 UnitIN
ym- arameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. nit|Notes
trrc | Retransmit Cycle Time 35 45 65 80 140 ns
tar | Retransmit Pulse Width 25 35 50 65 120 ns 1
trrr | Retransmit Recovery Time 10 10 15 15 20 ns
tars | Retransmit Setup Time 25 30 30 45 100 ns

815 (37 SGS-THOMSON

Y/ saicRoeLECTRONICS
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SINGLE DEVICE CONFIGURATION

A single MK45H0X may be used when application
requirements are for a depth of the device depth or
less. The MK45HO0X is placed in the Single Device
Configuration mode when the chip is Reset with the
Expansion In pin (XI) grounded (see Figure 7).
WIDTH EXPANSION

Word width may be increased simpy by connecting
the corresponding input control signals of multiple
devices. Status Flags (EF and FF) can be detected
from any one device. Figure 8 demonstrates an 18-
bit word width by using two MK45H0Xs. Any word
width can be aftained by adding additional

Figure 7 : A Single MK45HOX FIFO Configuration.

MK45H0Xs. The half full flag (HF) operates the
same as in single device configuration.

HALF FULL FLAG LOGIC

When in single device configuration, the (HF) output
acts as an indication of a half fullmemory. After half
of the memory is filled, and at the falling edge of the
next write operation, the half full flag (HF) will be set
low and remain low until the difference between the
write pointer and the read pointer is less than or
equal to one half the total memory. The half full flag
(HF) is then reset by the rising edge of the read
operation. See Figure 9.

WRITE W)
9
DATA IN
FULL FLAG (FF)
<+
RESET (RS)
)

(HF) HALF FULL FLAG

]

MK45H0X

EXPANSION IN (XI)

] @

READ

9

— a—

ju— ATA
(EF) EMPTY FLAG o out
-

(RT) RETRANSMIT

P i

lw

Figure 8 : MK45H0X Width Expansion FIFO Configuration.

p—

! A I
OATAIN

w

WRITE

(HF) HALF FULL FLAG

)

(R)_READ

FULLFLAG ¢ | pMK4SHOX
RESET BS) _—

MK45HOX (EF) EMPTY FLAG

(RT) RETRANSMIT

EXPANSION TR I

9

DATA OUT

I

Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expan-
sion configuration. Do not connect flag output signals together.

‘y_l SGS-THOMSON

9/15

MICROELECTRONICS
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DEPTH EXPANSION (DAISY CHAIN) External logic is needed to generate a composite

The MK45HOX can be easily adapted to applications ~ Full and Empty Flag. This requires the ORing of all

when the requirements are greater than the in- the EFs and the ORing of all the FFs (i.e., all must

dividual device word depth. Figure 10 demonstrates D€ set to generate the composite FF or EF).

Depth Expansion using two MK45H0Xs. Any depth The MK45HO0X operates in the Depth Expansion con-

can be attained by adding additional MK45H0Xs. figuration after the chip is Reset under the below listed
conditions:

Figure 9 : Half Full Flag Timing.

HALF-FULL HALF-FULL + 1 HALF-FULL

(
|

= WHF

HF /_-_

AC CHARACTERISTICS (0°C < T, < + 70°C) (Vgg = + 5volts + 10%)

. R . 25 .35 - 50 - 65 -120 N
ym. arameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Uit |Notes
twnr | Write Low to Half Full Flag 30 35 45 60 60 | ns

Low
tr | Read High to Half Full Flag 30 35 45 60 60 | ns

High
1015 Ly7 SGS-THOMSON

Y/ wicrorLECTRONICS
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. The first device must be designated by grounding
the First Load pin (FL). The Retransmit function
is not allowed in the Depth Expansion Mode.

. All other devices must have FL in the high state.
. The Expansion Out (XO) pin of each device must
be tied to the Expansion In (XI) pin of the next

device. The Half Full Flag (HF) is disabled in this
mode.

EXPANSION TIMING

Figure 11 and 12 illustrate the timing of the Expansion
Out and Expansion In signals. Discussion of Expan-
sion Out/Expansion In timing is provided to clarify how
Depth Expansion works. In asmuch as Expansion
Out pins are generally connected only to Expansion
Inpins, the user need not be concerned with the actual
timing in the normal Depth Expanded application un-
less extreme propagation delays exist between the
XO/XI pin pairs.

Figure 10 : A two Device Depth Expansion Configuration.

X0
w R
FE —
MK45H0X EF
9
° ‘ ° . /
DATAIN / / DATA OUT
B T o 7
FURT v
cc
X0
-
|
F
L MK45HOX |
9 EF
A L " |
X —
(N7 SGS-THOMSON 1115
Y/ GICROELECTRONICS
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Expansion Out pulses are the image of the WRITE
and READ signals that cause them; delayed in time
by txoL and txoH. The Expansion Out signal is
propagated when the last physical location in the
memory array is written and again when it is read
(Last Read). This s in contrast to when the Full and

Figure 11 : Expansion Out timing.

Empty Flags are activated, which is in response to
writing and reading a last available location.

When in Depth Expansion mode, a given MK45HOX
will begin writing and reading as soon as_valid
MRITE and READ signals begin, provided FL was
grounded at RESET time. *

]

XOH

X0

. WRITE TO
W LAST PHYSICAL — (
LOCATION . 7‘[
READ FROM
§ LAST PHYSICAL —
5 LOCATION

AC ELECTRICAL CHARACTERISTICS (0°C < T, <+ 70°C) (V¢c = + 5.0volts + 10%)

- 25 - 35 - 50 - 65 - 120
Sym. Parameter . — . — — -~ — — Unit |Notes
i Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
txoL | Expansion Out Low 25 35 40 55 90 | ns
txon | Expansion Out High 25 35 40 55 90 | ns
12/15

E" SGS-THOMSON

MICROELECTRONICS
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A MK45H0X in Depth Expansion mode with FL high
at RESET will not begin writing until after an expan-
sion in pulse occurs.

It will not begin reading until a second Expansion In
pulse and the Empth Flag has gone high. Expan-

Figure 12 : Expansion In Timing.

sion In pulses must occur txis before the WRITE and
READ signals they are intended to enable. Mini-
mum Expansion In pulse width, txi, and recovery
time, txir, must be observed.

t
L XIS WRITE TO

FIRST PHYSICAL
LOCATION

=

]

xis
READ FROM
§ FIRST PHYSICAL
LOCATION

AC ELECTRICAL CHARACTERISTICS (0°C <T, <+

70°C) (Vg = + 5.0volts + 10%)

-25 - 35 - 50 - 65 - 120 .

Sym. Parameter Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. Unit Notes
ty | Expansion in Pulse Width 25 35 45 60 115 ns 1
twr | Expansion in Recovery Time| 10 10 10 10 10 ns
ts | Expansion in Setup Time 15 15 15 15 15 ns

7 35N =2
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COMPOUND EXPANSION

The two expansion techniques described above can
be applied together in a straight forward manner to
achieve large FIFO arrays (see Figure 13).
BIDIRECTIONAL APPLICATIONS

Applications which require data buffering between
two systems (each system capable of READ and

Figure 13 : Compound Fifo Expansion.

WRITE operations), can be achieved by pairng
MK45H0Xs as shown in Figure 14. Care must be
taken to assure that the appropriate flag is
monitored by each system. (i.e., FF is monitored on
the device where W is used; EF is monitored on the
device where R is used.) Both Depth Expansion
and Width Expansion may be used in this mode.

Q0-Q8 Qo0-Q17
Qo-QN
-Q17
Qo-Q8 e
Q(N-8)-QN
R — MK45HOX - MK45H0X MK45HOX
R,W,RS
————> DEPTH EXPANSION DEPTH EXPANSION - —>  DEPTH EXPANSION
BLOCK BLOCK BLOCK
D0-D8
D9-D17
DO-DN D9-DN
D18-DN DIN-8) DN
Notes :

1. For depth expansion block see DEPTH EXPANSION Section and Figure 10.
2. For Flag operation see WIDTH EXPANSION Section and Figure 8.

Figure 14 : Bidirectional Fifo Application.

v o—_— e Ry
FE e — T
MK45HOX
D08 Qo8
A B
SYSTEM A<L _ ) svsTems
V 4)
Qo8 ‘D08
A B
- MKASHOX _
i —_— — WB
— s EF
EF FF
1415 [Ny SGS-THOMSON
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ORDER CODES

Part No Access Time Cycle Time Package Type Temperature
_MK45H04N25 25ns 35ns 600 MIL Plastic DIP 0° to 70°C
i WMK45H04N35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45H04N50 50ns 65ns 600 MIL Plastic DIP 0° to 70°C
MKA45H04N65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45H04N12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
MK4§EI_4N25 25ns 35ns 600 MIL Plastic DIP 0°to 70°C
| MKA45H14N35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45H14N50 50ns 65ns 600 MIL Plastic DIP 0° to 70°C
MK45H14N65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45H14N12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
MK45H08N25 25ns 35ns 600 MIL Plastic DIP 0° to 70°C
MKA45HO8N35 35ns 45ns 600 MIL Plastic DIP 0° to 70°C
MK45H08N50 50ns 65ns 600 MIL Piastic DIP 0° to 70°C
MK45HO8N65 65ns 80ns 600 MIL Plastic DIP 0° to 70°C
MK45HO8N12 120ns 140ns 600 MIL Plastic DIP 0° to 70°C
Part No Acce'sérT'ime R/W Cycle Time
MK45H04/08-25 25ns 35ns, 28.5MHz
MK45H04/08-35 35ns 45ns, 22.2MHz
MK45H04/08-50 55ns 65ns, 15.3MHz
MK45H04/08-65 65ns 80ns, 12.5MHz
MK45H04/08-12 120ns 140ns, 7.14MHz

PACKAGE MECHANICAL DATA
Figure 15 : MK45H04 28 Pin Plastic DIP (N) 600 MIL.

mm Inches
Dim. Min. | Typ. [Max.|Min.|Typ. [Max.
A
at 0.63 .025
B 0.45 018
b1 {023 0.3110.009 012
b2 1.27 .050
c
D 37.34 1.470
B E }15.20 16.68/0.598 657
j e 2.54 100
ed 33.02 1.300
ed
- F 14.10 .555
| 4.45 75
L 3.30 130
P043-0/3 K
K2
L7 S5SNe0n =
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MK48127/128(N,X)

-55/70/85

1
128

MEG (1
K X 8 CMOS SRAM

,048,576-BIT)

= BYTEWYDE™ 128K X 8 CMOS SRAM

EQUAL CYCLE/ACCESS TIMES, 55,70,85NS
MAX

LOW Vcc DATA RETENTION 2 VOLTS

= THREE STATE OUTPUT

JEDEC STANDARD 32-PIN PACKAGE IN 600
MIL PLASTIC DIP, 400 MIL PLASTIC SOJ

ADVANCE DATA

PIN CONNECTION

NC
Ate
Ag
Atz
A7
As
As
-A,,
Aa
A2
Ay
Ao
bQo
DQ ¢
ba 2

V8S 16

600 mil. Plastic DIP

o

MK48127
MK48128

inisSsialistinistisisiaSalisisininial

vee
31 Ags

()
28 Ay
Ag

Ag
At

23 Ay

21 DAy
20 DQg
19 DQs
18 0Q 4
17 DQg

OO0 ogogooogoggoOog
®
[o]

DESCRIPTION 400 mil. Plastic SO

NC 1 e I 82 vee
The MK48127 is a Mega-bit (1,048,576-bit) A 2 % B a1 A
CMOS SRAM, organized as 131,072 words x 8 ha 2T A
bits. It is fabricated using SGS-Thomson’s low Ay s = g % Ay,
power, high performance, CMOS technology. Ag 6 ] 027 Ag
The device features fully static operation requi- As 7 Ll mkagre7 22 A
. . . Ag 8 ] 325 Ay
ring no external clocks or timing strobes, with ny o IMKBIZB 0 3
equal address access and cycle times. It re- K= B3 Ay
quires a single +5V + 10% supply, and all in- N 2o oo
puts and' outputs are TTL compatible. ba, 18 5 20 oo

DQy 14 19 DAy

0a, 15 (] [ 18 DO,

VvSssS 16 C4 ,_»_:] 17 D03
PIN NAMES (*) For MK48128 PIN 30 = E2
Ao-Ate ~ |Address Inputs

- MKAR1927/1922 THRIITH TARI
DQo-DQy Data /00.7 MK48127/128 THR UTH TABLE
1S Chip Enable 1, Active Low W |Ei |Ex(") | G| MODE DQ |POWER
Ez *) Chip Enable 2, Active High X | H X | X | Deselect | Hi-Z |Standby |
G (OE) Output Enable X | X | L | X]| Deselect | Hi-Z |Standby
‘W Write/read Enable Hi{L| H |H Read Hi-Z | Active
Vce,Vss +5V, GND HiL| H L Read | Qour | Active
NC No Connection LiL| H X Write Din | Active
NOTES : NOTES :
*)

(*) For MK48128 ONLY

October 1989

For MK48128 ONLY

12

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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READ MODE

The MK48127 is in the Read mode whenever
Write Enable (W) is high with Output Enable
(G) low, and Chip Enable (E) is active low.
This provides access to data from eight of
1,048,576 locations in the static memory array,
specified by the 17 address inputs. Valid data
will be available at the eight Output pins within
tavav after the last stable address, providing G
is low, and E is low. If Chip Enable or Output
Enable access times are not met, data access
will be measured from the limiting parameter
(teLav, or tgLav) rather than the address. Data
out may be indeterminate at teLax, and taLax,
but data lines will always be valid at tavav.

WRITE MODE

The_MK48127 is in the Write mode whenever
the W and E pins are low. Either Chip Enable
or W must be inactive during Address trans-
itions. The Write begins with the concurrence
of Chip Enable being low with W low. There-
fore, address setup times are referenced to
Write Enable and Chip Enable as tavwi, and

MK48127/128 BLOCK DIAGRAM

taveL respectively, and is determined to the lat-
ter occuring edge. The Write cycle can be ter-
minated by the earlier rising edge of W or
Chip Enable (E).

If the_Output is enabled (E = low, G = low),
then W will return the outputs to high impe-
dance within twLqz of its falling edge. Care
must be taken to avoid bus contention in this
type of operation. Data-in must be valid for
tovwH to the rising edge of Write Enable, or to
the rising edge of E, whichever occurs first, and
remain valid twHDX .

OPERATIONAL MODES

The MK48127 has a Chip Enable power down
feature which sustains an automatic standby
mode whenever Chip Enable (E ) goes inactive
high. An Output Enable (G) pin provides a
high speed tristate control, allowing fast
read/write cycles to be achieved with the com-
mon-//O data bus. Operational modes are de-
termined by device control inputs W, G, and E,
as summarized in the truth table.

<

(e}
m

b —4

ool s

:

DECODE

— e— Vce

le— Vss
MEMORY
ARRAY

ROW

(512 x 256 x 8)

1 Mega-Bit

I

v

=

DQ 1? .
[ &

INPUT 11O CIRCUITS
DATA  — 0
CTRL COLUMN
DECODE

‘“—D_\ﬁ ®
T TeT

|

— <1
D <,
=P I 4
5 : ll ) LBD8127
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MK4832(N)/
MK4832L(N)-70/120

256 K (262, 144-bit)
32 K X 8 CMOS SRAM

® BYTEWYDE™ 32K X 8 CMOS SRAM

® EQUAL CYCLE/ACCESS TIMES, 70, 120NS
MAX.

® LOW Vcc DATARETENTION 2 VOLTS
® THREE STATE OUTPUT

= JEDEC STANDARD 28-PIN PACKAGE IN 600
MIL PLASTIC DIP

DESCRIPTION

The MK4832 is a 256K (262,144-bit) CMOS
SRAM, organized as 32,768 words x 8 bits. It is
fabricated using SGS-Thomson'’s low power, high
performance, CMOS technology. The device fea-
tures fully static operation requiring no external
clocks or timing strobes, with equal address access

DIP-28
(Plastic Package)

PIN CONNECTIONS

600 mil. Plastic DIP

and cycle times. It requires a single +5V + 10% A 1 L@ 1] 28 Vee
supply, and all inputs and outputs are TTL compa- Az 2 L[ 027 w
tible. A7 3 [ 26 A43
Ag 4 Ly ) 25 Ag
OPERATIONAL MODES As 5 [ (24 Ag
The MK4832 has a Chip Enable power down fea- Ay 6 [ (] 23 Aqq
ture wich sustains an automatic standby mode As 7 O 02 &
whenever Chip Enable (E) goes inactive high. An MK4832 |
Output Enable (G) pin provide as high speed tri- Az 8 L H 21 Ao
state control, allowing fast read/write cycles to be Ay 9 O ] 20 E
achieved with the common-I/O data bus. Operatio- Ao 10 [ S 19 DQ
. N " ] 7
nal modes_are determined by device control inputs O
W, G and E, as summurarized in the thruth table. DQg 11 1 18 DA
DQ4 12 [ [J 17 Das
pDQp 13 [ [J 16 DQg
PIN NAMES Vss 14 [] [J 15 DQgj
AO-A14 Address Inputs
DQo0-DQ7 Data In/Data Out
E Chip Enable MK4832 THRUTH TABLE
G Output Enable E | W | G | MODE DQ POWER
w Write/Read Enable H | X | X |Deselect| Hi-Z | Standby
Vee +5V L|H|H Read Hi-Z Active
Vss GROUND L H L Read Dout Active
October 1989 1/10
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MK4832(N)/MK4832L(N)-70/120

FIGURE 1 : MK4832 BLOCK DIAGRAM

READ MODE

The MK4832 is in the Read mode whenever Write
Enable (W) is_high with Output Enable (G) low, and
Chip Enable (E) is active low. This provides access
to data from eight of 262,144 locations in the static
memory array, specified by the 15 address inputs.
Valid data will be available at the eight Output pins

‘\—  e— vee
o— Vss
Row MEMORY
ARRAY
DECODE
(1024 x 32 x8)
| 256K - bit
INPUT 1/0 CIRCUITS
DATA - -
CTRL COLUMN
DECODE

LBD4832

within tavav after the last stable address, providing
Gis low, and E is low. If Chip Enable or Output
Enable access times are not met, data access will
be measured from the limiting parameter (teLqv, or
teLav) rather than the address. Data out may be
indeterminate at teLax, and teLax, but data lines will
always be valid at tavav.

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (0°C < TA<+70°C,Vcc =5.V = 10%)

T T |
4832-70/70L ( 4832-120/120L
UNIT NOTE
SYMBOL |PARAMETER MIN MAX MIN MAX
teLax Chip Enable to Q Low-Z 10 10 5
taxax Output Hold from Address Change 10 10 4
taLax Ouput Enable Access Time 5 5 5
tavav Read Cycle Time 70 120
— S - S L [ Y-S S
tavav Address Access Time 70 120 4
teLqv Chip Enable Access Time 70 120 4
taLav Output Enable Access Time 35 60 4
teraz Chip Enable (E) to Q High-Z 0 30 0 35 5
teHaz Output Disable (G)to Q High-Z 0 30 0 35 5




- 7 - - MK4832(N)/MK4832(N)-70/120

FIGURE 2 : READ TIMING N°.1 ( ADDRESS ACCESS)

RDTIMEO1

FIGURE 3 : READ TIMING N°.2
t AVAV S —
I
Aa
—— tavQv
E
— tELQV
tELox —
G
taLav—
taLox —
DG, - < DATA VALID } > S
DQ,
RDTIMEO2
310
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MK4832(N)/MK4832L(N)-70/120

WRITE MODE

The MK4832 is in the Write mode whenever the W
and E pins are low. Either Chip Enable or W must
be inactive during Address transitions. The Write
begins with the concurrence of Chip Enable being
low with W low. Therefore, address setup times are
referenced to Write Enable and Chip Enable as
tavwL, and taveL respectively, and is determined to
the latter occuring edge. The Write cycle can be

terminated by the earlier rising edge of W or Chip
Enable (E).

If the Output is enabled (E = low, G = low), then W
will return the outputs to high impedance within
twraz of its falling edge. Care must be taken to avoid
bus contention in this type of operation. Data-in
must be valid for tovwH to the rising edge of Write
Enable, or to the rising edge of E, whichever occurs
first, and remain valid twHDx .

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE)

MK4832-70/70L MM4832-120/120L
SYMBOL | PARAMETER { UNITS | NOTES

MIN MAX MIN MAX

tavav | Write Cycle Time 70 120

tavwL | Address Set-up Time to W Low 0 0

taveL  |Address Set-up Time to E Low 0 0

tawH | address valid to W HiGh 60 85

twwH | Write Pulse Width 45 65

twiax | Address Hold After End Of Write 5 5 ns

teLEH Chip Enable Active To End Of Write 60 T 85

tenax | Address Hold Time From Chip Enable 5 5

tovwn | Data Valid To End Of Write 25 45

twHDX Data Hold Time 0 0

twrax | W High to Q Active 5 5 5

g I ] B |
twiaz |W Low to Q High-Z 0 40 0 40 5

4/10
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MK4832(N)/MK4832(N)-70/120

FIGURE 4 : WRITE CONTROL CYCLE TIMING

t AVAV
Ag

M X X

t AVWH .
——» tAVEL I‘_ — le— t WHAX

XK t ELEH | )

—» LEHAX  |¢&—
fe— L AVWL R

t
t wLaz "— 147 AVQV Al
G
t GHQz
t DVWH t WHDX
t WHQX
Da, -

S DATA IN VALID

mj

2|
AN

oa .,

WRTIMEO1

FIGURE 5 : CHIP ENABLE CONTROL WRITE CYCLE TIMING

t AVAV
A -
0
XY ¥
,,,,, v
tAVWWH @————————*
“"AVEL"‘
tELEH
E 4
E X /
[ tEHAX —*

tDVWH ——»fe— t WHDX -‘
DATA IN VALID

j l— tGLQX

WRTIMEO02
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MK4832(N)/MK4832L(N)-70/120

STANDBY MODE CHARACTERISTICS
(0°C <Ta £+70°C, VCC = 5.0V + 10%)

T MK4832/4832L- 70 MKA4832/4832L-120
SYMBOL PARAMETERS UNITS
MAX MIN MAX MIN
tpu Chip Enable to Power-Up 0 0 ns
teD Chip Enable to Power-Down J 70 | 120 ns
FIGURE 6 : STANDBY MODE TIMING
3 71/
tpp —
eled — e -
- 'sB
MK4PWRUP
LOW VCC DATA RETENTION CHARACTERISTICS
(0°C <Ta <+70°C,VCC =5.0+10%)
SYMBOL PARAMETERS MAX MAX UNIT NOTE
Vpr Vce Data Retentionmode 2.0 \" 9
(1) | Data Retention Pwr.supply Current IMK4832 500 HA 9
lccDR™ | Test Condition: Ve = 3.0
' ' MK4832L 20 HA 9
tcor Chip Deselect To Data Retention Mode 0 nS 9
tR Operation Recovery Time tavay @ nS
FIGURE 7 : LOW Vcc DATA RETENTION
e 1
—— DATA RETENTION MODE
VCC —
45V Vo = 20V 45V
tCDR - R —
E //‘ 7 4 E > VVDH —0.3V o ~
L L 22V 22V R
K48LOVCC
6/10
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MK4832(N)/MK4832(N)-70/120

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER VALUE UNIT
WV| a Voltaée On Aﬁy lgigﬂiegti’veioﬁ('irouﬁd (;T:)t?) +70 V 1 ;/ o
Ta Ambient Oberating Temperature 0to 70 ‘C

Tsta 7778”torage Tempe}ature 7 -65 to 150 C
Pp Power Dissipation B a 1 Watt
lo Output Current " 50 mA

* This is astress rating only and functional operation of the device at these or any other conditions above thoseindicated in the operation sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may effact reliability.
(1) Output current absolute maximum rating is specified for one output at atime, not to exceed a duration of 1 second.

RECOMMENDED DC OPERATING CONDITIONS
(0°C< Ta € +70°C)

SYMBOL |PARAMETER 7 7 MIN ‘ TYP MAX UNITS NOTES
Vce Supply Voltage - 4.%5 | 5.0 55 \ M17
Vss Supply Voltage 0 0 0 VV 17
Vin Logic "1" Voltage All Inﬁ;uts 2.2 Vee + 0.3v \" 1
Vi Logic "0" Voltage All i;u;uts -0.3 0.8 \ 1

DC ELECTRICAL CHARACTERISTICS
(0°C < TA<+70°C)

SYMBOL |PARAMETER MIN MAX UNITS NOTES
lccy Average Vcc Power Supply Current 70 mA 6
Ise { TTL Standby Current ( E= Vin) 3 mA 7
IsB1 _ MK4832 1 mA 8 !
e CMOS Standby Current (E= Vce -0.2v) - s {
MK4832L 50 nA 8 |
I Input Leakage Current (Any Input) -1 +1 pA 2
Lo Ouput Leakage Current -2 +2 A 2
Vow Output Logic "1" Voltage ( lout =-4.0 mA) 24 " 1
Vou Qutput Logic "0" Voltage (lout = +8.0 mA) 0.4 Vv 1
NOTES :
1. All voltages referenced to GND.
2. Negative spikes of -1.0 volts allowed for up to 10 nS once per Cycle.
3. lcc1 measured with outputs open.
4. 1mA typical.
5. Measured with Vcc > Vi > GND and outputs deselected.
7/10
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MK4832(N)/MK4832L(N)-70/120

AC TEST CONDITIONS

Inputs Levels. .. ...t i 0.0v to 3.0v
Transition TiMe .. oo vv ittt i i e e ee e e 5ns

Input And Output TimingReference Levels............ 1.5v

FIGURE 8 : OUPUT LOAD DIAGRAM

* 50V + 50V
|

470 ohms 470 ohms

DEVICE DEVICE
UNDER UNDER

TEST TEST
240 ohmj 100pF *

* INCLUDES SCOPE AND TEST JIG -

240 ohms 5pF”

TLK8RAM
(A ®

8/10
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MK4832(N)/MK4832(N)-70/120

CAPACITANCE
(Ta=25°C, f=1.0MHz)
SYMBOL PARAMEfé;SW - o MAs(A ] ”UNITS NOTES
Cl capacitance on all pins (except dQ) - 8.0 pF 10
cDQ | capacitance on DQ pins w0 | | 80|
ORDERING | NFORMATION
| 77P_AvR?T NUMBER ACCESS TIF A PLAc‘KGIV-:A'FY»F_’éﬂ A TEM;ERATI;?E RAN(:E_
i o MK4832N-70” o ) 70ns 28 PIN 600 Mil. Pllastic DIP ] 0'Cto70°C
7 MKAESZN 120 | 120ns - 28 PIN 600 Mil. Pllastic DIP 0'Cto70°C
MK48£3;[N-70 o 70ns ] 728 PIN 600 Mil. Pllastic DIP ) 0 C to 7(1(;
o MK4832LN 10 | 7 ”71 ZE ;7 77 B LEE_P!N 600 Mil. Pllastlc DIPV_L B 0°Cto 70° 7(3*”"“-_

SGS-THOMSON PREFIX
DEVICE INDENTIFICATION NUMBER
LOW POWER
PLASTIC PACKAGE
SPEED GRADE

70/120

9/10
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MK4832(N)/MK4832L(N)-70/120

FIGURE 9 : PACKAGE

MECHANICAL DATA
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Dife—
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ks

NOTES :

i
T I T
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" i
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1. Overall length includes 0.10 in flash on either end of the package.
2. Package standoff to be measured per Jedec requirments.
3. The maximum limit shall be increased by .0003 In. when solder laed is specified.

mm Inches

DM in. [Max. | Min. [Max.|"""°

A 5.334 210 | 2

A1 |0.381 015 2

A2 [3.556(4.064] .140 | .160

B (0.381]0.533| .015 | .021 | 3

B1 | 1.27 [1.778] 050 | .070

0.203[0.304| .008 | 012 | 3

D [36.5187.338.440 |1.470| 1

D1 [1.651|2.159] 065 | .085

E [15.24|15.575600 | 625
_ E1 [13.4424.244530 | .560

el |2.286]2.704 .090 | .110

eA [15.24[17.78] 600 | .700

L |3.048 120

SGS-THOMSON
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MK48C02A/12A(K,N)
-15/20/25

2K x 8 ZEROPOWER™ RAM

a LOW CURRENT (1 4A @ 70°C) BATTERY INPUT
FOR DaTA RETENTION IN THE ABSENCE OF
POWE

= DATA SECURITY PROVIDED BY AUTOMATIC
WRITE PROTECTION DURING POWER
FAILURE

= +5 VOLT ONLY READ/WRITE
= CONVENTIONAL SRAM WRITE CYCLES

aLOW POWER 440 mW ACTIVE; 5§65 mW
STANDBY

a READ-CYCLE TIME EQUALS
TIME

= LOW-BATTERY WARNING

» TWO POWER-FAIL DESELECT TRIP POINTS
AVAILABLE
MK48CO2A 4.75V = Vpgp = 4.50V

Y T- e LT W

(4, YESY) - A NAMmi
MR48C12A 4.50V =Vpep =4.20V

WRITE-CYCLE

= POWER FAIL INTERRUPT OUTPUT

R/W
Part Number | Access Time | Cycle Time
MK48CX2A-15 150 ns 150 ns
MK48CX2A-20 200 ns 200 ns
MK48CX2A-25 250 ns 250 ns
PIN NAMES

V¢ System Power (+5 V)

Ao- Ay, Address Inputs
E Chip Enable

GND
DQ,-DQ; Data In/Data Out
INT Power Fail Interrupt (Open Drain Type)

W Write Enable

Ground G Output Enable

Vg Battery Input

NC No Connection

K
PLCC32
(Plastic Chip Carrier)

N
DIP-28
(Plastic Package)

FIGURE 1. PIN CONNECTIONS

Vg 10 128 V¢
NC 20 [ 27 NC.
A, 30 ] 26 iINT
A, 40 [125 A,
A, 50 [ 124 A,
A, 6[] (123 W
A, 7] (122 G
A, 8[] (21 A,
A, 9 [ 20 E
A, 10 ] (119 DQ,
pq, 1 [ 118 DQ,
pQ, 12 [ 117 DQg
DQ, 13 [ 116 DQ,
GND 14 [] 115 oa,
x9e9dele

1 32 3130
As 29 [Jas
As 28 [J a9
M 27 [INC
A3 26 JW
A2 251G
Al 24 [JA0
A0 23 ]E
NC 22 [Joa?
DQo 21 [Joos
16 17 18 19 20

June 1988
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MK48C02A/12A(K,N)-15/20/25

TRUTH TABLE (MK48C02A/12A)

Vee E[&[W] mopE | pa
Viu| X | X | Deselect |High-Z
<VCC (Max) V"_ X V"_ Write DlN
>VCC (Mln) VIL VIL VIH Read DOUT
V|L VIH VlH Read ngh-Z
<Vpeo (Min) X | X | X | Power-Fail |High-Z
>Vgo Deselect
=Vso X | X | X | Battery |High-Z
Back-up
DESCRIPTION

The MK48C02A/12A is a CMOS RAM with internal
power fail support circuitry for battery backup ap-

FIGURE 2. BLOCK DIAGRAM

plications. The fully static RAM uses an HCMOS
six transistor cell and is organized 2K x 8. Includ-
ed in the device is a feature to conserve battery
energy and a method of providing data security dur-
ing Ve transients. A precision voltage detector
write-protects the RAM to prevent inadvertent loss
of data when V¢ falls out of tolerance. In this way,
all input and output pins (including E and W) be-
come “don’t care”. The device permits full functional
ability of the RAM for V.. above 4.75V
(MK48CO02A) and 4.5V (MK48C12A). Data protection
is provided for V¢ below 4.5V (MK48C02A) and
4.2V (MK48C12A), and maintains data in the ab-
sence of Vg with no additional support circuitry
other than a primary cell. The current supplied by
the battery during data retention is for junction leak-
age only (typically less than 5na) because all power-
consuming circuitry is turned off. The low battery
drain allows use of a long life Lithium primary cell.

Ve A
T Y .
| |
| |
B T
| POWER 2;;;?
iNT ' VOLTAGE SENSE | __ > cMmos <:> DQo—DQ7
INT | AND POK CELL ' _
SWITCHING 4—'— E
| CIRCUITRY o - — W
| —> « 1 — 3
Y I

210
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MK48C02A/12A(K,N)-15/20/25

OPERATION
Read Mode

The MK48C02A/12A is in the Read Mode whenever
W (Write Enable) is high and E (Chip Enable) is low,
providing a ripple-through access of data from eight
of 16,384 locations in the static storage array. Thus,
the unique address specified by the 11 Address In-
puts (A,) defines which one of 2,048 bytes of data
is to be accessed.

FIGURE 3. READ-READ-WRITE TIMING

Valid data will be available to the eight data Output
Drivers within t,, after the last address input sig-
nal is stable, providing that the E and G access
times are satisfied. If E or G access times are not
met, data access will be measured from the limit-
ing parameter (tcga OF toga). rather than the ad-
dress. The state of the eight Data 1/O signals is
controlled by the E and G control signals. The data
lines may be in an indeterminate state between tn
and tp,, but the data lines will always have valid
data at ty,.

READ

je——— tgc ———— >

-4———(“ —]

READ WRITE

l€———— tye ———— >

0 10

X X

mi

fe—— ty, ———»

twr

l————— 1, ————>
'Aw

[2]]

)

twr

|
{ |e——— typ——>

H]|

’l ton [ /
toen [ toez r—‘
000—007 { VALID OUT X VALID OUT VALID IN

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING)

(1 °C STA 57000) (VCC (Max) = VCC ZVCC (Mm))

MK48(:XZA-IS]MKMCXZAZOIMKMGXZA-Z."

SYM | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
tac | Read Cycle Time 150 200 250 ns

tan | Address Access Time 150 200 250 | ns 1
tcea | Chip Enable Access Time 150 200 250 | ns 1
toea | Output Enable Access Time 75 80 90 | ns 1
tcez | Chip Enable Hi to High-Z 35 40 50 | ns

toez | Output Enable Hi to High-Z 35 40 50 ns

ton | Valid Data Out Hold Time 15 15 15 ns 1

NOTE

1. Measured using the Output Load Diagram shown in Figure 7.

‘ SGS-THOMSON
Y/, MICROELECTROMICS
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MK48C02A/12A(K,N)-15/20/25

WRITE MODE

The MK48C02A/12A is in Write Mode whenever the
W and E inputs are held low. The start of a Write
is referenced to the latter occurring falling edge of
either W or E. A Write is terminated by the earlier
rising edge of W or E. The addresses must be held
valid throughout the cycle. W or E must return high,
for a minimum of tyg prior to the initiation of
another Read or Write Eycle. Data-in must be valid
for tpg prior to the End of Write and remain valid
for tpy afterward.

FIGURE 4. WRITE-WRITE-READ TIMING

Some processors thrash producing spurious Write
Cycles during power-up, despite application of a
power-on reset. Users should force W or E high dur-
ing power-up to protect memory after V¢ reaches
Ve (min) but before the processor stablizes.

The MK48C02A/12A G input is a DON'T CARE in
the write mode. G can be tied low and two-wire RAM
control can be implemented. A low on W will disa-
ble the outputs tyg, after W falls. Take care to
avoid bus contention when operating with two-wire
control.

‘C EW

m|

e

WRITE WRITE READ
twe j < tye————>|*—ac —”
4
A Ay XL P(
tas —> —> e— tyn e 1,
ety ————> tya —>

_/
_I_f N/

G
-— twew .
L
w / }
T
le—1to, — fa— toy Ywez
— r tcez tos —»| [ tos =
VALID VALID £ vaup ) VALID
Dq, - DA,
o ouTt IN IN out

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING)

(O°C STA s?O"C) (VCC (Max) ZVCC ZVCC (Mln))

MK48CX2A-15MK48CX2A-20[MKA48CX 2A-25
SYM | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
twe | Write Cycle Time 150 200 250 ns
tas | Address Setup Time 0 0 0 ns
taw | Address Valid to End of Write 120 140 180 ns
tcew| Chip Enable to End of Write 90 120 160 ns
twew| Write Enable to End of Write 90 120 160 ns
twr | Write Recovery Time 10 10 10 ns
tps | Data Setup Time 40 60 100 ns
toy | Data Hold Time 0 0 0 ns
twez | Write Enable Low to High-Z 50 60 80 ns
410
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MK48C02A/12A(K,N)-15/20/25

DATA RETENTION MODE

With V¢ applied, the MK48C02A/12A operates as
a conventional BYTEWIDE static ram. However,
V¢ is being constantly monitored. Should the sup-
ply voltage decay, the RAM will automatically power-
fail deselect, write protecting itself when V¢ falls
within the Vpgp (max), Vpgp (min) window. The
MK48CO02A has a VPFD (max) -VPFD (mln) window
of 4.75 volts to 4.5 volts, providing very high data
security, particularly when all of the other system
components are specified to 5.0 volts plus and mi-
nus 10%. The MK48C12A has a VPFD (max) ‘VPFD
(min) window of 4.5 volts to 4.2 volts, allowing users
constrained to a 10% power supply specification
to use the device.

Note: A mid-write cycle power failure may corrupt
data at the current address location, but does not
jeopardize the rest of the RAM's content. At voltages
below Vpgp (min), the user can be assured the
memory will be in a write protected state, provided
the V¢ fall time does not exceed tg. The
MK48C02A/H2A may respond to transient noise
spikes that reach into the deselect window if they
should occur during the time the device is sampling
Vcc. Therefore decoupling of power supply lines is
recommended.

The power switching circuit connects external Ve
to the RAM and disconnects the battery when V¢
rises above Vgo. As V¢ rises the battery voltage
is checked. If the voltage is too low, an internal Bat-
tery Not OK (BOK) flag will be set. The BOK flag
can be checked after power up. If the BOK flag is
set, the first write attempted will be blocked. The
flag is automatically cleared after first write, and nor-
mal RAM operation resumes. Figure 5 illustrates
how a BOK check routine could be structured.

Normal RAM operation can resume tgec after Ve
exceeds Vpep (Max). Caution should be taken to
keep E or W high as V¢ rises past Vpgp (Min) as
some systems may perform inadvertent write cycles
after V¢ rises but before normal system operation
begins.

INTERRUPT FUNCTION

Thé MK48C02A/12A provides a power-fail interrupt
output labeled INT. The INT pin eliminates the need
for external power sensing components in applica-
tions where an orderly shut down of the system is
necessary. The INT pin is open drain for “wire or”

applications and provides the user with 10 usto 40 -

us advanced warning of an impending power-fail
write protect.

FIGURE 5. CHECKING THE BOK FLAG STATUS

‘ POWER-UP ’

\

READ DATA
AT ANY
ADDRESS

\

WRITE
COMPLIMENT
DATA BACK
TO SAME
ADDRESS

READ DATA
AT SAME
ADDRESS
AGAIN

(BATTERY LOW)
NOTIFY SYSTEM
OF LOW
BATTERY (DATA MAY
BE CORRUPTED)

IS DATA
COMPLIMENT
OF FIRST
READ?

YES
(BATTERY OK)

WRITE ORIGINAL
DATA BACK TO
SAME ADDRESS

CONTINUE
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MK48C02A/12A(K,N)-15/20/25

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING)

(0°C<To<+70°C)

SYM PARAMETER MIN MAX UNITS | NOTES
t Vpep (Max) to Vpgp (Min) Ve Fall Time 300 us 2
trs Vpep (Min) to Vgg Vi Fall Time 10 us 3
tre Vso 10 Vpgp (Min) Ve Rise Time 1 us

tr Vpep (Min) to Vpgp (Max) Ve Rise Time 0 us

trec E or W at V,, after Vpgp (Mmax) 120 s

tprx INT Low to Auto Deselect 10 40 us

torn Vpep (Max) to INT High 120 us 4
tre Vpep (Min) to Vgo 10 us

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES)

(0°C<Tp=<+70°C)
SYM | PARAMETER MIN TYP | MAX | UNITS |NOTES
Vperp Power-fail Deselect Voltage (MK48C02A) 450 46 4.75 v 1
Veep Power-fail Deselect Voltage (MK48C12A) 4.20 43 450 Vv 1
Vso Battery Back-up Switchover Voltage 3 v 1

NOTES:

1. All voltages referenced to GND.

2. Vpgp (Max) to Vpgp (Min) fall times of less tg may result in deselection/write
protection not occurring until 40 us after Voc passes Vpgp (Min). Vpgp
(Max) to (Min) fall times of less than 10 us may cause corruption of RAM data.

3. Vpgp (Min) to Vg fall times of less than tgg may cause corruption of RAM
data

4. INT may go high anytime after Vo exceeds Vpgp (min) and is guaranteed
to go high tpgy after Vo exceeds Vppp (max).

CAUTION

Negative Undershoots Below —0.3 volts are not allowed
on any pin while in Battery Back-up mode.

6/10
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MK48C02A/12A(K,N)-15/20/25

FIGURE 6. POWER DOWN/POWER-UP TIMING

vCC
Verp (MAX)— —

Vo (MIN— — x —————————————— /—

Inputs may or may not be recognized at this time.

Caution shouid be taken to keep E or W in the high state V¢ rises past
Vpgp (min). Some systems may perform inadvertant write cycles after Voo
rises but before normal system operation begins. Even though a power on
reset is being applied to the processor a reset condition may not occur until

after the system clock is running.

Vo —— 4+ — X% — - — — — — = — — —
(¢
B
—
—
—
INT Y
K {
L
o
I
ALL INPUTS RECOGNIZED K ] ’ DON'T CARE NOTE 8 RECOGNIZED
_—
ALL VALID K (e HIGH-Z , VALID
OUTPUTS (PER CONTROL INPUT) _J/ ™~ T "\ (PER CONTROL INPUT)
NOTE:

710
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MK48C02A/12A(K,N)-15/20/25

ABSOLUTE MAXIMUM RATINGS*

Voltage On Any Pin Relative TOGND . . .. .................................. -03Vto +70 V
Ambient Operating (Ve On) Temperature (Tpa) ... ... ... ... 0°C to +70°C
Ambient Storage (V¢ 8ff) Temperature . ............. . -55°C to +125°C
Total Device Power Dissipation. . ... ... .. . 1 Watt
Output Current Per Pin. . ... .. 20 mA

*Stresses greater than 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 above those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

CAUTION: Under no conditions can the “Absolute Maximum Rating” for the voltage on any pin be exceeded since it will cause permanent
damage. Specifically, do not perform the “standard” continuity test on any input or output pin, i.e do not force these pins below —0.3 V DC.

RECOMMENDED DC OPERATING CONDITIONS

(0°C<Tp<70°C)
SYM PARAMETER MIN MAX UNITS | NOTES
Vee Supply Voltage (MK48CO02A) 4.75 550 \ 1
Vee Supply Voltage (MK48C12A) 450 550 v 1
GND Supply Voltage 0 0 " 1
Vin Logic “1” Voltage All Inputs 22 |Vgc + 03V \' 1
ViL Logic “0” Voltage All Inputs -03 08 v 1,2
Vg Battery Voltage 18 40 v 1
DC ELECTRICAL CHARACTERISTICS
(0°C <Tp<+470°C) (Vcc (max)=Vse =V (min))
SYM PARAMETER MIN MAX UNITS | NOTES
leet Average V¢ Power Supply Current 80 mA 3
Icca TTL Standby Current (E = V) 3 mA
lcca CMOS Standby Current (E=V¢c—0.2 V) mA
e Input Leakage Current (Any Input) -1 +1 pA 4
loL Output Leakage Current -5 +5 pA 4
Vo Output Logic “1” Voltage (Ioyr = —10 mA) 24 v
VoL Output Logic “0” Voltage (Ioyr = 2.1 mA) 04 v
\ INT Logic “0” Voltage (loyr = 0.5 mA) 04 v
lgarT Battery Backup Current Vg = 40 V 1 WA
Icha Battery Charging Current Voo = 55 V -5 +5 nA
Vis Battery OK Flag 18 26 v
CAPACITANCE (T, = 25°C)
SYM PARAMETER MAX NOTES
C Capacitance on all pins (except D/Q) 7 pF 5
Con Capacitance on D/Q pins and INT 10 pF 45
NOTES

1. All voltages referenced to GND.

2. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle.

3. Icc1 measured with outputs open.

4. Measured with GND <V| <V and outputs deselected.

5. Effective capacitance calculated from the equation C = 1At with AV = 3

volts and power supply at nominal level. AV
8ho (N7 SGS-THOMSON
Y/, CROELEC TRONIGS

342



MK48C02A/12A(K,N)-15/20/25

AC TEST CONDITIONS

Input Levels:

Transition Times:

Input and Output Timing
Reference Levels

Ambient Temperature

Ve (MK48CO02A)

Ve (MK48C12A)

ORDERING INFORMATION

MK48C X

06Vto24V
5ns

08Vor22V
0°C to 70°C
475 Vto 55V
45Vto 55V

X

FIGURE 7. OUTPUT LOAD DIAGRAM

DEVICE
UNDER
TEST

+5V

ém KQ

1.0 KQ 7L 100 pF
(INCLUDING SCOPE AND JIG

—

XX

DEVICE Voc RANGE
FAMILY

PACKAGE SPEED

‘ SGS-THOMSON
Y/ ICROELECTRONICS

-15
-20
-25

150 NS ACCESS TIME
200 NS ACCESS TIME
250 NS ACCESS TIME

32 PIN PLCC
28 PIN DIP

+10%/-5%
+10%/—-10%

910
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MK48C02A/12A(K,N)-15/20/25

FIGURE 8. MK48C02A/12A PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE)

o———- [—a—=f

1. mm inches
¥ Dim.
~8—2~§ 2 PLCS .023__| e ‘-| '*,?05,? Min Max Min Max
<PENOTES PIN 1 0287 A 3048 | 355 | 120 | .140
n 1’1 nonm
A Al | 1981 | 2413 | o078 | .095
g b 8 0330 | 053 | 013 | .02t
g B 4 n B1 | 0660 | 0812 | 026 | .032
[a D - - - - -
d i T T D | 12319 | 12573 | 485 | 495
d p Et Bt 8 D1 | 11358 | 11506 | 447 | 4s3
d b D2/E2
d 0 D2 | 9906 | 10922 | 390 | 430
d 5 E | 1485 | 15113 [ 585 | 595
q g E1 | 13.893 | 14.046 | 547 553
S — } E2 | 12446 | 13462 | 490 | 530
FIGURE 9. MK48C02A/12A PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS
ANAANNANAANAAANANA
o
C mm inches
Dim. Notes
Min | Max | Min | Max
. A — |53 — | 210] 2
U U U U U U U U UUY At 1ol — | o5 — 2
fo—
0 oy A2 | 3556 4064 | 140 | .160
B8 | 0381] 053 015 021 | 3
—pot— ~ - 81 | 127 | 1.778] .050 | .070
T c | o0203] 0304| 008 012] 3
S D |36576|37.338 | 1440 | 1470 | 1
D1 | 1651 2159{ .065 | .085
- . E [1524 [15875] 600 | 625
E1 [13.462 (14224 530 | .560
et | 2.286| 2794 090 | 110
NOTES eA |15.24 [17.78 | 600 | .700
1. OVERALL LENGTH INCLUDES .010 I
FLASH DNLEXTHER END OF meimcums L 3048 — 120 —
2. PACKAGE STANDOFF TO BE MEASURED
PER JEDEC REGUIREMENTS
3. THE MAXIMUM LIMIT SHALL BE
INCREASED BY .003 IN
SOLDER LEAD FINISH IS SPECIF!ED
10110 LNz SGS-THOMSON
Y/, MICRoELECTRONICS
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5‘7 SGS-THOMSON

MK48H64(N,S)70/120
MICROELECTRONICS MKA48H64L(N,S)70/120

64K (8K x 8-BIT) CMOS FAST STATIC RAM

» 70 AND 120ns ADDRESS ACCESS TIME

= EQUAL ACCESS AND CYCLE TIMES

s STATIC OPERATION - NO CLOCKS OR TI-
MING STROBES REQUIRED

s LOW Vcc DATA RETENTION 2 VOLTS

= ALL INPUTS AND OUTPUTS ARE CMOS AND
TTL COMPATIBLE

« LOW POWER OPERATION, 10uA CMOS
STAND-BY CURRENT UTILIZING FULL
CMOS 6-T CELL

=« THREE STATE OUTPUT

= STANDARD 28-PIN PACKAGE IN 600 MIL
PLASTIC DIP OR 330 MIL SOIC PACKAGE

DESCRIPTION

The MK48H64 is 65,536-bit organized as 8K x 8 bits.
It is fabricated using SGS-THOMSON's low power,
high performance, CMOS technology. The device
feature fully static operation requiring no external
clocks or timing strobes, with equal address access
and cycle times. They require a single + 5V + 10%
supply, and are fully TTL compatible.

The MK48H64 have a Chip Enable power down fea-
ture which sustains an automatic standby mode
whenever either Chip Enable goes inactive (E1
goes high or E2 goes low). An Output Enable (G) pin
provides a high speed tristate control, allowing fast
read/write cycles to be achieved with the common-
I/0 data bus. Operational modes are determined by
device control inputs W, G, E1, and E2, as sum-
marized in the truth table.

The MK48H64 is available in a 600 Mil Plastic DIP,
or a 330 Mil SOIC Package.

October 1989

DIP-28
(Plastic Package)

il

SOic-28
(Surface Mount)

Figure 1 : Pin Connections.

Ne 1] e
A2 2 []
A7 3
A8 4[]
A5 5[]
M 6]
A 7
A2 8 []
Al sq
A0 10 ]
pao 1 ]
pQr 12 [
DQ2 13 (]
Vgs 14 [

g 28
27
[ 26
(] 25
] 24
23
[ 22
21

[ 19
118
[ 17
[ 16

115

20 E1

DQ3

PIN NAMES
Ao - A2 Address Inputs
DQo - DQ; | Data Input/Output
E1, E2 Chip Enable
w Write Enable
G Output Enable
Vece + 5V
Vss Ground
N/C No Connection

1/10
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MK48H64-70/120

Figure 2 : Block Diagram.

g

B

E2

[2]]

SS

R &—{Z e v,
L ]
[ ] e — V.
(256) . ROW MEMORY ARRAY
SELECT (256 x 256)
L ]
L ]
A
CE
DQ O——Y -
[; 1/0 CIRCUITS
- INPUT -
4 (8) DATA
L CONTROL
COLUMN SELECT
nQ O— y
(32)
CE—— & XK

=R

9

» O—

___*ﬁ -
<1

2/10
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MK48H64-70/120

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
\ Voltage on any Pin Relative to GND -10to+70 "
Ta Ambient Operating Temperature 0to+ 70 °C
Tstg Storage Temperature -55t0 + 125 °C
Po Power Dissipation 1 w
lo Output Current per Pin 50 mA

Stresses greater than 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 other conditions beyond those indicated in the operational section of this specifica-
tion is not irplied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

TRUTH TABLE
w E1 E2 G Mode DaQ Power
X H X X Deselect High-Z Standby
X X L X Deselect High-Z Standby
H L H H Read High-Z Active
H L H L Read Qout Active
L L H X Write Din Active
RECOMMENDED DC OPERATING CONDITIONS (0°C < T 5, <70°C)
Symbol Parameter Value Unit | Notes
Min. Typ. Max.
Vee Supply Voltage 45 5.0 55 Vv 4
GND Supply Voltage 0 0 0 Vv
Vi Logic 1 Voltage, All Inputs 22 Ve + 0.3 Vv
Vi Logic 0 Voltage, All Inputs 0.8 " 4
DC ELECTRICAL CHARACTERISTICS (0°C £Tp £70°C) (Ve = 5.0V + 10 percent)
Symbol Parameter Value Unit | Notes
Min. Typ. Max.
lecy Average Power Supply Current -120 90 mA 5
f=min Cycle -70 100
lsg1 TTL Standby Current 5 mA 6
Isg2 CMOS Standby Current, MK48H64 1 mA 7
lsg2 CMOS Standby Current, MK48H64L 50 pA 7
" Input Leakage Current (any input pin) -1 +1 A 8
loL Output Leakage Current (any output pin) -10 +10 HA 9
Vou Output Logic 1 Voltage (loyr = — 4mA) 24 \Y 4
Vo Output Logic 0 Voltage (loyt = + 8mMA) 0.4 " 4
L7 e TSN e
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MK48H64-70/120

CAPACITANCE (T, = 25°C, f = 1.0MHz)

| P Value u
Symbo arameter - nit | Notes
y Min. Typ. Max.
Cy Capacitance on Input Pins 4 5 pF 10
C, Capacitance on DQ Pins 8 10 pF 10
Notes : 1. Measured with load shown in Figure 8(A).
2. Measured with load shown in Figure 8(B).
3. Vce = 3.0V.
4. All voltages referenced to GND.
5. lccy is measured as the average AC current with Vec = Vec (max) and with the outputs open circuit.

©w~No

10.

AC TEST
Input Leve

Transition Times....

tavav = tavav (min) duty cycle 100%.
E1 = Vi, all other Inputs = Don't Care.

. Vee (max), and E2 < Vss + 0.3V, all other Inputs = Don't Care.
. Input leakage current specifications are valid for all Vin such that OV < Vin < Vce. Measured at Vec = Ve (max).
. Output leakage current specifications are valid for all Vour such that OV < Vour < Vee, E1 = Vi or E2 = Vi, and

Vce in valid operating range.
Capacitances are sampled and not 100% tested.

CONDITIONS
IS ettt et e e e e e e — e e e e e e eba e e e e aba e e e aataaaeaes

LY ZoTo T T T O UPR
Figure 3 : Output Load Circuits.
+50V +50 V
$ 470 oHms $ 470 onMs
3
DEVICE S'E‘VD'EC:
UNDER
TEST TEST
I I i -
$2000HMs T 1000 é 240 OHMs  —1— PF
| eNnD 1 ano
* INCLUDES SCOPE AND TEST JIG.
) ®)
4/10 L[§7 SGS-THOMSON
Y/ ricrocLECTRONICS
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MK48H64-70/120

OPERATIONS

READ MODE

The MK48H64 is in the Read mode whenever Write
Enable (W) is high with Output Enable (G) low, and
both Chip Enables (E1 and E2) are active. This
provides access to data from eight of 65,536 loca-
tionsin the static memory array. The unique address
specified by the 13 Address Inputs defines which
one of the 8192 8-bit bytes is to be accessed.

Figure 4 : Read Timing N°1 (Address Access).

Valid data will be available at the eight Output pins
within tayoy after the last stable address, providing
Gis low, E1 is low, and E2 is high. If Chip Enable or
Output Enable access times are not met, data ac-
cess will be measured from the limiting parameter
(te1Lav, tezHav, or taLav) rather than the address.
The state of the DQ pins is controlled by the E1, E2,
G, and W control signals. Data out may be indeter-
minate at te1Lax, te2Hax, and taLax, but data lines will
always be valid at tavav.

ad Lavav -]
ADDRESS >(
- lLyav
[ taxax
[]e} PREVIOUS DATA DATA VALID

Note : Chip Enable and Output Enable are presumed valid.

Figure 5 : Read Timing N° 2 (W = Vin).

ADDRESS

X

tezmov

L1/
’ PEE—

o ——=

c&&\\&\\{j 777

——

Do

4( DATA VALID )—-—-—

‘y_l SGS-THOMSON
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MK48H64-70/120

READ CYCLE TIMING

Symbol 48H64-70 48H64-120
Parameter 48H64L-70 48H64L-120 Unit | Notes
ALT. STD. Min. Max. Min. Max.
tae | tavav | Read Cycle Time 70 120 ns
taa tavqv | Address Access Time 70 120 ns 1
tcea |te1Lqv | Chip Enable 1 & 2 70 120 ns
1 & 2 | tgopqy | Access Time 70 120 ns 1
toea | teLqv | Output Enable Access Time 35 50 ns 1
tcer | ter1ax | Chip Enable 1 & 2 to 5 5 ns
1 & 2 |tgonqy | Output Low-Z 5 ns
toer | teLax | Output Enable to Low-Z 0 ns
tcez | te1Haz | Chip Enable 1 & 2 to 30 40 ns
1 &2 | tgpqz | High-Z 30 40 ns
toez | fanaz | Output Enable to High-Z 30 40 ns
ton taxax | Output Hold From Address Change 5 5 ns 1
WRITE MODE
The MK48H64 and MK48H65 are in the Write mode If the Output is enabled (E1 = low, E2 = high, G =

whenever the W and E1 pins are low, with E2 high.
Either Chip Enable pin or W must be inactive during
Address transitions. The Write begins with the con-
currence of both Chip Enables being active with W
low. Therefore address setup times are referenced
to Write Enable and both Chip Enables as tavwi,
tAVEIL, an yd tavesH rGSpGCuvc:ly‘, and is determined to
the latter occurring edge. The Write cycle can be ter-
minated by the earlier rising edge of E1 or W, or the
falling edge of E2.

6/10
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low), then W will return the outputs to high im-
pedance within twLaz of its falling edge. Care must
be taken to avoid bus contention in this type of
operation. Data-in must be valid for tovwH to the
rising edge of Write Enable, or to the rising edge of
E1 or the faIling edge of E2, whichever occurs first,
and remain valid twrpx after the rising edge of E1
or W, or the falling edge of E2.
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MK48H64-70/120

Figure 6 : Write Timing N 1 (W control).

ADDRESS

E;

£

Lava —————1
fe———————————— Lywn
_ﬂ twen
Land tewem terax — =
[ twem [e— teyax — 9=
' teanea

. ly gy ————————

twaz P —

e twuax —o=

lorox  fel—

tovwn ——

F— twiox -———-.1

DATA IN VALID

7110
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Figure 7 : Write Timing N° 2 (Ey).

ADDRESS

A

A

AVWH

t,

« N\

EILEW

Fa— - Laven ——t

F— Yavean —o]

—t

1,

E2LAX

] -
|EINEZI
T o 'WLWH - E—
" Vi
———— tovwn e —
[+%%) DATA-IN VALID
‘E‘ le
WRITE CYCLE TIMING
Symbol 48H64-70 68H64-120
Parameter 48H64L-70 68H64L-120 Unit | Notes
ALT. | STD. Min. Max. Min. Max.
twe | tavav | Write Cycle Time 70 70 ns
tas | tavwL | Address Set-up Time to Write 0 0 ns
Enable Low
tas | tave1L | Address Set-up Time to Chip Enable 0 0 ns
tavezn
taw | tavwn | Address Valid to End of Write 60 85 ns
twew | twown | Write Pulse Width 60 70 ns
tan twHax | Address Hold Time after End of Write 10 10 ns
tcew |tE1LEtn| Chip Enable to End of Write 60 70 ns
tE2HE2L
twr | teinax | Write Recovery Time to Chip Disable 10 10 ns
teaax
tow | towwn | Data Valid to End of Write 40 40 | ns
ton | twhox | Data Hold Time 0 0 ns
twer | twuox | Write High to Output Low-Z (active) 0 0 ns 2
twez | twigz | Write Enable to Output High-Z 30 35 ns 2
8/10 Lyy SGS-THOMSON
Y/ ucroLEcTRONICS
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MK48H64-70/120

Figure 8 : Low Vcc Data Retention Timing.

DATA RETENTION MODE

ec v,

E1 CONTROL 22v

o ~ L
- ~
< <

|
€202V
E2 CONTROL osv

LOW V.. DATA RETENTION CHARACTERISTICS

Symbol Parameter Value Unit | Notes
Min. Max.
EF{ V¢ Data Retention - o 2.0 Vecmin Y
o ICCDE Data Retention Power Supply Current, MK48H64 500 pHA 3
lccDR Data Retention Pow;t-.;} Supply Current, MK48H64L 25 HA 3
~Ton Chip Deselection to Data Retention Time 0 ns
ta Operation Recovery Time tavav: ns
Note : tavav = Read Cycle Time.
ORDER CODES
B Part Number Access Time Package Type Temperature Range
MK48H64N-70  7ons 28 pin 600 mil Plastic DIP 0°C to 70°C
MK48H64N-120 120ns 28 pin 600 mil Plastic DIP 0°C to 70°C
MK48H645-70 70ns 28 pin 330 mil SOIC 0°C to 70°C
MK48H64S-120 120ns 28 pin 330 mil SOIC 0°C to 70°C
| MK48H64LN-70 70ns 28 pin 600 mil Plastic DIP 0°C to 70°C
MK48H64LN-120 120ns ' 28 pin 600 mil Plastic DIP 0°C to 70°C
MK48H64LS-70 70ns 28 pin 330 mil SOIC 0°C to 70°C
| MK48H64LS-120 120ns 28 pin 330 mil SOIC 0°C 10 70°C
L7 35S THONGN o
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MECHANICAL DATA
Figure 7 : MK48H64 28-Pin Plastic DIP (N), 600-Mil.

mm Inches
Dim.[—
Min. [Typ. [Max.|Min. | Typ. |Max.
A
at 0.63 025
B 0.45 018
b1 | 023 0.31]0.009 012
b2 1.27 050
C
D 37.34 1.470
[, D E— - E [15.20 16.68/0.598 657
| e 254 100
f kL] L]
el 33.02 1.300
K1
— ) ed
B F 14.10 555
) " | 4.45 A75
! L 3.30 130
POL3-D/3
K1
K2
Eirmiira O « MWUAQLICA DQ | and Dlaatin AMinran Limmas /Q\ ANN_AAI
TIYuire 0 . ViTOT10% c07LTCau riastu vilklupavnayre (o), ouu-ivill
D
28
ﬂﬂﬂ”ﬂﬂﬂﬂﬂ_ﬂ” “ ” “ Inches
Dim.
Min. Max
A 120
E H Al .002 .014
A2 .092 106
B .014 .020
[¢]
B1 014 .024
IR o] e | oz
' D 697 728
E .324 .350
e .050 Basic
H 453 .500
L .016 .050
o 0° 8¢

10710 L7 $5S:THOMSON
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v, SGS-THOMSON MK48H89(N)
I GaicrozLECTROMNICS -20/25/35

73,728-BIT
8K X 9 CMOS FAST SRAM

ADVANCE DATA

= BYTEWYDE 8K X 9 CMOS FSRAM PIN CONNECTION

s FAST ACCESS TIMES, 20,25,35NS MAX.

= EQUAL ACCESS AND CYCLE TIMES

s LOW Vcc DATA RETENTION 2 VOLTS

= THREE STATE OUTPUT

= STANDARD 28-PIN PACKAGE IN 300 MIL PLA-
STIC DIP

N/IC d L] @] vce

A12 Lé: F_ﬂ w
DESCRIPTION a7 (3] 6] E2
The MK48H89 is a 73,728-bit static RAM, organi- A6 (4] %] As
zed as 8K X 9 bits. It is fabricated using SGS- —
Thomson’s low power, high performance, as 5] [24] ae
CMOS technology. The device features fully At (5] 5] A
static operation requiring no external clocks or - -
timing strobes, with equal address access and AL 2] @
cycle times. It requires a single + 5V + 10% a2 (3] MK48H89 21]  A10
supply, and all inputs and outputs are TTL com- o . —
patible. A N 12 e
The MK48H89 has a Chip Enable power down A0 [10] 9] a7
feature which sustains an automatic standby Dao 8] oas
mode whenever either Chip Enable goes inac- )
tive (E1 goes high or E2 goes low). An Output oot [ L7} oas
Enable (G) pin provides a high speed tristate DQ 2 76] Dpaa
control, allowing fast read/write cycles to be -
achieved with the common-I/O data bus. Ope- Vss s pas

rational modes_are determined by device ———
control inputs W, G, E1 and E2, as summarized
in the truth table.

PIN NAMES

r Ao A127 B  |Address nputs | MK48H89 TRUTH TABLE -
DQo-DQs _|DataliOos | |W |[E; [E2 |G |MODE DQ |POWER
1= Chip Enable 1, Active Low X |H X X |Deselect |Hi-Z |Standby
E Chip Enable 2, Active High | X X L X _|Deselect |Hi-Z |Standby
G B (OE) Output Enable H IL |H H |Read Hi-Z |Active
w Write/read Enable H |L |H |L |Read Qourt_|Active
VecVss |+5V, GND L L H X |Wite  [Dn_|Active
October 1989 1/2

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK48H89(N)-20/25/35

READ MODE

The MK48H89 is in the Read mode whenever
Write Enable (W) is high with Output Enable
(G) low, and both Chip Enables (E1 and E2)
are active. This provides access to data from

nine of 73,728 locations in the static memory ar-

ray, specified by the 13 address inputs . Valid

data will be available at the nine Output pins wi-

thin tavav after the last stable address, provi-
ding G is low, E1 is low, and E2 is high. If Chip
Enable or Output Enable access times are not
met, data access will be measured from the li-
miting parameter (te1Lav, te2Hav, Or taLav) ra-
ther than the address. Data out may be inde-
terminate at te1Lax te2Hax, and tcLax, but data
lines will always be valid at tavav.

WRITE MODE

The_MK48H89 is in the Write mode whenever
the W and E+ pins are low, with E2 high. Either
Chip Enable pin or W must be inactive during
Address transitions. The Write begins with the

MK48H89 BLOCK DIAGRAM

concurrence of both Chip Enables being active
with W low. Therefore, address setup times are
referenced to Write Enable and both Chip En-
ables as tavwi, taveiL and taveen respectively,
and is determined to the latter occuring edge.
The Write cycle can be terminated by the ear-
lier rising edge of E1, W, or the falling edge of
E2.

If the Output is enabled (E1 = low, E2 = high,
G = low), then W will return the outputs to
high impedance within twLaz of its falling edge.
Care must be taken to avoid bus contention in
this type of operation. Data-in must be valid
for tovwH to the rising edge of Write Enable, or
to the rising edge of E1 or the falling edge of
E2, whichever occurs first, and remain valid
twHDX .

DQ

A _D};

= Veo
— Vgg
MEMORY
ROW
ARRAY
DECODE
(256 x 32 x 9)

weur | | iociRcurts |
DATA  —
CTRL | | COLUMN

| DECODE |

e

2/2
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SGS-THOMSON
MICROBLECTRONICS

MK48H98/99(N)
-20/30/40

73,728-BIT

8 K X 8/9 CMOS PARITY SRAM

BYTEWYDE 8K x 9 CMOS STATIC RAM
CONFIGURABLE: x9/ or x8 plus PARITY
20,30,40ns DATA ACCESS TIMES
25,35,45ns PARITY ERROR ACCESS TIMES
FAST CYCLE TIMES = 25,35,45ns

28-PIN 300 MIL PLASTIC DIP

DESCRIPTION

The MK48H98/99 is a 73,728-bit CMOS Parity
SRAM, organized 8K x 9 using SGS-THOMSON

Microelectronics’ advanced HCMOS process te-

chnology. The MK48H98/99 has a Chip Enable

power down feature which sustains an automat-

ic standby mode whenever Chip Enable ( E)
goes inactive high. An Output Enable ( G ) pin
provides a fast high impedance control, allo-
wing fast read/write cycles to be achieved with
the common-1/O data bus.

This device offers a high performance CMOS
static RAM with a parity generator/checker op-
tion on chip. The PE input allows the device to
be configured with or without the parity func-
tion. When parity is enabled, true parity is ge-
nerated and stored internally during write ope-
rations. Parity data is accessed and checked
during read operations. The MK48H98 em-
ploys an internal even parity scheme, while the
MK48H99 employs an odd parity scheme. The
PERR pin is an open-collector output for parity
error detection, and easy wired-OR system im-
plementation. If parity is disabled, then DQg

is simply another data 1/O buffer with a totem-
pole configuration. The Parity SRAM requires
a single +5 volt supply + 10%, and all inputs
and outputs are TTL compatible.

October1989

ADVANCE DATA

PIN CONNECTION

Plastic DIP
o

Ag 1 [|® ] 28 Vecc

A 2 [ ()27 W

Ag 3 L] ] 26 PE

Ay 4[] 125 A

Ag 5 L[| ] 24 Ay

Ag 6 | MK48H98 [] 23 Ag

A10 7 [ mkasHes || 22 G

A1y 8 [] 121 A3

Ap 9 [ 120 E

pag 10 [ 7 19 DQg/PERR

DQq 11 # '] 18 DQ7

DQo 12 | '] 17 DQg

DQ3 13 [ ] 16 DQsg

Vss 14 [ ] 15 DQg4
PIN NAMES
Ao-Arz Address Inputs B
|DQo-DQ7 DataliOGo7 |
| DQs/PERR Data 1/Os, Parity Error
E1 Chip Enable
PE Parity Enable |
G (OE) Output Enable
\TV Write/read Enable
Vee,Vss [+5V, GND |

1/3

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice
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MODES OF OPERATION

As previously mentioned, the PE input can
configure the MK48H98/99 to internally gene-
rate and check true parity. When the PE input
is a logic zero (ViL), the parity function (parity
generator/checker) is enabled. If PE is a logic
one (Vin), the device is configured as a stand-
ard 8K x 9 SRAM. The device configuration
can be accomplished by tying the PE input ei-
ther high or low, depending upon the desired
mode of operation. For diagnostic purposes, a
parity error can be forced by writing a false pari-
ty bit pattern (PE= ViH), and reading with pari-
ty true (PE= ViL). This defines a dynamic ap-
proach for mix-mode operation in addition to
the basic device modes.

The mix-mode operation allows the parity func-
tion to be enabled while Writing (PE = Vi),
and disabled during Read operations (PE =
ViH). This provides the user with self-generated
parity from the Parity SRAM, with an external
system parity bit. Conversely, parity can be di-
sabled while Writing (PE = Vi), and true pari-
ty checked_internally with a device parity error
detection (PERR) during Read operations (PE
= V). This mode allows the device to check
system generated parity without designing ex-
ternal parity logic. However, transceiver logic is
required for DQg/PERRIn this mode. The
MK48H98/99 Truth table depicts all modes of
operation. This includes either static or dyna-
mic mode operations.

MK48H98/99 TRUTH TABLE

E | W| G PE| MODE | DQ

H X X X Standby Hi-Z |

L L | X | H | writex9" | bDn

L H | L | H | Readx9" |Dour

L H| H H | ReadX9" | H-Z |

L L | X | L | wiex8?® | Dn
L H L L L | Readx8® | Dour |
| LI H | H | L | Readxs8? | Hiz
NOTES :

(1) Operation and configuration as an 8K X 9 SRAM
(PE= High)

(2)__ Generate and store true parity during Write Cycles;
PERR enabled and valid during Read Cycles (PE= Low)

2/3
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READ MODE

The MK48H98/99 is in the Read mode when-
ever Write Enable (W) is high and Chip Enable
(E) is low. This provides access to data from
nine of 73,728 locations in the static memory ar-
ray. If Parity Enable (PE) is high, data is acces-
sed as a 9-bit word; if PE is low data is acces-
sed as an 8-bit word plus parity error (PERR).
The unique address is specified by the 13 ad-
dress inputs. Valid data will be available at the
DQ OQutput pins within tavav after the last sta-
ble address, and PERRwill be valid within_
tavpy of the last stable address providing G, E,
and PE are low (see truth table for logic op-
tions). If E, PE, or G access times are not met,
data access and parity error access times will
be measured from the limiting parameter
teLav, teLpy, tPELPY, tPEHQV , tGLaV, OF taLpv ra-
ther than the address.

WRITE MODE

The MK48H98/99 is in the Write mode when-_
ever the W and E pins are low. Either E or W
must be inactive during Address transitions.
The Write begins with the concurrence of E
and W being active low. Therefore, address se-
tup times are referenced to W, E, and/or PE as
tavwi, taveL and taveeL respectively, and is de-
termined to the latter occurring edge. The
Write cycle can be terminated by the earlier ri-
sing edge of Write Enable or Chip Enable. Pari-
ty Enable (PE) allows the on-board parity func-
tion to generate true parity if active low, but
cannot terminate a write cycle by going high.

If the Output is enabled (E = low, and G =
low), then W will return the outputs to high im-
pedance within twiaz of its falling edge. Care
must be taken to avoid bus contention in this
type of operation. Data-in must be valid for
tovwh to the rising edge of W, E or PE, whiche-
ver occurs first, and remain valid twHpx.

MICROELECTRONICS
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MK48H98/99 BLOCK DIAGRAM N°. 1

o]

""" o

E J CONTROL
W Loaic
£
G —*
AX | "
ROW MEMORY OATA -
ADDRESS
MATRIX o
(8) BUFFER ] <L_ - >
BUFFER
DECODER 256 x32x 8 Qg DG 7
A, —
PARITY DATA 10
ﬂ | — >
| MATRIX &
256 x 32 x 1 PARITY 1/0 o
X BUFFER DQg/PERR
CONTROL | o] ‘
l—"——§
Ay — COLUMN —® PARITY
ADDRESS GENERATOR
®) BUFFER
CHECKER
AY B — E—
BLOCK DIAGRAM N°. 2
A E ] le— vce
MEMORY s le— vss
L] >
¢ | Row ARRAY 5
® ® c 5
e | DECODE 3
® (256 x 32 x 8) z 8
L] g o
<
a
T

| COLUMN

DECODE

/O CIRCUITS ‘
jl 1

PARITY
GEN./
CHECKER

¢— CE

N2
A

Enable

;f </
- h ° A

{

[o]e} 0

[a]e] 7 DQB /PERR

.
| | [ Enable

K98LOGIC

SGS-THOMSON
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:—- SGS-THOMSON MK48S74(N,X)-20/22/25
Y/ MicroELEcTRONICS MK48S75(N)-20/22/25

64K (8K x 8-BIT) FAST CMOS TAGRAM "

ADVANCE DATA

= 8K x 8 CMOS SRAM WITH ONBOARD COM-
PARATOR

= ADDRESS TO COMPARE ACCESS 20/22/25ns

s FAST CHIP SELECT TO COMPARE ACCESS
15ns

= MATCH OUTPUT WITH FAST TAG DATA TO
COMPARE ACCESS OF 12/15ns (max.)

s STATIC OPERATION - NO CLOCKS OR
TIMING STROBES REQUIRED

= ALL INPUTS AND OUTPUTS ARE FULLY TTL N
COMPATIBLE DIP-28
s FULL CMOS FOR LOW POWER OPERATION (Plastic Package)

= OPEN DRAIN MATCH OUTPUT
= THREE-STATE OUTPUT

= 28 PIN 300/600 MIL DIP (MK48S74N/75N) Figure 1 : Pin Connections.
= 28 PIN 330 MIL SOJ (MK48X74S)
» HIGH SPEED ASYNCHRONOUS RAM CLEAR P‘-:&W
RS 1 e ~ [] 28 Voo
A 2 [ 27 w
Ay 30 [1 28 - MATCH
Aeg 4 [ [ 26 Ag
DESCRIPTION Ag &5 O O 2 Ag
The MK48S74/75 are a 65,636-bit fast static cache Ay 6 [ M 23 Ay
TAGRAM organized as 8K x 8 bits. It is fabricated Ay 7 masss (2 5
using SGS-THOMSON Microelectronics low power, Ap 8 [ M48S75 5 o Ay
high performance, CMOS technology. The Ay 9 O N> §
MK48S74/75 features fully static operation requiring Ag 10 [ 1 10 0O,
no external clocks or timing strobes, and equal ad- pa. 11 d N 5 o
dress access and cycle times. The device requires m“ 2 O H m‘
a single + 5V = 10 percent supply, and is fully TTL 1 5
compatible. Da, 19 O H 16 oq,
The MK48S74/75 has a fast Chip Select control for Vo 1 [ H 15 Doy

high speed operation to Match Compare valid, and
device select/deselect operations. Additionally, the
MK48S74/75 provides a Reset Clear, and Match PIN NAMES
compare pin. The Reset Clear input provides an Ao - Ara
asynchronous RAM clear control which clears all in-
ternal RAM bits to zero in only two cycles. The DQo - DQ7 | - Data Input/output
MATCH output features an open-drain for wired OR S — Chip Select
operation. During a match compare cycle, an on- w — Write Enable
G

— Address Inputs

board 8-bit comparator compares the Data Inputs

(8-bit TAG) at the specified address index (Ao-A12) — Output Enable

to the internal RAM data. If a match exists, the Vee —+5V

MATCH output issues a HIGH match valid signal. If Vss - Ground

amiss condition exists, where at leastone bitof TAG RS Reset Flash Clear

data does not match the internal RAM, then the MATCH Match O

MATCH output issues a LOW miss signal. ateh Output

October 1989 112

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK48S74/75-(N,X)-20/22/25

ABSOLUTE MAXIMUM RATINGS*

.

Parameter Value Unit
Voltage on any Pin Relative to GND -10t0 7.0 \'
Ambient Operating Temperature (Ta) 0to+70 °C
Ambient Storage Temperature (plastic) -55t0+ 125 °C
Ambient Storage Temperature (ceramic) - 65to + 150 °C
Total Device Power Dissipation 1 Watt
Output Current per Pin 50 | mA |

Stresses greater than 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 other conditions beyond those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability.

TRUTH TABLE (MK48SH74/75)

w S G RS Mode DQ Match
X X X L Reset Clear High-Z High-Z
X H X H Deselect High-Z High-Z
H L H H Miss-NOmatch D Low
H L H H Match Din High-Z
H L L H Read Qour High-Z
L L X H Write D High-Z
RECOMMENDED DC OPERATING CONDITIONS (0°C < Tp <+ 70°C)
Symbol Parameter Value Unit Notes
Min. Typ. Max.
Vece Supply Voltage 45 5.0 55 \" 4
Vss | Supply Voltage 0 0 0 Vv 4
Vin Logic 1 Voltage, all Inputs 2.2 Vce + 0.3 \ 4
Vie Logic 0 Voltage, all inputs -03 0.8 Vv 4
DC ELECTRICAL CHARACTERISTICS
(0°C £Tp £+ 70°C) (Ve = 5.0 £ 10 percent)
Symbol Parameter Value Unit Notes
Min. Typ. Max.
lect Average Power Supply Current f = min Cycle 150 mA 5
lcco | Average Power Supply Current f = 0 110 mA 6
I Input Leakage Current (any input pin) -1 +1 uA 7
loL Output Leakage Current (any Q output pin) -5 +5 uA 8
Von | Output Logic 1 Voltage (lgyr = — 4mA) 24 Vv 4
Voo | Output Logic 0 Voltage (Igyt = + 8mA) 0.4 Vv 4
VoL Match Output Logic 0 Voltage (loyt = 18mA) 04 | VvV | 4 |
= Lyr SESTHONSON
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MK48S74/75-(N,X)-20/22/25

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

Value .
Symbol Parameter Unit Notes
Min. Typ. Max.
Cy Capacitance on Input Pins 4 5 pF 9
Cs Capacitance on DQ Pins 8 10 pF
Notes : 1. Measured with load shown in figure 2(A).
2. Measured with load shown in figure 2(B).
3. Measured with load shown in figure 2(C).
4. All voltages referenced to GND.
5. leci is measured as the average AC current with Vce = Vee (max) and with the outputs open circuit. tavav = tavav
(min) duty cycle 100%.
6. lcce is measured with outputs open circuit.
7. Input leakage current specifications are valid for all Viy such that 0V< Vin < Vcc. Measured at Vec = Vec (max).
8. Output leakage current specifications are valid for all Vour such that 0V< Vour < Vce, S = Viu, and Vce in valid

operating range.

AC TEST CONDITIONS

INPUL LEVEIS ...
Transition TIMES.........ccooiiiiiiiiii e
Input and Output Signal Timing Reference Level ............................
Ambient Temperature............c.ccccviiniininirise e
VGt tt ettt ettt et r e aeenees

Figure 2 : Output Load Circuits.

............................ GND to 3.0V

............................ 1.5V
............................ 0°Cto 70°C
............................ 5.0V £ 10 percent

+5V +5V
2 470 470
ohms ohms
D.U.T. D.U.T.
|
240 ;\_ 30 pF* 240 5 pF*
ohms

I =iy

— “lIncludes scope and test jig. =

+5V

% 270
ohms
MATCH
D.U.T.

30 pF

]

MK801TD,
(A) (B) (C)
. 312
b7 S5Na0s
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MK48S74/75-(N,X)-20/22/25

OPERATIONS

READ MODE

The MK48S74/75 are in the read mode whenever
Write Enable (W) is HIGH with Output Enable (G)
LOW, and Chip Select (S) is active. This provides
access to data from eight of 65,536 locations in the
static memory array. The unique address specified
by the 13 Address Inputs defines which one of the
8192 8-bit bytes is to be accessed.

Figure 3a : Read Timing N'1 (address access).

Valid data will be available at the eight Output pins
within tavav after the last stable address, providing
G is LOW, and S is LOW. If Chip Select or Output
Enable access times are not met, data access will
be measured from the limiting parameter (tsLav or
taLav) rather than the address. The state of the DQ
pins is controlled by the S, G, and W control signals.
Data out may be indeterminate at tsLox and taLax,
but data lines will always be valid at tavav.

t sLax

t avav -
ADDRESS —{
et axax
DQ PREVIOUS DATA DATA VALID
NOTE: Chip Select and Output Enable are presumed valid, W = Vi
Figure 3b : Read Timing N°2 (W = V).
taunv —i
ADDRESS >< >~/
tavav
le——t .oy ——— tshaz _F‘

— //// /A

\\\\\\\\\\ <
N

NI NS

GLav >

t GHQzZ

% 7 ; s %////////1

L— GLQX —

-< DATA VALID >—7

4/12 [7— SGS-THOMSON
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MK48S74/75-(N,X)-20/22/25

AC ELECTRICAL CHARACTERISTICS (read cycle timing)

(0°C < To £70°C) (Ve = 5.0 £ 10%)

Symbols Parameter - 20 - 22 - 25 Unit | Notes
ALT. STD. Min. | Max. | Min. | Max. | Min. | Max
tre tavav Read Cycle Time 20 25 25 ns
taa tavav Address Access Time 20 25 25 ns 1
| tosa tsLav Chip Select Access Time 15 15 15 ns
toea taLav Output Enable Access Time 10 12 15 ns 1
tosL tsLax Chip Select to Output Low-Z 0 0 0 ns
toeL teLax Output Enable to Low-Z 0 0 0 ns
tesz tshaz | Chip Select to High-Z 0 10 0 10 10 ns
toez tanaz | Output Enable to High-Z 10 12 15 ns 2
ton taxax Output Hold from Address 3 3 3 ns 1
Change
STl ==
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WRITE MODE

The MK48S74/75 is in the Write mode whenever the
W and S pins are LOW. Chip Select or W must be
inactive during Address transitions. The Write be-
gins with the concurrence of Chip Select being ac-
tive with W LOW. Therefore address setup times are
referenced to Write Enable and Chip Select as tavwL
and tavsL, and is determined to the latter occurring

Figure 4a : Writing Timing N°1 (W control).

edge. The Write cycle can be terminated by the ear-
lier rising edge of S or W._

If the Output is enabled (S = LOW, G = LOW), then
W will return the outputs to high impedance within
twLaz of its falling edge. Care must be taken to avoid
bus contentionin this type of operation. Data-in must
be valid for tovwr to the rising edge of Write Enable,
or to the rising edge of S, whichever occurs first, and
remain valid twHpx after the rising edge of S or W.

t AVAV

ADDRESS <

A

t AVWH

s /
> tavst Lo
tsisn —  at

W / twewn —
J = taw re——twox ———>
r—twiaz
toiax —™
s A [
toraz “t ovwh -#re—1 wiox T
DATA IN VALlDT @

6/12

[77 SGS-THOMSON
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MK48S74/75-(N,X)-20/22/25

Figure 4b :

Write Timing N°2 (S control).

tavav
ADDRESS ><
I —— — tawn — -t gax
B O E——
s /
1 tavs
W — twwn /‘1 /
tovwn —=re—t whox ‘—>1
DQ DATA IN VALID )’/

"G =V

AC ELECTRICAL CHARACTERISTICS (write cycle timing)
(0°C < T, £70°C) (Ve = 5.0 + 10%)

Symbols Parameter - 20 - 22 - 25 Unit | Notes

ALT. STD. Min. | Max. | Min. | Max. | Min. | Max.

twe tavav Write Cycle Time 20 25 25 ns

tas tavwi Address Set-up Time to Write 0 0 0 ns
Enable Low

tas tavsL Address Set-up Time to Chip 0 0 0 ns
Select

taw tavwn | Address Valid to End of Write 15 20 20 ns

twew twwn | Write Pulse Width 15 20 20 ns

tAH twiax | Address Hold Time after End 0 0 0 ns
of Write

tosw tsis | Chip Select to End of Write 15 20 20 ns

twr tsHax Write Recovery Time to Chip 0 0 0 ns
Deselect

tow towws | Data Valid to End of Write 10 13 30 ns

ton twiox | Data Hold Time 0 0 0 ns

hIWEL twHox | Write High to Output Low-Z 0 0 ns 2

(active)

twez twqz | Write Enable to Output High-Z 5 7 7 ns 2

[Ny SGS-THOMSON n2
Y/ WicRoELECTROMICS
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COMPARE MODE

The MK48S74/75 are in the Compare mode when-
ever W and G are HIGH provided Chip Select (S) is
active LOW. The 13 index address inputs (Ao-A12)
define a unique location in the static RAM array. The
data presented on the Data Inputs (DQo-DQ7) as
Tag Data is compared to the internal RAM data as
specified by the index. If all bits are equal (match)
then a hit condition occurs (MATCH = HIGH). When
at least one bit is not equal, then MATCH will go

LOW signifying a miss condition.

The MATCH output will be valid taymv from stable
address, or trvmv from valid Tag Data when S is
LOW. Should the address be stable with valid Tag
Data, and the device is deselected (S = HIGH), then
MATCH will be valid tsimv from the falling edge of
Chip Select (S). When executing a write-to-compare
cycle (W = LOW, and G = LOW or HIGH), MATCH
will be valid twHmv or tgumv from the latter rising
edge of W or G respectively.

AC ELECTRICAL CHARACTERISTICS (match compare cycle timing)

(0°C < T <70°C) (Voo = 5.0 + 10%)

Symbols Parameter - 20 - 22 - 25 Unit Note]
ALT. STD. Min. | Max. | Min. | Max. | Min. | Max.
tama tavmy | Address to MATCH Valid - 20 - 22 25 ns 2
tosm tsLmv Chip Select to MATCH Valid - 15 - 15 - 15 ns 2
tesmH tsumy | Chip Deselect to MATCH High - 10 - 12 - 12 ns 2
toma trymv | Tag Data to MATCH Valid - 12 - 15 - 15 ns 2
toem taumv | G High to MATCH Valid - 15 - 15 - 15 ns 3
toemd | tomn | G Low to MATCH High - 10 - 12 - 12 ns 3
twem | twawv | WHigh to MATCH Valid - 15 - 15 - 20 ns 3
twems | twown | W Low to MATCH High - 12 - 12 - 15 ns 3
tMHA tanmv | MATCH Hold from Address 3 - 3 - 3 - ns 3
ko toumy | MATCH Hold from Tag Data 0 - 0 - Q - ns 3
Figure 5 : Match Compare Timing.
ADDRESS
tM)(AX_>
tAVMV —"ﬂ
W 9/ "/
B tWHM\/
twim ——
s Q7%
tGHM\/
‘ tGLMH —’{
S N \\ SO\ 7'(
S \\\\\«\\\‘«\ \ N }
DQ 3—! TAG DATA VALIW
— trw ‘
MATCH MATCH VALID
812 Ly7 SGS-THOMSON
Y/ icrorEcTRONICS
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MK48S74/75-(N,X)-20/22/25

RESET MODE

The MK48S74/75 allows an asynchronous reset
clear whenever RS is LOW regardless of the logic
state on the otherinput pins. Reset clears all internal
RAM bits (65536 bits) to a logic zero as long as trsL-
RsH is satisfied. The state of the outputs is determi-

ned by the control logic input pins S, W, and G du-
ring reset (see truth table). The MATCH _output will
90 HIGH trst-mH from the falling edge of RS, and all
inputs will not be recognized until trsH-av from the
rising edge of reset (RS).

AC ELECTRICAL CHARACTERISTICS (reset clear cycle timing)

(0°C < T, £70°C) (Voo = 5.0 + 10%)

Symbols Parameter - 20 - 22 - 25 Unit | Notes
ALT. STD. Min. | Max. | Min. | Max. | Min. | Max.
tac trsc Flash Clear Cycle Time 40 0 50 ns
trsx tasLax | Reset Clear (RS) to Inputs 0 0 0 ns
Don’t Care
tasv | trswav | RS to Inputs Valid 5 5 5 ns
tasp | tsi-msH | Reset (RS) Pulse Width 35 40 40 ns
tasw | tasLmn | Reset (RS)to MATCH High 15 15 15 ns
Figure 6 : Reset Timing.
COMPARE RESET CLEAR
|‘ t RSC |
ADDRESS %
t ASL-AX — t RSH-AV
— T tRSL RSH “——’_"/——’_“——‘
RS p
tasnay ™ i
W / & NN NN

/|

AR

Pasim

MATCH

Note : G = high for this example.

MATCH VALID

&7

S-THOMSON 912

MICROELECTROMICS
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MK48S74/75-(N,X)-20/22/25

APPLICATION

The MK48S74/75 operates from a 5.0 volt supply.
It is compatible with all standard TTL families on all
inputs and outputs. The device should share a solid
ground plane with any other devices interfaced with
it, particularly TTL devices. A pull-up resistor is also
recommended for the RS input. This will ensure that
any low going system noise, coupled onto the input,
does not drive RS below Viq minimum specifica-
tions. This will enhance proper device operation,
and avoid possible partial flash clear cycles. Addi-
tionally, because the outputs can drive rail-to-rail in-
to high impedance loads, the MK48S74/75 can also
interface to 5 volt CMOS on all inputs and outputs.
The MK48S74/75 provides the system designer
with 64K fast static memory, a MATCH output, and
a BYTEWIDE™ on-board comparator - all in one
chip. The MK48S74/75 compares contents of ad-
dressed RAM locations to the current data inputs. A
logic one (1) output on the MATCH pin indicates that
the input data and the RAM contents match.
Conversely, a logic zero (0) on the MATCH pin in-
dicates at least one bit difference between the RAM
contents and input TAG data generating a miss. The
MATCH outputis constructed with an open drain ar-
rangement. This provides easy wired-OR imple-
mentation when generating a composite MATCH
signal.

10112 Ly S5S-THOMSON

In a cache subsystem, the MATCH signal provides
the processor or CPU with the necessary informa-
tion concerning wait state conditions. The purpose
of a cache subsystem is to maintain a duplicate copy
of a portion of the main memory. When a valid match
occurs, the system processor uses data from the
fast cache memory, and avoids longer cycles to the
main memory. Therefore, implementing cache sub-
systems with the MK48S74/75, and providing good
hit or match ratio designs will enhance overall sys-
tem performance.

Because high frequency current transients will be as-
sociated with the operation of the MK48S74/75, po-
wer lines inductance must be minimized on the circuit
board power distribution network. Power and ground
trace gridding or separate power planes can be em-
ployed to reduce line inductance. Though often times
not thought of as such, the traces on a memory board
are basically unterminated, low impedance transmis-
sion lines. As such they are subject to signal reflec-
tions manifested as noise, undershoots and
excessive ringing. Series termination in close proximi-
ty tothe TTL drivers can improve driver/signal path im-
pedance matching. While experimentation most often
proves to be the only practical approach to selection
of series resistors, values inthe range of 10to 33 ohms
often prove most suitable.

MICROELECTRONICS
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MK48S74/75-(N,X)-20/22/25

MK (48SXX| (N |20

B -~ Speedgrade

~___ Package Type
N : Plastic DIP
X:S0J

_ Device family and
identification number

SGS-THOMSON

T - preﬁx
ORDER CODES

Part No. Match Access Time Cycle Time Package Type Temperature
MK48S74N20 20ns 20ns 28 pin 300 mil DIP 0°C to 70°C
MK48S74N22 22ns 25ns 28 pin 300 mil DIP 0°C to 70°C
MK48S74N25 25ns 25ns 28 pin 300 mil DIP 0°C to 70°C
MK48X74X20 20ns 20ns 28 pin 330 mil SOJ 0°C to 70°C
MK48X74X22 22ns 25ns 28 pin 330 mil SOJ 0°C to 70°C
MK48X74X25 25ns 25ns 28 pin 330 mil SOJ 0°C to 70°C
MK48S75N20 20ns 20ns 28 pin 600 mil DIP 0°C to 70°C
MK48S75N22 22ns 25ns 28 pin 600 mil DIP 0°C to 70°C
MK48S75N25 25ns 25ns 28 pin 600 mil DIP 0°C to 70°C

L7 SN o
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MECHANICAL DATA
Figure 7 : MK48S75 28 Pin Plastic DIP (N) 600 MIL.

‘\f" — ‘1“ \ mm Inchesﬁg
| - c It Dim. — -
‘3 ) -} \ Min. | Typ. |Max.|Min. | Typ. [Max.
R | / H A
N at 083 | oos|
?g Ir“ "om 8 045 018
. | ! b1 {023 0.31 0,009 012
| ‘ 2| |17 050
(PR S — c
D 37.34 w__'-ﬂﬂ
0 E |1520] 16680598 657
B - 1 e 254 | 100
Soonoonnonaonon e3 33.02 1300
20 l 5 ot 1
LA ‘ F 14.10 555
*"E# i o — | 445 175
L 330 130
, % Ki
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Figure 8 : MK48S74 28 Pin Plastic DIP (N) 300 MIL.
Inches
Dim. -
) Min. Max.
A 210
Al .015
A2 120 140
B .015 .021
B1 .045 .070
C .008 .012
D 1.270
D1 .060 .090
T
A2 E .300 .325
E1 .240 .270
AL el .090 110
eA .300 .365
L 125

1212 L3y SGs-THOMSON
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(N7 SGS-THOMSON MK48S80(N,X)
7 MICROELECTRONICS -15/17/20

65,536 BIT FAST CMOS
8K X 8 CACHE TAGRAM™

ADVANCE DATA

FEATURES PIN CONNECTION

= 8K X8 CMOS SRAM WITH ONBOARD COMPA-
RATOR.

= ADDRESS TO COMPARE ACCESS 15/17/20.

m FAST CHIP SELECT COMPARE ACCESS 10ns

= MATCH OUTPUT WITH FAST TAG DATA TO

COMPARE ACCESS OF 10/12/14NS (MAX). Plastic DIP
= STATIC OPERATION-NO CLOCKS OR TIMING soJ
STROBES REQUIRED. o
s ALL INPUTS AND OUTPUTS ARE FULLY TTL RS 1 []e ] 28 Vee
COMPATIBLE. N N ~
= FULL CMOS FOR LOW POWER OPERATION. A 2 | 27w
= TOTEM-POLE MATCH OUTPUT. A 3 [ ] 26 MATCH
= THREE-STATE OUTPUT. ’ N :
= 28 PIN 300 MIL DIP & 28 PIN 330 MIL SOJ. Ag 4 L 25 Ag
= HIGH SPEED ASYNCHRONOUS RAM CLEAR. As 5 [ ] 24 Ag
Ag 6 [ ] 23 Aqq
A3z 7 [|mkassso [] 22 @G
DESCRIPTION — —
The MKA48S80 IS 65,536 fast static cache TA- Az 8 EI 21 Ao
GRAM organized as 8K X 8 bits. It is fabricated Ay 9 [l | 20 8
using SGS-THOMSON's low power, high perfor- Ag 10 C ] 19 DQy
mance HCMPOS4 technology. The MK48S80 ] [
features fully dtztic opeation requiring no exter- DQ, 11 O -l 18 DQg
nal clocks or timing strobes, and equal access pQ, 12 ] ] 17 DQg
and cycles times. The device requires a single 13 M4
+5v + 10% supply and is fully TTL compatible. DA, L - e DA,
The MK48S80 has a fast Chip Select control for Vss 14 [} [ 15 Dpag

high sped operation to the match compare va-
lid, and device select/deselect operations. Addi-
tionally, the MK48S80 provides a Reset Clear,
and MATCH compare pin. The RESET CLEAR,
input provides an asynchronous RAM clear MK48S80 TRUTH TABLE
control which clears all internal RAM bits to zero ==

=

in only 2 cycles. The MATCH output is in a to- |W|S |G RS MODE DQ | MATCH
tem-pole configuration to minimize switching X | X | X | L | Reset |High-| Invalid
delays associated with open-drain devices. Du- Clear Y4

ring a MATCH compare cycle, and on-board 8- X | H | X | H |Deselect| High- | Invalid
bit comparator compares the Data Input (8-bit Z

TAG) to the internal RAM data. If a miss condi- .

tion exists, where at least one bit of TAG data : L H H Miss Diy Lon
does not match the internal RAM, then the L H | Match | D Invaird
MATCH output issues a LOW miss signal. H|L|L|H Read | Qourt | Invalid
October 1989 7

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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SGS-THOMSON MK48T02/12(B)
KYI. MICROELECTRONICS -12/15/20/25

2K x 8 ZEROPOWER™/TIMEKEEPER™ RAM

= INTEGRATED ULTRA LOW POWER SRAM,
REAL TIME CLOCK, CRYSTAL, POWER-FAIL
CONTROL CIRCUIT AND BATTERY

s BYTEWIDE™ RAM-LIKE CLOCK ACCESS

= BCD CODED YEAR, MONTH, DAY, DATE,
HOURS, MINUTES AND SECONDS

s SOFTWARE CONTROLLED CLOCK CALIBRA- B
TION FOR HIGH ACCURACY APPLICATIONS DIP-24

(Plastic with Battery Top Alt)
= PREDICTED WORST CASE BATTERY
STORAGE LIFE OF 11 YEARS @ 70°C

s PIN AND FUNCTION COMPATIBLE WITH
JEDEC STANDARD 2K x 8 SRAMS

= AUTOMATIC POWER-FAIL CHIP
DESELECT/WRITE PROTECTION

FIGURE 1. PIN CONNECTIONS

= TWO POWER-FAIL DESELECT TRIP POINTS A, 10e 124 Ve
AVAILABLE = 5
MK48T02 4.75V > Vppp = 450V A, 2 23 A,
MK48T12 4.50VZVPFDZ4.2OV AS 3 [: :] 22 A9
A, 4O (121 W
A, 5[] [ 120 G
RIW A, 60 [ 119 A,
Part Number | Access Time | Cycle Time A, 70 g 18 E
MK48TX2-12 120 ns 120 ns A, 80} 17 DQ,
MK48TX2-15 150 ns 150 ns 0q, 9 [ 116 DO,
MKA4STX2-20 200 ns 200 ns oe, 10 15 pa,
MK48TX2-25 250 ns 250 ns o, 14 114 Do,
GND 12 [} 113 Da,

TRUTH TABLE (MK48T02/12)

Vee. E|G|W| MODE | Da

Viu| X | X | Deselect |High-Z
<Vee (Max) V| X |V | Write  [Dyy

>Vee Min){ Vi | Vi | Vi | Read  |Doyr | PIN NAMES
V"_ Vm VIH Read HIgh-Z

<Vpgp Min)] X | X | X | Power-Fail |High-Z

A,- Ay, Address Inputs | Voo +5 V

>Vso Deselect E Chip Enable |W  Write Enable
- GND d G Output Enabl
=Vso X | X | X |Battery [High-Z Groun utput Enable
Back-up DQ,—DQ;, Data In/Data Out
June 1988 e
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DESCRIPTION

The MK48T02/12 combines a 2K x 8 full CMOS
SRAM, a BYTEWIDE accessible real time clock, a
crystal and a long life lithium carbon mono-fluoride
battery, all in a single plastic DIP package. The
MK48T02/12 is a non-volatile pin and function
equivalent to any JEDEC standard 2K x 8 SRAM,
such as the 6116 or 5517. It also easily fits into many
EPROM AND EEPROM sockets, providing the non-
volatility of the PROMs without any requirement for
special write timing, or limitations on the number
of writes that can be performed.

Access to the clock is as simple as conventional
BYTEWIDE RAM access because the RAM and the
Clock are combined on the same die. As Figure 2
indicates, the TIMEKEEPER registers are located
in the upper eight locations of the RAM. The
registers contain, beginning at the top; year, month,
date, day, hour, minutes, and seconds data in 24
Hour BCD format. Corrections for 28, 29 (Leap
Year), 30 and 31 day months are made automati-

FIGURE 2. BLOCK DIAGRAM

cally. The eighth location is a Control register. These
registers are not the actual clock counters; they are
BiPORT read/write Static RAM memory locations.
The MK48T02/12 includes a clock control circuit
that, once every second, dumps the counters into
the BiPORT RAM.

Because the Clock Registers are constructed us-
ing BiPORT memory cells, access to the rest of the
RAM proceeds unhindered by updates to the
TIMEKEEPER registers, even if the TIMEKEEPER
registers are being updated at the very moment
another location in the memory array is accessed.

The MK48T02/12 also has its own Power-fail Detect
circuit. The circuit deselects the device whenever
V¢ is out of range, providing a high degree of data
security in the midst of unpredictable system oper-
ations brought on by low Vcc.

BiPORT, BYTEWIDE, TIMEKEEPER and ZEROPOWER
are trademarks of SGS-THOMSON Microelectronics, Inc..

F———————— —— — —
! ']
| [:—]rr OSCILLATION AND a?p’éﬂr
| = i CLOCK CHAIN SRAM ARRAY |
| 32768 HZ I
| cnvsrAu' POWER . < AgAy,
I
| I 2040 X 8 |
SRAM .
| ! ARRAY 0909, >
l POK |
| VOLTAGE SENSE > l¢—————
| Lmuuml AND — 4.____| w
CELL SWITCHING BOK w
| ! CIRCUITRY > | —
| LE—r | G
L |
I W R
vCC =
214 o MSON
K?[ MICROELESTRONICS
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OPERATION
READ MODE

The MK48T02/12 is in the Read Mode whenever
W (Write Enable) is high and E (Chip Enable) is low.
The device architecture allows ripple-through ac-
cess (changing Addresses without removing Chip
Enable) to any of the 2048 address locations in the
static storage array. Valid data will be available at
the Data I/O pins within t,, after the last address
input signal is stable, providing that the E and G ac-
cess times are satisfied.

FIGURE 3. READ-READ-WRITE TIMING

If E or G access times are not yet met, valid data
will be available at the latter of Chip Enable Access
Time (tcea) Or at Output Enable Access Time
(toea)- The state of the eight three-state Data 1/O
signals is controlled by E and G. If the Outputs are
activated before t,,, the data lines will be driven
to an indeterminate state until ty,. If the Address
inputs are changed while E and G remain low, out-
put data will remain valid for Output Data Hold Time
(ton) but will go indeterminant until the next t,.

READ

f————— g ————>

|e———— tge ——>

READ WRITE

e twe ————

X N

mi

ety ——

X X

tas twn —>

l————— —_——]|
'AW

Y

[2]]

||
o

le—

g

|
'—’I toea

(. {
\, /

l
‘_"l Yorz

s
0Q,—DQ, { VALID OUT K x VALID OUT>-——-< VALID IN >—

(0°C <TA<70°C) (V¢ (Max)=Voe =V (Min))

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING)

MK48TX2-12 | MKABTX2-15 | MKA8TX2-20 | MK48TX2-25

SYM | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
tac | Read Cycle Time 120 150 200 250 ns

taa | Address Access Time 120 150 200 2580 | ns 1
tcea | Chip Enable Access Time 120 150 200 250 | ns 1
toea | Output Enable Access Time 75 75 80 90 ns 1
tcez | Chip Enable Hi to High-Z 30 35 40 50 ns

toez | Output Enable Hi to High-Z 30 35 40 50 | ns

toy | Valid Data Out Hold Time 15 15 15 15 ns 1

NOTE

1. Measured using the Output Load Diagram shown in Figure 13.

‘ SGS-THOMSON
Y/ MICROELECTRONICS
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WRITE MODE

The MK48T02/12 is in Write Mode whenever the W
and E inputs are held low. The start of a Write is
referenced to the latter occurring falling edge of
either Wor E. A Write is terminated by the earlier
rising edge of W or E. The addresses must be held
valid throughout the cycle. W or E must return high
for a minimum of tyg prior to the initiation of
another Read or Write %ycle, Data-in must be valid
for tpg prior to the End of Write and remain valid
for tpy afterward.

FIGURE 4. WRITE-WRITE-READ TIMING

Some processors thrash producing spurious Write
Cycles during power-up, despite application of a
power-on reset. Users should force W or E high dur-
ing power-up to protect memory after V¢ reaches
Ve (min) but before the processor stablizes.

The MK48T02/12 G input is a DON'T CARE in the
write mode. G can be tied low and two-wire RAM
control can be implemented. A low on W will disa-
ble the outputs tye, after W falls. Take care to
avoid bus contention when operating with two-wire
control.

WRITE

WRITE READ

twe

twe >

A,-A

X X

10

AS r— twn

G /
' <— twew
w
|
—»4 le—1tp,
"“A l‘*‘csz | tos >
A T Y v
VALID VALID
0Q,-0Q,  oyr > < IN D <

}4— tou

H-'DSH

VALID
IN

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING)

(0°C STAS70°C) (VCC (MaX)ZVCC ZVCC (Mln))

MK48TX2-12 | MK48TX2-15 | MK4BTX2-20 | MK48TX2-25
SYM | PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTES
twe | Write Cycle Time 120 150 200 250 ns
tas | Address Setup Time 0 0 0 ns
taw | Address Vaiid to End of Write | S0 i20 140 i80 ns
tcew| Chip Enable to End of Write | 75 90 120 160 ns
twew| Write Enable to End of Write| 75 90 120 160 ns
twr | Write Recovery Time 10 10 10 10 ns
tps | Data Setup Time 35 40 60 100 ns
toy | Data Hold Time 0 0 0 0 ns
twez | Write Enable Low to High-Z 40 50 60 80 | ns
e L7 55 THOMSON
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CLOCK OPERATIONS
Reading the Clock

Updates to the TIMEKEEPER registers should be
Halted before clock data is read to prevent reading
of data in transition. Because the BiPORT
TIMEKEEPER cells in the RAM array are only data
registers, and not the actual counters, updating the
regi?ters can be halted without disturbing the clock
itself.

Updating is halted when a ““1” is written into the
“Read” bit, the seventh most significant bit in the
Control register. As long as a “1”” remains in that
position, updating is halted. After a Halt is issued,
the registers reflect the count, that is day, date, and
time that were current at the moment the Halt com-

FIGURE 5. THE MK48T02/12 REGISTER MAP

mand was issued. All of the TIMEKEEPER registers
are updated simultaneously. A Halt will not inter-
rupt an update in progress. Updating is within a se-
cond after the bit is reset to a “0".

Setting the Clock

The eighth bit of the Control register is the *“Write”
bit. Setting the Write bit to a 1", like the Read Bit,
halts updates to the TIMEKEEPER registers. The
user can then load them with the correct day, date
and time data in 24 Hour BCD format. Resetting
the Write bit to a ‘0"’ then transfers those values
the actual TIMEKEEPER counters and allows nor-
mal operation to resume. The KS bit, FT bit and the
bits marked with zeroes in Figure 5 must be writ-
ten with zeroes to allow normal TIMEKEEPER and
RAM operation.

ADDRESS DATA FUNCTION
D, D¢ O, D, O, D, D, D,

7F | = - —- — - - = = YEAR 00-99
TFE 000 —-—— — — MONTH 01-12
7FD 00— ——— — — DATE 01-31
7FC OFTO OO0 — — — DAY 01-07
7FB KS O — — — — — — HOUR 00-23
TFA O — — — — - — — MINUTES 00-59
7F9 ST — - — — — — — SECONDS  00-59
7F8 WRS— = — — — CONTROL
KEY: ST = STOP BIT R = READ BIT FT = FREQUENCY TEST

W = WRITE BIT S = SIGN BIT  KS = KICK START

Calibrating the Clock

The MK48T02/12 is driven by a quartz crystal con-
trolled oscillator with a nominal frequency of 32768
HzThe crystal is mounted in the tophat along with
the battery. A typical MK48T02/12 is accurate within
+1 minute per month at 25°C without calibration.
The devices are tested not to exceed + 35 ppm
(Parts-Per Million) oscillator frequency error at 25°C,
which comes to about +1.53 minutes per month.
Of course the oscillation rate of any crystal changes
with temperature. Figure 6 shows the frequency er-
ror that can be expected at various temperatures.

Most clock chips compensate for crystal frequen-
cy and temperature shift error with cumbersome
trim capacitors. The MK48T02/12 design, however,
employs periodic counter correction. The calibra-
tion circuit adds or subtracts count from the oscil-
lator divider circuit at the divide by 256 stage, as

. MICROELECTRONICS

shown in Figure 7. The number of times pulses are
blanked (subtracted, negative calibration) or split
(added, positive calibration) depends upon the
value loaded into the five bit Calibration byte found
in the Control register. Adding count speeds the
clock up, subtracting counts slows the clock down.

The Calibration byte occupies the five lower order
bits in the Control register. The byte can be set to
represent any value between 0 and 31 in binary
form. The sixth bit is a sign bit; “1”” indicates posi-
tive calibration, “0” indicates negative calibration.
Calibration occurs within a 64 minute cycle. The first
62 minutes in the cycle may, once per minute, have
one second either shortened or lengthened by 128
oscillator cycles, that is one tick of the divide by 256
stage. If a binary 1 is loaded into the register, only
the first two minutes in the 64 minute cycle will be
modified; if a binary 6 is loaded, the first 12 will be
affected, and so on.

514
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FIGURE 6. THE MK48T02/12 OSCILLATOR FREQUENCY VS. TEMPERATURE
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FIGURE 7. ADJUSTING THE DIVIDE BY 256 PULSE TRAIN

1

NORMAL —I
POSITIVE ]
CALIBRATION I
NEGATIVE
CALIBRATION

Therefore, each calibration step has the effect of
adding or subtracting 256 oscillator cycles for every
125,829,120 (32768 x 60 x 64) actual oscillator cy-
cles, that is 2.034 ppm of adjustment per calibra-
tion step; giving the user a + 63.07 ppm calibration
range. Assuming that the oscillator is in fact run-
ning at exactly 32768 Hz, each of the 31 increments
in the Calibration byte would represent 5.35 seconds
per month.

Two methods are available for ascertaining how
much calibration a given MK48T02/12 may require.
The first involves simply setting the clock, letting
it run for a month and comparing it to a known ac-
curate reference (like WWV broadcasts). While that
may seem crude, it allows the designer to give the
end user the ability to calibrate his clock as his en-
vironment may require, even after the final product
is packaged in a non-user servioeable enclosure.
All the designer has to do is provide a simple utili

6/14
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ty that accesses the Calibration byte. The utility
could even be menu driven and made foolproof.

The second approach is better suited to a manufac-
turing environment, and involves the use of some
test equipment. When the Frequency Test (FT) bit,
the seventh-most significant bit in the Day register,
is set to a 1", and the oscillator is running at 32768
Hz, the LSB (DQy) of the Seconds register will tog-
gle at a 512 Hz. Any deviation from 512 Hz indicates
the degree and direction of oscillator frequency shift
at the test temperature. For example, a reading of
512.00512 Hz would indicate a +10 ppm
(1—(512/512.00512)) oscillator frequency error, requir-
ing a —5 (000101,) to be loaded into the Calibra-
tion Byte for correction. Note that setting or
changing the Calibration Byte does not affect the
Frequency Test output frequency. The device must
be selected and addresses must be stable at Ad-
dress 7F9 when reading the 512 Hz on DQ,.
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The FT bit must be set using the same method used
to set the clock, using the Write bit. The LSB of the
Seconds register is monitored by holding the
MK48T02/12 in an extended read of the Second
register, without having the Read bit set. The FT
bit MUST be reset to a ““0’" for normal clock opera-
tions to resume.

Stopping and Starting the Oscillator

The oscillator may be stopped at any time. If the
device is going to spend a significant amount of time
on the shelf, the oscillator can be turned off to
minimize current drain from the battery. The *“Stop”
bit is the MSB of the Seconds register. Setting it
to a ‘1" stops the oscillator. In order to make the
oscillator as stingy with current as possible, the os-
cillator is designed to require an extra “kick’’ to be-
gin oscillation again. The extra kick is provided by
the Kick Start (KS) bit, the MSB of the Hours
register. To start the oscillator, implement the fol-
lowing procedure.

. Set the Write Bit to “1".

. Reset the Stop Bit to 0"

. Set the Kick Start Bit to “1".
Reset the Write Bit to ‘0"
Wait 2 seconds.

Set the Write Bit to ‘1"

Reset the Kick Start Bit to “0".
. Set the Correct time and date.
. Reset the Write Bit to 0"

©ONOUTAWN

Note: Leaving the KS bit set will cause the Clock to
draw excessive current and will shorten bat-
tery life.

DATA RETENTION MODE

With V¢ applied, the MK48T02/12 operates as a
conventional BYTEWIDE static ram. However, V¢
is being constantly monitored. Should the supply
voltage decay, the RAM will automatically power-
fail deselect, write protecting itself when V¢ falls
within the Vpgp (max), Vpgp (Min) window. The
MK48T02 has a Vpgp (max) -Vpgp (min) window of
4.75 volts to 4.5 volts, providing very high data secu-
rity, particularly when all of the other system com-
ponents are specified to 5.0 volts plus and minus
10%. The MK48T12 has a Vpgp (Max) -Vpep (Min)
window of 4.5 volts to 4.2 volts, allowing users con-
strained to a 10% power supply specification to use
the device.

Note: A mid-write cycle power failure may corrupt
data at the currently addressed location, but does
not jeopardize the rest of the RAM’s content. At vol-
tages below Vpgp (Min), the user can be assured
the memory will be in a write protected state, provid-
ed the Vg fall time does not exceed te. The

MK48T02/12 may respond to transient noise spikes
that reach into the deselect window if they should
occur during the time the device is sampling Vc.
Therefore decoupling of power supply lines is
recommended.

The power switching circuit connects external Ve
to the RAM and disconnects the battery when V¢
rises above Vgo. As V¢ rises the battery voltage
is checked. If the voltage is too low, an internal Bat-
tery Not OK (BOK) flag will be set. The BOK flag
can be checked after power up. If the BOK flag is
set, the first write attempted will be blocked. The
flag is automatically cleared after first write, and nor-
mal RAM operation resumes. Figure 8 illustrates
how a BOK check routine could be structured.

Normal RAM operation can resume tgec after Ve
exceeds Vpgp (Max). Caution should be taken to
keep E or W high as V¢ rises past Vpgp (Min) as
some systems may perform inadvertent write cycles
after V rises but before normal system operation
begins.

FIGURE 8. CHECKING THE BOK FLAG STATUS

POWER-UP

READ DATA
AT ANY
ADDRESS

!

WRITE
COMPLIMENT
DATA BACK
TO SAME
ADDRESS

!

READ DATA
AT SAME
ADDRESS
AGAIN

(BATTERY LOW)
IS DATA
COMPLIMENT
OF FIRST
READ?

NOTIFY SYSTEM

BATTERY (DATA MAY
BE CORRUPTED)

YES
(BATTERY OK)

WRITE ORIGINAL
DATA BACK TO -—
SAME ADDRESS

CONTINUE

£ SGS-THOMSON
Y/ MICROELECTRONICS
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FIGURE 9. POWER-DOWN/POWER-UP TIMING

Ve¢ —m8m8M8M8 {’___.
VPFD (MAX)_ - \ __________________ — = -

Verp (MIN) — —

Voo = — o e — e — e o - — —_— —

[ tg

gt Sl
S NS E—

PO

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES)
(0°C<T,<+70°C)

SYM PARAMETER MIN TYP MAX UNITS | NOTES
Veep Power-fail Deselect Voltage (MK48T02) | 4.50 46 4.75 \ 1
Verp Power-fail Deselect Voltage (MK48T12) | 4.20 43 450 \ 1
Vso Battery Back-up Switchover Voltage 3 \" 1

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING)
(0°C <Tp<+70°C)

SYM PARAMETER MIN MAX UNITS | NOTES
tpp E or W at V|, before Power Down 0 ns
te Veep (Max) to Vpep (Min) Vi Fall Time 300 us
trg Veep (Min) to Vg Ve Fall Time 10 us
tre Vso t0 Vpep (Min) Vi Rise Time 1 us
1) Veep (Min) to Vpgp (Max) V¢ Rise Time 0 us
trec E or W at V,, after Power Up 2 ms
NOTES:

1. All voltages referenced to GND.

2. Vppp (Max) to Vpgp (Min) fall times of less tg may result in deselection/write
protection not occurring until 50 us after Vo passes Vpgp (Min). Vpgp
(Max) to (Min) fall times of less than 10 us may cause corruption of RAM
data or stop the clock.

3. Vpgp (Min) to Vg fall times of less than tpg may cause corruption of RAM
data or stop the clock.

CAUTION
Negative undershoots below —0.3 volts are not allowed
on any pin while in Battery Back-up mode.

814
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PREDICTING BACK-UP SYSTEM LIFE

The useful life of the battery in the MK48T02/12 is
expected to ultimately come to an end for one of
two reasons; either because it has been discharged
while providing current to an external load; or be-
cause the effects of aging render the cell useless
before it can actually be discharged. Fortunately,
these two effects are virtually unrelated, allowing
discharge, or Capacity Consumption and the effects
of aging, or Storage Life to be treated as two in-
dependent but simultaneous mechanisms, the earli-
er of which defines Back-up System life.

The current drain that is responsible for Capacity
Consumption can be reduced either by applying
V¢ or turning off the oscillator. With the oscillator
of?, only the leakage currents required to maintain
data in the RAM are flowing. With V¢ on, the bat-
tery is disconnected from the RAM. Because the
leakage currents of the MK48T102/12 are so low, they
can be neglected in practical Storage Life calcula-
tions. Therefore, application of V or turning off
the oscillator can extend the effective Back-up Sys-
tem life.

Predicting Storage Life

Figure 10 illustrates how temperature affects
Storage Life of the MK48T02/12 battery. As long as
V¢ is applied or the oscillator is turned off, the life
of the battery is controlled by temperature and is
virtually unaffected by leakage currents drawn by
the MK48T02/12.

Storage Life predictions presented in Figure 10 are
extrapolated from temperature accelerated life-test
data collected in over 100 million device hours of
continuing bare cell and encapsulated cell battery
testing by SGSTHOMSON. Obviously, temperature
accelerated testing cannot identify non-temperature
dependent failure mechanisms. However, in view
of the fact that no random cell failures have been
recorded in any of SGSTHOMSON'’s on going bat-
tery testing since it began in 1982, we believe the
chance of such failure mechanisms surfacing is ex-
tremely small. For the purpose of this testing, a cell
failure is defined as the inability of a cell stabilized
at 25°C to produce a 2.0 volt closed-circuit voltage
across a 250K ohm load resistance.

Predicted Storage Life =

A Special Note: The summary presented in
Figure 10 represents a conservative analysis
of the data presently available. While SGS-
THOMSON is most likely in possession of the
largest collection of battery life data of this kind
in the world, the results presented should not
be considered absolute or final; they can be
expected to change as yet more data becomes
available. We believe that future read-points
of life tests presently under way and improve-
ments in the battery technology itself will result
in a continuing improvement of these figures.

Two end of life curves are presented in Figure 10.
They are labeled “Average” (tsgo) and (tyo,). These
terms relate to the probability that a given number
of failures will have accumulated by a particular
point in time. If, for example, expected life at 70°C
is at issue, Figure 10 indicates that a particular
MK48T02/12 has a 1% chance of having a battery
failure 11 years into its life and a 50% chance of
failure at the 20 year mark. Conversely, given a sam-
ple of devices, 1% of them can be expected to ex-
perience battery failure within 11 years; 50% of them
can be expected to fail within 20 years.

The ty, figure represents the practical onset of
wear out, and is therefore suitable for use in what
would normally be thought of as a worst-case anal-
ysis. The tgq, figure represents “normal’ or “aver-
age” life. It is, therefore, accurate to say that the
average device will last “tsge, "

Battery life is defined as beginning on the date of
manufacture. Each MK48T02/12 is marked with a
four digit manufacturing date code in the form
YYWW (Example: 8625 = 1986, week 25).

Calculating Predicted Storage Life of the Battery

As Figure 10 indicates, the predicted Storage Life
of the battery in the MK48T02/12 is a function of tem-
perature.

Because the ambient temperature profile is depen-
dent upon application controlled variables, only the
user can estimate predicted Storage Life in a given
design. As long as ambient temperature is held
reasonably constant, expected Storage Life can be
read directly from Figure 10. If the MK48T02/12
spends an appreciable amount of time at a variety
of temperatures, the following equation should be
used to estimate Storage Life.

1

[(TAJTT)/SL4]+[(TAL/TT)/SLy) +... +[(TA/TT)/SL,)
Where TA,, TA,, TA,, = Time at Ambient Temperature 1, 2, etc.

1
SL,, SL,, SL,

1

£ SGS-THOMSON
Y/, ICROELECTRONICS

Total Time = TA;+ TA; +...+ TA,
Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 10).
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Example Predicted Storage Life Calculation of 30°C (86°F) or less for 4672 hrs/yr; temperatures

greater than 25°C, but less than 40°C (104°F), for
A cash registerterminal operates in an environment 3650 hrs/yr; and temperatures greater than 40°C, but
where the MK48T02/12 is exposed to temperatures  less than 70°C (158 °F), for the remaining 438 hrs/yr.

Reading predicted t,q, values from Figure 10; SL, = 456 yrs., SL, = 175 yrs., SL; = 114 yrs.
Total Time (TT) = 8760 hrs./lyr. TA, = 4672 hrs./yr. TA, =3650 hrs./yr. TAz = 438 hrs./yr.

Predicted Typical Storage Life = 1
[(4672/8760)/456) +[(3650/8760)/175] + [(438/8760)/11.4]
= 126 yrs.
FIGURE 10. MK48T02/12 PREDICTED BATTERY STORAGE LIFE VS. TEMPERATURE
300
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Predicting Capacity Consumption Life

The MK48T02/12 internal cell has a minimum rat-
ed capacity of 35 mAh. The device places a nomi-
nal combined RAM and TIMEKEEPER load of 1.2
¢A on a typical internal 37 mAh lithium battery when
the clock is running and the device is in Battery
Back-up mode. At that rate, the MK48T02/12 will con-
sume the cell’s capacity in 29,166 hours, or about
3.3 years. But, as Figure 11 shows, Capacity Con-
sumption can be spread over a much longer peri-
od of time.

Naturally, Back-up current varies with temperature.
As Figure 12 indicates, the rate of Current Con-
sumption by the MK48T02/12 with the clock running
in Battery Back-up mode is a function of tem-
perature.

Because the ambient temperature profile is depen-
dent upon application controlled variables, only the
user can estimate consumption rates in a given de-
sign. As long as ambient temperature is held
reasonably constant, expected Capacity Consump-
tion life can be estimated by reading 0% V¢ Duty
Cycle Capacity Consumption life directly from Figure
12, and dividing by the expected V¢ Duty Cycle (i.e.
at 25°C with a 66% Duty Cycle, Capacity Consump-
tion Life = 33/(1-66) = 95 years).

If the MK48T02/12 spends an appreciable amount
of time at a variety of temperatures, the same equa-
tion provided in the previous Storage Life section
should be used to estimate Capacity Consumption
life.

Example Consumption Life Calculation

Taking the same cash registerfterminal used earlier, let’s assume that the high and low temperature periods
are the non-operating, Battery Back-up mode periods, and that the register is turned on 10 hours a day
seven days per week. The two points of interest on the curves in Figure 12 will be the 25°C and the

70°C points.

Reading Capacity Life values from Figure 12; CL, = 33 yrs., CL, = 355 yrs.

Total Time (TT) = 8760 hrs./yr. TA; = 4672 hrs./yr. TA, = 438 hrs./yr.

Capacity Life=

1

[(4672/8760)/3.3) +((438/8760)/3.55)

> 569 yrs.
Estimating Back-up System Life

The procedure for estimating Back-up System Life is
simple. Pick the lower of the two numbers. In the case
calculated in the examples, that would be 569 years.

The fact is, since either mechanism, Storage Life
or Capacity Consumption, can end the system’s life,
the end is marked by whichever occurs first.

FIGURE 11. TYPICAL CAPACITY CONSUMPTION LIFE AT 25°C VS. V¢ DUTY CYCLE
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FIGURE 12. CURRENT CONSUMPTION LIFE OVER TEMPERATURE WITH 0% V.. DUTY CYCLE

4 T
LT ;

YEARS
T
T

0 20 40 60 80

DEGREES CELSIUS

APPLICATION NOTE:
FIGURE 13. EQUIVALENT OUTPUT LOAD DIAGRAM

BINARY TO BCD, AND BCD TO BINARY
CONVERSION

The MK48102/12 presents and accepts TIMEKEEP-
ER data in BCD format. Conversion to or from other
formats can be executed in a single line of code,
as the following example BASIC program demon-
strates.

a

10 REM BINARY TO BCD
20 DEF FNA (X)=INT (X/10)*16+X-INT

+5V

(XM10)*10
30 REM BCD TO BINARY 18 K2
40 DEF FNB (X)=INT (X/16)*10+(XAND15)
DEVICE
UNDER
ST
AC TEST CONDITIONS T L
1.0 K2 AN 100 pF
Input Levels: 06Vto24V (NCLUDING SCOPE AND Jic)
Transition Times: 5ns )
Input and Output Timing
Reference Levels 08Vor22V -
12114
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ABSOLUTE MAXIMUM RATINGS*

Voltage On Any Pin Relative TOGND . . .. .. ... ... ... .. ... -03Vto +70 V
Ambient Operating (Voc On) Temperature (Tp) . ....... ... ... . ... 0°C to +70°C
Ambient Storage (Ve 8ff Oscillator Off) Temperature . . .. .................... —20°C to +70°C
Total Device Power Dissipation. ... ............. . .. 1 Watt
Output Current Per Pin. .. ... .. ... 20 mA

“Stresses greater than 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 indicat-
ed in the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for
extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

(0°C <Tp<70°C)
SYM PARAMETER MIN MAX UNITS | NOTES
Vee Supply Voltage (MK48T02) 475 550 \" 1
Vee Supply Voltage (MK48T12) 450 550 \" 1
GND Supply Voltage 0 0 \ 1
Viu Logic “1” Voltage All Inputs 2.2 Vee + 03V \ 1
Vi Logic “‘0” Voltage All Inputs -03 08 \Y 1,2

DC ELECTRICAL CHARACTERISTICS

(0°C STA < +70°C) (VCC (Max) = Vcc ZVCC (Mln))
SYM PARAMETER MIN MAX UNITS | NOTES
loct Average V. Power Supply Current 80 mA 3
lcce TTL Standby Current (E = V}) mA 4
Icca CMOS Standby Current (E = Vgc—0.2 V) mA 4
I Input Leakage Current (Any Input) -1 +1 A 5
loL Output Leakage Current -5 +5 A 5
VoH Output Logic “1” Voltage (Ioyr = —1.0 mA) 24 \"
VoL Output Logic “0” Voltage (loyr = 2.1 mA) 04 Vv

CAPACITANCE (T, = 25°C)
SYM PARAMETER MAX NOTES
C Capacitance on all pins (except D/Q) 7 pF 6
Corq Capacitance on D/Q pins 10 pF 6,7

NOTES

1. All voltages referenced to GND.

2. Negative spikes of —1.0 volts allowed for up to 10 ns once per cycle.

3. Iccq1 measured with outputs open.

4. Measured with Control Bits set as follows: R = 1; W, ST, KS, FT = 0

5. Measured with GND <V| <V and outputs deselected.

6. Effective capacitance calculated from the equation C = |At with AV = 3
volts and power supply at 50 V. VA

7. Measured with outputs deselected.

13/14
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PACKAGE DESCRIPTION

B PACKAGE 24 PIN

AN AN OO

1L

.,F
i

T

11 EQUAL SPACES
AT .100+.010 (TNA)

mm inches
Dim. Notes
Min | Max | Min | Max
BATTERY (D — 32893 — |1.295
ONLY  [Z 1397 [14.478] 550 | 570
N A | 8128| 9.652| 320 | .380
- Ay | 762 | 9144 300 | .360
Vala Wk E, [13462[1397 | 530 | .560
B | 0381] 0533 015 | 021 | 4
By | 1.143] 1.778] .045 | .070
e C | 0203 0355[ 008 [ 014] 4
24PN |D, | — (32288 — [1270] 1
PLASTIC |E [13.46216.256| 530 | .640
D.LP. ea [1524 |17.78 | 600 [ 700 | 3
Y ONLY  fe; | 2286| 2794| .090 | .110
2 L | 3048|381 | 120 | .150
Ay | 0381 0762] 015 | 030 | 2
S | 1524| 2.286| .060 | .090
E
z
\ 1 I
L e
\
H ° l - l
NOTES:
— 2 aragn tande 1o o0 massuras oy SEDEC wauramors

3 Measured from centerline o centeriine a lead tips

4 When the solder lead fin

creased by 003 in

1sh 1s specified. the maximum fimit shall be in.

ORDERING INFORMATION

MK48T X 2 B XX
DEVICE Voo RANGE PACKAGE SPEED
FAMILY
12
L 15
20
25
B
0
1
14/14
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120 NS ACCESS TIME
150 NS ACCESS TIME
200 NS ACCESS TIME
250 NS ACCESS TIME

PLASTIC WITH BATTERY
TOP HAT
+10%/-5%
+10%/—-10%
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SGS-THOMSON

MK48T08/18(B)

TIMEKEEPER™
8 K X 8 ZEROPOWER™ RAM
® INTEGRATED ULTRA LOW POWER SRAM,
REAL TIME CLOCK, CRYSTAL, POWER-FAIL
CONTROL CIRCUIT AND BATTERY.
m BYTEWIDE™ RAM-LIKE CLOCK ACCESS. !
mBCD CODED YEAR, MONTH, DAY DATE,
HOURS, MINUTES AND SECONDS.
® SOFTWARE CONTROLLED CLOCK CALIBRA- DIP-28
TION FOR HIGH ACCURACY APPLICATIONS. (Plastic with Battery Top Hat)
®m PREDICTED WORST CASE BATTERY LIFE OF
10 YEARS @ 707C. PIN CONNECTIONS
B PIN FUNCTION COMPATIBLE WITH JEDEC I _
STANDARD 8K X 8 SRAMS. r
Nt [T e (28] Ve
® AUTOMATIC POWER-FAIL CHIP DES- N
ELECT/WRITE PROTECTION. Atz [z w
m CHOICE OF TWO WRITE PROTECT VOL- AT 3] &,
TAGES: A6 4] (251 a8
MK48T08 - 4.50 < Vprp < 4.70 as (5] 24] A9
MK48T18 - 4.20 < Vprp <4.50 |
A4 Il A1t
A3 G
(2 MK48T08/18 = ¢
A2 [I 5 A10
A1 E 20 E‘
A0 ‘I [19] bpa7
pao i) (18] D6
pat  fi2] DQs
paz 73| [16] Dpas
GND 14| [i5] Dbas3
L !
PIN NAMES
AO0-A12 Address Input |Vcc +5Volts
E1 Chip Enable | W Write Enable PartNumber | Access Time |R/W Cycle Time
E2 Chip Enable G Output Enable MK48TX8-10 100 ns 100 ns
GND  Ground DQO-DQ7 Data In/Data Out MK48TX8-15 150 ns 150 ns
NC No Connection |INT Power Fail Interrupt MK48TX8-20 200 ns 200 ns
October 1989 114
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DESCRIPTION

The MK48T08/18 combines an 8K x 8 full CMOS
SRAM, a BYTEWIDE accessible real time clock, a
crystal and a long life lithium carbon mono-fluoride
battery in a single plastic DIP package. The
MK48T08/18 is a non-volatile pin and function equi-
valent to any JEDEC standard 8K x 8 SRAM. It also
easily fits into many EPROM and EEPROM
sockets, providing the non-volatility of PROMs wi-
thout any requirement for special write timing, or
limitations on the number of writes that can be
performed.

Access to the clock is as simple as conventional
BYTEWIDE RAM access because the RAM and the
clock are combined on the same die. As Figure 1
indicates, the TIMEKEEPER registers are located
in the upper eight locations of the RAM. The regis-
ters contain, beginning at the top; year, month, date,
day, hour, minutes, and seconds data in 24 hour

FIGURE 1 : MK48T08 BLOCK DIAGRAM

TOP
HAT

OSCILLATOR AND

\ —/
CLOCK CHAIN

‘ 32768 Hz

POWER

BCD format. Corrections for 28, 29 (Leap Year), 30
and 31 day months are made automatically. The
eighth location is a control register. These registers
are not the actual clock counters; they are BIiPORT
read/write Static RAM memory locations. The
MK48T08/18 includes a clock control circuit that,
once every second, dumps the counters into the
BiPORT RAM.

Because the Clock Registers are constructed using
BiPORT memory cells, access to the rest of the
RAM proceeds unhindered by updates to the TIME-
KEEPER registers, even if the TIMEKEEPER regis-
ters are being updated a the very moment another
location in the memory array is accessed.

The MK48T08/18 also has its own Power-fail Detect
circuit. The circuit deselects the device when ever
Vee below tolerance, providing a high degree of
data security in the midst of unpredictable system
operations brought on by low Vcc.

BIPORT
SRAM ARRAY !

CRYSTAL | ‘
l o

L I
r VOLTAGE SENSE
‘ AND

8184X 8
DQQ-DQ7
SRAM E—

ARRAY

l;r::un [ SWITCHING ) T EE—‘
| 4,;——[» CIRCUITRY N £
. T ‘ |—F —t— w
r | T - —t—4 71—
S T I B N
L — vee v ==
TRUTH TABLE ( MK48T08/18)
Vee Eq E2 | G w MODE pa POWER
< Vce ViH X X X Deselect High Z Standby
(Max) Ll X Vi N X X Deselect HighZ |  Active
Vi ViH X ViL Writet |  DIN Active
> Vcc Vi ViH ViL VIH Read Dour Active
(Min) Vi Vi ViH Vi Read High Z Active
< Verd X X X X Deselect High Z CMOS
(Min) Standby
> VSO — — — SRR S — S SR ——— 4 —— |
<Vso X X X X Deselect High Z Battery
Back-up
il 1 ; . ) | Moge |
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FIGURE 2 : POWER DOWN/POWER UP TIMING.

Vero(min)

Vso

e,
__‘,F

INT
(MK48Z09/19 oﬁj\

ALL INPUTS RECOGNIZED

DON'T CARE REFERENCE RECOGNIZED
ALL VALID OQUTPUT: - VALID (PE
reors > ————— HGHZ —e L VALID (PER

(PER CONTROL INPUTS) A

L CONTROL INPUT)

AC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TIMING ) (0°C <TAa<+70°C)

SYMBOL PARAMETER MIN MAX UNITS NOTES
tro E or W at Vi before Power Down 0 uS

tr Verp (Max) to Verp (Min) Ve Fall Time 300 uS 2
tre Veep (Min) to Vso Ve Fall Time 10 usS 3

R Vso to Verp (Max) Vcc Rise Time 1 us

tRec Eior W at Vi or Ez at Vi after Power Up 1] mS

trEx IN_T Low to Auto Deselect 10 40 uS

tepH Vprp (Max) to INT High 120 nS 4

DC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TRIP POINTS ) (0°C < Ta <+70°C)

] VALUE
SYMBOL |PARAMETER MIN TYP MAX | UNITS | NOTES
Vero Power-fail Deselect Voltage (MK48T08/09) | 4.5 46 475 v 1
\Vero | Power-fail Deselect Voltage (MK48T18/19) | 4.2 43 45 v 1
Vso BE&éry Back-up Switchover Voltage 3.0 \'J 1
tor Expected Data Retention Time 1 YEARS
NOTES :

1. All voltages referenced to GND.

2. Vpro (MAX) to Vero  (MIN) fall time of less than trmay _result in deselectiorvwrite protection not occuring until 200 uS  after Ve passes Vero
(MIN). Veeo  (MAX) to (MIN) fall times of less than 10 uS may cause coruuption of RAM data.

3.Vero (MIN) to Vso fall time of less than trs may cause corruption of RAM data.

4. INT may go high anytime after Vcc exceeds Vso and is guaranteed to go high tern after Vcc exceeds Vero (MAX).

£ SGS-THOMSON
Y/, HICROELECTRONICS
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READ MODE

The MK48T08/18 is in the Read Mode whenever W
Write Enable) is high, E1 is low, and E2 is high.

ccess Time (tcLav). The state of the eight three-
state Data I/O signals is controlled by Chip Enable
and G. If the Outputs are activated before tavav,
the data lines will be driven to an indeterminate
state until tavav. If the Address inputs are changed
while Chip Enable and G remain low, output data
will remain valid for Output Hold from Address
(taxax) but will go indeterminate until the next Ad-
dress Access.

The device architecture allows ripple through ac-
cess of data from eight of 65,536 locations in the
static storage array. Thus, the unique address
specified by the 13 Address inputs defines which
one of the 8,192 bytes of data is to be accessed.
Valid data will be available at the Data I/O pins
within tavav after the last address input_signal is
stable, providing that the Chip Enable and G access
times are satisfied.

If Chip Enable or G access times are not yet met,

valid data will be available at the latter of Chip
Enable Access Time (teLav) or at Output Enable

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (0°C < Ta< +70°C (Vcc (min) < Vee< Vee(Max))

48TX8-10 48TX8-15 48TX8-20

SYMBOL |PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNIT | NOTE
te1Lax Chip Enable 1 to Q low-Z 10 10 10 -
te2HQX Chip Enable 2 to Q low-Z 10 16 e 10
taxax Output Hold from Address 4 5 7 "75 5
taLax Ouput Enable 1 to Q low-Z 5 5 5
tavav Read Cycle Time 100 150 200
tavay Address Access Time 100 150 200 ns S
terLqv Chip, Enable 1 Access Time ‘ | “10-6 - 150 200
te2HQV Chip, Enat;le 2 Access Time 100 150 R 200
taLav Output Enable Access Time i 1 EE)W 75 100
te1HQZ Chip Enable 1 to Q High-Z 56 75 100 T
teaLqz Chip Enéble 2 to Q High-Z 50 75 - 80 T
taHQz dutput Disable to Q Hnghuzii 740 o __l " 60 80 L__ |

4/14
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FIGURE 3 : READ TIMING N°.1 (ADDRESS ACCES)
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ADDRESS h><
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FIGURE 4 :aREAD TIMING N°.2
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WRITE MODE

The MK48T08/18 is in the Write Mode whenever
Write Enable and Chip Enable are active. The start
of a write is referenced to the latter occurring falling
edge of w or el or rising edge of €2 . a write is
terminated by the earlier rising edge of w or e1, or
the falling edge of e2. the addresses must be held
valid throughout the cycle. e1 or wmust return
high or e2 low for minimum of te1hax or te2Lax prior
to the initiation of another read or write cycle. Da-

ta-in must be valid toven prior to the end of write and
remain valid for twxpx afterward.

Because G is a Don’t Care in the Write Mode and a
low on W will return the outputs to High-Z, G can be
tied low and two-wire RAM control can be implemen-
ted. Alow on W will disable the outputs twLaz after
W falls. Take care to avoid bus contention when
operating with two-wire control.

ACELECTRICAL CHARACTERISTICS (WRITE CYCLE) (0°C < Ta<+70°C (Vcc (min) < Vce< Vec (max))

48TX8-10 48TX8-15 7 48TX8-20 h
SYMBOL |PARAMETER MIN | MAX | MIN | MAX | MIN | MAX | UNITS | NOTE
tavwL Address Set-Up Time 7*7 0“ » B Ov --------- 7 7
taverlL | Address Set-Up Time 0 0 0
tavean to ChipEnable 0 0 0 ) T
te1HAX | Write recovery from Chip Enable 10 10 10 2
teaax ( Address Hold Time ) 10 10 10 2
tWHDX Data Hold Time » 5 5 5 1,2
tavay { WiteCycle Time 100 1 150 200 B
tavwn | Address Valid to W High 83 130 180
twiwn | Write Pulse Width 80 100 150
tWHAX Adaress Hold after End of Write 10 13 | 10 | B 1 |
__tewH_ | Chip Enable Active to | 80 130 180 | | »_2,
— End of Write (W High) 80 130 180 2
' tovwn | Data Valid to End of Wite | 50 70 s | L2
twaz | W Low to Q High-Z W 50 75 N\)i; 00 | a
NOTES :

1. Ina W Controlled Cycle
2.In a Ey, E2 Controlled Cycle

6/14
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FIGURE 5 : WRITE CONTROL CYCLE TIMING
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FIGURE 6 : CHIP ENABLE CONTROL WRITE CYCLE TIMING
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DATA RETENTION MODE

With Vcc applied, the MK48T08/18 operates as a
conventional BYTEWIDE static RAM. Should the
supply voltage decay, the RAM will automatically
power-fail deselect, write protecting itself when
Vcec falls within the Verp(max), Verp(min) window.

Note: A mid-write cycle power failure may corrupt
data at the currently addressed location, but does
not jeopardize the rest of the RAM’s content. At
voltages below Vprp(min), the user can be assured
the memory will be in a write protected state, provi-
ded the Vcc fall time is not less than te. The
MK48T08/18 may respond to transient noise
spikes that reach into the deselect window if this
should occur during the time the device is sampling
Vcc. Therefore decoupling of the power supply
lines is recommended.

The power switching circuit connects external Vcc
to the RAM and disconnects the battery when Vcc
rises above Vso. Normal RAM operation can re-
sume trec after Vcc exceeds Vprp(max). Caution
should be taken to keep E1 high or E2 low as Vcc
rises past Vprp (Min) as some systems may per-
form inadvertent write cycles after Vcc rises but
before normal system operation begins.

POWER FAIL INTERRUPT
The MK48T08/18continuously monitors Vcc. When

Vec fall to the power fail detect trip point of the
MK48Z09/19 an interrupt is immediatly generated.
Aninternal clock provides a delay no less than 10uS
but no greater than 40uS before automatically des-

electing the MK48T08/18.

PREDICTING BACK-UP SYSTEM LIFE

The useful life of the battery in the MK48T08/18 is
expected to ultimately come to an end for one of
two reasons: either because it has been dischar-
ged while providing current to an external load; or
because the effects of aging render the cell useless
before it can actually be discharged. Fortunately,
these two effects are virtually unrelated, allowing
discharge, or Capacity Consumption, and the ef-
fects of aging, or Storage Life, to be treated as two
independent but simultaneous mechanisms, the
earlier of which defines Back-up System life.

With Vcc on, the battery is disconnected from the
RAM and aging effects become the determining
factor in battery life. With Vcc off, leakage currents
in the RAM provide the only load on the Battery
during battery back-up. For the MK48T08/18the
leakage currents are so low that the Back-up Sys-
tem life of the device is simply the Storage Life of
the cell. The Storage Life of the cell is a function of
temperature.

8/14
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PREDICTING STORAGE LIFE

Figure 7 illustrates how temperature affects Sto-
rage Life of the MK48T08/18 battery. The life of the
battery is controlled by temperature andis virtually
unaffected by leakage currents drawn by the
MK48T08/18.

Storage Life predictions presented in Figure 7 are
extrapolated from temperature accelerated life-test
data collected in over 100 million device hours of
continuing bare cell and encapsulated cell battery
testing by SGS-THOMSON. Obviously, tempera-
ture accelerated testing cannot identify non-tem-
perature dependent failure mechanisms. However,
in view of the fact that no random cell failures have
been recorded in any of SGS-THOMSON’s on
going battery testing since it began in 1982, we
believe the chance of such failure mechanisms
surfacing is extremely small. For the purpose of
the testing, a cell failure is defined as the inability
of a cell stabilized at 25°C to produce a 2.4 volt
closed-circuit voltage across a 250K load resi-
stance.

A Special Note: The summary presented in Figure
7 represents a conservative analysis of the data
presently available. While SGS-THOMSON is most
likely in possession of the largest collection of
battery life data of this kind in the world, the results
presented should not be considered absolute or
final; they can be expected to change as yet more
data becomes available. We believe that future
read points of life test presently under way and
improvements in the battery technology itself will
result in a continuing improvement of these figures.

Two end of life curves are presented in Figure 7.
The are labeled "Average" (tso%) and (t1e). These
terms relate to the probability that a given number
of failures will have accumulated by a particular
point in time. If, for example, expected life at
70°C is at issue, Figure 7 indicates that a parti-
cular MK48T08 has a 1% chance of having a
battery failure 11 years into its life and a 50%
chance of failure at the 20 year mark. Conversely,
given a sample of devices, 1% of them can be
expected to experience a battery failure within 11
years; 50% of them can be expected to experience
a failure within 20 years.

The t1% figure represents the practical onset of wear
out, and is therefore suitable for use in what would
normally be thought of as a worst-case analysis.
The tso% figure represents "normal” or "average"
life. Itis, therefore, accurate to say that the average
device will last "tsoe".

Battery life is defined as beginning at the date of
manufacture. Each MK48T08/18 is marked with a
five digit manufacturing date code in the form
XYYWW. The first digit is the assembly location
code (example: 98625= assembled in Muar Mala-
sia, 1986, week 25).



Calculating Predicted Storage Life of the Batte-
ry

As Figure 7 indicates, the predicted Storage Life of
the battery in the MK48T08/18 is a function of
temperature.

Example Predicted Storage Life Calculation

MK48T08/18(B)-10/15/20

Because the ambient temperature profile is depend-
ent upon application controlled variables, only the
user can estimate predicted Storage Life inagiven
design. As long as ambient temperature is held
reasonably constant, expected Storage Life can be
read directly from Figure 7. If the MK48T08/18
spends an appreciable amount of time at a variety

Predicted Storage Life = 1 + { [(TA1 = TT) + SL1] + [(TA2 + TT) + SL2] + ...+ [(TAN + TT) = SLn] }
Where TA1, TA2, TAN, = Time at Ambient Temperature 1, 2, etc.

TT = Total Time = TA1 + TA2 + ... + TAN

SLy, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 7)

Example Predicted Storage Life Calculation

Acash register/terminal operates in an environment
where the MK48T08 is exposed to temperatures of

55°C or less for 8322 hrs./yr.; and temperatures
greater than 60°C, but less than 70°C, for the
remaining 438 hrs./yr.

Reading Predicted t19, values from Figure 7; SL1 = 41 yrs., SLz2 = 11.4 yrs.,

Total Time (TT) = 8760 hrs./yr. TA1 = 8322

hrs./yr. TA2 = 438 hrs./yr. .

Predicted Typical Storage Life > 1 + { [ (8322 + 8760) - 41] + [(438 + 8760) + 11.4]

Predicted Typical Storage Life > 36 years

FIGURE 7 : PREDICTED BATTERY STORAGE LIFE VS. TEMP.

50
40

30

20

! 509%(AVERAGE)

YEARS

20 30 40 50

60 70 80 "0

DEGREES CELSIUS

£ SGS-THOMSON
Y/, SICROELECTRONIGS

9/14

397



MK48T08/18(B)-10/15/20

Calculing Predicted Capacity Consumption

The MK48T08/18 internal cell has a minimum rated
capatity of 35MAh.The device places a nominal
RAM and TIMEKEEPER load pof less than 400nA
over the operating temperature range. At this rate,
the Capacity Consumption life is 35E-3/400E-
9=87500 hours or about 10 Years.The Capacity
Consumption life can be extended by applying Vcc
or turning off the oscillator run 100% of the time butr
Vce is applied 60% of the time, the Capacity
Consumption life is 10/(1-.6) = 25 years.

Estimated back-up System Life

Since either Storahge or Capacity Consumption
can end the Battery’s life, System Life is marked
which-ever occurs first.

CLOCK OPERATIONS
Reading the Clock

Updates to the TIMEKEEPER registers should be
halted before clock data is read to prevent reading
of data in transition. Because the BiPORT TIME-
KEEPER cells in the RAM array are only data
registers, and not the actual counter, updating the
registers can be halted without disturbing the clock
itself.

Updating is halted when a "1" is written into the
"Read" bit, the seventh most significant bit in the
Control Register. As long as a "1" remains in that
position, updating is halted. After a Halt is issued,
the registers reflect the count, that is the day, date,
and time that were current at the moment the Halt
command was issued.

All of the TIMEKEEPER registers are updated si-
multaneously. A Halt will not interrupt an update in
progress. Updating is within a second after the bit
is reset to a "0".

FIGURE 8 : THE MK48T08/18 REGISTER MAP

Setting the Clock

The eighth bit of the Control register is the "Write"
bit. Setting the Write bit to a "1", like the Read bit,
halts updates to the TIMEKEEPER registers. The
user can then load them with the correct day, date
and time data in 24 Hour BCD format. Resetting
the Write bit to a "0" then transfers those values to
the actual TIMEKEEPER counters and allows nor-
mal operation to resume.

Stopping and Starting the Oscillator

The oscillator may be stopped at any time. If the
device is going to spend a significant amount of time
on the shelf, the oscillator can be turned off to
minimize current drain from the battery. The "Stop"
bit is the MSB for the Seconds Register. Setting it
to a "1" stops the oscillator.

ADDRESS DATA FUNCTION
D7 D6 DS D4 D3 D2 D1 DO

1FEF o - - - __7 - - - - i YEAR N oo—;);
1FFE x x x — - - - - MONTH 01-12
1FFD x x ET — - - - . DATE 01-31

1FFC x x x x x - - - DAY 01-07
1FFB x x - - - - - - HOUR 00-23

1FFA X - - - - - - - MINUTES 00-59

1FF9 ST — - —_— - — - _— SECONDS 00-59

1FF8 w R s -- - -- -- - CONTROL

ST = STOP BIT
W = WRITE BIT

10/14
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FT = FREQUENCY TEST
X = UNUSED




Calibrating the Clock

The MK48T08/18 is driven by a quartz controlled
oscillator with a nominal frequency of 32,768 Hz.
The crystal is mounted in the tophat along with the
battery. Atypical MK48T08/18 is accurate within *1
minute per month at 25°C without calibration. The
devices are tested not to exceed 35 PPM (parts per
million) oscillator frequency error at 25°C, which
equates to about + 1.53 minutes per month. Of
course the oscillation rate of any crystal changes
with temperature. Figure 8 shows the frequency
error that can be expected at various temperatures.

Most clock chips compensate for crystal frequency
and temperature shift error with cumbersome trim
capacitors. The MK48T08/18 design, however, em-
ploys periodic counter correction. The calibration
circuit adds or subtracts counts from the oscillator
divider circuit at the divide by 128 stage, as shown
in Figure 7. The number of times pulses are blanked
(subtracted, negative calibration) or split (added,
positive calibration) depends upon the value loaded
into the five bit Calibration byte found in the Control
Register. Adding counts speeds the clock up, sub-
tracting counts slows the clock down.

FIGURE 9

NORMAL I l l M
[— —

The Calibration byte occupies the five lower order
bits in the Control register. This byte.can be set to
represent any value between 0 and 31 in binary
form. The sixth bit is a sign bit; "1" indicates positive
calibration, "0" indicates negative calibration. Cali-
bration occurs within a 64 minute cycle. The first 62
minutes in the cycle may, once per minute, have one
second either shortened by 128 or lengthened by
256 oscillator cycles. If a binary "1" is loaded into
the register, only the first 2 minutes in the 64 minute
cycle will be modified; if a binary 6 is loaded, the first
12 will be affected, and so on.

Therefore, each calibration step has the effect of
adding 512 or subtracting 256 oscillator cycles for

[7[ ICROELECTHONIGS
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every 125,829,120 actual oscillator cycles, that is
+4.068 or -2.034 PPM of adjustment per calibration
step in the calibration register. Assuming that the
oscillator is in fact running at exactly 32,768 Hz,
each of the 31 increments in the Calibration byte
would represent +10.7 or - 5.35 seconds per month.

Two methods are available for ascertaining how
much calibration a given MK48T08/18 may require.
The first involves simply setting the clock, letting it
run for a month and comparing it to a known accu-
rate reference (like WWV broadcasts). While that
may seem crude, it allows the designer to give the
end user the ability to calibrate his clock as his
environment may require, even after the final pro-
duct is packaged in a non-user serviceable enclo-
sure. All the designer has to do is provide a simple
utility that accesses the Calibration byte. The utility
could even be menu driven and made foolproof.

The second approach is better suited to a manufac-
turing environment, and involves the use of some
test equipment. When the Frequency Test (FT) bit,
the seventh-most significant bit in the day Register,
is setto a "1", and the oscillator is running at 32,768
Hz, the LSB (DQO) of the Seconds Register will
toggle at 512 Hz. Any deviation from 512 Hz indi-
cates the degree and direction of oscillator frequen-
cy shift at the test temperature. For example, a
reading of 512.01024 Hz would indicate a +20 PPM
oscillator frequency error, requiring a -10(001010)
to be loaded into the Caiibration Byte for correction.
Note that setting or changing the Calibration Byte
does not affect the Frequency test output frequency.
The device must be selected and addresses must
stgble at Address 1FF9 when reading the 512 Hz on
DQO.

The FT bit must be set using the same method used
to set the clock, using the write bit. The LSB of the
Seconds Register is monitored by holding the
MK48T08/18 in an extended read of the Seconds
Register, without having the Read bit set. The FT
bit MUST be reset to "0" for normal clock operations
to resume.

FIGURE 10 : FREQUENCY ERROR
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ABSOLUTE MAXIMUM RATINGS -

B PAFIAME;I'ER VALUE - WiHNilThﬂ
Total Power Dissipation ; o 1.0 - w
Output Current per Pin 20 ﬁw&» mA
Voltage on any Pin Relative to GND ) -0.3to+7.0 R \
Ambient Operating ( Vcc on ) Temperature (Ta) B 0to 70 - B MT . 7"(_‘,7
Ambient Storage ( Vcc off ) Temperature o 010485 ‘C

" Stresses greater than those listed under "Absolute Maximum Hatingszrﬂ); cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification

is net implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability.

CAUTION

Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode.

RECOMMENDED DC OPERATING CONDITIONS (0°C< Ta < +70°C)

SYMBOL |PARAMETER MIN‘ MAX UNITg B NOTég ]
Vee Supply Voltage ( MK48T08/09) - J4.75 55 \ 1
Vee Supply Voltagei( MK48T1 8/71 9 4.5/ 55 \ . 1
GND__|Supply Voltage S R N S 7;._L_77
ViH Logic "1" Voltgge All Inng L 2£ Vce + 0.3v \" 1

Vi Logic "0" Voltage All Inputs 0.3 0.8 Vv 1,2
DC ELECTRICAL CHARACTERISTICS (0°C< Ta <+70°C) (Vcc (min) < Vcc < Vec (max))

SYMBOL |PARAMETER 7 T MIN 1 MAX UNITSE NOTES
lect Average Vcc Power;upply Cur};t 1 80 mA 3 |
lec2 TTL Standby Current ( Es= V.H or EZ:VN_)ﬁ T 3 mA
lee3 CMOS Standby Current (E1= Ve -0.2v) . 3 ;A_ [ 4 -

e Input Leakage Cur“r;nt (Any lnf;t) 4 ﬁjl | _;J.A o 5 ]
o |OuputleakageCurest | 5 45 A | s
VoH Output Logic "1" Voltage ( lout =-1 m; 2.4 \
VoL Output Logic "0" Voltage (lout = +2.1 mA; ‘ 0.4 \
VINT INT Logic "0" Voltage (lout = 405 }n/;) . 0.4 v o N
NOTES :

1. All voltages referenced to GND.

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle.
3. lcct measured with outputs open.
4
5

. 1mA typical.

Measured with Vec > V, > GND and outputs deselected.

12/14
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AC TEST CONDITIONS FIGURE 11 : OUPUT LOAD DIAGRAM
INPUT LEVELS 0.0v to 3.0v
TRANSITION TIMES: 5nS
INPUT AND OUTPUT TIMING v
REFERENCE LEVELS 1.5v
1.8 K
DEVICE
UNDER
TEST
1.0 Ko 100 pF
(INCLUDING SCOPE
AND JIG)
CAPACITANCE (Ta =25°C)
SYMBOL PARAMETER MAX UNITS NOTES
(o]] capacitance on all pins (except DQ) 10.0 pF 1
chQ capacitance on DQ pins 10.0 pF 1,2
NOTES :
1. Effective capacitance calculated from the equation C
ORDERING INFORMATION
PART NUMBER ACCESS TIME (ns) SUPPLY VOLTAGE
MK48T08B10 100 - 5V+10%
MK48T08B15 B 150 5V+10%
MK48T08B20 200 5V+10%
MK48T18B10 100 5V +10% -5%
MK48T18B15 150 5V +10% -5%
MK48T18B20 ] | 200 B 5V +10% -5%

‘ SGS-THOMSON
Y/, ICROELECTRONICS
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FIGURE 12 : PACKAGE MECHANICAL DATA

S f=

Mo A
O

T oY O W

£
1] ]
-

B1 [
o b —ef—s
11 EQUAL SPACES @ BA
100 L0100 (TN.A)
INCHES
oM NOTES NOTES
MIN MAX —_—
A 320 380 2 1. OVERALL LENGTH INCLUDES FLASH
AND PROJECTIONS ON EITHER END
Al 015 .030 2 OF PACKAGE
A2 300 -360 2. PACKAGE STANDOFF TO BE MEASURED
B .015 .021 3 PER JEDEC REQUIREMENTS.
B1 045 070 _— 3. THE MAXIMUM LIMIT SHALL BE
*C .008 012 3 INCREASED BY .003 IN. WHEN
D R 1.495 1 SOLDER LEAD FINISH IS SPECIFIED.
E .530 640
E1 .530 550
E2 550 570
el .090 110
eA .600 .700
L 120 150
S .060 .090

14/14
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MK48T85Q

ADDRESS / DATA MULTIPLEX

TIMEKEEPER™ RAM

= DROP-IN REPLACEMENT FOR IBM AT COM-
PUTER CLOCK/CALENDAR

= PIN COMPATIBLE WITH THE DS1285Q

= EXTERNAL BATTERY AND CRYSTAL PINS

s COUNTS SECONDS, MINUTES, HOURS,
DAYS, DAY OF THE WEEK, DATE, MONTH
AND YEAR WITH LEAP YEAR COMPENSA-
TION

s BINARY OR BCD REPRESENTATION OF TI-
ME, CALENDAR AND ALARM

s 12 OR 24 HOUR CLOCK WITH AM AND PM IN
12 HOUR MODE

= SELECTABLE BETWEEN MOTOROLA AND IN-
TEL BUS TIMING

= MULTIPLEX BUS FOR PIN EFFICIENCY

s INTERFACED WITH SOFTWARE AS 64 RAM
LOCATIONS

14 bytes of clock and control registers

50 bytes of general purpose ram
s« PROGRAMMABLE SQUARE WAVE OUTPUT
SIGNAL
= BUS COMPATIBLE
(IRQ)
=« THREE INTERRUPTS ARE SEPARATELY
SOFTWARE-MASKABLE AND TESTABLE

Time-of-day alarm  once/second to
once/day

Periodic rates from 122 us to 500 ms
End of clock update cycle

INTERRUPT SIGNALS

October 1989

ADVANCE DATA
PIN CONNECTIONS

X2 X1 MOT NF Vce SQW NF
NoN LA
RSN

/a3 2 1028 27 2 W

ADO (|5 25 | | RCLR
AD1 wJe 24 ) VBAT
AD2 || 7 23 || IRQ
AD3 || 8 22 | | RESET
AD4 [ |9 211 DS
ADs ! 10 20 | | GND
AD6 || 11 1971w

1‘2 13‘ 14 15 16‘ 17- 1‘8 /
SN
AD6 NF AD7 GND E AS NF

PIN NAMES
A/DO - AD7 ADDRESS / DATA
MOT _ BUS TYPE SELECTION
E CHIP SELECT
AS ADDRESS STROBE
w READ / WRITE
sQwW SQUARE WAVE OUT
IRQ __INTERRUPT REQUEST
RESET RESET
DS ~_ DATA STROBE
Vce ) +5 VOLTS
GND GROUND
RCLR RAM CLEAR
X1, X2 32.768 KHz CRYSTAL
VBAT +3 VOLT BATTERY INPUT
NF* NO FUNCTION

* This pin serves no function and may be connected to other
signals without affecting device operation. The electrical
characteristics are the same as the other inputs pins.

1/5

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK48T85Q

DESCRIPTION

The MK48T85 RealTime Clock and RAM is des-
igned to be a functional replacement for the
DS1285. The functions available to the user in-
clude a time-of-day clock, an alarm, a one-hun-
dred-year calendar, programmable interrupts, a
square wave generator, and 50 bytes of static
RAM. The MK48T85 provides connections for a
battery and a 32.768 KHz crystal. The battery
connection allows the user to back-up the RAM
and clock functions in the absence of system
voltage.

Automatic deselection of the device provides in-
surance that data integrity is not compromised
should Vcc fall below specified (Vprp) levels. The
automatic deselection of the device remains in

FIGURE 1. BLOCK DIAGRAM

External

effect upon power up for a period of 100ms after
Vcc rises above Vprp, provided the Real Time
Clock is running and the count down chain is not
in reset, allowing sufficient time for Vcc to stabi-
lize and giving the system clock a wake up pe-
riod so that a valid system reset can be estab-
lished.

OPERATION

The block diagram in Figure 1 shows the pin
connection with the major functions of MK48T85
(Real Time Clock/RAM). For a complete descrip-
tion of operating conditions, electrical charac-
teristics, bus timing, and pin descriptions other
than X1, X2, VBAT, and RCLR see the
MK48T87(B) datasheet.

A0
E

Vee Power Vee
£ Switch > -
and - PO'&
Vbat wma [
{ Pwlec( |

External
Cell

sl

Periodic Interrup’Square Wave Rate

Selection
(1 of 16 Selector)

*ﬁ_"l - iRG
—
|

Registers A, B, C, D RESET

| S

-

DS
w Clock/

§ Calendar RAM
<;_;J> (10 Bytes)

(4 Bytes)

Clock Alarm

R e Calendar - R _
as E:> Update RCLR
AD Bus

Interface
<?::> BCD/ —t
Binary
Increment
LUSLIN S User RAM
] (50 Bytes)
2/5
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MK48T85Q

SIGNAL DESCRIPTIONS

X1, X2 - The X1 and X2 pins are the connections
for a standard 32.768 KHz quartz crystal.

VBAT - The VBAT pin is the battery input for any
standard 3V lithium cell or other energy source.

RCLR - the RCLR pin is used to clear (set to
logic "1") all 50 bytes of the general purpose
RAM associated with the Real Time Clock. In or-

der to clear the RAM, RCLR must be forced to
an input logic "0" (-0.3 to 0.8 volts) for a minimun
of 100 ms when VCC is applied

FOR COMPLETE DESCRIPTION OF OPERA-
TING CONDITIONS, ELECTRICAL CHARAC-
TERISTICS, BUS TIMING, PACKAGE DIMEN-
SION, AND PIN DESCRIPTIONS, SEE THE
MK48T87(B) DATASHEET. .

DC ELECTRICAL CHARACTERISTICS (0°C < Ta <70°C ) (Vcc (Max) < Vece < Vee( Min))

syMBoL PARAMETER MIN MAX UNITS | NOTES
Icc Average Vcc Power Supply Current 15 mA
_Amot_ Input Current -1.0 500 pA
he Input Leakage Current 1 pA |
lou Output Leakage Current -5 +5 pA
Von Output Logic "1" Voltage (lout = -1.0 mA) 2.4 \'
Vou Output Logic "0" Voltage ( lout = 4.0 mA) 04 | V. |
[ VBAT [Battery Voltage 24 35 v
CRYSTAL ELECTRICAL CHARACTERISTICS ( externally supplied)
| svmeoL |PARAMETER | TesT coNDITIONS VALUES UNITS
\ i MIN | TYP | MAX -
! fo lResonant Frequancy 32.768 ~ KHz
‘ rs Series Resistance l | 30 KQ
cL {load Capacitance | 12.5 pf
3/5
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MK48T85Q

FIGURE 2 . POWER-UP / POWER-DOWN CONDITIONS

Verp
\ Vso Vso
. x . Z S
o tep ke . trec
— L
E N /
N NN
]
BATT DATA RETENTION TIME -
e __ tor N
L S .
AC ELECTRICAL CHARACTERISTICS (POWER-UP / DOWN TIMING)
symeoL |PARAMETER MIN MAX UNITS NOTES
trp E or W at Vi Before Power Down 0 ns
tr |Veroto Vso Vec Fall Time 310 o us |
tR  [Vsoto Verp Vco Rise Time 100 | pus |

DC ELECTRICAL CHARACTERISTICS (POWER-UP/ DOWN TRIP POINTS)(0°C < Ta < 70°C)

symBoL |PARAMETER MIN TYP MAX UNITS | NOTES
Vero | Power-fail Deselect Voltage 1.29 Vear \ ]
Vso Battery Back-up Swithover Voltage VeaT v
4/5
SGS-THOMSON

406

&7

MICROELECTRONICS




MK48T85Q

FIGURE 3. PACKAGE DESCRIPTION 28 PIN PLCC

ST a)
-— .020
MIN
[
O ]
O 0 |
] 8 | = D2/E2
E E1 [] E ? ?
6 EQ SPCS
— @ .050 EA
[_ j =.3000.A.
l_‘ :] 4 PLACES
C mi!
' - i v
T g guogogd ‘ ‘
‘ ? —| k |-
— ' h | - <—A‘—>|
DIM INCHES ___ | Notes
o MIN MAX NOTES:
A 0.165 0.185 2
Al 0.090 | 0120 2 1. Lead finish to be solder dip
B 0.026 0032 2 or tin/lead plate.
) 0.013 | 0.021 2 2. The maximun limit shall be
D 0.485 0.495 increased by 0.003 inche when
D1 0.450 0.456 solder lead finish is specified.
D2 0.390 0.430
E 0.485 0.495
E1 0.450 0.456
_E2 0.390 0.430
h 0.042 0.060
j 0.042 | 0.060
k 0.042 0.056
5/5
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MK48T87A(B)

ADDRESS / DATA MULTIPLEX

TIMEKEEPER™ RAM

» DROP-IN REPLACEMENT FOR IBM AT COM-
PUTER CLOCK/CALENDAR

a PIN COMPATIBLE WITH THE MC146818 A

s TOTALLY NONVOLATILE WITH OVER 10 YE-
ARS OF OPERATION IN THE ABSENCE OF
POWER

a SELF-CONTAINED SUBSYSTEM INCLUDES
LITHIUM BATTERY, QUARTZ CRYSTAL AND
SUPPORT CIRCUITRY

a« COUNTS SECONDS, MINUTES, HOURS,
DAYS, DAY OF THE WEEK, DATE, MONTH
AND YEAR WITH LEAP YEAR COMPENSA-
TION

= BINARY OR BCD REPRESENTATION OF TI-
ME, CALENDAR AND ALARM

= 12 OR 24 HOUR CLOCK WITH AM AND PM IN
12 HOUR MODE

a SELECTABLE BETWEEN MOTOROLAAND IN-

TEL BUS TIMING

= MULTIPLEX BUS FOR PIN EFFICIENCY
= INTERFACED WITH SOFTWARE AS 64 RAM
LOCATIONS

14 Bytes Of Clock And Control Registers

50 Bytes Of General Purpose Ram
« PROGRAMMABLE SQUARE WAVE OUTPUT
SIGNAL
= BUS COMPATIBLE
(IRQ)
» THREE INTERRUPTS ARE SEPARATELY
SOFTWARE-MASKABLE AND TESTABLE

Time-of-day Alarm Once/second To
Once/day

Periodic Rates From 122 us To 500 ms
End Of Clock Update Cycle

INTERRUPT SIGNALS

* This pin serves no function and may be connected to other
signals without affecting device operation. The electrical
characteristics are the same as the other inputs pins.

October 1989

ADVANCE DATA

DIP-24
(Plastic with battery top Hat)

PIN CONNECTIONS

MoT [I [24] Ve
v 2] 23] saw
N[5 [22] wNF
ADO [L [21] wF
Aot 5] E NF
s (o) MK48T87A(B) P2 ™
o (7] [18] ReseT
aos ] [i7) os
aos  [9] 16] NF
ADs [s] w
o7 1] LA’_] As
GND i3] e

?
|
|

PIN NAMES
ADO-AD7 |  ADDRESS/DATA
~ MOT BUS TYPE SELECTION
E | CHIP SELECT
AS ADDRESS STROBE
w READ / WRITE
~ saw | SQUARE WAVE OUT
IRQ INTERRUPT REQUEST
RESET RESET ]
DS i DATA STROBE |
Vce +5 VOLTS ]
GND | GROUND |
"RCLR | RAM CLEAR B
NF* | NOFUNCTION |

1/2

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK48T87A(B)

DESCRIPTION

The MK48T87 Real Time Clock and RAM is des-
igned to be a compatable replacement for the
MC146818. A lithium energy source, a quartz
crystal and write-protection circuitry are contai-
ned within a 24-pin dual in-line package. The
MK48T87 is, therefore, a complete subsystem re-
placing as many as 16 components in a typical
application. The functions available to the user
include a nonvolatile time-of-day clock, an alarm,
a one-hundred-year calendar, programmable in-
terrupt, square wave generator, and 50 bytes of
nonvolatile static RAM. The Real Time
Clock/RAM is unique in that the time-of-day and
memory are maintained even in the absence of
power.

Automatic deselection of the device provides in-
surance that data integrity is not compromised
should Vcc fall below specified (Vprp) levels. The
automatic deselection of the device remains in
effect upon power up for a period of 100ms after
Vcc rises above Vprp, provided the Real Time
Clock is running and the count down chain is not

FIGURE 1. BLOCK DIAGRAM

in reset, allowing sufficient time for Vcc to stabi-
lize and giving the system clock a wake up pe-
riod so that a valid system reset can be estab-
lished.

The block diagram in Figure 1 shows the pin
connection with the major internal functions of
MK48T87 (Real Time Clock/RAM). FOR COM-
PLETE DESCRIPTION OF OPERATING CONDI-
TIONS, ELECTRICAL CHARACTERISTICS,
BUS TIMING, PACKAGE DIMENSION, AND
PIN DESCRIPTIONS OTHER THAN RLCR, SEE
THE MK48T87(B) DATASHEET.

SIGNAL DESCRIPTIONS

RCLR - The RCLR pin is used to clear (set to
logic "1") all 50 bytes of general purpose RAM
but does not affect the RAM associated with the
Real Time Clock. In order to clear the RAM,
RCLR must be forced to an input Logic "0" (-0.3
to 0.8 volts) for a minimun of 100 ms when Vcc
is applied.

Periodic InterrupySquare Wave Rate

Selection |
(101 16 Selector)

el

RQ

l——b

—ecirl e b
=1 1 |

Registers A, B, C, D RESET
{4 Bytes) A

Clock Atarm
Calendar RAM
(10 Bytes)

User RAM
(50 Bytes)

2/2
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MK48T87(B)

ADDRESS / DATA MULTIPLEX
TIMEKEEPER™ RAM

s DROP-IN REPLACEMENT FOR IBM AT COM-
PUTER CLOCK/CALENDAR

= PIN COMPATIBLE WITH THE MC146818 A

a TOTALLY NONVOLATILE WITH OVER 10 YE-
ARS OF OPERATION IN THE ABSENCE OF
POWER

» SELF-CONTAINED SUBSYSTEM INCLUDES
LITHIUM BATTERY, QUARTZ CRYSTAL AND
SUPPORT CIRCUITRY

s COUNTS SECONDS, MINUTES, HOURS,
DAYS, DAY OF THE WEEK, DATE, MONTH
AND YEAR WITH LEAP YEAR COMPENSA-
TION

= BINARY OR BCD REPRESENTATION OF TI-
ME, CALENDAR AND ALARM

= 12 OR 24 HOUR CLOCK WITH AM AND PM IN
12 HOUR MODE

s SELECTABLE BETWEEN MOTOROLA AND IN-
TEL BUS TIMING

= MULTIPLEX BUS FOR PIN EFFICIENCY

» INTERFACED WITH SOFTWARE AS 64 RAM
LOCATIONS

14 Bytes Of Clock And Control Registers

50 Bytes Of General Purpose Ram
s PROGRAMMABLE SQUARE WAVE OUTPUT
SIGNAL
= BUS COMPATIBLE
(IRQ)
s THREE INTERRUPTS ARE SEPARATELY
SOFTWARE-MASKABLE AND TESTABLE

Time-of-day Alarm Once/second To
Once/day

Periodic Rates From 122 us To 500 ms
End Of Clock Update Cycle

INTERRUPT SIGNALS

* This pin serves no function and may be connected to other
signals without affecting device operation. The electrical
characteristics are the same as the other inputs pins.

October 1989

ADVANCE DATA

B
DIP-24
(Plastic with battery top Hat)

PIN CONNECTIONS

)
) N
wor [0 |® [24] Ve
NF [2_ ﬁ_j saw
v 3] Z} NF
a0 [+ [2r] e
apr 5] [20] wF
w (5] MK4BTS7(B) ) o
aos (7] 18] meser
AD4 [17] os
ADS E El NF
ADs 5] W
AD7 l] AS
GND E 3
PIN NAMES
A/DO - AID7 ~_ ADDRESS/DATA
MOT BUS TYPE SELECTION
E | CHIPSELECT
AS ADDRESS STROBE
W READ / WRITE
SQW |  SQUARE WAVE OUT
IRQ INTERRUPT REQUEST
RESET RESET
~ Ds DATA STROBE ]
Vece +5 VOLTS
GND 'GROUND
NF* _ NO FUNCTION _
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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MK48T87(B)

DESCRIPTION

The MK48T87 RealTime Clock and RAM is des-
igned to be a compatable replacement for the
MC146818. A lithium energy source, a quartz
crystal and write-protection circuitry are contai-
ned within a 24-pin dual in-line package. The
MK48T87 is, therefore, a complete subsystem re-
placing as many as 16 components in a typical
application. The functions available to the user
include a nonvolatile time-of-day clock, an alarm,
a one-hundred-year calendar, programmable in-
terrupt, square wave generator, and 50 bytes of
nonvolatile static RAM. The Real Time
Clock/RAM is unique in that the time-of-day and
memory are maintained even in the absence of
power.

FIGURE 1. BLOCK DIAGRAM

. =

Automatic deselection of the device provides in-
surance that data integrity is not compromised
should Vcc fall below specified (Vprp) levels. The
automatic deselection of the device remains in
effect upon power up for a period of 100ms after
Vce rises above Vprp, provided the Real Time
Clock is running and the count down chain is not
in reset, allowing sufficient time for Vcc to stabi-
lize and giving the system clock a wake up pe-
riod so that a valid system reset can be estab-
lished.

The block diagram in Figure 1 shows the pin
connection with the major internal functions of
MK48T87 (Real Time Clock/RAM). The following
paragraphs describe the function of each pin.
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MK48T87(B)

SIGNAL DESCRIPTIONS

GND, Vcc - D.C. power is provided to the device
on these pins. Vcc is the +5 volt input. When
Vcc is applied and is above Vprp, the device is
fully accessible and the data can be written and
read. When Vcc is below Vpep, reads and writes
are inhibited. However, the timekeeping function
continues unaffected by the lower input voltage.
As Vcc falls below Vso, the RAM and timekeeper
are switched over to an internal Lithium energy
source. The timekeeping function maintains an
accuracy of + 1 minute per month at 25 ° C re-
gardless of the voltage input on the Vcc pin.

MOT (Mode Select) - The MOT pin offers the

flexibility to choose between two bus types.
When connected to Vcc, Motorola bus timing is
selected. When connected to GND or left discon-
nected, Intel bus timing is selected. The pin has
an internal pull-down resistance of approximately
20K.

SQW (Square Wave Output) - The SQW pin
can output a signal from one of 13 taps provided
by the 15 internal divider stages of the Real Time
Clock. The frequency of the SQW pin may be
changed by programming Register A. As shown
in Table 1, the SQW signal may be turned on
and off using the SQWE bit in Register B. The
SQW signal is not available when Vcc is less
than Vprp.

TABLE 1. PERIODIC INTERRUPT RATE AND SQUARE WAVE FREQUENCY

|, - 'SELECT BITS REGISTER A " Ttg :::;gﬂgm SGW OUTPUT
| RS3 RS2 RS1 RSO FREQUENCY
TR R R A Lo | MNone None
I 0 0 B 0 1 3.90625 ms 256 Hz
o o 1 o | 7sizsms 128 Hz
I e e e 122.070 s 8.192 KHz
0 | 1 0 o0 244.141 us 4.096 KHz
I N IS N R R 1. | 488281ps | 2048KHz |
0 i 1 0 976.5625 s 1024 KHz |
o 1 1 | 1 | 1953125ms 512 Hz
1 0 | 0o | 0 | 390625ms 256 Hz
1 o | 0 1| 7s125ms | 128Hz
L o (R _ 15625ms | edHz |
[ 0 1 1 31.25ms 32 Hz
f 1 1 0 0 _625ms | 16Hz
RS B SR 0 1 0 128ms 8 Hz
1 1 L 0 . 250ms 4 Hz
R 1 11 o 500 ms 2 Hz
ADO-AD7 (Multiplexed Bi-Directional Ad- from address to data occurs during the internal

dress/Data Bus) - Multiplexing the bus reduces
the device pin count because address informa-
tion and data information time share the same
signal paths. The addresses are presented du-
ring the first portion of the bus cycle and the
same pins and signal paths are used for data
transfer during the second portion of the cycle.
Address/data multiplexing does not slow the ac-
cess time of the MK48T87 since the bus change

&r
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RAM access time. Addresses must be valid
prior to the falling edge of AS/ALE, at which
time the MK48T87 latches the address from ADO
toAD5. Valid write data must be present and
held stable during the latter portion of the DS or
RD pulses. The read cycle is terminated and the
bus returns to a high impedance state as DS
transitions low in the case of Motorola timing or
as RD transitions high in the case of Intel timing.
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MK48T87(B)

AS (Address Strobe Input) - A positive going
address strobe pulse serves to demultipiex the
bus. The falling edge of AS/ALE causes the ad-
dress to be latched within the MK48T87.

DS (Data Strobe or Read Input) - The DS/RD
pin has two modes of operation depending on
the level of the MOT pin. When the MOT pin is
connected to Vcc, Motorola bus timing is selec-
ted. In this mode DS is a positive pulse during
the latter portion of the bus cycle and is called
Data Strobe. During read cycles, DS signifies the
time that the MK48T87 is to drive the bi-direc-
tional bus. In write cycles the trailing edge of
DS causes the MK48T87 to latch the written da-
ta. When the MOT pin is connected to GND,
Intel bus timing is selected. In this mode the
DS pin is called Read (RD). RD identifies the
time period when the MK48T87 drives the bus
with read data. The RD signal is the same defi-
nition as the Output Enable (G) signal on a typi-
cal memory.

W (Read/Write Input) - The W pin also has two
modes of operation. When the MOT_pin is
connected to Vcc for Motorola timing, W is a
level which indicates whether the current cycle is
aread or write. A read cycle is indicated with a
high level on W while DS is high. A write cycle
is indicated when W is low during DS. When the
MOT pin is connected to GND for Intel timing,
the W signal is an active low signal called WR.
In this mode the W pin has the same meaning
as the Write Enable signal (W) on generic RAMs.

E_(Chip Select Input) - The Chip Select signal
(E) must be asserted low for a bus cycle in which
the MK48T87 is to be accessed. E must be kept
in the active state during DS and AS for Motorola
timing and during RD and W for Intel timing. Bus
cycles which take place without asserting E will
latch addresses but no access will occur. When
Vce is below Vprp, the MK48T87 internally inhi-
bits access cycles by internally disabling the E
input. This action protects both the Real Time
Clock data and RAM data during power outages.

IRQ (Interrupt Request Output) - The IRQ pin
is an active low output of the MK48T87 that may
be used as an interrupt input to a processor.
The IRQ output remains low as long as the sta-
tus bit causing the interrupt is present and the
corresponding interrupt- enable bit is set. To
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clear the IRQ pin the processor program normal-
ly reads the C register. The RESET pin also
clears pending interrupts. When no interrupt
conditions are present, the IRQ level is in the
high impedance state. Multiple interrupt_devices
may be connected to an IRQ bus. The IRQ bus
is an open drain output and requires an external
pull-up resistor.

RESET (Reset Input) - The RESET pin has no
effect on the clock, calendar, or RAM. On power-
up the RESET pin may be held low for a time in
order to allow the power supply to stabilize. The
amount of time that RESET is held low_is de-
pendent on the application. However, if RESET
is used on power up, the time RESET is low
should exceed 200 ms to make sure that the in-
ternal timer which controls the MK48T87 on po-
wer-up has timed out. When RESET is low and
Ve is above Vprp, the following occurs:

A. Periodic Interrupt Enable (PIE) bit is cleared
to zero.

B. Alarm Interrupt Enable (AIE) bit is cleared to
zero.

C. Update Ended Interrupt Flag (UF) bit is clea-
red to zero.

D. Interrupt Request Status Flag (IRQF) bit is
cleared to zero.

E. Periodic Interrupt Flag (PF) bit is cleared to
zero.

F. The device is not accessible until RESET is
returned high.

G. Alarm Interrupt Flag (AF) bit is cleared to ze-
ro.

H. IRQ pin is in the high impedance state.

l. Square Wave Output Enable (SQWE) bit is
cleared to zero.

J. Updated Ended Interrupt Is Cleared To Zero.

In a typical application RESET may be connec-
ted to Vcc. This connection will allow the
MK48T87 to go in and out of power fail without
affecting any of the control registers.

MICROELECTRONICS
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MK48T87(B)

ADDRESS MAP

The Address Map of the MK48T87 is shown in
Figure 2. The address map consists of 50 bytes
of user RAM, 10 bytes of RAM which contain the
RTC time, calendar and alarm data, and 4 bytes
which are used for control and status. All 64
bytes can be directly written or read except for
the following:

FIGURE 2 . ADDRESS MAP

00
14 BYTES
— _— S SR ._1 3»
14
50 BYTES
f 63

TIME, CALENDAR AND ALARM LOCATIONS

The time and calendar information is obtained by
reading the appropriate memory bytes. The time,
calendar and alarm are set or initialized by wri-
ting the appropriate RAM bytes. The contents of
the ten time, calendar and alarm bytes may be
either Binary or Binary-Coded (BCD) format. Be-
fore writing the internal time, calendar, and alarm
registers, the SET bit in Register B should be
written to a Logic one to prevent updates from
occuring while access is being attempted. In ad-
dition to writing the ten time, calendar and alarm
registers in a selected format (Binary or BCD),
the data mode bit (DM) of Register B must be
set to the appropriate logic level. All ten time, ca-
lendar and alarm bytes must be used the same
data mode. The set bit in Register B should be
cleared after the data mode bit has been written
to allow the Real Time Clock to update the time
and calendar bytes. Once initialized, the Real

Lyy SGS-THOMSON
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1. Registers C and D are read-only.
2. Bit 7 of Register A is read-only.

3. The high order bit of the seconds byte is read-
only.

The contents of four control registers (A,B,C,D)
are described in the "Register" section.

oo  seconDs |
01| SECONDS ALARM

02| _ MINUTES
03| MINUTES ALARM |
04 HOURS

06) DAY OF WEEK
07| DAY OF MONTH |
08|  MONTH |
09  YEAR
10| REGISTERA |
11| REGISTERB

12 REGISTER C
13 REGISTER D

Time Clock makes all updates in the selected
mode. The data mode cannot be changed wi-
thout reinitializing the ten data bytes. Table 2
shows the Binary and BCD formats of the ten
time, calendar and alarm locations. The 24/12 bit
cannot be changed without reinitializing the hour
locations. When the 12-hour format is selected,
the high order bit of the hours byte represents
PM when it is a logic one. The time, calendar
and alarm bytes are always accessible because
they are double 