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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 

SGS:THOMSON P.RODUCTS 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 
intended for surgical implant into the body, or (b) support 
or sustain life, and whose failure to perform, when pro­
perly used in accordance with instructions for use provi­
ded with the product, can be reasonably expected to 
result in significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can reasona­
bly be expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 
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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 SRAMs, Biport™ 
devices, Zeropower™Timekeeper™ RAMs, and Cache Tag RAMs. -

*Standard SRAM memories with a device density range of 4K bits to 1 024k bits and performance 
from 15ns to 200ns. Organizational flexibility (4K x 1, 1 K x 4, 16K x 1, 4K x 4, 64K x 1, 16K x 4, 
8Kx 8, 8Kx 9, 256K x 1, 64Kx 4, 32kx 8, 128kx 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 SRAMs 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-sooo 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 1 00 4" wafer line and a 700 square meter class 1 0 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 

Carrolton, TX (USA) 

Newport (UK) 

------------~ ~~©lH~~~ -------------
5 



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 1 0 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. 

------------ I..V. ~itm=~'~-------------
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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. 

It is 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 I NMOS 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 

------------ !V. ~~m~~9J'j -------------
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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. 

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. 

- ---------- ~'1. SGS·lHOMSON ----------­~"!'- ~D©Ir.l@~&W.l®~ 
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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. 

------------- Iiii. ~~tt\~~~ -------------
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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 

------------~ ~~©m~~a~ -------------
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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. 

------------~ ~~@m~~~~~-------------
11 



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-3851 0 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 MI~-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 
and the corresponding part number 

------------ I:1i. ~~m~~~~-------------
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-----ALPHANUMERICAL INDEX 

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

IMS1203 
IMS1203M 
IMS1223 
IMS1223M 
IMS1400M 
IMS1403 
IMS1403M/LM 
IMS1420M 
IMS1423 
IMS1423M 
IMS1600/1601 L 
IMS1600M/1601 LM 
IMS1620 
IMS1620M/LM 
IMS1624 
IMS1624M/LM 
IMS1630L 
IMS1630M/LM 
IMS16X5 
IMS16X5M 
IMS1800 
IMS1800M 
IMS1820 
IMS1820M 
MK41 H66/H67 
MK41 H68/69 
MK41 H78/79 
MK41H80 
MK41S80 
MK4202 
MK44S80 
MK4501 
MK4503 
MK4505 
MK45264/265 
MK45H01/02/03 
MK45H04/08 
MK48127/28 
MK4832 
MK48C02 
MK48H64 
MK48H89 
MK48H98/99 
MK48S74/75 
MK48S80 
MK48T02!12 
MK48T08/18 
MK48T85Q 
M K48T87/87 AlB 
MK48T87B 
MK48Z02!12 
MK48Z08/09/18/19 
MK48Z30/Z30A 
MK48Z32/Z32A 
MK6116/MKI6116 
MK148Z02!12 

Organization 

4Kx1 
4Kx1 
1Kx4 
1Kx4 
16Kx1 
16Kx1 
16Kx1 
4Kx4 
4Kx4 
4Kx4 
64Kx1 
64Kx1 
16Kx4 
16Kx4 
16Kx4 
16Kx4 
8Kx8 
8Kx8 
(64K) 
(64K) 
256Kx1 
256Kx1 
64Kx4 
64Kx4 
16Kx1 
4Kx4 
4Kx4 
4Kx4 
4Kx4 
2Kx20 
16Kx4 
512x9 
2048x9 
1024x5 
64x5X2 
512x9/1 024x9/2048X9 
4Kx9/8Kx9 
128Kx8 
32Kx8 
2Kx8 
8Kx8 
8Kx9 
8Kx8/9 
8Kx8 
8Kx8 
2Kx8 
8Kx8 

2Kx8 
8Kx8 
32Kx8 
32Kx8 
2Kx8 
2Kx8 

Description 

SRAM ................ . 
Military SRAM ............ . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
NMOS Military SRAM . . . . . . . . . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
Military SRAM . . . . . . . . . . . . . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
SRAM with OE . . . . . . . . . . . . . 
Military SRAM with OE . . . . . . . . 
SRAM with OE . . . . . . . . . . . . . 
Military SRAM . . . . . . . . . . . . . 
Very High Speed Family SRAM 
Very High Speed Family Military SRAM 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
SRAM ................ . 
Military SRAM . . . . . . . . . . . . . 
SRAM ................ . 
SRAM ................ . 
SRAM with OE and flash clear . . . . 
CacheTag .............. . 
Very high speed Cache Tag . . . . . . 
CacheTag .............. . 
CacheTag .............. . 
FIFO ................. . 
FIFO ................. . 
Clocked FIFO ............ . 
FIFO ................. . 
High speed FIFOs . . . . . . . . . . . 
High speed FIFOs . . . . . . . . . . . 
SRAM ................ . 
SRAM ................ . 
Zeropower without battery . . . . . . . 
SRAM ................ . 
SRAM ................ . 
SRAM with parity . . . . . . . . . . . 
CacheTag .............. . 
Very high speed Cache Tag . . . . . . 
Timekeeper . . . . . . . . . . . . . . 
Timekeeper . . . . . . . . . . . . . . 
Address/data multiplexed real-time clock 
Address/data multiplexed real-time clock 
Address/data multiplexed real-time clock 
Zeropower .............. . 
Zeropower .............. . 
Zeropower .............. . 
Zeropower .............. . 
SRAM ................ . 
Zeropower Industrial temp. range . . . 

Page Number 

31 
501 
39 

511 
521 

47 
531 
541 

57 
551 

67 
561 

77 
571 

87 
581 

97 
591 
107 
601 
119 
603 
129 
605 
139 
149 
159 
171 
183 
195 
215 
217 
233 
251 
271 
289 
307 
323 
325 
335 
345 
355 
357 
361 
373 
375 
389 
403 
409 
411 
431 
443 
457 
469 
479 
489 
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SELECTION GUIDE 

ZEROPOWERS 

ORGANISATION PART 
ICCma TEMP 

DESCRIPTION NUMBER SPEEDns ACTIVE TIL CMOS vee RANGE PACKAGE 
mA@ns STBY STBY 

-2KX8 MK48Z02 120, 150,200,250 90 3 1 5V+ 10-5% Oto + 70°C P DIP24 

-210{8 
MK48Z02BU 120, 150,200,250 90 3 1 5V+10-5% Oto + 70°C P DIP24 

UL-CERTIFIED 

-2K8 MK48Z12 120, 150,200,250 90 3 1 5V+10-10% Oto + 70°C P DIP24 

-210{8 
MK48Z12BU 120, 150,200,250 90 3 1 5V+ 10-10% Oto + 70°C PDIP24 

UL-CERTIFIED 

-210{8 MKI48Z02 120,150,200,250 90 3 1 5V+10-5% -40 to +85°C P DIP24 

-210{8 
MK148Z02BU 120,150,200,250 90 3 1 5V+10-5% -40 to +85°C PDIP24 

UL-CERTIFIED 

-210{8 MKI48Z12 120, 150,200,250 90 3 1 5V+10-10% -40to +85°C P DIP24 

-2KX8 
MKI48Z12BU 120, 150,200,250 90 3 1 5V+10-10% -40 to+ 85°C PDIP24 

UL-CERTIFIED 

-210{8 
MK48C02AN 150,200,250 90 3 1 5V+10-5% Oto + 70°C PDIP24 

W/OBATTERY 

-210(8 
MK48C02AK 150,200,250 90 3 1 5V+10-5% Oto + 70°C PLCC32 

W/OBATTERY 

-810{8 
MK48Z08 

55,70 125@70 
3 3 5V+10-10% Oto + 70°C PDIP28 UL-CERTIFIED 100,150,200 80@100 

-810{8 
MK48Z08BU 

55,70 125@70 
3 3 5V + 10-10% Oto + 7ooc PDIP28 

UL-CERTIFIED 100,150,200 80@100 

-810{8 MK48Z18 
55,70 125@70 

3 3 5V + 10-10% Oto + 70°C PDIP28 
100,150,200 80@100 

- 8KX8 
MK48Z18BU 

55,70 125@70 
3 3 5V+10-10% Oto+ 70°C PDIP28 

UL-CERTIFIED 100,150,200 80@100 

-8KX8 
MK48Z09 

55,70 125@70 
3 3 5V + 10-10% Oto + 70°C PDIP28 

PWRFAILINT 100,150,200 80@100 

- 810(8 
55,70 125@70 

UL-CERTIFIED MK48Z09BU 3 3 5V + 10-10% Oto + 70°C PDIP28 

PWRFAILINT 100,150,200 80@100 

- 8KX8 
MK48Z19 

55,70 125@70 
3 3 5V + 10-10% Oto + 70°C PDIP28 

PWRFAILINT 100,150,200 80@100 

- 8KX8 
55,70 125@70 

UL-CERTIFIED MK48Z19BU 3 3 5V + 10-10% Oto + 70°C P DIP28 

PWRFAILINT 100,150,200 80@100 

-3210(8 
MK48Z30 

10 YEARS -25°C 
100,120,150 90 5 2 5V+10-5% Oto + 70°C P DIP28 

-3210(8 
MK48Z30A 100,120, 150 90 5 2 5V+10-5% Oto + 70°C P DIP28 

10 YEARS -25°C 

-3210(8 
MK48Z32 

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

-------------L"'/1 ~~~m~~:~:: -------------
17 



SELECTION GUIDE 

TIMEKEEPERS 

ORGANISATION PART 
ICCma 

TEMP 
DESCRIPTION NUMBER SPEEDns ACTIVE TTL CMOS vee RANGE PACKAGE 

mA@ns STBY STBY 

-2KX8 MK48T02 120, 150, 200, 250 80 5 3 5V+10-5% 0 to+ 70°C P DIP24 

-2KX8 
MK48T02BU 120, 150, 200, 250 80 5 3 5V+10-5% o to+ 7oac P DIP24 

UL-CERTIFIED 

-2KX8 MK48T12 120,150,200,250 80 5 3 5V+10-10% 0 to+ 70°C P DIP24 

-2KX8 
MK48T12BU 150,200,250 80 5 3 5V+10-10% Oto + 70°C P DIP24 

UL-CERTIFIED 

-2KX8 MKI48T02 120, 150,200, 250 80 5 3 5V+10-5% -40to+85°C P DIP24 

-2KX8 
MK148T02BU 120, 150,200, 250 80 5 3 5V+10-10% -40to+85°C P DIP24 

UL-CERTIFIED 

-8KX8 MK48T08 100,150,200 80 3 3 5V+10-5% 0 to+ 70°C P DIP24 

-8KX8 MK48T18 100, 150,200 80 3 3 5V + 10-10% Oto + 70°C P DIP24 

-PC 
5V + 10-REAL TIME MK48T87/87A 100 15 NA NA Oto + 70°C PDIP24 

CLOCK 
10% 

-PC 
REAL TIME 

MK48T85Q 100 15 0,5 NA 5V+10-10% 0 to+ 70°C PLCC28 
CLOCK 
W/OBATTERY 

---------------------------L!I ~~~~~~~:9~ ---------------------------
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SELECTION GUIDE 

CACHETAG MEMORIES 

ORGANISATION PART ICC rna TEMP 
DESCRIPTION NUMBER SPEEDns ACTIVE TTL CMOS vee RANGE PACKAGE 

mA@ns STBY STBY 
-4KX4 MK41H80 20,22, 25, 35 120 NA NA 5V + 10-10''/o Oto+ 70°C P DIP22 

-4KX4 MK41S80 12,15 120 NA NA 5V+10-10% Oto+ 70°C 
P DIP22 
/SOJ 24 

-2KX20 MK4202 20, 22,25 250 50 NA 5V+10-10% Oto+ 70°C PLCC68 

-8KX8 MK48S74 20, 22,25 150 NA NA 5V+10-10% Oto+ 70°C 
P DIP28 
/SOJ 28 

8KX8 
MK48S80 20,22,25 150 NA NA 5V+10-10'% Oto + 70°C 

P DIP28 
Totem Pole Output /SOJ28 

16KX4 MK44S80 15, 17,20 150 NA NA 5V+10-10% Oto + 70°C 
P DIP24 
300 MIL 

FIFO's 

ORGANISATION PART ICCma TEMP 
DESCRIPTION NUMBER SPEEDns ACTIVE TTL CMOS vee RANGE PACKAGE 

mA@ns STBY STBY 

-512X9 MK4501 
65,80, 100,120 

80 8 NA 5V+10-10% Oto+ ?ooc PDIP28 
150 & 200 IPLCC32 

-512X9 FAST MK45H01 25, 35, 50, 65, 120 120 12 NA 5V+10-10% Oto + 70°C 
P DIP 28(1) 
/PLCC32 

-1KX9FAST MK45H02 25, 35, 50, 65, 120 120 12 NA 5V+10-10% Oto+ 70°C 
P DIP28(1) 
/PLCC32 

-2KX9 MK4503 
65,80, 100,120 

120 12 NA 5V+10-10% Oto+ 70°C 
PDIP28 

150&200 /PLCC32 

-2KX9FAST MK45H03 25, 35, 50, 65, 120 120 12 NA 5V+10-10% Oto+ 70°C 
P DIP28(1) 
IPLCC32 

-4KX9FAST MK45H04 25, 35, 50, 65, 120 120 12 NA 5V+10-10% Oto + 70°C P DIP 28 (1) 

-BKX9 FAST MK45H08 25, 35, 50, 65, 120 120 12 NA 5V+10-10'% Oto+ 70°C P DIP28 

-1KX9dk40MHz MK4505M 25, 33,50 100 NA NA 5V+10-10% Oto + 70°C P DIP24 

MASTER&SLAVE MK4505S 25,33,50 100 NA NA 5V+10-10% Oto + 70°C P DIP20 

-64X5X2 MK45264 55,70 60 NA NA 5V+10-10% Oto+ 70°C P DIP24 

BIDIRECTIONAL MK45265 55,70 60 NA NA 5V+10-10% Oto+ 70°C P DIP24 

(1) 600 mil and 300 mil PDIP. 

---'--------------L.,J ~~~;-mgr~:J?~ --------------
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STATIC RAM 

ORGANISATION 
DESRIPTION 

-4KX1 
-1KX4 

-2KX8 

-2KX8 
LOW POWER 

-2KX8 

-2KX8 
LOW POWER 
-16KX1 FASTCS 
-16KX1 
-16KX1 
-4KX4 

-4KX4 

- 4KX4 FAST CS 
-4KX40E 
-4KX4 OE+FLASH CLR 

-64KX1 

-64KX1 

-64KX1 

-16KX4 

-16KX4 

-16KX40E 

-16KX40E 

-16KX4 OE Sep 1/0 

-8KX80E 

PART 
NUMBER 

IMS1203 
IMS1223 

MK6116 

MK6116L 

MKI6116 

MKI6116L 

MK41H66 
IMS1403 
MK41H67 
MK41H68 

IMS1423 

MK41H69 
MK41H78 
MK41H79 

IMS1600 

IMS1601 

IMS1605 

IMS1620 

IMS1625 

IMS1624 

IMS1629 

IMS1626/7 

IMS1630L 

ICC rna 
SPEEDns 

ACTIVE@ns 
TTL 

STBY 
25 35 45 80 15 
25 35 45 100 15 

150,200,250 70 3 

150,200,250 70 3 

150,200,250 55 3 

150,200,250 55 3 

20 25 35 120 10 
25 35 45 55 75 15 

20,25,35 120 10 
20,25,35 120 8 

25,35,45,55 105@25100@35 15 

20,25,35 120 8 
20 25,35 120 10 
20,25,35 120 16 

25,35,45,55 77@2570@35 25 

35,45,55 70 15 

15,20,25 100 25 

25,35,45,55 11 0@251 00@35 25 

15,20,25 100 25 

25,35,45,55 11 0@25 1 00@35 25 

15,20,25 100 25 

15,20,25 100 25 

45, SQ.ZO, 100, 120 --90 - 20 

ICCoR vee CMOS !!A 
STBY 

13 5V+ 10-10% 
8 5V+ 10-10% 

1 1 5V+ 10-10% 

0.001 1 5V+ 10-10% 

1 1 5V+ 10-10% 

0.01 1 5V + 10-10% 

5V + 10-10% 
10 5V+ 10-10% 

0.05 50 5V+10-10% 
0.05 50 5V+10-10% 

0.01 5V + 10-10% 

5V + 10-10% 
0.05 50 5V+10-10% 
0.05 50 5V+10-10% 

15 5V+ 10-10% 

5 100 5V + 10-10% 

10 350 5V + 10-10% 

17 5V+ 10-10% 

10 350 5V+ 10-10% 

17 5V+10-10% 

10 350 5V+10-10% 

10 350 5V + 10-10% 

10 350--- 5V+10-10% 

TEMP RANGE 

0 °Cto 70 oc 
0°Cto70°C 

0°C!0+70°C 

0°Cto+70°C 

-40° C1D+105 oc 

-40°C1D+105°C 

0°Cto+70°C 
0°Cto70°C 

0°Cto+70°C 
0°Cto+70°C 

0 °Cto 70 oc 

0 octo+ 70°C 
0°Cto+70°C 
0 °Cto+ 70 oc 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

0°Cto+70°C 

--
0 octo +_IO oc 

PACKAGE 

PDIP18 
PDIP18 
P DIP24 
/SOIC28 
P DIP24 
/SOIC28 
P DIP24 
/SOIC28 
P DIP24 
/SOIC28 
P DIP20 
P DIPILCC20 
P DIP20 
P DIP20 
P DIPILCC20 
SOJ20 
P DIP20 
P DIP22 
P DIP22 
P DIPILCC22 
SOJ24 
P DIPILCC22 
SOJ24 
P DIPILCC22 
SOJ24 
P DIPILCC22 
SOJ24 
P DIPILCC22 
SOJ24 
PDIP/SOJ24 
LCC28 
P DIP/SOJ24 
LCC28 
P DIP/SOJ28 
LCC28 ' 

p _QJE' /SOIG_28 I 
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STATIC RAM (Continued) 

ORGANISATION PART 
DESCRIPTION NUMBER 

-8KX80E MK48H64 

-8KX80E MK48H64L 

-8KX80E IMS1635 
-8KX90E MK48H89 

-8KX90E IMS1695 

- 8KX8\9 PARITY MK48H98\99 

-256KX1 IMS1800 

-6410<4 IMS1820 

-32KX80E MK4832 
-32KX80E MK4832L 

-128KX8 (1) MK48127 

-128KX8 (1) 
MK48128 

CHIP ENABLE 2 

(1) Product preview. 

ICCma 
SPEEDns TTL 

ACTIVE@ns 
STBY 

70,120 1 00@70 90@120 5 

70,120 1 00@70 90@120 5 

15 20 25 100 25 
20 25 35 120 25 

15, 20,25 100 25 

20 30 40 120 25 

25,30,35,45 120 30 

25,30,35,45 120 30 

70 120 70 3 
70 120 70 3 

55,70,85 80 3 

55,70,85 80 3 
~---

ICCoR 
CMOS 
STBY !lA 

500 500 

0.05 25 

10 350 
1 500 

10 350' 

1 500 

15 

15 

1 500 
0.05 20 

0.2 150 

0.2 150 

vee TEMP RANGE 

5V + 1D-10"/o 00Cto+700C 

5V + 10-10% 0°Cio+70°C 

5V+ 10-10% 0°Cio+70°C 
5V + 1D-10"/o 0°Cio+70°C 

5V + 1 0-10"/o 0°Cio+70°C 

5V + 10-10"/o 00Cto+70°C 

5V + 10-10% 0°Cio+70°C 

5V + 10-10% 0°Cio+70°C 

5V+10-10% 0°Cio+70°C 
5V + 10-10% 0°Cio+70°C 

5V + 10-10"/o 00Cio+70°C 

5V+10-10% 0°Cio+70°C 

PACKAGE 

PDIP28 
/SOIC28 
PDIP28 
/SOIC28 
PDIP28 
PDIP28 
PDIP/SOJ 28 
LCC32 
PDIP28 
PDIP/SOJ24 
LCC28 
PDIP/SOJ24 
LCC28 
PDIP28 
PDIP28 
PDIP32 
/SOJ32 
PDIP32 
/SOJ32 
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MILITARY PRODUCTS 

ORGANISATION 
DESCRIPTION 

-4KX1 
-1KX4 
-16KX1 
-16KX1 
-16KX1 
-16KX1 
-2KX8 

-512X9 (FIFO) 

-4KX4 
-4KX4 
-6410(1 
-6410(1 
-16KX4 
-16KX4 
-16KX4 
-16KX4 
-8KX8 
-8KX8 
-64KX1 
-16KX4 
-16KX4 
-16KX4 
-16KX4 
-8KX8 
-8KX9 
-25610(1 
-_6_410(4:_ 
(1) Output Enable 

(2) Separate 1/0 

PART 
NUMBER 

IMS1203M 
IMS1223M 
IMS1400M 
IMS1403M 
IMS1403LM 
MKB41H67 
MKB6116 

MKB4501 

IMS1420M 
IMS1423M 
IMS1600M 
IMS1601M 
IMS1620M 
IMS1620LM 
IMS1624M (1) 
IMS1624LM (1) 
IMS1630M 
IMS1630LM 
IMS1605M 
IMS1625M 
IMS1629M (1) 

IMS1626M (1 2) 
IMS1627M (1 2) 
IMS1635M _(1) 
IMS1695M (1) 
IMS1800M 
IMS1820M 

Stdby 1 : Stable Input, TIL Levels 

Stdby 2 : Cycling Input, CMOS Levels 

Speed ns 

25 35 45 
25 35 45 
45 55 70 
35 45 55 
35 45 55 
25 35 45 

150 200 250 
100, 120, 140, 

175 235 
55 70 

35 45 55 
45 55 70 
45, 55,70 
45,55, 70 
45,55 70 
45,55, 70 
45, 55,70 
45 55 70 
45 55 70 
20 25 35 
20 25 35 
20 25 35 
20 25 35 
20 25 35 
20 25 35 
20 25 35 
30 35 45 
30,35,45 

Active current ICC max Icc max 
(mA@ns) Stdby 1 Stdby2 

SOmA 15mA 10mA 
110mA 15mA 10mA 
120mA 30mA 13) 
75mA 15mA 10mA 
75mA 15mA 10mA 
115mA 10mA 005mA 
70mA 10mA 01 mA 

90mA 8mA 0,9mA 

120mA 30rnA 13) 
13@35 110@55 20mA 15mA 
70mA 25rnA 19mA 
70mA 20rnA 15rnA 
100mA 30 rnA 20mA 
100mA 20rnA 8mA 
100mA 30 rnA 20rnA 
100mA 20rnA 8mA 
85mA 30 rnA 20rnA 
85mA 30mA 20mA 

ICC oR 
Vee Temp Range @3V 

5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55 to 125 

400uA 5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55to125 

5±10% -55 to 125 

5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55 to 125 

1200 uA 5+10% -55 to 125 
5+10% -55 to 125 

1200 llA 5+10% -55 to 125 
5±10% -55 to 125 

1200 uA 5±10% -55 to 125 
5+10% -55 to 125 

1200 uA 5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55to125 
5+10% -55 to 125 
5+10% -55 to 125 
5±10% -55 to 125 
5+10% -55 to 125 
5+10% -55 to 125 
5+10% -55to125 
5±10% -55 to 1:25 

Packages 

DIP F-PACK 
DIP F-PACK 
DIP LCC 
DIP LCC 
DIP LCC 
DIP20 
DIP24 

DIP24 

DIP LCC 
DIP LCC F-PACK 
DIP LCC 
DIP,LCC 
DIP,LCC 
DIP,LCC 
DIP,LCC 
DIP,LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
DIP LCC 
QIP, LCC -
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CROSS REFERENCE 

AMD SGS-THOMSON 
Group 

DALLAS SGS-THOMSON 
Semiconductor Group 

AM2147 IM81203 082009 MK4501/H01 

AM2148/9 IM81223 082010 MK45H02 

AM2167 IM81403 082011 MK4503/H03 

AM2168 IM81423 or MK41 H6B 082012 MK45H04 

AM9126 MK6116 081210 MK4BZ02 

AM99C6B IMS1423 or MK41 H6B 081225 MK4BZOB 

AM99CBB MK4BH64 081243 MK4BTOB 

AM99CB9 MK4BHB9 081287 MK4BT87 

AM67C4501 MK4501/H01 081235 MK4BZ30 

AM67C4502 MK45H02 081230 MK4BZ30A 

AM67C4503 MK4503/H03 

CYPRESS SGS-THOMSON 
Group FUJITSU SGS-THOMSON 

Group 

CY2147 IM81203 MB81C67 IM81403 orMK41H67 

CY214B/9 IM81223 MBB1C68 IM81423 or MK41 H6B 

CY7C147 IM81203 MBB1C71 IM81600 

CY7C14B IMS1223 MBB1C74 IM81620 

CY7C164 IM81620 MBB1C75 IM81624 

CY7C166 IMS1624 MBB1C7B MK4BH64 

CY7C167 IM81403 or MK41 H67 

CY7C16B MK41H68 

CY7C1B5 IM81630L 

CY7C187 IM81600 

CY7194 IM81B20 
HARRIS SGS-THOMSON 

Group 

CY7C197 IM81BOO 
HM65747 IM81203 

CYC412 MK4501/H01 
HM6574B IMS1223 

CY7C424 MK45H02 
HM65767 IM81403 

CYC429 MK4503/H03 
HM65261 IM81403 

HM6576B IM81423 or MK41 H68 

HM65787 IM81600 

HM65764 IM81630L 

HM6116/L MK6116/L 

HM20256 MK4832 

------------ i..V. ~~©m~~~~~ ------------
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CROSS REFERENCE 

HITACHI SGS· THOMSON 
Group 

MICRON SGS·THOMSON 
Technology Group 

HM6116 MK6116 MT5C1601 IMS1403 or MK41 H67 

HM6147 IMS1203 MT5C1604 IMS1423 or MK41 H68 

HM6148 IMS1223 MT5C6401 IMS1.600 

HM6167 IMS1403 MT5C6404 IMS1620 

HM6168 IMS1423 or MK41 H79 MT5C6405 IMS1624 

HM6264 MK48H64 

HM6267 IMS1403 

HYUNDAI SGS· THOMSON 
Group MITSUBISHI SGS·THOMSON 

Group 

HY6116 MK6116 M5M21C67P IMS1403 

HY61C68 MK41H68 M5M21C68P IMS1423 or MK41 H68 

HY61C67 MK41H67 M5M5165P IMS1630 or MK48H64 

HY62256 MK4832 M5M5187P IMS1600 

HY62C87 IMS1600 M5M5188P IMS1620 

HY62C88 IMS1620 M5M5178P IMS1630 

HY6264 MK48H64 M5M5256 MK4832 

IDT SGS·THOMSON 
Group MOTOROLA SGS·THOMSON 

Group 

IDT6167A IMS1403 or MK41 H67 MCM1423 IMSZ1420 or MH41H66 

IDT6168 IMS1423 or MK41 H68 MCM6064 MK48H64 

IDT7164 IMS1630 MCM6164L IMS1630 L 

IDT7187 IMS1600 MCM6168 IMS1420L or MH41 H68 

IDT7188 IMS1620 MCM6264 MK48H98 

IDT7198 IMS1624 MCM6268 MK41H68 

IDT7201 MK4501/H01 MCM6268 IMS1423 or MK41 H68 

IDT7202 MK4502/H02 MCM6269 IMS1421 

IDT7103 MK4503/H03 MCM6287 IMS1601L 

IDT7204 MK45H04 MCM6287 IMS1600 

IDT7105 MK45H08 MCM6288 IMS1620 

IDT6178S MK41H80 or MK41SBO MCM6290 IMS1624 

IDT7174 MK48H74 MCM4180 MK41 HBO or MK41 880 

------------------------~~~Dl~~~------------------------
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CROSS REFERENCE 

NEC SGS-THOMSON 
Group SONY SGS-THOMSON 

Group 

f..LPD2147 IMS1203 CXK5816 MK6116 

f..LPD4311 IMS1403 orMK41H67 CXK5416 MK41H68 

f..LPD21467 IMS1403 or MK41 H67 CXK5864 MK48H64 

f..LPD4314 IMS1423 or MK41 H68 CXK5854 MK48H64 

f..LPD4361 IMS1600 

f..lPD4362 MK48H641MS1630 

f..lPD4364 MK48H64 

i1PD43256 MK4832 

OKI SGS-THOMSON 
Group TOSHIBA SGS-THOMSON 

Group 

MSM5165 MK48H64 TC55416 IMS1620 

MSM5188 MK4832 TC55417 IMS1624 

TC5561 IMS1600 

TMM2068 IMS1423 

TMM315 IMS1203 

TMM5562 IMS1620 

SARRATOGA SGS·THOMSON 
Group UMC SGS-THOMSON 

Group 

SSM2148 IMS1223 UM4501 MK4501 

SSM2149 IMS1223 UM4502 MK4502 

SSM6167 IMS1403 orMK41 H67 UM6116 MK6116 

SSM6168 IMS1423 orMK41 H68 

SSM7164 IMS1630L 

SSM7166 IMS1624 

SSM7188 IMS1620 

SSL4180 MK41H80 

SSM6170 MK41H78 

SSL7201 MK4501/H01 

SSL7203 MK4503/H03 

~ SGS·lHOMSON ------------ lo.""fl li!iJD©OO@Il:IIJli©'Urn®~~ ------------
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CROSS REFERENCE 

VITELIC 
SGS-THOMSON 

Group VLSI SGS-THOMSON 
Group 

V61C67 IMS1403 or MK41 H67 VT20C50 IMS1423 or MK41 H68 

V61C68 IMS1423 or MK41 H68 VT20C68 IMS1423 or MK41 H68 

V62C16 MK6116 VT20C69 IMS1423 or MK41 H68 

V62C64 MK48H64 VT62K54 IMS1620 

V62C256 MK4832 

------------~ ~~m~~~~~------------
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CROSS REFERENCE 

STANDARD MILITARY DRAWING REFERENCE 

SMD Number 
I NMOS 

Part Number 
SMD Number 

I NMOS 
Part Number 

4K X 1 (IMS 1203) 64K X 1 (IMS1600:1MS1601L) 

5962-8751301 vc SMD1203S-25M 5962-8601503XC SM D 1600S-45M 

5962-8751301 XC SMD1203A-25M 5962-8601503ZA SMD1600N-45M 

5962-8751302VC SMD1203S-35M 5962-8601504XC SMD1601 S-45LM 

5962-8751302XC SMD1203A-35M 5962-8601504ZA SMD1601 N-45LM 

5962-8751303VC SM D 1203S-45M 5962-8601505XC SMD1600S-55M 

5962-8751303XC SMD1203A-45M 5962-860 1505ZA SMD1600N-55M 

1K X 4 (IMS1223) 5962-8601506XC SMD1601 S-55LM 

5962-8751304VC SMD1223S-25M 5962-8601506ZA SMD1601 N-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 SMD1601 N-70LM 

5962-8751306XC SMD1223A-45M 16K X 4 (IM51624) 

16K X 1 (IMS1403) 5962-8685911 LC SMD1624S-70LM 

8413202RC SMD1403S-45M 5962-8685911 XA SMD1624N-70LM 

8413202YA SMD1403N-45M 5962-8685912LC SMD1624S-70M 

8413205RC SM D 1403S-35M 5962-8685912XA SMD1624N-70M 

8413205YA SMD1403N-35M 5962-8685913LC SM D 1624S-55LM 

8413208RC SMD1403S-55M 5962-8685913XA 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 5962-8685916LC SMD1624S-45M 

5962-8670513RC SMD1423S-45M 5962-8685916XA SMD1624N-45M 

5962-8670513XA SMD1423N-45M BK X 8 (IMS1630) 

5962-8670513ZC SMD1423Y-45M 5962-8552504XC 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 5962-855251 OXC SMD1630S-55LM 

5962-8670515XA SMD1423N-70M 5962-855251 OVA SMD1630N-55LM 

5962-8670515ZC SMD1423Y-70M 5962-8552511 XC SMD1630S-70LM 

5962-8552511YA SMD1630N-70LM 

------------/ifi. ~i©n&~:~~~ ------------
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FEATURES 

• I NMOS' 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 ± 1 0% Operation 
Power Down Function 

PIN CONFIGURATION LOGIC SYMBOL 

AO 
A2. 
A6 
A6 
A10 
A5 
a 
w 
Vss 

DIP 

Vee 
A1 
AJ 
A4 
A9 
A11 
A7 
0 
E" 

PIN NAMES 

A0 • A11 ADDRESS INPUTS Vee POWER 

w WRITE ENABLE Vss GROUND 

D DATA INPUT 

E CHIP ENABLE 

0 DATA OUTPUT 

November 1989 

oEW 

IMS1203 
CMOS 

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 extemal clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1203 pro­
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1203M is a MIL-STD-883 version intended for 
military applications. 

AO 

A1 

A2. 

A3 

A4 

BLOCK DIAGRAM 

MEMORY ARRAY 
32ROWS 

12BCOLUMNS 

Vee 

Vss 

1J8 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to V55 ........ -2.0 to ?.OV 
Voltage on 0 ................. -1.0 to (Vee + 0.5V) 
Temperature Under Bias ........... -55°C to 125°C 
Storage Temperature ............. -65°C to 150°C 
Power Dissipation ............................ 1 W 
DC Output Current ........................ 25mA 
(One Second Duration) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

viH Input Logic "1" Voltage 2.0 

vll Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature 0 

• Vtl Min= -3.0V lor pulse width <20ns, note b. 

•stresses greater than those listed under Absolute MaXImum Rat1ngs 

~neiJ ~~~~~R~r~~~r~~~~~a~~~~ ~e~~~ed;;'~~~s~h6~ ~~~ 5b~~~~ ~~~~~~~~n~~ 
above those mdrcated m the operatronal sectrons of thrs specrfrcatron rs 
not rmplled Exposure to absolute maxrmum ratrng condrtlans for extended 
penods may affect reliability 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

70 oc 400 linear fVmin air flow 

DC ELECTRICAL CHARACTERISTICS (0°Cs TAs 70°C) (Vee= 5.0V ± 10%)" 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Icc, Average Vee Power Supply Current 80 mA tAVAV = tAVAV (min) 

lce2 Vee Power Supply Current (Standby, 15 mA E 2: v,H 
Stable TTL Input Levels) All other inputs v,N 

s v,L or 2: v,H 

lcc3 Vee Power Supply Current (Standby, 6 mA E 2: (Vee -0.2V) 
Stable CMOS Input Levels) All other tnputs at v,N 

s 0.2Vor 2: 
(Vee -0.2V) 

lcc4 Vee Power Supply Current (Standby, 13 mA E 2: (Vee -0.2V) 
Cycling CMOS Input Levels) Inputs cycling at v,N 

s 0.2V or 2: 
(Vee -0.2V) 

I ILK Input Leakage Current (Any Input] ±1 11A Vee= max 
v,N = Vss to Vee 

IOLK Off State Output Leakage Current ±5 11A Vee= max 
v,N = Vss to Vee 

VoH Output Logtc "1" Voltage 2.4 v lour= -4mA 

VoL Output Logic "0" Voltage 0.4 v lour= 12mA 

Note a Icc rs dependent on output roadrng and cycle rate. the specrfred values are obtarned wrth the output unloaded 

AC TEST CONDITIONS 

Input Pulse Levels 
Input R1se and Fall T1mes 
Input and Output Trmrng Reference Levels 
Output Load 

Vss to 3V 
5ns 

15V 
See Frgure 1 

CAPACITANCE (TA = 25°C, f = 1.0 MHz)b 

I SYMBOL I PARAMETER MAX UNITS CONDITIONS 

I C1N I Input Capacrtance 4 pF Lo.V-Oto3V 

L Cour I_ Output Capacrtance 4 pF Lo.V- 0 to 3V 

Note b Thrs parameter rs sampled and not 100% tested 

_m ____________________ ~~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C::; TA::; 70°C) (Vee = 5.0V ± 10%) 

READCYCLEg 
NO. SYMBOL PARAMETER 

Standard Alternate 

1 IELov lACS Chip Enable Access Time 

2 \AVAV IRe Read Cycle T1me 

3 lAvov IAA Address Access Time 

4 \AXOX loH Output Hold After Address Change 

5 \ELOX ILz Chip Enable to Output Active 

6 \EHOZ 1Hz Chip Disable to Output Inactive 

7 tELICCH tpu Chip Enable to Power Up 

8 IEHICCL tpo Chip Enable to Power Down 

lr Input R1se and Fall T1mes 

Note c: For READ CYCLE 1 & 2, W is high forenlire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between Vtl max and VtH min. 

1203·25 1203·35 1203·45 UNITS NOTES MIN MAX MIN MAX MIN MAX 

25 35 45 ns 

25 35 45 ns c 

25 35 45 ns d 

3 3 3 ns 

5 5 5 ns J 

0 20 0 30 0 30 ns f,j 

0 0 0 ns J 

20 20 20 ns J 

50 50 50 ns e, J 

Note f: Measured ±200mV from steady state output voltage. Load capac~ance is 5pF. 
Note g: EandW musttrans~ion between VtH to vn.: orVtL to VtH in a monotonic fashion. 
Note i:. Parameter guaranteed but not tested. 

READ CYCLE 1 c, d 

2 tAVAV 

ADDRESS -
Q(DATAOUT} OUTPUT VALID 

READ CYCtE 2 c 

1 tELQV 

Q(DATAOUT) HIGH IMPEDANCE 

tee 
~G ~ 7 tELICCH ~CILV~- _ ~--------------------------------8--tE_H_tc_c_L_ 

STAND Y 

DEVICE OPERATION 
The IMS1203 has two controltnputs, Chip Enable (E) 

and Wnte Enable [WJ. twelve address i.Qputs (A0-A11 ), 

a data in (D,Nl and a data out WouT ). TheE tnput controls 
device selection as well as act1ve and standby modes 
WithE low, the dev1ce is selected and the twelve address 
inputs are decoded to select one memory cell out of 
4096. Read and Wnle operations on the memory cell are 
controlled by W input. W1th E high, the device is deselected, 
the output is dtsabled, and the power consumptton is 
reduced to less than one-third of the act1ve mode power 
with TTL levels and even lower wtth CMOS levels. 

READ CYCLE 
A read cycle ts deft ned as W ~ VtH mtn wtth E::; V1L max. 

Read access time is measured from either E gotng low 
or from valid address 

The READ CYCLE 1 waveform shows a read access 
!):lat 1s m1t1ated by a change 1n the address inputs while 
E is low The output remains active throughout READ 
CYCLE 1 and is valid at the spec1f1ed address access 
t1me The address Inputs may change at access t1me 
and as long as E remains low, the cycle t1me is equal to 
the address access 11m e. 

---------------------.. ~·--------------------3-/8 
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RECOMMENDED AC OPERATING CONDITIONS (0°C::;: TA:s;: 70°C) (Vee= 5.0V ± 10%) 

wRn'li"E CYCLE 1: w coNTRoLLEog· h 

NO. SYMBOL PARAMETER 1203-25 1203-35 1203-45 UNITS NOTES Standard Alternate MIN MAX MIN MAX MIN MAX 

9 lA YAY I we Write Cycle Time 25 35 45 ns 

10 lwLWH lwp Write Pulse Width 15 20 25 ns 

11 IELWH lew Chip Enable to End of Write 20 30 40 ns 

12 lovwH low Data Set-up to End of Write 15 20 25 ns 

13 lwHDX loH Data Hold Alter End of Write 0 0 0 ns 

14 IAYWH lAw Address Set-up to End of Write 20 30 40 ns 

15 IAVWL lAs Address Set-up to Beginning of Write 0 0 0 ns 

16 jWHAX twA Address Hold Alter End of Write 0 0 0 ns 

17 lwLOZ lwz Wrtte Enable to Output Disable 0 15 0 20 0 20 ns l,j 

18 !wHO X low Output Act1ve Alter End of Write 0 0 0 ns i 

Note f: Measured ±200mVfrom steady state output voltage. Load capacnance is SpF. 
Note g: E and w must transnion between v,H to v,L or v,L to v,H in a monotonic fashion. 
Note h: E ~W must be ;;,_VIH during addresstransnions. 
Note i: II 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 

ADDRESS 

w 

D(DATAIN) 

Q(DATAOUT) DATA UNDEFINED 

The READ CYCLE 2 waveform shows a read access 
that is intttated by E going low As long as address is 
slable when E goes low, valid data IS at the output at 
the spec1f1ed Chip Enable Access t1me. II address is not 
valid when E goes low, the trmtng IS as specrfted 1n 
READ CYCLE 1. Chip Enable access t1me is not affected 
by the duralion of the deselect mterval. 

WRITE CYCLE 
The wrtte cycle of the IMS1203 IS 1n1tiated by the latter 

of E or W to fall. In the case of W falling last, the output 
buffer wtll be turned on IELOX after the lalltng edge of 

E (JUSt as 1n a read cycle) The output buffer IS then 
turned off w1thin lwLOz of the falltng edge of W. During 
this interval, it is possible to have bus contention between 
devtces with D and 0 connected together in a common 
1/0 configuration ContentiOn can be avoided 1n a care­
fully designed system During a write cycle, data on the 
tnput IS wrttten into the selected cells and the output 
1s lloattng. 

WRITE CYCLE 1 waveform shows a write cycle ter­
minated by W going htgh Data set-u_Q and ho!Q_ times 
are referenced to the rising edgELof W When W goes 
htgh at the end of the cycle with E active, the output of 

4/8 .c --------- ·ml'ili'fOOS·---------
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RECOMMENDED AC OPERATING CONDITIONS (0°C S: TAS: 70°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

NO. SYMBOL PARAMETER 1203-25 1203-35 1203-45 UNITS NOTES 
Standard Alternate MIN MAX MIN MAX MIN MAX 

19 tAVJ.V twc Write Cycle Ttme 25 35 45 ns 

20 twLEH twp Write Pulse Wtdth 15 20 25 ns 

21 tELEH lew Chtp Enable to End of Write 20 30 40 ns 

22 lovEH low Data Set-up to End of Write 15 20 25 ns 

23 tEHDX toH Data Hold After End of Write 0 0 0 ns 

24 !AVEH lAw Address Set-up to End of Write 20 30 40 ns 

25 tEHAX lwR Address Hold After End of Write 0 0 0 ns 

26 tAVEL !As Address Set-up to Beginning of Write 0 0 0 ns 

27 lwLOz twz Write Enable to Output Disable 0 15 0 20 0 20 ns f,j 

Note 1: Measured ±200mV from steady state output voltage. Load capaenance is SpF. 
Note g: §an<!_ W must transnion between VIH to V1L orV1L to V1H in a monotonic fashion. 
Note h: E ~ W must be ~..VIH during address transnions. 
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 19tAVAV 

ADDRESS L I 
26 

tAVEL .L 21 tELEH 

~ 
24 IAVEH 251EHAX 

14- 20 -

I IWLEH I w 

I. 22 tovEH - 23 IEHDX 

D(DATAIN) I * 
DATA VALID I 

HIGH IMPEDANCE 
Q(DATAOUT) DATA UNDEFINED 

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 C'LCLE 2 waveform shows a write cycle ter­
minated by E go1ng h1gh. Data set-up_?nd hoi.Q. t1mes 
are referenced to the rising edge of E. Wt!h E h1gh, 
the outputs remain 1n the high Impedance state. 
APPLICATION 

It is imperative when designing w1th 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 d1strrbution scheme com­
bines proper power trace layout and placement of 
decoupltng capacttors to ma1nta1n the operat1ng mar­
gins of the IMS1203 The tmpedance in the decoupling 
path from the power pm [18) through the decoupling 
capacitor to the ground pin [9) should be kept to a 
minimum. The impedance of !hts path IS determined by 
the series Impedance of the power line inductance and 
the Inductance and reactance of the decoupling capacitor. 

Since the current transtents associated with the opera­
tion of the high speed IMS1203 have very high frequency 

---------------------.. ~·--------------------5-/8 
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components, the line inductance IS the dom1nat1ng 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 w1th 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 dev1ces in the array (see drawing). 
A larger tantalum capacitor, w1th a sufficient value to 
eliminate low frequency npple, should be placed near 
the memory board edge connect1on where the power 
traces meet the backplane power distnbut1on 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 gnd of the memory array should extend to 
the TTL driver periphery circu1t. Th1s will provide a solid 
ground reference for the TTL drivers and prevent loss 
of operating margin of the drivers due to differential 
ground no1se. 

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 techmque is to use series termina­
tion. The series term1nation 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 1s 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 fmd 
the proper value to use for the series termination to 
minimize reflections, but generally a series res1stor 1n 
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. 

4 DEVICE 

~- . ...4. _A 
9APACITOR 

::. 

=·~ .. . ,. ,._ . ... r Vee 

Vss A • .:· .. ;;,r 
__ , 
~ 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

6_ffl _____________________ .. ~·----------------------
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Type Package 
A Formed flat-pack 
B Formed flat-pack 
c LCC 
D Cerdip 
E Small outline, J-bend 
G PGA 
H Small outline, Gull wing 
J PLCC, J-bend 
K Sidebraze ceramic DIP 
N Ceramic LCC 
p Plastic DIP 
s Sidebraze ceramic DIP 
T (Skinny) Flat-pack 
w Ceramic LCC 
y (Skinny) Flat-pack 

DEVICE 

IMS1203 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

SPEED 

25ns 
25ns 
35ns 
35ns 
45ns 
45ns 

FIGURE 1. OUTPUT LOAD 
S.OV 

PACKAGE PART NUMBER 

PLASTIC DIP IMS1203P-25 
CERAMIC DIP IMS1203S-25 
PLASTIC DIP IMS1203P-35 
CERAMIC DIP IMS1203S-35 
PLASTIC DIP IMS1203P-45 
CERAMIC DIP IMS1203S-45 

IMS1203 

330Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

----------------------tt~·----------------------m 
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PACKAGING INFORMATION 

r 
1\ 
v 

18 Pin Ceramic Dual-In-Line 
D 

I 
+ 
I 

~I<* 
B 

8 equal spaces @ 
2.03 
0.80 

18 Pin Plastic Dual-In-Line 

l 

D l 

L 

T 

1:_: 

Dim 

A 
8 
81 
D 
E 
E1 
e1 
L 
s 

Dim 

A 
A1 
8 
81 
D 

~ 
E1 
e1 
eA 
L 
s 

Inches mm 

Nom To I Nom To I 

.085 .010 2.18 .230 

.018 .003 .457 .152 

.054 Typ .137 Typ 

.900 .011 22.86 .279 

.310 .010 7.874 .254 

.295 .015 7.493 .381 

.100 .010 2.54 .254 
.145 .020 3.683 .508 
.005 .127 

Inches mm 
Nom To I Nom To I 

.130 .007 3.302 .178 

.020 min .508 min 

.018 .003 .457 .152 

.060 Typ 1.524 Typ 

.900 .011 22.86 .279 

.300 .003 7.874 .254 

.295 .015 7.620 .076 

.100 .010 2.54 .254 

.330 .020 8.382 .508 
.135 max 3.429 max 
.050 .127 

_am ____________________ .. ~~·--------------------
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 

1 K x 4 Bit Organization 
25, 35, and 45 nsec Access Times 
25, 35, and 45nsec Chip Enable Access Times 
Fully TIL Compatible 
Common Data Input and Output 

• Three-state Output 
18 Pin, 300-mil DIP 
Single +5V ± 10% Operation 

• Power Down Function 

PIN CONFIGURATION 

AS Vee 
AS A7 
A4 AS 
A3 A9 
AO 1/01 
AI 1/02 
A2 1/03 
'E uo. 
Vss w 

DIP 

PIN NAMES 

A0 ·A, ADDRESS INPUTS Vee POWER 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 

110 DATA IN/OUT 

November 1989 

LOGIC SYMBOL 

E w 

IMS1223 
CMOS 

High Performance 
1 K 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 used to place 
the device into a low-power standby mode. 

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

BLOCK DIAGRAM 

1/8 
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ABSOLUTE MAXIMUM RATINGS• 

Voltage on any prn relative to V55 ........ -2.0 to 7.0V 
Voltage on Q ................. -1.0 to (Vee+ 0.5V) 
Temperature Under Bras.. . . . . . . . -55°C to 125°C 
Storage Temperature ............. -65°C to 150°C 
Power Drssrpatron. . . . . . . . . . . . . . . ......... 1 W 
DC Output Current . . . . . . . . . . . . . . . . . .... 25mA 
(One Second Duralron) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

v,H Input Logic "1" Voltage 2.0 

VrL Input Logic "0" Voltage -1.o· 
TA Ambient Operating Temperature 0 

• VrL Min = -3.0V lor pulse width <20ns, note b. 

•stresses greater than those listed under Absolute Max1mum Rat1ngs 

in~ f~ri~~~~;r~~~~7~b~acl~~; ~e~~ged:i~~~s~h~~ ~~; 5~~~~ ~61~9rr~"~~ 
above those mdrcated rn the operatronal sectrons of t~rs specrfrcatron rs 
not 1m plied Exposure to absolute max1mum rat1ng cond1110ns for extended 
penods may affect rehabrlrty 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 ·O v 

Vcc+.5 v All inputs 

0.8 v All inputs 

70 oc 400 linearWmin air flow 

DC ELECTRICAL CHARACTERISTICS {0°C:::;; TA:::;; 70°C) !Vee= 5.0V ± 10%)" 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcc1 Average Vee Power Supply Current 100 mA tAVAV = tAVAV (min) 

lcc2 Vee Power Supply Current (Standby, 15 mA E;;::V,H 
Stable TTL Input Levels) All other inputs v,N 

:::;; v,L or;;:: V1H 

lcc3 Vee Power Supply Current (Standby, 6 mA E ~(Vee -0.2V) 
Stable CMOS Input Levels) All other inputs at V1N 

:::;; 0.2Vor ~ 
(Vee -0.2V) 

lcc4 Vee Power Supply Current (Standby, 8 mA E ~(Vee -0.2V) ' 
Cycling CMOS Input Levels) Inputs cyclrng at VrN 

:::;; 0.2Vor;;:: 
(Vee -0.2V) 

I ILK Input Leakage Current (Any Input) ±1 p.A Vee= max 
v,N = Vss to Vee 

loLK Off State Output Leakage Current ±5 p.A Vee= max 
VrN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v louT= -4mA 

VoL Output Logic "0" Voltage 0.4 v louT= 8mA 

Note a Icc IS dependent on output load1ng and cyc.J rate. the spec1f1ed values are obtained w1th the output unloaded 

AC TEST CONDITIONS 

Input Pulse Levels 
Input R1se and Fall T1mes . 
Input and Output Trm1ng Reference Levels 
Output Load 

Vssto3V 
Sns 
I SV 

See F1gure I 

CAPACITANCE (TA = 25°C, f = 1.0 MHz)b 

SYMBOL I PARAMETER MAX UNITS CONDITIONS I 
CrN I Input Capac;tance 4 pF AV=Oto3V I 
GouT T Output Capac1tance 4 pF AV=Oto3V I 

Note b Th1s parameter 1s sampled and not 100% tested 

-~----------------------~·--------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C s; TA$. 70°C) (Vee= 5.0V ± 10%) 

READCYCLEg 
NO. SYMBOL PARAMETER 1223·25 1223-35 1223·45 UNITS NOTES 

Standard Alternate MIN MAX MIN MAX MIN MAX 

1 !ELOV !ACS Chip Enable Access T1me 25 35 45 ns 

2 !AvAv IRe Read Cycle Time 25 35 45 ns c 

3 !Avov !AA Address Access T1me 25 35 45 ns d 

4 !Ax ox !aH Output Hold After Address Change 0 0 0 ns 

5 leLOx !Lz Ch1p Enable to Output Acttve 

6 !EHOZ !Hz Chip Disable to Output Inactive 

7 !ELICCH !pu Chip Enable to Power Up 

8 !EHICCL !po Chip Enable to Power Down 

!r Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W Is high lor entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between V1L max and V1H min. 

5 

0 

5 5 ns J 

15 20 20 ns f,i 

0 0 ns j 

20 20 20 ns j 

50 50 50 ns e. J 

Note 1: ~easU.[!!d ±200mV from steady state output voltage. Load capacitalice is 5pF. 
Note g: E and W musttranshion between VIH to VIL or VIL to VIH In a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c. d 

ADDRESS 

1/0(DATAOUn 

READ CYCLE 2 c 

1/0(DATAOUn 

2 tAVAV 

-
DATA VALID 

1 taav 

HIGH IMPEDANCE 

~ ~ ~ lELICCH 

ACILV~- -~----------------------------------
'CC STANO Y 

DEVICE OPERATION 
The IMS1223 has two control inputs: Chip Enable (E) 

and Write Enable (W), ten address inputs (Ao·Ag), and 
four data 1/0 lines. TheE input controls Q.evice 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. 
Wtth 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. 

READ CYCLE 
A read cycle is defined as W 2: V1H min with~ s; V1L max. 

Read access time is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
mat is initiated by a change in,the address inputs while 
E is low. Tt1e output remains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The addrg_ss inputs may change at access time 
and as long as E remains low, the cycle time is equal to 
the adclress access time. 

---------------------tt~e ____________________ 3ffl 
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RECOMMENDED AC OPERATING CONDITIONS (0°C S TAS 70°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 1: WCONTROLLEDg, h 

NO. SYMBOL PARAMETER 1223-25 1223-35 1223-45 UNITS NOTES 
Standard Alternate MIN MAX MIN MAX MIN MAX 

9 tAVAV I we Write Cycle Time 25 35 45 ns 

10 jWLWH I we Write Pulse Width 20 25 35 ns 

11 jELWH lew Chip Enable to End of Write 20 25 30 ns 

12 lovwH low Data Set-up to End of Wrrte 10 15 15 ns 

13 lwHDX loH Data Hold After End of Write 0 0 0 ns 

14 IAVWH lAw Address Set-up to End of Wrrte 20 25 35 ns 

15 IAVWL lAs Address Set-up to Beg1nn1ng of Write 0 0 0 ns 

16 lwHAX lwR Address Hold After End of Wrrte 0 0 0 ns 

17 lwLOz lwz Write Enable to Output Disable 15 20 20 ns f,j 

18 lwHOX low Output Act1ve After End of Write 5 5 5 ns I 

Note 1: Measured ±200mV from steady state output voltage. Load capacnance is SpF. 
Note g: E and W must transnion between V1H to V1L orVIL to V1H in a monotonic fashion. 
Note h: E or W must be;, V1H during address transnions. 
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 

ADDRESS 

E 

1/0(DATAIN) 

1/0(DATAOUT) DATA UNDEFINED 

The READ CYCLE 2 waveform shows a read access 
that IS 1nitiate.Q by E go1ng 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 rs as specified in 
READ CYCLE 1. Chip Enable access time is not affected 
by the duration of the deselect rnterval. 

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 
tELOX after the falling edge of E (just as 1n a read cycle). 

The output buff_gr is then turned off within lwLoz of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with common 1/0 
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 cygLE 1 waveform shows a wrrte cycle ter­
minated by W go1ng high. Data set-u_Q and hoiQ_ t1mes 
are referenced to the rrsing edg~Lof W. When W goes 
h1gh at the end of tr.e cycle with E act1ve, the output of 
the memory becomes act1ve. The data from the memory 
will be the same as the input data unless the input data 
or address changes 

-~8~------------------tt~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (-0°C:;;: T.:;;: 70°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

NO. SYMBOL PARAMETER 1223·25 1223·35 1223·45 UNITS NOTES 
Standard Alternate MIN MAX MIN MAX MIN MAX 

19 \AVAV I we Write Cycle Time 25 35 45 ns 

20 \wLEH lwp Write Pulse Width 15 25 35 ns 

21 \ELEH lew Chtp Enable to End of Write 20 25 30 ns 

22 lovEH low Data Set-up to End of Write 10 15 15 ns 

23 \EHOX loH Data Hold Alter End of Write 0 0 0 ns 

24 IAVEH lAw Address Set-up to End of Write 20 25 35 ns 

25 tEHAX lwR Address Hold After End of Write 0 0 0 ns 

26 \AVEL lAs Address Set-up to Beg1nning of Write 0 0 0 ns 

27 lwLOz twz Write Enable to Output Disable 15 20 20 ns f,j 

Note 1: ~easu~d ±200mV from steady stale output vollage. Load capacnance is 5pF. 
Note g: ~an<!_ W must transition between VtH to VIL orVtL to VtH in a monotonic fashion. 
Note h: E ~ W must be ~.VIH during address transnions. 
Note i: If W is low when E goes low, the outputs remain in the high impedance slate. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 2 
19 tAVAV 

ADDRESS I I ""--" 

26 
I_ 

tAVEL 

t 
21 tELEH 

I 

24 tAVEH 25 tEHAX 

14- 20 -

I twLEH I w 

L 22 tovEH ~ 23 tEHDX 

.I 
1/0 (DATA IN) I X DATA VALID I 

1/0(DATAOUD I 
27tWLQZ ~ 

HIGH IMPEDANCE 
DATA UNDEFINED ./1 . 

WRITE C'f..CLE 2 waveform shows a write cycle ter­
minated by E going high. Data set-up _End hoi.Q. t1mes 
are referenced to the rising edge of E. With E h1gh, 
the outputs remain in the h1gh impedance state. 

APPLICATION 
It is imperative when designing with any very high 

speed memory, such as the IMS1223, that the funda­
mental rules 1n regard to memory board layout be 
followed to ensure proper system operat1on. 

POWER DISTRIBUTION 
The recommended power dtslnbutton scheme com­

bines proper power trace layout and placement of 

decoupling capacitors to maintain the operatmg 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 
mtnimum. The impedance of this path IS determined by 
the series tmpedance of the power line Inductance and 
the Inductance and reactance of the decouphng 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 gndded or provided by separate 
power planes. The decouphng capacitor supplies energy 

---------------------tt~·----------------------5/8 
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for high frequency current transients and should be 
located as close to the dev1ces with as short lead length 
as possible. The h1gh frequency decoupling capacitor 
should have a value of 0.1 microfarad. and be placed 
between each row of dev1ces 1n the array (see drawing). 
A larger tantalum capacitor, with a suff1c1ent 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 capac1tors 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 gnd of the memory array should extend to 
the TTL driver periphery c1rcuit. This will provide a solid . 
ground reference for the TTL drivers and prevent loss 
of operat1ng margin of the drivers due to differential 
ground no1se. 

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. 

Some expenmentalion w111 have to be done to find 
the proper value to use for the series termination to 
m1mm1ze reflections, but generally a senes resistor in 
the 10 to 33 ohm range Will be required. Because each 
des1gn will result 1n a different s1gnal impedance, a 
resistor of predetermined value may not properly match 
the s1gnal path impedance. The proper value of resistance 
should therefore be selected empirically. 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

-~--------------------.. ~---------------------
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Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 
v (Skinny) Flat-pack gold 

ORDERING INFORMATION 

DEVICE SPEED 

25ns 
25ns 

IMS1223 35ns 
35ns 
45ns 
45ns 

PACKAGE 

PLASTIC DIP 
CERAMIC DIP 
PLASTIC DIP 
CERAMIC DIP 
PLASTIC DIP 
CERAMIC DIP 

IMS1223 

FIGURE 1. OUTPUT LOAD 
5.0V 

PART NUMBER 

IMS1223P-25 
IMS1223S-25 
IMS1223P-35 
IMS1223S-35 
IMS1223P-45 
IMS1223S-45 

4800 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

• 
7/8 

----------------- ~·-----------------
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PACKAGING INFORMATION 

18 Pin Ceramic Dual-In-Line 

~~ D ~~ 

t =[[:!: JE =I 

L 

~~ 8 equal spaces @ 
2.03 
0.80 

18 Pin Plastic Dual-In-Line 

-.s 

,. D ~~ 

t:::r::::1 
L 

T 

1~ 

Dim 

A 
B 
81 
D 
E 
E1 
e1 
L 
s 

Dim 

A 
A1 
8 
81 
D 
E 
E1 
e1 
eA 
L 
s 

Inches mm 
Nom To I Nom To I 

.085 .010 2.18 .230 

.018 .003 .457 .152 

.054 Typ .137 Typ 

.900 .011 22.86 .279 

.310 .010 7.874 .254 

.295 .015 7.493 .381 

.100 .010 2.54 .254 
.145 .020 3.683 .508 
.005 .127 

....__E--. 

Inches mm 
Nom To I Nom To I 

.130 .007 3.302 .178 

.020 min .508 min 

.018 .003 .457 .152 

.060 Typ 1.524 Typ 

.900 .011 22.86 .279 

.300 .003 7.874 .254 

.295 .015 7.620 .076 

.100 .010 2.54 .254 

.330 .020 8.382 .508 
.135 max 3.429 max 
.050 .127 

_sm ______________________ @t~·-----------------------
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FEATURES 

• I NMOS' Very High Speed CMOS 

IMS1403 

CMOS 
High Performance 

16K x 1 Static RAM 

DESCRIPTION 

• Advanced Process - 1 .6 Micron Design Rules 
The I NMOS 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. 

• 16K x 1 Bit Organization 
• 25, 35, 45 and 55 nsec Access Times 
• Fully TIL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• 20-Pin, 300-mil DIP (JEDEC Std.) 
• 20-Pin Ceramic LCC (JEDEC Std.) 

PIN CONFIGURATION 

A, v« 
A> A, 
A, A, 
A, A, 
A, A, 
A,. 
A,2 

Ag 
A, 

a A, 
w D 
v,. E 

DIP CHIP 
CARRIER 

PIN NAMES 
Ao • A13 ADDRESS INPUTS a 
w WRITE ENABLE 

E CHIP ENABLE 

0 DATA INPUT 

November 1989 

The IMS1403 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 (IE) function that can be used to place 
the device into a low-power standby mode. 

The IMS1403M and IMS1403LM are MIL-STD-BB3 
versions intended for military applications. 

LOGIC SYMBOL BLOCK DIAGRAM 

A, Vee 
A, 

v •• 
A2 

A, MEMORY ARRAY 
128 ROWS 

A, 128COLUMNS 

A, 

A, 

o E W D COLUMN I/O 

A, A, Ag A10 A, A,2 A13 

E 

w 

1110 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q .............................. -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1W 
DC Output Current... ...................................... 25m A 
(One Second Ourafon) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

ViH Input Logic "1" Voltage 2.0 

VJL Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature 0 

•v" mm • -3 volts for pulse w1dth <20ns, note b. 

•stresses greater than those listed under • Absolute Maxlmurr 
Ratings• may cause permanent damage to the device. This 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 reliability. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

25 70 oc 400 linear It/min air flo\\ 

DC ELECTRICAL CHARACTERISTICS (0°C! TA! 70°C) (Vee- 5 OV ± 10%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcc1 Average Vee Power 
Supply Current 

75 rnA !AVAV = !AVAV (min) 

lcc2 Vee Power Supply Current 15 rnA E ~ V1H . All other inputs at 
(Standby,Stable TIL Input Levels) V1N ~ V1L or ~ V1H 

ICC3 Vee Power Supply Current 5 rnA E ~ (Vee- 0.2). All other inputs at 
(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) 

lcc4 
Vee Power Supply Current 

10 rnA E ~ (Vee- 0.2). Inputs cycling at 
(Standby, Cycling CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) ±1 (lA 
Vcc=max 
V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±5 (lA 
Vee= max 
V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loL=-4mA 

VoL Output Logic "0" Voltage 0.4 v 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 CAPACITANCEb (TA=25°C, f=1.0MHZ) 

Input Pulse Levels ................... : ............. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 

CIN Input Capacitance 4 pF ~V= Oto3V Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 CoUT Output Capacitance 4 pF ~V= 0 to3V 

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

-~1_0-------------------~~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C::;: TA::; 70°C) (Vee= 5.0V ± 10%) 

READCYCLEg 

NO. 
SYMBOL PARAMETER 1403·25 1403·35 1403-45 1403·55 

Standard Alternat MIN MAX MIN MAX MIN MAX MIN MA 

1 \ELQV lAcs Chip Enable Access T1me 

2 \AVAV IRe Read Cycle Time 25 

3 lAvov IAA Address Access Time 

4 lAxox loH Output Hold After Address Change 

5 IELOX b Chip Enable to Output Active 

6 \EHQZ !Hz Chip Disable to Output Inactive 

7 \ELICCH lpu Chip Enable to Power Up 

8 \EHICCL lpo Chip Enable To Power Down 

lr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected, E low. 
Note e: Measured between V1L max and V1H min. 

5 

5 

0 

0 

25 35 45 

35 40 50 

25 35 40 

5 5 5 

5 5 5 

20 0 20 0 20 0 

0 0 0 

30 30 30 

50 50 50 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V,L or V,L to V,H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c, d 

2 IAVAV 

ADDRESS -

55 

50 

25 

30 

50 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

O(DATAOUT) DATA VALID 

READ CYCLE 2 c 

HIGH IMPEDANCE 

IMS1403 

NOTES 

c 

d 

I 

f,j 

j 

J 

e, i 

Q(DATAOUT) 

~ ~ 7 IELICCH ~ 8 IEHICCL 

~C]LV5_ __ ~---------------------------------------
SIAN!LY Icc 

•
0 3/10 

--------- [IJ'i]ll()S·---------
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RECOMMENDED AC OPERATING CONDITIONS (0°C::;: TA::;: 70°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 1: WCONTROLLEDg, h 

NO. 
SYMBOL PARAMETER 1403-25 1403-35 1403-45 1403-55 

Standard llernat MIN MAX Ml MAX MIN MAX MIN MA 

9 !AVAV I we Write Cycle Time 20 30 40 50 

10 lwLWH lwp Write Pulse Width 15 20 20 25 

11 IELWH lew Chip Enable to End of Write 20 30 35 45 

12 lovwH low Data Set-up to End of Write 15 15 15 20 

13 lwHDX loH Data Hold After End of Write 0 0 0 0 

14 l..vwH l..w Address Set-up to End of Wnte 20 30 35 45 

15 IAvwL lAs Address Set-up to Beginning of Write 0 0 0 0 

16 lwHAX lwR Address Hold After End of Write 0 0 0 0 

17 lwLOZ "lwz Write Enable to Output Disable 0 20 0 20 0 20 0 20 

18 lwHOX low Output Active After End of Write 0 0 0 0 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V,L or V1L to v,H in a monotonic fashion. 
Note h: E or W must be~ V1H 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 

ADDRESS 

w 

D(DATAIN) 

Q(DATAOUT) DATA UNDEFINED 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

f,j 

I 

_~_10 _____________________ ~~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C S: TAS: l0°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

NO. 
SYMBOL PARAMETER 1403-25 1403-35 1403-45 1403-55 

Standard Allernal MIN MAX MIN MAX MIN MAX MIN MA 

19 tAVAV twe Write Cycle Time 20 30 40 50 

20 lwLEH lwp Write Pulse Width 15 20 20 25 

21 !ELEH lew Chip Enable to End of Write 20 30 35 45 

22 tovEH low Data Set-up to End of Wnte 15 15 15 20 

23 IEHDX loH Data Hold After End of Write 0 0 0 0 

24 (AVEH lAw Address Set-up to End of Write 20 30 35 45 

25 (EHAX lwR Address Hold After End of Write 0 0 0 0 

26 lA vEL lAs Address Set-up to Beginning of Write 0 0 0 0 

27 lwLOZ lwz Write Enable to Output Disable 0 20 0 20 0 20 0 

Note f: Measured± 200mV from steady state output voltage. Load capacitance IS 5pF. 
Note g: E and W must transition between v,H to V,L or V,L to v,H in a monotontc fashion. 
Note h: E or W must be~ V,H 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 IAVAV 

ADDRESS 

21 'ELEH 

w 

D(DATAIN) 

25 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

f,j 

HIGH IMPEDANCE 
Q(DATAOUT) DATA UNDEFINED 

IMS1403 

•
c 5/10 
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DEVICE OPERATION 
The IMS1403 has two control inputs, Ch1p Enable 

(E) and Wnte Enable CWJ. fourteen address inputs (A0 -

A,3). a Data in (D) and a Data out (0). The E input 
controls dev!fe selection as well as active and standby 
modes. W1th E low. the device is selected and the fourteen 
address 1nputs are decoded to select one bit out of 16K 
b1ts. Read and Write operations on the memory cell are 
controlled by W input. W1th E high, the device IS de­
selected, the outpullS disabled. and power consumption 
1s reduced to less than one-fourth of the act1ve mode 
power w1th TTL levels and even lower w1th CMOS levels. 

READ CYCLE 
A read cycle is defined as W ;;:: V,H min w1th E ~ 

V1L max. Read access time is measured from either E 
going low or from vahd address. 

The READ CYCLE 1 waveform shows a read access 
that1s 1mllated by a change in the address 1nputs while 
E 1s low. The output rema1ns act1ve throughout READ 
CYCLE 1 and is vahd at the specified address access 
t1me. The @dress inputs may change at access time 
as long as E rema1ns low, the cycle time IS equal to the 
address access t1me. 

The READ CYCLE 2 waveform shows a read access 
that 1s 1nit1ated by E go1ng low. As long as address is 
stable when E goes low, valid data is at the output at 
the spec1f1ed Chip Enable Access time. If address is not 

valid when E goes low, the liming is as spec1f1ed in 
READ CYCLE 1 Chip Enable access time is not affected 
by the duration of the-deselect interval. 

WRITE CYCLE 
A wnte cycle of the IMS1403 IS initialed by the latter 

of E or W to transition from a h1gh to a low. In the case 
of W falling last, the output_buffer will be turned on 
IELax after the falling edge of E (JUSt as 1n a read cycle). 
The output buffer IS then turned off within lwLOz of the 
fall1ng edge of W. Dunng this interval, 11 is possible to 
have bus content1on between dev1ces w1th D and 0 
connected together in a common 1/0 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 sei-U.Q and ho[Q_ times 
are referenced to the ns1ng edge Qj W. When W goes 
h1gh at the end of the cycle w1th E active, the output 
of the rnemory becunes act1ve. 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 wnte cycle ter­
minated byE going high. Data set-up_i!nd hoi.Q. times 
are referenced to the rising edge of E With E high, 
the outputs remain in the high impedance state. 

_~_10 ___________________________ ~---------------------------
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APPLICATION 
It is 1mperat1ve when desigmng w1th 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 decouphng 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. 

4DEVICE 

~-- ·. ..A .,._tAPACITOR 
··~ 

~- "' 
_,f'--
~ Vee v 

Vs~ .J. .4. ·,.mr,p ..&m&l ·::-:- :: . -~~ 

:::--: mr: JfJ!JfP' 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

IMS1403 

To reduce the line inductance, the power trace and ground 
trace should be gridded or provided by separate power 
planes. The decoupling :;apacitor supplies energy for 
high frequency current transients and should be located 
as close to the dev1ces with as short lead length as 
possible. The high frequency decouplmg capacitor 
should have a value of 0.1 11 F, and be placed between 
each row of devices 1n the array (see drawmg). A larger 
tantalum capa:::itor, 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 prov1de a solid 
ground reference for the TTL dnvers 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 dow~ the lines, 
especially low going TTL signals, line termmat1on IS 

recommended. The termination may be- either senes 
or parallel. 

The recommended technique is to use series term ~na­
tion. Thesenes termination technique has the advantage 
of drawing no OCcurrent 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 l1ne. The res1stor should 
be placed as close to the driver package as is pract1cal. 
The line should be kept short by plac1ng the driver­
termination combination close to the memory array. 

Some experimentation will have to be done to f1nd 
the proper value to use for the senes termination to 
minimize reflections, but generally a senes resistor 1n 
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 

------------------------~·---------------------7-/10 
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Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

DEVICE SPEED 

25ns 
25ns 
25ns 
35ns 
35ns 

IMS1403 35ns 
45ns 
45ns 
45ns 
55ns 
55ns 
55ns 

FIGURE 1. OUTPUT LOAD 
5.0V 

250Q 

O(Dour) 

PACKAGE 

PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 

167n 

PART NUMBER 

IMS1403P-25 
IMS 1403S-25 
IMS1403W-25 
IMS1403P-35 
IMS1403S-35 
IMS1403W-35 
IMS1403P-45 
IMS1403S-45 
IMS1403W-45 
IMS1403P-55 
IMS1403S-55 
IMS1403W-55 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_att_o _____________________ tt~·-----------------------
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PACKAGING INFORMATION 

20 Pin Plastic Dual-In-Line 

D 

.jl• 
B 

9 equal spaces @ -------:~~ 
2.54 
a :roo 

20 Pin Ceramic Dual-In-Line 

t t = ]: ~{ 
~~~~~~~~~~~ 
A n_ 

L 

~~ .jl· 
B 
9 equal spaces @ 

2.54 
a :roo 

IMS1403 

Dim 
Inches mm 

Nom Tot Nom Tot 

A .140 .015 3.566 .381 
A1 .020 min .508 min 
8 .018 .003 .457 .152 
81 .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 2.54 .254 
eA .330 .020 8.382 .508 
L .120 min 3.048 min 

Dim 
Inches mm 

Nom Tot Nom To! 

A .096 .012 2.438 .305 
A1 .015 .381 
8 .018 .003 .457 .152 

81 .054 Typ .137 Typ 
D 1.00 .015 25.40 .381 
E .315 .010 8.001 .254 
E1 .295 .015 7.4.93 .381 
e1 .100 .010 2.54 .254 

L .125 min 3.175 min 
s .005 .127 

Fl 
i.-E1~1 

-----------•rmmos·-----------9_110 
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IMS1403 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

_1o_11_o _______________________ Et~·--------------------------
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process- 1.6 Micron Design Rules 
• 4K x 4 Bit Organization 
• 25, 35, 45 and 55 nsec Access Times 
• FullyTTLCompatible 
• 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 

PIN CONFIGURATION 

DIP& 
SOJ 

AsA•VccA3 

A6 :~;; l) ~5 ~~;~ A2 

A7 :;4 17~~ A1 

:: ~~: TOP ~:~~ ~1°o, 
A,o :~7 14~~ I/02 
A11 :~a 1011 13:: 1/01 

s~~ r~ r~ ~~12 

EVssW 1/0• 

CHIP 
CARRIER 

PIN NAMES 

A,-A, AOOAESS INPUTS V00 POWER (+5V) 

w WAITE ENABLE Vss GROUND 
E CHIP ENABLE 
1/0 OATA IN/OUT 

November 1989 

IMS1423 
High Performance 

4Kx4 
CMOS Static RAM 

DESCRIPTION 

The !NMOS 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 IMS1423 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. 

LOGIC SYMBOL BLOCK DIAGRAM 

E w 

1/10 
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IMS1423 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any ptn relattve to V5,. . .. -2.0 to 7.0V 
Voltage on 1/0 (Pins 13-16). . -1.0 to (Vee + 0 5V) 
Temperature Under Btas . . . .. -55°C to 125°C 
Storage Temperature (Ambtent) .... -65°C to 150°C 
Power Dtsstpatton . 1 W 
DC Output Current 25mA 
(One Second Duration) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

viH Input Logic"1" Voltage 2.0 

viL Input Logic "0" Voltage -1.o· 

TA Ambient Operating Temperature 0 

• VIL Min = -3.0V for pulse widlh <20ns, note b. 

*Stresses greater than those listed under Absolute Max1mum Rat1ngs 
may cause permanent damage to the dev1ce Th1s IS a stress rat1ng only and 
functJonal operation of the dev1ce at these or any other condJ!Jons above 
those md1cated 1n the operatronal sect1ons of th1s specificatiOn 1s not 1mpl1ed 
Exposure to absolute max1mum ratmg conditions lor extended penods 
may affect relrab111ty 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

Vee+ .5 v All inputs 

0.8 v All inputs 

25 70. oe 400 linear !Vmin air flow 

DC ELECTRICAL CHARACTERISTICS (0°C s; T1.s; 70°C) (Vee = 5.0V ± 10%)' 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Average Vee Power 
105 rnA tAVAV = 25ns 

lee1 100 rnA tAvAv=35ns 
Supply Current 100 rnA tAVAV = 45ns & 55ns 

lee2 
Vee Power Supply Current 

15 rnA 
E ~ VIH All other inputs at 

(Standby,Stable TTL Input Levels) v 1Nsv1L or ~V1H 

lee3 
Vee Power Supply Current 

5 rnA 
E ~ (Vee- 0.2) All other inputs at 

(Standby, Stable CMOS Input Levels) v 1Ns0.2 or ~(Vec-0.2V) 

lcc4 
Vee Power Supply Current 

10 rnA 
E ~(Vee -0.2) Inputs cycling at 

(Standby, Cycling CMOS Input Levels) v 1Ns0.2 or ~(Vee-0.2V) 

I ILK Input Leakage Current (Any Input) ±1 !!A 
Vee=rnax 
VIN=VsstoVee 

loLK Off State Output Leakage Current ±5 !!A 
Vce=rnax 
v 1N=VsstoVce 

VoH Output Logic "1" Voltage 2.4 v loH=-4rnA 

VoL Output Logic "0" Voltage 0.4 v loL= 8rnA 

Note a: Icc is dependent on output loading and cycle rale, the specnied values are obtained wtth the outputs unloaded. 

AC TEST CONDITIONS CAPACITANCEb(T 25"C I 1 OMH ) r= A= = 

lnpul Pulse Levels .................................................... Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ................................................... Sns 
Input and Output Timing Reference Levels ....................... 1.5V 
Output Load .......................................................... See Rgu•e 1 

CJN Input Capacitance 4 pF t.V =Oto 3V 

CouT Output Capachance 4 pF t.V=Oto3V 

Note b: Th1s parameter is sampled and not 100% tested. 

_211_o ___________________ .. ~©S·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C::; TA::; 70°C) (Vee= 5.0V ± 10%) 

READCYCLEg 

NO. 
SYMBOL PARAMETER 1423-25 1423-35 1423-45 1423-55 

Standard Alternat MIN MAX MIN MAX MIN MAX MIN MA 

1 IELOV lAcs Chip Enable Access T1me 

2 IAVAV IRe Read Cycle Time 25 

3 IAvov IAA Address Access Time 

4 lAX OX loH Output Hold After Address Change 

5 IE LOX lcz Ch1p Enable to Output Act1ve 

6 IEHOZ I Hz Chip D1sable to Output Inactive 

7 IELICCH lpu Chip Enable to Power Up 

8 IEHICCL lpo Chip Disable To Power Down 

t, Input R1se and Fall T1mes 

Note c: For READ CYCLE 1 & 2. W IS h1gh for ent1re cycle. 
Noted: Dev1ce IS continuously selected, E low. 
Note e: Measured between V1L max and V1H m1n. 

3 

5 

0 

0 

25 35 45 

35 40 50 

25 35 AD 
3 3 3 

5 5 5 

15 0 15 0 15 0 

0 0 0 

30 30 30 

50 50 50 

Note f. Measured ± 200mV from steady state output voltage. Load capacitance 1s 5pF 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monoton1c fash1on. 
Note j: Parameter guaranteed but not tested. 

RIEAD CYCLIE: 11 c,d 

55 

50 

15 

30 

50 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IMS1423 

NOTES 

c 

d 

I 

f,j 

J 

J 

e. J 

ADDRESS rll:·~---2 IA-VAV ___ v__, 
L__j.--~~:~=======3~~'~-----------------t--------, 

1/0(DATAOUT), L ------------~~ DATA VALID 

1 IELOV 

5 IELOX 

t/O(DATAOUT) HIGHIMPEDANCE 

f-----<to-\ 7 IELICCH ~ 
'-------------------------------8-t_E_HI_cc __ L ~I!V.E_ ____ " 

Icc 
::e.ST'-'-A"'N"'D""B"-Y __ ..J 

______________________ .. ~06. ____________________ 3 __ 110 
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RECOMMENDED AC OPERATING CONDITIONS (0°C :s; TA:S:: 70°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 1: w CONTROLLEDg, h 

NO. 
SYMBOL PARAMETER 1423-25 1423-35 1423-45 1423-55 

Standard Alternat MIN MAX MIN MAX MIN MAX MIN MA 

9 tAVAV I we Write Cycle Time 25 35 40 50 

10 lwLWH lwp Write Pulse Width 20 25 35 45 

11 tELWH lew Chip Enable; to. End of Write 20 25 35 45 

12 tovwH low Data Set-up to End of Wnte 10 13 15 20 

13 !wHO X loH Data Hold After End of Write 2 2 3 3 

14 tAVWH tAw Address Set-up to End of Wnte 20 25 30 40 

15 tAVWL lAs Address Set-up to Beginning of Write 0 0 0 0 

16 tWHAX lwR Address Hold After End of Write 2 3 5 5 

17 lwLOZ twz Wnte Enable to Output Disable 0 15 0 15 0 20 0 

18 lwHOX low Output Act1ve After End of Wnte 6 6 6 6 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transit1on between v,H to v,L or V,L to V,H m a monotonic fashion. 
Note h: E or W must be 2 V,H dunng address transitions. 
Note i: If W is low when E goes low, the output remains in the high impedance state. 
Note 1: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

25 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

f,j 

i 

ADDRESS~~-------------------9-~_v_~----------------~:f~----~ 

l/0 (DATA IN) 

17 IWLOZ 14-----+1 

1/0(DATAOUT) DATA UNDEFINED 

_41_10 _________________________ .. ~·---------------------------
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IMS1423 

RECOMMENDED AC OPERATING CONDITIONS (0°C :S: TA:S: 70°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

NO. 
SYMBOL PARAMETER 1423·25 1423·35 1423-45 14~3-55 

Standard Alternat MIN MAX MIN MAX MIN MAX MIN MA 

19 !AVAV lwe Write Cycle Time 25 35 40 50 

20 lwLEH lwp Wnte Pulse Width 20 25 35 45 

21 !ELEH lew Chip Enable to End of Write 20 25 35 45 

22 lovEH low Data Set-up to End of Write 10 13 15 20 

23 !EHDX loH Data Hold Alter End of Write 3 3 3 5 

24 !AVEH lAw Address Set-up to End of Write 20 25 30 40 

25 !EHAX lwR Address Hold After End of Write 2 3 5 5 

26 !AVEL lAs Address Set-up to Beginning of Write 0 0 0 0 

27 lwLOZ lwz Write Enable to Output Disable 0 15 0 15 0 20 0 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be :2 V,H dunng 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 

21 t,Wl 

E 

w 

1/0 (DATA IN) 

25 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

f,J 

l/0 (DATA OUT) 

27 \..az h 
r---------0-A_T_A_U_N_D_E_F_IN_E_D __ ~~~----~H~I~GH~IM~P~E~D~A~NC~E~----

-----------------------4t~·---------------------5 __ 110 
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IMS1423 

DEVICE OPERATION 
The IMS1423 has two control Inputs, Ch1p Enable 

(EJ and Wnte Enable CWJ, twelv_g address mputs CA0-
A11J, and four Data 1/0 lines. TheE mput controls devic_g 
selection as well as act1ve and standby modes. With E 
low, the dev1ce IS selected and the twelve address inputs 
are decoded to select one 4-blt word out of 4K words. 
Read and Wnte operations on the memory cell are con­
trolled by W 1nput. W1th E high, the dev1ce IS deselected, 
the outputs are disabled and the power consumption is 
reduced to less than one-fourth of the act1ve mode power 
with TTL levels and even lower w1th CMOS levels 

READ CYCLE 
A read cycle 1s def1ned as W 2: V1H min w1th .§::::; V1: 

max. Read access time is measured from e1ther E gomg 
low or from valid address. 

The READ CYCLE 1 waveform shows a read access 
!bat IS Initiated by a Change In the addreSS InputS While 
E 1s low The outputs rema1n act1ve throughout READ 
CYCLE 1 and IS valid at the specified address access 
time The addrg_ss 1nputs may change at access t1me 
and as long as E rema1ns low, the cycle t1me IS equal to 
the address access time 

The READ CYCLE 2 waveform shows a read access 
that IS 1mtiatg_d by E going low. As long as address is 
stable when E goes low, valid data IS at the outputs at the 
spec1f1ed ChiP Enable Access t1me. If address is not valid 
when E goes low, the timmg 1s as specified in READ 
CYCLE 1. ChiP Enable access t1me IS not affected by the 
duration of the deselect mterval. 

WRITE CYCLE 
The wnte cycle of the IMS1423 IS 1mt1ated by the latter 

of E or W to trans111on from a h1gh level to a low level. In 
the case ofW falling last, the output Q.uffers will be turned 
on tELOX after the fall1ng edge of E (just as m a read 
cycle). The output bu_fulrs are then turned off within twwz 
of the fall1ng edge of W. During this Interval, it is possible 
to have bus contention between dev1ces with common 
1/0 conf1gurat1ons. Therefore Input data should not be 
active unt1l twLOZ to avoid bus contention 

WRITE CYCLE 1 waveform shows a write cycle ter­
minated by W going high. Data set-u.Q and ho[Q_t1mes 
are referenced to the ns1ng edge .Qf W. When W goes 
high at the end of the cycle with E act1ve, 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 C'f_CLE 2 waveform shows a wnte cycle ter­
minated by E going high. Data set-!JP and .bold timrds 
are referenced to the rising edge of E. With E h1gh, the 
outputs remain in the high impedance state. 

4DEV ICE 

A .. 4 9AP ACITOR 
: 

~=-·· .. rr v r· 
cc v 

ld:,. _.., A. ~ ... 
v 

~ ~ ·: ~ 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

_&1_0--------------------tt~·----------------------
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APPLICATION 
It is imperative, when desigmng with any very high 

speed memory such as the IMS1423, that the funda­
mental rules 1n regard to memory board. layout be fol­
lowed to ensure proper system operat1on. 

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 decouphng 
path from the power pin through the decoupling capacitor 
to the ground pin should be kept to a minimum. The 
impedance of th1s 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 w1th the opera­
tion of the h1gh speed IMS1423 have very high frequency 
components, the line inductance is the dominating factor. 
To reduce the l1ne 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 lo­
cated as close to the dev1ces With as short lead length 
as possible. The high frequency decoupling capac1tor 
should have a value of 0.1,.,F, and be placed between 
each row of devices 1n the array (see drawing). A larger 
tantalum capac1tor, with a suff1c1ent 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 

IMS1423 

drop due to the ma1n 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 penphery circuit. Th1s will prov1de a sohd 
ground reference for the TTL drivers and prevent loss 
of operat1ng margin of the dnvers due to differential 
ground noise. 

TERMINATION 
Trace lines on a memory board 1n the array look to TTL 

driver signals like low Impedance, unterminated trans­
mission hnes. In order to reduce or el1m1nate the reflec­
tions of the TTL Signals propagating down the lines. 
especially low go1ng TTL signals, lme termination 1s recom­
mended. The term1nat1on may be either senes or parallel. 

The recommended technique IS to use series termina­
tion. The senes terminat1on techmque has the advantage 
of drawing no OCcurrent and us1ng a minimum number 
of components. This 1s accomplished by plac1ng a series 
resistor in the signal hne at the output of the TTL driver 
to dampen the reflection on the line. The res1stor should 
be placed as close to the driver package as IS practical. 
The l1ne should be kept short by placing the driver­
termination combination close to the memory array. 

Some experimentation will have to be done to f1nd the 
proper value to use for the senes term1nat1on to mini­
mize reflections. but generally a series resistor· in the 
10 to 33ohm range Will be required. Because each des1gn 
will result 1n a different signal impedance, a resistor of 
predetermined value may not properly match the signal 
path impedance. The proper value of res1stance should 
therefore be selected empirically. 

----------------------tt~CMr----------------~--7--/10 
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IMS1423 

·-
Type Package Lead finish 

A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

DEVICE SPEED 

25ns 
25ns 
25ns 
25ns 
35ns 
35ns 
35ns 

IMS1423 35ns 
45ns 
45ns 
45ns 
45ns 
SSns 
SSns 
ssns 
ssns 

FIGURE 1. OUTPUT LOAD 5 ov 

480n 

1/0 --·----~ 

PACKAGE 

PLASTIC DIP 
PLASTICSOJ 
CERAMIC DIP 
CERAMICLCC 
PLASTIC DIP 
PLASTICSOJ 
CERAMIC DIP 
CERAMICLCC 
PLASTIC DIP 
PLASTICSOJ 
CERAMIC DIP 
CERAMICLCC 
PLASTIC DIP 
PLASTICSOJ 
CERAMIC DIP 
CERAMICLCC 

255n 

PART NUMBER 

IMS1423P-25 
IMS1423E-25 
IMS1423S-25 
IMS1423W-25 
IMS1423P-35 
IMS1423E-35 
IMS1423S-35 
IMS1423W-35 
IMS1423P-45 
IMS1423E-45 
IMS1423S-45 
IMS1423W-45 
IMS1423P-55 
IMS1423E·55 
IMS1423S-55 
IMS1423W-55 

30pF 
(INCLUDING I SCOPE AND 
FIXTURE) 

_~_10-------------------------~~·---------------------------
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PACKAGING INFORMATION 

20 Pin Plastic Dual-In-Line 

D 

.JI• 
8 

9 equal spaces @ -----cl~ 
2.54 
o:roo 

20 Pin Ceramic Dual-In-Line 

,. D I 

t ~ = ] : J: : ~ = ] 
~----~========~----~ 
A n_ 

L 

't .JI• 
8 
9 equal spaces @ 

2.54 
o:roo 

IMS1423 

Dim 
Inches mm 

Nom To! Nom To I 

A .140 .015 3.566 .381 
A1 .020 min .508 min 
8 .018 .003 .457 .152 
81 .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 2.54 .254 
eA .330 .020 8.382 .508 
L .120 min 3.048 min 

Dim 
Inches mm 

Nom To! Nom To I 

A .096 .012 2.438 .305 
A1 .015 .381 
8 .018 .003 .457 .152 
81 .054 Typ .137 Typ 

D 1.00 .015 25.40 .381 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .125 min 3.175 min 
s .005 .127 

Fl 
!.-E1__..I 

--------------------------~~·------------------------9_11_0 
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IMS1423 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 

E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

20 Pin Plastic J Bend 

Dim 
Inches mm 

Notes 
Min' Max Min Max 

0 A .120 .140 3.05 3.556 
81 .014 .019 .350 .480 
c .009 .0125 .230 .320 

-!1------+ -----tt-
D .500 .510 12.70 12.95 
E .335 .347 8.510 8.810 
E1 .292 .299 7.420 7.590 
e1 .050 .050 1.270 1.270 
eA .262 .272 6.650 6.910 
L .028 .036 .071 .091 

I f-olloCf---E1--)Io-j)lol 

_,o_,,_o ________________________ ~~·---------------------------
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FEATURES 

.. 
A2 
A4 
A6 
M 

I NMOS' 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 ± 1 0% Operation 
22-Pin, 300-mil DIP (JEDEC Std.) 
22-Pin Ceramic LCC (JEDEC Std.) 
24-Pin, 300-mil SOJ 
Battery Backup Operation- 2V Data Retention 
(L version only) 

PIN CONFIGURATION 

.. 
A2 
M 

A3 A6 

AS A8 
A7 ... .. NC 

A12 
A14 
a 
w 
Va 

DIP CHIP 
CARRIER 

PIN NAMES 
A0 • A 15 ADDRESS INPUTS a DATA OUTPUT 

w WRITE ENABLE Vee POWER 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

v~ .. 
A3 
AS 
A7 
NC 
AO 
A11 
A13 
AIS 
D 
~ 

SOJ 

IMS1600 
IMS1601 L 

CMOS 
High Performance 

64K x 1 Static RAM 

DESCRIPTION 

The I NMOS 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 used to 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. 

BLOCK DIAGRAM 

AO -Vee 
A1 .._Vss 

A2 

A"J ME'-'ORYARRAY 
256ROWS 

A4 256COLUMNS 

A5 

A6 

A7 

D(D1N) (Dour)Q 

1/10 

67 



IMS1600/1601 L 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 0 ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -s;;o C to 150°C 
Power Dissipation .............................................. 1W 
DC Output Current. ........................................ 25mA 
(One Second Oura~on) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VIH Input Logic "1" Voltage 2.0 

ViL Input Logic "0" Voltage -1.0" 

TA Ambient Operating Temperature 0 

VtL m1n "" -3 volts for pulse w1dth <20ns, note b. 

"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 dev1ce 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 reliabilhy. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

25 70 oc 400 linear fVmin air flow 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C) (Vee= 5 c" + 10%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct Average Vee Power 77 rnA tAVAV = 25ns and 30ns (PRELIM) 

Supply Current 70 rnA tAVAV = 35, 45 and 55ns 

ICC2 Vee Power Supply Current 
25 (Standby,Stable TTL Input Levels) 

rnA 
E:>. V1H . All other inputs at 

IMS1601L version 15 
VtN ~ VtL or :>. VtH 

lcc3 Vee Power Supply Current 
14 -

(Standby, Stable CMOS Input Levels) 
rnA 

E :>. (Vee- 0.2). All other inputs at 

IMS1601L version 2 
V1N ~ 0.2 or :>. (Vee- 0.2V) 

Icc• Vee Power Supply Current 
15 (Standby, Cycling CMOS Input Levels) E 2 (Vee- 0.2). Inputs cycling at 

rnA VtN >. 0.2 or ~ (Vee- 0.2V) 
IMS1601L version 5 

itLK Input Leakage Current (Any Input) !!A 
Vee= max 

±1 VtN = Vss to Vee 

IOLK Off State Output Leakage Current 
Vee= max 

±5 !!A VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loL = -4mA 

VoL Output Logic "0" Voltage 0.4 v loH = SmA 

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

AC TEST CONDITIONS 
-,--=---c. -

CAPACITANCEb (TA=25°C, f=1.0MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ............................. 5ns CtN Input Capacitance 4 pF t.V=0to3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 Cour Output Capacitance 7 pF t.V=Oto3V 

Note b: Thts parameter IS sampled and not 100% tested. 

~0 •• --------- ·~mmos·---------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee; 5.0V ±10%) 

READ CYCLE9 

SYMBOL 

PARAMETER 
No. Standard Alternate 

1 IELQV lAcs Chip Enable Access Time 

2 IAVAV IRe Read Cycle Time 

3 !Avav IAA Address Access Time 

4 ' !Axax toH 0/P Hold After Address Change 

5 IELQX ILZ Chip Enable to 0/P Active 

6 IEHQZ !HZ Chip Disable to 0/P Inactive 

7 tEUCCH tPU Chip Enable to Power Up 

8 tEHICCL IPD Chip Enable to Power Down 

tr liP Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VJL max and V1H min. 

IMS 
1600-25 

PRELIM 

MIN MAX 

25 

25 

25 

3 

3 

0 15 

0 

25 

50 

IMS IMS 
1600-30 1600-35 

& 

PRELIM 1601-35 

MIN MAX MIN MAX 

30 35 

30 35 

30 35 

3 5 

3 5 

0 15 0 20 
-

0 0 

30 35 

50 50 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between V1H to VJL or VJL to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 
2 IAVAV 

ADDRESS 

3 !Avov 

Q(DATAOUT) 
L-------------~~~~~ 

READ CYCLE 2" 

IMS IMS 
1600-45 1600·55 

& & 
1601-45 1601-55 

MIN MAX MIN MAX 

45 55 

45 55 

45 55 

5 5 

5 5 

0 25 0 30 

0 0 

45 55 

50 50 

OUTPUT VALID 

~ IELQV 

E r:~-EL_Q_X--------------~~~~LL~LL-LLJ 
Q (DATA OUT) HIGH IMPEDANCE 

~I!_V.§_ ~~ -- 7 IELICCH 

Icc 
STANDBY 

u N 
N 0 
I T 
T E 
s s 

ns 

ns c 

ns d 

ns 

ns j 

ns f,j 

ns j 

ns j 

ns e,j 

-----------------------~~·---------------------3-/10 
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee; 5.0V ±10%) 

WRITE CYCLE 1: W CONTROLLED9·h 

IMS IMS IMS IMS 
1600·25 1600·30 1600-35 1600-45 

SYMBOL PARAMETER & & 
PRELIM PRELIM 1601-35 1601-45 

IMS 
1600·55 

& 
1601-55 

No Standard Alternate MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

9 IAVAV IWC Write Cycle Time 25 30 

10 tWLWH twp Write Plus Width 20 20 

11 IELWH tcw Chip Enable to End of Write 20 20 

12 IDVWH tow Data Setup to End of Write 15 15 

13 tWHDX tDH Data Hold after End of Write 0 0 

14 IAVWH lAW Address Setup End of Write 20 20 

15 tAVWL lAS Address Setup to Start of Write 5 5 

16 tWHAX tWR ~ddress Hold after End of Write 5 5 

17 tWLOZ IWZ Write Enable to Output Disable 0 15 0 15 

18 IWHOX tOW Write Enable to Output Disable 0 0 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ;:, Vih during address transnions. . 
Note i: II 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 

35 45 55 

20 20 25 

30 30 30 

15 20 20 

0 0 0 

25 25 30 

5 5 5 

5 5 5 

0 20 0 20 0 25 

0 0 0 

u 
N 
I 
T 
s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ADDRESSc===f~-------------------9-~-~-v----------------~:f------~ 
E 

12 IDVWH f------J-.--.1 13 lwHDX 

D (DATA IN) 
~-------------------------------_J 

17 IWLOZ~-

DATA UNDEFINED a (DATA oUT) I 
~----------------------------------Jt 

DATA VALID 

~- 18 lwHOX 

HIGH IMPEDANCE 
I 

N 
0 
T 
E 
s 

f,j 

i 

_41_10 _____________________ ~~·-----------------------

70 



IMS1600/1601 L 

RECOMMENDED AC OPERATING CONDITIONS (0°C ~ Ta ~ 70°C) (Vee= 5.0V ±1 0%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

IMS IMS IMS IMS IMS 
1600-25 1600-30 1600-35 1600-45 1600-55 

SYMBOL PARAMETER PRELIM PRELIM 1601-35 1601-45 1601-55 

No Standard Alternate MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

19 IAVAV IWC Write Cycle Time 25 30 

20 IWLEH IWP Write Plus Width 20 20 

21 IELEH tcw Chip Enable to End of Write 20 20 

22 IDVEH" tow Data Setup to End of Write 15 15 

23 IEHDX IDH Data Hold after End of Write 0 0 

24 IAVEH lAW Address Setup to End of Write 20 20 

25 tEHAX IWR Address Hold after End of Write 5 5 

26 tAVEL t AS Address Setup to Start of Write 0 0 

27 tWLQZ IWZ Write Enable to Output Disable 0 15 0 15 

Note f: Measured ±200mV from steady state output voltage. Load capacnance is SpF. 
Note g: E and W must transition between V1H to V1L or VIL to V1H 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 tAVAV 

ADDRESS 

E 

w 

D (DATA IN) 

27 lwcaz 

Q (DATA OUT) DATA UNDEFINED 

35 45 55 

20 20 25 

30 30 30 

15 20 20 

0 0 0 

30 30 30 

5 5 5 

0 0 0 

0 20 0 20 0 25 

HIGH IMPEDANCE 

u N 
N 0 
I T 
T E 
s s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

-----------------------~~·---------------------5--/10 
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DEVICE OPERATION 

The IMS1600 has two control inputs, Chip Enable (/E) 
and Write Enable (IW), 16 address inputs (AO -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 of 65,536. 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 IW.;?. V1H min with /E s V1L 
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 ln 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 il]itiated 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 IW to transition from a high to a low. In the case 
of IW falling last, the output buffer will be turned on tELox 
after the falling edge of /E Oust as in a read cycle). The 
output buffer is then turned off within IWLoz of the falling 
edge of IW. During this interval it is possible to have bus 
contention between devices with D and Q connected 
together in a common 110 configuration. Therefore input 
data should not be active until IWLoz 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 IW. 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. 

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 ca1=: ~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. 

_61_10 _________________________ .. ~·---------------------------
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TERMINATION 

Trace lines on a memory 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 

IMS1600/1601 L 

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)(o•c :S TA :S 7o•c) 

SYMBOL PARAMETER 

VoR Data Retention Voltage 

lccDR1 Data Retention Current 

lccoR2 Data Retention Current 

tEHVCCL Deselect Time (!coR) 

tvccHEL Recovery Time (tR) 

*Typical data retention parameters at 2s•c. 
Note j: Parameter guaranteed but not tested. 

MIN TVP* 

2.0 

8 

5 

0 

IRe 

MAX UNITS NOTES 

volts ViN S0.2Vor<:(Vcc-0.2V) 'E<:(Vcc-0.2V) 

100 !lA Vee= 3.0 volts 

70 !lA Vee= 2.0 volts 

ns j, k 

ns j, k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per J.lS from VoR to Vee min. 

LOW V cc DATA RETENTION 

DATA RETENTION MODE 

E" (\loR -0.2V) 

•
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Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

DEVICE SPEED PACKAGE 

25ns PLASTIC DIP 
25ns CERAMIC DIP 
25ns CERAMICLCC 
25ns PLASTICSOJ 
30ns PLASTIC DIP 
30ns CERAMIC DIP 

IMS1600 30ns CERAMICLCC 

IMS1601L 30ns PLASTICSOJ 
35ns PLASTIC DIP 
35ns CERAMIC DIP 
35ns CERAMICLCC 
35ns PLASTICSOJ 
45ns PLASTIC DIP 
45ns CERAMIC DIP 
45ns CERAMIC LCC 
45ns PLASTICSOJ 
55ns PLASTIC DIP 
55ns CERAMIC DIP 
55ns CERAMIC LCC 
55ns PLASTICSOJ 

FIGURE 1. OUTPUT LOAD 
5.0V 

Q (DoUT) 

255.0. 

480.0. 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

PART NUMBER 

STANDARD LOW POWER 
IMS1600P-25 
IMS1600S-25 
IMS1600W-25 
IMS1600E-25 
IMS1600P-30 
IMS1600S-30 
JMS1600W-30 
IMS1600E-30 
IMS1600P-35 IMS1601LP35 
IMS1600S-35 IMS1601LS35 
IMS1600W-35 IMS1601LW35 
IMS1600E-35 IMS1601LE35 
IMS1600P-45 IMS1601LP45 
IMS1600S-45 IMS1601LS45 
IMS1600W-45 IMS1601LW45 
IMS1600E-45 IMS1601LE45 
IMS1600P-55 IMS1601LP55 
IMS1600S-55 IMS1601LS55 
IMS1600W-55 IMS1601LW55 
IMS1600E-55 IMS1601LE55 

·--
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74 



IMS1600/1601 L 

PACKAGING INFORMATION 

22 Pin Dual-In-Line-Package 

,.. D ~, 

t = =[[ ~ f ~ JE ==I 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
8 .018 .003 .457 .152 
81 .060 Typ 1.524 Max 

D 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

A 
·~I._ ~E1____.j 

22 Pin Ceramic Dual-In-Line 

,.. D ,., 

t = = [[ ~ f ~ JE = =I 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
8 .018 .003 .457 .152 
81 .060 Typ 1.524 Max 

D 1.10 .013 27.94 .330 
.E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

•
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22 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D r-+--

Dim 
Inches mm 

Notes 
Min Max Min Max 

0 A .120 .140 3.048 3.556 
81 .014 .019 .356 .483 
c .010 .254 

-It-----+ ----1!--
D .602 .612 5.291 15.545 
E .335 .347 8.509 8.814 
E1 .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 

br~~~~~~~-===~~~dL 

1._ 

_~o_t1_o ________________________ 4t~·---------------------------
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FEATURES 

I NMOS' 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 Function 
Single +5V ± 1 0% Operation 
22-Pin, 300-mil DIP (JEDEC Std.) 
22-Pin Ceramic LCC (JEDEC Std.) 
24-Pin, 300-mil SOJ 

DIP 

PIN CONFIGURATION 

CHIP 
CARRIER 

PIN NAMES 
A0-A13 ADDRESS INPUTS 1/0 DATA IN/OUT 

w WRITE ENABLE Vee POWER (+SV) 

E CHIP ENABLE Vss GROUND 

November 1989 

A5 
AS 
A7 
AS 
A9 
A\0 
A\\ 

A\3 
E 
NC 
v .. 

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 
IMS1620 with the addition of an Output Enable input. 

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

BLOCK DIAGRAM 

MEMORY ARRAY 
256 ROWS 

256COLUMNS 

'~----4r-c~-[::~~==~~~u~~~~~==~~~~ffn 
,o,----.-H-t~-1 

,o, ----.-t-H-c~-1 
,o,--t+/+1H:;>---J 

1/10 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ... oo .... -2.0 to 7.0V 
Voltage on l/000000000000000000000000000000000 -1.0 to Vcc+0.5 
Temperature Under Biasoooooooooooooooo-55° C to 125°C 
Storage Temperature OOoooooooooooooooo .. -65° C to 150°C 
Power DissipationooooooooooooooooOOooooooooooooOOoooooOOoooooo.1 W 
DC Output Current.oo.oooooooo•oo•ooooooooooo.oooooooo•oooo25mA 
(One output at a ttme, one second duratton) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 
-

Vee Supply Voltag€' 

Vss Supply Voltage 

ViH Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature 
"'VtLmtn = -3 volts for pulse wtdth <20ns, note b. 

MIN 

4.5 

0 

2.0 

-1.o· 

0 

"Stresses greater than those listed under "Absolute Maximum Rattngs" 
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. 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

VCC+.5 v All inputs 

0.8 v All inputs 

25 70 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C) (Vee- 5 ov + 10%)a - -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct 
Average Vee Power 110 rnA tAVAV = 25ns and 30ns 
Supply Current 100 rnA tAVAV = 35, 45 and 55ns 

ICC2 Vee Power Supply Current 25 rnA E ~ VtH . All other inputs at 
(Standby,Stable TTL Input Levels) VtN ~ VtL or ~ VtH 

lcc3 Vee Power Supply Current 14 rnA E ~ (Vee - 0.2) . All other inputs at 
(Standby, Stable CMOS Input Levels) VtN ~ 0.2 or ~ (Vee- 0.2V) 

Icc• 
Vee Power Supply Current 17 rnA E ~ (Vee- 0.2). Inputs cycling at 
(Standby, Cycling CMOS Input Levels) VtN ~ 0.2 or ~ (Vee - 0.2V) 

I ILK Input Leakage Current (Any Input) ±1 (lA Vee= max 
VtN = Vss to Vee 

IDLK Off State Output Leakage Current ±5 (lA Vee= max 
VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH= -4mA 

VoL Output Logic "0" Voltage 0.4 v IOL=BmA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, f=1.0MHZ) 

Input Pulse Levels ooooooooooooooooooOOooooooOOoooo• Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times oooooooooooooooooooooooooooooo5ns CtN Input Capacitance 4 pF .1V=Oto3V Input and Output Timing Reference Levels 00 1.5V 
Output Load 000000000000 00000000 000000000000 0000 See Figure 1 Cour Output Capacitance 7 pF llV = 0 to 3V 

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

_211_0 ____________________ .. ~·-----------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5.0V ±10%) 

READ CYCLED 

IMS IMS IMS IMS 
SYMBOL PARAMETER 1620-25 1620-30 1620-35 1620-45 

IMS 
1620-55 

No Standard Alternate MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

1 IELOV lACS Chip Enable Access Time 

2 IAVAV IRC Read Cycle Time 

3 IAVQV IM Address Access Time 

4 IAXQX toH 0/P Hold After Address Change 

5 IELQX ILZ Chip Enable to 0/P Active 

6 IEHOZ IHZ Chip Disable to Output Inactive 

7 tELICCH IPU Chip Enable to' Power Up 

8 tEHICCL I PO Chip Enable to Power Down 

IT Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high lor entire cycle. 
Note d: Device is continuously selected; E low. 
Note e: Mea,sured between VJL max and V1H min. 

25 30 

25 30 

25 30 

5 5 

5 5 

0 15 0 15 

0 0 

25 30 

50 50 

Note 1: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to ViH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c,d 

35 45 55 

35 45 55 

35 45 55 

5 5 5 

5 5 5 

0 15 0 20 0 25 

0 0 0 

35 45 55 

50 50 50 

u N 
N 0 
I T 
T E 
s s 
ns 

ns c 

ns d 

ns 

ns j 

ns f,j 

ns j 

ns j 

ns e,j 

ADDRESS 'i;::=:==-3at;~~:vovv~~xo:-1=2 ~:=:;VA::j, ---~1'------' 
110 (DATA oun~ '---c ____ ~mxe _____ o_U_T_P_U_T_V_A_L_ID ___ __, 

READ CYCLE 2c 

1 IELOV 

5 IELOX 

IIO (DATA oun HIGH IMPEDANCE 

kc """-~~----A--17-IE-U-CCH ________ B_IE_HIC_CL~~-~--~-J 
STANDBY I "'----

•
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RECOMMENDED AC OPERATING CONDITIONS (o•c ~ TA ~ 7o•C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1: W CONTROLLED9·h 

IMS IMS IMS IMS 
SYMBOL PARAMETER 1620-25 .1620-30 1620-35 1620-45 

IMS 
1620-55 

No Standard Alternate MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

9 tAVAV tWC Write Cycle Time 25 30 

10 IWLWH IWP Write Pulse Width 20 20 

11 tELWH tcw Chip Enable to End of Write 20 20 

12 tDVWH tow Data Setup to End of Write 13 15 

13 tWHDX tDH Data Hold after End of Write 0 0 

14 !AVWH lAW Address Setup End of Write 20 25 

15 tAVWL !AS Address Setup to Start of Write 0 0 

16 tWHAX tWA Address Hold after End of Write 5 5 

17 IWLOZ !WZ Write Enable to Output Disable 0 15 0 15 

18 tWHOX tOW Write Enable to Ou'Put Disable 0 0 

Note 1: Measured ±200mV from steady state output voltage. load capacitance is 5pF. 
Note g: E and W must transition between VoH to VoL or VoL to VoH in a monotonic fashion. 
Note h: E or W must be ;;, VoH 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 

35 45 55 

30 30 40 

30 30 40 

15 20 25 

0 0 0 

30 30 40 

0 0 0 

5 0 0 

0 20 0 20 0 25 

0 0 0 

u 
N 
I 
T 
s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ACDRESSc===f~-------------------9-~-~-v----------------~:f~----~ 
E 

w 

12 IDVWH 1+-----llfol,._,~l 13 lwHDX 

DATA VALID 

01 lwLOZ 

1/0(DATAOUn DATA UNDEFINED 

N 
0 
T 
E 
s 

f,j 

i 

_~1_0 _____________________ .. ~·------~---------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ Ta ~ 70°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

IMS IMS 
SYMBOL PARAMETER 1620-25 1620-30 

No Standard Alternate MIN MAX MIN MAX 

19 IAVAV tWC Write Cycle Time 25 30 

20 tWLEH IWP Write Pulse Width 20 20 

21 tELEH tcw Chip Enable to End of Write 20 20 

22 tDVEH tow Data Setup to End of Write 13 15 

23 tEHDX tDH Data Hold after End of Write 0 0 

24 IAVEH lAW Address Setup to End of Write 20 25 

25 tEHAX tWR Address Setup to Start of Write 5 5 

26 tAVEL tAS f\ddress Hold after End of Wrile 0 0 

27 IWLOZ tWZ Write Enable to Output Disable 0 15 0 15 

Note 1: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E andW must transition between VtH to VtL or VtL.to VtH in a monotonic fashion. 
Note h: E or W must be l VtH during address transftions. 
Note i: II 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 

21 tEI.EH 

E 

w 

1/0(DATA IN) 

110 (DATA OUT) DATA UNDEFINED 

IMS IMS IMS 
1620-35 1620-45 1620-55 

MIN MAX MIN MAX MIN MAX 

35 45 55 

30 30 40 

30 30 40 

15 20 25 

0 0 0 

30 30 40 

5 0 0 

0 0 0 

0 15 0 20 6 25 

HIGH IMPEDANCE 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 
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IMS1620 

DEVICE OPERATION 

The IMS1620 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 14 address inputs (AO -A 13), and 
four Data 1/0 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 selectone4-bit 
word out of 16,384. Read and Write operations on the 
memory cells are controlled by the IW 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 TTLievels and even lower with 
CMOS levels. 

READ CYCLE 

A read cycle is defined as IW ~ V1H min with /E .s: V1L 
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 outputs remain active throughout READ 
CYCLE 1 and is validatthe 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 !he latter 
of /E or IW to transition from a high to a low. In the c-ase 
of /W falling last, the output buffers are turned on tELex 
after the falling edge of IE (just as in a read cycle). The 
output buffers are then turned off within twLazof the falling 
edge of /W. During this interval!! is possible to have bus 
contention between devices with common 110 configura­
tions. Therefore input data should not be active until twLaz 
to aviod bus contention. 

WRITE CYCLE 1 waveform shows a write cycle termi­
nated by IW 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 deCQupling 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 
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. 

6_11_0 ____________________ ~~·----------------------
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TERMINATION 

Trace lines on a memory 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 

IMS1620 

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. 

---------------------------@t~·-------------------------7_11_0 
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IMS1620 

Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

DEVICE SPEED 

25ns 
25ns 
25ns 
25ns 
30ns 
30ns 
30ns 
30ns 

IMS1620 35ns 
35ns 
35ns 
35ns 
45ns 
45ns 
45ns 
45ns 
55ns 
55ns 
55ns 
55ns 

PACKAGE 

PLASTIC DIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 
PLASTIC QIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 

FIGURE 1. OUTPUT LOAD 
5.0V 

PART NUMBER 

IMS1620P-25 
IMS1620S-25 
IMS1620W-25 
IMS1620E-25 
IMS1620P-30 
IMS1620S-30 
IMS1620W-30 
IMS1620E-30 
IMS1620P-35 
IMS1620S-35 
IMS1620W-35 
IMS1620E-35 
IMS1620P-45 
IMS1620S-45 
IMS1620W-45 
IMS1620E-45 
IMS1620P-55 
IMS1620S-55 
IMS1620W-55 
IMS1620E-55 

480Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_et_1o __________ .OITiJ110S"-----------
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PACKAGING INFORMATION 

22 Pin Plastic Dual-In-Line 

D 

+------+-

22 Pin Ceramic Dual-In-Line 

I~. . D .I 

t = ][ ~! ~ JE ==I 

IMS1620 

Dim 
Inches mm 

Nom To I Nom To I 

A .140 .015 3.566 .381 
A1 .020 min .508 min 
B .018 .003 .457 .152 
B1 .060 Typ 1.524. Typ 

0 1.035 .015 26.289 .381 
E .300 .003 7.620 .076 
E1 .250 6.350 
91 .100 .010 2.54 .254 
eA .330 .020 8.382 .508 
L .120 min 3.048 min 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
B .018 .003 .457 .152 
91 .060 Typ 1.524 Max 

0 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

Fl 
~E1~ 

-----------------------tt~·---------------------9-/10 
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IMS1620 

22 Pin Leadless Chip Carrier 

Dim 
Inches mm Notes 

Nom To I Nom To I 

A .071 .007 1.803 .178 
B1 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D -1--+- f-

24 Pin Plastic J 

D 

Leaded SOJ 

~I 
Dim 

Inches mm 
Notes 

Min Max Min Max 

0 A .120 .140 3.048 3.556 
B1 .014 .019 .356 .483 
c .010 .254 

-11------+ ----11-
D .602 .612 5.291 15.545 
E .335 .347 8.509 8.814 
E1 .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 

_1o_11_o _______________________ 4t~--------------------------
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FEATURES 

• I NMOS' 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 

IMS1624 
CMOS 

High Performance 
16K x 4 Static RAM 

with Output Enable 

DESCRIPTION 

The I NMOS 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 data and 
enhanced bus contention control. 

The IMS1624 is the functional equivalent of the 
IMS1620 with the addition of an Output Enable input. 

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

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

loS 
AO 
A7 
All .. 
AoO 
A11 
A12 ,, 
E 
"G 

"'' 
DIP 

PIN NAMES 
A0 • A 13 ADDRESS INPUTS UO DATA INIOUT 

w WRITE ENABLE Vee POWER (+5V) 

E CHIP ENABLE Vss GROUND 

G OUTPUT ENABLE 

November 1989 

va: 
A4 

"' A2 
A1 
AO 
Ne 
vo, 
vo, 
vo, 
~4 w 

SOJ 
1.0, 

1.<>, 

LO, 

'""· 

MEMORY ARRAY 
256ROWS 

256COLUMNS 

Vee 
Vss 

1/10 
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IMS1624 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 ................................ -1.0 to Vcc+0.5 
Temperature Under Bias ................ -55° c to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1W 
DC Output Current... ...................................... 25mA 
(One output at a time, one second durat1on) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

ViH Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature 
·v1Lm1n = .3 volts for pulse wrdth <20ns, note b. 

MIN 

4.5 

0 

2.0 

'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 
condrtions above those indrcated in the operational sections of this 
specifrcatron ts not implied. Exposure to absolute maximum rating 
condrtions for extended periods may affect relrabilrty. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

VCC+.5 v All inputs 

-1.0' 0.8 v All inputs 

0 25 70 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C) (Vee= 5 ov + 1 0%)8 -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcc1 Average Vee Power 110 rnA tAVAv = 25ns and 30ns 
Supply Current 100 rnA tAVAV = 35, 45, and 55ns 

lcc2 Vee Power Supply Current 25 rnA E ~ V1H. All other inputs at 
(Standby,Stable TTL Input Levels) VIN ~ ViL or ~ VIH 

ICC3 Vee Power Supply Current 14 rnA E ~ (Vee- 0.2). All other inputs at 
(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or z (Vee - 0.2V) 

ICC4 
Vee Power Supply Current 

17 rnA E ~ (Vee- 0.2). Inputs cycling at 
(Standby, Cycling CMOS Input Levels) VIN ~ 0.2 or ~ (Vee- 0.2V) 

liLK Input Leakage Current (Any Input) ±1 JIA 
Vee= max 
V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±5 JIA 
Vee= max 
VIN = Vss to Vee 

-j VoH Output Logic "1" Voltage 2.4 v JoH= -4mA 

VoL Output Logic "0" Voltage 0.4 v IOL= 8mA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, 1=1.0MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 

CiN Input Capacitance 4 pF 6V = 0 to3V Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 Cour Output Capacitance 7 pF 6V = 0 to3V 

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

_211_0 _____________________ .. ~·-----------------------
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RECOMMENDED AC OPERATING CONDITIONS (o•c ~ TA ~ 7o•c) (Vee= 5.0V ±10%) 

READ CYCLE9 

IMS IMS IMS 
SYMBOL PARAMETER 1624-25 1624-30 1624-35 

No Standard ~lternate 
1 IELOV lACS Chip Enable Access Time 

2 IAVAV IRC Read Cycle Time 

3 tAVOV IAA Address Access Time 

4 tGLOV I TOE 0/P Enable Access Time 

5 tAXOX IQH 0/P Hold After Address Change 

6 tELOX lLZ 0/P Enable to 0/P Active 

7 IGLOX IOLZ 0/P Enable to 0/P Active 

8 tEHOZ IHZ Chip Disable to Output Inactive 

9 tGHOZ lOHZ 0/P Disable to Output Inactive 

10 tELICCH tPU Chip Enable to Power Up 

11 tEHICCL t PO Chip Disable to Power Down 

IT Input Rise and Fall Times 

Note e: 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 VoL max and VoH min. 

MIN MAX MIN MAX MIN 

25 30 

25 30 35 

25 30 

15 15 

5 5 5 

5 5 5 

0 0 0 

0 15 0 15 0 

0 15 0 15 0 

0 0 0 

25 30 

50 50 

Note f: Measured ±200mV from steady state oulput voltage. Load capacitance is 5pF. 
Note g: E.G and W must transition between VoH to VoL or VoLio VoH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 
2 IAVAV 

ADDRESS 

3 !Avav 

MAX 

35 

35 

20 

15 

15 

35 

50 

IMS 
1624-45 

MIN MAX 

45 

45 

45 

20 

5 

5 

0 

0 20 

0 20 

0 

45 

50 

IMS1624 

u N 
IMS N 0 

1624-55 I T 
T E 

MIN MAX s s 

55 ns 

55 ns e 

55 ns d 

25 ns 

5 ns j 

5 ns j 

0 ns j 

0 25 ns f,j 

0 25 ns f,j 

0 ns j 

55 ns j 

50 ns e,j 

110 (DATA OUT) OUTPUT VALID 

READ CYCLE 2c 

Li--------2-IA~-v------~1~~ 

110 (DATA OUT) 
HIGHZ 

OUTPUT VALID 

-----------------------tt~·---------------------3-/10 
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5.ov ±10%) 

WRITE CYCLE 1: W CONTROLLED9·h 

IMS IMS IMS IMS 
SYMBOL PARAMETER 1624·25 1624·30 1624·35 1624-45 

No Standard Alternate MIN MAX MIN MAX MIN MAX MIN MAX 

12 tAVAV tWC Write Cycle Time 25 30 35 

13 tWLWH IWP Write Pulse Width 20 20 30 

14 IELWH tcw Chip Enable to End of Write 20 20 30 

15 IOVWH tow Data Setup to End of Write 13 15 15 

16 IWHOX IOH Data Hold alter End ol Write 0 0 0 

17 tAVWH lAW Address Setup to End of Write 20 25 30 

18 tAVWL !AS Address Setup to Start of Write 0 0 0 

19 tWHAX tWR ~ddress Hold after End of Write 5 5 5 

20 tWLOZ IWZ Write Enable to Output Disable 0 15 0 15 0 15 

21 tWHQX tOW 0/P Active after end of Write 0 0 0 

WRITE CYCLE 2: E CONTROLLED9.h 

IMS IMS IMS 
SYMBOL PARAMETER 1624·25 1624·30 1624·35 

No Standard Alternate MIN MAX MIN MAX MIN MAX 

22 tAVAV IWC Write Cycle Time 25 30 35 

23 tWLEH IWP Write Pulse Width 20 20 30 

24 tELEH tcw Chip Enable to End of Write 20 20 30 

25 tOVEH tow Data Setup to End of Write 13 15 15 

26 tEHOX IOH Data Hold alter End of Write 0 0 0 

27 tAVEH lAW Address Setup to End of Write 20 25 30 

28 tEHAX tWR Address Hold after End of Write 5 5 5 

29 tAVEL I AS Address Setup to Start of Write 0 0 0 

30 IWLQZ tWZ Write Enable to Output Disable 0 15 0 15 0 15 

WRITE eve E L 3: FastWnte, 0 gh utputs Disabled · 

IMS IMS IMS 
SYMBOL PARAMETER 1624·25 1624·30 1624·35 

No Standard Alternate MIN MAX MIN MAX MIN MAX 

31 tAVAV IWC Write Cycle Time 18 20 20 

32 IWLWH IWP Write Pulse Width 13 15 15 

33 tOVWH tow Data Setup to End of Write 18 20 20 

34 tWHOX toH Data Hold alter End of Write 0 0 0 

35 IAVWH lAW Address Setup to End of Write 12 15 15 

36 tWHAX IWR Adriress Hold after End of Write 5 5 5 

37 tAVWL lAS Address Setup to Start of Write 0 0 0 

Note!: Measured ±200mV from steady state output voltage. Load capacrtance rs 5pF. 
Note g: 
Note h: 
Note i: 
Note j: 

E, G and W must transition between VrH to VrL or VrL to VrH in a monotonic fashion. 
E or W must be;, VrH during address transHions. 
If W is low when E goes low, the outputs remain in the high impedance state. 
Parameter guaranteed but not tested. 

45 

30 

30 

20 

0 

30 

0 

0 

0 20 

0 

IMS 
1624·45 

MIN MAX 

45 

30 

30 

20 

0 

30 

0 

0 

0 20 

IMS 
1624-45 

MIN MAX 

25 

20 

25 

0 

20 

0 

0 

IMS 
1624·55 

MIN MAX 

55 

40 

40 

25 

0 

40 

0 

0 

0 25 

0 

IMS 
1624·55 

MIN MAX 

55 

40 

40 

25 

0 

40 

0 

0 

0 25 

IMS 
1624·55 

MIN MAX 

30 

25 

30 

0 

25 

0 

0 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

ns i 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 
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IMS1624 

WRITE CYCLE 1 

ADDRESS~~-------------------12 __ ~-~-v--------------~Jf------~ 
E 

15 IDVWH 14----------+-•1 16 twHDX 

110 (DATA OUT) DATA UNDEFINED L_ __________________________ _JI 

WRITE CYCLE 2 
22 ~VAV 

ADDRESS c I 
29 

E 

~ 
~VEL 

1 
24 IELEH 

27 ~VEH 28 IEHAX 

- 23 

1\\\\\S\\\\SS\\\SSSS lwLEH I 

f * 
w 

1/0 (DATA IN) I 25 ·- ·toj 26 ·-
DATA VALID 

30 lwLOZ ~ 
I HIGH IMPEDANCE 

1/0 (DATA OUT) L ________ _:D:_A_:T.:..._A__:_U:_ND:_E:...F_:IN_:E:..:D __________ \!-------'-!!""-'-"""--'=-"""-""-'=-------

WRITE CYCLE 3 
31 ~VAV 

ADDRESS D I 

w 
14- - 35 ~VWH 

~ 36 !wHAX 37 ~VWL 

~ 
32 !wLWH 

33-
34 IWHDX 

IDVWH -

1/0 (DATA IN) Ll -----------------------------'fiT A VAUD e ___ ____J 

---------------------------~~·-------------------------5_11_0 
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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 (AO -A 13), and four Data 1/0 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 IW and/G inputs. With 
IE 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 IW ;a V1H min with /E and /G 
.s V1L max. 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 Enable Access times. If address is not valid when 
IE 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 output buffers,/G is required to be 
low in order for the outputs to be active. 

WRITE CYCLE 

The write cycle of the IMS1624 is initiated by the latter 
of IE or IW to transition from a high to a low. In the case 
of /W falling last, the output buffers are turned on tELox 
after the falling edge of /E if /G is already low Oust as in a 
read cycle). The output buffers are then turned off within 
lwLoz of the falling edge of IW. During this interval it is 
possible to have bus contention between devices with 
common 1/0 configurations. Therefore input data should 
not be active until twLaz. 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 IW. When /W goes high 
at the end of the cycle with IE ·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 IW, 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. 

_st_1o _________________________ .. ~·---------------------------
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POWER DISTRIBUTION 

The recommended power distribution scheme com­
bines proper power trace layout and placement of decou­
pling capacitors to maintain the operating marginP 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. 

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 
shouldextendtothe TTL driver periphery circuit area This 

IMS1624 

·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 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 prede­
termined value may not properly match the signal path 
impedance. The proper value of resistance should there­
fore be selected empirically . 

• 
c 7/10 --------- mmos·---------
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IMS1624 

Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 CeramicLCC gold 
y (Skinny) Flat-pack gold 

ORDERING INFORMATION 

DEVICE SPEED 

25ns 
25ns 
25ns 
25ns 
30ns 
30ns 
30ns 

IMS1624 30ns 
35ns 
35ns 
35ns 
35ns 
45ns 
45ns 
45ns 
45ns 
55ns 
55ns 
5Sns 
55ns 

PACKAGE 

PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMIC LCC 
PLASTICSOJ 
PLASTIC DIP 
CERAMIC DIP 
CERAMICLCC 
PLASTICSOJ 

FIGURE 1. OUTPUT LOAD 
5.0V 

PART NUMBER 

IMS1624P-25 
IMS1624S-25 
IMS1624W-25 
IMS1624E-25 
IMS1624P-30 
IMS1624S-30 
IMS1624W-30 
IMS1624E-30 
IMS1624P-35 
IMS1624S-35 
IMS1624W-35 
IMS1624E-35 
IMS1624P-45 
IMS1624S-45 
IMS1624W-45 
IMS1624E-45 
IMS1624P-55 
IMS1624S-55 
IMS1624W-55 
IMS1624E-55 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_at_1o _____________________ .. ~·-----------------------
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IMS1624 

PACKAGING INFORMATION 

24 Pin Plastic J Leaded SOJ 

Dim 
Inches mm 

Notes 
Min Max Min Max 

0 A .120 .140 3.048 3.556 
81 .014 .019 .356 .483 
c .010 .254 

-1!------+ ------11---
D .602 .612 5.291 15.545 
E .335 .347 8.509 8.814 
E1 .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 

br~~~~<=n±~~~~~~dL 

.t_ 

24 Pin Plastic Dual-In-Line 

D 
Dim 

Inches mm 
Nom To I Nom To I 

A .165 4.551 
A1 .045 .025 1.143 .635 
8 .018 .006 0.457 .152 
81 .060 .003 1.524 .127 
D 1.160 .002 29.46 .05 
E .300 .003 7.620 .076 
e1 .100 .010 2.54 .254 
eA .325 .010 8.255 .254 

~ L •• 
A1 

I 
s.jl• B~ •i e1i• I 

11 equal spaces@ ~ . 
2.54 
0.100 

---------------------tt~·---------------------9-/10 
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IMS1624 

24 Pin Ceramic Dual-In-Line 

D 

I 
1\ + )7 

0 I 

L 

rl'--~- 11 equal spaces @ 
2.54 
oJOo 

28 Pin Leadless Chip Carrier 
Inches mm 

Notes Dim 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .350 .010 8.890 .254 
e1 .050 .002 1.270 .051 

n 01-+-

l ..... ~ 
~E_J 

Dim 
Inches mm 

Nom To I Nom Toi 

A .096 .012 2.438 .305 
A1 .035 .015 .889 .381 
B .018 .002 .457 .051 

81 .060 Typ 1.524 Max 
D 1.20 .012 30.48 .305 
E .315 .010 8.001 .254 
E1 .295 .015 7.4S3 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

A Fl 
I.-E1~ 

_10_11_0 _______________________ .. ~·--------------------------
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FEATURES 

• I NMOS' high performance CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• 8K x 8 Bit Organization 
• 45, 55, 70, 1 00 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 

NC 

A12 
A7 
Ail 
A5 
A4 
P:J 
A2 
AI 
MJ 

Vss 

DIP andSOIC 

PIN NAMES 
A0 • A12 ADDRESS INPUTS Vee 

w WRITE ENABLE Vee 

V01·li0B OATA IN/OUT 

E1.E2 CHIP ENABLE 

G OUTPUT ENABLE 

November 1989 

LOGIC SYMBOL 

POWER(+SV) 

GROUND 

E2 
E1 

w 
a 

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 1 Ofl.A at 2 volts supply. 

BLOCK DIAGRAM 

MEMORY ARRAY 
256 ROWS 

256 COLUMNS 

~--~~~~r-~~~~~~ 
110,---.\f--!>--l 
110,--..tlf--1>--l 
vo,--.,\jjji=f.>---1 

""' ----,IHif--1>--l 

1/10 

97 



IMS1630L 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7:ov 
Voltage on 1/0 ............................... -1.0 to (Vee+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 

Power Dissipation .............................................. 1W 
DC Output Current... ...................................... 25mA 
{One output at a time. one second duration) 

DC OPERATING CONDITIONS 
SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VIH Input Logic "1" Voltage 2.0 

VIL Input Logic "0" Voltage -1.o· 

TA Ambient Operating Temperature 0 

·v,Lmln = -3.0 volts for pulse w1dth <20ns, note b. 

"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. 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

Vec+0.5 v All inputs 

0.8 v All inputs 

70 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C) (Vee- 5 OV + 1 O%)a - -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lee1 
Average Vee Power 

90 rnA tAVAV = IAVAV (min) Supply Current 

lee2 Vee Power Supply Current 20 rnA E1 L VIH or E2~VIL. All other inputs at 
(Standby,Stable TTL Input Levels) VIN ~ VIL or z VIH 

ICC3 Vee Power Supply Current 8 rnA E1 z (Vee- 0.2V) or E2 ~ 0.2V. All oth-
(Standby, Stable CMOS Input Levels) er inputs at V1N ~ 0.2 or L (Vee - 0.2V 

lee4 
Vee Power Supply Current 10 rnA E1 L (Vee- 0.2V) or E2 ~ 0.2V. Inputs 
(Standby, Cycling CMOS Input Levels) cycling at V1N ~ 0.2 or z (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) ±1 J.IA Vee= max 
V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±5 J.IA Vee= max 
V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v IOH= -4mA 

-
VoL Output Logic "0" Voltage 

0.4 v 
IOL= 8mA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, f=1.0 MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 

CIN Input Capacitance 5 pF ~V=Oto3V Input and Output Timing Reference Levels .. 1 .5V 
Output Load .................................... See Figure 1 Cour Output Capacitance 7 pF ~V=Oto3V 

Note b: This parameter is sampled and not t 00% tested. 

_211_0 ____________________ ~~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee =5.0V±10%) 
READ CYCLE9 

IMS IMS IMS IMS IMS u N 
1630L- 1630L- 1630L- 1630L- 1630L- N 0 

SYMBOL 45 55 70 100 120 I T 
PARAMETER T E 

No Stan'd All MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX S s 
1 IE1LOV lACS Chip Enable Access Time 45 55 

2 IE2HOV lACS Chip Enable Access Time 45 55 

3 IAVAV IRC Read Cycle Time 45 55 

4 lAVOY IAA Address Access Time 45 55 

5 tGLOV icE 0/P Enable to Data Valid 20 20 

6 IAXOX IOH 0/P Hold Afler Add(s Ch'ge 5 5 

7 IE1LOZ ILZ Chip Enable to 0/P Active 5 5 

8 IE1HOZ IHZ Chip Disable to 0/P Inactive 0 20 0 25 

9 IE2HOZ ILZ Chip Enable to 0/P Acti~e 5 5 

10 IE2LOZ IHZ Chip Disable to 0/P Inactive 0 20 0 25 

11 tGLOX ILZ 0/P Enable to 0/P Active 5 5 
12 IGHQZ IHZ 0/P Disable to 0/P Inactive 0 20 0 25 
13 IE1HICC~ IPU Chip Enable to Power Up 0 0 

14 t E1LICCL IPD Chip Enable to Power Down 20 20 

15 IE2HICCc tPU Chip Enable to Power Up 0 0 

16 t E2LICCL IPO Chip Disable to Power Down 20 20 

17 IT 1/P Rise and Fall Times 50 50 

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

Device is continuously selected; E1 low, G low and E2 high. 
Measured between VtL max and VtH min. 

70 

70 

70 100 

70 

35 

10 10 

10 10 

0 25 0 

10 10 

0 25 0 

5 5 

0 25 0 

0 0 

20 

0 0 

20 

50 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 

100 

100 

120 

100 

40 

10 

10 

35 0 

10 

35 0 

5 

35 0 

0 

25 

0 

25 

50 

Note g: 
Note j: 

E1, E2, G and W must transition between VtH to VtL or VtL to VtH in a monotonic fashion. 
Parameter guaranteed but not tested. 

120 ns 

120 ns 

ns c 

120 ns d 

50 ns 

ns 

ns 

40 ns f.· 

ns 

40 ns f,j 

ns 

40 ns f, · 

ns t 
30 ns j 

ns j 

30 ns j 

50 nse, 

READ CYCLE 
1 c~:DRESs c=E _____ A_DD_3 ~_·:_:_:_v_AL_tD ______ ~b 

r-~ ~~-~·~~~~~~~~-v~j~,-------------. 
VO(DataOut)'-'----------'~ OUTPUTVALID 

READ CYCLE 2c 

~ 3tAVAV ~;--------, 

ADDRESS ~---------A_D_D_R_Es_s_v_A_L_ID ______ """~ 
I 

E2 

110 (Data Out) OUTPUT VALID 

ICC 

I• i131E1UCCH 
~C!!YE...__ ___ ":...'_E2_u_cc_"---------------, 
-"STl!A"'N"'DB"Y ____ _ 

IMS1630L 

----------------------.. ~·---------------------3-/10 
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IMS1630L 

RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1: W CONTROLLEDg,h 

IMS IMS IMS 
1630L- 1630L- 1630L-

SYMBOL 45 55 70 PARAMETER 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

18 IAVAV IWC Write Cycle Time 45 55 70 

19 tWLWH tWP Write Pulse Width 35 40 40 

20 tE1LWH tcw Chip Enable 1 to End of Write 35 40 40 

21 tE2HW~ tcw Chip Enable 2 to End of Write 35 40 40 

22 tDVWH IDW Data Setup to End of Write 20 20 20 

23 tWHDX tDH Data Hold after End of Write 0 0 0 

24 tAVWH lAW Address Setup to End of Write 35 40 40 
25 IAVWL tAS Address Setup to Start of Write 0 0 0 
26 tWHAX IWR Address Hold after End of Write 0 0 0 

27 twLOZ tWZ Write Enable to Output Disable 0 20 0 20 0 20 

28 !WHO X tOW Output Active After End of Write 5 5 5 

WRITE CYCLE 2- E1 OR E2 CONTROLLEDg,h 

IMS IMS IMS 
1630L- 1630L- 1630L-

SYMBOL 70 
PARAMETER 

45 55 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

29 tAVAV tWC Write Cycle Time 45 55 70 

30 tWLE1H tWP Write Pulse Width 35 40 40 

31 IE1LE1t- tcw Chip Enable 1 to End of Write 35 40 40 

32 tE2HE2 tcw Chip Enable 2 to End of Write 35 40 40 

33 IDVE1H tow Data Setup to End of Write 20 20 20 

34 tE1HDX IDH Data Hold after End of Write 0 0 0 

35 IAVE1H lAW Address Setup to End of Write 35 40 40 

36 IE1HAX tWR Address Hold after End of Write 0 0 0 

37 tAVE1L t AS Address Setup to Start of Write 0 0 0 

38 twLQZ tWZ Write Enable to Output Disable 0 20 0 20 0 20 

Note!: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: 
Note h: 

E1, E2, G and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
E1, or W must be;;, V1H or E2 must be,; V1L during address transitions. 

IMS 
1630L-

100 

MIN MAX 

100 

60 

60 

60 

40 

0 

80 

0 

0. 

0 35 

5 

IMS 
1630L-

100 

MIN MAX 

100 

60 

60 

60 

40 

0 

80 

0 

0 

0 30 

IMS 
1630L-

120 

MIN MAX 

120 

70 

70 

70 

40 

0 

85 

0 

0 

0 40 

5 

IMS 
1630L-

120 

MIN MAX 

120 

70 

70 

70 

40 

0 

85 

0 

0 

0 35 

Note i: 
Note j: 

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. 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

ns i,j 

u N 
N 0 
I T 
T E 
s s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

_~_10-------------------------tD~·---------------------------
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IMS1630L 

WRITE CYCLE 1 
18tAVAV 

ADDRESS ADDRESS VALID 

i+-----20tE1LWH----~ 

"E1 

E2 

w 

1/0 (DATA IN) 

1/0 (DATA OUT) ~ HIGH IMPEDANCE 

WRITE CYCLE 2 

, .. --------~tAVAV 

ADDRESS ADDRESS VALID 

1 .. -----31 tEtEtH-----1~ 

"E1 
37tAVE1L 

E2 

w 

1/0 (DATA IN) 

1/0 (DATA oun r----------~3s~m~L~a~z~I·~==~~Jt-----~~~~~---)l 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 (AO -A12) 
and eight Data 110 lines (110 1 to 110 8). The Enable inputs 
control device selection as well as active and standby 
modes. TheW 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 theW input. With either E1 
high or E21ow, 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 ofthe 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 a VIH min with E1 s VIL max, 
E2 ~ VIH min and G :5 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 tAXOX. 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. If 
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 1101 -
110 8 to be active. 

WRITE CYCLE 

The write cycle ofthe IMS1630L is initiated by the later of E1 
orW to 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 
buffer will be turned on by the lateroftE1 LOX afterthefalling 
edge of E1 ortE2HQX after the rising edge of E2. The output 
buffer is then turned off within tWLQZ of the falling edge of 

W. During this interval, it is possible to have bus conten­
tion between devices with common inpuVoutput connec­
tions. Therefore the recommended mode of operation is to 
keep G high during the write cycle. During a write cycle, 
data on the inputs is written into the selected cells and the 
outputs are floating. 

For any write cycle, tAVWL, tAVE1 L, 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 theW control signal is very important. Excessive 
ringing on high to 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 o!W. When W goes high 
while E1 is low and E2 is high, the outputs remain in 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 from the 
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
natedbythelaterE1 goinghighorE2going low. Dataset­
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 E21ow the outputs remain in the high impedance state. 

When using WRITE CYCLE 1 proper management of 
the G control signal will avoid bus conlention. If G is low 
when W goes high (with E1 low and E2 high) the output 
buffers will be active tWHOX after the rising edge of W. 
Data out will be the same as the data just written, unless 
the address changes. If input data from the 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, Glow) before W goes low and input data 
is valid early in the cycle. The recommended mode of 
operation is to keep "G high except when reading data 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. 

-~1_0 ____________________ .. ~----------------------
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POWER DISTRIBUTION 
The recom-mended 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 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 (.J.F 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 offthe 
memory board and atthe end of a long inductive path. The 
ground grid of the memory array should extend to the TIL 
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) - -
SYMBOL PARAMETER 

VoR Data Retention Voltage 

leeoR1 Data Retention Current 

lecDR2 Data Retention Current 

tEHVCCL Deselect Time (teo~ 

tveeHEL Recovery Time (4:1 ) 

• Typical data retention parameters at 25 oc 
Note j: Parameter guaranteed but not tested 

MIN it"YP* 

2.0 

10 

5 

0 

tR'c 

IMS1630L 

TERMINATION 
Trace lines on a memory board in the array look to TTL 

driver signals like low impedance, unterminatedtransmis­
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 tennination 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 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. 

MAX UNITS NOTES 

volts VIN ~ 0.2Vor ~(Vee -0.2V) E ~(Vee -0.2V) 

100 (.J.A Vee e 3.0 volts 

70 (.J.A Vee= 2.0 volts 

ns j,k 

ns j,k (tRee Read Cycle Time) 

Note k: Supply recovery rate should not exceed 1 OOmV per1 Of.J.S from VoR to Vee min 

Vee--------------~ 
4.5V 

E 

Data Retention Mode 

VoR~ 2V 

7/10 ---------•rmmos·---------
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Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

E1 E2 

H X 

X L 

L H 

L H 

L H 

ORDERING INFORMATION 

DEVICE SPEED 

45ns 
45ns 
45ns 
55ns 
55ns 
55ns 

IMS1630 70ns 
70ns 
70ns 
100ns .. .. 100ns 
100ns 
120ns 
120ns 
120ns 

w G 

X X 

X X 

H H 

H L 

L X 

PACKAGE 

PDIP 
SOIC 
Skinny DIP 
PDIP 
SOIC 
Skinny DIP 
PDIP 
SOIC 
Skinny DIP 
PDIP 
SOIC 
Skinny DIP 
PDIP 
SOIC 
Skinny DIP 

FIGURE 1. OUTPUT LOAD 
5.0V 

1/0 
HI-Z 

HI-Z 

HI-Z 

DOUT 

DIN 

MODE 

Standby (lsb) 

Standby (lsb) 

Output disable 

Read 

Write 

PART NUMBER 

IMS1630LP45 
IMS1630LH45 
IMS1630LP45Z 
IMS1630LP55 
IMS1630LH55 
IMS1630LP55Z 
IMS1630LP70 
IMS1630LH70 
IMS1630LP70Z 
IMS1630LP1 0 
IMS1630LH1 0 
IMS1630LP10Z 
IMS1630LP12 
IMS1630LH12 
IMS1630LP12Z 

480Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_s1_1o _________________________ ~~·---------------------------
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PACKAGING INFORMATION 

28 Pin Plastic Dual-In-Line 
D 

.. _I 
~I .[\, rD- ,.,._ ,.,._ .-n- .-n- .-n- .-n- .-n- .-n- .-n- .-n- .-n-

Dim Inches mm 
Nom To I Nom To I 

A .150 .010 3.810 .254 
A1 .020 .508 

~ + B .018 .006 0.457 .152 

v B1 .060 Typ -1.524 Typ 
D 1.450 .015 36.83 .381 
E .600 .003 15.240 .076 
e1 .100 .010 2.54 .254 
eA .640 .020 16.256 .408 

,_,.. -v- ,_,.. ,_,.. "lJ" ,_,.. -v- -v- ,_,.. -v- -v- "lJ" 

Dim Inches mm 
Min Max Min Max 

A .120 3.048 
A1 .002 .014 .051 .356 
B .014 .020 .356 .508 -H-------+ -------H- E 
c .006 .012 .152 .305 
B1 .014 .024 .356 .610 
D .697 .728 17.704 8.49 
E .453 .500 11.506 12.7 
e1 .050 Typ 1.27 Typ 
E1 .324 .350 8.230 8.89 

---------------------------tt~·-------------------------9_11_0 
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Dim 
Inches mm 

I~ 
D .I Min Max Min Max 

A .130 3.302 
A1 .040 1.016 

28 Pin Skinny DIP 

~! : : : : ~+~ : : : : ! j 
B .016 .020 0.406 .457 
81 .045 .055 1.143 1.397 
D 1.345 1.355 34.163 3.442 
E .300 .325 7.62 8.255 
e1 .100 Typ 2.54 Typ 
s .020 .030 .508 .762 

10/10 --------,•rmmos·------___:._-
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IMS 1605: 64K x 1 
IMS 1625: 16K x 4 
IMS 1629: 16K x 4 with Output Enable 
IMS 1626/7: 16K x 4 with Separate 1/0s 
IMS 1635: BK x 8 
IMS 1695: BK x 9 

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 limes 
• 15,20 and 25 ns Chip Enable Access limes 
• Fully TTL Compatible 
• Single +5V ± 10o/o Operation 
• Battery Backup Operation - 2V Data Retentiol), 

1 OI!A typical at 25°C 
• Packages include: DIP, LCC and SOJ 
• Military Versions Available 

64Kx1 

r 
AS 

E 

w 

November 1989 

IMS16X5 series 
High Performance 
Memory Products 

Advance Information 
DESCRIPTION 

The I NMOS 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. wlth equal access and 
cycle times. A chip enable function (E) that can be used to 
place the device into a low-power standby mode is avail­
able on all organisations. The 8K x 8 organisations provide 
an additional Chip Ena_Qie for reduced low-power standby 
mode. Output Enable (G) is an enhancement on organisa­
tions requiring fast access to data and enhanced bus con­
tention control. 

Military versions of the 16X5 are also available. 

1/12 
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2.1 Electrical specifications 

2.1.1 Absolute maximum ratings1 

Symbol Parameter Min Max Unit 
Vss Value on relative pin -2.0 7.0 v 

Voltage on 110 -1.0 Vee +0.5 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 rnA 

2.1.2 DC Qperating conditions 

Symbol Parameter Min Typ Max Units Notes 
Vee Supply Voltage 4.5 5.0 5.5 v 
Vss Supply Voltage 0 0 0 v 
V1H Input Logic '1' Voltage 2.0 Vee+ 0.5 v All inputs 
V1L Input Logic ·o· Voltage -os 0.8 v All Inputs 
TA Ambient Operating Temperature 0 70 ·c 400 linear fllmin air flow 

·v,Lmin. = -3.0V for pulse width <10ns, note b 

2.1.3 DC electrical characteristics (O•c :s; TA :s; 70•C)(Vcc = 5.0V ± 10%)8 

For suffixes refer to section 2.1.7. 

Symbol Parameter Min Max Units Notes 

lect Average Vee Power Supply 100 rnA IAvAv = IAvAv(min). 
Current 

lec2 Vee Power Supply Current 40 rnA E, ~ v,H or E2 :s; v,L· All 
(Standby, Stable TTL Input other inputs at v,N :s; v,L or 
Levels) ~ VIH· 

lcca Vee Power Supply Current 2 rnA E, ~ (Vee - 0.2V) or E2 :$ 
(Standby, Stable CMOS In- 0.2V. All other inputs at 
put Levels) V1N :5 0.2 or ~ (Vee- 0.2V. 

leC4 Vee Power Supply Current 25 rnA E, ~ (Vee - 0.2V) or E2 :s; 
(Standby, Cycling CMOS In- 0.2V. Inputs cycling at V1N :s; 
put Levels) 0.2 or ~ (Vee - 0.2V. 

I ILK Input Leakage Current (any ±1 p.A Vee= max. v,N = Vss to 
input) Vee-

loLK Off State Output Leakage ±5 p.A Vee= max. V1N = Vss to 
Current Vee. 

VoH Output Logic '1' Voltage 2.4 v loH =-4mA. 

VoL Output Logic '0' Voltage 0.4 v loL =8mA. 

1 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 lor extended periods may affect reli.Oihty. 

_~_12-------------------Gt~---------------------
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2.1.4 AC test condition 

2.1.5 Capacitanceb 

Input pulse levels 
Input rise and fall times 
Input and output timing reference levels 
Output load 

5V 

Figure 2.1 Output load 

Parameter 
Input capacitance 
Output capacitance 

Vss to 3.0V 
5ns 

1.5V 
see figure 2.1 

Conditions 
!!,V = 0 to 3.0V 
!!,V = 0 to 3.0V 

2.1.6 Recommended AC operating conditions (O•c::; TA::; 70•C)(Vcc = 5.0V ± 10%) 

Read cycle9 

Symbol 16X5-15 16X5-20 16X5-25 
No. Stand. Alt. Parameter min max min max min max Units 
1 IE1LOV lACS Chip Enable Access T1me 15 20 25 ns 
2 IE2HOV lAcs Chip Enable Access Time 15 20 25 ns 
3 IAVAV IRe Read Cycle Time 15 20 25 ns 
4 IAvav IAA Address Access Time 15 20 25 ns 
5 IGLQV loE 0/P Enable to Data Valid 8 10 10 ns 
6 lAX OX loH 0/P Hold After Add's Ch'ge 3 3 3 ns 
7 IE1LOX1 ILZ Chip Enable to 0/P Active 8 8 10 ns 
8 IE1HOZ 1Hz Chip Disable to 0/P inactive 8 10 10 ns 
9 tE2HOZ ILz Chip Enable to 0/P Active 8 10 10 ns 
10 IE2LOZ 1Hz Chip Disable to 0/P Inactive 8 10 10 ns 
11 IGLOX tLz 0/P Enable to 0/P Active 3 3 3 ns 
12 IGHOZ 1Hz 0/P Disable to 0/P Inactive 8 10 10 ns 
13 IE1LICCH lpu Chip Enable to Power Up 0 0 0 ns 
14 IE1LICCL lpo Chip Disable to Power Down 15 20 25 ns 
15 IE2HICCH lpu Chip Enable to Power Up 0 0 0 ns 
16 IE2LICCL lpo Chip Disable to Power down 15 20 25 ns 
17 lr liP Rise and Fall Times 50 50 50 ns 

• Refer to section 2.1.7. 
1 T ELox is always greater than T EHoz 

IMS16X5 

Notes• 

c 
d 

f,j 

f,j 

f,j 
j 
j 
j 
j 

e,j 

•
0 3/12 
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3 IAVAV 

~ i ADDRESS A 
----JJI'--------~4~~-v-av------------------------''fiL---------

6 IAxax 

110 (Data Out) ____________________ ,,;K11L_ ____ , 1'-------o_UT_P_UT __ vA_L_Io ________ __ 

Figure 2.2 Read cycle 1 c,d 

3 IAVAV 

ADDRESS==t~~------------------------------~=t~-------
: 7 IE1L~X!E1LOV ~ ~t t 

E1 
' ~------4---~~~ ~181E1HQZ 

~ 10 IE2LOZ 

E2 2 IE2HQV I l 
I 9~~m 1 I I 

I 12 IGHOZ 
SIGLOV 

-----------
16 lE2LICCL 

110 (Data Out) 

{ 8~ ~~141E1HICCL 
____ __:______________ OUTPUT VALID 

1-+-----.j 13 lE1LICCH 

lll{lJl[E~ __ - _ 1fr.1_5_t_E2_H_Ic_cH ____________________________ ,( 

Icc ~T•"'nRv J' 
'I 

Figure 2.3 Read cycle 2° 

_~_12 ________________________ 4t~·--------------------------
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Write cycle 1: W controlledg,h 

Symbol 16X5·15 16X5·20 16X5·25 
No. Stand. Alt. Parameter min max min max min max ur:ts Notes• 
18 IAVAV I we Write Cycle Time 15 20 25 ns 
19 lwLWH lwp Write Pulse Width 12 15 20 ns 
20 le1LWH lew Chip Enable 1 to End of Write 12 15 20 ns 
21 le2HWH lew Chip Enable 2 to End of Write 12 15 20 ns 
22 lovwH low Data Setup to End of Write 10 12 15 ns 
23 lwHDX loH Data Hold after End of Write 0 0 0 ns 
24 IAVWH lAw Address Setup to End of 15 15 20 ns 

Write 
25 IAVWL lAs Address Setup to Start of 0 0 0 ns 

Write 
26 twHAX twR Add's Hold After End of Write 0 0 0 ns 
27 twLOZ twz Write Enable to Output Dis- 0 8 0 10 0 10 ns f,j 

able -
28 lwHox tow Output Active after End of 0 0 0 ns i,j 

Write 

Write cycle 2: E1 or E2 controlleds,h 

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 IWLWE1H lwp Write Pulse Width 12 15 20 ns 
31 IE1LE1H !Cw Chip Enable 1 to End of Write 12 15 20 ns 
32 te2HE2L lew Chip Enable 2 to End of Write 12 15 20 ns 
33 tove1H tow Data Setup to End of Write 10 12 15 ns 
34 IE1HDX toH Data Hold after End of Write 0 0 0 ns 
35 tAVE1H lAw Address Setup to End of 15 15 20 ns 

Write 
36 tE1HAX twR Address Hold after End of 0 0 0 ns 

Write 
37 tAVE1L lAs Address Setup to Start of 0 0 0 ns 

Write 
38 tWLQZ twz Write Enable to Output Dis- 0 8 0 10 0 10 ns f,j 

able 

• Refer to section 2.1.7. 

2.1.7 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. 
Noted: Device is continually selected, E1 low Glow and E2 high. 
Note e: Measured between V1L max. and V1" min. 
Note f: Measured ±200mV from steady stale output voltage. Load capacitance is 5pF. 
Note g: E1' E2, G and w must transition between v,H to v,_ or v,L to v,H in a monotonic fashion. 
Note h: E1 or W must be~ V1H or E2 must be :5 V1L during address transitions. 
Note 1: 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 10ps from VoR to Vee min. 

-----------------------4t~·---------------------5--/12 
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18 IAVAV 

ADDRESS~~---------------A_oo_R_Es_s_v_AL_Io ________________ ~~------
-~ 20! LW I 

E1 ~-
E1 H II I 

I 21 IE2HWH I 
E2 r! 24 IAVWH - r-26 IWHAX 

I 25 IAvwL 19 IWLWH 

} -
I 22 IDVWH 

_b23 lwHDX I -
w 

110 (Data In) % DATA VALID % 

110 (Data Out) 

----~~·2=7 I=WLO~Z~'--~~~~""------11...- 28 IWHQX 1-- HIGH IMPEDANCE t 
Figure 2.4 WRITE CYCLE 1 

29 IAVAV 

AD~RESS===r~· _______________ A_DD_R_Es_s_v_AL~ID ________________ :l~------
31 IE E H T 1 1 

E2 
1 t=-37 IAVE1L 

32 IE2HE2L II 35 IAVE1H - 36 IE1HAX 
I 30 twLE1H 

w y 
-----------~----------~~----------

I 33 loVE1H 

.I - . t:_ 34 tE1HDX 

110 (Data In) --------------------------':K'I\_ __ _::DA..::J:..:.A .::.vA:::LI.::.D ___ /1\__% ______ _ 

------------------~~-•-3_a __ ~_La_z __ •4, ---~~~~~~-------
110 (Data Out) } ~ HIGH IMPEDANCE 

Figure 2.5 WRITE CYCLE 2 

6_11_2 ________________________ ~@t~~·--------------------------
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2.1.8 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 Vee 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 0.1 I'F 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. 

2.1.9 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. 

---------------------------4t~·-------------------------7_1_12 
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~ 
Vee 
Vss 
y 

-40 DEVICE 

j? CAPACITOR 

r 

Figure 2.6 Grid showing decoupling capacitors 

2.1.10 Data retention (low power versions only){0°C::; TA::; 70°C) 

Symbol Parameter Min Typ(25°C) Max Units Notes* 
VoR Data Retention Voltage 2.0 v V1N :S 0.2V or 2': (Vcc-0.2V)E 2': 

(Vee- 0.2V) 
lccoR1 Data Retention Current 15 100 pA Vee= 3.0V 

lccDR2 Data Retention Current 10 70 pA Vee= 2.0V 
tEHVCCL Deselect Time (leaR) 0 ns j,k 
lvccHEL Recovery Time (IR) IRe ns j,k (IRe = Read Cycle Time) 

• Refer to section 2.1.7. 

DATA RETENTION MODE 

Vee 4.5V VoR 2': 2V 

E 2': (VoR - 0.2V) 

Figure 2.7 Data retention 

_81_12 _________________________ .. ~·---------------------------
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2.2 Packaging information 

2.2.1 Pin-outs and packages 

Chip carrier 
0 

DIP .J:~~-i SOJ 
(\J~ 

C\JT"""C\IC\1 

Ao 1 22 Vee Ao 1 24 Vee 
A2 2 21 A1 A2 2 23 A1 
fu. 3 20 A3 A• 3 20 AJ fu. 3 22 A3 
Aa 4 19 As As 4 19 As Aa 4 21 As 
Aa 5 18 A1 A a 5 18 A7 As 5 20 A1 

A1o 6 17 A9 A10 6 17 Ag A,o 6 19 NC 
A12 7 16 A11 A12 7 16 A,, NC 7 18 A9. 

A,. 8 15 A13 A,. 8 15 A13 A12 8 17 A11 
Q 9 14 A,s 09 14 A1s A,. 9 16 A13 
W1o 13 D Q 10 15 A1s 

Vss 11 12E" W11 14 D 
o..- NM Vss 12 13 E ._,.... T"""T""" 

J;,: ~·UJ 0 
> 

Figure 2.8 64K x 1 pin configuration 

Chip carrier 
0 

DIP .it.£~~ SOJ 
(\J~ 

C\1...-C\JC\J 

As 1 22 Vee As 1 24 Vee 
Aa 2 21 fu. Aa 2 23 fu. 
A1 3 20 A3 A1 3 20 AJ A1 3 22 As 
As 4 19 A2 A a 4 19 A2 As 4 21 A2 
Ag 5 18 A1 Ag 5 18 A, Ag 5 20 A1 

A10 6 17 Ao A1o 6 17 Ao A,o 6 19 Ao 
A,, 7 161/01 A,, 7 161/01 A,, 7 18 NC 
A12 8 15 1/02 A12 8 15 1/02 A12 8 171/01 
A13 9 14 1/03 A13 9 14 1/03 A13 9 16 1/02 

E 10 13 1/0• E10 15 1/03 
Vss 11 12W NC 11 14 1/04 

0T""" C\JM Vss 12 13W 
IUJ ~J;,:c) 

> :::::-

Figure 2.9 16K x 4 pin configuration 

---------------------------@t~·-------------------------9_1_12 
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Chip carrier 
0 

DIP and SOJ -<ucy~;{ 
ZZc:or--

C'?C\1..-NN 

As 1 24 Vee 
As 2 23 A4 As 4 26 NC 
A1 3 22 A:J A1 5 25 A4 
As 4 21 A2 As 6 24 Aa 
As 5 20 A, Ag 7 23 A2 

A,o 6 19 Ao A1o 8 22 A1 
A,, 7 18 NC A,, 9 21 Ao 
A12 8 17lf0, A12 10 201/01 
A,a 9 16 1/02 A1a 11 19 f/02 

'E 10 15 1/0a 'E 12 18 1/0a 
G 11 14 1/04 

Vss 12 13W MV 1.0 C:Of'. ..-..- ..- ....-..--
lc:J gj§EI~o 

> :::::-

Figure 2.10 16K x 4 (with output enable) pin configuration 

DIP and SOJ 
Chip tarrier 

0"' 0-
.t'<(~><( 

Ao 1 28 Vee. 
cor--

MC\J,.-C\JC\J 

A, 2 27 A13 
A2 3 26 A12 Aa 4 26 A12 
A:J 4 25 A11 A• 5 25 A11 
A. 5 24 A1o As 6 24 A1o 
As 6 23 Ag As 7 23 Ag 
As 7 22 o. A1 8 22 o. 
A1 8 21 0 3 As 9 21 03 
As 9 20 a. 0 1 10 20 a4 o, 10 19 aa 02 11 19 a3 
02 11 18 a2 E:, 12 18 a2 
E:, 12 17 a, 
G 13 1sW MV 10 <.01'-

Vss 14 15 E2 ..-..- ...... ..-..--

lc:J gjllfll~ 6 
> 

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

_10_11_2 _______________________ .. ~--------------------------
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Chip carrier 
DIP and SOJ 

NC 1 28 Vee 
A,2 2 27W 
A7 3 26E2 
As 4 25Aa 
As 5 24 As 
A., 6 23 A,, 
Aa 7 22'G 
A2 8 21 A,o 
A, 9 20 E, 
Ao 10 19 lfOs 

lfO, 11 181/0r 
1/02 12 171/0a 
IJOa 13 16 1/0s VIO <0 f'.o:)CllO 
Vss 14 15 1/04 

'------' 

...-...- ..,.. ...... ,....,.....N 

Figure 2.12 8K x 8 pin configuration 

Chip carrier 
DIP and SOJ 

.,r < u uJli:S:ill zz(\J ~o 
A.. 1 28 Vee "'¢C')C\JT"""C'l C")C') 

As 2 27W 
As 3 26 E2 As 5 
Ar 4 25 A2 Ar 6 
As 5 24A, As 7 
As 6 23 Ao As 8 

A,o 7 22'G A,o 9 
A,, 8 21 Aa An 10 
A12 9 20'E, A,2 11 

lf01 10 19 1/0s lf01 12 
1/02 11 18 1/0e 1/02 13 
1/0a 12 171/0r 
1/04 13 161/0a VIO <Of'.o:)CllO 

Vss 14 151/0s ...... ,..... ...... ..- ...... ,.....N 
M ..,.CJ)O., U),... 

gg~zg_gg 

Figure 2.13 8K x 9 pin configur?tion 

29 As 
28 As 
27 A11 
26 NC 
25G 
24 A,o 
23E1 
221/0a 
21 1/0r 

29 A2 
28 A1 
27 A0 

26 NC 
25G 
24Aa 
23'E, 
221/0s 
21 1/0e 

IMS16X5 

• 
11/12 ----------------- ~·'-----------------
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2.3 ')riering information 

Device Speed Part Number 

15ns IMS1605x-15 

IMS1605 20ns IMS1605x-20 

25ns IMS1605x-25 

15ns IMS1625x-15 

IMS1625 20ns IMS1625x-20 

25ns IMS1625x-25 

15ns IMS1629x-15 

IMS1629 20ns IMS1629x-20 

25ns IMS1629x-25 

15ns IMS1626x-15 

IMS1626 20ns IMS1626x-20 

25ns IMS1626x-25 

15ns IMS1627x-15 

IMS1627 20ns IMS1627x-20 

25ns IMS1627x-25 

15ns IMS1635x-15 

IMS1635 20ns IMS1635x-20 

25ns IMS1635x-25 

15ns IMS1695x-15 

IMS1695 20ns IMS1695x-20 

25ns IMS1695x-25 

Where x refers to packages P. S, E, or W. See also Appendix D. 

12/12 .D ------------------ ~·------------------
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FEATURES 

!NMOS' 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 ± 1 0% Operation 

• Power Down Function 

IMS1800 
CMOS 

High Performance 
256K x 1 Static RAM 

DESCRIPTION 

The !NMOS IMS1BOO is a high performance 256Kx1 
CMOS Static RAM. The IMS1BOO provides maximum 
density and speed enhancements with the addttional 
benefits of lower power and superior reliabiltty. 

The IMS1800 features fully static operation requiring 
no external clocks or timing strobes, wHh equal access 
and cycle times. Additjgnally, 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 IMS1BOOM. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

~· F: 
F: 

1 6 

., 
"' " "' A1 
AU 
A15 

"' 0 
w 

F; 
~~0 

11 

" 

:;! 
" 21 

" 19 
18 

" 16 
15 ,. 
13 

DIP and SOJ 

Vo< .. ... 
" "' A1 

'" A16 
A13 

"' 0 
E' 

NC .. 

CHIP 
CARRIER 

PIN NAMES 
A0 - A17 ADDRESS INPUTS 0 DATA OUT 

w WRITE ENABLE Vee POWER(+SV) 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

DC[\nl E W 

w 

MEMORY ARRAY 
256ROWS 

1024 COLUMNS 

Vee 
Vss 

1/9 
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IMS1800 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 ............... f ..................... -1.0 to 6.0V 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperatyre .................... -65° C to 150°C 

Power Dissipalion .............................................. 1W 
09 .Qutput Current.. ....................................... 25mA 
(One output at a time, one second duration) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature . 
V1L mm = -3.0V for pulse Width <1 Ons, note b 

MIN 

4.5 

0 

2.0 

-0.5 * 

0 

•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 
condttions 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. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

+0.5 v All inputs 

0.8 v All inputs 

70 oc 

DC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ 70°C) {Vee= 5 ov + 1 Oo/o)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC1 
Average Vee Power 

120 mA tAVAV = IAVAV (min) Supply Current 

ICC2 Vee Power Supply Current 30 mA E 2 V1H. All other inputs at 
(Standby,Stable 1 TL Input Levels) VIN ~ VIL or 2 VIH 

lcca Vee Power Supply Current 10 mA E 2 (Vee - 0.2V). All other inputs at 
(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or 2 (Vee - 0.2V) 

ICC4 
Vee Power Supply Current 15 mA E 2 (Vee- 0.2V). Inputs cycling at 
(Standby, Cycling CMOS Input Levels) VIN ~ 0.2 or 2 {V{;c- 0.2V) 

I ILK Input Leakage Current (Any Input) ±1 ).lA Vee= max 
V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±10 ).lA Vee= max 
V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v IOH= -4mA 

VoL Output Logic "0" Voltage 0.4 v IOL= 8mA 

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

AC TEST CONDITIONS 
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 

CAPACITANCEb (TA=25°C, 1=1.0 MHZ) 

SYMBOL PARAMETER MAX UNITS CONDITIONS 

CIN Input Capacitance 4 pF ~V=0to3V 

CoUT Output Capacitance 4 pF ~V=Oto3V 

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

_v_g-------------------~~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5.ov ±10%) 

READ CYCLE9 

IMS IMS IMS 
1800- 1800- 1800-

SYMBOL 
PARAMETER 25 30 35 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 
1 tELQV lACS Chip Enable Access Time 

2 tAVAV tRC Read Cycle Time 

3 tAVQV t AA Address Access Time 

4 tAXOX t OH 0/P Hold After Addr's Ch'ge 

5 tELQX t LZ Chip Enable to 0/P Active 

6 tEHQZ t HZ Chip Disable to 0/P Inactive 

7 t ELICC~ t PU Chip Enable to Power Up 

8 t ELICCL tPD Chip Enable to Power Down 

t T Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VrL max and VrH min. 

25 30 
25 30 35 

25 30 

3 3 3 
3 3 3 

0 20 0 20 0 

0 0 0 

30 30 

50 50 

Note f: Measured ±200mV from steady state output voltage. Load capacttance is SpF. 
Note g: E and W must transition between VrH to VrL or VrL to .VrH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

35 

35 

20 

30 

50 

IMS 
1800-

45 

MIN MAX 

45 
45 

45 

3 
3 

0 20 

.0 

30 

50 

u 
N 
I 
T 
s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ADDRESS r--E~-2 1AVAV -b 
-----~ .. ~~.~-------------------------, 

0 (Data Out) L~----------------~ DATA VALID 

READ CYCLE 2c 

...----------1 tELOV -------1~ 

Q (Data Out) 

ICC 
STANDBY 

IMS1800 

N 
0 
T 
E 
s 

c 

d 

f,j 

i 
i 

e,j 

•
c 3/9 --------,------ !llli110S"--. ----------
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IMS1800 

RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5:0V ±10%) 

WRITE CYCLE 1: W CONTROLLEDg,h 

IMS IMS 
SYMBOL 1800- 1800-

PARAMETEH 25 30 
No Stan'd Alt. MIN MAX MIN MAX 

9 IAVAV IWC Wrile Cycle Time 25 30 

10 tWLWH tWP Write Pulse Width 20 25 

11 tELWH tcw Chip Enable to End of Wrile · 20 25 

12 IDVWH tow Data Setup to End of Write 10 12 

13 tWHDX t DH Data Hold after End of Write 0 0 

14 tAVWH tAW Address Setup to End of Write 20 25 

15 IAVWL I AS Address Setup to Start of Write 0 0 
16 IWHAX tWR Addreas Hold after End of Write 2 2 

17 IWLOZ tWZ Write Enable to Output Disable 0 10 0 10 

18 tWHOX tOW Output Active After End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between V1H to VIL or V<L to V1H in a monotonic fashion. 
Note h: E, or W must be;, V<H 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: E1 OR E2 CONTROLLEDg,h 

IMS IMS 
1800· 1800-

35 45 

MIN MAX MIN MAX 

35 45 

30 40 

30 40 

15 20 

0 0 

30 40 

0 0 

0 0 

0 20 0 20 

5 5 

ADDRESS 
9-.__ ---9tAVAV _J.....____j 

J~4-------------11tELWH------------·~I I 
E 

w 

D (DATA IN) 

17tWLQZ 

0 (DATA OUT) DATA UNDEFINED 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

ns i 

-~9--------------------.. Wrnos·---------------------
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IMS1800 

RECOMMENDED AC OPERATING CONDITIONS (0°C ~ Ta $ 70°C) (Vcc=5.0V±10%) 

WRITE CYCLE 2: E CONTROLLEDg· h 

IMS IMS 

SYMBOL 1800· 1800· 
PARAMETER 25 30 

No Stan'd Alt. MIN MAX MIN MAX 

19 !AVAV IWC Write Cycle Time 25 

20 tWLEH IWP Write Pulse Width 20 

21 IELEH tcw Chip Enable to End of Write 20 

22 IDVEH tow Data Setup to End of Write 10 

23 IEHDX IDH Data Hold after End of Write 0 

24 IAVEH tAW Address Setup to End of Write 20 

25 tEHAX tWR Address Hold after End of Write 2 

26 lA VEL lAS Address Setup to Start of Write 0 

27 IWLQZ tWZ Write Enable to Output Disable 0 10 

Note 1: Measured ±200mV from steady state output voltage. Load capac~ance is 5pF. 
Note g: E andW must transition between VIH to VIL or V1L to V1H in a monotonic fashion. 
Note h: E or W must be 2 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 

19tAVAV 

ADDRESS c ADDRESS VALID 

26 tAVE L_. ~ 21 tELEH 

E 

30 

25 

25 

12 

0 

25 

2 

0 

0 10 

~ 

IMS IMS 
1800- 1800-

35 45 

MIN MAX MIN MAX 

35 45 

30 40 

30 40 

15 20 

0 0 

30 40 

0 0 

0 0 

0 15 0 20 

... 
I 

~ 

24tAVEH .. .... .. 25tEHAX 

w 

:
sssssssssssss • "~ 

:~ ---------------£ "::____ r ""S 
F".~"~ 

D (DATA IN) 

Q (DATA OUT) 
____________ 2_7_tw_L_a_z~l~·~---------~-~~----~~~~~~---

~ } HIGH IMPEDANCE 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

---------------------.. ~·--------------------5-/9 
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IMS1800 

DEVICE OPERATION 

The IMS1800 has two control inputs, Chip Enable (/E) 
and Write Enable (IW), 18 address inputs (AD -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 d~coded to select one bit out of 256 Kbits. Read 
and Write operations on the memory cell are controlled by 
the tw input. With /E high, the device is desele_cte~. the 
outputs are disabled and the power consumption IS ~e­
duced to less than one-third of the active mode powerw1th 
TTL levels and even lower with CMOS levels. 

READ CYCLE 

A read cycle is defined as !W ~ V1H min_with /E s: Y'L 
max. Read access time is measured from either /E go1ng 
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 rj:!mains active throughout READ 
CYCLE 1 and is valid at the specified address access 
time. The address inputs may change at access lime 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 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 teLox 
after the falling edge of /E oust as in a read cycle). The 
output buffer is then turned off within twLoz 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 1/0 configuration. Therefore input 
data should not be active until twLoz to aviod bus conten­
tion. 

WRITE CYCLE 1 waveform shows a write cycle termi­
nated by tw going high. Data set-up and hold times ~re 
referenced to the rising edge of /W. When !W goes h1gh 
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. 

APPLICATION 

It is imperative when designing with any very high speed 
memory, such as the IMS1800, that! he fundamental 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 de cou­
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 grou~d 
pin should be kept to a minimum. The impedance of th1s 
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 ape rating margin of the drivers 
due to differential ground noise. 

6~ffi------------------~~~~·----~--------------
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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 SOJ IMS1800E-30 
30ns Ceramic LCC IMS1800W-30 

IMS1800 
30ns Ceramic LCC IMS1800N-30 
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 
c 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 so!der 
s Sidebraze ceramic DIP gold 
T (Skinny) Flat-pack solder 
w Ceramic LCC gold 
y (Skinny) Flat-pack gold 

---------------------@t~·----------------------m 
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IMS1800 

PACKAGING INFORMATION 

24 Pin Plastic J Leaded Small Outline 

I· ·I Dim 
Inches mm 

Notes 
Min Max Min Max 

0 A .120 .140 3.048 3.556 
81 .014 .019 .356 .483 
c .010 .254 

-11-----+ ----11--
D .602 .612 5.291 15.545 
E .335 .347 8.509 8.814 
E1 .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 

~~e=n=~~=n±r~~-=~~~dL 

.t_ 

24 Pin Plastic Dual-In-Line 
D Dim 

Inches mm 
Nom To I Nom To I 

A .165 4.551 
A1 .045 .025 1.143 .635 
8 .018 .006 0.457 .152 
81 .060 .003 1.524 .127 
D 1.160 .002 29.46 .05 
E .300 .003 7.620 .076 
e1 .100 .010 2.54 .254 
eA .325 .010 8.255 .254 

~ L •• 
A1 

I 
B~/- B~ 1 e1/- 1 

11 equal spaces@ ~ 
2.54 
o:Wo 

_aro ____________________ @t~·----------------------
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24 Pin Ceramic Dual-In-Line 

I. D ~I 

t = = ] : }~ : ~ = = ] 

L 

rl'-~- 11 equal spaces @ 
2.54 
0.100 

Dim 

A 
A1 

9 
91 
D 
E 
E1 
e1 
L 

A 

28 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom Toi 

A .071 .007 1.803 .178 
91 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .350 .010 8.890 .254 
e1 .050 .002 1.270 .051 

~E_J 

IMS1800 

Inches mm 

Nom To I Nom To I 

.096 .012 2.438 .305 

.035 .015 .889 .381 

.018 .002 .457 .051 

.060 Typ 1.524 Max 

1.20 .012 30.48 .305 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.145 .020 3.683 .508 

Fl 
I.-E1--.1 
...-E_.. 

•
0 9/9 --------- ffillllOS"---------
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FEATURES 

I NMOS' 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 ± 1 0% 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 

M 

A7 
AS 
A9 
A10 
AU 
A\2 
A1l 
AU 
A15 

' 

ri " " 22 

" 5 20 

' " 7 " • 17 

' " 10 15 

" 14 

" 
, 

DIP and SOJ 

A5 .. 
A3 

"' A1 
AO 

"'' "'• "'• "'• w 

PIN NAMES 

A0 ·A, 5 ADDRESS INPliTS Vee 

w WRITE ENABLE Vss 

110-1!0 DATA INIOliT 

E CHIP ENABLE 

November 1989 

CHIP 
CARRIER 

POWER(+5V) 

GROUND 

E" w 

'"• 

"'• 

"'• 
'"• 

" 
w 

"'• .•. .. , .•. 

MEMORY ARRAY 
2S6ROWS 

1024COLU~S 

v~ 

v .. 

1/9 
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IMS1820 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 ............................. -1.0 to (Vcc+0.5V) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current.. ....................................... 25mA 
{One output at a time, one second duration) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

ViH Input Logic "1" Voltage 

ViL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

• VIL min = -3.0V for pulse width < 1 Ons, note b 

MIN 

4.5 

0 

2.0 

-0.5. 

0 

'Stresses greater than those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. Thts is a stress rating 
only and functional operatton of the device at these or any other 
conditions above those indrcated in the operattonal sections of this 
specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vee+ 0.5 v All inputs 

0.8 v All inputs 

70 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS WC ~ TA ~ 70°C) (Vee- 5 OV + 1 O%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct 
Average Vee Power 

120 rnA tAVAV = IAVAV (min) Supply Current 

lcc2 Vee Power Supply Current 30 rnA E1 2 VJH or E2~VIL. All other inputs at 
(Standby,Stable TTL Input Levels) V1N ~ VJL or 2 VJH 

ICC3 Vee Power Supply Current 10 rnA E1 2 (Vee- 0.2V) or E2 ~ 0.2V. All oth-
(Standby, Stable CMOS Input Levels) er inputs at V1N ~ 0.2 or 2 (Vee - 0.2V 

Icc• 
Vee Power Supply Current 15 rnA E1 2 (Vee- 0.2V) or E2 ~ 0.2V. Inputs 
(Standby, Cycling CMOS Input Levels) cycling at VIN ~ 0.2 or 2 (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) ±1 ).lA Vee= max 
V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±10 ).lA Vee= max 
VIN = Vss to Vee 

)JoH Output Logic "1" Voltage 2.4 v IOH= -4mA 

VOL Output Logic "0" Voltage 0.4 v IOL=BmA 

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

AC TEST CONDITIONS 
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 

CAPACITANCEb (TA-25°C f-1 0 MHZ) - . -. 
SYMBOL PARAMETER MAX UNITS CONDITIONS 

GIN Input Capacitance 4 pF tN= Oto3V 

Cour Output Capacitance 4 pF LlV=Oto3V 
Note b: This parameter is sampled and not 100% tested 

FIGURE 1. OUTPUT LOAD s.ov 

1/0 

2550 

4800 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_21_9 ________________________ .. ~·--------------------------
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RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee= 5.0V ±1 0%) 

READ CYCLEg 

IMS IMS IMS 
1820- 1820- 1820-

SYMBOL 
PARAMETER 25 30 35 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

1 IELQV lACS Chip Enable Access Time 

2 IAVAV IRC Read Cycle Time 

3 IAVQV IAA Address Access Time 

4 IAXQX IOH 0/P Hold After Addr's Ch'ge 

5 IELQX ILZ Chip Enable to 0/P Active 

6 IEHQZ IHZ Chip Disable to 0/P Inactive 

7 tELICCH tPU Chip Enable to Power Up 

8 IEHICCL IPD Chip Enable to Power Down 

IT Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VtL max and VtH min. 

25 30 

25 30 35 

25 30 

3 3 3 

3 3 3 

0 12 0 15 0 

0 0 0 

30 30 

50 50 

Note f: Measured ±200mV from steady state output voltage. Load capactlance is 5pF. 
Note g: E and W must transtlion between VtH to VtL or VtL to VtH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

READ CYCLE 2c 

)4------1 tELOV -------'~ 

Q (Data Out) 

35 

35 

15 

30 

50 

IMS 
1820-

45 

MIN MAX 

45 

45 

45 

3 

3 

0 20 

0 

30 

50 

I• ~7tELICCH 
ACTIVE -------- --------------""""-' 

ICC 
STANDBY 

u 
N 
I 
T 
s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

IMS1820 

N 
0 
T 
E 
s 

c 

d 

f,j 

j 

j 

e,j 

---------------------.. Wrnos·--------------------3-/9 
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IMS1820 

RECOMMENDED AC OPERATING CONDITIONS (0°C ~ TA ~ 70°C) (Vee = 5.0V ±1 0%) 

WRITE OVCLE 1: W CONTROLLEDg,h• 

IMS IMS 

SYMBOL 1820- 1820-
PARAMETER 25 30 

No Stan'd Alt. MIN MAX MIN MAX 

9 tAVAV tWC Write Cycle Time 25 30 

10 tWLWH tWP Write Pulse Width 20 25 

11 tELWH tcw Chip Enable to End of Write 20 25 

12 IDVWH tow Data Setup to End of Write 10 12 
13 tWHDX tDH Data Hold after End of Write 0 0 

14 tAVWH tAW Address Setup to End of Write 20 25 

15 tAVWL t AS Address Setup to Start of Write 0 0 

16 tWHAX tWR Address Hold after End of Write 2 2 

17 tWLOZ tWZ Write Enable to Output Disable 0 10 0 10 

18 IWHQX tOW Output Active After End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacnance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E, or W must be 2: V1H 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 

IMS IMS 
1820- 1820-

35 45 

MIN MAX MIN MAX 

35 45 

30 40 

30 40 

15 20 

0 0 

30 40 

0 0 

0 0 

0 15 0 20 

5 5 

ADDRESS ~=============-9-IA-VA_V_-_-----~-----------------~=*====== 
1 ..... ._ _____ 111ELWH-------4·~' I 

E 

w 

D (DATA IN) 

171WLQZ 

Q (DATA OUT) DATA UNDEFINED 

u N 
N 0 
I T 
T E 
s s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f.i 

ns i 

~~~9-------------------.. ~---------------------
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IMS1820 

RECOMMENDED AC OPERATING CONDITIONS {0°C ~ Ta ~ 70°C) {Vee= 5.0V ±1 0%) 

WRITE CYCLE 2: E CONTROLLED9· h 

IMS IMS 

SYMBOL 1820· 1820· 
PARAMETER 25 30 

No Stan'd Alt. MIN MAX MIN MAX 

19 tAVAV tWC Write Cycle Time 25 

20 IWLEH IWP Write Pulse Width 20 

21 IELEH tcw Chip Enable to End of Write 20 

22 tDVEH tow Data Setup to End of Write 10 

23 tEHDX IDH Data Hold after End of Write 0 
24 tAVEH tAW Address Setup to End of Write 20 

25 tEHAX tWR Address Hold after End of Write 2 

26 tAVEL lAS Address Setup to Start of Write 0 

27 twLOZ tWZ Write Enable to Output Disable 0 10 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V!H to V!L or V!L to V!H in a monotonic fashion. 
Note h: E or W must be ~ V!H 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 

19tAVAV 

ADDRESS c ADDRESS VALID 

26tAVE L_. ~ 21 tELEH 

E 

30 

25 

25 

12 

0 

25 

2 

0 

0 10 

.. 

IMS IMS 
1820· 1820· 

35 45 

MIN MAX MIN MAX 

35 45 

30 40 

30 40 

15 20 

0 0 

30 40 

0 0 

0 0 

0 15 0 20 

I 

.... 24tAVEH .. .... _ .. 25tEHAX 

w F20tWLEH~ 

:sssssssssssss • ~ ~ 
D (DATA IN) 

Q (DATA OUT) 

u N 
N 0 
I T 
T E 
s s 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

•
0 5/g 
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IMS1820 

DEVICE OPERATION 

The IMS1820 has two control inputs, Chip Enable (/E) 
and Write Enable (/W), 16 address inputs (AO -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 selecte? 
and the 16 address iriputs are decoded to select one 4 b1t 
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 
powerconsumption is reduced to less than one-third oft~e 
active mode power with TTL levels and even lower w1th 
CMOS levels. 

READ CYCLE 

A read cycle is defined as !W ~ V1H 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 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 tEL OX 
after the falling edge of /E (just as in a read cycle). The 
output buffer is then turned off within twLOz 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 1/0 configuration. Therefore input 
data should not be active untiltwLoz 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 
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! he 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 in the decoupling path from the 
power pin through the decoupling capacitor to the groun_Lf 
pin should be kept to a minimum. The impedance of th1s 
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 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. 

6_19------------------~tt-·~·---------------------
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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 fiat-pack gold 
B Formed flat-pack solder 
c 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 CeramicLCC gold 
y (Skinny) Flat-pack gold 

---------------------tt~----------------------m 
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PACKAGING INFORMATION 

24 Pin Plastic J Leaded Small Outline 

I· ·I 
0 

--fl------+ -------111-

br~~~~n=nd~~~~~~dL 

.-e1-. 

!_ 

24 Pin Plastic Dual-In-Line 
D 

+ 

Dim 

A 
61 
c 
D 
E 
E1 
e1 
eA 
L 

Inches mm 
Notes 

Min Max Min Max 

.120 .140 3.048 3.556 

.014 .019 .356 .483 

.010 .254 

.602 .612 5.291 15.545 

.335 .347 8.509 8.814 

.292 .299 7.417 7.595 

.050 .050 1.270 1.270 

.262 .272 6.655 6.909 
.028 .036 .711 .914 

Dim 
Inches mm 

Nom To I Nom To I 

A .165 4.551 
A1 .045 .025 1.143 .635 
6 .018 .006 0.457 .152 
61 .060 .003 1.524 .127 
D 1.160 .002 29.46 .05 
E .300 .003 7.620 .076 
e1 .100 .010 2.54 .254 
eA .325 .010 8.255 .254 

~M 
I s./f. B~ L ~ e1~ 1l1 

{ 1-- eA-1 

11 equal spaces@ ~ 
2.54 
0.100 

-~--------------------.. ~·---------------------
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24 Pin Ceramic Dual-In-Line 

,. D ., 

t==]=~r=~===~ 
11 equal spaces @ 

2.54 
oToo 

Dim 

A 
A1 

8 
81 
D 
E 
E1 
e1 
L 

..A 

28 Pin Leadless Chip Carrier 

Dim Inches mm 
Notes 

Nom To I Nom' To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .350 .010 8.890 .254 
e1 .050 .002 1.270 .051 

[._E_J 

IMS1820 

Inches mm 

Nom To I Nom To I 

.096 .012 2.438 .305 

.035 .015 .889 .381 

.018 .002 .457 .051 

.060 Typ 1.524 Max 
1.20 .012 30.48 .305 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.145 .020 3.683 .508 

Fl 
~E1-.J 

-----------------------.. ~·-----------------------9/9 
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'·· SGS·ntOMSON MK41H66/MK41H67(N,P) 
• 1 • ~o©~@rnlbrn©Lf~@ffi!lD©~ -20/25/35 

• 20, 25, AND 35NS ADDRESS ACCESS TIME 
• 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 

• 50f!a CMOS STANDBY CURRENT (MK41 H67) 
• HIGH SPEED CHIP SELECT (MK41H66) 
• JEDEC STANDARD PINOUT 

TRUTH TABLE (MK41H66) 

cs WE Mode DQ Power 

H X Deselect High Z Active 

L L Write High Z Active 

L H Read Data Out Active 
X = Don't Care 

TRUTH TABLE (MK41H67) 

CE WE Mode DQ Power 

H X Deselect High Z Standby 

L L Write High Z Active 

L H Read Data Out Active 

DESCRIPTION 

The MK41 H66 and MK41 H67 feature fully static 
operation requiring no external clocks or timing 
strobes, and equal address access and cycle times. 
Both require only a single+ 5V ± 1 0 percent power 
supply. Both devices are fully TTL compatible. 

The MK41 H67 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 

16Kx 1 CMOS STATIC RAM 

N 
DIP-20 

(Plastic Package) 

PIN NAMES 

Ao - A, 3 - Address WE - Write Enable 

CE - Chip Enable GND- Ground 
(MK41H67) Vee - + 5 V 

CS - Chip Select D- Data In 
(MK41H66) Q- Data Out 

Figure 1 : Pin Connections. 

Ao 1 20 Vee 

A1 2 19 A13 

~ 3 18 ~. 

~ 4 17 A11 

A4 5 16 A10 

As 6 15 Ag 

A6 7 14 A8 

Q 8 13 A7 

WE 9 12 D 

GND 10 11 • 

* CS = MK41 H66; CE = MK41H67. 

1/10 
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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 

-··· . ,. 

-· .. =l -'·l -·.. ~--"'"' 
~ 

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 tAA after the last address input 
signal is stable, prov1dl!:!.g 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 (teAl 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 teL• but the Q will always have valid 
data at tAA. 

., . ··==c -· .. l e-·-l 
I ." H-I 1-1 .._._tACH 

'ncs !-- - ....,__,WEW__. 

a 

READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C~TA~70°C) (Vee = 5.0 V ± 10 percent) 

MK41H6X-20 

SVM PARAMETER MIN MAX 

IRe Read Cycle Time 20 

tAA Address Access Time 20 

teL Chip Enable to Low-Z (MK41H67) 5 

teL Chip Select to Low-Z (MK41H66) 5 

teA Chip Enable Access Time (MK41H67) 20 

leA Chip Select Access Time (MK41H66) 10 

IRes Read Command Setup Time 0 

IReH Read Command Hold Time 0 

toH Valid Data Out Hold Time 5 

lez Chip Enable to High-Z (MK41H67) 8 

lez Chip Select to High-Z (MK41H66) 7 

lwEZ Write Enable to High-Z 8 

2/10 
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MK41H6X·25 MK41H6X·35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

25 35 ns 1 

5 5 ns 2 

5 5 ns 2 

25 35 ns 1 

12 15 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

10 13 ns 2 

8 10 ns 2 

10 13 ns 2 



WRITE MODE 

The MK41H6617 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 b~s with the concurrence of a low 
on WE and CE /CS. Therefore, tAs is referenced to 

FIGURE 3. WRITE-WRITE-WRITE-READ TIMING 

Q 

WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C:STAs70°C) (Vee = 5.0 V ± 10 percent) 

M K41 H66/MK41 H67(N, P)-20/25/35 

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.:!!!. must remain valid 
t0 H after the rising edge of CE/CS or WE. 

----o-1+---'" 

I I 

MK41H6X-20 MK41H6X·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 0 0 ns 

tAw Address Valid to End of Write 16 20 30 ns 

tAH Address Hold after End of Write 0 0 0 ns 

tew Chip Enable/Select 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 

toH Data Hold Time 0 0 0 ns 

twEL Write Enable to Low-Z 5 5 5 ns 2 

3/10 
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MK41H66/MK41H67(N,P)-20/25/35 

FIGURE 4. DATA RETENTION TIMING 

LOW Vee DATA RETENTION TIMING (MK41H67) 

~--- DATA RETENTION MODE-----l~ 

Vee--------. 
vee(MIN)--

l;E----.J 

w-----------------------------
LOW Vee DATA RETENTION CHARACTERISTICS 
(0°C<TA<70°C} - -

SYM PARAMETERS MIN MAX UNIT 

VoR Vee for Data Retention 

leeoR Data Retention Power Supply Current 

leo A Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

STANDBY MODE (MK41H67 Only) 

The MK41H67 is in Standby Mode whenever CE is 
held at or above VIH· 

FIGURE 5. STANDBY MODE TIMING 

2.0 Vee (min) v 
- 50 pA 

0 - ns 

IRe - ns 

\ 
I 1\\....__ __ _ 

\------ACTIVE------~~ 

50% 1\ / 
STANDBY 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(0°C<TA<70°C) CVee =50 V ± 10 percent) - -

MK41H67-20 MK41H67-25 MK41H67-35 

SYM PARAMETER MIN MAX MIN MAX MIN MAX 

lpo Chip Enable High to Power Down 20 25 35 

lpu Chip Enable Low to Power Up 0 0 0 

4/10 
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APPLICATION 

The MK41 H66/7 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 41 H66/7 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 MK41 H66/7, 
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* 

Parameter 

Voltage on any Pin Relative to GND 

Ambient Operating Temperature (T A) 

Ambient Storage Temperature (plastic) 

Ambient Storage Temperature (ceramic) 

Total Device Power Dissipation 

Output Current per Pin 

MK41H66/MK41 H67(N,P)-20/25/35 

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

Value Unit 

-1.0 to +7.0 v 
0 to+ 70 oc 

-55 to +125 oc 

-65 to +150 oc 

1 w 
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 (oacgAgooC) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Vee Supply Voltage 4.5 5.0 5.5 v 3 

GND Supply Voltage 0 0 0 v 
VIH Logic 1 Voltage, All Inputs 2.2 Vee+ 1.0 v 3 

VIL Logic 0 Voltage, All Inputs -0.3 0.8 v 3,4 

DC ELECTRICAL CHARACTERISTICS (0°C s; TA s; 70°C) (Vee= 5.0V ± 10 percent) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

lcc1 Average Power Supply Current 120 mA 5 

lcc2 TTL Standby Current (MK41H67 only) 10 mA 6 

lcc3 CMOS Standby Current (MK41 H67 only) 50 !!A 7 

I1L Input Leakage Current (any input pin) - 1 + 1 !!A 8 

loL Output Leakage Current (any output pin) - 10 + 10 !!A 9 

VoH Output Logic 1 Voltage (louT =- 4mA) 2.4 v 3 

VoL Output Logic 0 Voltage (louT = + 8mA) 0.4 v 3 

5/10 
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MK41H66/MK41H67(N,P)-20/25/35 

CAPACITANCE 
(TA = 25°C, f = 1.0 MHz) 

SVM PARAMETER 

c1 Capacitance on input pins 

c2 Capacitance on Q pins 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shown in Figure 6(8). 
3. All voltages referenced to GND. 
4. VIL may undershoot to -2.0 volts for 200ns or less dur­

ing input transitions. 
5. lcc1 is measured as the average AC current with Vee 

= V cc (max) and with the outputs open circuit. tcycle 
= min. duty cycle 100°/o. 

6. CE = VIH• All Other Inputs = Don't Care. 

AC TEST CONDITIONS 

TVP MAX UNITS NOTES 

4 5 pF 10 

8 10 pF 5, 10 

7. Vee (max) ;;,:CE;;,:Vcc - 0.3 v 
GND + 0.3 V;;,:Ao-A13;;,:VIL (min) or VIH (max) 
;;,:Ao-A1a;;,:Vcc -0.3V.AIIOtherlnputs =Don't Care. 

8. Input leakage current specifications are valid for all V1N 
such that o V <VIN <Vee· Measured at Vee =Vee 
(max). 

9. Output leakage current specifications are valid for all 
VouT such that 0 V <Vour<Vcc. CEICS = V1H and 
Vee in valid operating range. 

10. Capacitances are sampled and not 100% tested. 

Input Levels ............................................................. GND to 3.0 V 
Transition Times ................................................................. 5 ns 
Input and Output Signal Timing Reference Level ...................................... 1.5 V 
Ambient Temperature ....................................................... ooc to 70°C 
Vee ............................................................... 5.0 V ± 10 percent 

FIGURE 6. OUTPUT LOAD CIRCUITS 

+5.0 v +5.0 v 

470 OHMS 470 OHMS 

DEVICE 
UNDER 
TEST 

DEVICE 
UNDER 
TEST 

240 OHMS =:= 30 pF' 240 OHMS =~ 5 pF' 

- _ GND GND 

• INCLUDES SCOPE AND TEST JIG. 
(A) (B) 
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MK41H66/MK41H67(N,P)·20/25/35 

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 

~~ 
c 
w 
N 

::1 
ii 
0 z 

NORMALIZED CHIP ENABLE ACCESS TIME VS. 
AMBIENT TEMPERATURE V00 =5.0V 

1.3 

vv , 

1.1 
I I ' 

vv 
I v 
I ! ~.-.. / 

~.--v 
09 

v~--' 
DB 

07 I 
-60 -10 -20 20 40 60 80 100 120 

AMBIENT TEMPERATURE (•C) 

LOGIC THRESHOLD VOLTAGE VS. 
AMBIENT TEMPERATURE Vc0 =5.0V 

1.1-t-t-~_,1--+"'1'"--1-=H-+-+-+-H-+++-H-t--1 
- J, 

€ 1·6-t--H--t-tt-H-t-t-FM'-r.f:::J:::I:±±l 
i - 15,_~~+-+-t-t-t--4-+-+-+-+~~4-~~ 
!! 

9 1.44-~-t-+--t-t-t-t--4-+-+-+-+~~4-~~ 
z_~ t3++-+-+-+-+-HH-f-l-+-+-+-++++--j-j 

1.2-t-+-+-+-+-+-HH-+v .. :t - -·-
1.1-1-"t==FH·-+·· --+--·+-·+· _+-.. f-1 .. +-++-f-t-+-t~ 

-60 -40 -20 20 40 60 80 100 120 

AMBIENT TEMPERATURE (OC) 

NORMALIZED SUPPLY CURRENT VS. 
SUPPLY VOLTAGE T A =O'C 

1.4 
/ 

1.3 

v 
1.2 

1// 
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MK41H66/MK41H67(N,P}·20/25/35 

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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MK 

MK41 H66/MK41 H67(N, P)-20/25/35 

N 

Speed grade 

'-------------------- Package Type 
N: Plastic DIP 

'------------------------ Device family and 
identification number 

SGS.:rHOMSON 

'---------------------------- prefix 

ORDER CODES 

Part Number Access Time Package Type Temperature Range 

MK41 H67N-20 20ns 20 Pin Plastic DIP ooc to 70°C 

M K41 H67N-25 25ns 20 Pin Plastic DIP oac to 70°C 

MK41H67N-35 35ns 20 Pin Plastic DIP ooc to 70°C 

MK41 H66N-20 20ns 20 Pin Plastic DIP ooc to 70°C 

MK41 H66N-25 25ns 20 Pin Plastic DIP ooc to 70°C 

MK41 H66N-35 35ns 20 Pin Plastic DIP ooc to 70°C 
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MK41 H66/MK41 H67(N,P)·20/25/35 

PACKAGE DESCRIPTION 

20 PIN "N" PACKAGE PLASTIC DIP 

mm 
Dim. 

Min. Max. 

A 5.334 

AI 0.381 

A2 3.048 3.556 

B 0.381 0.533 

81 1.27 1.778 

c 0.203 0.304 

D 25.908 26.67 

01 1.524 1.905 

E 7.62 8.255 

E1 6.096 6.858 

e1 2.286 2.794 

eA 7.62 10.16 

L 3.048 

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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~ SCS·THOMSON 
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Inches 
Notes 

~ln. Max. 

.210 2 

.015 2 

.120 .140 

.015 .021 3 

.050 .070 

.008 .012 3 

1.020 1.050 1 

.060 .075 

.300 .325 

.240 .270 

.090 .110 

.300 .400 

.120 



'·· SGS·THOMSON MK41H68/MK41H69(N,P) 
~ 1. ~~©lm©~[b~©'iJ'~@ffi!l~©~ -20/25/35 

• 20, 25, AND 35ns ADDRESS ACCESS TIME 
• EQUAL ACCESS AND CYCLE TIMES 
• 20-PIN, 300 MIL PLASTIC 
• ALL INPUTS AND OUTPUTS TTL COMPATI­

BLE, LOW CAPACITANCE, AND PROTECTED 
AGAINST STATIC DISCHARGE 

• 50!-LA CMOS STANDBY CURRENT (MK41 H68) 
• TTL STANDBY CURRENT UNAFFECTED BY 

ADDRESS ACTIVITY (MK41 H68) 
• 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 DIN Active 

L H Read Dour Active 

TRUTH TABLE (MK41H69) 

cs WE Mode DQ Power 

H X Deselect HighZ Active 

L L Write DIN Active 

L H Read Dour 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 ± 1 0 percent power 
supply. Both devices are fully TTL compatible. 

The MK41 H68 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 Vee voltage. 

The MK41 H69 Chip Select pin provides a high 
speed chip select access, allowing fast read cycles 
despite decoder delays. 

October 1989 

4K x 4 CMOS STATIC RAM 

PIN NAMES 

N 
DIP-20 

(Plastic Package) 

Ao - A11 - Address WE - Write Enable 

DQ0 - DQ3 - Data 1/0 GND- Ground 

Vee-+ 5 Volts 

CE - Chip Enable (MK41 H68) 

CS - Chip Select (MK41 H69) 

Figure 1 : Pin Connections. 

A4 1 20 Vee 

As 2 19 A3 

As 3 18 A2 

A., 4 17 A1 

Aa 5 16 A0 

Aa 6 15 DQ3 

A1D 7 14 D~ 

~. 8 13 DQ1 

* 9 12 DQ0 

GND 10 11 WE 

*CS= 41H69 ;CE=41H68 
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MK41H68/MK41H69(N,P)-20/25/35 

power can be further reduced to microwatt levels 
by raising the CE pin to the full Vee 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 IAA after the last address input signal 
is stable, provi®}g 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 
(leAl rather than the address. The state of the four 
Data 1/0 pins is controlled by the CE/CS, and WE 
control signals. The data lines may be in an indeter­
minate state at teL• but the data lines will always 
have valid data at tAA-

--~--·~--~--·"-~+----

READ CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C::5TA::570°C) (Vee = 5.0 V ± 10 percent) 

MK41H6X-20 

SYM PARAMETER MIN MAX 

IRe Read Cycle Time 20 

tAA Address Access Time 20 

teL Chip Enable to Low-Z (MK41H68) 7 

teL Chip Select to Low-Z (MK41H69) 5 

leA Chip Enable Access Time (MK41H6B) 20 

leA Chip Select Access Time (MK41H69) 10 

IRes Read Command Setup Time 0 

tRCH Read Command Hold Time 0 

toH Valid Data Out Hold Time 5 

lcz Chip Enable to High-Z (MK41H6B) 8 

lcz Chip Select to High-Z (MK41H69) 7 

lwEZ Write Enable to High-Z 8 
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MK41H6X-25 MK41H6X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

25 35 ns 1 

7 7 ns 2 

5 5 ns 2 

25 35 ns 1 
12 15 ns 1 

0 0 ns 

0 0 ns 
5 5 ns 1 

10 13 ns 2 

8 10 ns 2 

10 13 ns 2 



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 b~s with the concurrence of a low 
on WE and CE /CS. Therefor~ referenced to 
the latter occurring edge of CE/CS, or WE. 
FIGURE 3. WRITE-WRITE-WRITE-READ TIMING 

MK41H68/MK41H69(N,P)·20/25/35 

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 
mu~em~ valid toH after the rising edge of 
CE/CS or WE. 

DQ0 • DQ3-----f- VALID IN r----f- VALID IN -;1-------f<-~*------f_( VALID OUT ~ 

WRITE CYCLE TIMING 
AC ELECTRICAL CHARACTERISTICS 
(0°C:5TA:570°C) (Vee = 5.0 V ± 10 percent) 

MK41H6X-20 

SVM PARAMETER MIN MAX 

I we Write Cycle Time 20 

lAs Address Setup Time 0 

tAw Address Valid to End of Write 16 

tAH Address Hold after End of Write 0 

tcw Chip Enable/Select to End of Write 18 

twEW Write Enable to End· of Write 16 

los Data Setup Time 12 

toH Data Hold Time 0 

twEL Write Enable to Low-Z 5 

MK41H6X-25 MK41H6X-35 

MIN MAX MIN MAX UNITS NOTES 

25 35 ns 

0 0 ns 

20 30 ns 

0 0 ns 

22 32 ns 

20 30 ns 

14 15 ns 

0 0 ns 

5 5 ns 2 
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MK41H68/MK41H69(N,P)-20/25/35 

FIGURE 4. DATA RETENTION TIMING 

LOW Vee DATA RETENTION TIMING (MK41H6B) 

~---DATA RETENTION MODE----~ 

v 
cc Vcc(MIN)- -

cr-----J 
ov-------------

LOW V ec DATA RETENTION CHARACTERISTICS 
(O•C<TA<?O•C) - -

SYM PARAMETERS MIN MAX UNIT 

VoR Vee for Data Retention 

leeoR Data Retention Power Supply Current 

tcoR Chip Deselection to Data Retention Time 

tR Operation Recovery Time 

STANDBY MODE (MK41H6B Only) 

The MK41H68 is in Standby Mode whenever CE is 
held at or above VrH· 

FIGURE 5. STANDBY MODE TIMING 

I 

2.0 Vee (min) v 
- 50 pA. 

0 - ns 

tRe - ns 

\ 
1\'-------

SO%\ --- ---ACTIVE----- -17 
1\ 

STANDBY MODE 
AC ELECTRICAL CHARACTERISTICS 
(o·c~TA~?o•C) (Vee= 5.0 V ± 10 percent) 

STANDBY I 

MK41H6B-20 MK41H68-25 

SYM PARAMETER MIN MAX MIN MAX 

tpo Chip Enable High to Power Down 20 25 

tpu Chip Enable Low to Power Up 0 0 
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MK41H6B-35 

MIN MAX UNITS 

35 ns 

0 ns 

NOTES 

6 

6 

NOTES 



APPLICATION 

The MK41H68/9 operates from a 5.0 volt supply. It 
is compatible with all standard TIL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TIL devices. Additionally, because 
the outputs can drive rail-to-rail into high impedance 
loads, the 41H6819 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 

ABSOWTE MAXIMUM RATINGS• 

MK41H68/MK41H69(N,P)-20/25/35 

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 pF 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 TIL 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 pin relative to GND ....................................... -1.0 V to +7.0 V 
Ambient Operating Temperature (T A) .•...•................................... ooc to +70°C 
Ambient Storage Temperature (Plastic) .................................... -55°C to +125°C 
Ambient Storage Temperature (Ceramic) .................................. -65°C to +150°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current per Pin .......................................................... 50 rnA 
•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 operation.al 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 
(OOC:sTA:s70°C) 

SYM PARAMETER 

Vee Supply Voltage 

GND Supply Voltage 

viH Logic 1 Voltage, All Inputs 

v,L Logic 0 Voltage, All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C:STA:S70°C) (Vee= 5.0 V ± 10 percent) 

SYM PARAMETER 

lce1 Average Power Supply Current 

lee2 TIL Standby Current (MK41H68 only) 

leea CMOS Standby Current (MK41H68 only) 

IlL Input Leakage Current (Any Input Pin) 

loL Output Leakage Current (Any Output Pin) 

VoH Output Logic 1 Voltage (lour = -4 rnA) 

VoL Output Logic 0 Voltage (lour = +8 rnA) 

MIN TYP 

4.5 5.0 

0 0 

2.2 

-0.3 

MIN 

-1 

-10 

2.4 

MAX UNITS NOTES 

5.5 v 3 

0 v 

Vee+1.0 v 3 

0.8 v 3 

MAX UNITS NOTES 

120 rnA 4 

8 rnA 5 

50 pA 6 

+1 pA 7 

+10 pA 8 

v 3 

0.4 v 3 
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MK41H68/MK41H69(N,P)-20/25/35 

CAPACITANCE 
(TA = 25•c, f = 1.0 MHz) 

SYM PARAMETER 

c1 Capacitance on input pins 

c2 Capacitance on DQ pins 

NOTES 

1. Measured with load shown in Figure 6(A). 
2. Measured with load shown in Figure 6(8). 
3. All voltages referenced to GND. 
4. lcc1 is measured as the average AC current with Vee 

= Vee (max) and with the outputs open circuit. !cycle 
= min. duty cycle 100%. 

5. CE = VIH• All Other Inputs = Don't Care. 

AC TEST CONDITIONS 

TYP MAX UNITS NOTES 

4 5 pF 9 

8 10 pF 5,9 

6. Vee (max) 2:CE2:Vcc - 0.3 v, All Other Inputs = 

Don't Care. 
7. Input leakage current specifications are valid for all V1N 

such that o v <VIN <Vee· Measured at Vee = Vee 
(max). 

8. Output leakage current specifications are valid for all 
VouT such that o v <VouT<Vcc. CEJCS = viH and 
Vee in valid operating range. 

9. Capacitances are sampled and not 100% tested. 

Input Levels ............................................................. GND to 3.0 V 
Transition Times ................................................................. 5 ns 
Input and Output Signal Timing Reference Level ...................................... 1.5 V 
Ambient Temperature ....................................................... 0 oc to 70 oc 
V cc ............................................................... 5.0 V ± 10 percent 

FIGURE 6. OUTPUT LOAD CIRCUITS 

+5.0 v +5.0 v 

470 OHMS 470 OHMS 

DEVICE DEVICE 

UNDER 

l,.~. 
UNDER 

l.~. 
TEST TEST 

240 OHMS 240 OHMS 

-::: '-::- GND -:=:- GND 
- -

' INCLUDES SCOPE AND TEST JIG. 

(A) (B) 
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MK41H68/MK41H69(N,P}·20/25/35 

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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MK41H68/MK41H69(N,P)-20/25/35 

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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MK 

MK41 H68/MK41 H69(N, P)-20/25/35 

N 

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 

MK41 HSBN-20 20ns 20 Pin Plastic DIP o•c to 7o•c 
MK41 HSBN-25 25ns 20 Pin Plastic DIP o•c to ?o•c 
MK41 HSBN-35 35ns 20 Pin Plastic DIP o•c to ?o•c 
MK41 H69N-20 20ns 20 Pin Plastic DIP o•c to ?o•c 
MK41 H69N-25 25ns 20 Pin Plastic DIP o•c to ?o•c 
MK41 H69N-35 35ns 20 Pin Plastic DIP o•c to ?o•c 
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MK41 H68/MK41 H69(N,P)·20/25/35 

PACKAGE DESCRIPTION 

20 PIN "N" PACKAGE, PLASTIC DIP 

mm Inches 
Dim. Notes 

Min. Max. Min. Max. 

A 5.334 .210 2 

A1 0.381 .015 2 

A2 3.048 3.556 .120 .140 

B 0.381 0.533 .015 .021 3 

81 1.27 1.778 .050 .070 

c 0.203 0.304 .008 .012 3 

D 25.908 26.67 1.020 1.050 1 

01 1.524 1.905 .060 .075 

E 7.62 8.255 .300 .325 

E1 6.096 6.858 .240 .270 

e1 2.286 2.794 .090 .110 

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. 
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• 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 

• TIL STANDBY CURRENT UNAFFECTED BY 
ADDRESS ACTIVITY 

• SEPARATE OUTPUT ENABLE CONTROL 
• FLASH CLEAR FUNCTION 

DESCRIPTION 

The MK41 H78/79 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 Vee 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 operatioll.i§.provided on the MK41 H79 
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 

MK41 H78/79(N,P) 
-20/25/35 

4K x 4 CMOS STATIC RAM 

N 
DIP-22 

(Plastic Package) 

Figure 1 : Pin Connection. 

A• 1 22 Vee 

A, 2 21 A, 

9 As 3 20 A:! 
A, 4 19 A, 
Ag 5 18 Aa 
As 6 17 CUi* 

A,. 7 16 oo, 

An 8 15 002 

CE 9 14 oo, 
OE 10 13 oo. 

GHD 11 12 WE 

• Applies to MK41H79 only. 

PIN NAMES 

Ao - A11 - Address OE - Ouput Enable 

DOo - DOa - Data 1/0 WE - Write Enable 

CLR - Flash Clear GND- Ground 

CE - Chip Enable Vee-+ 5V 
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MK41 H78/MK41 H79(N,P)-20/25/35 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage' on any Pin Relative to GND - 1.0 to+ 7.0 v 
Ambient Operating Temperture (T A) 0 to 70 oc 
Ambient Storage Temperature (plastic) -55 to+ 125 oc 
Ambient Storage Temperature (ceramic) - 65 to +150 oc 
Total Device Power Dissipation 1 w 
Output Currrent per Pin 50 rnA 

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 DIN Active 

L L H H Read Dour Active 

L H H H Read HighZ Active 

L X L L Flash Clear HighZ Active 

L L H L Flash Clear LowZ Active 

L H H L Flash Clear High Z Active 

X = Don't Care 
• Applies to MK41H79 only. 

RECOMMENDED DC OPERATING CONDITIONS (0°C s TA S 70°C) 

Symbol Parameter 
Value 

Unit Notes 
Min_ Typ. Max. 

Vee Supply Voltage 4.5 5.0 5.5 v 3 

GND Supply Voltage 0 0 0 v 
VIH Logic 1 Voltage, All Inputs 2.2 Vee+ 1.0 v 3 

V1L Logic o Voltage, All Inputs - 0.3 0.8 v 3 

DC ELECTRICAL CHARACTERISTICS (0°C S T A s 70°C) 01 cc ~ 5.0V ± 10 percent) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

lcc1 Average Power Supply Current 120 rnA 4 

lcc2 TTL Standby Current 16 rnA 5 

lcca CMOS Standby Current 8 rnA 6 

IlL Input Leakage Current (any input pin) - 1 + 1 ).lA 7 

loL Output Leakage Current (any output pin) - 10 + 10 ).lA 8 

VoH Output Logic 1 Voltage (lour =- 4 rnA) 2.4 v 3 

VoL Output Logic o Vollage (lour = + 8 rnA) 0.4 v 3 
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MK41 H78/MK41 H79(N,P)-20/25/35 

CAPACITANCE (TA = 25°C, f = 1.0MHz) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Ct Capacitance on Input Pins 4 5 pF 9 

c2 Capacitance on DQ Pins 8 10 pF 9 

Notes : 1. Measured with load shown in figure 2(A). 
2. Measured with load shown in figure 2(8). 
3. All voltages referenced to GND. 
4. lcc1 is measured as the average AC current with Vee ~ Vee (max) and with the outputs open circuit. IRe ~ IRe (min) 
is used. 
5. CE ~ VJH, all other inputs ~ Don't Care. 
6. Vee (max) ;, CE ;, Vee - 0.3V, all other inputs ~ Don't Care. 
7. Input leakage current specifications are valid for all VJN such that OV < v,N < Vee. Measured at Vee ~ Vee (max). 
8. Output leakage current specifications are valid for all VoUT such that OV < VouT < Vee, CE ~ v,H and Vee in valid 

AC TEST CONDITIONS 

Input Levels ......................................................... GND to 3.0V 

Transition Times ..................................................... 5ns 
Input and Output Signal Timing Reference Level ............................. 1.5V 

Ambient Temperature ................................................. O"C to 70"C 

Vee ............................................................... S.OV ± 10 percent 

Figure 2 : Output Load Circuits. 

+S.OV 

4700HMS 

240 OHMS 

GND 

(A) 

30pF• 

• INCLUDES SCOPE AND TEST JIG. 

~ SCS-THOMSON A.""f/ li'iilOII:WJ@IlU©'ii'WJ@IIIJO©!il 

+5.0 v 

4700HMS 

240 OHMS 
SpF' 

GND 

(B) 
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MK41 H78/MK41 H79(N,P)-20/25/35 

OPERATIONS 

READ MODE 

The MK41 H?B/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 address input signal is 
stable, providing that the CE and_Q_E (o.!i!Qut Ena­
ble) access times are satisfied. If CE or OE access 
times are not met, data access will be measured 
from the limiting parameter (tcEA or toEA) rather than 
the address. The stat~ the fQ.l!LData 1/0 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. 

----o-1+----'nc __ ,...._ __ ..., 

AC ELECTRICAL CHARACTERISTICS (read cycle timing) 
(0°C $;TA $; 70°C) (Vee= 5.0V ± 10 percent) 

MK41H7X-20 
Symbol Parameter 

Min. Max. 

lrlc Read Cycle Time 20 

tAA Address Access Time 20 

!eEL Chip Enable to Low-Z 7 

lcEA Chip Enable Access Time 20 

loEL Output Enable to Low-Z 2 

loEA Output Enable Access Time 10 

IRes Read Command Setup Time 0 

tACH Read Command Hold Time 0 

loH Valid Data Out Hold Time 5 

lcEz Chip Enable to High-Z 8 

loEz Output Enable to High-Z 7 

twEZ Write Enable to High-Z 8 
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MK41H7X-25 MK41H7X-35 

Min. Max. Min. Max. 
Unit Notes 

25 35 ns 

25 35 ns 1 

7 7 ns 2 

25 35 ns 1 

2 2 ns 2 

12 15 ns 1 

0 0 ns 

0 0 ns 

5 5 ns 1 

10 13 ns 2 

8 10 ns 2 

10 13 ns 2 



WRITE MODE 

The MK41 H78/79 is 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, lAs is referenced to the latter oc-

Figure 4 : Write-write-write-read Timing. 

MK41 H78/MK41 H79(N, P)-20/25/35 

curring edge of CE or WE. The wri~yci§.J§. 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 loH after the rising edge of CE or WE. 

t..,--i---t..,-~-}.---t..,--,_ __ ""--------1 
A,·At1 

--,1.----~ i 

AC ELECTRICAL CHARACTERISTICS (write cycle timing) 
(0°C ::; T A ::; 70°C) (V cc = 5.0V ± 10 percent) 

MK41H7X-20 
Symbol Parameter 

Min. Max. 

twc Write Cycle Time 20 

lAs Address Setup Time 0 

lAw Address Stable to End of Write 16 

tAH Address Hold after End of Write 0 

lcEw Chip Enable to End of Write 18 

fwEW Write Enable to End of Write 16 

los Data Setup Time 12 

loH Data Hold Time 0 

twEL Write Enable to Low-Z 5 

MK41H7X-25 MK41H7X-35 

Min. Max. Min. Max. 

25 35 

0 0 

20 30 

0 0 

22 32 

20 30 

14. 15 

0 0 

5 5 

Unit Notes 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 2 
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FLASH CLEAR 

A Flash Clear cycle sets all 16,384 bits in the RAM 
to logic zero. A Clear b_ggjns at the concurrence of 
a low on Chip Enable (CE) and Flash Clear (QhR). 
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 (MK41 H79 only). 

A0 • A 11 LAST READ ADDRESS 

YmMIN 

1\'-------'/ 

CAUTION :Application of transient levels below VIH minimum on the CLR input during normal operation may result in par 
tial flash clear. 

AC ELECTRICAL CHARACTERISTICS (clear cycle timing) 
(0°C :nA:::; 70°C) (Vee= 5.0 ± 10%) · 

MK41H7X-20 
Symbol Parameter 

Min. Max. 

!Fcc Flash Clear Cycle Time 40 

IeEe Chip Enable Low to End of Clear 40 

TcLP Flash Clear Low to End of Clear 38 

lex Clear to Inputs Don't Care 0 

icR End of Clear to Inputs Recognized 0 

lcwx Clear to Write Enable Don't Care 0 

loHc Valid Data Out Hold from Clear 5 
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MK41H7X-25 MK41H7X-35 

Min. Max. Min. Max. 
Unit Notes 

50 70 ns 

50 70 ns 

48 68 ns 

0 0 ns 

0 0 ns 

0 0 ns 

5 5 ns 1 



STANDBY MODE 

The MK41 H78/79 is in Standby Mode whenever CE 
is held at or above ViH· 

Figure 6 : Standby Mode. 

lpo 

'cc 50% 

MK41 H78/MK41 H79(N,P)-20/25/35 

'-----STANDBY----.J 

AC ELECTRICAL CHARACTERISTICS (standby mode) 
(oac ~ TA ~ 70°C) (V cc = 5.0V ± 10 percent) 

Symbol Parameter 

lpo Chip Enable High to Power Down 

lpu Chip Enable Low to Power up 

APPLICATION 

The MK41 H78/79 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 41 H79 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 MK41 H79, 
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 

MK41H7X-20 MK41H7X-25 MK41H7X-35 

Min. Max. Min. Max. Min. Max. 
Unit Notes 

0 

20 25 35 ns 

0 0 ns 

placed next to each RAM. The capacitor should be 
0.1JlF or larger. A pull-up resistor is also recom­
mended for CLR on the MK41 H79. This will ensure 
that any low going system noise, coupled onto the· 
input, does not drive CLR below V1H 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
tion in 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 33n often prove most suitable. 
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MK41 H78/MK41 H79(N,P)-20/25/35 

NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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MK41 H78/MK41 H79(N,P)·20/25/35 

MK 

L_ Speed grade T ~L----5 --

Package Type 
N: Plastic DIP 

'---------------------- Device family and 
identification number 

~--------------------------------------------SGS~HOMSON 
prefix 

ORDER CODES 

Part Number Access Time Package Type Temperature Range 

MK41 H78N-20 20ns 22 Pin Plastic DIP ooc to 70°C 

MK41 H78N-25 25ns 22 Pin Plastic DIP ooc to 70°C 

MK41 H78N-35 35ns 22 Pin Plastic DIP ooc to 70°C 

MK41 H79N-20 20ns 22 Pin Plastic DIP ooc to 70°C 

MK41 H79N-25 25ns 22 Pin Plastic DIP ooc to 70°C 

MK41H79N-35 35ns 22 Pin Plastic DIP ooc to 70°C 
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MK41 H78/MK41 H79(N,P)-20/25/35 

PACKAGE DESCRIPTION 

22 PIN "N" PACKAGE PLASTIC DIP 

mm 
Dim. 

Min. Max. 

A 5.334 

A1 0.381 

A2 3.048 3.556 

B 0.381 0.533 

81 1.143 1.778 

c 0.203 0.304 

D 25.908 26.67 

01 0.254 0.635 

E 7.62 8.255 

E1 6.096 6.858 

e1 2.286 2.794 

eA 7.62 9.271 

~· AI _l 

-li-e 
L 3.175 

·Notes : 1. Overall length includes 01 0 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·TIIOMSON .. "!I llliiUCili@IWW1TIIil@ll'IUICIB 

Inches 

Min. Max. 
Notes 

.210 2 

.015 2 

.120 .140 

.015 .021 3 

.045 .070 

.0008 .012 3 

1.020 1.050 1 

.010 .025 

.300 .325 

.240 .270 

.090 .110 

.300 .365 

.125 
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• 4K x 4 SRAM WITH ON BOARD 4 BIT COMPA­
RATOR 

• 20, 22, 25, AND 35ns ADDRESS TO COMPARE 
ACCESS TIME 

• EQUAL ACCESS, READ AND WRITE CYCLE 
TIMES 

• FLASH CLEAR FUNCTION 
• 22-PIN, 300 MIL PLASTIC 

DESCRIPTION 
The MK41H80 is a member of SGS-THOMSON 
Microelectronics 4K x 4 CMOS Static RAM family 
featuring fully static operation requiring no external 
clocks or timing strobes. Cycle Time and Compare 
Access Time are equal. The MK41 HBO is powered 
by a single+ 5V ± 10% power supply and the inputs 
and outputs are fully TTL compatible. 

The MK41 HBO 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 pin or an active low miss on the MATCH pin. 
T~e MATCH pins of several MK41 HBO's can be nan­
ded together to provide enabling or acknowledging 
signals to the data cache or processor. 

Tag data 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-D03). 

Flash Clear operation is provided on the MK41 HBO 
via the (CLR) pin. A low applied to the CLR pin clears 
all RAM bits to a logic zero. 

PIN NAMES 

Ao- A11 Address Inputs 

DOo- D03 Data lnpuVoutput 

MATCH Comparator Output 

WE Write Enable 

OE Output Enable 

CLR Flash Clear 

Vee Power(+ SV) 

Vss Ground 

October 1989 

MK41 HBO(N) 
-20/22/25/35 

4K x 4 CMOS TAG RAM™ 

N 
DIP-22 

(Plastic Package) 

Figure 1 : Pin Connections. 

Plastic DIP 

A4 1 22 Vee 

As 2 21 A3 

As 3 20 A2 

A7 4 19 A1 

A a 5 18 Ao 

A9 6 17 CLR 

A1o 7 16 003 

A11 8 15 002 

OE 9 14 001 

WE 10 .13 DOo 

Vss 11 12 MATCH 
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MK41 HBO(N)-20/22/25/35 

Figure 2 : MK41 H80 Block Diagram. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter' Value Unit 

Voltage on any Terminal Relative to Vss - 1.0 to+ 7.0 v 
Operating Temperture T A (ambient) o to+ 70 oc 
Storage Temperature (ceramic) - 65 to+ 150 oc 
Storage Temperature (plastic) -55 to +125 oc 
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 
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MK41 HBO(N)-20/22/25/35 

RECOMMENDED DC OPERATING CONDITIONS (0°C s; TA s; 70°C} 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Vee Supply Voltage (referenced to Vss) 4.5 5.0 5.5 v 
Vss Ground 0.0 0.0 0.0 v 
VIH Input High {logic 1) Voltage, 2.2 Vee + 0.3 v 

All Inputs {referenced to Vss) 

V1L Input Low {logic 0) Voltage, -0.3 0.8 v 
All Inputs {referenced to Vss) 

DC ELECTRICAL CHARACTERISTICS (0°C s; T A s; 70°C) 01 cc = 5.0V ±1 0%) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Notes 

lcc1 Operating Current - Average Power Supply 120 rnA 1 
Operating Current 

I'lL Input Leakage Current, Any Input -1 1 JlA 5 

loL Output Leakage Current - 10 10 )lA 6 

VoH Output High (logic 1) Voltage 2.4 v 
Referenced to Vss ; loH =- 4mA 

VoL Output Low (logic 0) Voltage 0.4 v 
Referenced to Vss ; loL = + 8mA 

AC ELECTRICAL CHARACTERISTICS (0°C s; T A s; + 70°C} 01 cc = 5.0V ± 1 0%) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Notes 

c1 Capacitance on any Input Pin 4 5 pF 2 

c2 Capacitance on any Output Pin 8 10 pF 2 

AC TEST CONDITIONS 

Input Levels ..................................................................................................................... GND to 3.0V 

Transition Times .............................................................................................................. 5ns 

Input and Output Signal Timing Reference Level ............................................................ 1.5V 

Ambient Temperature ...................................................................................................... O'C to 70'C 

Vcc .................................................................................................................................. 5.0V ± 10 percent 
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MK41 HBO(N)-20/22/25/35 

Figure 3 : Output Load Circuits. 

+5V +5V 

470 470 
ohms ohms 

D.U.T. D.U.T. 

240 30 pF* 240 5 pF* 
ohms ohms 

*Includes scope and test jig. 

(A.) ( B.) 

Notes : 1. All voltages referenced to GNO. 
2. Measured with GNO s V s Vee. Outpu1s are deselected with exception to MATCH which is always enabled. 
3. Measured w1th load as shown in Figure 3A. 
4. Measured with load as shown in Figure 38. 
5. lcc1 measured with outputs open, Vee max, f = min. cycle. 
6. Output buffer is deselected. 
7. Capacitances are sampled, and not 100% tested. 

COMPARE, WRITE AND READ TIMING 
The MK41 HBO employs three signals for device 
control. The Write Enable (WE) pin enables a Write 
Cycle if low and eithet:.JLCompare 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 MK41 HBO begins a Compare Cycle with the ap­
plication of a valid addres:U§ee 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 toeA after valid Data ln. MATCH will then go in­
valid tAcH after the address changes. 
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The MK41 HBO starts a Write Cycle with stable ad­
dress~see figure 4). OE may be in either logic 
state. WE may fall with stable addresses, and must 
remain low until lAw with a duration of twEw. Data in 
must be held valid los before and toH after WE goes 
high. MATCH will be invalid during this cycle. 

The MK41 HBO begins a Read Cycle with stable ad­
dresses and WE high (see figure 4). DQ becomes 
valid IAA 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 throl!Qh data access may be accomplis­
hed by holding OE active low while...§!r.obing ad­
dresses Ao-A11, and holding CLR and WE high. The 
MATCH output will be invalid during the Read cycle. 



M K41 HBO(N)-20/22/25/35 

Figure 4 : Compare and Write Cycle. 

COMPARE CYCLE WRITE CYCLE 

t c _____ _..,,___ ____ t c --------+1 

ADDRESS VALID ADDRESS VALID 

OE 

t RCS 

WE 

TAG DATA VALID 

~''"'~--------~-D~_:_c~----------------------==::;k VALID COMPARE~~------------MATCH 

• AVOID METASTABLE INPUTS 

Avoid metastable inputs 

Figure 5 : Write and Read Cycle. 

WRITE CYCLE READ CYCLE 

tc ____ _..,,___ _____ t c --------+1 

ADDRESS VALID 

OE. 

MATCH 

• AVOID METASTABLE INPUTS 

Avoid metastable inputs 

t RCS 

ADDRESS VALID 

toEA--->j 

INVALID 

MKSSOCW 

MKSBOWR1 
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MK41 HBO(N)-20/22/25/35 

ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(ooc ::; TA ::; 70°C) (Vee = 5.0V ±1 0%) Units = ns 

- 20 
Symbol Parameter 

Min. Max. 

lc Cycle Time 20 

Ices Compare Command Set Up Time 7 

lccH Compare Command Hold Time 0 

~cs Read Command (WE) set Up 0 
Time 

~CH Read Command (WE) Hold Time 0 

lAs Address Set-up Time 0 

lAw Address Stable to End of Write 16 
Command (WE) 

IAH Address Hold Time after End of Write 0 

lwEW Write Command (WE) to End of Write 16 

los Data Set Up Time 12 

ioH Data Hold Time 0 

locA Data Compare Access Time 

1.4cA Address Compare Access Time 

IACH Address Compare Hold Time 5 

locH Data Compare Hold Time 3 

loEA Output Enable (OE) Access Time 

loH Valid Data Out (DQ) Hold Time 5 

IAA Address Access Time 

loEz Output Enable (OE) to High-Z 

loEL Output Enable (OE) to Low-Z 2 

lwEZ Write Enable (WE) to High-Z 

lwEL Write Enable (WE) to Low-Z 5 

APPLICATION 

The MK41 H80 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 MK41 HBO can also interface to 5 volt 
CMOS on all inputs and outputs. Refer to the nor­
malized performance curves that follow. 

The MK41 H80 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, a lo­
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-

12 

20 

10 

20 

7 

8 

- 22 - 25 - 35 

Min. Max. Min. Max. Min. Max. 
Notes 

25 25 35 

8 8 10 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

18 20 30 

0 0 0 

18 20 30 

13 13 14 

0 0 0 

15 15 20 3 

22 25 35 3 

5 5 5 3 

3 3 3 3 

10 12 15 3 

5 5 5 3 

22 25 35 3 

8 8 10 4 

2 2 2 4 

10 10 13 4 

5 5 5 4 

rator circuitry is always enabled, metastable data in­
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 VJH minimum specifications. 

Because high frequency current transients will be 
associated with the operation of the MK41 H80, 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. 

MK41 HSO(N)-20/22/25/35 

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 fromJQ)< 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 CLEAR CYCLE WRITE CYCLE 

I C ----.1-of----- I FCC tc 

ADDRESS VALID 

OE 

CLR 

WE 

D~· --------~ ~----~ ~--------------------~ ,------~ 

DOa' -----~ ~---~ ~-----------_J L----~ 

MATCH~~------------IN_V_AL_ID _____________ _ 

'AVOID METASTABLE INPUTS 
MKSBOCLR 

Avoid metastable inputs 

AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0°C::;; TA::;; 70°C) (Vee= 5.0V ±1 0%) Units= ns. 

- 20 - 22 - 25 • 35 
Symbol Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. 
Notes 

~cc Flash Clear Cycle Time 40 50 50 70 

lex Clear (CLR) to Inputs Don't Care 0 0 0 0 

feR End of Clear (CLR) to Inputs 0 0 0 0 
Recognized 

fcLP Flash Clear (CLR) Pulse Width 36 36 60 60 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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MK41 HBO(N)-20/22/25/35 

oc ---- 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 

MK41 HSON-20 20ns 22 Pin Plastic DIP oac to 70°C 

MK41 HBON-22 22ns 22 Pin Plastic DIP ooc to 70°C 

MK41 HSON-25 25ns 22 Pin Plastic DIP oac to 70°C 

MK41 HSON-35 35ns 22 Pin Plastic DIP oac to 70°C 

10/11 
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MK41 HSO(N)-20/22/25/35 

PACKAGE DESCRIPTION 

22 PIN "N" PACKAGE PLASTIC DIP 

mm Inches 
Dim. Noles 

Min. Max. Min. Max. 

A 5.334 .210 2 

A1 0.381 .015 2 

A2 3.048 3.556 .120 .140 

B 0.381 0.533 .015 .021 3 

81 1.27 1.778 .050 .070 

c 0.203 0.304 .0008 .012 3 

D 25.908 26.67 1.020 1.050 1 

01 0.254 0.635 .010 .025 

E 7.62 8.255 .300 .325 

E1 6.096 6.858 .240 .270 

e1 2.286 2.794 .090 .110 

eA 7.62 10.16 .300 .400 

L 3.048 .120 
-lh 

~ 
I I 

1---e.--1 

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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• 4K x 4 FAST HCMOS CACHE TAG RAM 
• 12, 15ns ADDRESS TO COMPARE ACCESS 
• EQUAL ACCESS, READJWRITECYCLETIMES 
• FLASH CLEAR FUNCTION 
• 22-PIN 300 MIL PLASTIC DIP 

24-PIN 300 MIL SOJ 

DESCRIPTION 

The MK41SaO is a member of SGS-THOMSON 
Microelectronics 4K x 4 CMOS Static RAM family 
featuring fully static operation requiring no external 
clocks or timing strobes. Cycle Time and Compare 
Access Time are equal. The MK41 SaO is powered 
by a single+ 5V ± 10% power supply and the inputs 
and outputs are fully TTL compatible. 

The MK41 SaO features an onboard 4 bit comparator 
that compares RAM contents and current input data. 
The result is an active high match on the MATCH pin 
or an active low miss on the MATCH pin. The 
MATCH pins of several MK41 SaO's can be nanded 
together to provide enabling or acknowledging si­
gnals to the data cache or processor. 
Tag data 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 
(DOo-D03). 

Flash Clear operation is provided on the MK41 SBO 
via the (CLR) pin. A low applied to the CLR pin clears 
all RAM bits to a logic zero. 

PIN NAMES 

Ao- A11 Address Inputs 

DQ0 - D03 Data 1/00.3 

MATCH Comparator Output 

OE Output Enable 

WE Write Enable 

CLR RAM Flash Clear 

Vee• Vss +5V, GND 

October 1989 

MK41 SSO(N,X) 
-12/15 

4K x 4 CMOS TAGRAM™ 
ADVANCED DATA 

22-Pin 
(300 MIL Plastic Dip) 

Figure 1 : Pin Connections. 

Plastic DIP 

A4 1 22 Vee 

As 2 21 A3 

As 3 20 A2 

A7 4 19 A1 

A9 5 18 Ao 

Ag 6 17 CLR 

A1o 7 16 003 

A 11 8 15 002 

OE 9 14 001 

WE 10 13 ooo 

Vss 11 12 MATCH 

300 MILSOJ 

A4 1 24 Vee 

As 2 23 A3 

As 3 22 A2 

A7 4 21 A1 

As 5 20 Ao 

A9 s 19 NC 

NC 7 18 CLR 

A10 8 17 003 

A 11 9 16 002 

OE 10 15 001 

WE 11 14 DOo 

Vss 12 13 MATCH 
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MK41S80-12/15 

Figure 2 : MK41 SBO Block Diagram. 

ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to Ground - 0.3to 7.0 v 
Operating Temperature 0 to 70 oc 
Storage Temperature -55 to+ 125 oc 
Power Dissipation 1 w 
Output Current 50 rnA . 
Stresses greater than those lrsted under "Absolute Maxrmum Ratrngs·· may cause permanent damage to the devrce. Thrs rs a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the opera· 
lion sectionsof this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time 

TRUTH TABLE (MK41SBO) 

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 
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MK41S80-12/15 

RECOMMENDED DC OPERATING CONDITIONS (0°G STA :5 70°G) 

Symbol Parameter Min. Max. Unit Notes 

Vee Supply Voltage 4.5 5.5 v 1 

Vss Supply Voltage, GND 0 0 v 1 

VIH Logic 1 All Inputs 2.2 Vee+ 0.3 v 1 

VIL logic 0 All Inputs -0.3 0.8 v 1 

DC ELECTRICAL CHARACTERISTICS (0°G :5 T A :5 70°G) (V cc = 5.0V ±1 0%) 

Symbol Parameter Min. Max. Unit Notes 

lcc1 Average Vee Power Supply Current 120 rnA 

I'1L Input Leakage Current, (Any Input) - 1 1 J.lA 2 

loL Output Leakage Current -10 10 J.lA 2 

VaH Output logic 1 Voltage 2.4 v 1 
(lour = - 4.0mA) 

VaL Output logic 0 Voltage 0.4 v 1 
(lour= S.OmA) 

AC ELECTRICAL CHARACTERISTICS (0°G :5 T A :5 + 70°G) 0/ cc = 5.0V ± 1 0%) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Notes 

c1 Capacitance on any Input Pin 4 5 pF 2 

c2 Capacitance on any Output Pin 8 10 pF 2 

AC TEST CONDITIONS 

Input Levels ..................................................................................................................... GND to 3.0V 

Transition Times .............................................................................................................. 1.5ns 

Input and Output Signal Timing Reference Level. ............................................................ 1.5V 

Ambient Temperature ...................................................................................................... o·c to 70"G 

Vcc .................................................................................................................................. 5.0V ± 10 percent 
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MK41S80-12/15 

Figure 3 : Output Load Circuits. 

+5V +5V 

470 470 
ohms ohms 

D.U.T. D.U.T. 

240 30 pF* 240 5 pF* 
ohms ohms 

* Includes scope and test jig. 

(A.) ( B.) 

Notes : 1. All voltages referenced to GNO. 
2. Measured w1th GNO s V s Vee. Outputs are deselected with exception to MATCH which is always enabled. 
3. Measured with load as shown in Figure ?A. 
4 Measured with load as shown in Figure ?B. 
5. lcc1 measured with outputs open, Vee max, I= min. cycle. 
6. Output buffer is deselected. 
7. Capacitances are sampled, and not 100% tested. 

COMPARE, WRITE AND READ TIMING 
The MK41 Sao employs three signals for device 
control. The Write Enable (WE) pin enables a Write 
Cycle if low and eitheC1L_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 MK41 SaO begins a Compare Cycle with the ap­
plication of a valid addres~ee 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 toeA after valid Data ln. MATCH will then go in­
valid tAcH after the address changes. 

4/11 
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The MK41 SaO starts a Write Cycle with stable ad­
dress~see figure 4). OE may be in either logic 
state. WE may fall with stable addresses, and must 
remain low until lAw 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 MK41 sao begins a Read Cycle with stable ad­
dresses and WE high (see figure 4). DO becomes 
valid tM after a valid address, and toEA after the fall 
of OE. DO outputs become invalid toH after the ad­
dress becomes invalid or toEz after OE is brought 
high. Ripple throlJQh data access may be accomplis­
hed by holding OE active low while~obing ad­
dresses Ao-A11, and holding CLR and WE high. The 
MATCH output will be invalid during the Read cycle. 



MK41S80-12/15 

Figure 4 : Compare and Write Cycle. 

COMPARE CYCLE WRITE CYCLE 

1------ t c --------+1-<------ t c ------+1 

ADDRESS VALID 

t RCS 

WE 

TAG DATA VALID 

~-'A0';8_t~_tD~AHC~----==* VALID COMPARE~'-------------MATCH 

'AVOID METASTABLE INPUTS MKSSOCW 

Avoid metastable inputs 

Figure 5 :Write and Read Cycle. 

WRITE CYCLE READ CYCLE 

t c ------+t------ t c ------->1 

ADDRESS VALID ADDRESS VALID 

OE 

WE 

DDa-
Do3' -----~ L--~--J L _______ _J ~~-----_J 

MATCH INVALID 

'AVOID METASTABLE INPUTS MKS80WR1 

Avoid metastable inputs 
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MK41S80-12/15 

ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0°C ~ TA ~ 70°C) (V cc = 5.0V ±1 0%) Units = ns 

Symbol Parameter 

lc Cycle Time 

Ices Compare Command Set Up Time 

lccH Compare Command Hold Time 

41cs Read Command {WE) Set Up Time 

41cH Read Command {WE) Hold Time 

!As Address Set-up Time 

tAw Address Stable to End of Write 
Command {WE) 

tAH Address Hold Time alter End ol Write 

twEW Write Command {WE) to End of Write 

los Data Set Up Time 

foH Data Hold Time 

toeA Data Compare Access Time 

tACA Address Compare Access Time 

tACH Address Compare Hold Time 

locH Data Compare Hold Time 

foEA Output Enable {OE) Access Time 

foH Valid Data Out {DQ) Hold Time 

tAA Address Access Time 

loEz Output Enable {OE) to High-Z 

foEL Output Enable {OE) to Low-Z 

twEZ Write Enable {WE) to High-Z 

twEL Write Enable {WE) to Low-Z 

APPLICATION 

The MK41 SSO 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 MK41 sao can also interface to 5 volt 
CMOS on all inputs and outputs. Refer to the nor­
malized performance curves that follow. 

The MK41 sao 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, a lo­
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-
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- 12 - 15 

Min. Max. Min. Max. 
Notes 

15 20 

5 6 

0 0 

0 0 

0 0 

0 0 

10 12 

1 1 

10 12 

10 12 

0 0 

8 10 3 

12 15 3 

2 2 3 

0 0 3 

8 10 3 

2 2 3 

15 20 3 

7 7 4 

0 0 4 

7 7 4 

1 1 4 

rator circuitry is always enabled, metastable data in­
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 VrH minimum specifications. 

Because high frequency current transients will be 
associated with the operation of the MK41 SBO, 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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FLASH CLEAR CYCLE 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 1 0 to 33 ohms often prove most sui­
table. 

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 fromjm( after CLR falls to teA 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. 

Figure 6 : Read-flash Clear-write Cycle. 

READ CYCLE CLEAR CYCLE WRITE CYCLE 

14----- t C -----*t---- t FCC tc 

ADDRESS VALID VALID ADDRESS VALID 

OE 

CLR 

WE 

~ ''"' r- 'OEZ1 I'" ''" ~~: ------rDATA OUTi------------r DATA IN t= 
MATCH~-----------1-NV_A_L_ID ____________ _ 

• AVOID METASTABLE INPUTS 
MKSBOCLR 

• Avoid metastable inputs 

AC ELECTRICAL CARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(0°C ~ TA ~ 70°C) (Vee= 5.0V ±1 0%) Units= ns. 

-12 -15 
Symbol Parameter 

Min. Max. Min. Max. Notes 

qocc Flash Clear Cycle Time 50 50 

lex Clear (CLR) to Inputs Don't Care 0 0 

feR End of Clear (CLR) to Inputs 0 0 
Recognized 

fcLP Flash Clear (CLR) Pulse Width 35 35 

Jll...-.'/ SliS·THDMSDN 
'JJ ~UICil\l@llJ!.Jre1lliil@OOUI:I! 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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NORMALIZED DC AND AC PERFORMANCE CHARACTERISTICS 
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Speed grade 

L_ _______ Package Type 
N : Plastic Dip 

'----------------- Device family and identification 
number 
SGS-THOMSON 

L_ __________________ prefix 

ORDER CODES 

Part Number Access Time Package Type Temperature Range 

MK41S80N12 12ns 300 MIL Plastic DIP ooc to 70°C 

MK41S80N15 15ns 300 MIL Plastic DIP ooc to 70°C 

MK41S80X12 12ns 300 MIL Plastic SOJ ooc to 70°C 

MK41S80X15 15ns 300 MIL Plastic SOJ ooc to 70°C 

10/11 
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PACKAGE DESCRIPTION 

22 PIN "N" PACKAGE PLASTIC DIP 

mm Inches 
Dim. 

Min. 

A 

A1 0.381 

A2 3.048 

B 0.381 

81 1.27 

c 0.203 

D 25.908 

01 0.254 

E 7.62 

E1 6.096 

e1 2.286 

eA 7.62 

L 3.048 
--lh 

£31 
I I 

1--A----l 

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. 

r== SliS•THOMSON A."'! I lr\IJO!:IiJ@~~~@llllil@llilO©® 

Max. Min. 
Notes 

Max. 

5.334 .210 2 

.015 2 

3.556 .120 .140 

0.533 .015 .021 3 

1.778 .050 .070 

0.304 .0008 .012 3 

26.67 1.020 1.050 1 

0.635 .010 .025 

8.255 .300 .325 

6.858 .240 .270 

2.794 .090 .110 

10.16 .300 .400 

.120 
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MK4202(Q)-20/22/25 

2048 x 20 CMOS TAGRAM™ 

• 2048 x 20 CMOS SRAM WITH ONBOARD 
COMPARATOR 

• MATCH ACCESS TIME = 20ns (max) 
• READ ACCESS TIME = 25ns (max) 
• RESET CYCLE = 25ns (max) 
• Icc (outputs deselected) = 250mA (max) 
• STANDBY= SOmA (max) 
• FLASH CLEAR VALID BIT FUNCTION 
• TARGET APPLICATION: 
• 68020-25, 68030-33 AND 80386 CACHE 

Figure 1 : Pinout for 68 Pin PLCC Package. 

P, P, P1 P, E3 E2 E1 E1 Vee A0 A1 A2 A3 A4 A5 A, Vss 

09 DB 07 06 05 04 03 02 01 68 67 66 65 64 63 62 61 -
RS 10 60 

'= 11 59 

coo, 12 58 

on, 13 57 

v ... 14 56 

DO, 15 55 

oo, 16 54 

'= 17 53 

oo. 18 lUP VIEW 52 

DO, 19 51 

v ... 20 50 

on, 21 49 

DO, 22 48 

'a:a 23 47 

on, 24 46 

DO, 25 45 

v ... 26 44 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 

A, A, A, c '•• w S Vss M1 if, CG1 M1 1f, CG0 V"" C1 c, 

October 1989 

A,. 

'= 
oo., 
on,. 

VSSD 

DO., 

on,. 

veta 
D015 

OOM 

'ssa 
0013 

DOIZ 

'em 
on11 

DO,. 

VSSD 

Q 
PLCC68 

(Plastic Chip Carrier) 

PIN NAMES 

Vee, Vss + 5V Supply, Ground 
Vcca, Vssa + 5V Output Supply, 

Cutout Ground 
Ao-A•o Index Address lnout 
CDOo Clearable Tao Data 110 
DQ1 -DQ1g Tao Data 110 
Eo-E3 Chip Enable 

~pragram"::ible active 
ow or high 

Po-P3 Chip Enable Program 
In outs 

115 Reset Input (active low) 
s I fhiC, Sele~~ Input 

ac 1ve low 
w I rrite Ena~~e 

active low 
G I pata Out~lt Enable 

active low 
Co Compare 0 Output 

~-state) 
it = Hlah, Miss = Law 

c, Compare 1 Output 
~-state) 

it = Hiah, Miss.= Low 
Ho I r,orce hit~) Input 

active low 
HI I r.orce hit J11nput 

active low 
Mo r,orce Mis~ 0 Input 

active low 
Ml ~orce Mis~ 1 Input 

active law 
CGo Compare 0 Output 

Enable .. i"active lowi 

CG• Compare 1 Output 
Enable'"{active lowi 
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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 TAG RAM has four major features that 
allow direct connection : 

1. Wide enough for almost any TAG RAM 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 Vee 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 = 011 0.) 

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 

TRUTH TABLE (MK4202Q) 

RS 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Lo 

Lo 

Lo 

Lo 

Lo 

Lo 
Key: 

s E 

- X 

- X 

- X 

X F 

X T 
X T 

Hi T 

Hi T 

Lo T 

Lo T 

Hi X 
X F 

X X 

X X 
Lo T 

X T 
X = Don't Care 

Hx =Ho ort=i, 
Mx = Mo arM, 

CG, = CGo oi'CG, 

w G Mx 

- - Lo 

- - Hi 

- - Hi 

X X Hi 

Hi Hi Hi 

Hi Hi Hi 

Lo X Hi 

X Lo Hi 

Lo X Hi 

Hi Lo Hi 

X X -

X X -
Hi Hi -
Hi Lo -
Lo X -
Hi Hi Hi 

Hx 

X 

Lo 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

Hi 

-

-

-
-
-
Hi 

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 C1) and 
FORCED HIT (Rii and H1) and FORCED MISS 
(Mo and M1) inputs for each. The arrangement 
allows direct connection of the TAG RAM 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 TAG RAM ; 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 
1 Ons 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. 

CGx Mode Cx DQ Notes 

X 

X 
Hi 

X 

Hi 

Lo 

Lo 

Lo 

Lo 

Lo 

-
-
-
-
-
Lo 

Force Miss Low - 1 

Force Hit High - 1 

Camp Disable Hi-Z - 1 

Standby Hi-Z Hi-Z 

Compare Hi·Z Din 

Compare Hi or Lo Din 

Hit High Hi·Z 

Hit High Hi-Z 

Write High Din 

Read High DOut 

Reset - Hi·Z 

Reset - Hi-Z 

Reset - Hi-Z 

Reset - Lo·Z 

Not Allowed - Hi-Z 2 

Reset Lo Din 3 
Notes : 1. Force hit/miSs operations mdependent of 

other RAM operations. 
2. May disrupt Reset, will not damage 

device. 
F = (False) Eo·E, pattern DOES NOT match Po·P, pattern. 
T = {True) Eo·E, pattern DOES match p,.p, pattern. 

3. Reset will force Cx low during a valid 
compare when CDOo is D1N = HIGH. 

- = Not related to identified mode of operation. 
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Figure 2 : MK4202 Block Diagram. 

1 
I As eumR I 

! 
MEMORY CElL 

MATRIX314 

A7 ..... A 10 

MK4202(Q) -20/22/25 

1-----.c, 

20 

DO 
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Figure 3 : Device Logic Symbol. 

P, P, Pz P, AS" 

A, coo, 
A, oa, 
A, oa, 
A, oa, 
A, oo, 
A, oo, 
As oa6 

A, oo, 
A, no, 

A, MK4202 oa, 
LOGIC SYMBOL 
(68 PIN PLCC) oa,0 

oo, 
oo, 
DQ13 

oo,. 
oo,. 
oo,. 
oo, 
oo,. 

ii OQ19 

c, H. ... c, 
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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 Vee and Vss 
lines to the output drivers. The advantage provided 
by these separate power pins, designated Vcco and 
Vssa, 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 are-

Figure 4 : Application Block Schematic. 

I p = 0001 

p = 0000 

11 
INDEX Ao Alo 

1 
INDEX E,E, 

19 
TAG oa1 oa19 

VAUD coa0 

SELECT ~ s 

WRITE w 
READ G 

BUS ERR ii,; 

HALT M, 

H. 

H, 

-- cG. 

~ CG1 

c 0 

c, 

MK4202(Q) -20/22125 

suit, 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 Vee 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 SPE?Ci­
fications and testing are done with Vss = Vssa 
± 10mV RMS, Vee= Vcca± 10mV RMSwith instan­
taneous peak differences not exceeding 50mV. 

32 BIT pP 

vee 
9 

~ 
~ 

c·n 
BEAR 

c,l 
HALT 

~ <:. 
~ 

$> 
cc 

~ SCS-ntDMSDN 
6. ""!I ~Uillli@mii.Irelllil@ll!Uil$ ' 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to Vss -0.3 to7.0 v 

Ambient Operating Temperature (TAl o to 70 oc 
Ambient Storage Temperature (plastic) -55 to 125 oc 
Total Device Power Dissipation 2.5 Watts 

RMS Output Current per Pin 25 rnA . 0 0 Stresses above those listed under ''Absolute Maximum Ratmgs" may cause permanent damage to the device. Th1s IS a stress ratmg 
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. Exp_osure to absolute maximum rating conditions for extended periods may affect device reliability. 

RECOMMENDED DC OPERATING CONDITIONS (TA = 0 to 70°C) 

Symbol Parameter 
Value 

Min. Typ. 

Vee Supply Voltage 4.5 5.0 

Vss Supply Voltage, GND 0 0 

v,H Logic 1 All Inputs 2.2 

v,L Logic 0 All Inputs -0.3 
Note : All voltages referenced to Vss. 

DC ELECTRICAL CHARACTERISTICS (TA = 0 to 70°C, Vee=± 10%) 

Symbol Parameter 
Min. 

Icc Average Power Supply Current 

iccA Active Power Supply Current (f = 0) 

ise1 TTL Standby Current 

ilL Input Leakage Current - 1 

loL Output Leakage Current - 10 

VoH Logic 1 Output Voltage (lour = - 4mA) 2.4 

VoL Logic 0 Output Voltage (lour = 8mA) 
Notes : 1. Measured With outputs open. Vee max. 

2. Measured with V1N = O.OV to Vee. 
3. Measured at COCo, OQ,-DQ,o, Co and c,. 
4. All voltages referenced to Vssa. 
5. Inputs (Po-P3) require V1H min. = 4.5 volts and V1L max. = 0.5 volts. 
6. Sampled, not 100% tested. Measured at 1 MHz. 
7. Measured at all data I/O's, Co and c,. 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Symbol Parameter 

c, Input Capacitance 

Co Output Capacitance 

6/19 
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Min. 

4 

8 

L ... ., SGS·1HOMSON 
'I' ~OCMiru!.liC'illii@IIIJOIC$ 

Value 

Typ. 

Value 

Typ. 

Unit Notes 
Max. 

5.5 v 

0 v 

Vee+ 0.3 v 5 

0.8 v 5 

Unit Notes 
Max. 

250 rnA 1 

200 rnA 1 

50 rnA 1 

+ 1 !!A 2 

+10 f1A 3 

v 4 

0.4 v 4 

Max. 
Unit Notes 

4 pF 6 

10 pF 6.7 
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AC TEST CONDITIONS 
Input Levels ................................................................................................................. GND to 3V 

Transition Time ........................................................................................................... 5ns 

Input and Output Timing Reference Level ................................................................... 1.5V 

Ambient Temperature ..... , ............................................................................................ o· to 7o·c 
Vcc .............................................................................................................................. S.OV± 10% 

Figure 5 : Equivalent Output Load Circuit. 

+5V +5V 

470 OHMS 470 OHMS 

OUT ___ .,_ ____ ___, 
OUT 

240 OHMS 
30pf• 

240 OHMS Spf• 

Vss 

(A) (B) 

• Includes scope and test JIG. 

READ MODE 
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-Es) 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 tAvov of the last 
stable address provided Chip Enable, Chip Select 

(S), and Output Enable (G) access times have been 
met. If Chip Enable, S, or G access times are not 
met, data access will be measured from the latter fal­
ling edge or limiting parameter (tEvov, tsLOv, or 
tGLov). The sta~ Q!. the t~ data 1/0 pins is controlled 
by the (Eo-Es), S, G, and W input pins. The data lines 
may be indeterminate at tEvox, ortsLox, or tGLOX, but 
will always have valid data at tAvov. 
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ELECTRICAL CHARACTERISITCS AND RECOMMENDED AC OPERATING CONDITIONS 
(read cyle timing) (ooc s; TA s; 70°C) (Vee= 5.0 ± 5%) 

STD ALT Parameter 
- 20 - 22 - 25 

Symbol Symbol Min. Max. Min. Max. Min. Max. 

!AYAY tc Cycle Time 25 25 30 

!AYQY tAA Address Access Time 25 25 30 

tAX ax !AOH Address Output Hold Time 5 5 5 

!AEQY ~A Chip Enable Access Time 25 25 30 

~XQX ~OH Chip Enable Output Hold Time 4 4 4 

~vox !ELZ Chip Enable TRUE to Low-Z 4 4 4 

tExoz ~HZ Chip Enable FALSE to high-Z 8 8 10 

tsLov tsA Chip Select Access Time 15 15 18 

IsH ax !soH Chip Select Output Hold Time 2 2 2 

tsLox tsLZ Chip Select to Low-Z 3 3 3 

tsHoz lsHZ Chip Select to High-Z 4 4 6 

~LOY ~A Output Enable Access Time 13 13 15 

~HQX ~OH Output Enable Output Hold Time 2 2 2 

~LOX ~LZ Output Enable to Low-Z 2 2 2 

~HQZ ~HZ Output Enable to high-Z 5 5 8 

Figure 6 : Read Cycle. 
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Figure 7 :Address Read Cycle.' 

Figure 8 : Chip Enable Read Cycle. 

Eo-E, 
\.'( TRUE CHIP ENABLE PATTERN 

\{ 
Jl\ J'r\. 

~~ 
-- 'oaz t-
-•a~#= 

oa DATAOUT --

Figure 9 : Chip Select Read Cycle." 

oa DATA OUT 

Figure 10: Output Enable Read Cycle. 

DO 
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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 tsLSH 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 twHox or tsHox 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 twLHZ of its falling edge. 

ELECTRICAL CHARACTERISITICS AND RECOMMENDED AC OPERATING CONDITIONS 
(write cycle timing) (0°C :;:; TA :;:; 70°C) (V cc = 5.0 ± 1 0%) 

STD ALT 
Parameter 

- 20 - 22 - 25 Units Notes Symbol Symbol Min. Max. Min. Max. Min. Max. 

IAVAV tc Cycle Time 25 25 30 ns 

IAVWL lAs Address Set-up Time to W LOW 0 0 0 ns 

twHAX IAH Address Hold Time from W HIGH 0 0 0 ns 

IAVSL lAs Address Set-up Time to S LOW 0 0 0 ns 

IsH AX IAH Address Hold Time from s HIGH 0 0 0 ns 

levwL les Chip Enable Set-up Time to W LOW 3 3 3 ns 

lwHEX leH Chip Enable Hold Time from W HIGH 0 0 0 ns 

levsL les Chip Enable Set-up Time to S LOW 3 3 3 ns 

tsHEX leH Chip Enable Hold Time to S HIGH 0 0 0 ns 

lwLWH lww Write Pulse Width 15 15 18 ns 

lsLSH lsw Chip Select Pulse Width 16 16 20 ns 

lovwH los Data Set-up Time toW HIGH 12 12 
~ 

15 ns 

IWHDX loH Data Hold Time from W HIGH 0 0 0 ns 

lovsH los Data Set-up Time to S HIGH 12 12 15 ns 

IsH OX loH Data Hold Time from S HIGH 0 0 0 ns 

twLOZ lwz Outputs Hi-Z from W.LOW 8 8 10 ns 

IWHoX twL Outputs Law-Z from W HIGH 5 5 5 ns 
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Figure 11 : W Write Cycle. 

t/C'/AY 

ADDRESS \V VALID ADDRESS I 
J 

- 1AVWL lw..u -
J '- ~~·~·M~~~t=---------1 f.o-o-----lwLwH-----+j 

DQ 

Figure 12 : S Write Cycle. 

ADDRESS---=r 
VALID ADDRESS 

TRUE CHIP ENABLE PATTERN 

oa ----+~-DATA~.. ~ r 
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COMPARE MODE 

The MK4202 is in the Compare mode whenever W 
andG are HIGH provided a true Chip Enable (Eo-E3) 
pattern is applied. Chip Select (S) is reguarded as 
a don't care since the user is not concerned with the 
data out~s. bu!_Q_nly 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-A1o) define a unique 
location in the static RAM array. The data presented 
on the Data Inputs (D01-D019 and CDOo) 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 tovcv 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 tEvcv 
from true Chip l;nable. When e.xecuting a write-to­
compare cycle (W =LOW, and G =LOW or HIGH), 
Cx will be valid lwHcv or tGHcv from the latter rising 
edge of W or G respectively. Finally, when gating the 
Cx output in the compare mode with CGx, the com­
pare output will be valid tcGL-cv from the falling edge 
of CGx. 

ELECTRICAL CHARACTERISTIC$ AND RECOMMENDED AC OPERATING CONDITIONS 
(compare cycle timing) (ooc:::: TA:::: 70°C) (Vee= 5.0 ± 1 0%) 

STD ALT Parameter - 20 - 22 - 25 Units Notes 
Symbol Symbol Min. Max. Min. Max. Min. Max. 

tAvcv tACA Address Compare Access Time 20 22 25 ns 

tAXcx tACOH Address Compare Output Hold Time 5 5 5 ns 

lovcv IncA Tag Data Compare Acccess Time 16 18 20 ns 

~xcx locH Tag Data Compare Hold Time 2 2 2 ns 

twLCH twcH W LOW to Compare HIGH 10 11 12 ns 

tWHcx twcoH W Compare Output hold Time 3 3 3 ns 

twLCX twLCZ W to Compare HOLD 3 3 3 ns 

twHCV lwcv Wto Compare Valid 10 10 12 ns 

'<JLCH '<lcH GLow to Compare HIGH 10 11 12 ns 

'<lHcx icGOH G Compare Output Hold Time 3 3 3 ns 

'<JLCX '<JLCZ G to Compare to HOLD 3 3 3 ns 

'<JHCV '<lev G to Compare Valid 10 10 12 ns 

levc'il lee A E True to Compare Access Time 20 22 25 ns 

lex ex lecoH E False Compare Hold Time 4 4 4 ns 

lev ex lecLZ E True to Compare Low-Z 4 4 4 ns 

lexcz fee HZ E False to Compare high-Z 8 8 10 ns 

icGL·CV icGA CGx to Compare Access Time 8 8 10 ns 

icGH-CX icGOH CGx Compare Hold time 2 2 2 ns 

icGL·CX icGLZ CGx LOW to Compare low-Z 2 2 2 ns 

icGH-CZ leG HZ CGx HIGH to Compare High-Z 8 8 10 ns 
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Figure 12: Summary Compare Cycle. 

tAVAV 

ADDRESS \I 
_j 

VALID ADDRESS 
{ 

J\ 

--- '•vcv ~ - IAXcx r-
\.1 TRUE CHIP ENABLE PATTERN FALSE CHIP ENABLE 

1\ _j 

-- '•vcv F - !EX~ 1-- ....,. - lEX<*~ 

DQ v DATA IN \ ... 
1\ J 

- IIM:V I - toxc:x H-
' J~ 1\ _j 

- lccl~ ~ -- 'cGL-cx f--j -- 1cxlH.cx ---'--

HIT/MISS VALID 

Note :Wand G are both assumed to be HIGH. 
Hx and Mx are both assumed to be HIGH. 

Figure 13 : Compare Cycle.' 

ADDRESS VALID ADDRESS '\ ~ VALID ADDRESS 

-----------------------J~~---------------------------------- 1AXCX 

oa J .~ ~·" =1 1oxa I..,,. ....... ___ 

DATA IN 

VALID HIT/MISS \If\(_ VALID HIT/MISS 

----------------------------J~~~-----------

Note: Wand G are both HIGH-;GGx is LOW, and a true Chip Enable pattern is present. Hx and Mx are both assumed to be HIGH. 
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RESET MODE 
The MK4202 allows an asynchronous reset whenever 
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 13. reset cycle (W = LOW, S =LOW, RS =LOW, 
and Chip Enable is true). The state of the data outputs 
is det§_r'~ned bl_!he 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 bit is set to a logic (1), then Cxwill go LOW at!RsL­
CL from the falling edge of RS. 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(reset cycle timing) (0°C::; TA::; 70°C} (Vee= 5.0 ± 1 0%) 

STD ALT Parameter 
Symbol Symbol 

~LSL-AV ~sc Reset Cycle Time 

~SL-ASH ~SW Reset pulse Width 

~SL-CL tRSCL RS LOW to Compare Output LOW 

~SH-AV ~SR Address Recovery Time 

~SH-EV ~SR Chip Enable Recovery Time 

FORCE HIT AND FORCE MISS 
The MK4202 can force either a miss or hit condition 
on the Cx output by asserting Mx or Hx LOW. A Force 
Miss overrides a Force Hit condition and is not de­
pendent upon Compare Output Enable (C{3X) (see 

- 20 - 22 - 25 
Units Notes 

Min. Max. Min. Max. Min. Max. 

20 25 30 ns 

25 25 30 ns 

25 25 30 ns 

0 0 0 ns 

0 0 0 ns 

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::; TA::; 70°C) (Vee= 5.0 ± 1 0%) 

STD ALT Parameter 
- 20 - 22 - 25 Units 

Symbol Symbol 
Notes 

Min. Max. Min. Max. Min. Max. 

ltiLCH ltiA H x to Force Hit Access Time 8 8 10 ns 

ltiHCZ ltiHZ Hx to Compare High-Z 5 5 8 ns 

ltiL-cGX !tis Force hit to CG xdon't care 2 2 2 ns 

ltiH-cGH ltiR Force hit to CG x recognized 2 2 2 ns 

4JLCL 4JA Mx to Force Miss Access Time 8 8 10 ns 

4AHcz 4JHz Mx to Compare to high-Z 5 5 8 ns 

tML-CGX 4Js Force Miss to CG xdon't care 2 2 2 ns 

4JH-CGH 4JR Force Miss to CG xRecognized 2 2 2 ns 

4JLHX 4JHS Force Miss to H xdon't care 2 2 2 ns 

4JHHH 4JHR Force Miss to H xRecognized 2 2 2 ns 

14/19 

208 



MK4202(Q) -20/22/25 

Figure 14 : Reset Cycle.' 

ADDRESS VALID ADDRESS 
------------------/1 

IEVWL 

-=~ r----------------------------

b d'sHox 
'wHoX 

'nvs 
IDVWH 

DQ DATA IN 

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. 

=};~--j 

VAUO COMO'A"' ·~ ~--------___ :..._ _____________ __ 

Note : CDOo is presumed to be HIGH. 
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Figure 16 : Force Hit and Force Miss.· 

I 

~ ~ IHLCH 

t,.,r;z -- IMHCZ 

YoH 
VALID HIT VALID MISS 

Figure 17 : Late Write - Hit Cycle.' 

TRUE CHIP ENABLE PATTERN 

-~~fl 
'---.:..__ ____ J 

~=r 

HIT 

Note : G is HIGH and a Valid Address is preseii[Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 18 : Compare- Write Hit- Compare Cycle.' 

HIT COMPARE 

Note : G Is HIGH and a Valid Address is preseiil, Hx and Mx are both assumed to be HIGH, with CGx LOW, with CGx LOW. 

Figure 19: Late Read- Hit Cycle. 

TRUE CHIP ENABLE PATTERN 

r 'acz ~~ 
'excx r----

HIT 

Note : W is HIGH and a Valid Address is present,Hx and Mx are both assumed to be HIGH, (w~hCGx LOW.) 
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Figure 20 : Compare - Read Hit - Compare Cvcle.' 

VALID COMPARE HIT 

Note : W is HIGH and a Valid Address is preseiit, Hx and Mx are both assumed to be HIGH, with CGx LOW. 

Figure 21 : Early Write - Hit Cycle.' 

Note : G is HIGH and a Valid Address Is present, with (Eo- E3) = True. Hx and Mx are both assumed to be HIGH. 

Figure 22 : Early Read - Hit Cycle. 

L.=.1 -f.~ ~ 
-----.) ·~~ ~ t--~ } 
____________ v_DH_r HIT ~'-1-..._ ____ _ 

Note : W is HIGH and a Valid Address is present, with (Eo- E3) =True. Hx and Mx are both assumed to be HIGH. 
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ORDER CODE 

Part Number Access Time Cycle Time 

MK4202(Q)-20 20ns 25ns 

MK4202(Q)-22 22ns 25ns 

MK4202(Q)-25 25ns 30ns 

PACKAGE DIMENSIONS. 

MK4202(Q) -20/22/25 

Package Type 

68 Pin PLCC 

68 Pin PLCC 

68 Pin PLCC 

0 661 
0,812 

0331 
0,533 

68 Outputs 
Sort1es 

Temperature 

ooc to 70°C 

ooc to 70°C 

ooc to 70°C 
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FEATURES 

• 16K x 4 FAST CMOS CACHE TAGRAM 
• 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 

MK44S80(N,X) 
-15/17/20 

65,536-BIT FAST CMOS 
16 K X 4 CACHE TAGRAM1M 

ADVANCE DATA 

PIN CONNECTION 

24-Pin DIP or SOJ 

Ao 1 24 Vee 

A1 2 23 A13 

A2 3 22 A12 

A3 4 21 A11 

A4 5 20 A1Q 

As 6 19 A9 
As 7 18 CLR 

A7 8 17 DQ3 

As 9 16 DQ2 

OE 10 15 DQ1 
WE 11 14 oao 

Vss 12 13 MATCH 

MK44S80 TRUTH TABLE 

WE OE CLR MATCH MODE 
H H H Valid Compare 

L X H Invalid Write 

H L H Invalid Read 

X X L Invalid Clear 

PIN NAMES 

A:J-A1s Address Inputs 

DQo-DO:J Data 1/0o-3 
MATCH Comparator Output 

OE Output Enable 

WE Write Enable 
CLR Ram Flash Clear 

Vcc,Vss +5V, GND 

1/2 
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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 is in 
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 operation~re performed with 
Write (WE) and Output (OE) Enable inputs. Ad­
ditionally, the deviqQ_Q!"ovides a Flash Clear 
operation via the CLR pin. 

When a low level (ViL) 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 (DOo -
003). 

GENERAL CACHE SUB SYSTEM BLOCK DIAGRAM 

~ L TAGRAM [ CACHE [/-
DRAM 

'------v AID L______y- A D f'v--
----1 

MATCH DATA MAIN 
PROCESSOR VALID Jj RAM MEMORY y ~ WAIT CONTROL 

CONTROL '\~ CONTROL 
A_ 

D D 
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• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 512 x 9 ORGANIZATION 
• LOW POWER HCMOS TECHNOLOGY 
• ASYNCHRONOUS AND SIMULTANEOUS 

READ/WRITE 
• BIDIRECTIONAL APPLICATIONS 
• FULLY EXPANDABLE BY WORD WIDTH OR 

DEPTH 
• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HIGH PERFORMANCE 

Part No Access Time R/W Cycle Time 

MK4501-65 65ns SOns 

MK4501-80 SOns 100ns 

MK4501-10 100ns 120ns 

MK4501-12 120ns 140ns 

MK4501·15 150ns 175ns 

MK4501-20 200ns 235ns 

Figure 1 : Pin Connections. 

w 1 28 Vee 
D8 2 "n D4 

D3 3 26 D5 

02 4 25 D6 

01 5 24 D1 

DO 6 23 FURT 

Xi 7 22 RS 

FF 8 21 EF 
00 g 20 xo 
01 10 19 07 

02 11 18 06 

03 12 17 05 

Q8 13 16 D4 
GHD 14 15 ii 

October 19S9 

. MK4501 (N,K) 
-65/80/1 0/12/15/20 

512 x 9 CMOS BiPORT FIFO 

N 
DIP-28 

(Plastic Package) 

PIN NAMES 

w =Write 

R =Read 

RS =Reset 

FURT = First Load/ 
Retransmit 

D =Data In 
Q =Data Out 

a 0 I~ 
u 3 
z > 

ADVANCE DATA 

K 
PLCC32 

(Plastic Chip Carrier) 

XI = Expansion In 

xo = Expansion Out 

FF =Full Flag 

EF =Empty Flag 
Vee = 5V 

GND =Ground 

0 5 

32Pin~ 
Top View 

., m • ~ ra: . ;; D D >" 0 

1/15 
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DESCRIPTION 

The MK4501 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 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) automatically 

Figure 2 : MK4501 Block Diagram. 

D o- o,-

1 

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 MK4501 s 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 
more complete discussion). 

a,. a, 

INPUT t I OUTPUT --~ BUFFER BUFFER 

.... WAITE ...__.. WRITE - 512 X 9 
f._ 

READ 

CONTROL 1- ADDRESS BiPORT"" ADDRESS ~ ~ 
READ ... 

POINTER MEMORY ARRAY POINTER 
CONTROL w 

FLAG LOGIC 
~ 

~ 

EXPANSION LOGIC 
XI 

---------~~~1"'"-=--·it""""ll---------- RT 
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WRITE MODE 

The MK4501 initiates. a Write Cycle (see Figure 3A) 
on t~ 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 
!!!,USt be satisfied with respect to the rising edge of 
W. The data is stored sequentiall~nd 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 tRFF after completion of a valid 

FIGURE 3A. WRITE AND FULL FLAG TIMING 

w 

LAST VALID 
WRITE 

INVALID 
WRITE 

\ I 
\._ __ _; 

FULL 

AC ELECTRICAL CHARACTERISTICS 
(0°C:s;TA:s; +70°C) (Vee= +5.0 volts ± 10%) 

4501·65 4501·80 

MK4501 (N, K)-65/80/1 0/12/15/20 

READ operation. FF will again go low lwFF from 
the beginning of a subsequent WRITE operation, 
provided that a second READ has not been com­
pleted (see Figure 4A). Writes beginning tFFW af­
ter FF goes high are valid. Writes beginnl!!fj after 
FF goes low and more than twp1 before FF goes 
high are invalid .{!gnored). Writes beginning less 
than twp1 before FF goes high and less than tFFW 
later may or may not occur (be valid), depending 
on internal flag status. 

INDETERMINANT 
WRITE 

4501·10 

FIRST VALID 
WRITE 

4501·12 4501·15 4501·20 

SYM PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

twe Write Cycle Time 80 100 120 140 175 235 ns 

WPW Write Pulse Width 65 80 100 120 150 200 ns 1 

twA Write Recovery Time 15 20 20 20 25 35 ns 

los Data Set Up Time 20 25 35 40 50 65 ns 

toH Data Hold Time 10 10 10 10 10 10 ns 

twFF W Low to FF Low 60 75 95 115 145 195 ns 2 

tFFW FF High to Valid Write 10 10 10 10 10 10 ns 2 

tRFF R High to FF High 60 75 95 110 140 190 ns 2 

tWPI Write Protect lndeterminant 35 35 35 35 35 35 ns 2 

3/15 

219 



MK4501 (N, K)-65/80/1 0/12/15/20 

READ MODE 

The MK4501 initiates a Read Cycle (see Figure 3B) 
on the falling edge of Read Enable control input (A), 
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 indeQ_endent 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 38. READ AND EMPTY FLAG TIMING 

w 

lions will be inhibited ~ data outputs will remain 
in high impedance). EF will go high twEF after 
completion of a valid Write operation. EF 
will again go low !REF from the beginning a subse­
quent READ operation, provided that a second 
WRITE has not been completed ~e Figure 4B). 
Reads beginning tEFR after Ef_goes high 
are valid. Reads begun after ___EF goes low 
and more than tRPI before EF goes high 
are invalid 1!.9.nored). Reads beginning less than 
tRPI before EF goes high and less than tEFR later 
may or may not occur (be valid) depending on in­
ternal fl~g status. 

·~M ---------=.. -~"' 
·-

INVALID INOETERMINANT 
READ READ 

\ I I 
'---_! '---../ 

AC ELECTRICAL CHARACTERISTICS 
(0°C~TA~ +70°C) (Vee= +5.0 volts± 10%) 

4501·65 4501·80 

SVM PARAMETER MIN MAX MIN MAX 

IRe Read Cycle Time 80 100 

lA Access Time 65 80 

tRR Read Recovery Time 15 20 

RPW Read Pulse Width 65 80 

tRL R Low to Low Z 0 0 

tov Data Valid from HighR 5 5 

tRHZ R High to High Z 25 25 

tREF R Low to EF Low 60 75 

IEFR EF High to Valid Read 10 10 

IWEF W High to EF High 60 75 

1RPI Read Protect lndeterminant 35 35 
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4501·10 4501·12 4501·15 4501-20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

120 140 175 235 ns 

100 120 150 200 ns 2 

20 20 25 35 ns 

100 120 150 200 ns 1 

0 0 0 0 ns 2 

5 5 5 5 ns 2 

25 35 50 60 ns - 2 

95 115 145 195 ns 2 

10 10 10 10 ns 2 

95 110 140 190 ns 2 

35 35 35 35 ns 2 



MK4501(N,K)-65/80/10/12/15/20 

FIGURE 4A. READ/WRITE TO FULL FLAG 

w 

FIGURE 4B. WRITE/READ TO EMPTY FLAG 

w 
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RESET 

The MK45Q1js reset (see Figure 5) whenever the 
Reset pin (AS) 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 AS 
goes low, both W and R must be high tAss be­
fore AS goes high, and must remain high 
tAsA afterwards. Refer !Q_the follo~ng discussion 
for the required state of FURT and XI during Reset. 

.----------lAse -------------1.,~~ 

~-IAs-----.J .. I 
~~ I I 

~------lASS .. 1.. IAsAj 

NOTE 
~ and ~ may change status during Reset, 
but flags will be valid at tRsc· 

AC ELECTRICAL CHARACTERISTICS 
(0°CsTAs +70°C) (Vee= +5.0 volts± 10%) 

4501·65 4501·80 

SYM PARAMETER MIN MAX MIN MAX 

tAsc Reset Cycle Time 80 100 

tAs Reset Pulse Width 65 80 

tASA Reset Recovery Time 15 20 

tASS Reset Set Up Time 45 60 

6115 
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4501·10 4501·12 4501·15 4501·20 

MIN MAX MIN MAX MIN MAX MIN MAX 

120 140 175 235 

100 120 150 200 

20 20 25 35 

80 100 130 180 

UNITS NOTES 

ns 

ns 1 

ns 

ns 



RETRANSMIT 

The MK4501 can l:le 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, Q_ut will not 
affect the position of the write pointer. R must be 

FIGURE 6. RETRANSMIT 

MK4501(N,K)-65/80/10/12/15/20 

inactive tms before AT goes high, and must remain 
high for tRTR 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. 

~~=--t .. l 
1~------------------lm------------------•1 

NOTE 
~ and FF may change status during Retransmit, 
but flags will be valid at tAre· 

AC ELECTRICAL CHARACTERISTICS 
(0°G::5TA::5 +70°C) 0/cc = +5.0 volts± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tRTC Retransmit Cycle Time 80 100 

tAT Retransmit Pulse Width 65 80 

tRTR Retransmit Recovery 15 20 
Time 

tATS Retransmit Setup 45 60 
Time 

4501·10 

MIN MAX 

120 

100 

20 

80 

FLAG VALID 

4501·12 4501·15 4501-20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

140 175 235 ns 

120 150 200 ns 1 

20 25 35 ns 

100 130 180 ns 
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SINGLE DEVICE CONFIGURATION WIDTH EXPANSION 

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 wh~ 
the chip is Reset with the Expansion In pin (XI) 
grounded (see Figure 7). 

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 ti«i I 

WRITE iw1 (R) READ 

DATA IN 4 DATA OUT 
5 
0 
1 

RESET (Rs) tRi'l RETRANSMIT 

EXPANSION IN tXil 

-

FIGURE 8. A 512 x 18 FIFO CONFIGURATION (WIDTH EXPANSION) 

DATA IN 

WRITE ---'-'""---~ 

FULL FLAG (FF) 
~-'=='------l 

(R) READ 
~------1--4--~~~~EF~)~EM~PT~Y~F~LAG 

RESET (AS) 

EXPANSION IN (Xr) 

NOTE 

5 
0 

~~----_, __ ! __ 

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 
output signals together. 
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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. 

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. 
External logic is needed to generate a composite 
Full F~ and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e~ll must 
be set to generate the correct composite FF or EF). 

3. The Expansion Out (XO) pin o~ach device must 
be tied to the Expansion In (XI) pin of the next 
device. 

FIGURE 9. A 1536 x 9 FIFO CONFIGURATION (DEPTH EXPANSION) 

9 I 
DMAIN ______ -+/----,_, 

FF 
4 
5 EF 

g. 0 

.L 1 

~ ~ 
'---~ 

XI 

,--2..0 
1-1---i_~ ~ 
y.~ff--j 4 EF 
' 9 5 -

.L 0 -

1 --= 
~ ~ 

~'"=­
XI 

;--~ 
1--+--_--..1 ~ 

FF 
9 

I 
4 
5 
0 
1 

XI 

___£, 

-

9 

r-r----..--,..----1-f-------,/ DATA OUT 

1-+--tt--+-+------------v v cc 

r---

1-
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EXPANSION TIMING 

Figures 10 and 11 illustrate the timing of the E~pan­
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 

\ 

WRITE TO 
LAST PHYSICAL 

LOCATION 

AC ELECTRICAL CHARACTERISTICS 
(0°C:5TA:5 +70°C) (Vee = +5.0 volts ± 10%) 

4501-65 4501-80 

SVM PARAMETER MIN MAX MIN MAX 

txoL Expansion Out Low 55 70 

txoH Expansion Out High 60 80 

10/15 
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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 is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 

4501-10 

MIN MAX 

75 

90 

4501-12 

READ FROM 
LAST PHYSICAL 

LOCATION 

4501-15 4501-20 

MIN MAX MIN MAX MIN MAX 

90 115 150 

100 125 155 

UNITS NOTES 

ns 

ns 



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 

MK4501(N, K)-65/80/10/12/15/20 

a second Expansion In pulse occurs and the Emp­
ty Flag has gone high. Expansion In pulses must 
occur tx1s before the WRITE and READ signals 
they are intended to enable. Minimum Expansion 
In pulse width, tx1• and recovery time, txiR• must be 
observed. 

r~ .. 
m1 •I• 

I 
lxoR==j 

\ I 
'···- WRITE TO 

\ 
FIRST PHYSICAL 

LOCATION 

w 

ii 

AC ELECTRICAL CHARACTERISTICS 
(o•csTAs +700C) <Vee = +5.0 volts ± 10%) 

4501-65 4501-80 

SYM PARAMETER MIN MAX MIN MAX 

tx1 Expansion In Pulse 60 75 
Width 

txiR Expansion In Recovery 15 20 
Time 

tx1s Expansion In Setup 25 30 
Time 

[~- READ FROM 
FIRST PHYSICAL , 

\ LOCATION 

4501·10 4501·12 4501·15 4501·20 

MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

95 115 145 195 ns 1 

20 20 25 35 ns 

45 50 60 85 ns 
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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 

00-0B 

OO·OB 

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 ap.Q!_opriate flag is moni­
tored by each ~stem. (i.e.,£_F is monitored on the 
device where W is used; EF is monitored on the 
device where A is used.) Both Depth Expansion and 
Width Expansion may be used in this mode. 

00·017 
QO-QN 

09-017 
Q{N-8)-QN 

R.\N.RS MK4501 MK4501 MK4501 
DEPTH EXPANSION 

BLOCK 
DEPTH EXPANSION DEPTH EXPANSION I-

BLOCK BLOCK 

l 
DO-DB 1::_ 

DO ON 
09-DN 018-DN 

NOTES 
1. For depth expansion block see DEPTH EXPANSION Section and Figure 9. 
2. For Flag operation see WIDTH EXPANSION Section and Figure B. 

FIGURE 13. BIDIRECTIONAL FIFO APPLICATION 

WA R• 
4 

FF,; 5 EF8 
0 

D 0-8 '\ 
1 

a 8o-8 

~ 
A 

SYSTEM A - - - - - - - - - - - - - - SYSTEM B 

\j 

A 
OAO-B 

4 DoO·B 

5 

RA 
0 
1 w. 

EFA FF8 
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ABSOWTE MAXIMUM RATINGS* 
Voltage on any pin relative to GND ....................................... -0.5 V to + 7.0 V 
Operating Temperature TA (Ambient) ........................................ 0°C to + 70°C 
Storage Temperature .................................................. -55°C to + 125°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current per Pin .......................................................... 20 rnA 
*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 
(ooc s T A s +70°C) 

SYM PARAMETER 

Vee Supply Voltage 

GND Ground 

Vni Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(O"CsTAs+70"C) (Vee = 5.0 volts ± 10%) 

SYM PARAMETER 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

MIN 

4.5 

0 

2.0 

-0.3 

VoH Output Logic "1" Voltage louT = -1 rnA 

VoL Output Logic "0" Voltage louT = 4 rnA 

lee1 Average Vee Power Supply Current 

lee2 Average Standby Current 
(A = W = RS = FURT = VIH) 

leea Power Down Current 
(All Inputs;:: Vee ·0.2 V) 

AC ELECTRICAL CHARACTERISTICS 
(TA = 25"C, f = 1.0 MHz) 

SYM PARAMETER 

cl Capacitance on Input Pins 

ca Capacitance on Output Pins 

NOTES 

TYP MAX UNITS 

5.0 5.5 v 
0 0 v 

Vee+ 1 v 
0.8 v 

MIN MAX UNITS 

·1 1 pA 

-10 10 pA 

2.4 v 
0.4 v 
80 rnA 

8 rnA 

500 pA 

TYP MAX 

7 pF 

12 pF 

1. Pulse widths less than minimum values are not allowed. 5. Measured with 0:4sVINsVcc. 
s. ih:v1H. o.4;::Vour:sVcc· 

NOTES 

3 

3 

3, 4 

NOTES 

5 

6 

3 

3 

7 

7 

7 

NOTES 

8 

2. Measured using output load shown in Output Load 
Diagram. 

3. All voltages are referenced to ground. 
7. Icc measurements are made with outputs open. 

4. -1.5 iiolt undershoots are allowed for 10 ns once per 
cycle. 

8. With output buffer deselected. 

13115 
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FIGURE 14. OUTPUT LOAD 

5V 

1.1 KO 

DEVICE 
UNDER 
TEST 

680fl ;:::: 30 pF 

- -
AC TEST CONDITIONS: 
Input Levels ............................................ GND to 3.0 V 
Transition Times ................................................... 5 ns 
Input Signal Timing Reference Level ................... 1.5 V 
Output Signal Timing Reference Level 0.8 V and 2.2 V 
Ambient Temperature ................................ O"C to 70"C 
Vee ........................................................ 5.0 v ± 10% 

FIGURE 15. MK4501 PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS 

NOTES 
I. OVERALL LENGTH INCLUDES . 010 IN. 

FLASH ON EITHER END OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PER JEOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY . 003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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Dim. 

A 

A1 

A2 

B 

81 

c 
D 

D1 

E 

E1 

e1 

eA 

L 

mm Inches 
Notes 

Min Max Min Max 

- 5.334 - 210 2 

0.381 - .015 - 2 
3.556 4.064 .140 .160 

0.361 0.533 .015 .021 3 

1.27 1.778 .050 .070 

0.203 0.304 .008 .012 3 

36.576 37.336 1.440 1.470 1 

1.651 2.159 .065 .085 

15.24 15.875 .600 .625 

13.462 14.224 .530 .560 

2.286 2.794 .090 .110 

15.24 17.78 .600 .700 

3.046 - .120 -
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FIGURE 16. MK4501 PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) 

mm Inches 
Dim. 

g~ll:~,.'d~8 Min Max Min Max 

A 3.048 3.556 .120 .140 

A1 1.981 2.413 .078 .095 

8 0.330 0.533 .013 .021 

81 0.660 0.812 .026 .032 

0 12.319 12.573 .485 .495 

01 11.353 11.506 .447 .453 

02 9.906 10.922 .390 .430 

E 14.859 15.113 .585 .595 

ss>=~~=o; E1 13.893 14.046 .547 .553 

E2 12.446 13.462 .490 .530 

ORDERING INFORMATION 

PART NO. ACCESS TIME 
RIW CYCLE 

CLOCK FREQ. PACKAGE TYPE 
TEMPERATURE 

TIME RANGE 

MK4501N-65 65 ns 80 ns 12.5 MHz 28 Pin Plastic DIP 0°t070°C 

MK4501N-80 80 ns 100 ns 10.0 MHz 28 Pin Plastic DIP oo to 70°C 

MK4501N-10 100 ns 120 ns 8.3 MHz 28 Pin Plastic DIP oo to 70°C 

MK4501N-12 120 ns 140 ns 7.1 MHz 28 Pin Plastic DIP O" to 70°C 

MK4501N-15 150 ns 175 ns 5.7 MHz 28 Pin Plastic DIP oo to 70°C 

MK4501N-20 200 ns 235 ns 4.2 MHz 28 Pin Plastic DIP oo to 70°C 

MK4501K-65 65 ns 80 ns 12.5 MHz 32 Pin Plastic LCC 0° to 70°C 

MK4501K-80 80 ns 100 ns 10.0 MHz 32 Pin Plastic LCC oo to 70°C 

MK4501K-10 100 ns 120 ns 8.3 MHz 32 Pin Plastic LCC oo to 70°C 

MK4501K-12 120 ns 140 ns 7.1 MHz 32 Pin Plastic LCC 0° tO 70°C 

MK4501K-15 150 ns 175 ns 5.7 MHz 32 Pin Plastic LCC oo to 70°C 

MK4501K-20 200 ns 235 ns 4.2 MHz 32 Pin Plastic LCC oo to 70°C 

T T ~ T 
SGS.:rHOMSON Device family Package type Speed grade 
Prefix and number N: Plastic DIP Access Time 

identification K: Plastic LCC 

G; SGS·THOMSON ':'f I_ IIJJW©Il:i!.l<©"iilli@:((!O©@ 
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• FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 2048 x 9 ORGANIZATION 
• LOW POWER HCMOS TECHNOLOGY 
• ASYNCHRONOUS AND SIMULTANEOUS 

READ/WRITE 
• BIDIRECTIONAL APPLICATIONS 
• FULLY EXPANDABLE BY WORD WIDTH OR 

DEPTH 
• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HIGH PERFORMANCE 
• HALF FULL FLAG IN SINGLE DEVICE MODE 

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
ferent rates, (e.g., interfacing fast processors and 
slow peripherals). The full, half full and empty flags 
are provided to prevent data overflow and under­
flow. The data is loaded and emptied on a First-In, 
First-Out (FIFO) basis, and the latency for the 
retrieval of data is approximately one load cycle 
(write). Since the writes and reads are internally se­
quential, thereby requiring 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. 

PIN NAMES 

w =Write XI = Expansion in 

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 

MK4503(N) 
65/80/1 0/12/15/20 

2048 x 9 CMOS BiPORT FIFO 

N 
DIP-28 

(Plastic Package) 

ADVANCE DATA 

Figure 1 : Pin Connections. 

w 1 28 Vee 

DB 2 27 D4 

D3 3 26 05 

D2 4 25 D6 

D1 5 24 ri7 

DO 6 23 AJRT 

XI 7 22 RS 

F'F 8 21 EF 
00 9 20 XO/HF 

Q1 10 19 ar 
Q2 11 18 06 

03 12 17 05 

Q8 13 16 Q4 

GND 14 15 R 

1/17 
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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. 

R= 

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 a larger 
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. 

EF 

EXPANSION LOGIC 
XI lm/RF 

RS 

·I 
RESET/RETRANSMIT 

RT 
LOGIC 

2117 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to GND - 0.5 to+ 7.0 v 

Operating Temperature T A (ambient) o to+ 70 oc 
Storage Temperature -55 to+ 125 oc 
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::; TA ::; + 70°C) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Vee Supply Voltage 4.5 5.0 5.5 v 3 

GND Ground 0 0 0 v 

v,H Logic "1" Voltage all Inputs 2.0 Vee+ .3 v 3, 9 

v,L Logic "0" Voltage all Inputs - 0.3 0.8 v 3,4, 9 

DC ELECTRICAL CHARACTERISTICS (0°C::; T A ::; + 70°C) (V cc = 5.0V ± 1 0%) 

Symbol Parameter Value 
Unit Notes 

Min. Typ. Max. 

IJL lnpul Leakage Current (any input) - 1 1 J.IA 5 

loL Output Leakage Current - 10 10 J.IA 6 

VoH Output Logic "1" Voltage louT =- 1 mA 2.4 v 3 

VoL Output Logic "0" Voltage louT = 4mA 0.4 v 3 

lcc1 Average V cc Power Supply Current 120 mA 7 

lcc2 A_yer;me Stand~ Current 12 mA 7 
(R = W = RS = FURT = VJH) 

lcc3 Power Down Current (all inputs 2: V cc - 0.2V) 4 J.IA 7 

AC ELECTRICAL CHARACTERISTICS (0°C::; T A ::; + 70°C) (V cc = + 5.0V ± 1 0%) 

Value 
Symbol Parameter 

Min_ Typ. Max. 
Unit Notes 

c, Capacitance on Input Pins 7 pF 

Co Capacitance on Output Pins 12 pF 8 

Notes : I. 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 IOns once per cycle. 
5. Measured with 0.0 ,; V1N ,; Vee. 
6. R "' v,H, 0.0 "' Vour ,; Vee. 
7. Icc measurements are made with outputs open. 
8. With output buffer deselected. 
9. Input levels tested at 500ns cycle time. 
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AC TEST CONDITIONS : Figure 3 : Output Load Circuit. 

Input Levels ............................... GND to 3.0V 

Transition Times ........................ 5ns sv 
Input Signal Timing 
Reference Level ......................... 5 

Output Signal Timing 1.1 Kn 

Reference Level ........................ o.av and 2.2V DEVICE 

Ambient Temperature ................ O'C to 70'C 
UNDER 
TEST 

Vee ........................................... S.OV ± 10% 6BOU :;:~ 30 pf 

- '--

4/17 

236 



READ MODE 

The MK4503 initiates a Read Cycle (see figure 4) on 
the falling edge of Read Enab~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 inde£_endent 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 Ert_lpty Flag Timing. 

MK4503(N) 65/80/10/12/15/20 

tions will be inhibited (the data outputs will remain in 
high impedance). EF will go high twEF after comple­
tion of a valid Write operation. EF will again go low 
!REF from the beginning a subsequent READ opera­
tion, provided that a second WRITE has not been 
comRleted (see figure 68). Reads beginning lEFR 
after EF goes high are valid. Reads begun after EF 
goes low and more than lRPI before EF goes high are 
invalid Jjgnored). Reads beginning less than tRPI 
before EF goes high and less than lEFR later may or 
may not occur (be valid) depending on internal flag 
status. 

AC ELECTRICAL CHARACTERISTICS (0°C::; TA::; + 70°C) (Vee=+ S.Ovolts ± 1 0%) 

4503·65 4503-80 4503-10 4503-12 4503-15 4503-20 
Sym. Parameter Unit Notes 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IRe Read Cycle Time 80 100 120 140 175 235 ns 

lA Access Time 65 80 100 120 150 200 ns 2 

IRR Read Recovery Time 15 20 20 20 25 35 ns 

IRPW Read Pulse Width 65 80 100 120 150 200 ns 1 

IRL R Low to Low Z 0 0 0 0 0 0 ns 2 

tov Data Valid from R High 5 5 5 5 5 5 ns 2 

IRHZ R High to High Z 25 25 25 35 50 60 ns 2 

IREF 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 

twEF W High to EF High 60 75 95 110 140 190 ns 2 

tRPI Read Protect lndeterminant 35 35 35 35 35 35 ns 2 

5/17 
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WRITE MODE 

The MK4503 initiates a Write Cycle (see figure 5)_Qn 
the fi;llling edge of the Write Enable control input (W), 
provtded 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 sequentiallli!nd independent of any ongoing 
Read operations. FF is asserted during the last valid 
write as the MK4503 becomes fu.!!:_ Write operations 
begun with FF low are inhibited. FF will go high tRFF 

Figure 5 : Write And Full Flag Timing. 

w 

LAST VALID 

WRITE 

INVALID 
WRITE 

after completion of a valid READ operation. FF will 
again go low twFF from the beginning of a sub­
sequent WRITE operation, provided that a second 
READ has not been comRieted (see figure SA). 
Writes beginning tFFW after FF goes high are valid. 
Writes beginning after FF goes low and more than 
twPt before FF goes high are invalid (ignored). 
Writes beginning less than twPt before FF goes high 
and less than tFFW later may or may not occur (be 
valid), depending on internal flag status. 

INDETERMINANT 

WRITE 

FIRST VALID 
WRITE 

FF ~LLFFr I r ----/ 
NOTFULL ~,.---FULL 

I 

~to~~ DH 

D·D I ~~-
0 Sf-----------------------~ 

AC ELECTRICAL CHARACTERISTICS (0°C ::;;T A :s; + 70°C) (Vee= + 5.0volts ± 1 0%) 

Sym. Parameter 

twe Write Cycle Time 
twpw Write Pulse Width 
tWA Write Recovery Time 

los Data Set Up Time 
loH Data Hold Time 
twFF W Low to FF Low 
tFFW FF High to Valid Write 
tRFF R High to FF High 
twPI Write Protect lndeterminant 
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4503·65 4503·80 4503·1 0 

Min. 

80 

65 

15 

30 

10 

10 

Max. Min. Max. Min. Max. 

60 

60 

35 

100 120 

80 100 

20 20 

40 40 

10 10 

70 95 

10 10 

70 95 

35 35 

Gi SGS·1HDMSDN 
~I 111l1DI:Ii!@mllre1f'lii@lill01:$ 

4503·12 4503-15 4503-20 

Min. Max. Min. Max. Min. Max. 

140 175 235 

120 150 200 

20 25 35 

40 50 65 

10 10 10 

115 145 195 

10 10 10 

110 140 190 

35 35 35 

Unit Notes 

ns 
ns 1 

ns 
ns 
ns 
ns 2 

ns 2 

ns 2 

ns 2 



Figure 6a: Read/write To Full Flag. 

Figure 6b: Write/read To Empty Flag. 

---------- {•'/ SGS·DIDMSDN 
'1• ~CIIi@mi!.IE4:'Ii'lii@ll!IDIC!li 

M K4503(N) 65/80/1 0/12/15/20 
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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. 

HF,FF 

Although neither1J orR need be high when RS goes 
low, both Wand R must be high lAss before RS goes 
high, and must remain high IRSR afterwards. Refer 
to the following discussion for the required state of 
FURT and XI during Reset. 

1Rs -----+1 /-----
1/ 

; 

Note : HF, EF and FF may change status during Reset, but flags will be valid at lAse· 

AC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ + 70°C) (Vee= + 5.0volts ± 1 0%) 

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 

lAse Reset Cycle Time 80 100 120 140 175 235 ns 

IRs Reset Pulse Width 65 80 100 120 150 200 ns 1 

IRS A Reset Recovery Time 15 20 20 20 25 35 ns 

lAss Reset Set Up Time 45 60 eo 100 130 180 ns 

8/17 
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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 arra_y, but will not 
affect the position of the write pointer. R must be in-

Figure 8 : Retransmit. 

\ K 

X X XX 
XX <I" 

XX 

MK4503(N) 65/80/10/12/15/20 

active tATs 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. 

I 
RTC 

IRT 

/ 
/ 

._tRTfr" 

IRTS 

~ 
~ 

FLAG 
VALID 

Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tRre· 

AC ELECTRICAL CHARACTERISTICS (0°C::; TA::; + 70°C) (Vee=+ 5.0volts ± 1 0%) 

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 

tRre Retransmit Cycle 80 100 120 140 175 235 ns 
Time 

tRT Retransmit Pulse 65 80 100 120 150 200 ns 1 
Width 

tRTR Retransmit Recovery 15 20 20 20 25 35 ns 
Time 

tRTS Retransmit Setup 45 60 80 100 130 180 ns 
Time 
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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 multiple 
devices. Status Flags (EF and FF) can be detected. 
from any one device. Figure 1 0 demonstrates an 18-
bit word width by using two MK4503s. Any word 
width can be attained Qy_ adding additional 
MK4503s. The half full flag (HF) operates the same 
as in the single device configuration. 

(HF) HALF FULL FLAG 

- i 
(R) 

WRITE f"N) 
READ 

9 
9 

I ~ ~ 
I MK4503 I .) 

- v v 
FULL FLAG (FF) (EF) EMPTY FLAG 

DATA IN 

DATA OUT 

-
RESET (RS) -

(AT) RETRANSMIT 

EXPANSION IN (Xi~ 

Figure 10: A 2048 x 18 FIFO Configuration (width expansion). 

Note: 
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EXPANSION IN (X~ 1 

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. 



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 falli!:!9._edge of the 
next write operation, the half full flag (HF) will be set 

Figure 11 : Half Full Flag Timing. 

HALF· FULL HALF·FUUL + 1 

R 

L._~ 
I 

MK4503(N) 65/80/10/12/15/20 

low and remain low until the difference between the 
write pointer and read pointer is less than or eg!§l 
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 ). 

HALF· FULL 

AC CHARACTERISTICS (OoC :n A :5 + 70°C) (Vee=+ 5volts ± 1 0%) 

4503-65 
Sym. Parameter 

Min. Max. 

twHF Write Low to Half 80 
Full Flag Low 

tRHF Read High to Half 80 
Full Flag High 

4503-80 4503-10 4503-12 

Min. Max. Min. Max. Min. 

100 120 

100 120 

L ... ., SCS·THDMSDN 
'J • 11:liDI:Iiil@IWmlrlli1@000i:S 

Max. 

140 

140 

4503-15 4503-20 

Min. Max. Min. Max. 
Unit Notes 

175 235 ns 

175 235 ns 
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DEPTH EXPANSION (daisy chain) 

The MK4503 can easily be adapted to applicauu''" 
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 F.@g 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 Q!. each device must 
be tied to the Expansion IUXI) pin of the next 
device. The Half Full Flag (HF) is disabled in this 

Figure 12: A 4K x 9 FIFO Configuration (depth expansion). 

w --------.-----------~ ~----------.-,_ ____ R 

MK4503 
FF 

EF 

9 
I 

DATA IN I j_ DATA OUT 

I 
FURT 

1---1--1--1----V,, 

FULL XI 

[\+----+---. 

xo 

--I-

FF 
MK4503 

EF 

AS FL 
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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 ~treme propagation delays exist 
between the XO/XI pin pairs. 

Figure 13: Expansion Out timing. 

w 

R 

WRITE TO 
LAST PHYSICAL 
LOCATION 

MK4503(N) 65/80/10/12/15/20 

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. 

READ FROM 
LAST PHYSICAL 
LOCATION 

AC ELECTRICAL CHARACTERISTICS (0°C ::;;TA::;; + 70°C) (Vee=+ 5.0volts± 10%) 

4503-65 4503-80 4503-10 4503-12 4503-15 4503-20 
Sym. Parameter 

Min. Max. Min. Max. Min. 

txoL Expansion Out Low 55 70 

txoH Expansion Out High 60 80 

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. 

Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

75 90 115 150 ns 

90 100 125 155 ns 

It will not begin reading until a second Expansion In 
pulse occurs and the Empty Flag has gone high. Ex­
pansion In pulses must occurtx1s before the WRITE 
and READ signals they are intended to enable. Min­
imum Expansion In pulse width, tx1, and recovery 
time, tx;R, must be observed. 
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Figure 14: Expansion In Timing. 

XI 

w 

R 

~---t 
XI 

WRITE TO 

LOCATION 

READ FROM 
FIRST PHYSICAL 

LOCATION 

AC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ + 70°C} (V cc = + S.Ovolts ± 1 0%) 

4503-65 4503-80 4503-10 4503-12 4503-15 4503-20 
Sym. Parameter 

Min. Max. Min. Max. Min. 

lXI Expansion in Pulse 60 75 
Width 

tx1R Expansion in 15 20 
Recovery Time 

lx1s Expansion in 25 30 
Setup Time 

COMPOUND EXPANSION 

T.he 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 
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95 

20 

45 

Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

115 145 195 ns 1 

20 25 35 ns 

50 60 85 ns 

WRITE operations), can be achieved by pairing 
MK4503s, as shown in figure 16. Care must be 
taken to assure that the a~opriate 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. 



M K4503(N) 65/80/1 0/12/15/20 

Figure 15: Compound Fifo Expansion. 

O(t<HJ·DN 

Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 12. 
2. For Flag operation see WIDTH EXPANSION Section and Rgure 10. 

Figure 16: Bidirectional Fifo Application. 

WA R8 

F~ MK4503 EF 
B 

00·8 
A 
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a o-8 MK4503 'J D 0-8 
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FF A 
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MK4503(N) 65/80/10/12/15/20 

ORDER CODES 

Part No Access Time R/W Cycle Clock Freq. Package Type Temperature 
Time Range 

MK4503N-65 65ns SOns 12.5MHz 2S Pin Plastic DIP oo to 70°C 

MK4503N·SO SOns 100ns 10.0MHz 2S Pin Plastic DIP oo to 70°C 

MK4503N·10 .100ns 120ns S.3MHz 2S Pin Plastic DIP oo to 70°C 

MK4503N-12 120ns 140ns 7.1MHz 2S Pin Plastic DIP oo to 70°C 

MK4503N·15 150ns 175ns 5.7MHz 2S Pin Plastic DIP oo to 70°C 

MK4503N-20 200ns 235ns 4.2MHz 2S Pin Plastic DIP oo to 70°C 

Part No Access Time R/W Cycle Time 

MK4503·65 65ns SOns 

MK4503-80 SOns 100ns 

MK4503-10 100ns 120ns 

MK4503-12 120ns ' 140ns 

MK4503-15 150ns 175ns 

MK4503-20 200ns 235ns 
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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. Noles 

Min. Max. Min • Max. 
.................................... ,.,,.,,.,,.,,., A 5.334 210 2 

0 
AI 0.381 .015 2 

( 
A2 3.556 4.064 .140 .160 

8 0.381 0.534 .015 .021 3 

81 1.27 1.778 .050 .070 lvvvv 9 v-V
0
V v v v v v_'f..~ c 0.203 0.304 .008 .012 3 

D 36.576 37.338 1.440 1.470 1 

MmffimmE1 
01 1.651 2.159 .065 .085 

E 15.24 15.875 .600 .625 

Ef 13.462 14.224 .530 .560 1'l.. l" 
ef 2.286 2.794 .090 .110 

• ___l 
eA 15.24 17.78 .600 .700 

-li-e 1-------·-----1 L 3.048 .120 

Notes : 1. Overall length mcludes Of 0 m 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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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 30M Hz 20ns 

4505-50 SOns 20M Hz 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 1 K x 5 Clocked FI­
FO memory. It achieves its high performance through 
the use of a pipelined architecture, a 1.21J. 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-O and D-to-Aconver­
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, Almost Empty, Half Full, AI-

October 1 989 

~~ 
uuv~ ·~~uuu 

N 
PDIP20 

(300-Mil PDIP) 

' 
N 

PDIP24 
(300-Mil PDIP) 

(Ordering Information at the end of the datasheet) 

Figure 1 : Pin Configurations. 

o. 1 24 Vee 

o, 2 23 (;1(, 

o, 3 22 WE1 

o, 4 21 Fi' 

Do 5 20 Dfl 

AE 6 19 HF 

RS 7 18 AF 

CN 8 17 a. 
"EF 9 16 a, 

RE, 10 15 a, 
CK, 11 14 a, 

Vss 12 13 a. 

o. 1 20 vee 

D3 2 19 Cftw 
o, 3 18 WE, 

D, 4 17 WE, 

Do 5 16 HF 

RS 8 15 a. 
RE, 7 14 a. 
RE, 8 13 a, 
CK,. 9 12 a, 
Vss 1D 11 Oa 
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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-

PIN NAMES 

Do- D4 -Data Input 

Oo- Q4 - Data Output 

CKw,CKR - Write and Read Clock 

WE1 - Write Enable Input 1 

RE1 - Read Enable Input 1 

RS - Reset (active low) 

HF - Half Full Flag 

Vee. Vss - + 5 Volt, Ground 

Figure 2 : Block Diagram. 

D 

WE, 
(450511) 

we. 
(45059) 

tinuously regardless of device status ; a feature use­
ful in triggered data acquisitions, or for retransmit 
(repeat reading) applications. 

- Full and Empty Flag (active low) 
-Almost Full, Almost Empty Flag 
- Input Ready, Output Valid 

45055 only 

- Write Enable Input 2 
- Read Enable Input 2 (rising edge 

triggered 3 state control) 

0 

RE, 
(450511) 

REz 
(4505S) 

-----ac., FF.EF """ HF 
FLAG IDGIC 

~·----------------------~ 
1-------- __________ . ____ ,...., 

I 4505M DR·-------------- ---------1 FI.JIG 
I LOQIC 

I r------- --------------•av 
I ... ·----------'---- --------; 

L.---
1-------- --------------~ .. E __ ..J 
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MK4505M/S 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

Vt Voltage on any Pin Relative to GND - 1.0 to 7.0 v 
TA Ambient Operating Temperature o to+ 70 oc 

Tstg Ambient Storage Temperature (plastic) -55 to+ 125 oc 
Po Total Device Power Dissipation 1 Watt 

lp 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 ~ TA ~ + 70°C) 

Symbol Parameter 

Vee Supply Voltage 

Vss S_upply Voltage 

VtH Logic 1 Input 

VtL Logic 0 Input 

Note : 1. All voltages referenced to GND. 

DC ELECTRICAL CHARACTERISTICS 
(TA = ooCto 70°C, Vee= 5.0 ± 10%) 

Symbol Parameter 

Icc Average Power Supply Current 

Min. 

4.5 

0 

2.2 

-0.3 

4505-25 

Min.ITyp.IMax. 

11151140 

Symbol Parameter 

itL Input Leakage Current 

loL Output Leakage Current 

VoH Logic 1 Output Voltage (lour =- 4 mA) 

VoL Logic 0 Output Voltage (lour = 8 mA) 

Value 

Typ. 

5.0 

0 

4505-33 

Min.ITyp.IMax. 

1 95 114o 

Unit Note 
Max. 

5.5 v 1 

0 v 1 

Vee+ 1.0 v 1 

0.8 v 1 

4505·50 
Unit Note 

Min.ITyp.IMax. 

1 75 114o mA 1 

Min. Max. Unit Note 

-1 + 1 !1A 2 

-10 + 10 !1A 2,3 

2.4 v 4 

0.4 v 4 

Notes : 1. Measured with both ports operating at leK Min, 50% duty cycle, outputs open, Vee max. Typical values reflect teK Min, outputs 
open, with Vee = 5.0, 25'C, with 50% duty cycle. 

2. Measured with V = O.OV to Vee. 
3. Measured at Oo- Q,, with OV = Low (4505M) ; after clocking with RE2 = Low (4505S). 
4. All voltages referenced to GND. 

CAPACITANCE {T A = 25°C, f = 1.0MHz) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Note 

Ct Input Capacitance 4 5 pF 1 

COt Output Capacitance 8 10 pF 1' 2 

co, Output Capacitance 12 15 pF 1' 3 

Notes: 1. Sampled, not 100% tested. Measured at 1MHb., _ 
2. Measured at g!Ldata and flag outputs except EF and FF. 
3. Measured at EF and FF. 
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MK4505M/S 

AC TEST CONDITIONS 

Parameter 

Input Levels 

Transition Times 

Input and Output Timing Reference Levels 

Ambient Temperature 

Vee 

Figure 3 : Output Load Circuit. 

+SV 

DEVICE 
UNDER J--------~~--{) OUT 

TEST 
240.0. 

V000273 

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): 

_ (45058) REt and RE2 are high at the rising 
edge of the clock. 

_ (4505M) REt 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, tFtA, assures the user that the next rising 
edge of CKR will generate an inhibit condition. All Q 
outputs will be High Z at toz from the rising edge of 
CKR. EF is latched between subsequent read 
clocks. 

The device will perform a Hold Cycle (hold over pre­
vious data) if REt is low at the rising edge oftheclock 
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Value Unit 

o to 3 v 
5 ns 

1.5 v 
0 to 70 oc 

5.0 ± 10% v 

+SV 

DEVICE 
UNDER J----...------j~--{) OUT 

TEST 2401l 

V000274 

(CKR). If EF (4505M) or RE2 (45058) 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) : 

_ (45058) WEt and WE2 are high at the rising 
edge of the clock. 

_ (4505M) WEt 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, tFtA, assures the user that the next rising edge 
of CKw will generate a No-Op condition. FF is 
latched between subsequent write clocks. 



MK4505M/S 

MK4505M (Master) WRITE TRUTH TABLE. 

CKw 
Present State 

Operation 
Next State 

RS WE1 FF FF Data In 

X 0 X X Reset 1 Don't Care 
i 1 0 0 No-Op ? Don't Care 
i 1 0 1 No-Op 1 Don't Care 
i 1 1 0 No-Op ? Don't Care 
i 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 

CKR 
Present State 

Operation 
Next State 

RS REt EF EF OouT 

x. 0 X X Reset 0 HiZ 
i 1 0 0 Inhibit ? HiZ 
i 1 0 1 Hold 1 Previous Q 
i 1 1 0 Inhibit ? Hi Z 
i 1 1 1 Read ? Data Out 

? = Device Status is referenced to the "next state" flag logic and OoUT 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 

RS WEt WE2 

X 0 X X 
i 1 0 0 
i 1 0 1 
i 1 1 0 
i 1 1 1 

MK4505S (Slave) READ TRUTH TABLE 

CKw 
Present State 

RS RE, RE2 

X 0 X X 
i 1 0 0 
i 1 0 1 
i 1 1 0 
i 1 1 1 

RESET 

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 (tAss) only 
if the device is enabled (see figure 7). The lAss 
specification is a don't care ifthe device remains dis-

Operation 
Next State 

Data 

Reset Don't Care 
No-Op Don't Care 
No-Op Don't Care 
No-Op Don't Care 
Write Data In 

Operation 
Next State 

OouT 

Reset Hi Z 
Inhibit HiZ 
Hold Previous Q 

Inhibit Hi Z 
Read Data Out 

abled (WEt =REt =LOW). All status fl~utputs will 
be valid tAsA from the falling edge of RS, and all Q 
data outputs will be high impedance IAsoz 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). 
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MK4505M/S 

AC ELECTRICAL CHARACTERISTICS (TA = ooc to 70°C, Vee= 5V ± 1 0%) 

Symbol Parameter 
4505-25 4505-33 4505-50 

Unit Notes 
Min. Max. Min. Max. Min. Max. 

lcK Clock Cycle Time 25 33 50 ns 1 

lcKH Clock High Time 10 13 20 ns 1 

lcKL Clock Low Time 10 13 20 ns 1 

Is Set UpTime 10 13 16 ns 1 

lri Hold Time 0 0 0 ns 

lA Output {Q) Access Time 15 20 25 ns 1, 2" 

~1A Flag 1 Access Time17) 15 20 25 ns 1, 2 

~2A Flag 2 Access Time18l 20 25 30 ns 1, 2 

ioH Output Hold Time 5 5 5 ns 1, 2 

tcz Clock to Outputs High-Z 15 20 25 ns 1, 3 

iaL Clock to Outputs Low-Z 5 5 5 ns 1, 3 

~ss Reset Set Up Time 12 16 25 ns 1, 4 

~s Reset Pulse Width 25 33 . 50 ns 

~SA Reset Flag Acces Time ·so 66 100 ns 1, 3 

~saz Reset to Outputs High-Z 25 33 50 ns 1, 3 

~RL First Read Latency 50 66 100 ns 1, 5 

~FL 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 38). 
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. 
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Figure 4 : Read Cycle Timing. 

QV 

tz 

-----r-----tCKL~ 

(4505M) ""'""7'"""-+-.....,.,rnrrr.rm,.,..r,,.,.r,rTT......rrTT.~I-r+-~~~~~~m-m-~~ 
REt 

(45055) ----t--'""'1:~==~====~ 
REz 

Q 

V000268 

MK4505M/S 

PREVIOU50 

Note :For this particular diagram the EF changes logic states presuming that a valid WRITE operation has occured prior to the 
rising edge of CKR at t,. 

Figure 5 : Write Cycle Timing. 

CKv,: 

·OR 

(4505M) ____________ ~~r.nTr.~T.M~T.M~Th~--~~~~~~~~~~~~~~~~~~~~~~ 

WEt 

D 

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 b. 
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MK4505M/S 

Figure 6: Hold Cycle Timing. 

QV 

Note : EF = HIGH (master) 
RE2 = HIGH (slave) 

Figure 7 : Reset Cycle Timing. 

READ HOLD READ 

Nate : lAss 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. 

a 

RE, 

EF (45115M) 
OR 
RE1 (4505S) 

RESET 

r, 

INHIBIT 

Note : A valid write operation is presumed between t1 and t2. 

Figure 9 : Almost Empty Flag Timing (4505M only). 

READ 

Q 

- tA 

CK, 

-~H 

..., 

MK4505M/S 

INHIB~T FIRST HO~D READ 1: 
AFTER RESET 

IRC 'nc IRC-

HOLD 

LAST READ BEFORE 
AE 

HOLD 

1'-

's-

Note : 1. This example does not show the hysterisis in the ALMOST FLAGS. 
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MK4505M/S 

Figure 10 :Almost Full, ljalf Full Flag Timing. 

D 

we,twe, 

LAST WAITE 
BEFORE HF OR AF 

('-_:::DV:..::A~.:.:.~I.::.~N:...._>--ii:~ 1 

AF, HF1''--------------"'_.F ~------­• ... != 

Q121 HOLD PREVIOUS Q 
FIRST READ SINCE 

HFOA AF 

Notes: 1. Q outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. Q outputs 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 

Gating 
Gating Flag Flag Read Locations Write Locations Clock 

Affected Transition Remaining to Empty Available to Full 
CKR CKw 

Operation 

1' -
- 1' 
1' -
- 1'' 
1' -
- 1' 
1' -
- 1' 
1' -
- 1' 
1' -
- 1' 

Notes: 
1. 

2. 
3. 

4. 
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Read AE j: 8* 1016 
Write AE j: 10 1014 
Read AE t:_ 9 1015 
Write AE t:_ 11 1013 
Read AF j: 1014 10 
Write AF j: 1016 8* 
Read AF t:_ 1013 11 
Write AF t:_ 1015 9 
Read HF j: 510 514 
Write HF j: 512 512~ 

Read HF 509 515 
Write HF t:_ 511 513 t:_ 

Flag definition to the respective operation and clock. 
All examples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operation. 
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. 
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. 
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Figure 11 : Simultaneous Writ~/Read Timing (4505M only). 

Figure 12: Simultaneous Write/Read Timing (45058 only). 
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I 

SIMULTANEOUS WRITE/READ TIMING 

The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to tlie first rising edge of the read 
clock (CKR) to occur tFFL (First Flag Latency) after a 
valid First Write (from the rising edge of CKw). Read 
clocks occurring less than tFFL after a First Write may 
clear the EF, but are not guaranteed (see figure 1 0). 
As always, reads attempted in conjunction with an 
active Empty Flag are inhibited. Therefore, the next 
rising edge of CKR following tFFL will produce the first 
valid read. This is the tFRL (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 REt no less than ts 
before the rising edge of CKR at tFRL. The Q outputs 
will present valid data !A from the rising edge of CKR. 

When using the MK4505S (Slave) separately, the 
user must observe the IFRL (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 IFRL after a First Write clock will 
guarantee valid data !A from the rising edge of CKR. 
Read operations attempted before tFRL is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of IFRL 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 + IFRL + lA (from figure 11 or 12). Further occurring 

QV Definition Table. 

Before Read Clock 

valid read clocks will present data to the Q outputs 
!A from the rising edge of CKR. 

WIDTH AND DEPTH EXPANSION 
A single Master (MK4505M) is required for each 1 K 
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 in the 
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). 

After Read Clock 
Note 

RE1 EF QV Reads Remaining 
Operation at CKR 

QV Status 
X 0 X 0 Inhibit 0 Empty 1 
0 I I ~ 1 Hold 0 Active 2 
1 1 0 1 Read 0 1 Empty 3 
1 1 X ~2 Read 1 Active 4 

Notes : 1. Whenever EF is active low, further attempted read cycles are inhibited. 
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2. QV is gated by RE, such that the QV flag will be latched low tF1A from the rising edge of CKR when RE, is low. The REI 
input must meet the set-up time (ts) prior to the read clock edge. QV does not logically allow or prevent a read operation. 

3. Whenever RE, is act1ve high, QV will always follows the EF signal by one read clock cycle. 
4. 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. 
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DR Definition Table. 

Before Write Clock Alter Write Clock 
Operation at CKw Note 

WE1 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 ~3 No-Op 1 Active 
1 1 1 ~3 Write 1 Active 5 

Notes : 1. DR can be low only when the MK4505M is full or (full-!). Whenever the device goes full (FF =low), then DR will be latched 
low tF1A 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. 

2. If DR changes logic states alter the write clock, then this example reflects the condition when the MK4505M has one (I) 
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. Wheneverthe 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. 

3. 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 tF1A from the rising edge of CKw if the write counter is (full-2) at 
the clock transition. This results is a (full-!) 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. 

In summary ,the OV flag follows the EF signal by one 
read clock cycle (in all instances) when REt is active 
high at the rising edge of CKR. Whenever REt is dis­
abled (low), the OV flag will go low tFtA from the 
rising edge of CKR. Of course, the REt input must 
satisfy the set-up time (ts) prior to CKR. The OV 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 WEt 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. 
When the device goes full, the DR flag will be latched 
low tFtA from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WEt input must satisfy the 
set-up time (Is) 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 

(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 _gcles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (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 (Ox). 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 (Ox), it allows Bank B to 
receive data (OExP) shifted from Bank A. As Bank B 
shifts data out via Ox, 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. 
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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 

-.·-
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to each FIFO. The capacitor should be 0.1)lF or 
larger. Also, a pull-up resistor in the range of 1 KQ is 
recommended tor 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 
100. to 330. often prove most suitable. 
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Figure 14: Example 1 -Width and Depth Expansion Interface Timing. 

NEXT OPERATION BANK A 

i 
WRITE CLOCK 

RE1 DR 

ff WE2 

EXPANSION CLOCK 

REx 

avx 

READ CLOCK 

NEXT OPERATION BANK B 

I I I I 
to lJ 12 13 

WRITE WRITE WRITE READ 
DATAl DATA 2 DATA3 DATA 2 

READ DATAl 
I 

--7--------i-------fv 

I I 
~v·l I . 

I I 

I 
14 

READ 
DATAl 

I 
ts 

INHIBIT 
!EMPTY). 

I 
ts 

INHIBIT 

I 
te 

INHIBIT 

\'---+----+--+---

\ ["--

' 
INHIBIT INHIBIT INHIBIT WRITE WRITE WRITE READ READ INHIBIT EMPTY 

(EMPTY) DATA 1 DATA 2 DATA 3 DATA 2 DATA 3 (EMPTY) 
READ DATAl 

YOCIJ271 

Note: Example begins wilh 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 

Notes 
Min. Max. Min. Max. 

l: : : : : :. : : : : : i~. A - 5.334 - 210 2 

At 0.381 - .015 - 2 

A2 3.048 3.556 .120 .140 

8 0.381 0.533 .015 .021 3 

81 1.143 1.778 .045 .070 

c 0.203 0.304 .008 .012 3 

~ _d1 
A1 L 

----11--.. . . __l_ 

D - 32.258 - 1.270 1 

Dt 1.524 2.286 .060 .075 

E 7.62 8.255 .300 .325 

El 6.906 6.858 .240 .270 

et 2.286 2.794 .090 .110 

eA 7.62 9.271 .300 .365 

L 3.175 - .125 -

Notes : 1. Overall Length includes .010 IN.Fiash 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. 

c::::::::J 
I ~"'~ 

Dim. 
mm Inches 

Notes 
Min. Max •. Min. Max. 

A - 5.334 - 210 2 

At 0.381 - 015 - 2 

A2 3.048 3.556 .120 .140 

8 0.381 0.533 .015 .021 3 

81 1.143 1.778 .045 .070 

c 0.203 0.304 .008 .012 3 

D 25.908 26.67 1.020 1.050 1 

01 1.524 1.905 .060 .075 

E 7.62 8.255 ·.300 .325 

E1 6.906 6.858 .240 .270 

et 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. 
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ORDERING INFORMATION 

Part Number 

MK4505MN-25 
MK4505MN-33 
MK4505MN-50 

MK4505SN-25 
MK4505SN-33 
MK4505SN-50 

Note : PDIP = PlastiC DIP. 

M 

Access Time Cycle Time Cycle Temperature Package Type Frequency Range 

15ns 
20ns 
25ns 

15ns 
20ns 
25ns 

25ns 40MHz ooc to 70°C PDIP24 
33ns 30M Hz ooc to 70°C PDIP24 
50ns 20M Hz · ooc to 70°C PDIP24 

25ns 40MHz ooc to 7ooc PDIP20 
33ns 30M Hz ooc to 7ooc PDIP20 
SOns 20M Hz ooc to 70°C PDIP20 

L Speed grade 
Cycle Time r ~'---5 -
Package Type 1..----------- N: Plastic DIP 

Device family and 
number identification 

L.----------......,------4505M: Master 

300-MIL 
300-MIL 
300-MIL 

300-MIL 
300-MIL 
300-MIL 

4505S : Slave 
1.------------------- SGS-THOMSON prefix 
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MK45264/45265(N) 
-55/70 

(64 X 5) X 2 
CMO~S BIDERECTIONAL BiPORT FIFO/TRANSCEIVER 

• DUAL 64 x 5 FIFOs PLUS A '245-TYPE 
TRANSCEIVER FUNCTION 

• 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 

DOxo-DOx4 X Port Data 1/0 

DOvo-DOv4 Y Port Data 1/0 

Wx, Wv X & Y Port Write Enables 

Rx/DIR X Port Read Enable and 
Transceiver Direction Control 

G Transceiver Enable 

Rv Y Port Read Enable 

RS Master Reset 

EFx, FFy Y-to-X FIFO Empty/full Flag 

EFv, FFx X-to-Y FIFO Empty/lull Flag 

AEv,AFx X-to-Y FIFO Almost Empty/full 

AEx,AFv Y-to-X FIFO Almost Empty/lull 

Figure 1 : Pin Connections. 

Vss 1 24 Vee 

G" 2 23 'iiv 
RxiDIR 3 22 Ffy 

EFx 4 21 DDvo 

DDxo 5 20 DQY1 

oa., 6 19 DQY2 

DQX2 7 18 DDn 

DQX3 8 17 DQY4 

DQX4 9 16 "EFv 
FFx 10 15 iiv 
w. 11 14 Rs 
Vee 12 13 Vss 

October 1989 

• ± 12mA OUTPUT DRIVE CAPABILITY 
• DUAL Vee AND Vss FOR IMPROVED MARGIN 

AND DRIVE 
• 300 MIL DIP PACKAGE 
• APPLICATION :ARBITRATION-FREE f.LP·TO­

f.l.P MESSAGE PASSING 

Part No 

MK45264N-55 

MK45265N-55 

MK45264N-70 

MK45265N·70 

Vss 1 

G" 2 

RxiDIR 3 

AEx 4 

DDxo 5 

oax1 6 

DQX2 7 

DQX3 8 

oa .. 9 

AFx 10 

w. 11 

Vee 12 

N 
DIP-24 

(Plastic Package) 

Access Cycle Time 
Time 

55ns 75ns 

55ns 75ns 

70ns 95ns 

70ns 95ns 

24 Vee 

23 Yiv 
22 Af'v 
21 DDvo 

20 DQY1 

19 DQY2 

18 DDn 

17 oav4 

16 AEv 
15 Rv 
14 Rs 
13 v •• 

Cycle Rate 

13.3MHz 

13.3MHz 

10.5MHz 

10.5MHz 
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FIGURE 2. DEVICE LOGIC SYMBOL 

TRUTH TABLE 

R'S G' Rx/DIR Wx Ry wy MODE DQx DQy 

Lo X X X X X Master Reset High Z High Z 

Hi Lo Hi X X X Transparent X-Y Data In DOx 
Hi Lo Lo X X X Transparent Y-X DOv Data In 

Hi Hi Hi Hi Hi Hi Sby X I Sby Y High Z High Z 
Hi Hi Hi Hi Lo Hi Sby X I ReadY High Z Data Out 
Hi Hi Hi Hi X Lo Sby X I Write Y High Z Data In 

Hi Hi Lo Hi Hi Hi Read X I Sby Y Data Out High Z 
Hi Hi Lo Hi Lo Hi Read X I Read Y Data Out Data Out 
Hi Hi Lo Hi X Lo Read X I Write Y Data Out Data In 

Hi Hi X Lo Hi Hi Write X I Sby Y Data In High Z 
Hi Hi X Lo Lo Hi Write X I Read Y Data In Data Out 
Hi Hi X Lo X Lo Write X I Write Y Data In Data In 

X = Don't Care 

NOTE: Truth Table logic states presume all status flags to be inactive. 
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FIGURE 3. BLOCK DIAGRAM 

5 
.,. 

5 
DO DO 

TRANSCEIVER .-- DIR 

FFx (iiFxl 

r+ w 
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w. X PORT 

5 
1/0 READ 

~ 
& 

WRITE 
CONTROL 

xiDIR 

Rs 

5 
a 

~ il 

Ei'x CAExl 

DEVICE APPLICATIONIFUNCTION 

The MK45264165 contains two independent single 
direction FIFOs, and a bidirectional transceiver, con­
nected via two internal three state busses to 1/0 
drive circuits. One FIFO is pointed X-to-Y, and the 
other pointed Y-to-X. Either port's FIFOs can be read 
or written asynchronous with FIFO read or write 
operations on the othei.Port. The transceiver is ac­
tivated with a low on G. 

G G 

X·TO·Y EFy (iiEy) 
FIFO 
64x5 

R~ 

a 
Rs 5 

Y PORT Rv 

~ READ 1/0 
& 

j.--lo WRITE 
CONTROL 

Wv 

RS 5 

D 

Y-TO-X w~ 
FIFO 
64X5 

i'Fv cAi',J 

Once the transceiver is activated, direction is con­
trolled by the RxiDIR pin. A high on RxfDIR points 
the transceiver X-to-Y; a low points it Y-to-X. A low 
on G disables FIFO operations. Activating the Tran­
sceiver during FIFO operations may result in invalid 
or unpredictable FIFO operation. 
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\ 
AC ELECTRICAL CHARACTERISTICS 
(TA = oo to ~ooc. Vee = 5.0 ±10%) 

ALT. STD. 
SYMBOL SYMBOL PARAMETER 

tp tRL-RH Read Pulse Width 

tp !wL-WH -·, Write Pulse Width 

!p !GH-RH X-ceiver Disable to end of Read 

!p tGH-WH X-ceiver Disable to end of Write 

tR !RH-RL Read Recovery Time 

tR twH-WL Write Recovery Time 

tR tRH-WL Read Write Recovery Time 

tR !wH-RL Write Read Recovery Time 

tc tR.L-RL Read Cycle Time 

tc !wL-WL Write Cycle Time 

los lov-WH Data Set Up Time 

toH twH-DX Data Hold Time 

taL tRL-QL R Low to Outputs Low-Z 

!A tRL-QV Read Access Time 

toH. tRH-QX _Output Hold Time 

toH · twL-QX Output Hold Time 

'taz tRH-QZ R High to Outputs High-Z 

twaz twL-QZ W Low to Outputs High-Z 

tFL1 twL-FFL W Low to Full Flag Low 

tFL1 tRL-EFL R Low to Empty Flag Low _ 

tFH1 !wH-EFH W Hi to Empty Flag High 

tFH1 tRH-FFH R Hi to Full Flag High 

tFL2 !wL-AFL W Low to Almost Full Flag Low 

tFL2 tRL-AEL R Low to Almost Empty Flag Low 

tFH2 twH-AEH W Hi to Almost Empty Flag High 

tFH2 tRH-AFH R Hi to Almost Full Flag High 

tl twL-FFH Write Protect Indeterminate 

tl tRL-EFH Read Protect Indeterminate 

tFR tFFH-WL Full Flag Recovery 

tFR tEFH-RL Empty Flag Recovery 

IRs !RSL-RSH Reset Pulse Width 
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55 70 

MIN MAX MIN MAX UNITS NOTES 

55 70 ns-

55 70 ns 

55 70 ns 

55 70 - ns 

20 25 ns 

20 25 ns 

20 25 ns 

20 25 ns 

75 95 ns 

75 95 ns 

20 25 ns 

5 5 ns 

5 5 ns 2 

55 70 ns 3 

5 5 ns 3 

5 -5 ns 3 

30 40 ns 2 

45 55 ns 2 

60 80 ns 4 

60 80 ns 4 

50 65 ns 4 

50 65 ns 4 

60 80 ns 5 

60 80 ns 5 

75 95 ns 5 

75 95 ns 5 

25 30 ns 6 

25 30 ns 7 

0 0 ns 6 

0 0 ns 7 

55 70 ns 



AC ELECTRICAL CHARACTERISTICS 
(T A = o• to 7o•c, Vee = 5.0 ±10%) 

ALT. STD. 
SYMBOL SYMBOL PARAMETER 

tRSR tRSH·WH Reset Recovery Time 

tRFV tRSL-FFH Reset to Full Flag Valid 

tRFV tRSL-AFH Reset to AF Flag Valid 

tRFV tRSL-EFL Reset to Empty Flag Valid 

tRFV tRSL-AEL Reset to AE Flag Valid 

'tRQX tRSL-QX Outout Hold from RS Low 

tRa~"' tRSL-QZ RS Low to Output High Z 

... 

MK45264/45265(N)-55nO 

55 70 

MIN MAX MIN MAX UNITS NOTES 
75 95 ns 

70 90 ns 3 

70 90 ns 3 

70 90 ns 3 

70 90 ns 3 

0 0 ns 3 

40 50 ns 2 

tFG twH-GL FIFO Mode to X-ceiver Mode 0 0 ns 

tFG tRH·GL FIFO Mode to X-ceiver Mode 0 0 ns 

tGF tGH-WL X-ceiver Mode to FIFO Mode 5 5 ns 

tGF tGH-RL X-ceiver Mode to FIFO Mode 5 5 ns 

tGQL tGL-QL G to Output Low Z 

tGQV tGL-QV G to Output Valid 

tGQX tGH-QX Output Hold from G 

tGQZ tGH-QZ G to Output High Z 

tovav tov-av Input to Output Valid 

toxax tox-ax Input to Output Invalid 

tooL toiRV-QL Rx/DIR to Output Low Z 

toav toiRV-QV Rx/DIR to Output Valid 

to ax toiRV-QX Output Hold from Rx/DIR 

toaz toiRV-QZ Rx/DIR to Output High Z 

NOTES 

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. FFx. FFy, EFy. Measured w/30pf Out­
put !-oad. See Equivalent Load Circuit C. 

0 0 ns 2 

75 95 ns 3 

0 0 ns 3 

40 50 ns 2 

55 70 ns 3 

10 10 ns 3 

0 0 ns 2 

55 70 ns 3 

0 0 ns 3 

40 50 ns 2 

5. Applies to AEx. AFx. AEy, AFy. Measured w/30pf Out-
put Load. See Equivalent Load Circuit C. _ 

6. Writes beginning a) more than t1 (max) before FF goes 
high will be blocked.lliess than 11 (max) before and less 
than IFR (min) after FF goes high may be performed. 
c) IFR (min) after FF goes high will be performed. 

7. Reads beginning a) more than t1 (max) before EF goes 
high will be blocked.lliess than t1 (max) before and less / 
than tFR (min) aft~EF goes high may be performed. 
c) IFR (min) after EF goes high will be performed. 
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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 

lc 

•• IR 

w. 

loH 

oa. DATA IN 
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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 _gate, taking_preced~nce over the read 
strobes (Rx/DIR and _By) and.§,_ The states of the 
FIFO control inputs (Rx/DIR, Wx, 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 ~ attempted reads. The write strobes 
(Wx and Wy) may fall any time during...Q!:_ after 
reset, but must not go high until tRsR after RS goes 
high. 

•• 
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FIGURE 5. READ TIMING 

1------lc-----..; 

FIGURE 6. WRITE/READ TIMING 

1----lp----.1 

FIGURE 7. READ/WRITE TIMING 

w. 
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FIGURE 8. FULL (ALMOST FULL) FLAG TIMING 
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FIGURE 9. EMPTY (ALMOST EMPTY) FLAG TIMING 
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FIGURE 10. FIRST WRITE AFTER FULL TIMING 
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FIGURE 11. FIRST READ AFTER EMPTY TIMING 
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FIGURE 12. FIFO RESET TIMING 
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MK45264/45265(N)-55/70 

FIGURE 13. TRANSCEIVER RESET TIMING 
(EXAMPLE SHOWN WITH Rx/DIR HIGH) 

DOx------~<~---------------------------------DA_~ ____ IN--------------------------------~>~--------------

1oavl 

DOy ---~<f"rl«....-DA--JA 0--UT--.f, J--~kf ~ 00. >>~-----
FIGURE 14. FIFO MODE/TRANSCEIVER MODE TRANSITION 

FIGURE 15. TRANSCEIVER G TIMING 
(EXAMPLE SHOWN WITH Rx/DIR HIGH) 
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FIGURE 16. TRANSCEIVER Rx/DIR TIMING 
(EXAMPLE SHOWN WITH G LOW) 

DQx DATA IN 

Rx'DIR 

DOy DATA OUT 

MK45264/45265(N)-55nO 

DATA OUT 

1oav 

1avav~ 
DATA IN 

FIGURE 17. WRITE/ALMOST FULL/FULL FLAG TIMING SUMMARY 

FIFO CONTENTS 

59 60 61 62 63 64 
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_ MK45264/45265(N)-55/70 

FIGURE.18. WRITE/ALMOST EMPTY/EMPTY FLAG TIMING SUMMARY 

3 

FIGURE 19. READ/ALMOST EMPTY/EMPTY FlAG TIMING SUMMARY 

4 3 

FIGURE 20. READ/ALMOST FULL/FULL FLAG TIMING SUMMARY 

64 63 62 61 60 59 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to Vss - 1.5 to+ 7,_0_ 
-----

v 
Ambient Operating Temperature (T A) 0 to+ 70 oc 
Ambient Temperature under Bias -55 to+ 125 oc 
Ambient Storage Temperature (plastic) -55 to+ 125 oc 
Allowable Total Device Power Dissipation 1 w 
Allowable RMS Output Current per Pin 80 rnA 

• 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 A= oo to+ 70°C) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

Vee Supply Voltage 4.5 5.0 _:5:5 v 
Vss Supply Voltage 0 0 0 v 
VIH Logic 1 Input 2.2 Vee + 0.3 v 
V1L Logic 0 Input -0.3 0.8 v 

DC ELECTRICAL CHARACTERISTICS (TA = oa to 70°C, Vee= 5.0 ± 10%) 

" Value 
Symbol Parameter 

Min. Typ. Max. 
Unit 

lcco Quiescent Power Supply Current, per Port 25 rnA 

Icc A Active Power Supply Current, per Port 40 rnA 

lcco Dynamic Power Supply Current, per Port - 1.2 mNMHz 

lccT Total Power Supply Current, both Ports 100 rnA 

IlL Input Leakage Current - 1 - + 1 !!A 

loL Output Leakage Current - 10 +10 !!A 

VoH Logic 1 Output Voltage 2.4 v 
VoL Logic 0 Output Voltage 0.4 v 

Notes : 1. Measured with outputs open. _ _ _ 
2. Measured with oppostte port quiescent ; f!, W _2.nd G ;, VrH (Min)._ 
3. Measured with opposite port quiescent ; E or '!:!. ,; VrL (Max) and G ;, VrH (Min). 
4. Measured with opposite port quiescent ; R or W toggling and G ;, VrH (Min). 
5. Measured with both ports operating at tc (min.). 
6. Measured with VrN = O.OV to Vee. 
7. All voltages referenced to Vss. _ _ _ _ _ _ _ _ 
8. Data Output Pins (DOxo·DQ"' and DQvo-DQy,) lour •. 12mA : ,., a"""' Prn EFx. EFv. FF" FFv. AE>< AEv. AFx. AFv) 

lour= -tmA. 

Notes 

1 

_t 
1 

1 

Notes 

1,2 

1,3 

1,4 

1,5 

6 

7 

7,8 

7,9 

9. Data Outputs (DOxo-DOx, and DOvo-DOv,) lour - 12mA • FJao rup.ot •~ EFx.EFv. FFx. FFv. AEx. AEv. AFx. AFv) lour = 4mA. 

CAPACITANCE (TA = 0° to 70°C, Vee= 5.0 ± 10%) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Notes 

c1 Input Capacitance 4 5 pF 1 

Co Output Capacitance 8 10 pF 1 

Note : 1.Sampled, not 100% tested. Measured at 1 MKz. 
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AC TEST CONDITIONS 

Input Levels ............................................................... 0 to 3 Volts 
Transition Times ................................................................. 5 ns 
Input and Output Reference Levels .............................................. 1.5 Volts 
Ambient Temperature ........................................................ oo to 70°C 
Vee = 5.0 Volts ± 10% 

FIGURE 21. EQUIVALENT OUTPUT LOAD CIRCUIT 
+SV 

298 OHMS 

-
OUT 

116 OHMS =~30pF' 

Yss 

(A) 

+SV 

1K OHMS 

OUT 

r~~·~ 667 OHMS 

Vss (C) 

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 
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+SV 

298 OHMS 

OUT 

t··" 116 OHMS 

vss 
(B) 

'INCWDES SCOPE AND TEST JIG. 

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 OJ~ 
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. 



FIGURE 22. (64x10)x2 WIDTH EXPANSION 
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FIGURE 23. (64x20)x2 WIDTH EXPANSION 
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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 anothe~. 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 Almost Empty flag has gone 
high, rather than right after the Empty flag has gone 
high. In like manner, waiting to write until the Almost 
Full flag goes high, rather than right after th~ F~ll 
flag goes high will prevent the problem, wh1ch 1s 
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 ~he 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 

FALLING EDGE-TRIGGERED LEVEL SENSITIVE 
D·TYPE FLIP-FLOP D·TYPE LATCH 

-----..---J .. D Q 

w 
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Overlapping Read and Write Strobes 

Overlapping Read and Write strobes on a given port timing diagrams are prb~ided only to illustrate the 
is neither tested nor recommended. The following relationship between the1 control functions. 
FIGURE 25. OVERLAPPING READ/WRITE TIMING 

~--------------------1.--------------~----~~ 

DQx ---------< 

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 

Do.-------------< 

NOTE: THE SECOND D OUT IS NOT THE SAME AS THE FIRST. 
IT IS, IN FACT, THE NEXT READ DATA. AN OVERLAPPING WRITE 
DOES NOT BLOCK THE READ STROBE FROM INCREMENTING 
THE READ ADDRESS COUNTER. 
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ORDERING INFORMATION 

PART NO. ACCESS TIME 
R/W CYCLE 

CLOCK FREQ. PACKAGE TYPE 
TEMPERATURE 

TIME RANGE 

MK45264N-55 55 ns 75 ns 13.3 MHz 24 Pin Plastic DIP o• to 7o•c 

MK45265N-55 55 ns 75 ns 13.3 MHz 24 Pin Plastic DIP .,. o• to 7o•c 

MK45264N-70 70 ns 95 ns 10.5 MHz 24 Pin Plastic DIP o• to 7o•c 

MK45265N-70 70 ns 95 ns 10.5 MHz 24 Pin Plastic DIP o· to 7o•c 
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• FIRST-IN-FIRST-OUT MEMORY BASED AR­
CHITECTURE 

• FLEXIBLE x 9 ORGANIZATIONS : MK45H01 
(512 x 9), MK45H02 (1 K x 9), MK45H03 (2K x 9) 

• LOW POWER, HIGH SPEED HCMOS TECH­
NOLOGY 

• ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 

• FULLY EXPANDABLE IN WORD WIDTI:-1 AND 
DEPTH 

• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HALF-FULL FLAG IN SINGLE DEVICE MODE 

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, 
featuring asynchronous read/write operations, full, 
empty, and half full status flags, and unlimited ex­
pansion capability in both word size and depth. 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 basis, and the latency 
for retrieval of data is approximately one load (write) 
cycle. These devices feature a read/write cycle time 
of only 35ns (28.5MHz). 

Figure 1 : Pin Connections. 
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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.9ata. Data is 
)Qaded and unloaded with the use of W (write), and 
R (read) input pins. Separate data in (Do-Ds) and 
data out (Qo-Os) 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 MK45H03 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. 

o,- _o_._ __ -r----------, 

w 

FF+--+--'----+-------1 

FUNCTIONAL DESCRIPTION 
Unlike conventional shift register based FIFOs, the 
MK45H01, MK45H02, and MK45H03 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. 

r--------:-T------ 0;0 8 

-R 

EXPANSION LOGIC 
XI XO/RF 

RS 

·I 
RESET/RETRANSMIT 

RT 
LOGIC 
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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 -0.3 to+ 7.0 v 
Operating Temperature o to+ 70 oc 
Storage Temperature -55to+125 oc 
Power Dissipation 1 Watt 

Output Current 20 rnA 

• 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 ::;;TA $ + 70°C) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Vee Supply Voltage 4.5 5.5 v 3 

GND Ground 0 0 v 
VIH Logic "1" Voltage all Inputs 2.0 Vee+ 1.0 v 3 

VIL Logic "0" Voltage all Inputs -0.3 0.8 v 3 

DC ELECTRICAL CHARACTERISTICS (0°C $TA $+ 70°C) (Vee= 5.0V±10%) 

Symbol Parameter 
Value 

Units Notes 
Min. Typ. Max. 

lcc1 Average VCC Power Supply Current 120 rnA 6 

lcc2 Average Standby Current 12 rnA 6 
(R 7 W = RS = FURT = VIH) 

lcc3 Power Down Current 2 rnA 6 
(Inputs~ vee- o.2V) 

IlL Input Leakage Current (Any Input) -1.0 1.0 J.1A 4 

ioL Output Leakage Current -10.0 10.0 J.1A 5 

VoH Output Logic 1 Voltage (lOUT = - 4.0mA) 2.4 Volts 3 

VoL Output Logic 0 Voltage (lOUT = 8.0mA) 0.4 Volts 3 

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. Measured with 0.4 s v,N s Vee. 
5. R " v,H, 0.4 " VouT s Vee. 
6. Icc measurements are made with outputs open. 

L•'J SGS-1HDMSDN 
• I< lii:'IIUI:Il'J@Ill!.mcw.J@Il!IU~ 
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MK45H01 /2/3(N, K)-25,35,50,65, 12 

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 MK45H03 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 automat­
ically enabled and disabled through the expansion­
in and expansion-out pins. 

WRITE MODE 
The MK45HOX 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 

FF 

R 

LAST VALID 
WRITE 

INVALID 
WRITE 

\___/ 

FULL 

(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements m.J,!st 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.tRFF after completion of a valid READ opera­
tion. FF will again go low twFF from the beginning of 
a subsequent WRITE operation, provided that a 
second READ has not been complellid (see fig­
ure 4A). Writes beginning tFFW after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twPI before FF goes high are invalid (ig: 
nored). Writes beginning less then twPI before FF 
goes high and less then tFFW later may or may not 
occur (be valid), depending on internal flag status. 

IN DETERMINANT 
WRITE 

\___/ 

FIRST VALID 
WRITE 

NOT FULL 

__ _____:1_/f--------, 

~o ' 'I(,::\;M!,£r--t-o-H-----------~ 
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MK45H01 /2/3(N,K)-25,35,50,65, 12 

AC ELECTRICAL CHARACTERISTICS (0°C :>:TA :>: + 70°C) (Vee=+ 5.0V ± 10%) 

-25 
Sym. Parameter 

Min. Max. 

lwc Write Cycle Time 35 

lwpw Write Pulse Width 25 

lwR Write Recovery Time 10 

los Data Set Up Time 15 

loH Data Hold Time 0 

!wFF W Low to FF Low 30 

ljoFW FF High to Valid Write 10 

~FF R High to FF High 30 

lwp1 Write Protect lndeterminant 10 

READ MODE 

The MK45HOX initiates a Read Cycle (see fig­
ure 3Blon the falling edge of Read Enalllil_control 
input (R), provided that the Empty Flag (EF) is not 
asserted. In the read mode of operation, the 
MK45HOX provides a fast access to data from 9 of 
the locations in the static storage array. The data is 
accessed on a FIFO basis indep~ndent 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 38 : Read and Empty Flag Timing. 

FIRST 

-35 -50 -65 -120 

Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

45 65 80 140 ns 

35 50 65 120 ns 1 

10 15 15 20 ns 

18 30 30 40 ns 

0 0 0 0 ns 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

35 45 60 60 ns 2 

10 10 10 10 ns 2 

FIFO, the EF will go low, and further READ opera­
tions will be inhibit!W. (the data inputs will remain in 
high impedance). EF will go higi:!JwEF after comple­
tion of a valid WRITE operation. EF will again go low 
IREF from the beginning a subsequent read opera­
tion, provided that a second WRITE has not been 
compJID.ed (see figure 48). Reads beginning lEER 
after EF goes high are valid. Reads begun after EF 
goes high are inval.iQ_(ignored). Reads beginning 
less than IRPI before EF goes high and less then IEFR 
later may or may not occur (be valid) depending on 
internal flag status. 

w 

~~-~/ 
~ !WEF r==______ 

v---------------------~ 

EF EMPTY 

a,p a 
~----------------------~~ 

NOT EMPTY EMPTY 
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MK45H01/2/3(N,K)-25,35,50,65, 12 

AC ELECTRICAL CHARACTERISTICS (0°C:;:; TA:;:; + 70°C) (Vee=+ 5.0V ± 1 0%) 

Sym. Parameter 

IRe Read Cycle Time 

lA Access Time 

IRA Read Recovery Time 

tRPW Read Pulse Width 

IRL R Low to Low Z 

tov Data Valid from R High 

IRHZ R High to High Z 

!REF R Low to EF Low 

tEFR EF High to Valid Read 

lwEF W High to EF High 

tRPI Read Protect lndeterminant 

Figure 4A : Read/Write to Full Flag. 

A 

FF 

w 

FIRST READ 
SINCE FUll 

Figure 48 : Write/Read to Empty Flag. 
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w 

EF 

A 

FIRST WRITE 

SINCE EMPTY 

-25 -35 -50 -65 

Min. Max. Min. Max. Min. Max. Min. Max. 

35 45 65 80 

25 35 50 65 

10 10 15 15 

25 35 50 65 

0 0 0 0 

5 5 5 5 

18 20 25 25 

30 35 40 60 

10 10 10 10 

30 35 45 60 

10 10 10 10 

IFFW r-

tEFR r-

-120 
Unit Notes 

Min. Max. 

140 ns 

120 ns 2 

20 ns 

120 ns 1 

0 ns 2 

5 ns 2 

35 ns 2 

60 ns 2 

10 ns 2 

60 ns 2 

to ns 2 



RESET 

The MK451:1QX 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, 
be!ore a WRITE operation can begin. 

Figure 5 : Reset. 

MK45H01/2/3{N,K)-25,35,50,65, 12 

Although neither W orR need be high when B.S goes 
low, both Rand W must be high tRss before RS goes 
high, and must remain high tRsR afterwards. Refer 
lQ..the following discussion for the required state of 
FURT and XI during Reset. 

t 
RSC 

1Rs -----~ RS ~14---------

~K v 
'-----------------~_/~~AS ... 

lASS-----~ 
I 

: E~~~. ~~~·~r---."-.. ----.rl----~~"------

HF, FF 

Note : HF, EF and FF may change status during Reset, but flags will be valid at lAse· 

AC ELECTRICAL CHARACTERISTICS (0°C ~TA ~ + 70°C) (Vee=+ 5.0V ± 10%) 

-25 -35 -50 ·65 ·120 
Sym. Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

~sc Reset Cycle Time 35 45 65 80 140 ns 

~s Reset Pulse Width 25 35 50 65 120 ns 1 

~SA Reset Recovery Time 10 10 15 15 20 ns 

~ss Reset Set Up Time 25 30 30 45 100 ns 
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MK45H01 /2/3(N, K)-25,35,50,65, 12 

RETRANSMIT 

The MK45HOX can be made to retransmit (re-rru~._d 
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. 

\ K 

X 

XX X xx xxx')666< x 

NOTE 
HF. EF. and FFmay change status during Retransmit. 
but flags w111 be vahd at t RTc 

X 

X 

pointer. R must be inactive tRrs 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. 

I 
ATC 

1AT v 
/ 

~lATA"""' 
tATS 

~ 

""' 
X X X.>-. FlAG 

y '\ 
VALID 

X X 

AC ELECTRICAL CHARACTERISTICS (0°C ~TA ~ + 70°C) (Vee=+ 5.0V± 10%) 

-25 -35 -50 -65 -120 
Sym. Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

~TC Retransmit Cycle Time 35 45 65 80 140 ns 

~T Retransmit Pulse Width 25 35 10 65 120 ns 1 

~TR Retransmit Recovery Time 10 10 15 15 20 ns 

~TS Retransmit Setup Time 25 30 30 45 100 ns 
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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 mod..e_when the chip is Reset with the 
Expansion In pin (XI) grounded (see figure 7). 

Figure 7 :A Single MK45HOX FIFO Configuration. 

MK45H01/2/3(N,K)-25,35,50,65, 12 

WIDTH EXPANSION 

Word width may be increased simply by connecting 
the corresponding inpuU:ontrQLsignals 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 MK45HOXs. Any word 
width can be attained by adding additional 
MK45HOXs. The half full flag (HF) operates the 
same as in single device configuration. 

(HF) HALF FULL FLAG 

-
j_ 

(Fil 
WRITE (W} 

READ 

9 
9 

I h /_ h I MK45HOX I _) 

(FFJ 
v v 

FULL FLAG (EF} EMPTY FLAG 

DATA IN 

DATA OUT 

- -RESET (AS) 
(AT) RETRANSMIT 

EXPANSION IN (XlJ_ 

Figure 8 : MK45HOX Width Expansion FIFO Configuration. 

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. 
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MK45H01 /2/3(N,K)-25,35,50,65, 12 

HALF FULL FLAG LOGIC 

When in single device configuration, the (HF) outp~t 
acts as an indication of a half full memory. After half 
of the memory is filled, and at the fallio.g_edge of the 
next write operation, the half full flag (HF) will be set 

Figure 9 : Half Full Flag Timing. 

HALF-FULL HALF-FULL+ 1 

w 

R + / 

L.~,~ 
HF 

I """ "" 

low and remain low until the difference between the 
write pointer and read pointer is less than or eq_ygl 
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). 

HALF-FULL 

-t ~ RHF 

7 
/ 

7 
~ 

AC CHARACTERISTICS (0°C ~TA ~ + 70°C) (Vee=+ 5V ± 10%) 

-25 -35 -50 -65 -120 
Sym. Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

twHF Write Low to Half Full Flag Low 30 35 45 60 60 ns 

41HF Read High to Half Full Flag High 30 35 45 60 60 ns 
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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 MK45HOXs. Any depth 
can be attained by adding additional MK45HOXs. 
External logic is needed to generate a composite 
Full and Empty Flag. This requiretlhe ORing of all 
the EFs and the ORing of all the EEs (i..e.,.._all must 
be set to generate the composite FF or EF), 

MK45H01/2/3(N,K)-25,35,50,65, 12 

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 lo....(.XI) pin of the next 
device. The Half Full Flag (HF) is disabled in this 
mode. 

Figure 10: A Two Device Depth Expansion Configuration. 

XC 

w --------.-----------~ 

FF 

,.-----------1 MK45HOX 
9 

I 
DATA IN I 

l 

FULL 

(\+---+---t 

-

AS 

9 -f\ 
/ -v 
_, 

FF 

9]\ 
/-,; 

XI 

XC 

MK45HOX 

t<-----------....--+---F! 

EF 

I DATA CUT 

FURT 
1--+-+--t---Vcc 

EF 

FL 
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MK45H01/2/3(N,K)-25,35,50,65, 12 

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 u!J.!g_ss_extreme propagation delays exist 
between the XO/XI pin pairs. 

Figure 11 : Expansion Out Timing. 

WRITE TO 

w LAST PHYSICAL 
LOCATION 

R 

'x1= t 

i= xo 

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. 

READ FROM 
LAST PHYSICAL 
LOCATION 

t 
XOH 

AC ELECTRICAL CHARACTERISTICS {0°C ~TA ~+ 70°C} {Vee=+ 5.0V± 10%) 

-25 
Sym. Parameter 

Min. Max. 

txoL Expansion Out Low 25 

txoH Expansion Out High 25 

When in Depth Expansion mode, a given MK45HOX 
will begin writing and reading as soon a§...valid 
WRITE and READ signals begin, provided FL was 
grounded at RESE"(jj_me. A MK45HOX 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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-35 -50 -65 -120 

Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

35 40 55 90 ns 

35 40 55 90 ns 

It will not begin reading until a second Expansion In 
pulse and the Empth Flag has gone high. Expansion 
In pulses must occur txts before the WRITE and 
READ signals they are intended to enable. Minimum 
Expansion In pulse width, txt, and recovery time, 
txtR, must be observed. 



Figure 12: Expansion In Timing. 

w 

R 

14----t 
XI 

WRITE TO 

FIRST PHYSICAL 

LOCATION 

MK45H01 /2/3(N,K)-25,35,50,65, 12 

READ FROM 
FIRST PHYSICAL 

LOCATION 

AC ELECTRICAL CHARACTERISTICS (0°C s; TA s; + 70°C) (Vee=+ 5.0V ± 1 0%) 

-25 
Sym. Parameter 

Min. Max. 

tx1 Expansion in Pulse Width 25 

lx1R Expansion in Recovery Time 10 

tx1s Expansion in Setup Time 15 

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 

-35 -50 -65 -120 

Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

35 45 60 115 ns 1 

10 10 10 10 ns 

15 15 15 15 ns 

WRITE operations), can be achieved by pairing 
MK45HOXs, as shown in figure 14. Care must be 
taken to assure that the aJIDiopriate flag is 
monitored by each..system. (i.&.. FF is monitored on 
the device whm-e 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. 
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MK45H01/2/3{N,K)-25,35,50,65, 12 

Figure 13: Compound FIFO Expansion. 

018-DN 
O(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. 

Figure 14: Bidirectional FIFO Application. 
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MK45H01/2/3{N,K)·25,35,50,65, 12 

ORDER CODES 

Part No Access Time Cycle Time Package Type Temperature 

MK45H01 N-25 2Sns 3Sns 600 MIL Plastic DIP oo to 70°C 

MK45H01 N-35 3Sns 4Sns 600 MIL Plastic DIP oo to 70°C 

MK45H01 N-50 sons 65ns 600 MIL Plastic DIP oo to 70°C 

MK45H01 N-65 65ns SOns 600 MIL Plastic DIP oo to 70°C 

MK45H01 N-12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

MK45H01 K-25 25ns 35ns 32 PLCC oo to 70°C 

MK45H01 K-35 3Sns 4Sns 32 PLCC oo to 70°C 

MK45H01 K-SO SOns 6Sns 32 PLCC oo to 70°C 

MK45H01 K-65 65ns SOns 32 PLCC oo to 70°C 

MK45H01 K-12 120ns 140ns 32 PLCC oo to 70°C 

MK4SH02N-25 25ns 3Sns 600 MIL Plastic DIP oo to 70°C 

MK45H02N-35 3Sns 4Sns 600 MIL Plastic DIP oo to 70°C 

MK45H02N-50 SOns 65ns 600 MIL Plastic DIP oo to 70°C 

MK45H02N-65 65ns SOns 600 MIL Plastic DIP oo to 70°C 

MK45H02N-12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

MK45H02K·25 2Sns 35ns 32 PLCC oo to 70°C 

MK45H02K-35 35ns 4Sns 32 PLCC oo to 7ooc 

MK45H02K-50 SOns 6Sns 32 PLCC oo to 70°C 

MK45H02K-65 6Sns SOns 32 PLCC oo to 70°C 

MK45H02K-12 120ns 140ns 32 PLCC oo to 70°C 

MK45H03N-25 2Sns 3Sns 600 MIL Plastic DIP oo to 70°C 

MK45H03N-35 3Sns 45ns 600 MIL Plastic DIP oo to 7ooc 

MK45H03N-50 SOns 6Sns 600 MIL Plastic DIP oo to 70°C 

MK45H03N-65 65ns SOns 600 MIL Plastic DIP oo to 70°C 

MK45H03N-12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

MK45H03K-25 25ns 35ns 32 PLCC 0° to 70°C 

MK45H03K-35 3Sns 45ns 32 PLCC 0° to 70°C 

MK45H03K-50 SOns 6Sns 32 PLCC oo to 70°C 

MK45H03K-65 6Sns SOns 32 PLCC oo to 70°C 

MK45H03K-12 120ns 140ns 32 PLCC oo to 70°C 

MK45H13N-25 25ns 3Sns 300 MIL Plastic DIP oo to 70°C 

MK45H13N-35 3Sns 4Sns 300 MIL Plastic DIP oo to 70°C 

MK45H13N-50 SOns 6Sns 300 MIL Plastic DIP oo to 70°C 

MK45H13N-65 6Sns SOns 300 MIL Plastic DIP oo to 70°C 

MK45H13N-12 120ns 140ns 300 MIL Plastic DIP oo to 70°C 

Part No Access Time R/W Cycle Time 

MK45H01/2/3-25 2Sns 3Sns, 2S.SMHz 

MK45H01/2/3-35 3Sns 4Sns, 22.2MHz 

MK45H01/2/3-50 sons 6Sns, 15.3MHz 

MK45H01/2/3-65 6Sns SOns, 12.SMHz 

MK4SH01/2/3-12 120ns 140ns, 7.14MHz 
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MK45H01/2/3(N, K)-25,35,50,65, 12 

PACKAGE DESCRIPTION 

MK45HOX PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS 

mm 
Dim. 

Min. Max. 

A 5.334 

A1 0.381 

A2 3.556 4.064 

B 0.381 0.534 

B1 1.27 1.778 

c 0.203 0.304 

D 36.576 37.338 

01 1.651 2.159 

E 15.24 15.875 

E1 13.462 14.224 

e1 2.286 2.794 

eA 15.24 17.78 

L 3.048 

Notes : 1. Overall length Includes 010 in flash on either end of the package. 

16/17 
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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. 

MK45HOX PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) . . 

~ SGS·11fDMSDN .. "'!I li'.iUCOOIEI!.IEC1J'fll@f!lUCS 

Dim. 

A 

A1 

B 

B1 

0 

01 

02 

E 

E1 

E2 

mm 

Min. Max. 

3.048 3.556 

1.981 2.413 

0.330 0.533 

0.660 0.812 

12.319 12.573 

11.353 11.506 

9.906 10.922 

14.859 15.113 

13.893 14.046 

12.446 13.462 

Inches 

Min. Max. 
Noles 

210 2 

.015 2 

.140 .160 

.015 .021 3 

.050 .070 

.008 .012 3 

1.440 1.470 1 

.065 .085 

.600 .625 

.530 .560 

.090 .110 

.600 .700 

.120 

Inches 

Min. Max • 

• 120 .140 

.078 .095 

.013 .021 

.026 .032 

.485 .495 

.447 .453 

.390 .430 

.585 .595 

.547 .553 

.490 .530 



MK45H01 /2/3(N,K)·25,35,50,65, 12 

PACKAGE DESCRIPTION 

MK45HOX PLASTIC DIP (N), 28 PINS 

Dim. 
Inches 

Min. Max. 

A .210 

A1 .015 

A2 .120 .140 

B .015 .021 

81 .045 .070 

c .008 .012 

D 1.270 

01 .060 .090 

E .300 .325 

E1 .240 .270 

e1 .090 .110 

eA .300 .365 

L .125 
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"== SCiS·niOMSON MK45H04/MK45H08(N) .. ~I ~~[;;~©rnrLrn[;;li'~©U\!J~[;;~ -25/35/50/65/12 

HIGH SPEED 4K x 9 I 8K x 9 CMOS BIPORT™ FIFO 

• FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

• FLEXIBLE 4K x 9, 8K x 9 ORGANIZATIONS 
• LOW POWER, HIGH PERFORMANCE HCMOS 

TECHNOLOGY 
• ASYNCHRONOUS AND . SIMULTANEOUS 

READ/WRITE 
• BIDIRECTIONAL AND RATE BUFFER APPLI­

CATIONS 
• FULLY EXPANDABLE IN WORD WIDTH AND 

DEPTH 
• EMPTY AND FULL WARNING FLAGS 
• RETRANSMIT CAPABILITY 
• HALF-FULL FLAG IN SINGLE DEVICE MODE 

DESCRIPTION 

The MK45H04 and MK45H08 are members of the 
BiPORT FIFO Family from SGS-THOMSON 
Microelectronics, which utilize special two-port 
memory cell techniques. Specifically, these devices 
implement a First-In-First-Out (FIFO) algorithm, 
featuring asynchronous read/write operations, full, 
empty, and half-full status flags, and unlimited expan­
sion capability in both word size and depth. The full 
and empty flags are provided to prevent data over­
flow and underflow. The data is loaded and emptied 
on a first-in-first-out basis, and the latency for retrieval 
of data is approximately one load (write) cycle. These 
devices feature a read/write cycle time of only 35ns 
(28.5MHz). 

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 unloaqjata. Data is 
loaded and unloaded with the use of W (write), and 
R (read) input pins. Separate data in (Do-De) and data 
out (Oo-Oe) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data underflow 
or overflow. 

The main application of these devices is as a rate 
buffer for sourcing and absorbing data at different 
rates (e.g., interfacing fast processors and slow 
peripherals). The MK45H04 and MK45H08 incor­
porate 9-bit wide data arrays that provide for support 
control or parity bit functions. 

January 1989 

N 
DIP-28 

(Plastic Package) 

Figure 1 : Pin Connections. 

Plastic OIP 

w 2e Vee 

De 2 27 04 
03 3 26 o5 

D2 4 25 o6 
01 5 24 07 
Do 6 23 FLIRT 

Xi 7 22 RS 

i=F e 21 EF 

ao 9 20 XO/HF 

01 10 19 07 
o2 11 1e a6 
03 12 17 05 
oe 13 16 04 

GND 14 15 Fi 

PIN NAMES 

w =Write XI = Expansion in 

R =Read xo = Expansion out 

RS =Reset FF =Full Flag 

FLIRT = First Load/ EF =Empty Flag 
Retransmit HF = Half-full Flag 

Do.a =Data in Vee Power, + 5 Volts 

Oo.a =Data out GND =Ground 
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MK45H04/8(N)-25/35/50/65/12 

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. 

o0- _o-"-------:T-----------, 

w 

FF 

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. 

.--------~------+ 0 o0 a 

+--A 

EF 

EXPANSION LOGIC 
XI lrotRF 

AS 

·I 
RESET/RETRANSMIT 

AT 
LOGIC 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to GND -0.3 to+ 7.0 v 
Operating Temperature 0 to+ 70 oc 
Storage Temperature -55 to+ 125 oc 
Power Dissipation 1 Watt 

Output Current 20 rnA 

• 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 tor extended 
periods of time may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS (0°C ::; T A ::; + 70°C) 

Symbol Parameter Min. Max. 

Vee Supply Voltage 4.5 5.5 

GND Ground 0.0 0.0 

VIH Logic 1 all Inputs 2.0 VCC+ 1.0 

VIL Logic 0 all Inputs -0.3 0.8 

DC ELECTRICAL CHARACTERISTICS (0°C :'> T A :'> + 70°C) (Vee = 5.0 ± 1 0%) 

Symbol Parameter Min. 

fcc,. Average VCC power Supply Current 

lce2 Average Standby Current 
(R = w = RS = FLIRT = VIH) 

lcca Power Down Current 
(Inputs<: Vee - 0.2V) 

IlL Input Leakage Current (any input) -1.0 

ioL Output Leakage Current -10.0 

VoH Output Logic 1 Voltage Oour =- 4.0mA) 2.4 

VoL Output Logic 0 Voltage Oour = 8.0mA) 

AC ELECTRICAL CHARACTERISTICS (TA = 25°C, f = 1.0MHz) 

Symbol Parameter 

c1 Capacitance on Input Pins 

Co Capacitance on Output Pins 
Notes : 8. Sampled : not 100% tested. 

9. Output buffer deselected. 

Typ. 

Max. 

120 

12 

2 

1.0 

10.0 

0.4 

Max. 

8 

12 

Units Notes 

v 3 

v 
v 3 

v 3 

Units Notes 

rnA 6 

rnA 6 

rnA 6 

~ 4 

~ 5 

v 3 

v 3 

Unit Notes 

pF 8 

pF 8.9 
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WRITE MODE 

The MK45HOX initiates a Write Cycle (see Figure 3A) 
qn_ 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 ofW. 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. 

Fi 

LASTVAUD 
WRITE 

INVAliD 
WRITE 

b]gh tRFF after completion of a valid READ operation. 
FF will again go low twFF from the beginning of a 
subsequent WRITE operation, provided that the 
second READ has not been comRieted (see Figure 
4A). Writes beginning tFFW after FF goes high are 
valid. Writes be9.!!!_ning after FF goes low and more 
then twPI before FF goes high are invalid (ignored). 
Writes beginning less than twPI before FF goes high 
and less than tFFW later may or may not occur (be 
valid), depending on the internal flag status. 

INDETERMINANT 
WRITE 

FIRST VAliD 
WRITE 

'I". -l(.~ri-DH---------~ 
AC ELECTRICAL CHARACTERISTICS (0°C ~TA ~+ 70°C) (Vee= +5.0volts± 10%) 

Sym. Parameter 

!we Write Cycle Time 

fwPW Write Pulse Width 

fwR Write Recovery Time 

los Data Set Up Time 

!oH Data Hold Time 

fwFF W Low to FF Low 

~FW FF High to Valid Write 

~FF R High to FF High 

fwPI Write Protect lndeterminant 
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- 25 - 35 -50 

Min. Max. Min. Max. Min. Max. 

35 
25 

10 
15 

0 

10 

45 65 
35 50 

10 15 
18 30 

0 0 
30 35 
10 10 

30 35 
10 10 

J:.:fi SGS·THDMSDN 
~~ ll?JUI:OOI<I!.rn«:lrlilllilll1UCS 

45 
10 

45 

- 65 - 120 
Min. Max. Min. Max. 

80 140 
65 120 

15 20 
30 40 

0 0 

60 60 
10 10 

60 60 
10 10 

Unit Notes 

ns 

ns 1 

ns 

ns 

ns 

ns 2 
ns 2 

ns 2 
ns 2 



READ MODE 

The MK45HOX initiates a Read Cycle (see Figure 
3B) Of!_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 t.he locations in the static storage array. The 
data ts 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 38 : Write And Full Flag Timing. 

w 

FF 

R 

LAST VALID 
WRITE 

INVALID 
WRITE 

\__/ 

FULL 

----------~1 -!~----~ 
t 

DH 

M K45H04/8(N)-25/35/50/65/12 

Fl FO, the EFwill go low, and further READ operations 
y.till be inhibited (the data outputs will remain in high 
tmpe~ance). EF will go high twEF after completion of 
a vahd WRITE Operation. EF will again go low tREF 
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 tRPt before EF goes high are invalid (!ft 
nored). Reads beginning less than tRPt before EF 
goes high and less than tEFR later may or may not 
occur (be valid) depending on internal flag status. 

INDETERMINANT 
WRITE 

FIRST VALID 
WRITE 

NOT FULL 

-----..! tDdF 
D-D I 
0 8~/J--------------~ 

AC ELECTRICAL CHARACTERISTICS (0°C ~ TA ~ + 70°C) (Vee=+ 5.0volts + 1 0%) -
- 25 - 35 -50 - 65 - 120 

Sym. Parameter Unit Notes 
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

IRe Read Cycle Time 35 45 65 80 140 ns 

!A Access Time 25 35 50 65 120 ns 2 

41R Read Recovery Time 10 10 15 15 20 ns 

IRPW Read Pulse Width 25 35 50 65 120 ns 1 

IRL R Low to Low Z 0 0 0 0 0 ns 2 

lov Data Valid from R High 5 5 5 5 5 ns 2 

IRHZ R High to High Z 18 20 25 25 35 ns 2 

41EF R Low to EF Low 60 75 95 115 145 ns 2 

~FR EF High to Valid Read 10 10 10 10 10 ns 2 

iwEF W High to EF High 30 35 45 60 60 ns 2 

tRPI Read Protect lndeterminant 10 10 10 10 10 ns 2 
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Figure 4A : Read/write To Full Flag. 

R 

FF 

w 

FIRST READ 
SINCE FULL 

Figure 48 :Write/read To Empty Flag. 
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EF 

R 

FIRST WRITE 
SINCE EMPTY 

!RFF r-

!FFW r-

1WEFr-

!EFR r-



RESET 

The MK45HOX 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. 

~ 

r 
w ~ d1 

EF 

HF, FF 

MK45H04/8(N)-25/35/50/65/12 

Although neithe.r_ W or B. need to be high when RS 
f!Q?S low, both R and W must be high tRss before 
RS goes high, and must remain high tRSR after­
w~rds. Refer to th~ollow~ discussion for the re­
qUired state of FURT and XI during Reset. 

t 

I 
RSC 

1Rs 

7 v 
1+- IRS~ 

tASS 

_j ':::, 

"" t 
RSS 

Note : HF, EF and FF may change status during Reset, but flags will be valid at tRsC· 

AC ELECTRICAL CHARACTERISTICS (0°C ::;TA::; + 70°C) (Vee=+ 5.0volts± 10%) 

- 25 - 35 -50 - 65 - 120 
Sym. Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

~sc Reset Cycle Time 35 45 65 80 140 ns 

~s Reset Pulse Width 25 35 50 65 120 ns 1 

~SR Reset Recovery Time 10 10 1q 15 20 ns 

~ss Reset Set Up Time 25 30 30 45 100 ns 

7/15 
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RETRANSMIT 

The MK45HOX 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 
in the array, but will not affect the position of the write 

Figure 6 : Retransmit. 

--"" "\ 
X X 

XX X XX XX X 

X X .X X X 

X 

pointer. R must be inactive tArs 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. 

t 
RTe 

tRT 

/ 
v 
~ tRTR""' 

tRTS 

~ 

"" 
X X X~./ FLAG 

X .X X "" 
VALID 

Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tRre· 

AC ELECTRICAL CHARACTERISTICS (0°C !> TA !> + 70°C) (Vee=+ 5.0volts ± 1 0%) 

Sym. Parameter 

4nc Retransmit Cycle Time 

lrlr Retransmit Pulse Width 

lrlm Retransmit Recovery Time 

lrlrs Retransmit Setup Time 
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- 25 - 35 -50 

Min. Max. Min. Max. Min. Max. 

35 

25 

10 

25 

45 65 

35 50 

10 15 

30 30 

~ SGS·THOMSON A.""'! I ~rrclil©l<l!.rn©ll~ro©lllll©$ 

- 65 - 120 

Min. Max. Min. Max. 

80 140 

65 120 

15 20 

45 100 

Unit Notes 

ns 

ns 1 

ns 

ns 



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 mod_g_ 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..§.ignals 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 MK45HOXs. Any word 
width can be attained by adding additional 

Figure 7 : A Single MK45HOX FIFO Configuration. 

MK45H04/8(N)-25/35/50/65/12 

MK45HOXs. 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 full memory. After half 
of the memory is filled, and at the falli!J9...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 
~alto one half the total memory. The half full flag 
(HF) is then reset by the rising edge of the read 
operation. See Figure 9. 

(HF) HALF FULL FLAG 

- l 
ilil WRITE (W) 

READ 

9 

I ~ 
9 

I ~ 
I MK45HOX I -) DATA IN 

<FFi 
v v 

FULL FLAG ('Efi EMPTY FLAG 
DATA OUT 

-
RESET (AS) -

(AT) RETRANSMIT 

EXPANSION IN (Xi) 1 
Figure 8: MK45HOX Width Expansion FIFO Configuration. 

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. 
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DEPTH EXPANSION (DAISY CHAIN) 
The MK45HOX can be easily adapted to applications 
when the requirements are greater than the in­
dividual device word depth. Figure 10 demonstrates 
Depth Expansion using two MK45HOXs. Any depth 
can be attained by adding additional MK45HOXs. 

Figure 9 : Half Full Flag Timing. 

HALF-FULL HALF-FULL + 1 

R 

L._ 

External logic is needed to generate a composite 
Full and Empty Flag. This requires the DRing of all 
the EFs and the DRing of all the FFs (i.e., all must 
be set to generate the composite FF or EF). 
The MK45HOX operates in the Depth Expansion con­
figuration after the chip is Reset underthe below listed 
conditions: 

HALF· FULL 

AC CHARACTERISTICS {0°C s;TA $;+ 70°C} (Vee=+ Svolts± 10%} 

- 25 - 35 -50 - 65 - 120 
Sym. Parameter 

fwHF Write Low to Half Full Flag 
Low 

~HF Read High to Half Full Flag 
High 
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Min. Max. Min. Max. Min. 

30 35 

30 35 

~ SGS·1110MSON 
A-"'I lilliJoclli~m~Mll1J"Ilitmlllol:$ 

Max. Min. Max. Min. Max. 
Unit Notes 

45 60 60 ns 

45 60 60 ns 



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 1'2...i_Xf) pin of the next 
device. The Half Full Flag (HF) is disabled in this 
mode. 

MK45H04/8(N)·25/35/50/65/12 

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 
In pins, the user need not be concerned with the actual 
timing in the normal Depth Expanded application un­
less __§,xtreme propagation delays exist between the 
XO/XI pin pairs. 

Figure 10: A two Device Depth Expansion Configuration. 

-
XO 

w A' 

-
FF -

MK45HOX EF 

9 9 

I 9--f\ I 
DATA IN I / -v I DATA OUT 

--
~ FURT vco 

- [FPTY . FULL XI 

l' 
-
XO 

--

-
FF 

- MK45HOX -
9J\ EF 

/-v - FL 

i 
AS 

J XI 
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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 is in contrast to when the Full and 

Figure 11 : Expansion Out timing. 

w 

R 

WRITE TO 
LAST PHYSICAL 
LOCATION 

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 a.§_ valid 
.WRITE and READ signals begin, provided FL was 
grounded at RESET time. ' 

READ FROM 
LAST PHYSICAL 

LOCATION 

AC ELECTRICAL CHARACTERISTICS (0°C ::; TA ::; + 70°C) (V cc = + 5.0volts ± 1 0%) 

• 25 • 35 • 50 • 65 • 120 
Sym. Parameter 

Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 
Unit Notes 

lxoL Expansion Out Low 25 35 40 55 90 ns 

txoH Expansion Out High 25 35 40 55 90 ns 
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A MK45HOX 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. 

WRITE TO 

w 
LOCATION 

MK45H04/8(N)-25/35/50/65/12 

sion In pulses must occurtx1s before the WRITE and 
READ signals they are intended to enable. Mini­
mum Expansion In pulse width, tx1, and recovery 
time, txiR, must be observed. 

READ FROM 
FIRST PHYSICAL 

LOCATION 

AC ELECTRICAL CHARACTERISTICS (Q•C :!>TA :5: + ?Q•C) (Vee=+ 5.0volts ± 10%) 

Sym. Parameter 

lx1 Expansion in Pulse Width 

tx1R Expansion in Recovery Time 

lx1s Expansion in Setup Time 

• 25 • 35 • 50 

Min. Max. Min. Max. Min. Max. 

25 
10 
15 

35 45 
10 10 

15 15 

~ SGS·111DMSDN 
.. .,, 11:110Cii'l@IOI!.Im1llli!@OOOC$ 

. 65 . 120 

Min. Max. Min. Max. 
Unit Notes 

60 115 ns 1 
10 10 ns 

15 15 ns 
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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. 

00-08 

00-08 

WRITE operations), can be achieved by pairng 
MK45HOXs as shown in Figure 14. Care must be 
taken to assure that the a~opriate 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. 

00-017 
00-0N 

09-017 

R,W,RS 
MK45HOX ~ 

DEPTH EXPANSION 

BLOCK 

MK45HOX 

DEPTH EXPANSION 

BLOCK 

MK45HOX 

DEPTH EXPANSION 

BLOCK 

DO·DN 09-DN 
D18·DN 

D(N-B)·DN 

Notes : 1. For depth expansion block see DEPTH EXPANSION Section and Figure 1 o. 
2. For Flag operation see WIDTH EXPANSION Section and Figure 8. 

Figure 14 : Bidirectional Fifo Application. 
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B 
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B 
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ORDER CODES 

Part No Access Time Cycle Time Package Type Temperature 

MK45H04N25 25ns 35ns 600 MIL Plastic DIP oo to 70°C 

MK45H04N35 35ns 45ns 600 MIL Plastic DIP oo to 70°C 

MK45H04N50 SOns 6Sns 600 MIL Plastic DIP oo to 70°C 

MK45H04N65 65ns sons 600 MIL Plastic DIP oo to 70°C 

MK45H04N12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

MK45H14N25 25ns 35ns 600 MIL Plastic DIP oo to 70°C 

MK45H14N35 3Sns 4Sns 600 MIL Plastic DIP oo to 70°C 

MK45H14N50 SOns 65ns 600 MIL Plastic DIP oo to 70°C 

MK45H14N65 6Sns BOns 600 MIL Plastic DIP oo to 70°C 

MK45H14N12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

MK45HOBN25 25ns 3Sns 600 MIL Plastic DIP oo to 70°C 

MK45HOBN35 3Sns 4Sns 600 MIL Plastic DIP oo to 70°C 

MK45HOBN50 sons 6Sns 600 MIL Plastic DIP oo to 70°C 

MK45HOBN65 6Sns BOns 600 MIL Plastic DIP oo to 70°C 

MK45HOBN12 120ns 140ns 600 MIL Plastic DIP oo to 70°C 

Part No Access Time R/W Cycle Time 

MK45H04/08-25 2Sns 3Sns, 28.SMHz 

MK45H04/08-35 3Sns 4Sns, 22.2MHz 

MK45H04/08-50 SSns 6Sns, 1S.3MHz 

MK45H04/08-65 6Sns BOns, 12.5MHz 

MK45H04/08-12 120ns 140ns, 7.14MHz 

PACKAGE MECHANICAL DATA 

Figure 15 : MK45H04 28 Pin Plastic DIP (N) 600 MIL. 

mm Inches 

v~ b2 ~ e 

e3 

F 

II I 

c 

I 
' JlL 1--

I E 

Dim. 
Min. Typ. Max. Min. Typ. Max. 

A 

a1 0.63 .025 

B 0.45 .018 

b1 0.23 0.31 0.009 .012 

b2 1.27 .050 

c 
D 37.34 1470 

E 15.20 16.68 0.598 .657 

e 2.54 .100 

e3 33.02 1.300 

e4 

F 14.10 .555 

I 4.45 .175 

L 3.30 .130 

K1 
POU-DIJ 

K2 

1S/1S 
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• BYTEWYDE'"M 128K X 8 CMOS SRAM 
• EQUAL CYCLE/ACCESS TIMES, 55,70,85NS 

MAX. 
• LOW Vee DATA RETENTION 2 VOLTS 
• THREE STATE OUTPUT 
• JEDEC STANDARD 32-PIN PACKAGE IN 600 

MIL PLASTIC DIP, 400 MIL PLASTIC SOJ 

DESCRIPTION 

The MK48127 is a Mega-bit (1 ,048,576-bit) 
CMOS SRAM, organized as 131,072 words x 8 
bits. It is fabricated using SGS-Thomson's low 
power, high performance, CMOS technology. 
The device features fully static operation requi­
ring no external clocks or timing strobes, with 
equal address access and cycle times. It re, 
quires a single +5V ± 10% supply, and all in­
puts and' outputs are TTL compatible. 

PIN NAMES 

tv:J-A1s Address Inputs 

DOo-DO? Data 1/0o-7 

E1 Chip Enable 1 , Active Low 

E2 (*) Chip Enable 2, Active High 

G I (OE) Output Enable 

w Write/read Enable 

Vcc,Vss +5V, GND 

NC No Connection 
NOTES: 
(") For MK48128 ONLY 

October 1989 

MK48127/128(N,X) 
-55/70/85 

1 MEG ( 1·,048,576-BIT) 
128 K X 8 CMOS SRAM 

ADVANCE DATA 

PIN CONNECTION 

NC 1 

Ats 2 

A14 3 

A 12 4 

A7 S 

As s 
As 7 
A4 8 

A, 9 

A2 10 

At 11 

A 0 12 

DO o 13 

DO 1 14 

DO 2 15 

vss 16 

400 mil. Plastic SOJ 

32 vee 
3t A 15 

:: ;c (*) 
28 A 13 

27 As 

26 Ag 

25 Att 

24 G 
23 A 10 

22 E 

21 DO 7 

20 DO 6 

19 OQ 5 

ta oa 4 

11 oa 3 

NC .....r..-----,...., a2 vee 

A16 2 at A 15 

A14 3 

A12 4 
:: ~c (*) 

A7 28 A 13 

As 21 A 8 

As 26 Ag 

A4 25 A 11 

A, 24 G 
A2 10 23 A 10 

A, 11 22 E 
Ao ,12 21 007 

00 0 13 20 00 6 
oa, 14 19 00 5 
DQ2 15 18 004 

VSS 1S 17 003 

(') For MK48128 PIN 30 = E2 

MK48127/128 THRUTH TABLE 

w E1 E2(*) G MODE DQ POWER 

X H X X Deselect Hi-Z Standby 

X X L X Deselect Hi-Z Standby 

H L H H Read Hi-Z Active 

H L H L Read OouT Active 

L L H X Write DiN Active 
NOTES: 
(') For MK48128 ONLY 

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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MK48127/128(N,X)-55/70/85 

READ MODE 

The MK48127 is in the Read mode whenever 
~ite Enable (WJ is high w_l!h 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 withJD 
tAvov after til? 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 
(tELOV, or tGLOV) rather than the address. Data 
out may be indeterminate at tELOX, and tGLOX, 
but data lines will always be valid at tAvov. 

WRITE MODE 

The_MK481J7 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 tAvwL, and 

MK48127/128 BLOCK DIAGRAM 
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tAVEL respectively, and is determined to the lat­
ter occuring edge. The Write cycle ca.!:!_ be ter­
minated by th~ earlier rising edge of W or 
Chip Enable (E ). 

If the_Qutput is enabled (E = low, G = low), 
then W will return the outputs to high impe­
dance within twLoz 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 twHox . 

OPERATIONAL MODES 

The MK48127 has a Chip Enable power down 
feature which sustains an autq_matic standby 
mode whenever Chip Ena.Qie (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-I/O data bus. Operational modes are de­
termined by device control inputs W, G, and E, 
as summarized in the truth table. 

Vee 

Vss 



• BYTEWYDETM 32K X 8 CMOS SRAM 

• EQUAL CYCLE/ACCESS TIMES, 70, 120NS 
MAX. 

• LOW Vee DATA RETENTION 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 
and cycle times. It requires a single +5V ± 1 0% 
supply, and all inputs and outputs are TIL compa­
tible. 

OPERATIONAL MODES 

The MK4832 has a Chip Enable power down fea­
ture wich sustains an cwtomatic standby mode 
whenever Chip EDable (E) goes inactive high. An 
Output Enable (G) pin provide as high speed tri­
state control, allowing fast read/write cycles to be 
achieved with the common-I/O data bus. Operatio­
ng.l.modes_p.re determined by device control inputs 
W, G and E, as summurarized in the thruth table. 

PIN NAMES 

AO-A14 Address Inputs 

DQO-DQ7 Data In/Data Out 

E Chip Enable 
-
G Output Enable 

w Write/Read Enable 

Vee +5V 

Vss GROUND 

October 1989 

MK4832(N)/ 
MK4832L(N)-70/120 

256 K (262, 144-bit) 
32 K X 8 CMOS SRAM 

B 
28 

DIP-28 
(Plastic Package) 

PIN CONNECTIONS 

600 mil. Plastic DIP 

A14 28 Vee 

A12 2 27 w 
A7 3 26 A13 

As 4 25 As 

As 5 24 Ag 

A4 6 23 A11 

A3 7 22 <3 
A2 8 21 A1o 

A1 9 20 E 

Ao 10 19 DQ 7 

DO o 11 18 DQ 6 

DQ 1 12 17 DQ 5 

DO 2 13 16 DQ 4 

Vss 14 15 DO 3 

MK4832 THRUTH TABLE 

E w G MODE DQ POWER 

H X X Deselect Hi-Z Standby 

L H H Read Hi-Z Active 

L H L Read Dour Active 

1/10 
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FIGURE 1 : MK4832 BLOCK DIAGRAM 

A 
~ 
• 

(10) • 
• • 

A ~ 
CE j 

DO ...... 

:(8) 
DO -- ~~ 

CE 

1 -
w 

e~ ~I 
G 

READ MODE 

The MK4B32 is in the Read mode whenever Write 
En~ble (W) is_high with Output Enable (G) low, and 
Ch1p 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 

1- I+-- Vee 

I-- Vss 

ROW 
MEMORY 
ARRAY 

DECODE 
(1024 X 32 X 8) 

1--- 256K- bit 

. I I 
INPUT 1/0 CIRCUITS 
DATA 
CTRL COLUMN 

DECODE 

CE - ¥75)·¥ 

A A 

A 11 (8) 

__ :'!'-' 
LBD4832 

~thin tAvov aft!Z!" 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 (tELQV, or 
!GLOV) ra!her than the address. Data out may be 
mdetermmate at tELOX, and tGLOX, but data lines will 
always be valid at tAvav. 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (O'C::; TA::; +70'C, Vee= 5. V + 10%) -
4832-70/70L 4832-1201120L 

UNIT NOTE 
SYMBOL PARAMETER MIN MAX MIN MAX 

IELOX Chip Enable to Q Low-Z 10 10 5 

lAX OX Output Hold from Address Change 10 10 4 

IGLQX Ouput Enable Access Time 5 5 5 

IAVAV Read Cycle lime 70 120 
ns 

lAVOY Address Access lime 70 120 4 

IELQV Chip Enable Access lime 70 120 4 

IGLQV Output Enable Access lime 35 60 4 

IEHQZ Chip Enable (E) to Q High-Z 0 30 0 35 5 

IGHOZ Output Disable (G)to Q High-Z 0 30 0 35 5 

2/10 
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FIGURE 2 :READ TIMING N°.1 (ADDRESS ACCESS) 

IAVAV 

IAXQX 

DATA VALID 

RDTIME01 

FIGURE 3 : READ TIMING N°.2 

--+= t AVAV =t 
~; ~~-tAvav -~'IAXQX~ 
E 

IELQX 

G 

DATA VALID 

RDTIME02 
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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 w_lih the concurrence of Chip Enable being 
low with W low. Therefore, address setup times are 
referenced to Write Enable and Chip Enable as 
tAitwL, and tAvEL respectively, and is determined to 
the latter occuring edge. The Write cycle can be 

terminat!l_d 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 
twLoz 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 twHox . 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 

MK4832-70/70L MM4832-120/120L 
SYMBOL PARAMETER UNITS NOTES 

MIN MAX MIN MAX 

tAVAV Write Cycle lime 70 120 
-

tAVWL Address Set-up lime to W Low 0 0 

tAVEL Address Set-up lime toE Low 0 0 

tAVWH address valid to W HiGh 60 85 

twLWH Write Pulse Width 45 65 

twHAX Address Hold After End Of Write 5 5 ns 

tELEH Chip Enable Active To End Of Write 60 85 

tEHAX Address Hold lime From Chip Enable 5 5 

toVWH Data Valid To End Of Write 25 45 

tWHOX Data Hold lime 0 0 
-

twHQX W High to Q Active 5 5 5 
-

twLQZ W Low to Q High-Z 0 40 0 40 5 

4/10 
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FIGURE 4 : WRITE CONTROL CYCLE TIMING 

I AVAV t-
-------1 A-VW-H-----------'~, W<~ 

t ELEH 

~ IWLWH 

I ~IAVOV -1 
~-~----~------~~~~~M~~~s~~\ I 

t WLOZ 

I t GHOZ k---- t DVWH ---->•+·-1 WHDX r- I WHOX 
DO 0 -

DO 7 
DATA IN VALID 

FIGURE 5 : CHIP ENABLE CONTROL WRITE CYCLE TIMING 

::; ~•Am 
IAVAV 

IAVWH ~I 

IELEH 
t 

"E 

I EHAX --1 
IWLWH 

w 

G 

D%-

DQ7 

WRTIMEOt 

I'GLQX 

k 
WRTIME02 
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STANDBY MODE CHARACTERISTICS 

(O"C :::; TA :::; +70°C, VCC = 5.0V ± 10%) 

SYMBOL PARAMETERS 

lpu Chip Enable to Power-Up 

lpo Chip Enable to Power-Down 

FIGURE 6 : STANDBY MODE TIMING 

E 

MK4832/4832L- 70 MK4832/4832L-120 
UNITS 

MAX MIN MAX MIN 

0 0 ns 

70 120 ns 

MK4PWRUP 

LOW VCC DATA RETENTION CHARACTERISTICS 

(OOC :::;TA :::;+?DOC, VCC=5.0±10%) 

SYMBOL PARAMETERS 

VoR Vee Data Retentionmode 

lccDR'1> 
Data Retention Pwr.supply Current MK4832 

Test Condition: Vee= 3.0 
MK4832L 

I coR Chip Deselect To Data Retention Mode 

IR Operation Recovery Time 

FIGURE 7 : LOW Vee DATA RETENTION 

MAX 

2.0 

0 

tAVAV (2) 

14---- DATA RETENTION MODE 

MAX UNIT 

v 

500 JlA 

20 JlA 

nS 

nS 

\ 
4.5 V -':\ VDR :0: 2.0V J ~ 4.5 V 

~---------------------------/ 

NOTE 

9 

9 

9 

9 

9 

-=1. 1CDR :<---- ._ IR 1 
7/ll 2.2 ~;---------------"E-=:::_v.:.DR'-'---o_.3v ____________ ~i.2 \/\\\\\" E 

K4BLOVCC 
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ABSOLUTE MAXIMUM RATINGS . 

SYMBOL PARAMETER VALUE UNIT 

v, Voltage On Any Pin Relative to Ground -0.5to +7.0 v 

TA Ambient Operating Temperature 0 to 70 ·c 

Tsm Storage Temperature -65 to 150 ·c 

Po Power Dissipation 1 Watt 

lo Output Current (t) 50 rnA 
.. 

• This is a stress ratng only and functiOnal operat1on of the dev1ce at these or any othercond1t10ns above thosemd1cated 1n the operatiOn sect1ons 
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 

(O'C ~ TA ~ +70'C) 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

V1H Logic "1" Voltage All Inputs 

v,L Logic "0" Voltage All inputs 

DC ELECTRICAL CHARACTERISTICS 

(O'C ~ TA ~+70'C) 

SYMBOL PARAMETER 

Icc, Average Vee Power Supply Current 
-

Iss TTL Standby Current ( E= V1H ) 

I sst -
CMOS Standby Current (E= Vee -0.2v) 

lu Input Leakage Current (Any Input) 

ILO Ouput Leakage Current 

VoH Output Logic "1" Voltage ( louT =-4.0 rnA) 

VoL Output Logic "0" Voltage (louT= +8.0 rnA) 

NOTES: 

1. All voltages referenced to GND. 

MIN 

4.75 

0 

2.2 

-0.3 

MK4832 

MK4832L 

2. Negative spikes of -1.0 volts allowed for up to 10 nS once per Cycle. 

3. lcc1 measured with outputs open. 

4. 1 mA typical. 

5. Measured with Vee ;, V1 ;, GND and outputs deselected. 

TYP MAX UNITS NOTES 

5.0 5.5 v 1 

0 0 v 1 

Vee+ 0.3v v 1 

0.8 v 1 

MIN MAX UNITS NOTES 

70 rnA 6 

3 rnA 7 

1 rnA 8 

50 ~A 8 

-1 +1 ~A 2 

-2 +2 ~A 2 

2.4 v 1 

0.4 v 1 

7/10 
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AC TEST CONDITIONS 

Inputs Levels ................................... . O.Ov to 3.0v 

Transition Time ................................. . 5ns 

Input And Output TimingReference Levels ........... . 1.5v 

FIGURE 8 : OUPUT LOAD DIAGRAM 

• 5.0V • 5.0 v 

470 ohms 

DEVICE 

UNDER f---------, 
TEST 

100pF' 240 ohms 5pF' 

GND 

• INCLUDES SCOPE AND TEST JIG 
TLKSRAM 

(A) (B) 

8/10 
------------ ~ SGS·lHOMSON -----------­Iii..., L [lj]U©Iiil@~~~©'iilll@~U~ 
332 
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CAPACITANCE 
( TA = 25'C, f = 1.0MHz) 

SYMBOL PARAMETERS MAX UNITS NOTES 

Cl capacitance on all pins (except dQ) 8.0 pF 10 

CDQ capacitance on DO pins 10.0 pF 3,10 

ORDERING I NFORMATION 

PART NUMBER ACCESS TIME PLACKGE TYPE TEMPERATURE RANGE 

MK 

MK4832N-70 70ns 28 PIN 600 Mil. Pllastic DIP o·c to 70'C 

MK4832N-120 120ns 28 PIN 600 Mil. Pllastic DIP O'Cto 70'C 

MK4832LN-70 70ns 28 PIN 600 Mil. Pllastic DIP o·c to 70'C 

MK4832LN-120 120ns 28 PIN 600 Mil. Pllastic DIP o·c to 7o·c 

________________ _:SGS-THOMSON PREFIX 

_____________ D,EVICE INDENTIFICATION NUMBER 

____________ LOW POWER 

__________ ______:PLASTIC PACKAGE 

L 

4832 

N 

70/120 _________ SPEED GRADE 

9/10 
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FIGURE 9 : PACKAGE MECHANICAL DATA 

mm Inches 
Dim. Note 

fi_r"lr"lr"lr"lr"lr"lr"lr"lr"lr"lr"lr"lr"l Min. Max. Min. Max. 

0 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 

81 1.27 1.778 .050 .070 

c 0.203 0.304 .008 .012 3 I v v v v v v v 
0
v v v v v v -l.~ 

D 36.5 87.3 6.440 1.470 1 

01 1.651 2.159 .065 .085 

~~ 
E 15.24 15.8 5.600 .625 

E1 13.4 24.2 4.530 .560 

e1 2.286 2.794 .090 .110 

eA 15.24 17.78 .600 .700 

L 3.048 .120 

-Jhe ~------u--1 

NOTES: 

1. Overall length includes 0.1 0 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 ln. when solder laed is specified. 



• LOW CURRENT (1 pA.@ 70"C) BATTERY INPUT 
FOR DATA RETENTION IN THE ABSENCE OF 
POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• +5 VOLT ONLY READ/WRITE 

• CONVENTIONAL SRAM WRITE CYCLES 

• LOW POWER 440 mW ACTIVE; 5.5 mW 
STANDBY 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48C02A 4.75V?;VpFo?;4.50V 
MK48C12A 4.50V?;VpFo?;4.20V 

• 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 

ft.o- A,o Address Inputs Vee System Power (+5 V) 

E Chip Enable W Write Enable 

GND Ground G Output Enable 

DQ0-DQ7 Data In/Data Out V8 Battery Input 

INT Power Fail Interrupt (Open Drain Type) 

NC No Connection 

June 1988 

MK48C02A/12A(K, N) 
-15/20/25 

. 2K x 8 ZEROPOWER™ RAM 

N 
DIP-28 

(Plastic Package) 

K 
PLCC32 

(Plastic Chip Carrier) 

FIGURE 1. PIN CONNECTIONS 

VB 1 28 Vee 

N.C. 2 27 N.C. 

A, 3 26 INT 

A& 4 25 A a 

As 5 24 Ag 

A• 6 23 w 
A3 7 22 G" 
A2 8 21 A,o 

A, 9 20 E 
Ao 10 19 oa7 

oa0 11 18 oa6 

oa, 12 17 oa. 
oa2 13 16 oa4 

GND 14 15 DQ3 

~ ~ g! ~ ~ g I~ 
4 3 2 1 32 31 30 

A9 

Ne 

A10 
E 

Ne 
oao 
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TRUTH TABLE (MK48C02A/12A) 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 Vee transients. A precision voltage detector 

. write-protects the RAM to prevent inadvertent loss 
of data when Vee falls out of toleranc~. 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 Vee above 4.75V 
(MK48C02A) and 4.5V (MK48C12A). Data protection 
is provided for Vee below 4.5V (MK48C02A) and 
4.2V (MK48C12A), and maintains data in the ab­
sence of Vee 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 Sna) because all power­
consuming circuitry is turned off. The low battery 
drain allows use of a long life Lithium primary cell. 

Vee E G w MODE DQ 

VIH X X Deselect High-Z 
<Vee (Max) VIL X VIL Write DIN 
>Vee (Min) VIL VIL VIH Read Dour 

VIL VIH VIH Read High-Z 

<VpFD (Min) X X X Power-Fail High-Z 
>Vso Deselect 

:s.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 

,---------
1 
I 
I 

---, 
I 
I 
I 

I < .......... _ ____.! AO-A10 

I f 'It 2K X 8 
,-~-__ ..._ __ ......., POWER RAM ./ 

I VOLTAGESENSE ... CMOS -~ 
INT ... --._,...----~ --1 ANO POi< .. CELL .. I 

I SWITCHING : I 
CIRCUITRY iffiK .. ..,. 1 

I - I 

L----------±---~ 
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OPERATION 

Read Mode 

The MK48C02A112A 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 (An) defines which one of 2,048 bytes of data 
is to be accessed. 

FIGURE 3. READ-READ-WRITE TIMING 

READ 

MK48C02A/12A(K,N)-15/20/25 

Valid data will be available to the eight data Output 
Drivers within tAA after the last aQ_dress J!:!put sig­
nal is stable, providin_H thi& 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 (tcEA or toEM• rather than the ad­
dress. The state of the eight Data 1/0 signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between toH 
and tAA, but the data lines will always have valid 
data at tAA· 

READ WRITE 

~-- '•c ---o-1 fool--- '•c --~o-1 1-o!----lwc ----l~ 

oa0-oa, ---------<1 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(o•csTAs7o•c) (Vee (Max)~Vcc~Vcc (Min)) 

MK48CX2A-15 MK48CX2A-20 

SYM PARAMETER MIN MAX MIN MAX 

IRe Read Cycle Time 150 200 

tAA Address Access Time 150 200 

tcEA Chip Enable Access Time 150 200 

toEA Output Enable Access Time 75 80 

tcEz Chip Enable Hi to High-Z 35 40 

toEz Output Enable Hi to High-Z 35 40 

toH Valid Data Out Hold Time 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure 7. 

MK48CX2A·25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 
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WRITE MODE 

The MK48C02N12A is in Write Mode whenever the 
W and E inputs are held low. The start of a Write 
is referenced to the latter occurring failing edge of 
either W or E. A Write is terminated by the earlier 
rising edge of WorE. The ~dr~ses must be held 
valid throughout the cycle. W or E must return high, 
for a minimum of lwR prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for los prior to the End of Write and remain valid 
for loH afterward. 

FIGURE 4. WRITE-WRITE-READ TIMING 

w 

WRITE 

VALID 
IN 

Some processors thrash producing spurious Write 
Cycles during power-up, despite ~pli~ation of a 
power-on reset. Users should force W or E high dur­
ing power-up to protect memory after Vee reaches 
Vee {min) but before the processor stablizes. 

The MK48C02~12A G input is a DON'T CARE in 
the write mode. G can be tied low and two-wire RAM 
control can be implemented~ low on W will disa­
ble the outputs lwez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

WRITE READ 

VALID VALID 
IN OUT 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
{O"C::;TA:S70"C) {Vee {Max)<::Vee2:Vee {Min)) 

MK48CX2A·15 MK48CX2A·20 MK48CX2A·25 

SYM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

I we Write Cycle Time 150 200 250 ns 

lAs Address Setup Time 0 0 0 ns 

tAw Address Valid to End of Write 120 140 180 ns 

teew Chip Enable to End of Write 90 120 160 ns 

twew Write Enable to End of Write 90 120 160 ns 

lwR Write Recovery Time 10 10 10 ns 

los Data Setup Time 40 60 100 ns 

loH Data Hold Time 0 0 0 ns 

twEZ Write Enable Low to High-Z 50 60 80 ns 

..;.;4,-'-1o=------------- ·!fl. ~I©IH?fl~~tj 
338 



DATA RETENTION MODE 

With Vee applied, the MK48C02A/12A operates as 
a conventional BYTEWIDE static ram. However, 
Vee is being constantly monitored. Should the sup­
ply voltage decay, the RAM will automatically power­
fail deselect, write protecting itself when Vee falls 
within the VPFD (max), VPFD (min) window. The 
MK48C02A has a VPFD (max) -VPFD (min) 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 VPFD (min), the user can be assured the 
memory will be in a write protected state, provided 
the Vee fall time does not exceed tF. The 
MK48C02A/12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vee· Therefore decoupling of power supply lines is 
recommended: 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso· As Vee 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 tREe after Vee 
excee_Qs V.EEo (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write cycles 
after Vee rises but before normal system operation 
begins. 

INTERRUPT FUNCTION 

The 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 /Ls to 40 
JlS advanced warning of an impending power-fail 
write protect. 

M K48C02A/12A(K, N)-15/20/25 

FIGURE 5. CHECKING THE BOK FLAG STATUS 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 
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AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(0°CSTAs+70°C) 

SVM PARAMETER MIN MAX 

tF VpFo (Max) to VpFD (Min) Vee Fall Time 300 

tFa VPFD (Min) to Vso Vee Fall Time 10 

tRa Vso to VPFD (Min) Vee Rise Time 1 

tR VPFD (Min) to VPFD (Max) Vee Rise Time 0 

tREe E or W at V1H after VPFD (max) 120 

tpFX INT Low to Auto Deselect 10 40 

tPFH VpFo (Max) to INT High 120 

tFB VPFD (Min) to Vso 10 

UNITS NOTES 

p.S 2 

p.S 3 

pS 

p.S 

p.S 

p.S 

p.S 4 

p.S 

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(0°CSTAs+70°C) 

SVM PARAMETER MIN 

VPFD Power-fail Deselect Voltage (MK48C02A) 4.50 

VPFD Power-fail Deselect Voltage (MK48C12A) 4.20 

Vso Battery Back-up Switchover Voltage 

NOTES: 
1. All voltages referenced to GND. 
2. VPFD (Max) to VPFD (Min) fall times of less IF may result in deselectionlwrite 

protection not occurring until 40 ps after Vee passes VPFD (Min). VPFD 
(Max) to (Min) fall times of less than 10 p.S may cause corruption of RAM data. 

3. VPFD (Min) to Vso fall times of less than IFB may cause corruption of RAM 
data. 

4. INT may go high anytime after Vee exceeds VPFD (min) and is guaranteed 
to go high tPFH after Vee exceeds VPFD (max). 

CAUTION 

TVP MAX 

4.6 4.75 

4.3 4.50 

3 

Negative Undershoots Below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 

6110 
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MK48C02A/12A(K, N)-15/20/25 

FIGURE 6. POWER DOWN/POWER-UP TIMING 

VPFD (MAX)- -

VPFD (MIN)- -

ALL INPUTS RECOGNIZED DON'T CARE RECOGNIZED 

ALL VALID VALID 
OUTPUTS (PER CONTROL INPUn 1)....--------j f---- HIGH-Z----------(I (PER CONTROL INPUn 

NOTE: 
Inputs may or may not be recognized at this time. 
Caution should be taken to keep E or Win the high state Vee rises past 
Vpfo (min). Some systems may perform inadvertant write cycles after Vee 
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. 
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MK48C02A/12A(K,N)-15/20/25 

ABSOLUTE MAXIMUM RATINGS* 
Voltage On Any Pin Relative To GND ...................................... -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (TA) ................................. ooc to +70°C 
Ambient Storage (Vee Off) Temperature ................................... -55°C to +125°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current Per Pin .......................................................... 20 rnA 
•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 '~bsolute 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 OC. 

RECOMMENDED DC OPERATING CONDITIONS 
(0°C::5TA::570°C) 

SYM PARAMETER 

Vee Supply Voltage (MK48C02A) 

Vee Supply Voltage (MK48C12A) 

GND Supply Voltage 

viH Logic "1" Voltage All Inputs 

viL Logic "0" Voltage All Inputs 

Va Battery Voltage 

DC ELECTRICAL CHARACTERISTICS 
(0°C:s;TA:s;+70°C) (Vee (max);::>:Vcc;::>:Vcc (min)) 

SYM PARAMETER 

lcc1 Average Vee Power Supply Current 

lcc2 TIL Standby Current (E = V1H) 

lcc3 CMOS Standby Current (E;::>:Vcc-0.2 V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour = -1.0 rnA) 

VoL Output Logic "0" Voltage (lour = 2.1 rnA 

VPFL INT Logic "0" Voltage (lour = 0.5 rnA) 

leAn Battery Backup Current V6 = 4.0 V 

lcHG Battery Charging Current Vee = 5.5 V 

VLB Battery OK Flag 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

cl Capacitance on all pins (except D/Q) 

Co,a Capacitance on D/Q pins and INT 

NOTES 
1. All voltages referenced to GND. 

MIN 

4.75 

4.50 

0 

2.2 

-0.3 

1.8 

MIN 

-1 

-5 

2.4 

-5 

1.8 

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. lcc1 measured with outputs open. 
4. Measured with GNDsV1sVcc and outputs deselected. 
5. Effective capacitance calculated from the equation C = l~t with ~V = 3 

volts and power supply at nominal level. ~V 

8/10 
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MAX UNITS NOTES 

5.50 v 1 

5.50 v 1 

0 v 1 

Vee+ 0.3 V v 1 

0.8 v 1,2 

4.0 v 1 

MAX UNITS NOTES 

80 rnA 3 

3 rnA 

1 rnA 

+1 pA 4 

+5 pA. 4 

v 

0.4 v 

0.4 v 

1 pA 

+5 'nA 

2.6 v 

MAX NOTES 

7 pF 5 

10 pF 4,5 



AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 
Ambient Temperature 
Vee (MK48C02A) 
Vee (MK48C12A) 

ORDERING INFORMATION 

MK48C X 

DEVICE Vee RANGE 
FAMILY 

2A 

MK48C02A/12A(K,N)-15/20/25 

FIGURE 7. OUTPUT LOAD DIAGRAM 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 
ooc to 70°C 
4.75 V to 5.5 V 
4.5 V to 5.5 V 

X 

DEVICE 
UNDER 
TEST 

-XX 

PACKAGE SPEED 

L 

+SV 

~ 
~ 1.8 Kll 

~ 

~ 1.0 KO ;:: f; 100 pF 

~ (INCLUDING SCOPE AND JIG) 

"""'-=-

-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 

K 32 PIN PLCC 
N 28 PIN DIP 

0 +10%/-5% 
+10%/-10% 
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MK48C02A/12A(K,N)-15/20/25 

FIGURE 8. MK48C02A/12A PLASTIC LEADED CHIP CARRIER, 32 PIN (K TYPE) 

:1-----l 
2 PLCS 

NOTES PIN 1 
nnn 

.023 

.029 

--l 1-.050 
I I NOM 

Dim. 

A 

A1 

B 

B1 

0 

01 

02 

E 

E1 

E2 

Min 

3.048 

1.981 

0.330 

0.660 

12.319 

11.353 

9.906 

14.859 

13.893 

12.446 

FIGURE 9. MK48C02A/12A PLASTIC (N TYPE) DUAL-IN-LINE, 28 PINS 

mm 

Max 

3.556 

2.413 

0.533 

0.812 

12.573 

11.506 

10.922 

15.113 

14.046 

13.462 

Inches 

Min Max 

.120 .140 

.078 .095 

.013 .021 

.026 .032 

.485 .495 

.447 .453 

.390 .430 

.585 .595 

.547 .553 

.490 .530 

mm Inches 

~ 
1. OVERALL LENGTH INCLUDES .010 IN. 

FLASH ON EITHER ENO OF THE PACKAGE. 

2. PACKAGE STANDOFF TO BE MEASURED 
PEA ~EOEC REQUIREMENTS. 

3. THE MAXIMUM LIMIT SHALL BE 
INCREASED BY . 003 IN. WHEN 
SOLDER LEAD FINISH IS SPECIFIED. 
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Dim. 

A 

A1 

A2 
B 

B1 

c 
0 

D1 

E 

E1 

e1 

eA 

L 

Min 

-
0.381 

3.556 

0.381 

1.27 

0.203 

36.576 

1.651 

15.24 

13.462 

2.286 

15.24 

3.048 

Notes 
Max Min Max 

5.334 - .210 2 

- .015 - 2 

4.064 .140 .160 

0.533 .015 .021 3 

1.n8 .050 .070 

0.304 .008 .012 3 

37.338 1.440 1.470 1 

2.159 .065 .085 

15.875 .600 .625 

14.224 .530 .560 

2.794 .090 .110 

17.78 .600 .700 

- .120 -



MK48H64(N,S)70/120 
MK48H64L(N,S)70/120 

64K (8K x 8-BIT) CMOS FAST STATIC RAM 

• 70 AND 120ns ADDRESS ACCESS TIME 
• EQUAL ACCESS AND CYCLE TIMES 
• STATIC OPERATION - NO CLOCKS OR TI­

MING STROBES REQUIRED 
• LOW Vee DATA RETENTION 2 VOLTS 
• ALL INPUTS AND OUTPUTS ARE CMOS AND 

TIL COMPATIBLE 
• LOW POWER OPERATION, 10J..LA 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 ± 1 0% 
supply, and are fully TIL compatible. 

The MK48H64 have a Chip Enable power down fea­
ture which sustains an automatic standby mode 
whenever either Chip Enable goes inactiv~ (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/O data bus. Operational rn.odes 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 

N 
DIP-28 

(Plastic Package} 

Figure 1 : Pin Connections. 

NIC 1 

A12 2 

A7 3 

AS 4 

AS 5 

M 6 

A3 7 

A2 8 

At 9 

AD 10 

DQD 11 

DQ1 12 

DQ2 13 

Yss 14 

PIN NAMES 

Ao- A12 Address Inputs 

DOo- D01 Data Input/Output 

E1, E2 Chip Enable 

w Write Enable 

G Output Enable 

Vee + sv 
Vss Ground 

N/C No Connection 

s 
SOIC-28 

(Surface Mount} 

28 Vee 

'2:1 w 
26 E2 

25 A8 

24 A!J 

23 A11 

22 G 
21 A10 

20 E1 
19 007 

18 006 

17 DOS 

16 004 

15 DQ3 

1/10 

345 



MK48H64-70!120 

Figure 2 : Block Diagram. 

A vee 

• 
• vss 

(256) ROW MEMORY ARRAY 
SELECT (256 X 256) 

• 

A 

cr 
DO 

DO 

A A 

w 

E2 
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MK48H64-70/120 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter Value Unit 

V1 Voltage on any Pin Relative to GND - 1.0 to+ 7.0 v 
TA Ambient Operating Temperature o to+ 70 oc 

Tstg Storage Temperature -55 to+ 125 oc 
Po Power Dissipation 1 w 
lo Output Current per Pin 50 rnA 

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

TRUTH TABLE 

w E1 E2 G Mode DQ 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 Oour Active 

L L H X Write DtN Active 

RECOMMENDED DC OPERATING CONDITIONS (0°C :>: T A:>: 70°C} 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Vee Supply Voltage 4.5 5.0 5.5 v 4 

GND Supply Voltage 0 0 0 v 
VtH Logic 1 Voltage, All Inputs 2.2 Vee+ 0.3 v 4 

VIL Logic 0 Voltage, All Inputs -0.3 0.8 v 4 

DC ELECTRICAL CHARACTERISTICS 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

lcct Average Power Supply Current -120 90 rnA 5 
f= min Cycle -70 100 

lsst TTL Standby Current 5 rnA 6 

lss2 CMOS Standby Current, MK48H64 1 rnA 7 

lss2 CMOS Standby Current, MK48H64L 50 J.!A 7 

IlL Input Leakage Current (any input pin) - 1 + 1 J.!A 8 

loL Output Leakage Current (any output pin) -10 + 10 J.!A 9 

VoH Output logic 1 Voltage (lour= - 4mA) 2.4 v 4 

VoL Output logic 0 Voltage (lour= + 8mA) 0.4 v 4 

3/10 
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MK48H64-70/120 

CAPACITANCE (TA = 25°C, f = 1.0MHz) 

Value 
Symbol Parameter 

Min. Typ. Max. 
Unit Notes 

c1 Capacitance on Input Pins 4 5 pF 10 

C2 Capacitance on DO Pins 8 10 pF 10 

Notes : 1. Measured with load shown in Figure 8(A). 
2. Measured with load shown in Figure 8(8). 
3. Vee = 3.0V. 
4. All voltages referenced to GND. 
5. leet is measured as the average AC current with Vee = Vee (max) and with the outputs open circuit. 

!ffit.Av = IAvAv (min) duty cycle 100%. 
6. E1 = V,H, all other Inputs = Don't Care. 
7. Vee (max), and E2 ,; Vss + 0.3V, all other Inputs = Don't Care. 
8. Input leakage current specifications are valid for all V,N such that OV < v," < Vee. Measu@ at Vee = Vee (max). 
9. Output leakage current specifications are valid for all Volff such that OV < Vour < Vee, E1 = v,H or E2 = v,L, and 

Vee in valid operating range. 
10. Capacitances are sampled and not 100% tested. 

AC TEST CONDITIONS 

Input Levels .................................................................................................................. GND to 3.0V 

Transition Times ........................................................................................................... 5ns 

Input and Output Signal Timing Reference Level ......................................................... 1.5V 

Ambient Temperature ................................................................................................... O'C to 70'C 

Vee ............................................................................................................................... 5.0V ± 10% 

Figure 3 : Output Load Circuits. 

+5.0 v +5.0 v 

470 OHMS 47U OHMS 

DEVICE DEVICE 

UNDER 

~L .. ,. 
UNDER 

,.,.,..l .... TEST TEST 

240 OHMS 

-=-- GND -- GND - -
• INCWDES SCOPE AND TEST JIG. 

(A) (B) 
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OPERATIONS 

READ MODE 
The MK48 H64 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
tions 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 4 : Read Timing N·1 (Address Access). 

MK48H64-70/120 

Valid data will be available at the eight Output pins 
)!ll.ithin tAv~ after the last stable address, providing 
G is 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, tE2HQV, or tGLav) rather than the address. 
I.he sta~ of the DO pins is controlled by the ET, E2, 
G, and W control signals. Data out may be indeter­
minate at tE1 LOX, tE2HOX, and tGLOX, but data lines will 
always be valid at tAvav. 

'-"--------IAVAV ----------1 

ADDRESS 

Da 

Note : Chip Enable and Output Enable are presumed valid. 

Figure 5 : Read Timing N. 2 (W = VI H). 

DATA VALID 

14-------·~~------"""11 

ADDRESS --~ ~==~===;:r------'x'---

., 

DATA VALID 
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MK48H64-70/120 

READ CYCLE TIMING 

Symbol 
Parameter 

ALT. STD. 

41c tAVAV Read Cycle Time 

tAA tAvav Address Access Time 

lcEA ie1LQV Chip Enable 1 & 2 
1 & 2 tE2HOV Access Time 

loEA iaLOV Output Enable Access Time 

lcEL tE1LOX Chip Enable 1 & 2 to 
1 & 2 tE2HQV Output Low-Z 

loEL Ia LOX Output Enable to Low-Z 

hz le1HOZ Chip Enable 1 & 2 to 
1 & 2 tE2LQZ High-Z 

loEz iaHOZ Output Enable to High-Z 

loH tAx ax Output Hold From Address Change 

WRITE MODE 

The MK48H64.J!.nd MK48H65 are in the Write mode 
whenever theW and E1 P-ills 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 tAvwL, 
tAVE1L, and IAVE2H respectively, and is determined to 
the latter occurring edge. The Write cyge 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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48H64-70 48H64-120 
48H64L-70 48H64L-120 Unit Notes 

Min. Max. Min. Max. 

70 120 ns 

70 120 ns 1 

70 120 ns 
70 120 ns 1 

35 50 ns 1 

5 5 ns 
5 5 ns 2 

0 0 ns 2 

30 40 ns 
30 40 ns 2 

30 40 ns 2 

5 5 ns 1 

If the Outpu.!_js enabled (E1 = low, E2 = high, G = 
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 falling edge of E2, whichever occurs fi~ 
anQ_Jemain valid twHDX after the rising edge of E1 
or W, or the falling edge of E2. 



MK48H64-70/120 

Figure 6 : Write Timing N" 1 (W control). 

lo4------------• .... ------------

ADDRESS 

!4--------IAYWH -------..-! 

lo4---- 1GHaz ----.1 

tOVWH tWHDJ: 
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MK48H64-70/120 

Figure 7 : Write Timing N' 2 (Et). 

ADDRESS 

E1 

E2 

DO 

t----'--------- 1AvAv----------~ 

f4---------- 1AVWH ---------..j4-IIE1HAX 

f4------ tE1lE1H ---------<~ 
----r-----~ ,---+----

IAVEtL 

1AVE2H 

f4------ 1E2HE2L------Ooj 

f4------- 1mwH-------~ 

-
__ ___,J' r,t-------- 1

.,.,wH--.. ~·-··-? r 
)1\ DATA·IN VALID A 

WRITE CYCLE TIMING 

48H64-70 68H64-120 Symbol 
Parameter 48H64L-70 68H64L-120 Unit 

ALT. STD. Min. Max. Min. Max. 

lwc IAVAV Write Cycle Time 70 70 ns 

lAs tAVWL Address Set-up Time to Write 0 0 ns 
Enable Low 

lAs IAVE1L Address Set-up Time to Chip Enable 0 0 ns 
IAVE2H 

lAw IAVWH Address Valid to End of Write 60 85 ns 

twEW twLWH Write Pulse Width 60 70 ns 

IAH lwHAX Address Hold Time after End of Write 10 10 ns 

lcEw IE1LE1H Chip Enable to End of Write 60 70 ns 
IE2HE2L 

twR ~1HAX Write Recovery Time to Chip Disable 10 10 ns 
~2LAX 

low !ovwH Data Valid to End of Write 40 40 ns 

foH twHDX Data Hold Time 0 0 ns 

lwEL twHDX Write High to Output Low-Z (active) 0 0 ns 

twEZ twLOZ Write Enable to Output High-Z 30 35 ns 

8/10 
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MK48H64-70/120 

Figure 8 : Low Vee Data Retention Timing. 

~ DATA RETENTION MODE _..,. 

v"' 
4.5V '\._ ___ •_::oo:.._"_'o_v ___ .J/ 45 v [\ 

f,'ooo-
Ef CONTROL ~--. ... \ 

I 

f+- ··=:~., .____._' ·•_,. .. _ .. ------~1.4,\\\\\ 
I 

I I 
I I 
I I 
I 

E2 CONTROl \\\\\\•ov I ,.------···_··· ·-------.,·· v t,.-,/1-,-7"/1-,-/ 

LOW Vee DATA RETENTION CHARACTERISTICS 

Symbol Parameter 
Value 

Unit Notes 
Min. Max. 

VDR Vee Data Retention 2.0 Vccrminl v 
Icc DR Data Retention Power Supply Current, MK48H64 500 !!A 3 

Icc DR Data Retention Power Supply Current, MK48H64L 25 [!II 3 

feaR Chip Deselection to Data Retention Time 0 ns 

lrl Operation Recovery Time i-.vAV' ns 
Note : IAvAv = Read Cycle T1me. 

ORDER CODES 

Part Number Access Time Package Type Temperature Range 

MK48H64N-70 70ns 28 pin 600 mil Plastic DIP ooc to 70°C 

MK4BH64N-120 120ns 28 pin 600 mil Plastic DIP ooc to 70°C 

MK48H64S-70 70ns 28 pin 330 mil SOIC ooc to 70°C 

MK48H64S-120 120ns 28 pin 330 mil SOIC ooc to 70°C 

MK48H64LN-70 70ns 28 pin 600 mil Plastic DIP ooc to 70°C 

MK48H64LN-120 120ns 28 pin 600 mil Plastic DIP ooc to 7ooc 

MK4BH64LS-70 70ns 28 pin 330 mil SOIC ooc to 70°C 

MK48H64LS-120 120ns 28 pin 330 mil SOIC ooc to 70°C 
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MK48H64-70/120 

MECHANICAL DATA 

Figure 7 : MK48H64 28-Pin Plastic DIP (N), 600-Mil. 

mm Inches 
Dim. 

Min. Typ. Max. Min. Typ. Max. 

A 

a1 0 63 .025 

B 0.45 .016 

b1 0.23 0 31 0 009 .012 

b2 1.27 .050 

c 
D 37.34 1.470 

E 15.20 16.68 0.598 .657 

e 2.54 100 

e3 33.02 1.300 

e4 

F 14.10 .555 

I 4.45 .175 

L 3.30 .130 

K1 

K2 

Figure 8 : MK48H64 28-Lead Plastic Micropackage (S), 300-Mil. 

~0 
Dim. 

Inches 

Min. Max. 

A .120 

A1 .002 .014 

A2 .092 .106 

B .014 .020 

81 .014 .024 

c .006 .0125 

D .697 .728 

E .324 .350 

e .050 Basic 

H .453 .500 

L .016 .050 

a oo so 
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• BYTEWYDE 8K X 9 CMOS FSRAM 
• FAST ACCESS TIMES, 20,25,35NS MAX. 
• EQUAL ACCESS AND CYCLE TIMES 
• LOWVcc DATA RETENTION 2VOLTS 
• THREE STATE OUTPUT 
• STANDARD 28-PIN PACKAGE IN 300 MIL PLA­

STIC DIP 

DESCRIPTION 

The MK48H89 is a 73,728-bit static RAM, organi­
zed as 8K X 9 bits. It is fabricated using SGS­
Thomson's low power, high performance, 
CMOS technology. The device features fully 
static operation requiring no external clocks or 
timing strobes, with equal address access and 
cycle times. It requires a single+ 5V ± 10% 
supply, and all inputs and outputs are TTL com­
patible. 

The MK48H89 has a Chip Enable power down 
feature which,sustains an automatic standby 
mod~whenever either Chip Enable goes inac­
tive (E1 gges 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/O data bus. Ope­
rational modes__?r~ d~termined by device 
control inputs W, G, E1 and E2, as summarized 
in the truth table. 

PIN NAMES 

fv:rA12 Address Inputs 

DQo-DOa Data 1/0o-s 

E1 Chio Enable 1 , Active Low 

E2 Chio Enable 2, Active Hiah 

G (OEJ Output Enable 

w Write/read Enable 

Vcc,Vss +5V, GND 

October 1989 

MK48H89(N) 
-20/25/35 

73,728-BIT 
8K X 9 CMOS FAST SRAM 

Nle 

A 12 

A7 

AS 

AS 

A4 

A3 

A2 

A1 

AO 

ooo 

001 

002 

Yss 

ADVANCE DATA 

PIN CONNECTION 

• vee 

w 
E2 

AS 

A9 

A11 

G' 
MK48HB9 

A 10 

E1 

007 

006 

005 

004 

003 

MK4BHB9 TRUTH TABLE 

w E1 E2 G MODE DQ POWER 
X H X X Deselect Hi-Z Standby 

X X L X Deselect Hi-Z Standby 

H L H H Read Hi-Z Active 

H L H L Read OouT Active 

L L H X Write DiN Active 

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 MK48H89j§ in the Read mode whenever 
~ite Enable (W) is high with Ou!Q!!t 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 tffi'OV afterjhe 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 (tE1 Lov, tE2HOV, or tGLOVJ ra­
ther than the address. Data out may be inde­
terminate at tE1LQx, tE2HOX, and tGLox, but data 
lines will always be valid at tAvov. 

WRITE MODE 

The_MK481:!?9 is in the Write mode whenever 
the W and E1 pins <!@ low, with E2 high. Either 
Chip Enable pin or W must be inactive during 
Address transitions. The Write begins with the 

MK48HB9 BLOCK DIAGRAM 

212 

356 

E1 

E2 

A 

A 

conc~ence of both Chip Enables being active 
with W low. Therefore, address setup times are 
referenced to Write Enable and both Chip En­
ables as tAVWL tAVE1 Land tAVE2H respectively, 
and is determined to the latter occuring edge. 
The Write cycle CC!!:I be_!erminated by the ear­
lier rising edge of E1, W, or the falling edge of 
E2. 

!!. the Output is ~abled (E1 = low, E2 = high, 
G = low), then W will return the outputs to 
high impedance within twLoz 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. 

MEMORY 

ARRAY 

(256 X 32 X 9) 

Vee 

Vss 



1:1 BYTEWYDE 8K x 9 CMOS STATIC RAM 
m CONFIGURABLE: x9/ or x8 plus PARITY 
m 20,30,40ns DATA ACCESS TIMES 
m 25,35,45ns PARITY ERROR ACCESS TIMES 
o FAST CYCLE TIMES= 25,35,45ns 
m 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 Enabl~ ( 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-I/O data bus. 

This device offers a high performance CMOS 
static RAM with a_Q£-rity 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 DOa 
is simply another data 1/0 buffer with a totem­
pole configuration. The Parity SRAM requires 
a single +5 volt supply ± 10%, and all inputs 
and outputs are TTL compatible. 
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MK48H98/99(N) 
8 20/30/40 

73,728-BIT 
8 K X 8/9 CMOS PARITY SRAM 

A4 

As 2 

As 3 

A7 4 

As 5 

A9 6 

A1Q 7 

A11 8 

A12 9 

DOo 10 

DQ 1 11 

DQ2 12 

00 3 13 

Vss 14 

-PIN NAMES 

Ao-A12 

DOo-DO? 

DOa/PERR 

E, 

PE 

G 
w 
Vcc,Vss 

ADVANCE DATA 

PIN CONNECTION 

Plastic DIP 

28 Vee 

27 w 
26 PE 

25 A2 

24 A1 

23 Ao 
-22 G 

21 A3 
20 E 

19 DQ aiPERR 

18 DQ7 

17 DQ 6 
16 DQ 5 
15 DQ4 

Address Inputs 

Data 1/0o-7 

Data 1/0a, Parity Error 

Chip Enable 

ParitY Enable 

I (OE) Outout Enable 

Write/read Enable 

+5V, GND 
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MODES OF OPERATION 

As previously mentioned, the PE input can 
configure the MK48H98/99 to interna.!!Y. 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 (VIH), the device is configured as a stand­
ard 8K x 9 SRAM. The device confi~ation 
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 caQ._Qe 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 thg_parity func­
tion to be enabled while Writing (PE ~......YIL), 
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 ~ VIH), and true pari­
ty checked internally with a device parity error 
detection (PER~ during Read operations (PE 
~ VIL). This mode allows the device to check 
system generated parity without designing ex­
ternal parity logic. However, transceiver logic is 
required for DOs/PERR in 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 Write X 9{1) DIN 
L H L H Read X 9{1) Dour 
L H H H Read X 9{t) Hi-Z 

L L X L Write X a<2l DIN 
L H L L Read xa<2) Dour 

L H H L Read X8{2) Hi-Z 
NOTES: 
{11.. Operation and configuration as an BK X 9 SRAM 
{PE= High) 
.(gL_ Generate and store true parity during Write Cycles; 
PERR enabled and valid during Read Cycles {PE= Low) 
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READ MODE 

The MK48H98/99 is in the Read mode when­
eJ:Ier Write Enable (WJ 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 (P§_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 (PER~. 
The unique address is specified by the 13 ad­
dress inputs. Valid data will be available at the 
DQ Output pins within tAvov after the last sta­
ble address, and PERRwill be valid within 
tAvPv.Qf..the last stable address providing G, E, 
and PEa~ low (se~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 
tELQV, tELPV, tPELPV, tPEHQV , tGLQV , or tGLPV ra­
ther than the address. 

WRITE MODE 

The MK48H98/99 is in the Write mode when­
ever theW and E pins are low. Either E or W 
must be inactive during Address transitions. 
The Y'{rite begins with the concurrence of E 
and W being active low. Th~e!gre, address se­
tup times are referenced to W, E, and/or PE as 
tAVWL, tAVEL and tAVPEL 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 Outp_!!! is enabled (E ~ low, and G ~ 
low), then W will return the outputs to high im­
pedance within twLQz of its falling edge. Care 
must be taken to avoid bus contention in this 
type of operation. Data-in m~t_!?e valid for 
tovwH to the rising edge of W, E or PE, whiche­
ver occurs first, and remain valid twHox. 
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MK48H98/99 BLOCK DIAGRAM N°. 1 

PE 
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CONTROL 

LOGIC 

ROW 

ADDRESS 

BUFFER c-,--. 
DECODER 
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MATRIX ~ uo 
~ BUFFER 

256x32x8 
Dao- DQ7 

PARITY DATA 110 
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BLOCK DIAGRAM N°. 2 
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~ SGS·ntOMSON MK48S74(N,X)-20/22/25 
A..~ I ~DtlRl©.lrn[LrntvlRl©.liTI!lDt~ M K48S75(N)-20/22/25 

64K (8K x 8-BIT) FAST CMOS TAGRAM™ 

• 8K x 8 CMOS SRAM WITH ONBOARD COM­
PARATOR 

• ADDRESS TO COMPARE ACCESS 20/22/25ns 
• FAST CHIP SELECT TO COMPARE ACCESS 

15ns 
• MATCH OUTPUT WITH FAST TAG DATA TO 

COMPARE ACCESS OF 12/15ns (max.) 
• STATIC OPERATION - NO CLOCKS OR 

TIMING STROBES REQUIRED 
• ALL INPUTS AND OUTPUTS ARE FULLY TTL 

COMPATIBLE 
• FULL CMOS FOR LOW POWER OPERATION 
• OPEN DRAIN MATCH OUTPUT 
• THREE-STATE OUTPUT 
• 28 PIN 300/600 MIL DIP (MK48S74N/75N) 
• 28 PIN 330 MIL SOJ (MK48X74S) 
• HIGH SPEED ASYNCHRONOUS RAM CLEAR 

DESCRIPTION 
The MK48S74/75 are a 65,636-bit fast static cache 
TAGRAM organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON Microelectronics low power, 
high performance, CMOS technology. The 
MK48S74/75 features fully static operation requiring 
no external clocks or timing strobes, and equal ad­
dress access and cycle times. The device requires 
a single + SV ± 1 0 percent supply, and is fully TTL 
compatible. 
The MK48S74/75 has a fast Chip Select control for 
high speed operation to Match Compare valid, and 
device select/deselect operations. Additionally, the 
MK48S74/75 provides a Reset Clear, and Match 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all in­
ternal RAM bits to zero in only two cycles. The 
MATCH output features an open-drain for wired OR 
operation. During a match compare cycle, an on­
board 8-bit comparator compares the Data Inputs 
(8-bit TAG) at the specified address index (Ao-A12) 
to the internal RAM data. If a match exists, the 
MATCH output issues a HIGH match valid signal. If 
a miss condition exists, where at least one bit of TAG 
data does not match the internal RAM, then the 
MATCH output issues a LOW miss signal. 
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N 
DIP-28 

(Plastic Package) 

ADVANCE DATA 

Figure 1 : Pin Connections. 

RS 1 
A12 2 
A7 3 
As 4 
A& 6 

A4 6 

A3 7 
A2 8 
A1 9 
Ao 10 

OOa 11 

001 12 

002 13 
Vss 14 

PIN NAMES 

Ao - A12 

DOo- D07 

s 
w 
G 

Vee 

Vss 

RS 

MATCH 

Plastic DIP 
SOJ 

28 

27 

Voo 

w 
28 • MATCH 
26 As 
24 Ag 
23 A11 
22 ii 
21 A1o 
20 s 
19 007 
18 OOa 
17 005 
16 004 
15 003 

-Address Inputs 

- Data Input/output 

- Chip Select 

- Write Enable 

- Output Enable 

- + 5V 

-Ground 

Reset Flash Clear 

Match Output 
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ABSOLUTE MAXIMUM RATINGS* 

Parameter Value Unit 

Voltage on any Pin Relative to GND - 1.0 to 7.0 v 
Ambient Operating Temperature (T A) 0 to+ 70 oc 
Ambient Storage Temperature (plastic) -55 to+ 125 oc 
Ambient Storage Temperature (ceramic) -65 to+ 150 oc 
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 

X X X L Reset Clear High-Z 

X H X H Deselect High-Z 

H L H H Miss-NOmatch DIN 

H L H H Match DIN 

H L L H Read OouT 

L L X H Write DIN 

RECOMMENDED DC OPERATING CONDITIONS (0°C ~ TA ~ + 70°C) 

Symbol Parameter 

Vee Supply Voltage 

Vss Supply Voltage 

VIH Logic 1 Voltage, all Inputs 

V;L Logic o Voltage, all Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C ~ TA ~ + 70°C) (Vee= 5.0 ± 10 percent) 

Symbol Parameter 

lcct Average Power Supply Current f = min Cycle 

lcc2 Average Power Supply Current f = 0 

I;L Input Leakage Current (any input pin) 

loL Output Leakage Current (any Q output pin) 

VoH Output Logic 1 Voltage (louT =- 4mA) 

VoL Output Logic 0 Voltage (louT = + 8mA) 

VoL Match Output Logic 0 Voltage (louT= 18mA) 
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Value 

Min. Typ. 

4.5 5.0 

0 0 

2.2 

-0.3 

Value 

Min. Typ. 

- 1 

-5 

2.4 

Match 

High-Z 

High-Z 

Low 

High-Z 

High-Z 

High-Z 

Unit Notes 
Max. 

5.5 v 4 

0 v 4 

Vee+ 0.3 v 4 

0.8 v 4 

Unit Notes 
Max. 

150 mA 5 

110 mA 6 

+ 1 JlA 7 

+5 JlA 8 

v 4 

0.4 v 4 

0.4 v 4 
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CAPACITANCE (TA·= 25°C, f = 1.0 MHz) 

Symbol Parameter 
Value 

Unit Notes 
Min. Typ. Max. 

Ct Capacitance on Input Pins 4 5 pF 9 

c2 Capacitance on DO Pins 8 10 pF 9 

Notes : 1. Measured with load shown in figure 2(A). 
2. Measured with load shown In figure 2(8). 
3. Measured with load shown in figure 2(e). 
4. All voltages referenced to GND. 
5. lcc1 is measured as the average Ae current with Vee = Vee (max) and with the outputs open circuit. tAvAv = tAvAv 

(min) duty cycle 100%. 
6. lcc2 is measured with outputs open circuit. 
7. Input leakage current specifications are valid for all VoN such that OV< VoN < Vee. Measure.Q at Vee = Vee (max). 
8. Output leakage current specifications are valid for all VoUT such that OV< Vour < Vee, S = VoH, and Vee In valid 

operating range. 

AC TEST CONDITIONS 

Input Levels ................................................................................................................. GND to 3.0V 
Transition Times .......................................................................................................... 5ns 
Input and Output Signal Timing Reference Level ........................................................ 1.5V 
Ambient Temperature .................................................................................................. o·c to 70"C 
Vee .............................................................................................................................. 5.0V ± 10 percent 

Figure 2 : Output Load Circuits. 

D.U.T. 

240 
ohms 

+5V 

470 
ohms 

30 pF* 

D.U.T. 

240 
ohms 

• Includes scope and test jig. 

+5V 

(~ (~ 

470 
ohms 

5 pF* 

+5V 

I 

RL 

270 
ohms 

30 pF 
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MK48S74/75·(N,X)·20/22/25 

OPERATIONS 

READ MODE 

The MK48S7 4/75 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). 

ADDRESS 

tAVAV 

t,_ tAvav 

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 
tGLav) 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 tsLax and tGLax, 
but data lines will always be valid at tAvav. 

i 
•' 

DQ ____ P_R_E_VJ_o_u_s_o_AT_A __ _J)~~,x~~~~~-------D-A_TA __ VA_L_Jo ____ __ 

NOTE: Chip Select and Output Enable are presumed vahd, fil., \fH 

Figure 3b : Read Timing N·2 (W = VJH). 

ADDRESS 

s 

G 
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AC ELECTRICAL CHARACTERISTICS (read cycle timing) 
(0°C :s; TA :s; 70°C) (Vee= 5.0 ± 1 0%) 

Symbols 
Parameter - 20 

ALT. STD. Min. Max. 

~c tAVAV Read Cycle Time 20 

~A tAvav Address Access Time 20 

lcsA !sLav Chip Select Access Time 15 

foEA ~LQV Output Enable Access Time 10 

lcsL Is Lax Chip Select to Output Low-Z 0 

foEL ~LOX Output Enable to Low-Z 0 

lcsz tsHOZ Chip Select to High-Z 0 10 

loEZ ~HQZ Output Enable to High-Z 10 

loH ~ax Output Hold from Address 3 
Change 

MK48S74/75-(N,X)-20/22/25 

- 22 - 25 
Unit Notes 

Min. Max. Min. Max. 

25 25 ns 

25 25 ns 1 

15 15 ns 

12 15 ns 1 
0 0 ns 

0 0 ns 

0 10 0 10 ns 

12 15 ns 2 

3 3 ns 1 
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WRITE MODE 

The MK48S7 4/75 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 c~le ~n 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 
lwLoz 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 ofS, whichever occurs f!!"st, and 
remain valid lwHDX after the rising edge of S or W. 

14------ tAVAV --------J 

ADDRESS 

w 

DQ 
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!----- t AVWH -----J 

!4----tGHOZ ---~ 

twHOX 

~ SGS·THDMSDN A.'""f/ II>JUCiii@IEI.!milliB@111lU!l&l 
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Figure 4b : Write Timing N"2 (S control). 

tAVAV 

RESS I \I 
\ I 

ADD 

tAVWH tsHAX-

~tSLSH 
"\ v 

/ - tAVSL 1+-

v " IWLWH v 
_/ :\ J 

loVWH tWHDX-

DQ 
--------------------~~----DA_T_A_I_N_V_A_LI_D--)K------

AC ELECTRICAL CHARACTERISTICS (write cycle timing) 
(0°C :5TA :5 70°C) (Vee= 5.0 ± 10%) 

Symbols 
Parameter 

- 20 

ALT. STD. Min. Max. 

lwc tAVAV Write Cycle Time 20 

~s tAVWL Address Set-up Time to Write 0 
Enable Low 

~s tAVSL Address Set-up Time to Chip 0 
Select 

~w tAVWH Address Valid to End of Write 15 

lwEW lwLwH Write Pulse Width 15 

tAH lwHAX Address Hold Time after End 0 
of Write 

lcsw lsLSH Chip Select to End of Write 15 

lwR lsHAX Write Recovery Time to Chip 0 
Deselect 

low lovwH Data Valid to End of Write 10 

loH lwHox Data Hold Time 0 

twEL lwHox Write High to Output Low-Z 0 
(active) 

twEZ lwLOz Write Enable to Output High-Z 5 

-22 - 25 Unit Notes 
Min. Max. Min. Max. 

25 25 ns 

0 0 ns 

0 0 ns 

20 20 ns 

20 20 ns 

0 0 ns 

20 20 ns 

0 0 ns 

13 30 ns 

0 0 ns 

0 0 ns 2 

7 7 ns 2 
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COMPARE MODE 

The MK48SI_4/75 are in the Compare mode wb_en­
ever Wand G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (Ao-At2) 
define a unique location in the static RAM array. The 
data presented on the Data Inputs (DQo-D07) 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 tAVMV from stillJie 
address, or trvMV from valid Tag Data when S is 
LOW. Should the address be stablg_ with valid Tag 
Data, and the device is deselected (S = HIGH), then 
MATCH will .Qe valid tsLMV from the falling edge of 
Chip sm_ect (S). When §2<ecuting a write-to-compare 
cycle (W = LOW, and G = LOW or HIGH), MATCH 
will be v.EJid \wHMV or tGHMV from the latter rising 
edge of W or G respectively. 

AC ELECTRICAL CHARACTERISTICS (match compare cycle timing) 
(0°C s; TA s; 70°C) (Vee= 5.0 ± 1 0%) 

Symbols 
Parameter 

- 20 - 22 - 25 
Unit Notes 

ALT. STD. Min. Max. Min. Max. Min. Max. 

lAMA IAVMV Address to MATCH Valid - 20 - 22 - 25 ns 2 

lcsM tsLMV Chip Select to MATCH Valid - 15 - 15 - 15 ns 2 

lcSMH tsHMH Chip Deselect to MATCH High - 10 - 12 - 12 ns 2 

ioMA tTVMV Tag Data to MATCH Valid - 12 - 15 - 15 ns 2 

loEM '<JHMV G High to MATCH Valid - 15 - 15 - 15 ns 3 

loEMH '<JLMH GLow to MATCH High - 10 - 12 - 12 ns 3 

twEM twHMV W High to MATCH Valid - 15 - 15 - 20 ns 3 

twLMH W Low to MATCH High 12 12 15 
( 

3 lwEMH - - - ns 

~HA tAHMV MATCH Hold from Address 3 - 3 - 3 - ns 3 

~HD ioHMV MATCH Hold from Tag Data 0 - 0 - 0 - ns 3 

Figure 5 : Match Compare Timing. 

ADD_R_E_ss ___ ~~-----------t~~-
~1------ t AVMV ----.j 

jGLMH --.j 

---1 lsHMH r--
DQ 

MATCH 
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RESET MODE 
The MK48S74/I§__allows an asynchronous reset 
clear whenever RS is LOW regardless of the logic 
state on the other input 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..Q1!tput will 
go HIGH IRsL-MH from the falling edge of RS, and all 
inputs will not be rec..QQ..nized until IRsH-AV from the 
rising edge of reset (RS). 

AC ELECTRICAL CHARACTERISTICS (reset clear cycle timing) 
(0°C ~ TA ~ 70°C) (Vee= 5.0 ± 10%) 

Symbols 
Parameter 

- 20 - 22 

ALT. STD. Min. Max. Min. Max. 

IRe ~se Flash Clear Cycle Time 40 0 

IRS X IRSL-AX Reset Clear (RS) to Inputs 0 0 
Don't Care 

~sv IRSH-AV RS to Inputs Valid 5 5 

~SP IRSL-RSH Reset (RS) Pulse Width 35 40 

IRsM ~SL-MH Reset (RS) to MATCH High 15 15 

Figure 6: Reset Timing. 

COMPARE RESET CLEAR 

- 25 
Unit 

Min. Max. 

50 ns 

0 ns 

5 ns 

40 ns 

15 ns 

Aoo_R_E_s_s __ ___,{~---t-Rs-,.AX~~ '""'" 

~~-~RSL::_ r= "< MATCH VALID )®/---------MATCH 

Note : G = high for this example. 

Notes 
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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 V1H 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 output is constructed with an open drain ar­
rangement. This provides easy wired-OR imple­
mentation when generating a composite MATCH 
signal. 

10/12 
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' 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 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 1 0 to 33 ohms 
often prove most suitable. 



MK 

ORDER CODES 
Part No. 

MK48S74N20 

MK48S74N22 

MK48S74N25 

MK48X74X20 

MK48X74X22 

MK48X74X25 

MK48S75N20 

MK48S75N22 

MK48S75N25 ' 

MK48S74/75-(N,X)-20/22/25 

I 
l Package Type 
c__ ________________ N: Plastic DIP 

Speed grade 

X :SOJ 

Device family and 
c__ _____________________ identification number 

Match Access Time Cycle Time 

20ns 20ns 

22ns 25ns 

25ns 25ns 

20ns 20ns 

22ns 25ns 

25ns 25ns 

20ns 20ns 

22ns 25ns 

25ns 25ns 

SGS-THOMSON 
prefix 

Package Type _ Temperature 

28 pin 300 mil DIP oac to 70°C 

28 pin 300 mil DIP oac to 70°C 

28 pin 300 mil DIP ooc to 70°C 

28 pin 330 mil SOJ oac to 70°C 

28 pin 330 mil SOJ ooc to 70°C 

28 pin 330 mil SOJ ooc to 70°C 

28 pin 600 mil DIP ooc to 70°C 

28 pin 600 mil DIP ooc to 70°C 

28 pin 600 mil DIP ' oac to ?ooc 
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MK48S74/75·(N,X}·20/22/25 

MECHANICAL DATA 

Figure 7 : MK48S75 28 Pin Plastic DIP (N) 600 MIL. 

I 
c 
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! 
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E 

Figure 8 : MK48S74 28 Pin Plastic DIP (N) 300 MIL. 
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Dim. 

A 

a1 

B 

b1 

b2 

c 
D 

E . 
a3 

e4 

F 

I 

L 

K1 

K2 

Dim. 

A 

A1 

A2 

8 

81 

c 
D 

01 

E 

E1 

e1 

eA 

L 

mm Inches 

Min. Typ. Max. Min, Typ, Max. 

063 .025 

045 .018 

023 031 0009 .012 

127 .050 

3734 1470 

1520 1668 0.598 657 

254 100 

3302 1300 

14.10 .555 

445 175 

330 .130 

Inches 

Min. Max. 

.210 

.015 

.120 .140 

.015 .021 

.045 .070 

.008 .012 

1.270 

.060 .090 

.300 .325 

.240 .270 

.090 .110 

.300 .365 

.125 



FEATURES 

• 8K X 8 CMOS SRAM. WITH ON BOARD COMPA-
RATOR. 

• ADDRESS TO COMPARE ACCESS 15/17/20. 
• FAST CHIP SELECT COMPARE ACCESS 1 Ons 
• MATCH OUTPUT WITH FAST TAG DATA TO 

COMPARE ACCESS OF 10/12114NS (MAX). 
11 STATIC OPERATION-NO CLOCKS OR TIMING 

STROBES REQUIRED. 
• ALL INPUTS AND OUTPUTS ARE FULLY TIL 

COMPATIBLE. 
11 FULL CMOS FOR LOW POWER OPERATION. 
• TOTEM-POLE MATCH OUTPUT. 
• THREE-STATE OUTPUT. 
• 28 PIN 300 MIL DIP & 28 PIN 330 MIL SOJ. 
• HIGH SPEED ASYNCHRONOUS RAM CLEAR. 

DESCRIPTION 
The MK48S80 IS 65,536 fast static cache TA­
GRAM organized as 8K X 8 bits. It is fabricated 
using SGS-THOMSON's low power, high perfor­
mance HCMPOS4 technology. The MK48S80 
features fully dtztic opeation requiring no exter­
nal clocks or timing strobes, and equal access 
and cycles times. The device requires a single 
+5v ± 10% supply and is fully TTL compatible. 

-The MK48S80 has a fast Chip Select control for 
high sped operation to the match compare va­
lid, and device select/deselect operations. Addi­
tionally, the MK48SBO provides a Reset Clear, 
and MATCH compare pin. The RESET CLEAR, 
input provides an asynchronous RAM clear 
control which clears all internal RAM bits to zero 
in only 2 cycles. The MATCH output is in a to­
tem-pole configuration to minimize switching 
delays associated with open-drain devices. Du­

. ring a MATCH compare cycle, and on-board a-
bit comparator compares the Data Input (8-bit 
TAG) to the internal RAM data. If a miss condi­
tion exists, where at least one bit of TAG data 
does not match the internal RAM, then the 
MATCH output issues a LOW miss signal. 

October 1989 

MK48S80(N,X) 
-15/17/20 

65,536 BIT FAST CMOS 
8K X 8 CACHE TAGRAMlM 

ADVANCE DATA 

PIN CONNECTION 

Plastic DIP 
SOJ 

RS 28 Vee 

A12 27 w 
A7 3 26 MATCH 

As 4 25 As 

As 5 24 A9 

A4 6 23 A 11 

A3 7 22 G 
A2 8 21 A 10 

A1 9 20 s 
Ao 10 19 DQ7 

oa0 11 18 DQ6 

001 12 17 DQ5 

DQ2 13 16 DQ4 
Vss 14 15 DQ3 

MK48SBO TRUTH TABLE 

w s G RS MODE DQ MATCH 

X X X L Reset High- Invalid 
Clear z 

X H X H Deselect High- Invalid 
z 

H L H H Miss DIN Low 

H L H- H Match DIN Invalid 

H L L H Read OouT Invalid 

1/1 
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MK48T02/12(B) 
-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 

• BYTEWIOE"' RAM-LIKE CLOCK ACCESS 

• BCD COOED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS 

• SOFTWARE CONTROLLED CLOCK CALIBRA­
TION FOR HIGH ACCURACY APPLICATIONS 

• PREDICTED WORST CASE BATTERY 
SlORAGE LIFE OF 11 YEARS @ 700C 

• PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS 

• AUTOMATIC POWER-FAIL CHIP 
DESELECT/WRITE PROTECTION 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48T02 4.75V2:VpFo2:4.50V 
MK4BT12 4.50V 2: v PFD 2: 4.20V 

RIW 
Part Number Access Time Cycle Time 

MK48TX2-12 120 ns 120 ns 

MK48TX2-15 150 ns 150 ns 

MK48TX2-20 200 ns 200 ns 

MK48TX2-25 250 ns 250 ns 

TRUTH TABLE (MK48T02/12) 

Vee. E G w MODE DQ 

v,H X X Deselect High-Z 
<Vee (Max) v,L X v,L Write DIN 
>Vee (Min) v,L v,L v,H Read DouT 

v,L v,H v,H Read High-Z 

<VpFD (Min) X X X Power-Fail High-Z 
>Vso Deselect 

sVso X X X Battery High-Z 
Back-up 

June 1988 

B 
DIP-24 

(Plastic with Battery Top All} 

FIGURE 1. PIN CONNECTIONS 

A7 1 24 Vee 

As 2 23 As 

As 3 22 Ag 

A4 4 21 w 
Aa 5 20 o 
A2 6 19 A,o 

A, 7 18 E 

Ao 8 17 DQ7 

DQo 9 16 DQB 

oa1 10 15 DQs 

DQ2 11 14 DQc 

GND 12 13 DQa 

PIN NAMES 

Au- A10 Address Inputs Vee +5 v 
E Chip Enable w Write Enable 

GND Ground G Output Enable 

DQ0-D07 Data In/Data Out 
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MK48T02/12(B)·12/15/20/25 

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 
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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 
Vee is out of range, providing a high degree of data 
security in the midst of unpredictable system oper­
ations brought on by low V cc· 

BiPORT, BYTEWIDE, TIMEKEEPER and ZEROPOWER 
are trademarks of SGS:J"HOMSON Microelectronics, Inc .. 

.. I \ 
8X8 

BIPORT 

I SRAM ARRAY I 
I Jl 

K Ao·A1o 

~ I ~ 2040 X 8 
SRAM I 
ARRAY ~ DQo·DQ7 

" I 
y 

E 
I w 
I G 
I 
I I 

L _..[ ___ ----- -- - __j 
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OPERATION 

READ MODE 

The MK48T02112 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 1/0 pins within tAA after the l~t adQ.!ess 
input signal is stable, providing that the E and G ac­
cess times are satisfied. 

FIGURE 3. READ-READ-WRITE TIMING 

MK48T02/12(B)-12/15/20/25 

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 
(t0 EA). The state of the~ight three-state Data 110 
signals is controlled byE and G. If the Outputs are 
activated before tAA, the data lines will be driven 
to an indeterminate state _!Jntil tM. If the Address 
inputs are changed while E and G remain low, out­
put data will remain valid for Output Data Hold Time 
(toHl but will go indeterminant until the next tAA. · 

READ READ WRITE 

1----•nc -----;~ f-It--- 'we-----;~ 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(0°C:5TA::;70°C) (Vee (Max);::Vee2::Vec (Min)) 

MK48TX2-12 MK48TX2-15 MK48TX2-20 

SYM PARAMETER MIN MAX MIN MAX MIN MAX 

IRe Read Cycle Time 120 150 200 

tAA Address Access Time 120 150 200 

leEA Chip Enable Access Time 120 150 200 

toEA Output Enable Access Time 75 75 80 

teEZ Chip Enable Hi to High-Z 30 35 40 

loEz Output Enable Hi to High-Z 30 35 40 

toH Valid Data Out Hold Time 15 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure 13. 

MK48TX2·25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 

3/14 
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WRITE MODE 

The MK48T02112 is in Write Mode whenever theW 
and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either WorE. A Write is terminated by the earlier 
rising edge of WorE. The ~dre~ses must be held 
valid throughout the cycle. WorE must return high 
for a minimum of twA prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for los prior to the End of Write and remain valid 
for !oH afterward. 

FIGURE 4. WRITE-WRITE-READ TIMING 

Some processors thrash producing spurious Write 
Cycles during power-up, despite ~pliQ?tion of a 
power-on reset. Users should force W or E high dur­
ing power-up to protect memory after Vee reaches 

. Vee (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 implementedJI. low on W will disa­
ble the outputs lwEz after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(0°C:s;TA:s;70°C) (Vee (Max)~Vcc~Vcc (Min)) 

MK48TX2·12 MK48TX2·15 MK48TX2·20 MK48TX2·25 

SYM PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

!we Write Cycle Time 120 150 200 250 ns 

!As Address Setup Time 0 0 0 0 ns 

lAw Address Valid to End of Write 90 120 140 180 ns 

!eEW Chip Enable to End of Write 75 90 120 160 ns 

lwEW Write Enable to End of Write 75 90 120 160 ns 

twA Write Recovery Time 10 10 10 10 ns 

los Data Setup Time 35 40 60 100 ns 

loH Data Hold Time 0 0 0 0 ns 

twEZ Write Enable Low to High-Z 40 50 60 80 ns 
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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 
registers can be halted without disturbing the clock 
itself. 

Upc;tating 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 

ADDRESS DATA 

MK48T02/12(B)-12/15/20/25 

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. 

FUNCTION 

·7FF - - - - - - - - YEAR 00-99 
7FE 0 0 0----- MONTH 01-12 
7FD 00------ DATE 01-31 
7FC OFT000--- DAY 01-07 
7FB KS 0------ HOUR 00-23 
7FA 0------- MINUTES 00-59 
7F9 ST------- SECONDS 00-59 
7FB WRS----- CONTROL 

KEY: ST = STOP BIT 
W =WRITE BIT 

R = READ BIT FT = FREQUENCY TEST 

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 
Hz:rhe 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 
(Part& Per Million) oscillator frequency error at 25 OC, 
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 

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 t(Je 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 diviqe py 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. · 

' I I 
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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 

NORMAL 

POSITIVE 
CALIBRATION 

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 
p_er month. 

Two methods are available for ascertaining how 
much calibration a given MK48T02112 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 serviceable enclosure. 
All the designer has to do is provide a simple utili 
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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 (FD 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 (DQ0) 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 2) 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 000• 



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. 

1. Set the Write Bit to "1". 
2. Reset the Stop Bit to "0". 
3. Set the Kick Start Bit to "1". 
4. Reset the Write Bit to "0". 
5. Wait 2 seconds. 
6. Set the Write Bit to "1". 
7. Reset the Kick Start Bit to "0". 
8. Set the Correct time and date. 
9, Reset the Write Bit to "0". 

Note: Leaving the KS bit set will cause the Clock to 
draw excessive current and will shorten bat­
tery life. 

DATA RETENTION MODE 

With Vee applied, the MK48T02/12 operates as a 
conventional BYTEWIDE static ram. However, Vee 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power­
fail deselect, write protecting itself when Vee falls 
within the Vpfo (max), Vpfo (min) window. The 
MK48T02 has a Vpfo (max) -Vpfo (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 VPFD (max) -Vpfo (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 Vpfo (min), the user can be assured 
the memory will be in a write protected state, provid­
ed the Vee fall time does not exceed tF. The 

MK48T02/12(B)-12/15/20/25 

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 Vee· 
Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso· As Vee 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 tREe after Vee 
exceeJ!s V.EFo (Max). Caution should be taken to 
keep E or W high as Vee rises past Vpfo (Min) as 
some systems may perform inadvertent write cycles 
after Vee 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 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

CONTINUE ) 
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FIGURE 9. POWER-DOWN/POWER-UP TIMING 

Vee 
VPFo(MAX)-­

VPFD {MIN) - -

_... [tREe 
~--~-RB -fr-r------j-
1-----~~ EorW 

DC ELECfRICAL CHARACfERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(O•C ::;T A::; +70•C) 

SYM PARAMETER MIN TYP MAX 

VPFD Power-fail Deselect Voltage (MK48T02) 4.50 4.6 4.75 

Vpfo Power-fail Deselect Voltage (MK48T12) 4.20 4.3 4.50 

Vso Battery Back-up Switchover Voltage 3 

AC ELECfRICAL CHARACfERISTICS (POWER-DOWN/POWER-UP TIMING) 
(o•c::;TA::;+70•C) 

SYM PARAMETER MIN 

tpo E or W at V1H before Power Down 0 

tF VPFD (Max) to VPFD (Min) Vee Fall Time 300 

tFB VPFD (Min) to Vso Vee Fall Time 10 

tAB Vso to Vpfo (Min) Vee Rise Time 1 

tR VPFD (Min) to Vpfo (Max) Vee Rise Time 0 

tREe E or w at V1H after Power Up 2 

NOTES: 
1. All voltages referenced to GND. 
2. VPFD (Max) to VPFD (Min) fall times of less IF may result in deselectionlwrite 

protection not occurring until 50 ,.s after Vee passes VPFD (Min). VPFD 
. (Max) to (Min) fall times of less than 10 ,.s may cause corruption of RAM 

data or stop the clock. 
3. VPFD (Min) to Vso fall times of less than tFB may cause corruption of RAM 

data or stop the clock. 

CAUTION 

MAX 

Negative undershoots below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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PREDICTING BACK-UP SYSTEM LIFE 

The useful life of the battery in the MK48T02112 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 cc or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vee on, the bat­
tery is disconnected from the RAM. Because the 
leakage currents of the MK48T02112 are so low, they 
can be neglected in practical Storage Life calcula­
tions. Therefore, application of Vee 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 cc 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 SGS.:rHOMSON. 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 SGS.:rHOMSON's on going bat­
tery testing since it began in 1982, we believe the 
charrce 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 250C to produce a 2.0 volt closed-circuit voltage 
across a 250K ohm load resistance. 

MK48T02/12(B)·12/15/20/25 

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" (150%) and (t1%)· 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 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 anal­
ysis. The !50% figure represents "normal" or "aver­
age" life. It is, therefore, accurate to say that the 
average device will last "lso% ". 

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 MK4BT02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 

Predicted Storage Life = __________ 1.:.__ ________ _ 

[(TA,ITT)/SL,]+[(TA2/TT)/SL2]+ ... +[(TAn/TT)/Slnl 

Where TA1, TA2, TAn =Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA2 + ... + TAn 

SL1, SL2, Sln = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 10). 
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Example Predicted Storage Life Calculation 

A cash register/terminal operates in an environment 
where the MK48T02/12 is exposed to temperatures 

of 30"C (86°F) or less for 4672 hrs/yr; temperatures 
greater than 25"C, but less than 40°C (104°F}, for 
3650 hrslyr; and temperatures greater than 40"C, but 
less than 70"C (158°F), for the remaining 438 hrslyr. 

Reading predicted t1% values from Figure 10; SL1 = 456 yrs., SL2 = 175 yrs., SL3 = 11.4 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 4672 hrs./yr. TA2 =3650 hrs./yr. TA3 = 438 hrs./yr. 

Predicted Typical Storage Life ;:: ________ __:_1 _______ _ 

[(4672/8760)/456]+[(3650/8760)/175]+[(438/8760)111.4] 
;:: 126 yrs. 

FIGURE 10. MK48T02/12 PREDICTED BATTERY STORAGE LIFE VS. TEMPERATURE 
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Predicting Capacity Consumption Life 

The MK48T02/12 intemal cell has a minimum rat­
ed capacity of 35 mAh. The device places a nomi­
nal combined RAM and TIMEKEEPER load of 1.2 
pA 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. 

M K48T02112(B)-12/15/20/25 

Because the ambient temperature profile is depen­
dent upon application controlled variables, only the 
user can estimate consumption n:ites 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% Vee Duty 
Cycle Capacity Consumption life directly from Figure 
12, and dividing by the expected Vee Duty Cycle O,e. 
at 25"C with a 66% Duty Cycle, Capacity Consump­
tion Life = 3.3/(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 register/terminal 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; CL1 = 3.3 yrs., CL2 = 3.55 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 4672 hrs./yr. TA2 = 438 hrs./yr. 

Capacity Life~ _________ 1.:...._ _______ _ 

[( 4672/8760)/3.3) +[( 438te760)/3.55J 
~ 5.69 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 5.69 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. Vee DUTY CYCLE 
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FIGURE 12. CURRENT CONSUMPTION LIFE OVER TEMPERATURE WITH 0% Vee DUTY CYCLE 
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APPLICATION NOTE: 

BINARY TO BCD, AND BCD TO BINARY 
CONVERSION 

The MK48l02/12 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. 

10 REM BINARY TO BCD 
20 DEF FNA (X)=INT (X/10)*16+X-INT 

(X/10)*10 
30 REM BCD TO BINARY 
40 DEF FNB (X)=INT (X/16)*10+(XAND15) 

AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 

12114 

386 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 

FIGURE 13. EQUIVALENT OUTPUT LOAD DIAGRAM 
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ABSOWTE MAXIMUM RATINGS* 

Voltage On Any Pin Relative To GND ...................................... -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (T A) ................................. ooc to +70°C 
Ambient Storage (Vee Off, Oscillator Off) Temperature ........................ -2ooc to +70°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current Per Pin .......................................................... 20 rnA 
*Stresses greater than those listed under ·~bsolute 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 
(ooc :5T A :570°C) 

SYM PARAMETER 

Vee Supply Voltage (MK48T02) 

Vee Supply Voltage (MK48T12) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C:5TA:5+70°C) (Vee (Max)~Vcc~Vcc (Min)) 

SYM PARAMETER 

lcc1 Average V cc Power Supply Current 

lcc2 TTL Standby Current (E = V1H) 

Ices CMOS Standby Current (E = Vcc-0.2 V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (loUT = -1.0 rnA) 

VoL Output Logic "0" Voltage (lour = 2.1 rnA) 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

cl Capacitance on all pins (except D/Q) 

Cota Capacitance on D/Q pins 

NOTES 
1. All voltages referenced to GND. 

MIN 

4.75 

4.50 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. lcc1 measured with outputs open. 
4. Measured with Control Bits set as follows: R = 1; W, ST, KS, FT = 0. 
5. Measured with GNDsV1 sVcc and outputs deselected. 
6. Effective capacitance calculated from the equation C = 1.6-t with f!N = 3 

volts and power supply at 5.0 V. V .:1 

7. Measured with outputs deselected. 

MAX UNITS NOTES 

5.50 v 1 

5.50 v 1 

0 v 1 

Vee+ 0.3 V v 1 

0.8 v 1,2 

MAX UNITS NOTES 

80 rnA 3 

5 rnA 4 

3 rnA 4 

+1 pA 5 

+5 pA 5 

v 
0.4 v 

MAX NOTES 

7 pF 6 

10 pF 6,7 

13114 
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PACKAGE DESCRIPTION 

8 PACKAGE 24 PIN 

mm inches 
Dim. Notes 

Min Max Min Max 

BATIERY D - 32.893 - 1.295 

ONLY z 13.97 14.478 .550 .570 

A 8.128 9.652 .320 .380 

A2 7.62 9.144 .300 .360 R4 E, 13.462 13.97 .530 .550 

B 0.381 0.533 .015 .021 4 ~ ~l B, 1.143 1.778 .045 .070 

c 0.203 0.355 .008 .014 4 
E, 

24 PIN o, 32.258 1.270 1 

J 
- -

l ( ( 
PLASTIC E 13.462 16.256 .530 .640 

D.I.P. eA 15.24 17.78 .600 .700 3 

ONLY 2.286 2.794 .090 .110 e, 

£:=] L 3.048 3.81 .120 .150 

A, 0.381 0.762 .015 .030 2 

s 1.524 2.286 .060 .090 

E 

~ ' f-. ~·gj~· \.. ~;!;,,.,~,·~'"'":'~'" '"'""""'"~'"'"'"'' 1.-A~ .100±.0~ (TNA) : :::,~~.:~::~•:::,:.:o~'~';::~,:::':,';,~;~, ~::"'m'"" 

ORDERING INFORMATION 

MK48T X 

DEVICE Vee RANGE 
FAMILY 

388 

2 8 -XX 

4 When the solder lead finiSh IS Specified, thll max1mum lim11 shall be m­
Cillas.edby003in 

PACKAGE SPEED 

120 NS ACCESS TIME 
150 NS ACCESS TIME 
200 NS ACCESS TIME 
250 NS ACCESS TIME 

PLASTIC WITH BATTERY 
TOP HAT 

0 +10%/-5% 
+10%/-10% 



MK48T08/18(8) 
-10/15/20 

TIMEKEEPER™ 
8 K X 8 ZEROPOWER™ RAM 

•INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 

• BYTEWI DETM RAM-LIKE CLOCK ACCESS. 

• BCD CODED YEAR, MONTH, DAY DATE, 
HOURS, MINUTES AND SECONDS. 

• SOFTWARE CONTROLLED CLOCK CALl BRA- · 
TION FOR HIGH ACCURACY APPLICATIONS. 

• PREDICTED WORST CASE BATTERY LIFE OF 
10 YEARS @ 70°C. 

• PIN FUNCTION COMPATIBLE WITH JEDEC 
STANDARD 8K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DES­
ELECT/WRITE PROTECTION. 

• CHOICE OF TWO WRITE PROTJ=CT VOL­
TAGES: 
MK48T08- 4.50::; VPFD ::; 4.70 
MK48T18 - 4.20 ::; VPFD ::; 4.50 

PIN NAMES 

AO-A12 Address Input Vee +5Volts 

E1 
-

Write Enable Chip Enable w 

E2 Chip Enable G Output Enable 

GND Ground DQO-DQ7 Data In/Data Out 

NC No Connection INT Power Fail Interrupt 

October 1989 

B 

DIP-28 

28 

(Plastic with Battery Top Hat) 

PIN CONNECTIONS 

Vee 

w 

A9 

A11 

A10 

006 

oos 

004 

003 

Part Number Access Time R/W Cycle Time 

MK48TX8-10 100 ns 100 ns 

MK48TX8-15 150 ns 150 ns 

MK48TX8-20 200 ns 200 ns 

1/14 
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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 r·-·....t.. 

32768 Hz 

CRYSTAL 

LITHIUM 

CELL 

TRUTH TABLE ( MK48T08/18) 

Vee E1 E2 

<Vee V1H X 
(Max) X VIL 

V1L V1H 
> Vee V1L V1H 
(Min\ VIL VIH 

< VpfD X X 
(Min) 

> Vso 
~Vso X X 
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X 
X 
X 

V1L 
VIH 
X 

X 

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 BiPORT 
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 Vee. 

BXB 

BIPORT 

w MODE DQ POWER 

X Deselect HiohZ Standby 
X Deselect HiahZ Active 

V1L Write DIN Active 
VIH Read Dour Active 
VIH Read HiahZ Active 
X Deselect HighZ CMOS 

Standby 

X Deselect HighZ Battery 
Back-up 
Mode 

t.W. ~~m2::a~ --------------
390 



FIGURE 2 : POWER DOWN/POWER UP TIMING. 

Vee-----, 

VPFD(rn;:x)- - - -

VPFD(mj;;)- - - -

vso 

INT :---jtF 

(MK4BZ09119 ONLV)~--___:_:c.:..:_ __ _ 

ALL INPUTS RECOGNIZED >< DON'T ......__ ___ _, 

ALL VALID OUTPUTS 
(PER CONTROL INPUTS) 

CARE 

HIGHZ 

MK48T08/18{8)·1 0/15/20 

~ tPFH 

K REFERENCE >< RECOGNIZE D 

VALID(PER 
CONTROL IN 

AC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TIMING ) ( o·c ~ TA ~ + 70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

tpo E or W at V1H before Power Down 0 !lS 
IF VPFO (Max) to VPFD (Min) Vee Fall lime 300 !lS 2 

IFB VPFO (Min) to Vso Vee Fall Time 10 !lS 3 

IR Vso to VPFO (Max) Vee Rise Time 1 !lS 
IREC E1 or W at V1H or E2 at V1L after Power Up 1 mS 
tpFX INT Low to Auto Deselect 10 40 !iS 
IPFH VPFo (Max) to INT High 120 !lS 4 

DC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TRIP POINTS ) ( o·c ~ TA ~ +70"C) 

VALUE 

SYMBOL PARAMETER MIN TVP MAX UNITS NOTES 

VpFD Power-fail Deselect Voltage (MK48T08/09) 4.5 4.6 4.75 v 1 

VPFD Power-fail Deselect Voltage (MK48T18/19) 4.2 4.3 4.5 v 1 

Vso Battery Back-up Switchover Voltage 3.0 v 1 

loR Expected Data Retention Time 11 YEARS 

NOTES: 

1. All vottages referenced to GND. 

2. VPFD (MAX) to VPFD (MIN) fall time of less than !Fmay result in deselectionlwrite protection not occuring until 200118 after Vee passes VPFD 
(MIN). VPFD (MAX) to (MIN) fall times of less than 10 118 may cause coruuption of RAM data. 

3.VPFD (MIN) to Vso fall time of less than tFB may cause corruption of RAM data 

4. INT may go high anytime after Vee exceeds Vso and is guaranteed to go high IPFH after Vee exceeds VPFD (MAX). 

t;='l. SGS·1HOMSON A."f'- li\1JD~©WJ@II!l~ 
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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. 

Access llme (tGLav). The state of the eight three­
state_.Data 110 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 AQ.dress 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 1/0 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 llme (tELav) or at Output Enable 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) ( o·c::; TA::; +70"C (Vee (min)::; Vee::; Vee(Max)) 

48TX8-10 48TX8-15 48TX8-20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT NOTE 

te1LOX Chip Enable 1 to Q low-Z 10 10 10 
-

te2HOX Chip Enable 2 to Q low-Z 10 10 10 
-

tAx ox Output Hold from Address 5 5 5 
1--

tGLQX Ouput Enable 1 to Q low-Z 5 5 5 
1--

fAVAV Read Cycle lime 100 150 200 
1--

IAVOV Address Access lime 100 150 200 ns 
1--

IE1LOV Chip, Enable 1 Access lime 100 150 200 
f----

IE2HQV Chip, Enable 2 Access lime 100 150 200 
1--

IGLQV Output Enable Access Time 50 75 100 
f----

tE1HOZ Chip Enable 1 to Q High-Z 50 75 100 
1--

te2LOZ Chip Enable 2 to Q High-Z 50 75 80 
~ 

tGHQZ Output Disable to Q High-Z 40 60 80 

4/14 
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FIGURE 3: READ TIMING N° .1 (ADDRESS ACCES) 

I AVAV 

ADDRESS 

DQ DATA DATA VALID >C , __ ______, 

FIGURE 4 : aREAD TIMING N°.2 

ADDRESS-t----

I AVAV 

l 
I AVQV 

I E1LQV 
I E1LQX 

E1 

E2 

,._I GLQX---+ 

DQ , DATA VALID 
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WRITE MODE 
The MK4BTOB/1 8 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 e1 or rising edge of e2 . 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 e2·1ow for minimum of te1 hax or tE2LAX prior 
to the initiation of another read or write cycle. Da-

ta-in must be valid tovEH prior to the end of write and 
remain valid for twHox afterward. 

Becaull.li G is a Don't Care in the Write Mo..d.e 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
tf!.d. A low on W will disable the outputs twLoz after 
W falls. Take care to avoid bus contention when 
operating with two-wire control. 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) (O"C :S: TA:S: +70"C (Vee (min) :S:Vee:S: Vee (max)) 

48TX8-10 48TX8-15 48TX8-20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTE 

IAVWL Address Set-Up Time 0 0 0 
1-

fAVE1L Address Set-Up Time 0 0 0 
1-

IAVE2H 
to ChipEnable 

0 0 0 
1-

tE1HAX Write recovery from Chip Enable 10 10 10 2 
1-

tE2LAX 
( Address Hold Time ) 

10 10 10 2 
1-

iwHDX Data Hold Time 5 5 5 1,2 
1-

IAVAV WriteCycle Time 100 150 200 ns 

1-
tAVWH Address Valid to W High 80 130 180 

1-
iwLWH Write Pulse Width 80 100 150 

1-
iwHAX Address Hold after End of Write 10 13 10 1 

1-
tE1L1H Ch~ Enable Active to 80 130 180 2 

En of Write CN High) 1-
tE2HE2L 80 130 180 2 

1-

tovwH Data Valid to End of Write 50 70 80 1,2 
1-

twLQZ W Low to Q High-Z 50 75 100 

NOTES: 

1. In a W Controlled Cycle 

2. In a E1. 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 Vee 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 
Vee falls within the VPFo(max), VPFD(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 VPFo(min), the user can be assured 
the memory will be in a write protected state, provi­
ded the Vee fall time is not less than !F. 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 
Vee. Therefore decoupling of the power supply 
lines is recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. Normal RAM operation can re­
sume tREe after Vee excEZfldS VPFo(max). Caution 
should be taken to keep E1 high or E2 low as Vee 
rises past VPFD (Min) as some systems may per­
form inadvertent write cycles after Vee rises but 
before normal system operation begins. 

POWER FAIL INTERRUPT 
The MK48T08/18continuously monitors Vee. When 
Vee fall to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediatly generated. 
An internal clock provides a delay no less than 1 OJ.LS 
but no greater than 40J.LS 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 Vee on, the battery is disconnected from the 
RAM and aging effects become the determining 
factor in battery life. With Vee 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 and is 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 1 00 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 (t1%). 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 
7o·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. It is, therefore, accurate to say that the average 
device will last "!so%". 

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)-1 0/15/20 

Because the ambient temperature profile is depend­
ent 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 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 

SL 1, SL2, SLN = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 7) 

Example Predicted Storage Life Calculation 

A cash register/terminal operates in an environment 
where the MK48T08 is exposed to temperatures of 

ss·c or less for 8322 hrs./yr.; and temperatures 
greater than 6o·c, but less than 7o·c, for the 
remaining 438 hrs./yr. 

Reading Predicted tw, values from Figure 7; SL1 = 41 yrs., Sl2 = 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. 
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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 pol 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 Vee 
or turning off the oscillator run 100% of the time butr 
Vee is applied 60% of the time, the Capacity 
Consumption life is 1 0/(1-.6) = 25 years. 

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 MK48TOB/18 REGISTER MAP 

ADDRESS DATA 

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. 

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. 

FUNCTION 

07 06 OS 04 03 02 01 DO 
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1FFF 

1FFE X 

1FFD X 

1FFC X 

1FFB X 

1FFA X 

1 FF9 ST 

1 FF8 w 

ST=STOP BIT 
W-WRITEBIT 

X X 

X FT 

X X 

X 

R s 

X X 

R"'" READ BIT 
s- SIGNBIT 

---------------------------~~~@~~~~4 
398 

YEAR 

MONTH 

DATE 

DAY 

HOUR 

MINUTES 

SECONDS 

CONTROL 

FT = FREQUENCY TEST 
X= UNUSED 

00-99 

01-12 

01-31 

01-07 

00-23 

00-59 

00-59 



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. A typical 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. 

FIGURE9 

NORMAL 

POsmvE n n n n n 
CLAIBRATION _j LJ u LJ LJ L 

NEGAnVE n ~~ ~~ 
CAUBRAllON _j L___j LJ L 

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, t~e first 
12 will be affected, and so on. 

Therefore, each calibration -step has the effect of 
adding 512 or. subtracting 256 oscillator cycles for 

MK48T08/18(8)-1 0/15/20 

·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 set to 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 Calibration 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 
stable at Address 1 FF9when reading the 512Hz 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 

FREQUENCY ERROR (PPM) 

·" ):) ~ ~ E.C 

TEMPERATURE (DEGREES CHCIUS) 

11/14 
-------------'-. -~ SGS·lHOMSON ---------~--

11.. ""!I. [lj]U©OO@~~©'iiliil@LilU©® 
399 



MK48T08/18(8)-1 0115/20 

ABSOLUTE MAXIMUM RATINGS . 

PARAMETER VALUE UNIT 

Total Power Dissipation 1.0 w 
Output Current per Pin 20 rnA 

Voltage on any Pin Relative to GND -0.3 to+ 7.0 v 

Ambient Operating (Vee on) Temperature (TA) Oto70 ·c 

Ambient Storage ( Vee off) Temperature -40 to +85 ·c 
.. " 

.. 
Stresses greater than those lrsted under Absolute Max1mum Ratings may cause permanent damage to the dev1ce. Th1s IS a stress rat1ng 

only and functional operation of the device atthese 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 t ime 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 (O"C::; TA ::; +70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltage ( MK48T08/09) 4.75 5.5 v 1 

Vee Supply Voltage ( MK48T18/19) 4.5 5.5 v 1 

GND Supply Voltage 0 0 v 1 

v,H Logic "1" Voltage All Inputs 2.2 Vee+ 0.3v v 1 

v,L Logic "0" Voltage All Inputs -0.3 0.8 v 1,2 

DC ELECTRICAL CHARACTERISTICS (O"C::; TA ::;+70"C) (Vee (min)::; Vee::; Vee (max)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcc1 Average Vee Power Supply Current 80 rnA 3 

lcc2 TTL Standby Current ( E1= V1H or E2=ViL) 3 rnA 

lcc3 CMOS Standby Current (E1= Vee -0.2v) 3 rnA 4 

hL Input Leakage Current (Any Input) -1 +1 J.LA 5 

loL Ouput Leakage Current -5 +5 !!A 5 

VoH Output Logic "1" Voltage ( lour =-1.0 rnA) 2.4 v 

VoL Output Logic "0" Voltage (lour= +2.1 rnA) 0.4 v 

ViNT INT Logic "0" Voltage (lour = +0.5 rnA) 0.4 v 

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. 1 mA typical. 

5. Measured with Vee ;, v, ;, GND and outputs deselected. 

12/14 
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AC TEST CONDITIONS 

INPUT LEVELS 

TRANSITION TIMES: 

FIGURE 11 : OUPUT LOAD DIAGRAM 

INPUT AND OUTPUT TIMING 
REFERENCE LEVELS 

CAPACITANCE ( TA = 25"C) 

SYMBOL PARAMETER 

O.Ov to 3.0v 

5nS 

1.5v 

Cl capacitance on all pins (except DQ) 

CDQ capacitance on DQ pins 

NOTES: 

1. Effective capacitance calculated from the equation C 

ORDERING INFORMATION 

DEVICE 
UNDER 
TEST 

MAX 

10.0 

10.0 

PART NUMBER ACCESS TIME (ns) 

MK48T08810 100 

MK48T08815 150 

MK48T08B20 200 

MK48T18810 100 

MK48T18815 150 

MK48T18820 200 

+SV 

~ ! 1.8 K!l 

> 

~ 
~1.0 K!l;: ~ 100 pF 

> (INCWDING SCOPE 
AND JIG) 

~.;;'-

UNITS NOTES 

pF 1 

pF 1,2 

SUPPLY VOLTAGE 

5V±10% 

5V±10% 

5V±10% 

5V +10%-5% 

5V +10%-5% 

5V +10%-5% 
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FIGURE 12: PACKAGE MECHANICAL DATA 

1'8
t-A A 

0 

I AA A A 

0 I 
vvv vvvv 

re~~ I \1 
A 

r!=~y iVV]rJJ c- -
i:' ~;;.:~~ j~· Et 

I eA 

100 0100(TNA) 

INCHES 
NOTES DIM 

~ MIN MAX 

A .320 .380 2 1. OVERALL LENGTH INCLUDES FLASH 

At .015 .030 2 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 

A2 .300 .360 2 PACKAGE STANDOFF TO BE MEASURED 
8 .015 .021 3 PER JEDEC REQUIREMENTS 

81 .045 .070 
3 THE MAXIMUM liMIT SHALL BE 

c .008 .012 3 INCREASED BY .0031N WHEN 

0 1.495 1 SOLDER LEAD FINISH IS SPECIFIED 

E .530 640 

Et .530 .550 

E2 .550 .570 

et .090 .110 

eA .600 .700 

l .120 .150 

s .060 090 
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• DROP-IN REPLACEMENT FOR IBM AT COM-
PUTER CLOCK/CALENDAR 

• PIN COMPATIBLE WITH THE DS1285Q 
• EXTERNAL BATIERY AND CRYSTAL PINS 
• 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 

• 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 
• PROGRAMMABLE SQUARE WAVE OUTPUT 

SIGNAL 
• BUS COMPATIBLE INTERRUPT SIGNALS 

(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 

October 1989 

MK48T85Q 
ADDRESS I DATA MULTIPLEX 

TIMEKEEPER™ RAM 
ADVANCE DATA 

PIN CONNECTIONS 

X2 X1 MOT NF Vee SOW NF 

4 3 2 1 28 27 26 

ADO 25 RCLR 

AD1 24 VBAT 

AD2 7 23 IRQ 

AD3 22 RESET 

AD4 21 DS 

ADS 10 20 GND 

AD6 11 19 w 

AD6 NF AD7 GND E AS NF 

PIN NAMES 

NDO-ND7 ADDRESS I DATA 

MOT BUS TYPE SELECTION 

E CHIP SELECT 

AS ADDRESS STROBE 

w READ/WRITE 

saw SQUARE WAVE OUT 

IRQ INTERRUPT REQUEST 

RESET RESET 

OS DATA STROBE 

Vee +5VOLTS 

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 
081285. 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 Vee fall below specified (VPFD) levels. The 
automatic deselection of the device remains in 

FIGURE 1 . BLOCK DIAGRAM 

Power Vee 
Switch 

and POK 
Write 

Protect 

""' Interface 

BCD! 
Binary 

Increment 

effect upon power up for a period of 1 OOms after 
Vee rises above VPFD, provided the Real Time 
Clock is running and the count down chain is not 
in reset, allowing sufficient time for Vee 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. 

Clock Alarm 
Calendar RAM 

(10 Bytes) 

User RAM 
(50 Bytes) 

RCLR 

2/5 
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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-

MK48T85Q 

der to clear the RAM, RCLR must be forced to 
an input logic "0" {-0.3 to 0.8 volts) for a minimun 
of 1 00 ms when vee 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 {O"C ~ TA ~ 7o·c) (Vee (Max)~ Vee~ Vee( Min)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

leet Average Vee Power Supply Current 15 mA 

I mot Input Current -1.0 500 ~A 

hL Input Leakage Current -1 +1 ~A 

loL Output Leakage Current -5 +5 ~A 

VoH Output Logic "1" Voltage (loUT = -1.0 mAl 2.4 v 
VoL Output Logic ''0" Voltage ( loUT = 4.0 mAl 0.4 .v 

VBAT Battery Voltage 2.4 3.5 v 

CRYSTAL ELECTRICAL CHARACTERISTICS (externally supplied) 

SYMBOL PARAMETER TEST CONDITIONS VALUES UNITS 
MIN TVP MAX 

fa Resonant Frequancy 32.768 KHz 

rs Series Resistance 30 Kn 

CL load Capacitance 12.5 pf 

3/5 

405 



MK48T85Q 

FIGURE 2 . POWER-UP I POWER-DOWN CONDITIONS 

V::c 

E 

JBATT 

Vso 

DATA RETENTION TIME 
toR 

VPFD 

tR-

AC ELECTRICAL CHARACTERISTICS (POWER-UP I DOWN TIMING) 

SYMBOL PARAMETER MIN MAX UNITS 

tpo E or W at VJH Before Power Down 0 ns 

lF Vpm to Vso Vee Fall Time 310 llS 
tR Vso to Vpfo Vee Rise Time 100 llS 

lREc 

NOTES 

DC ELECTRICAL CHARACTERISTICS (POWER-UP/ DOWN TRIP POINTS)(O'C :s; TA :s; 70'C) 

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES 

VPFD Power-fail Deselect Voltage 1.29 VsAT v 
Vso Battery Back-up Swithover Voltage VsAT v 

4/5 
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FIGURE 3 . PACKAGE DESCRIPTION 28 PIN PLCC 

E E1 

DIM 

A 
A1 

B 

81 

0 

01 

02 
E 

E1 

E2 

h 

j 

k 

---------0----------~~ 

---------lrn----------~ 

• 
-ID-±_1 

INCHES NOTES 
MIN MAX 

0.165 0.185 
0.090 0.120 

0.026 0.032 
0.013 0.021 

0.485 0.495 
0.450 0.456 

0.390 0.430 

0.485 0.495 

0.450 0.456 

0.390 0.430 
0.042 0.060 

0.042 0.060 
0.042 0.056 

2 
2 

2 
2 

NOTES: 

1. Lead finish to be solder dip 
or tin/lead plate. 

2. The maximun limit shall be 
increased by 0.003 inche when 
solder lead finish is specified. 

MK4BT85Q 

6 EOSPCS 
@ .050 EA 
= .300 Q.A. 
4 PLACES 

• 
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• DROP-IN REPLACEMENT FOR IBM AT COM­
PUTER CLOCK/CALENDAR 

• PIN COMPATIBLE WITH THE MC146818 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 

• 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 

• 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 
• PROGRAMMABLE SQUARE WAVE OUTPUT 

SIGNAL 
• BUS COMPATIBLE INTERRUPT SIGNALS 

(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 

* 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 

MK48T87A(B) 
ADDRESS I DATA MULTIPLEX 

TIMEKEEPER™ RAM 
ADVANCE DATA 

B 
DIP-24 

(Plastic with battery top Hat) 

24 

PIN CONNECTIONS 

PIN NAMES 

A/DO- AID? ADDRESS I DATA 

MOT BUS TYPE SELECTION 

E CHIP SELECT 

AS ADDRESS STROBE 

w READ/WRITE 

saw SQUARE WAVE OUT 

IRQ INTERRUPT REQUEST 

RESET RESET 

DS DATA STROBE 

Vee +5 VOLTS 

GND GROUND 

RCLR RAM CLEAR 

NF* NO FUNCTION 
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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 Vee fall below specified (VPFO) levels. The 
automatic deselection of the device remains in 
effect upon power up for a period of 1 OOms after 
Vee rises above VPFO, provided the Real Time 
Clock is running and the count down chain is not 

FIGURE 1 . BLOCK DIAGRAM 

""" lnlef!aee 

"""' lncremenl 

in reset, allowing sufficient time for Vee 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 Vee 
is applied. 

C:locl<llllnn 
CalendarRAJ.I 

(10Byles) 

UsltfRAM 
(50 Bytes) 

J,--RCLR 
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• DROP-IN REPLACEMENT FOR IBM AT COM­
PUTER CLOCK/CALENDAR 

• PIN COMPATIBLE WITH THE MC146818 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 CIRCUIT-RY 

• 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 

• 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 
• PROGRAMMABLE SQUARE WAVE OUTPUT 

SIGNAL 
• BUS COMPATIBLE INTERRUPT SIGNALS 

(IRQ) 
• THREE IN:rERRUPTS 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 

• 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. 
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ADDRESS I DATA MULTIPLEX 

TIMEKEEPER™ RAM 
ADVANCE DATA 

Dl~24 ~ 
(Plastic with battery top Hat) uv~ 

24 

PIN CONNECTIONS 

MOT 

NF 

NF 

A/00 

A/01 

A/02 
MK48T87(8) 

A/03 

A/04 

AIDS 

A/06. 

A/07 

GND 

PIN NAMES 

NDO -ND7 ADDRESS I DATA 

MOT BUS TYPE SELECTION 

E CHIP SELECT 

AS ADDRESS STROBE 

w READ/WRITE 

saw SQUARE WAVE OUT 

IRQ INTERRUPT REQUEST 

RESET RESET 

DS DATA STROBE 

Vee +5 VOLTS 

GND GROUND 

NF• NO FUNCTION 
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Th1s is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 

411 



MK48T87(8) 

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 

""' lnterfaca 

BCD/ 
Binary 

Increment 

Automatic deselection of the device provides in­
surance that data integrity is not compromised 
should Vee fall below specified (VPFD) levels. The 
automatic deselection of the device remains in 
effect upon power up for a period of 1 OOms after 
Vee rises above VPFD, provided the Real Time 
Clock is running and the count down chain is not 
in reset, allowing sufficient time for Vee 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. 

Clock Alarm 
Calendar RAM 

(10Bytes) 

User RAM 
(50 Bytes) 
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SIGNAL DESCRIPTIONS 

GND, Vee - D.C. power is provided to the device 
on these pins. Vee is the +5 volt input. When 
Vee is applied and is above VPFD, the device is 
fully accessible and the data can be written and 
read. When Vee is below VPFD, reads and writes 
are inhibited. However, the timekeeping function 
continues unaffected by 'the lower input voltage. 
As Vee 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 Vee pin. 

MOT (Mode Select) - The MOT pin offers the 

MK48T87(8) 

flexibility to choose between two bus types. 
When connected to Vee, 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 
20 K. 

SQW (Square Wave Output) - The saw 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 saw pin may be 
changed by programming Register A. As shown 
in Table 1, the SOW signal may be turned on 
and off using the sawE bit in Register B. The 
saw signal is not available when Vee is less 
than VPFD. 

TABLE 1 . PERIODIC INTERRUPT RATE AND SQUARE WAVE FREQUENCY 

SELECT BITS REGISTER A 

RS3 RS2 RS1 

0 0 0 

0 0 0 

0 0 1 

0 0 1 

0 1 0 

0 1 0 

0 1 1 

0 1 1 

1 0 0 

1 0 0 

1 0 1 

1 0 1 

1 1 0 

1 1 0 

1 1 1 

1 1 1 

ADO-AD7 (Multiplexed Bi-Directional Ad­
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 

lp1 PERIODIC 
SQWOUTPUT 

INTERRUPT RATE 
RSO FREQUENCY 

0 None None 

1 3.90625 m5 256Hz 

0 7.8125 m5 128Hz 

1 122.070115 8.192 KHz 

0 244.141 1!5 4.096 KHz 

1 488.2811!5 2.048 KHz 

0 976.56251!5 1.024 KHz 

1 1.953125 m5 512Hz 

0 3.90625 m5 256Hz 

1 7.8125 m5 128Hz 

0 15.625 m5 64Hz 

1 31.25 ms 32Hz ~ 
" 

0 62.5 m5 16Hz 

1 125 ms 8Hz 

0 250 ms 4Hz 

1 500 ms 2Hz 

from address to data occurs during the internal 
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 
toADS. Valid write data must be present and 
held stable during the latter portion of the OS or 
RD pulses. The read cycle is terminated and the 
bus returns to a high impedance state as OS 
transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 
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MK48T87(8) 

AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex 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 Vee, 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 signa!Js 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 Vee for Motorola timing, W is a 
level which indicates whether the current cycle is 
a read or wri~ A read cycle is indicated with a 
high level on W w.bfle DS is high. A write cycle 
is indicated when W is low during DS. When the 
MOl_pin is connected to GND for Intel timing, 
the W signal is ~ active low signal called WR. 
In this mode the W pin has_lhe same meaning 
as the Write Enable signal (W) on generic RAMs. 

I;_ (Chip Select Input) - The Chip Select signal 
(E)<'-must be asserted low for a bu~cycle in which 
the MK48T87 is to be accessed. E must be kept 
in the active state during D§_ 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 
Vee is below VPFD, the MK48T87 internally inh.!: 
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 

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. M\!!!!.P)e interrupt__Q_§yices 
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 
Vee is above VPFD, the following occurs: 

A. Periodic Interrupt Enable (PIE) bit is cleared 
to zero. 

B. Alarm Interrupt Enable (AlE) 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. 

I. 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 Vee. This connection will allow the 
MK48T87 to go in and out of power fail without 
affecting any of the control registers. 
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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 

13 

14 

50 BYTES 

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 

MK48T87(8) 

1. Registers C and Dare 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. 

00 SECONDS 

01 SECONDS ALARM 

02 MINUTES 

03 MINUTES ALARM 

04 HOURS 

05 HOURS ALARM 

06 DAY OF WEEK 

07 DAY OF MONTH 

08 MONTH 

09 YEAR 

10 REGISTER A 

11 REGISTER B 

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 buffered. Once per second the 
ten bytes are advanced by one second and 
checked for an alarm condition. If a read of the 
time and calendar data occurs during an update, 
a problem exits that seconds, minutes, hours, 
etc., may not correlate. The probability of reading 
incorrect time and calendar data is low. Several 
methods of avoiding any possible incorrect time 
and calendar reads are covered later in this text. 
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TABLE 2 . CALANDAR AND ALARM DATA MODES 

ADDRESS 
FUNCTION 

LOCATION 

0 SECONDS 

1 SECONDS ALARM 

2 MINUTES 

3 MINUTES ALARM 

4 
HOURS- 12hrs MODE 

HOURS - 24hrs MODE 

5 
HOURS ALARM -12hrs 

HOURS ALARM - 24hrs 

6 DAY OF THE WEEK (SUNDAY=1) 

7 DAY OF THE MONTH 

8 MONTH 

9 YEAR 

The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro­
priate hours, minutes and seconds alarm loca­
tions, the alarm interrupt is initiated at the speci­
fied time each day if the alarm enable bit is high. 
The second use condition is to insert a "don't 
care" state in one or more of the three alarm 
bytes. The "don't care" code is any hexadecimal 
value from CO to FF. The two most significant 
bits of each byte set the "don't care" condition 
when at Logic 1. An alarm will be generated 
each hour when the "don't care" bits are set in 
the hours byte. Similarly, an alarm is generated 
every minute with "don't care" codes in the hours 
and minute alarm bytes. The "don't care" codes 
in all three alarm bytes create an interrupt every 
second. 

NONVOLATILE RAM 

The 50 general purpose nonvolatile RAM bytes 
are not dedicated to any special function within 
the MK48T87. They can be used by the proces­
sor program as nonvolatile memory and are fully 
available during the update cycle. 

INTERRUPTS 

The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. 
The alarm interrupt may be programmed to occur 

DECIMAL RANGE 

BINARY DATA 
RANGE MODE 

BCD DATA MODE 

00.59 00-38 00-59 

00-59 00-38 00-59 

00-59 00-38 00-59 

00-59 00-38 00-59 

1 - 12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM 

0-23 00- 17 00-23 

1 - 12 01-0C AM, 81-8C PM 01-12 AM, 81-92 PM 

0-23 00- 17 00-23 

1 - 7 01 - 07 01 - 07 

1 - 31 01 - 1F 01 - 31 

1 - 12 01- oc 01 - 12 

0-99 00-63 00-99 

at rates from once per second to once per day. 
The periodic interrupt may be selected for rates 
from 122 us to 500 ms. The update-ended inter­
rupt may be used to indicate to the program that 
an update cycle is complete. Each of these inde­
pendent interrupt conditions is described in grea­
ter detail in other sections of this text. 

The processor program can select which inter­
rupts, if any, are going to be used. Three bits in 
Register B enable the interrupts. Writing a Logic 
1 to an interrupt-enable bit permits that interrupt 
to be initiated when the event occurs. A "0" in an 
interrupt-enable bit prohibits the IRQ pin from 
being asserted from that interrupt condition. If an 
interrupt f!gg_ is already set when an interrupt is 
enabled, IRQ is immediately set at an active le­
vel although the interrupt initiating the event may 
have occurred much earlier. As a result, there 
are cases where the program should clear such 
earlier initiated interrupts before first enabling 
new interrupts. 

When an interrupt event occurs, the relating flag 
bit is set to Logic 1 in Register C. These flag bits 
are set independent of the state of the corre­
sponding enable bit in Register B. The flag bit 
can be used in a polling mode without enabling 
the corresponding enable bits. The interrupt flag 
bit is a status bit which software can interrogate 
as necessary. 
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When a flag is set, an indication is given to soft­
ware that an interrupt event has occurred since 
the flag bit was last read; however, care should 
be taken when using the flag bits as they are 
cleared each time Register C is read. Double lat­
ching is included with Register C so that bits 
which are set remain stable throughout the read 
cycle. All bits which are set (high) are cleared 
when read and new interrupts which are pending 
during the read cycle are held until after the cy­
cle is completed. One, two or three bits may be 
set when reading Register C. Each utilized flag 
bit should be examined when read to insure that 
no interrupts are lost. 

The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is 
set and the corresponding interrupt enable bit is 
also set, the IRQ pin is asserted low. IRQ is as­
serted as long as at least one of the three inter­
rupt sources has its flag and enable bits both set. 
The IRQF bit in Register C is a one whenever 
the IRQ pin is being driven low. Determination 
that the RTC initiated an interrupt is accomplis­
hed by reading Register C. A logic one in Bit 7 
(IRQF bit) indicates that one or more interrupts 
have been initiated by the MK4BT87. The act of 
reading Register C clears all active flag bits and 
the IRQF bit. 

OSCILLATOR CONTROL BITS 

When the MK48T87 is shipped from the factory, 
the internal oscillator is turned off. This feature 
prevents the lithium energy cell from being used 
until it is installed in system. A pattern of 010 in 
bits 4 through 6 of Register A will turn the oscilla­
tor on and enable the countdown chain. A pat­
tern of 11 X will turn the oscillator on, but holds 
the countdown chain of the oscillator in reset. All 
other combinations of bits 4 through 6 keep the 
oscillator off. 

SQUARE WAVE OUTPUT SELECTION 

Thirteen of the 15 divider taps are made availa­
ble to a 1-of-15 selector, as shown in the block 
diagram of Figure 1. The first purpose of selec­
ting a divider tap is to generate a square wave 
output signal on the SQW pin. The RSO-RS3 bits 
in Register A establish the square wave output 
frequency. These frequencies are listed in Table 
1. The SOW frequency selection shares its 1-of-

MK48T87(8) 

15 selector with the periodic interrupt generator. 
Once the frequency is selected, the output of the 
SOW pin may be turned on and off under pro­
gram control with the square wave enable bit 
(SQWE). 

PERIODIC INTERRUPT SELECTION 

The periodic interrupt will cause the IRQ pin to 
go to an active state from once every 500 ms to 
once every 122 us. This function is separate 
from the alarm interrupt which may be output 
from once per second to once per day. The peri­
odic interrupt rate is selected using the same Re­
gister A bits which select the square wave fre­
quency (see Table 1). Changing the Register A 
bits affects both the square wave frequency and 
the periodic interrupt output. However, each func­
tion has a separate enable bit in Register B. The 
SQWE bit controls the square wave output. Simi­
larly, the periodic interrupt is enabled by the PIE 
bit in Register B. The periodic interrupt can be 
used with software counters to measure inputs, 
create output intervals, or await the next needed 
software function. 

UPDATE CYCLE 

The MK48T87 executes an update cycle once 
per second regardless of the set bit in Register 
B. When the SET bit in Register B is set to one, 
the user copy of the double buffered time, calen­
dar and alarm bytes if frozen and will not update 
as the time increments. However, the time count­
down chain continues to update the internal copy 
of the buffer. This feature allows time to maintain 
accuracy indep endent of reading or writing the 
time, calendar, and alarm buffers and also gua­
rantees that time and calendar information are 
consistent. The update cycle also compares each 
alarm byte with the corresponding time byte and 
issues and alarm if a match or if a "don't care" 
code is present in all three positions. 
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There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses 
the update-ended interrupt. If enabled, an inter­
rupt occurs after every update cycle which indi­
cates that over 998 ms are available to read va­
lid time and date information. If this interrupt is 
used, the IRQF bit in Register C should be clea­
red before leaving the interrupt routine. 

A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update 
cycle is in progress. The UIP bit will pulse once 
per second. After the UIP bit goes high, the up­
date transfer occurs 244 us later. If a low is read 

on the UIP bit, the user has at least 244 us be­
fore the time/calendar data will be changed. The­
refore, the user should avoid interrupt service 
routines that would cause the time needed to 
read valid time/calendar data to exceed 244 us. 

The third method uses a periodic interrupt to de­
termine if an update cycle is in progress. The 
UIP bit in Register A is set high between the set­
ting of the PF bit in Register C (see Figure 3). 
Periodic interrupts that occur at a rate of greater 
than tauc allow valid time and date information to 
be reached at each occurrence of the periodic 
interrupt. The reads should be complete within 
(T Pl!2+tsuc) to insure that data is not read during 
the update cycle. 

FIGURE 3. UPDATE ENDED AND PERIODIC INTERRUPT RELATIONSHIP 

tuc 
Register A 
UIP Bit in -n-
____ L..___ 

UFBitin 
Register C 

tsuc--~-
,.. 

r- tPV2 tPV2 ~ 

~=:~~~----------------~~UL_ ________________ ~~UL_ ____ __ 
tpJ ------->1 

PI = Periodic Interrupt Time Interval Per Table 1. 

tauc = Delay Time Before Update Cycle = 244 JlS. 

tuc = 2 ms. 
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REGISTERS: 

REGISTER A 

UIP 

The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one. 
the update transfer will soon occur. The UIP is a 
zero, the update transfer will not occur for at 
least 244 us. The time, calendar, and alarm infor­
mation in RAM is fully available for access when 
the UIP bit is zero. The UIP bit is read only and 
is not affected by RESET. Writing the SET bit in 
Register 8 to a "1" inhibits any update transfer 
and clears the UIP status bit. 

DVO, DV1, DV2 

These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pat­
tern of 010 is the only combination of bits which 
will turn the oscillator on and allow the RTC to 
keep time. A pattern of 11 X will enable the oscil­
lator but holds the countdown chain in reset. The 

MK48T87(8) 

next update will occur at 1 second after a pattern 
of 01 0 is written to DVO, DV1 and DV2. 

RS3, RS2, RS1, RSO 

These four rate-selection bits select one of the 
13 taps on the 15-stage divider or disable the 
divider output. The tap selected may be used to 
generate an output square wave (SQW pin) 
and/or a periodic interrupt. The user may do one 
of the following: 

1. Enable the interrupt with the PIE bit; 

2. Enable the SQW output pin with the SQWE 
bit; -

3. Enable both at the same time and the same 
rate; or 

4. Enable neither. 
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REGISTER 8 

SET 
When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a 
one, any update transfer is inhibited and the pro­
g~am may initialize the time and calendar bytes 
Without an update occurring in the midst of initia­
lizing. Read cycles can be executed in a similar 
manner. SET is a read/write bit which is not mo­
dified by RESET or internal functions of the 
MK48T87. 

PIE 
The periodic interrupt enable PIE bit is a 
read/write bit which allows the Periodic Interrupt 
Flag (PF) bit in Register C to cause the IRQ pin 
to be driven low. When the PIE bit is set to one 
~odic interrupts are generated by driving th~ 
IRQ pin low at a rate specified by the RS3 
through RSO bits of Register A. A zero in the PIE 
bit blocks the IRQ output from being driven by a 
peri~dic interrupt, but the Periodic Flag (PF) bit 
1s still set at the periodic rate. PIE is not modified 
by any internal MK48T87 functions, but is clea­
red to zero on RESET. 

AlE 
The Alarm Interrupt Enable (AlE) bit is a 
read/write bit which when set to a one permits 
~Alarm Flag (AF) bit in register C to assert 
IRQ. An alarm interrupt occurs for each second 
that the three time bytes equal the three alarm 
bytes including a "don't care" alarm code of bi­
nary 11 XXXXXX. When the AlE bit is set to zero 
the AF bit does not initiate the IRQ signal. Th~ 
RESET pin clears AlE to zero. The internal func­
tions of the MK48T87 do not affect the AlE bit. 

UIE 
The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables the Update End 

.E§g_(]JF) bit in Register C to assert IRQ. The 
RESET pin going low or the SET bit going high 
clears the UIE bit. 

SQWE 
When the Square Wave Enable (SQWE) bit is 
set to a one, a square wave signal at the fre­
quency set by the rate-selection bits RS3 through 
RSO is driven out on the SQW pin. When the 
SQWE bit is set to zero, the SQW pin is held 
low; the state of SQWE is cleared by the RESET 
pin. SQWE is a read/write bit. 

OM 
The Data Mode (DM) bit indicates whether time 
and calendar information are in binary or BCD 
format. The DM bit is set by the program to the 
appropriate format and can be read as required. 
This bit is not modified by internal functions or 
RESET. A one in DM signifies binary data and a 
zero in DM specifies Binary Coded Decimal 
(BCD) data. 

24/12 

The 24/12 control bit establishes the format of 
the hours byte. A one indicates the 24-hour 
mode and a zero indicates the 12-hour mode. 
This bit is a read/write and is not affected by in­
ternal functions or RESET. 

DSE 
The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in 
April the time increments from 1 :59:59 AM to 
3:00:00 AM. On the last Sunday in October 
when the time first reaches 1 :59:59 AM it 
changes to 1:00:00 AM. These special updates 
do not occur when the DSE bit is a zero. This 
bit is not affected by internal functions or RESET. 
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REGISTER C 

IRQF 

The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 

PF=PIE=1 

AF=AIE=1 

UF=UIE=1 

i.e.,IRQF=PF•PIE+AF•AIE+UF•UIE 

Any time the IRQF bit is a one the IRQ pin is 
driven low. All flag bits are cleared after Register 
C is read by the program or when the RESET 
pin is low. 

PF 
The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected 
on the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF 
is set to a one independent of the state of the 
PIE bit. When both PF and PIE are one, the IRQ 
signal is active and will set the IRQF bit. The PF 

REGISTERD 

VRT 

The Valid RAM and Time (VRT) bit is set to the 
one state by SGS-THOMSON prior to shipment. 
This bit is not writable and should always be a 
one when read. If a zero is ever present, an ex­
hausted internal lithium energy source is indica­
ted and both the contents of the RTC data and 
RAM data are questionable. This bit is unaffected 
by RESET. 

MK48T87(8) 

bit is cleared by a RESET or a software read of 
Register C. 

AF 
A one in the AF (Alarm Interrupt Flag) bit indi­
cates that the current time has matched the 
alarm time. If the AlE bit is also a one, the IRQ 
pin will go low and a one will appear in the IRQF 
bit. A RESET or a read of Register C will clear 
AF. 

UF 

The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set 
to one, the one in the UF bit causes the IRQF bit 
to be a one which will assert the IRQ pin. UF is 
cleared by reading Register C or a RESET. 

BIT 0 THROUGH BIT 3 

These are unused bits of the status Register C. 
These bits always read zero and cannot be writ­
ten. 

BIT 6 THROUGH BIT 0 

The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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MK48T87{B) 

ABSOLUTE MAXIMUM RATING* 

PARAMETER VALUE UNIT 

Voltage On Any Pin Relative To GND -0.3 to +7.0 v 
Ambient Operating (vee Off, Oscilator Off) Temperature o to +70 ·c 
Ambient Storage (Vee Off, Oscilator Off) Temperature -40 to +85 ·c 
Total Device Power Dissipation 1 w 

• Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanrnt damage to the device. This is a 
stress rating only and functional operation of the device at these or any 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 af­
fect reliability. 

RECOMENDED DC OPERATIONING CONDITIONS ( o·c ~ TA ~ 70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltaqe 4.5 5.5 v 
GND Supply_ Voltage 0 0 v 
VtH Logic "1" Voltage All Inputs 2.2 Vee+ 0.3 v 

DC ELECTRICAL CHARACTERISTICS (O"C ~ TA ~ 70"C) (Vcc(MAX) ~Vee~ Vcc(MIN)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct Average Vee Power Supply Current 15 rnA 

I mot lnp_ut Current -1.0 500 J.lA 
itL Input Leakage Current -1 +1 J.lA 
loL Output Leakage Current -5 +5 J.lA 

VoH Output Logic "1" Voltage (louT= 1.0 mA) 2.4 v 

CAPACITANCE (TA = 25"C) 

SYMBOL PARAMETER MIN MAX NOTES 

CL Capacitance on All Pins (Except DQ) 5.0 pF 

Coo Capacitance on DQ Pins 7.0 pF 

12/19 
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MK48T87(B) 

AC ELECTRICAL CHARACTERISTICS (o·c to 7o·c, Vee = 4.5V to 5.5 V) 

SYMBOL MIN MAX UNITS NOTES 

1 Cycle Time !eve 953 D.C. ns 

2 Pulse Width, DS/E Low or RD/WR High PWeL 300 ns 

3 Pulse Width, DS/E High or RD!WR Low PWeH 325 ns 

4 Input Rise and Fall Time IR, IF 30 ns 

8 R!W Hold Time IRWH 10 ns 

13 R!W Set-up Time Before DS/E lAWS 80 ns 

14 Chip Select Set-up Time Before DS, WR or RD tcs 25 ns 

15 Chip Select Hold Time lcH 0 ns 

18 Read Data Hold Time loHR 10 100 ns 

21 Write Data Hold Time towH 0 ns 

24 Muxed Address Valid Time to AS/ALE Fall IASL 50 ns 

25 Muxed Address Hold Time IAHL 20 ns 

26 Delay Time DS/E to AS/ALE Fall IASD 50 ns 

27 Pulse Width AS/ALE High PWASH 135 ns 

28 Delay Time, AS/ALE to DS/E Rise lASED 60 ns 

30 Output Data Delay Time From DS/E or RD to oR 20 240 ns 

31 Data Set-up Time losw 200 ns 

32 Reset Pulse Width 1RWL 5 f!S 
33 IRQ Release from DS lrRDS 2 J.LS 

34 IRQ Release from RESET liAR 2 f!S 
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MK48T87{B) 

FIGURE 4 . BUS TIMING FOR MOTOROLA INTERFACE 

AS 

OS 

w 

E 

WRITE 

ADO ______________ ~ 
AD7 

:::o __________ ~_:_~~----~-o~~r--_~_s ____ _ 
AD7 ---t___J- ~ 

ADDRESS DATA 
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MK48T87(8) 

FIGURE 5 • BUS TIMING FOR INTEL INTERFACE READ CYCLE 

AS 

OS (RD) 

w 

E 
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MK48T87(B) 

FIGURE 6 • BUS TIMING FOR INTEL INTERFACE WRITE CYCLE 

AS 

DS(RD) 1+----® 

w 

E 

ADO·AD7 
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FIGURE 7 . IRQ RELEASE TIMING 

OS 

RESET 

IRQ 

FIGURE 8 . OUTPUT LOAD 

+5V 

ohms 

VLOw 

t1RDS 

1.1K 
ohms 

50 pF 

MK48T87(B) 

NOTES: 

1. All voltages are referenced to ground. 
2. All outputs are open. 
3. The MOT pin has an internal pull-down of 20K 
4. Applies to the ADO-AD7 pins, the IRQ pin and the SOW 
pin when each is in the high impedance state. 
5. The IRQ pin is open drain. 
6. Measured with a load as shown in Figure 8. 
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MK48T87(8) 

FIGURE 9 . POWER-UP I POWER-DOWN CONDITIONS 

\l::c 

E 

I BATT 

Vso 

DATA RETENTION TIME 

toR 

VPFD 

tR .._ 

IAEC 

AC ELECTRICAL CHARACTERISTICS (POWER-UP/DOWN TIMING) (O"C s; TA s; +70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

tpo E or W at V1H Before Power Down 0 ns 

tF VPFD to Vso Vee Fall Time 310 ~s 

tR Vso to VPFO Vee Rise Time 100 ~s 

DC ELECTRICAL CHARACTERISTICS (POWER-UP/DOWN TRIP POINTS) (O"Cs;TAs; +70"C) 

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES 

VPFD Power-fail Deselect Voltage 4.25 v 
Vso Battery Back-up Switchover Voltage 3.2 v 

18/19 
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MK48T87(8) 

FIGURE 10. PACKAGE DESCRIPTION 24 PIN "8" PACKAGE 

0 
vvv vvvv 

1=-\_\l 1 
k~ ~H} 1HH£1 I R-F 

tl ~~ ·~~ ~ 
f- 8H - -1-- I E1 I ---1 et 11 EQUAL SPACES@ - B eA 

~ 100 OtOO(TNA) • 

INCHES 
DIM NOTE NOTES MIN MAX 

A 320 .380 2 1, OVERALL LENGTH INCLUDES FlASH 

A1 015 030 2 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 

A2 300 .360 
2 PACKAGE STANDOFF TO BE MEASURED 

8 015 021 3 PER JEDEC REQUIREMENTS 

81 .045 .070 
3 THE MAXIMUM LIMIT SHALL BE 

c .008 012 3 INCREASED BY 003 IN WHEN 

0 1 295 1 SOLDER LEAD FINISH IS SPECIFIED 

E .530 640 

E1 .530 550 

E2 .550 570 

e1 090 110 

eA 600 .700 

L .120 150 

s 060 090 
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• PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 

• DATA RETENTION IN THE ABSENCE OF 
POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• +5 VOLT ONLY READ/WRITE 

• CONVENTIONAL SRAM WRITE CYCLES 

• FULL CMOs-440 mW ACTIVE; 5.5 mW STANDBY 

• 24-PIN DUAL IN LINE PACKAGE, JEDEC 
PINOUTS 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 

• LOW-BATTERY WARNING 

• TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE 
MK48Z02 4.75V~Vpfo~4.50V 
MK48Z12 4.50V~Vpfo~4.20V 

R/W 
Part Number Access Time Cycle Time 

MK48ZX2-12 120 ns 120 ns 

MK48ZX2-15 150 ns 150 ns 

MK48ZX2-20 200 ns 200 ns 

MK48ZX2-25 250 ns 250 ns 

TRUTH T~BLE (MK4BZ02/12) 

Vee E G w MODE DQ 

v,H ·x X Deselect High-Z 
<Vee (Max) v,L X v,L Write D,N 
>Vee (Min) v,L v,L v,H Read Dour 

v,L v,H v,H Read High-Z 

<VpfD (Min) X X X Power-Fail High-Z 

>Vso Deselect 

~Vso X X X Battery High-Z 
Back-up 

June 1988 

MK48Z02/12(B) 
·12/15/20/25 

2K x 8 ZERO POWER™ RAM . 

8 
DIP-24 

(Plastic with Battery Top Hat) 

FIGURE 1. PIN CONNECTIONS 

A7 1 24 Vee 

As 2 23 As 

As 3 22 Ag 

A4 4 21 w 
A a 5 20 G 

A2 6 19 A1D 

A1 7 18 e: 
Ao 8 17 DQ7 

DQo 9 16 DQs 

DQ1 10 15 DQs 

DQ2 11 14 DQ4 

GND 12 13 DQ3 

PIN NAMES 

Ao- A10 Address Inputs VccSystem Power (+5 V) 

E Chip Enable w Write Enable 

GND Ground G Output Enable 

DQ0-DQ7 Data In/Data Out 
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MK48Z02/12(B)-12/15/20/25 

DESCRIPTION 

The MK48Z02/12 is a 16,384-bit, Non-Volatile Stat­
ic RAM, organized 2K x 8 using CMOS and an in­
tegral Lithium energy source. The ZEROPOWER'" 
RAM has the characteristics of a CMOS static RAM, 
with the important added benefit of data being 
retained in the absence of power. Data retention cur­
rent is so small that a miniature Lithium cell con­
tained within the package provides an energy 
source to preserve data. Low current drain has been 
attained by the use of a full CMOS memory cell, 
novel analog support circuitry, and carefully con­
trolled junction leakage by an all implanted CMOS 

FIGURE 2. BLOCK DIAGRAM 

2111 

432 

l 
VOLTAGE SENSE 

AND 
SWITCHING 
CIRCUITRY 

process. Safeguards against inadvertent data loss 
have been incorporated to maintain data integrity 
in the uncertain operating environment associated 
with power-up and power-down transients. The 
ZEROPOWER RAM can replace existing 2K x 8 
static RAM, directly conforming to the popular Byte 
Wide 24-pin DIP package (JEDEC). MK48Z02/12 
also matches the pinning of 2716 EPROM and 2K 
x 8 EEPROM. Like other static RAMs, there is no 
limit to the number of write cycles that can be per­
formed. Since the access time, read cycle, and write 
cycle are less than 250 ns and require only +5 volts, 
no additional support circuitry is needed for inter­
face to a microprocessor. 

DQO-DQ7 

E 
Vii 

...,.1--....:...-- G' 



OPERATION 

Read Mode 

The MK48Z02/12 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 (An) defines which one of 2,048 bytes of data 
is to be accessed. 

FIGURE 3. READ-READ-WRITE TIMING 

READ 

MK48Z02/12(B)-12115/20/25 

Valid data will be available to the eight data Output 
Drivers within tAA after the last aQ_dress .!!,lput sig­
nal is stable, providin_g th!!! 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 (tcEA or toEN• rather than the ad­
dress. The state _pf the eight Data 1/0 signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between loH 
and tAA, but the data lines will always have valid 
data at tAA. 

REAO WRITE 
.._ __ tRc-----l~ foot---tRC __ _____,~ foot---fwc ------!~ 

e --ctceA~ 

G )----:-! -:--! _ _____,___. 

oa.-oa7 ---------<1 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(0"C::-;;TA::-;;70"C) <Vee (Max);::Vce;::Vce (Min)) 

MK48ZX2·12 MK48ZX2-15 MK48ZX2·20 

SYM PARAMETER MIN MAX MIN MAX MIN MAX 

tRe Read Cycle Time 120 150 200 

tAA Address Access Time 120 150 200 

teEA Chip Enable Access Time 120 150 200 

toEA Output Enable Access Time 75 75 80 

teEZ Chip Enable Hi to High-Z 30 35 40 

toEZ Output Enable Hi to High-Z 30 35 40 

toH Valid Data Out Hold Time 15 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure B. 

MK48ZX2·25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 
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MK48Z02/12(B)·12/15/20/25 

WRITE MODE 

The MK48Z02112 is in Write Mode whenever theW 
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 WorE. The ru!dre~ses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twa prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for tos prior to the End of Write and remain valid 
for toH afterward. 

FIGURE 4. WRITE-WRITE-READ TIMING 

Some processors thrash producing spurious Write 
Cycles during power-up, despite !!l'Pii~ation of a 
power-on reset. Users should force WorE high dur­
ing power-up to protect memory after Vee reaches 
Vee (min) but before the processor stablizes. 

The MK48Z02/12 G input is a DON'T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented ,_f. low on W will disa­
ble the outputs twEZ after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

READ 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(0°C:5TA:570°C) (Vee (Max)~Vcc~Vcc (Min)) 

MK4BZX2·12 MK4BZX2·15 MK4BZX2·2D MK4BZX2·25 

SYM PARAMETER MIN MAX MIN MAX MIN MAX MIN MAX UNITS NOTES 

twc Write Cycle Time 120 150 200 250 ns 

!As Address Setup Time 0 0 0 0 ns 

tAw Address Valid to End of Write 90 120 140 180 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 

los Data Setup Time 35 40 60 100 ns 

toH Data Hold Time 0 0 0 0 ns 

lwEZ Write Enable Low to High-Z 40 50 60 80 ns 
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DATA RETENTION MODE 

With Vee applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static ram. However, Vee 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power­
fail deselect, write protecting itself when Vee falls 
within the VPFD (max), VPFD (min) window. The 
MK48Z02 has a VPFD (max) -VPFD (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 MK48Z12 has a VPFD (max) -VPFD (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 current address location, but does not 
jeopardize the rest of the RAM's content. At voltages 
below VPFD (min), the user can be assured the 
memory will be in a write protected state, provided 
the Vee fall time does not exceed tF. The 
MK48Z02112 may respond to transient noise spikes 
that reach into the deselect window if they should 
occur during the time the device is sampling Vee· 
Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso· As Vee 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 tREC after Vee 
excee_s!s V.EEo (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write cycles 
after Vee rises but before normal system operation 
begins. 

MK48Z02/12(B)-12115/20/25 

FIGURE 5. CHECKING THE BOK FLAG STATUS 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

NOTIFY SYSTEM 
OF LOW 

BATTERY (DATA MAY 
BE CORRUPTED) 
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MK48Z02/12(B)-12/15/20/25 

FIGURE 6. POWER-DOWN/POWER-UP TIMING 

Vee----.......,. 

EorW 

VPFD (MAX)- -

VPFD (MIN)- -

DC ELECTRICAL CHARACTERISTICS {POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
(0°CsTAs+70°C) 

SYM PARAMETER MIN TYP MAX 

VPFD Power-fail Deselect Voltage (MK48Z02) 4.50 4.6 4.75 

VPFD Power-fail Deselect Voltage (MK48Z12) 4.20 4.3 4.50 

V.,n Battery Back-up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(0°CSTAs+700C) 

SYM PARAMETER MIN 

tpo E or W at V1H before Power Down 0 

tF VPFD (Max) to VPFD (Min) Vee Fall Time 300 

tFa VPFD (Min) to Vso Vee Fall Time 10 

tRa Vso to VPFD (Min) Vee Rise Time 1 

tR VPFD (Min) to VPFD (Max) Vee Rise Time 0 

tRee E or W at V1H after Power Up 2 

NOTES: 
1. All voltages referenced to GND. 
2. Vpfo (Max) to Vpfo (Min) fall times of less If may result in deselection/write 

protection not occurring until 50 ps after Vee passes Vpfo (Min). Vpfo 
(Max) to (Min) fall times of less than 10 p5 may cause corruption' of RAM data. 

3. Vpfo (Min) to Vso fall times of less than tFB may cause corruption of RAM 
data. 

CAUTION 

MAX 

Negative undershoots below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 
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DATA RETENTION TIME 

About Figure ,7 

Figure 7 illustrates how expected MK48Z02/12 bat­
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtual­
ly independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hou~s of 
continuing bare cell and encapsulated cell battery 
testing by SGS;r-HOMSON. 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 SGS;r-HOMSON's ongoing bat­
tery testing since it began in 1982, we believe the 
likelihood of such failure mechanisms sur1acing is 
extremely poor. For the purpose of this testing, a 
cell failure is defined as the inability of a cell stabi­
lized at 25 octo produce a 2.0 volt closed-circuit vol­
tage across a 250K ohm load resistance. 

A Special Note: The summary presented in 
Figure 7 represents a conservative analysis of 
the data presently available. While SG8-
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 ex­
pected to change as yet more data becomes 
available. We believe that future read-points of 
life tests presently under way and improvements 
in the batlery technology itself will result in a con­
tinuing improvement of these figures. 

MK48Z02/12(B)·12/15/20/25 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (t50.,.)" and "(t1%)''. 
These terms relate to the probability that a given 
number of failures will have accumulated by a par­
ticular point in time. If, for example, expected life 
at 70°C is at issue, Figure 7 indicates that a partic­
ular MK48Z02/12 has a 1% chance of having a bat­
tery 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 battery failure within 11 years; 50% of 
them can be expected to fail within 20 years. 

The t1oro figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal­
ysis. The tso% figure represents "normal" or "aver­
age" life. It is, therefore, accurate to say that the 
average device will last "t50.,.". 

Battery life is defined as beginning on the date of 
manufacture. Each MK48Z02/12 is marked with a 
four digit manufacturing date code in the form 
YYWW (Example: 8502 = 1985, week 2). 
Calculating Predicted Battery Life 

As Figure 7 indicates, the predicted life of the bat­
tery in the MK48Z02/12 is a function of temperature. 
The back-up current required by the memory matrix 
in the MK48Z02/12 is so low that it has negligible 
influence on battery life. 

Because predicted battery life is dependent upon ap­
plication controlled variables, only the user can es­
timate predicted battery life in a given design. As long 
as ambient temperature is held reasonably constant, 
expected life can be read directly from Figure 7. if 
the MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following equa­
tions should be used to estimate battery life. 

Predicted Battery Life = _________ :...._ _______ _ 

[(TA1/TT)IBL1)]+[(TA2/TT)IBL2]+ ... +[(TAn/TT)IBLn)J 

Where TA1, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 

TT =Total Time= TA1+ TA2 + ... +TAn 

BL1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 7). 

EXAMPLE PREDICTED BATTERY LIFE CALCULATION of 30°C (86°F) or less for 3066 hrslyr; temperatures 
greater than 25°C, but less than 40°C (104°F), for 

A cash registerlterminal operates in an environment 5256 hrslyr; and temperatures greater than 40°C, 
where the MK48Z02112 is exposed to temperatures but less than 70°C (158°F), for the remaining 438 

hrslyr. 

Reading predicted typical life values from Figure 7; BL1 = 456 yrs., BL2 = 175 yrs., BL3 = 11.4 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 =5256 hrs./yr. TA3 = 438 hrs./yr. 

Predicted Typical Battery Life 2: 1 
[ (306618760)/456] + [ (5256/8760)1175] +[ ( 43818760)111.4] 

2: 116.5 yrs. 
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FIGURE 7. MK48Z02/12 PREDICTED BATTERY STORAGE LIFE VS TEMPERATURE 
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MK48Z02/12(B)-12/15/20/25 

ABSOWTE MAXIMUM RATINGS* 
Voltage On Any Pin Relative To GND ...................................... -0.3 V to +7.0 V 
Ambient Operating (Vee On) Temperature (TA) ................................. ooc to +70°C 
Ambient Storage (Vee Off) Temperature .................................... -40°C to +85°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current Per Pin ... : .............................................. : ....... 20 rnA 
*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 ex­
tended 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:STA:S70°C) 

SYM PARAMETER 

Vee Supply Voltage (MK48Z02) 

Vee Supply Voltage (MK48Z12) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(0°C:STA:s+70°C} (Vee (max);2:Vee;2:Vee (min)) 

SYM PARAMETER 

lee1 Average Vee Power Supply Current 

lee2 TTL Standby Current (E = V1H) 

lee a CMOS Standby Current (E;2:Vcc-0.2 V) 

IlL Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (loUT = -1.0 rnA) 

VoL Output Logic "0" Voltage (lour = 2.1 rnA) 

CAPACITANCE (TA = 25°C) 

SYM PARAMETER 

c, Capacitance on all pins (except D/0) 

Colo Capacitance on D/Q pins 

NOTES 
1. All voltages referenced to GND. 

MIN 

4.75 

4.50 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. lcc1 measured with outputs open. 
4. Measured with GNDsVrsVcc and outputs deselected. 
5. Effective capacitance calculated from the equation C = IAt with AV = 3 

volts and power supply at nominal level. AV 

MAX UNITS NOTES 

5.50 v 1 

5.50 v 1 

0 v 1 

Vee+ 0.3 V v 1 

0.8 v 1,2 

MAX UNITS NOTES 

80 rnA 3 

3 rnA 

1 rnA 

+1 pA. 4 

+5 pA 4 

v 
0.4 v 

MAX NOTES 

7 pF 5 

10 pF 4,5 

9/11 
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AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 
Ambient Temperature 
V cc (MK48Z02) 
Vee (MK48Z12) 

ORDERING INFORMATION 

MK48Z X 

DEVICE Vee RANGE 
FAMILY 

2 

FIGURE 8. OUTPUT LOAD DIAGRAM 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 
ooc to 70°C 
4.75 V to 5.5 V 
4.5 V to 5.5 V 

8 

DEVICE 
UNDER 
TEST 

-XX 

PACKAGE SPEED 

L -12 
-15 
-20 
-25 

+SV 

< 
; 1.8KO 

1.0 KO; f=; 100 pF 

~ (INCWDING SCOPE AND JIG) 

-=-~ 

120 NS ACCESS TIME 
150 NS ACCESS TIME 
200 NS ACCESS TIME 
250 NS ACCESS TIME 

B PLASTIC WITH BATTERY 
TOP HAT 

'------------------ 0 +10%/-5% 
+10%/-10% 

10111 
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PACKAGE DESCRIPTION 

B PACKAGE 24 PIN 

mm Inches 
Dim. Notes 

Min Max Min Max 

BATIERY D - 32.693 - 1.295 

ONLY z 13.97 14.478 .550 .570 

A 6.126 9.652 .320 .380 

A2 7.62 9.144 .300 .360 

E1 13.462 13.97 .530 .550 

B 0.361 0.533 .015 .021 4 

61 1.143 1.778 .045 .070 

c 0.203 0.355 .006 .014 4 

24 PIN o; - 32.258 - 1.270 1 

PLASTIC E 13.462 16.256 .530 .640 

D.I.P. eA 15.24 17.78 .600 .700 3 

ONLY e1 2.266 2.794 .090 .110 

L 3.048 3.81 .120 .150 

A1 0.381 0.762 .015 .030 2 

s 1.524 2.266 .060 .090 

1~ .. -·.~-1 

NOTES: 
1. Dvsralllength includes .Q10 in. flash on 81ther end of the package 
2. Package standoff to be measured per JEOEC requ•rements 
3 Measured from centerline to centerhne at lead t1ps 
4. When the solder lead fin•sh 1s specified. the max1mum llm•t shall be m-

creased by 003 m. -

11/11 
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FEATURES 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• PREDICTED WORST CASE BATTERY LIFE 
OF 11 YEARS @ 70"C. 

• PIN AND FUNCTION COMPATIBLE WITH JE­
DEC STANDARD SK X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DES­
ELECT/WRITE PROTECTION. 

• CHOICE OF TWO WRITE PROTECT VOL­
TAGES 
MK48Z08/09- 4.50V s; VPFD s; 4.75 
MK48Z18/19 - 4.20V s; VPFD s; 4.50 . 

DESCRIPTION 

Part Number Access Time RfW Cycle Time 

MK48ZXX-55 55 ns 55 ns 

MK48ZXX-70 70 ns 70 ns 

MK48ZXX-10 100 ns 100 ns 

MK48ZXX-15 150 ns 150 ns 

MK48ZXX-20 200 ns 200 ns 

PIN NAMES 

AO-A12 Address Input Vee +5Volts 

E1 Chip Enable w Write Enable 

E2 Chip Enable G Output Enable 

GND Ground DQO-DQ7 Data In/Data Out 

NC No Connection INT Power Fail Interrupt 

October 1989 

MK48Z08/18/09/19(8) 
-55/70/1 0/15/20 

8 K X 8 ZERO POWER™ SRAM 

8 

DIP-28 

(Plastic with Battery Top Hat) 

PIN CONNECTIONS 

NC 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AD 

DOD 

D01 

D02 

GND 

A12 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AD 

DOD 

D01 

D02 

GND 

MK48Z09/ 
MK48Z19 

28 

Vee 

NC 

AB 

A9 

A11 

G" 

A1D 

e 
D07 

D06 

DOS 

D04 

D03 

Vee 

E2 

•• 
•• 
A11 

G" 

A1D 

., 
D07 

D06 

DOS 

DQ4 

D03 
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MK48Z08/18/09/19(8)-55/70/1 0/15/20 

DESCRIPTION 

The MK48Z08/18/09/19 combines an 8K x 8 full 
CMOS SRAM and a long life lithium carbon mono­
fluoride battery in a single plastic DIP package. The 
MK48Z08/18/09/19 is a nonvolatile pin and function 
equivalent to any JEDEC standard 8K x 8 SRAM. 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 

FIGURE 1 : MK48Z08 BLOCK DIAGRAM 

r-
1 

I 
I 
I 
I 

- --1--------

l liTHIU~ T em 

POWER 

VOLTAGE SENSE ~ 
AND 

SWITCHING 
CIRCUITRY 

limitations on the number of writes that can be 
performed. 

In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
dev!ce whenever Vee is below tolerance, providing 
a htgh degree of data security in the midst of 
unpredictable system operations brought on by 
lowVcc. 

- -- - - -I 
INT {MK48Z09/19 ONLY) 

I 
8Kx8 I 

AO-A12 

RAM DQ0-007 
CMOS T CELL 

I ~ 
G 

I 
E 2 (MK4BZ09119 ONLY) 

L - - - -- - - - -- - -~ - - _j 

. TRUTH TABLE ( MK48Z08/18) 

Vee E G w MODE DQ POWER 

<Vee V1H X X Deselect HighZ Standbv 
(Max) v,L X V1L Write DIN Active 

>Vee V1L V1L V1H Read DouT Active 
IMinl V1L VIH ViH Read HiQhZ Active 

< VPFD(Min) X X X Deselect HighZ CMOS 

> Vso Standby 

~Vso X X X Deselect HighZ Battery 

Back-up 

TRUTH TABLE ( MK48Z09/19) 

Vee E1 E2 G w MODE DQ POWER 

<Vee VIH X X X Deselect HighZ Standby 
(Max) X V1L X X Deselect HiohZ Standbv 

V1L V1H X VIL Write DIN Active 
>Vee VIL VIH VIL VIH Read DouT Active 
(Min) V1L V1H V1H V1H Read HiohZ Active 

< VpFD(Min) X X X X Deselect HighZ CMOS 
> Vso StandbY 
~Vso X X X X Deselect HighZ Battery 

Back-uo 

NOTE 1 : Refer to Figure 2 

2113 
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MK48Z08/18/09/19(8)·55/70/1 0/15/20 

FIGURE 2 : POWER DOWN/POWER UP TIMING. 

v=-----.._ 
VPFD(m8x)- - - -

VPFD(rnl~)- - - -

vso 

INT -----jt F 

(MK48Z09119 ONLY) ~--_:__:c.:..:_ __ ____,. 

ALL INPUTS RECOGNIZED 

ALL VALID OUTPUTS 
(PER CONTROL INPUTS) 

REFERENCE: 

DON"T .....__ __ ~ CARE 

~ tPFH 

K REFERENCE >< RECOGNIZE D 

HIGHZ 
VALID (PER 
CONTROL IN 

Inputs may not be recognized at this time. Caution should be taken to keep E, high or E2 low as vee rises past VSO. Some system may 
performs lnadvernant write cycles after Vee rises above normal system operations 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. 

AC ELECTRICAL CHARACTERISTICS (POWER-UP/DOWN TIMING) ( o·c :5 TA :5 + 70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

tpo E or W at VJH before Power Down 0 J.lS 
IF VPFD (Max) to VPFD (Min) Vrx Fall lime 300 115 2 

IFB VPFD (Min) to Vso Vee Fall lime 10 jlS 3 

In Vso to VPFD (Max) Vee Rise lime 1 jlS 

IREC Et or W at VJH or E2 at VJL after Power Up 1 ms 

IPFX INT Low to Auto Deselect 10 40 115 
tPFH VPFD (Max) to INT High 120 J.lS 4 

DC ELECTRICAL CHARACTERISTICS ( POWER-UP/DOWN TRIP POINTS ) ( O"C :5 T A :5 + 70"C) 

VALUE 

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES 

VPFD Power-fail Deselect Voltage (MK4BZOB/09) 4.5 4.6 4.75 v 1 

VPFD Power-fail Deselect Voltage (MK4BZ18/19) 4.2 4.3 4.5 v 1 

Vso Battery Back-up Switchover Voltage 3.0 v 1 

ton Expected Data Retention Time 11 YEARS 

NOTES: 

1. All voltages referenced to GND. 

2. VPFD {MAX) to Vprn (MIN) fall time of less than ttF may result in deselection/write protection not occuring until 200 psalter Vee passes Vprn 
(MIN). YPFD (MAX) to (MIN) fall times of less than 10 ps may cause corruption of RAM data. 

3.Vprn (MIN) to Vso fall time of less than 1m may cause corruption of RAM data 

4. INT may go high anytime after Vee exceeds Vso and is guaranteed to go high IPFH after Vee exceeds VPFO (MAX). 

----------- 'r'l. SCS·1HOMSON 
._....,~ ll!iJO~m@ii1ll@lilla 
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MK48Z08/18/09/19(8)-55/70/1 0/15/20 

READ MODE 
The fill<48Z08/18/09/19 is in thELRead Mode when­
ever W (Write Enable) is high, E1 is low, and E2 is 
high (MK48Z09/19). The device architecture allows 
ripple-through access 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 acces­
sed. Valid data will be available at the Data 1/0 
pins within tAvav after the last address input signru 
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 
Access Time (tGLOv). The state of the eight three­
state_Data 1/0 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 AQ...dress 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 
Address Access. 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) (O"C::; TA::; + 7o·c (Vee (min)::; Vee::; Vee( max)) 

48ZXX- 48ZXX-55 48ZXX-70 55/70/1 0/15/20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTE 

tE1LQX Chip Enable 1 to Q Low-Z 10 
r--

tE2HQX Chip Enable 2 to Q Low-Z 10 
r---

tAX OX Output Hold from Address 5 
r--

tGLQX Ouput Enable 1 to Q Low-Z 5 
r---

tAVAV Read Cycle lime 55 70 
r---

tAVQV Address Access lime 55 70 ns 

r--
IE1LQV Chip Enable 1 Access lime 55 70 

r---
IE2HOV Chip Enable 2 Access lime 55 70 

r--
IGLQV Ouput Enable Access lime 55 70 

r---
tE1HQZ Chip Enable 1 to Q High-Z 20 20 

r---
tE2LQZ Chip Enable 2 to Q High-Z 20 20 

r--
tGHQZ Output Disable to QHigh-Z 15 15 

48ZXX-10 48ZXX-15 48ZXX-20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT NOTE 

IAVAV Read Cycle lime 100 150 200 
r---

tAVQV Address Access lime 100 150 200 
r--

tE1LQV Chip Enable 1 Access lime 100 150 200 
r---

tE2HQV Chip Enable 2 Access Time 100 150 200 ns 
r--

tGLOV Output Enable Access Time 50 75 100 
f.--

tE1HOZ Chip Enable 1 to Q High-Z 50 75 100 
f.--

tE2LQZ Chip Enable 2 to Q High-Z 50 75 80 
f-

taHOZ Output Disable to Q High-Z 40 60 80 

4113 
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MK48Z08/18/09/19(8)-55/70/1 0/15/20 

FIGURE 3 : READ TIMING N°.1 (ADDRESS ACCESS) 

t AVAV 

ADDRESS 

VALID >C , __ DQ DATA DATA 

FIGURE 4 : READ TIMING N°.2 

ADDRESS 

_rf+---_'AVAV-l-
~ I AVOV 

Et 

E2 

.,._ I GlOX _.....,. 

DO DATA VALID 

5/13 
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MK48Z08/18/09/19(8)-55/70/1 0/15/20 

WRITE MODE 
The MK48Z08/18/09/19 is in the Write Mode when­
ever Write Enable and Chip Enable are active. The 
start of a write is referenQed to the latter occurring 
falling edge of W or E1 or rising edge of E2 
(MK48Z09/19). A.writE!.)s terminated by the earlier 
rising edge of W or E1 or the falling edge of E2 
(MK48Z09/19). The aggres~s must be held valid 
throughout the cycle. E1 or W must return high or 

E2 low for minimum of tE1HAX or tE2LAX prior to the 
initiation of another read or write cycle. Data-in 
must be valid tovEH prior to the end of write and 
remain_yalid for twHDX afterward. Be­
ca~e G is a Don't Care in the Write MQ.Qe and a low 
on W will return the outputs to High-Z, G can be tied 
low and tw..Q-wire RAM control can be implemented. 
A low on W will disable the outputs twLOz after W 
falls. Take care to avoid bus contention when ope­
rating with two-wire control. 

AC ELECTRICAL CHARACTERISTICS( WRITE CYCLE)( o·c :o; TA :o; +70"C (Vee (min) :o; Vee:o; Vee( max)) 

4BZXX- 4BZXX-55 4BZXX-70 55/70/1 0/15/20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTE 

tAVWL Address Set-Up Time to W Low 0 
1---

tAVE1L Address Set-Up Time 0 

tAVE2H 
to ChipEnable Active r---

0 r---
tE1HAX Write Recovery from Chip Enable 10 2 

( Address Hold Time ) 1---

tE2LAX 10 2 
t--

lwHDX Data Hold Time 5 1,2 
t--

tAVAV Write Cycle Time 55 70 ns 
1---

IAvwH Address Valid to W High 35 50 
1---

IWLWH Write Pulse Width 35 50 
t--

twHAX Address Hold after End of Write 10 10 1 
1---

tE1LE1H Chip Enable Active to 35 50 2 
End of Write (W High) -

tE2HE2L 35 50 2 
'-----

tovwH Data Valid to End of Write 25 40 ~ 
lwLOZ W Low to Q High-Z 30 40 

4BZXX-10 4BZXX-15 4BZXX-20 

SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTE 

tAVAV WriteCycle Time 100 150 200 
1---

tAVWH Address Valid to W High 80 130 180 
t--

twLWH Write Pulse Width 80 100 150 
1---

twHAX Address Hold after End of Write 10 10 10 ns 1 
-

tE1LE1H Ch~ Enable 8clive to 80 130 180 2 

IE2HE2L 
En of Write (W High) -

80 130 180 2 r---
tovwH Data Valid to End of Write 50 70 80 1,2 

1---
twLOz W Low to Q High-Z 50 75 100 

NOTES : 1. In a W Controlled Cycle I 2. In a E1. E2 Controlled Cycle 

6/13 -------------------------- ~~~~gm~a~ --------------------------
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FIGURE 5 : WRITE CONTROL WRITE CYCLE TIMING 

1+--------' AVWH 

~~AVEtL 

FIGURE 6 : CHIP ENABLE CONTROL WRITE CYCLE TIMING 

t AVAV 

ADDRESS 
~ "v--___/ f\--

1 AVWH --t E1HAX 

I E1LE1H 
E1 

1"-
,..__ t AVE1L --+ _____, I E2lAX 1--+--1 AVE2H __,... 

E2 v \.. 
I E2HE2L 

I WLWH 

/ 

I OVWH • ,.____..!.WHDX 

DO 

__ ,. ___ =1_ 
)I( DATA IN VALID -----*= 
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DATA RETENTION MODE 

With V cc applied, the MK48Z08/18/09/19 operates 
as a conventional BYTEWIDE static RAM. Should 
the supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vee 
falls within the VPFo(max), VPFD(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 VPFo(min), the user can be assured 
the memory will be in a write protected state, provi­
ded the Vee fall time is not less than IF. The 
MK48Z08/18/09/19 may respond to transient noise 
spikes that reach into the deselect window if this 
should occur during the time the device is sampling 
Vee. Therefore decoupling of the power supply 
lines is recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above Vso. Normal RAM operation can re­
sume IREC after Vee exce_eds VPFD(max). Caution 
.§..hould be taken to keep E1 high (MK48Z08/18) or 
E2 low (MK48Z09/19) as Vee rises past Vso as 
some systems may perform inadvertant write cy­
cles after Vee rises but before normal system ope­
ration begins. 

POWER FAIL INTERRUPT 

The MK48Z09/19 continuously monitors Vee. When 
Vee fall to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediatly generated. 
An internal clock provides a delay no less than 1 OilS 
but no greater than 40!lS before automatically des­
electing the MK48Z09/19. 

PREDICTING BACK-UP SYSTEM LIFE 

The useful life of the battery in the 
MK48Z08/18/09/19 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 because the effects of aging ren­
der the cell useless before it can actually be dis­
charged. 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 independent but simulta­
neous mechanisms, the earlier of which defines 
Back-up System life. 
With Vee on, the battery is disconnected from the 
RAM and aging effects become the determining 
factor in battery life. With Vee off, leakage currents 
in the RAM provide the only load on the Battery 
during battery back-up. For the MK48Z08/18/09/19, 
the leakage currents are so low that the Back-up 
System life of the device is simply the Storage Life 
of the cell. The Storage Life of the cell is a function 
of temperature. 

8/13 

PREDICTING STORAGE LIFE 

Figure 7 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
M K48Z08/18/09/19. 

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-tempe­
rature 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 sur­
facing 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 resistance. 

A Special Note: The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of bat­
tery 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" (t5o%) and (t1%). 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 particular 
MK48Z08/18/09/19 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 !5o% figure represents "normal" or "average" 
life. It is, therefore, accurate to say that the average 
device will last "!5o%"· 

Battery life is defined as beginning at the date of 
manufacture. Each MK48Z08/18/09/19 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 Malasia, 
1986, week 25). 

-------------~ ~~m~Ol~~ 
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Calculating Predicted Storage Life of the Battery 

As Figure 7 indicates, the predicted Storage Life of 
the battery in the MK48Z08/18/09/19 is a function 
of temperature. 

Because the ambient temperature profile is depend­
ent upon application controlled variables, only the 

Example Predicted Storage Life Calculation 

MK48Z08/18/09/19(8)-55/70/1 0/15/20 

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 7. If the 
MK48Z08/18/09/19 spends an appreciable amount 
of time at a variety of temperatures, the following 
equation should be used to estimate Storage Life. 

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 =TAt + TA2 + ... +TAN 
SL1, SL2, SLN =Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 7) 

Example Predicted Storage Life Calculation 

A cash register/terminal operates in an environment 
where the MK4BZ08 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 remai­
ning 438 hrs./yr. 

Reading Predicted t1% values from Figure 7; SL1 = 41 yrs., Sl2 = 11.4 yrs., 

Total Time (TT} = 8760 hrs./yr. TA1 = 8322 hrs./yr. TA2 = 438 hrs./yr .. 

Predicted Typical Storage Life 2: 1 + { [ (8322 + 8760) + 41] + [( 438 + 8760) + 11.4] 

Predicted Typical Storage Life 2: 36 years 

FIGURE 7 : PREDICTED BATTERY STORAGE LIFE VS. TEMP. 
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MK48Z08/18/09/19(B)-55/70/1 0/15/20 

ABSOLUTE MAXIMUM RATINGS . 

PARAMETER VALUE UNIT 

Total Power Dissipation 1.0 w 
Output Current per Pin 20 rnA 

Voltage on any Pin Relative to GND -0.3tO+ 7.0 v 

Ambient Operating (Vee on) Temperature (T A) Oto 70 ·c 
• Stresses greater than those listed u'nder "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 the absolute maximum ratings conditions for extended periods of time may affect reliability. 

CAUTION -
NegaJ•ve undershoots below -0.3 volts are not allowed on any p1n wh1le 1n the Battery Back-up mode. 

RECOMMENDED DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltage ( MK4BZOB/09) 4.75 5.5 v 1 

Vee Supply Voltage ( MK4BZ18/19) 4.5 5.5 v 1 

GND Supply Voltage 0 0 v 1 

V1H Logic "1" Voltage All Inputs 2.2 Vee+0.3v v 1 

V1L Logic "0" Voltage All Inputs -0.3 0.8 v 1,2 

DC ELECTRICAL CHARACTERISTICS(O'C:5 TA :5+70'C) (Vee (min) :5 Vee :5 Vee (max)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcc1 Average Vee Power Supply Current 80,125 rnA 3,6 

lcc2 TTL Standby Current ( E1= V1H or E:r-VIL) 3 rnA 

lcc3 CMOS Standby Current (E1= Vee -0.2v) 3 rnA 4 

hL Input Leakage Current (Any Input) -1 +1 )lA 5 

loL Ouput Leakage Current -5 +5 )lA 5 

VoH Output Logic "1" Voltage ( lour =-1.0 rnA) 2.4 v 

VoL Output Logic "0" Voltage (lour= +2.1 rnA) 0.4 v 
ViNT INT Logic "0" Voltage (lour = +0.5 rnA) 0.4 v 

NOTES: 

1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volts allowed for up to 1 0 ns once per Cycle. 

3. lce1 measured with outputs open. 
4. 1 mA typical. 
5. Measured with Vee ;, v,;, GND and outputs deselected. 

6. SOmA@ 100,150,200ns, & 125mA@ 55,70ns 

10/13 
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MK48Z08/18/09/19(8)-55/70/1 0/15/20 

-AC TEST CONDITIONS 

INPUT LEVELS _____ O.Ov to 3.0v 

TRANSITION TIMES ___ Sns 

INPUT AND OUTPUT TIMING 
REFERENCE LEVELS 1 .Sv 

FIGURE 8 : OUPUT LOAD DIAGRAM 

MK48Z08/18/09/19-55/70 

D.U.T. 

1K 
ohms 

+5V 

1.8K 

ohms 

30 pF 

CAPACITANCE (TA = 25"C) 

SYMBOL PARAMETER 

Cl Capacitance On All Pins (except DQ) 

CQ Capacitance On DQ Pins 

NOTE: 

MK48ZOB/1 8/09/19-1 0/15/20 

D.U.T. 

1K 
ohms 

MAX 

10.0 

10.0 

+5V 

1.8K 
ohms 

100 pF 

UNITS 

pF 

pF 

1. Effective capacitance calculated from the equation C =I ~t/~V with t.V = 3 volts and power supply at S.OV 
Measured with outputs deselected. 

NOTES 

1 

1,2 

2. 

11/13 
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MK4BZOB/18/09/19(B)-55/70!1 0/15/20 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME (ns) SUPPLY VOLTAGE 

MK48Z08-B55 55 5V±10% 

MK48Z08-B70 70 5V±10% 

MK48Z08-B10 100 5V±10% 

MK48Z08-B15 150 5V±10% 

MK48Z08-B20 200 5V±10% 

MK48Z18-B55 55 5V +10 -5% 

MK48Z18-B70 70 5V +10 -5% 

MK48Z18-B12 100 5V +10 -5% 

MK48Z18-B15 150 5V +10-5% 

MK48Z18-B20 200 5V +10-5% 

MK48Z09-B55 (PFI) 55 5V±10% 

MK48Z09-B70 (PFI) 70 5V±10% 

MK48Z09-B10 (PFI) 100 5V±10% 

MK48Z09-B12 (PFI) 150 5V±10% 

MK48Z09-B20 (PFI) 200 5V±10% 

MK48Z19-B55 (PFI) 55 5V +10-5% 

MK48Z19-B70 (PFI) 70 5V+10-5% 

MK48Z19-B10 (PFI) 100 5V +10-5% 

MK48Z19-B15 (PFI) 150 5V+10-5% 

MK48Z19-B20 (PFI) 200 5V +10 -5% 

12/13 
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MK48Z08/18/09/19(B)-55/70/1 0/15/20 

FIGURE 9 : PACKAGE MECHANICAL DATA 

1t--·-rhf--""--""o-A-A-A-------iAI 

0 
vvv 

I 

INCHES 
DIM 

MIN MAX 

A .320 .380 

At .015 .030 

A2 .300 .360 

B .015 .021 

B1 .045 .070 

c .008 .012 

D 1.495 

E .530 .640 

E1 .530 .550 

E2 .550 .570 

et .090 .110 

eA .600 .700 

L .120 .150 

s .060 .090 

NOTES 

2 

2 

3 

3 
1 

~ 

1----Et---o-{ 

1-----eA ----11 

1 OVERAU LENGTH INCLUDES FlASH 
AND PROJECTIONS ON EITHER END 
OF PACKAGE 

2 PACKAGE STANDOFF TO BE MEASURED 
PER JEDEC REQUIREMENTS 

3 THE MAXIMUM liMIT SHALL BE 
INCREASED BY 0031N. WHEN 
SOLDER LEAD FINISH IS SPECIFIED 
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MK48Z30/30A{B) 
-10/12/15 

32 K X 8 ZEROPOWER™ RAM 

• INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• PREDICTED BATTERY BACK-UP OF 10 
YEARS @ 25"C. 

• PIN AND FUNCTION COMPATIBLE WITH JE­
DEC STANDARD 32K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT I 
WRITE PROTECTION. 

• DUAL WRITE PROTECT VOLJAGE: 
MK48Z30:4. 75VOLTS. 
MK48Z30A: 4.50 VOLTS. 

DESCRIPTION 

Part Number Access R/WCy-
Time clelime 

MK48Z30B - 1 0 100 ns 100 ns 

MK48Z30 B -12 120 ns 120 ns 

MK48Z30 B -15 150 ns 150 ns 

MK48Z30AB-10 100 ns 100 ns 

MK48Z30AB-12 120 ns 120 ns 

MK48Z30AB-15 150 ns 150 ns 

October 1989 

Vee 

+10/-5% 

+10/-5% 

+10/-5% 

+10/-10% 

+10/-10% 

+10/-10% 

B 
28-DIP 

Plastic Package 

ADVANCE DATA 

PIN CONNECTIONS 

A14 

A7 

AG 

A5 

A4 

A3 
MK48Z30/ 

A2 MK48Z30A 

A1 

001 

PIN NAMES 

AO-A14 Address Input Vee +5Volts 

-
E 

w Write Enable 
Chip Enable 

G Output Enable 

GND Ground DQO-DQ7 Data IN/Data 
Out -

1/12 

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change wHhout notice. 
457 



MK48Z30/30A(B)·1 0/12/15 

DESCRIPTION 

The MK48Z30/30Acombines an 32K x 8 full CMOS 
S RAM and 2 long life carbon mono-fluoride bat­
teries in a single plastic DIP package.The 
MK48Z30/30A is a nonvolatille pin and function 
equivalent to any JEDEC standard 32Kx 8 SRAM. 
it also easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of the PROM s 

FIGURE 1 : MK48Z30/30A BLOCK DIAGRAM 

v 
cc 

without any requiment for special writetiming,or 
limitations on the number of writes that can be 
performed. 
In addition,the MK48Z30/30A has its own Power­

fail Dectect Circuit. The circuit deselect s the de­
vice whenever Vee is below tolerance, providing a 
hight degree of data security in the midst of unpre­
dictable system operations brought on by low Vee. 

--- ---------------, 
I 

l LITHI~ I T em 32KxB 
I 

RAM 
CMOS 

I POWER CELL 

VOLTAGE SENSE -
I AND 

POK 

SWITCHING 
CIRCUITRY I 

I 
------------±--~ 

) 

AO·A14 

0Q().OQ7 

E 
w 
if 

TRUTH TABLE ( MK48Z30/30A) 

Vee E G 
<Vee VIH X 
(Max) V1L X 
Vee VIL V1L 

(Min) V1L V1H 
< VPFD X X 

(Min) 

> Vso 
:!:Vso X X 

2112 

458 

w MODE DQ POWER 
X Deselect HighZ Standby 

V1L Write DIN Active 
VIH Read Dour Active 

V1H Read HiahZ Active 
X Deselect HighZ CMOS 

Standby 

X Deselect HighZ Battery 
Back-up 

Mode 

r.r'l. SGS·lHOMSON ----------­
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FIGURE 2 : POWER UP/DOWN TIMING 

v 
cc 

V (MAX) 
PFD 

V (MIN) 
PFD 

vso 

ALL INPUTS 
RECOGNIZED 

All VALID 
OUTPUTS (PEA CONTROL 

INPUTS) 

MK48Z30/30A(B)-1 0/12/15 

AC ELECTRICAL CHARACTERISTICS (POWER -UP/DOWN TIMING) (O"C ~ TA ~ +70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lpo E or W at VrH Before Power Down 0 ns 

IF VPFo {Max) to VPFD {Min) Vee FaiiTime 300 J.1S 2 

IFB VPFo {Min) to Vso Vee FaiiTime 10 J.1S 3 

IRs Vso to VPFD {Min) Vee Rise Time 1 J.1S 

IR VPFO {Min) to VPFO {Max) Vee Rise Time 0 J.1S 

IREC E or W at VrH After Power Up 5 ms 

DC ELECTRICAL CHARACTERISTICS (POWER-UP/ DOWN TRIP POINTS) (O"C ~ TA ~ +70"C) 

VALUES 
SYMBOL PARAMETER UNITS NOTES 

MIN TYP MAX 

VPFD Power- Fail Deselect Voltage {MK48Z30) 4.5 4.6 4.75 v 1 

VPFD Power- Fail Deselect Voltage {MK48Z30A) 4.2 4.3 4.5 v 1 

Vso Battery Back-Up Switchover Voltage 3.0 v 1 

loR Expected Data Retention Time 10 YEARS 4 

NOTES: 
1 . All voltages referenced to GND. 

2. VPFD(Max) to VPFo(Min) fall times of less tFmay result in des election/write protection not o,;,uring until 40 f1S after Vee passes VPFD (Min). 
VPFD (Max)to (Min) fall times of less than 10 f1S may cause corruption of RAM data. 

3 . VpFD(Min) to Vso fall times of less than tFB may cause corruption of RAM data. 

4 . 25 ·c ambient condition. 

3/12 
---------------------------~~~~~~~~ ----------------------------
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READ MODE 

Ibe MK48Z30/30A is in the Re...ad Mode whenever 
W (Write Enable) is high and E is low. The device 
architecture allows ripple-through access of data 
from eight of 262, 1441ocations in the static storage 
array. Thus, the unique address specified by the 14 
Address inputs defines which one of the 32,768 
bytes of data is to be accessed. Valid data will be 
available at the Data 1/0 pins within tAvav after the 
last address input 12ignal is stable, providing that the 
Chip Enable and_G access times are satisfied. If 
Chip Enable or G access times are not met, valid 

FIGURE 3 : READ CYCLE TIMING 

data will be available at the Chip Enable Access 
lime (tELOV) or at Output Enable Access lime 
(tGLOV). 

The state of the eight three-state _Data 1/0 signals 
is controlled by Chip Enable and G. If the Outputs 
are activated before tAA, the data lines will be driven 
to an indeterminate state until tAVQV. If the Ad­
.Qress inputs are changed while Chip Enable and 
G remain low, output data will remain valid for 
Output Data Hold lime (toHAX) but will go indeter­
minate until the next Address Access. 

READ READ WRITE 

j.- 1 AVAV -> I+---- 1 AVAV ----1 +------ t AVAV 

Ao-

A14 ~ l>< 
I+--- I AVOV 

_______. 
----> 

E" ~ 
I+-- 1 ELOV ----> 

4- 1nox ---> 

-
G \t--· CLOY --->- I 

w - ''""' 1CLOX _..., +- 1cHo:.__. 

VAUDOtrT )< VAUDOtrT 
Da 0 -DQ 

7 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) 
(O"C::;Tg:; + 7o·c, vee= 5.0 v +10% 1 -5"/oor -10%) 

ALT. STD. 48ZXX-10 

SYMBOL SYMBOL PARAMETER MIN MAX 

IRe IAVAV Read Cycle Time 100 

IAA IAVQV Address Access Time 100 

ICEA1 IELQV E1 Access Time 100 

tcez IEHQZ Chip Enable Off Time 50 

toEA IGLOV Output Enable Access Time 50 

toez IGHQZ Output Enable Data Off Time 40 

toEL · tGLQX Output Enable To Q Low-z 5 

!eEL teLQX Chip Enable To Q Low-z 10 

toH toHAX Output Hold From Address 5 

4/12 

r-- 1 AVWL '"""' --'lf-7- 1 AVWH ---> 

w-·~~~ -~ 
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48ZXX-12 48ZXX-15 

MIN MAX MIN MAX 

120 150 

120 150 

120 150 

60 75 

60 75 

50 60 

5 5 

10 10 

5 5 

:= 

~ 

UNIT NOTE 

-
-

-
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r---
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WRITE MODE 
The MK48Z30/30A is in the Write Mode whenever 
Write Enable and Chip select are active. The start 
of a write is remrenced to the latter occurring falling 
edge of W or ~A w.rite is terminated by the earlier 
rising edge of WorE. The addresses must be held 

MK48Z30/30A(B)-1 0/12/15 

valid throughout the cycle. E or W must return high 
or for minimum of twR prior to the initiation of 
another read or write cycle. Data-in must be valid 
tovEH prior to the end of write and remain valid for 
twHox afterward. 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 

(O"CSTA::>+ 70"C, Vee= 5.0 V +10% I ·5% or -10%) 

ALT. STD. 

SYMBOL SYMBOL 

!we lAVAV 

lAs IAVWL 

lAs lAVEL 

ICEW IELEH 

lAW IAVWH 

lAW lAVEH 

twEW lWLWH 

hcEZ lEHOZ 

twEZ lWLQZ 

twR lWHAX 

twR lEHAX 

twR IWHWL 

tos tovwH 

los tovEH 

loH lWHOX 

loH lEHOX 

NOTES: 
1 . In a W Controlled Cycle. 

2 • In a E Controlled Cycle. 

PARAMETER 

Write Cycle Time 

Address Setup Time W Low 

Address Setup Time E Low 

Chip Enable to End Of Write 

Address Valid to End Off Write 

Address Valid to End Off Write 

Write Pulse Width 

E Data of Time 

W Data of Time 

W High to Address Change 

E High to Address Change 

W High to W Low Next Cycle 

Data Setup Time to W High 

Data Setup Time to E High 

Data Hold Time W High 

Data Hold Time E High 

48ZXX-10 48ZXX-12 48ZXX-15 

MIN MAX MIN MAX MIN MAX ~NITS NOTE 

100 120 150 
1----

0 0 0 
1----

0 0 0 
1-

80 100 130 
1----

80 100 130 
1----

80 100 130 
1----

50 70 100 
ns 1----

50 60 75 
1-

50 60 75 
1----

10 10 10 1 
1----

10 10 10 2 
1-

10 10 10 
1----

50 60 70 1 
1-

50 60 70 2 
1----

5 5 5 1 
1-

5 5 5 2 

5/12 -------------~ ~~mgm:~~ -------------
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FIGURE 4 : WRITE CYCLE TIMING 

WRITE WRITE READ 

1 WHDX 
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DATA RETENTION MODE 

With Vee applied, the MK48Z30/30A operates as a 
conventional BYTEWIDE static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when 
Vee falls within the VPFo(max), VPFo(min) window. 
A mid-write cycle power failure may corrupt data at 
the currently addressed location, but does not jeop­
ardize the rest of the RAM's content. At voltages 
below VPFo(min), the user can be assured the 
memory will be in a write protected state, provided 
the Vee fall time is not less than IF. 

The power switching circuit connects external Vee 
to the RAM and disconnects the batteries when 
Vee rises above Vso. Normal RAM opetration can 
resume tREe after Vee excee.Qs V&o(max). Cua­
tion should be taken to kepp E or W high! as Vee 
rises past VPFo(min) as some systems may per­
form inadvertent write cycles after Vee rises but 
before normal system operation begins. 

BATTERY LONGIVITY 
The useful life of the MK48Z30/30A is expected to 
ultimately come to an end for one of two reasons: 
either because the effects of aging render the cell 
useless before it can actually be discharged; or 
because they have been discharged while provi­
ding current to an external load. 

With Vee on, the batteries are disconnected from 
the RAM and aging effects becometh determining. 
factor in battery-Storage Life. 

With Vee off. the MK48Z30/30A initates back-up 
mode by swithching power from Vccinput to the 
batteries. The leakage current drawn by the RAM 
represents the only load on the batteries and is 
referred as the Capacity Consomption 

MK48Z30/30A{B)-1 0/12/15 

• Storage Life 

Figure 5 illustrates how temperature affects Sto­
razge Life of the MK48Z30 batteries. The figure 
graphs the battery life as a function of temperature 
and the percentage of time vee remains on. 

Note that regardless off Vee Duty Cycle, Storage 
Life always decrases with an increase in tempera­
ture. 

With Vee continuously off, representing a 0% Duty 
Cycle, the Storage Life of the batteries is short due 
to the load of the RAM which draws current 
(consumes batteries capacity). 
.With Vee continously on, representing a 100% 
Duty Cycle (!1 %), the Storage Life of the batteries 
is long due to the RAM being disconnected from 
the batteries and drawning no current. 
Two End-of- Life curves are presented in the Figure 
6. They are labeled "1 00% Duty Cycle - Storage " 
(!1%), and "Average" (!50%). These terms are 
related to probability that a given number of failures 
will have accumulated by a particular point in time. 
If, for example, the batteries expected life at 70"C 
is an issue, Figure 5 indicates that an 
MK48Z30/30A has a 1% chance of having a battery 
failure 11 years into its life and a 50% chance of 
failure at the 20 year time. 

7/12 
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Back-Up Life Calculation 

Back-Up Life= {[(TA1 + TI) + BL!] + [(TA2 + TI) + BL2] + ... +[(TAN+ TI) + BLN)} 

Where TAt, TA2, TAN, = Time at Ambient Temperature 1, 2, ect. ... 

TI =Total Time= TAt + TA2 + ... +TAN 

BLt, BL2, BLN = Back-Up System Life at Temp.1, Temp.2, ect... (See Figure 5) 

Example Back-Up Life Calculation 
A cash register operates in an environment where the MK48Z30/30A is exposed to a 40'Ctemperatures at 
50% power Duty Cycle for 5 days. The 6th day, the MK48Z30/30A is exposed to a 55'C temperature at 
100% Duty Cycle. The 7th day, the reg ester is not used and is exposed to 25'C at 0% Duty Cycle. 

Reading Predicted values from Figure 6; BLt = 4 yrs, BL2 = 40 yrs, Bl...:J = 5 yrs. 

Total Time (TI) = 8760 hrs./yr. TAt = 6264 hrs/yr, TA2 = 1248 hrs/yr, TAa = 1248 hrs/yr. 

1 

Back-Up Life= {[(6264/8760) + 8) + [(1248/8760) +40) + [(1248/8760) + 10)} 

= 9.3 years 

FIGURE 5 : PREDICTED BATTERY STORAGE LIVE VS. TEMPERATURE AND Vee DUTY CYCLE 
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* Capacity Consumption Life 

The MK48Z30/30A bettery cells have a minimun 
rated capacity of 35 mAh each. The RAM, battery­
backed mode, places a nominal load of 825 nAat 
25 ·c. At that rate, the MK48Z30/30Awill consume 
the capacity of the battery cells in 84,848 hours or 
about 10 years. But as Figure 6 Shows, Capacity 
Consumption can be spread over a much longer 
period of time whem the Vee Duty Cycle is increa­
sed. 

Capacity Consumption Life can be estimated by 
reading 0% Vee Duty Cycle Capacity Consumption 
Life directly from Figure 6 and dividing by one 
minus the expected Vee Duty Cycle. 

FIGURE 6 

TYPICAL CAPACITY CONSUMPTION LIFE 

Vee ON(%) 

For example, the Capacity Consumption Life of an 
MK48Z30/30Aat 25·c and at 20% Vee Duty Cycle 
is: 

10 Years I (1-0.20) = 12.5 Years 

Naturally, battery-backed mode current varies with 
temperature. As Figure 7 indicates, the Current 
Consumption Life of the MK48Z30/30A in battery­
Backed mode is also function of the temperature. 
Therefore, to calculate the Capacity Consumption 
Life of the MK48Z30/30A over temperature, the 
same equation is used except the corresponding 
Current Comnsumption Life for a specific tempera­
ture, derived from Figure 7 is substituted. 

MK48Z30/30A(B)·1 0/12/15 

* Back-Up Life 

The Back-Up Life of the MK48Z30/30A is defined 
as the combination of the devices' operational fac­
tors as previously mentioned. Thais, the combina­
tion of the Storage Life and Capacity Consumption 
of the batteries. Both of these factors have been 
graphically represented in the Figure 6 and are a 
function of the temperature. 

Calculations of Back-Up Life begins relative to the 
first day power is applied to the device. Each 
MK48Z30/30A RAM is disconnected from the bat­
tery at time of manufacture to insure battery longe­
vity. Only after Vee is initially applied is Back-Up 
Life affected. 

FIGURE 7 

CURRENT CONSUMPTION LIFE OVER TEMP 
0"1. Vcc DUTY CYCLE 

DEGREES CElSIUS 

Because the ambient temperature is dependent 
upon application controlled variables, only the user 
can estimate Back-Up Life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected Back-Up Life can be read di­
rectly from Figure 5 If the MK48Z30/30A spends an 
appreciable amount of time at a variety of tempe­
ratures, the following equation should be used to 
estimate Back-Up Life. 

9/12 ------------- l5ii. ~~©mgm:~~ 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER VALUES UNITS 

Voltage on any Pin Relative to GND -0.3 to+ 7.0 v 
Ambient Operating (Vee On) Temperature {lA) 0 to 70 ·c 
Ambient Storage (Vee Off) Temperature -40 to +70 ·c 
Total Device Power Dissipation 1.0 w 
Output Current Per Pin (one Output at a Time) 50 rnA 

• Stresses greater than those listed under "Absolute Maximum Ratin~s· may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditrons 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 
Negatrve undershoots below -0.3 volts are not allowed on any prn while rn the Battery Back-up mode 

RECOMMENDED DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltage ( MK48Z30) 4.75 5.5 v 1 

Vee Supply Voltage ( MK48Z30A) 4.5 5.5 v 1 

GND Supply Voltage 0 0 v 1 

V1H Logic "1" Voltage All Inputs 2.2 Vcc+0.3v v 1 

V1L Logic "0" Voltage All Inputs -0.3 0.8 v 1,2 

DC ELECTRICAL CHARACTERISTICS (O"C$ TA 5+70"C) (Vee (min) 5 Vee 5 Vee (max)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lec1 Average Vee Power Supply Current 90 rnA 3 

lee2 TTL Standby Current ( E1= VtH or E2=ViL) 5 rnA 
-

lcc3 CMOS Standby Current (E1= Vee -0.2v) 2 rnA 4 

hL Input Leakage Current (Any Input) -2 2 J.LA 5 

loL Onput Leakage Current -2 2 J.LA 5 

VoH Output Logic "1" Voltage ( lour =-1.0 rnA) 2.4 v 
VoL Output Logic "0" Voltage (lour= +2.1 rnA) 0.4 v 

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. 1 rnA typical. 

5. Measured with Vee <: V1 <: GND and outputs deselected. 

10/12 
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AC TEST CONDITION 

Input Levels : .............. O.OV to 3.0V 

Transition Times : ........... 5 ns 

Input and Output Timing 
Reference Levels : ........... 1 .5V 

CAPACITANCE (TA = 25'C) 

SYMBOL PARAMETER 

c, Capacitance on All Pins (except DQ) 

Coo Capacitance on DQ Pins 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME (ns) 

MK48Z30-B10 100 

MK48Z30-B12 120 

MK48Z30-B15 150 

MK48Z30A-B10 100 

MK48Z30A-B12 120 

MK48Z30A-B15 150 

MK48Z30/30A{B)-1 0/12/15 

FIGURE 8 : OUPUT LOAD DIAGRAM 

MAX 

10.0 

10.0 

SUPPLY VOLTAGE 

5V+10%/-5% 

5V+10%/-5% 

5V+10%/-5% 

5V+10%/-10% 

5V+10%/-10% 

5V+10%/-10% 

D.U.T. 

1K 
ohms 

UNITS 

pF 

pF 

+5V 

1.BK 
ohms 

100 pF 

NOTES 

1 

1,2 

TEMPERATURE RANGE 

O'C-70'C 

O'C-70'C 

o·c-7o·c 

O'C-70'C 

o·c-7o·c 

Cl'C-70'C 

11/12 
~ ~~©n&~:i]~lj -------------

467 



MK48Z30/30A(B)·1 0112115 

FIGURE 9 : 28 PIN BATTERY PACKAGE DESCRIPTION 

~'5tA A 
D 

I "" "" c"JA 

0 
'u''u''u' 'u''u''u''u' 

rE' ~==1 I lT 
A 

l H--F tb1 HHu)=U C---j I- i 1:7..;~ j-· I 
E1 

eA 

INCHES 
NOTES DIM NOTES MIN MAX 

A .320 .380 2 1 OVERALL LENGTH INCWDES FLASH 

A1 .015 .030 2 
AND PROJECTIONS ON EITiiER END 
OF PACKAGE 

A2 .300 .360 2 PACKAGE STANDOFF TO BE MEASURED 
B .015 .021 3 PER JEDEC REQUIREMENTS 

81 .045 .070 3 THE MAXIMUM LIMIT SHALL BE 
c .008 .012 3 INCREASED BY 0031N WHEN 

D 1A95 1 SOLDER LEAD FINISH IS SPECIRED 

E .530 640 
E1 .530 .550 
E2 .550 .570 
e1 .090 .110 
eA .600 .700 
L .120 .150 
s .060 .090 

12112 
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MK48Z32/32A(B) 
-10/12/15 

32 K X 8 ZEROPOWERlM RAM 

FEATURES 

•INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT­
TERY. 

• UNLIMITED WRITE-CYCLES. 

• READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 

• PREDICTED BATTERY BACK-UP OF 10 
YEARS @ 25"C. 

• PIN AND FUNCTION COMPATIBLE WITH JE­
DEC STANDARD 32K X 8 SRAMS. 

• AUTOMATIC POWER-FAIL CHIP DESELECT I 
WRITE PROTECTION. 

• DUAL WRITE PROTECT VOLTAGE: 
MK48Z30:4. 75VOLTS. 
MK48Z30A: 4.50 VOLTS. 

DESCRIPTION 

Part Number Access R/WCy-
Time cleTime 

MK48Z32 B -10 100 ns 100 ns 

MK48Z32 B - 12 120 ns 120 ns 

MK48Z32 B - 15 150 ns 150 ns 

MK48Z32AB-1 0 100 ns 100 ns 

MK48Z32AB-12 120 ns 120 ns 

MK48Z32AB-15 150 ns 150 ns 

October 1989 

Vee 

+10/-5% 

+10 /-5% 

+10/-5% 

+10/-10% 

+10/-10% 

+10 /-10% 

ADVANCE DATA 

B' 
28-DIP 

Plastic Package 

PIN CONNECTIONS 

A14 

A12 

A7 

A6 

AS 

A4 

A3 

MK48Z32/ 
A2 MK48Z32A A10 

A1 

AO 

DQO 

DQ1 

DQ2 

GND 

PIN NAMES 

AO-A14 Address Input Vee +5Volts 

- w Write Enable 
E Chip Enable 

G Output Enable 

GND Ground DQO-DQ7 Data IN/Data 
Out 

1/9 

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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MK48Z32/32A(B)-1 0/12/15 

DESCRIPTION 

The MK48Z32/32A combines an 32K x 8 full CMOS 
S RAM and a long life carbon mono-fluoride bat­
teries in a single plastic DIP package.The 
MK48Z32/32A is a nonvolatille pin and function 
equivalent to any JEDEC standard 32Kx 8 SRAM. 
it also easily fits into many EPROM and EEPROM 
sockets, providing the non-volatility of the PROMs 

FIGURE 1 : MK48Z32/32A BLOCK DIAGRAM 

v 
cc 

without any requiment for special writetiming,or 
limitations on the number of writes that can be 
performed. 

In addition, the MK48Z32/32A has its own Power­
fail Dectect Circuit. The circuit deselect s the de­
vice whenever Vee is below tolerance, providing a 
high! degree of data security in the midst of unpre­
dictable system operations brought on by low Vee. 

--f----------------., 

I 
I 

, I 

VOLTAGE SENSE 
AND 

SWITCHING 
CIRCUITRY 

l LITHI~ T CELL 

POWER 

-
POK 

I 
I 

J 
32Kx 8 

_1. 
RAM > 

CMOS 

I CELL 

I 
I 

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

TRUTH TABLE ( MK48Z32/32A) 

Vee E G w MODE DQ 

<Vee VJH X X Deselect HiahZ 
{Max) VJL X V1L Write D1N 
Vee VJL V1L VJH Read DouT 

(Min) V1L VJH V1H Read HighZ 
< VPFD X X X Deselect HighZ 
{Min) 

> Vso 
s;Vso X X X Deselect HighZ 

2/9 

AO·A14 

DOO·D07 

E 
w 
G 

POWER 

Standby 
Active 
Active 
Active 
CMOS 

Standby 

Battery 
Back-up 

Mode 
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FIGURE 2 : POWER UP/DOWN TIMING 

v 
cc 

v (MAX) 
PFD 

V (MIN) 
f" PFD 

vso 

AlL INPUTS 
RECOGNIZED 

ALL VALlO 
OLITPUTS (PER CONTROL 

INPUTS) 

MK48Z32/32A(B)-1 0/12/15 

DON'T CARE 

VAUO 
1--HIGHZ (PER CONTROL INPUT) 

AC ELECTRICAL CHARACTERISTICS {POWER -UP/DOWN TIMING) {O"C ~ TA ~ +70"C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

tpo E or W at V1H Before Power Down 0 ns 

IF VPFO (Max) to Vprn (Min) Vee FaiiTime 300 !IS 2 

IFB VPFo (Min) to Vso Vee FaiiTime 10 !IS 3 

IRa Vso to VPFO (Min) Vee Rise Time 1 !IS 

IR VPFO (Min) to VPFO (Max) Vee Rise Time 0 !IS 

tREC E or W at V1H After Power Up 5 ms 

DC ELECTRICAL CHARACTERISTICS (POWER-UP/ DOWN TRIP POINTS) (O"C ~ TA ~ +70"C) 

VALUES 
SYMBOL PARAMETER UNITS NOTES 

MIN TYP MAX 

Vprn Power- Fail Deselect Voltage (MK48Z30) 4.5 4.6 4.75 v 1 

Vprn Power- Fail Deselect Voltage (MK48Z30A) 4.2 4.3 4.5 v 1 

Vso Battery Back-Up Switchover Voltage 3.0 v 1 

loR Expected Data Retention Time 10 YEARS 4 

NOTES: 
1 • All voltages referenced to GND. 
2 • VPFD(Max) to VpFO(Min) fall times of less IFmay result in deselectionlwrite protection not occuring until 40 liS alter Vee passes VPFD (Min). 
VPFD (Max)to (Min) laB times of less than 10 liS may cause corruption of RAM data 

3 . VPFD(Min) to Vso fall times of less than tFB may cause corruption of RAM data. 

4 • 25 ·c ambient condttion. 

----------- t:r'l SGS·lHOMSON 
... ...,,_ ll:ij0~~0@$ 
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MK48Z32/32A(B)·1 0/12115 

READ MODE 
Ibe MK48Z32132A is in the R!!._ad Mode whenever 
W (Write Enable) is high and E is low. The device 
archit~cture allows ripple-through access of data 
from e1ght of 262,1441ocations in the static storage 
array. Thus, the unique address specified by the 14 
Address inputs defines which one of the 32 768 
bytes of data is to be accessed. Valid data wiil be 
available at the Data 110 pins within tAvav after the 
las~ address input §jgnal is stable, providing that the 
Ch1p Enable and G access times are satisfied. If 

FIGURE 3 : READ CYCLE TIMING 

Chip Enable or G access times are not met, valid 
data will be available at the Chip Enable Access 
Time (tELav) or at Output Enable Access Time 
(tGLOV). 
!he state of the eight three-state_Qata 110 signals 
1s cont~olled by Chip Enable and G. If the Outputs 
are activated before lAA. the data lines will be driven 
to an indeterminate state until tAVQV. If the Ad­
.Qress inputs are changed while Chip Enable and 
G remain low, output data will remain valid for 

READ READ _I WRITE 

Ao· 
r- 1 AVAV ---- j.-- 1 AYAV - 1 I---- ' AVAV 

A14 lx D< 

~ 1--- '""" -1 

lot- I AVGV 
____, 

---f r-- O AVWL 

....... _, 
E ~ 1 AVWH -----f.- 0aox -o 

(i \J:.-• ...... -+ I 
0 WHWL --f+ 

w tf=·-.WH -v - 0 DHAX 

'•= _. - OOHOZ --o 

00 0 -DO I'.: VAUDDUr ">< VAUDOUT "~VALIDIN " / 
7 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE) 
(O"C~As; + 1o·c, vee= 5.0 v +10% /-5%or -10%) 

ALT. STD. 48ZXX-10 48ZXX·12 48ZXX·15 

SYMBOL SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX 

IRe IAVAV Read Cycle lime 100 120 150 

IM IAVQV Address Access lime 100 120 150 

ICEA1 IELQV E, Access lime 100 120 150 

tcEZ tEHOZ Chip Enable Off lime 50 60 75 

toEA tGLOV Output Enable Access lime 50 60 75 

toEZ tGHOZ Output Enable Data Off lime 40 50 60 

toEL tGLOX Output Enable To a Low-z 5 5 5 

tcEL tELOX Chip Enable To a Low-z 10 10 10 

-tOH tDHAX Output Hold From Address 5 5 5 

4/9 
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Output Data Hold Time (toHAX) but will go indeter­
minate until the next Address Access. 

WRITE MODE 
The MK48Z32/32A is in the Write Mode whenever 
Write Enable and Chip select are active. The start 
of a write is referenced to the latter occurring falling 

MK48Z32132A(B)·1 0/12/15 

edge of W or ~A w..rite is terminated by the earlier 
rising edge of WorE. The g_ddr~ses must be held 
valid throughout the cycle. E or W must return high 
or for minimum of twR prior to the initiation of 
another read or write cycle. Data-in must be valid 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 

(O"Cg A~+ 70"C, Vee= 5.0 V + 10% /-5% or -10%) 

ALT. STD. 

SYMBOL SYMBOL 

twc IAVAV 

lAs IAVWL 

lAs lA VEL 

ICEW IELEH 

lAw IAVWH 

lAw tAVEH 

twEW twLWH 

trcEZ tEHOZ 

twEZ twLOZ 

twA IWHAX 

twA IEHAX 

lwR IWHWL 

tos tovwH 

tos tovEH 

toH IWHOX 

toH IEHOX 

NOTES: 

1 . In a W Controlled Cycle. 
2 . In a E Controlled Cycle. 

PARAMETER 

Write Cycle Time 

Address Setup Time W Low 

Address Setup Time E Low 

Chip Enable to End Of Write 

Address Valid to End Off Write 

Address Valid to End Off Write 

Write Pulse Width 

E Data of Time 

W Data of Time 

W High to Address Change 

E High to Address Change. 

W High to W Low Next Cycle 

Data Setup Time to W High 

Data Setup Time to E High 

Data Hold Time W High 

Data Hold Time E High 

48ZXX-10 48ZXX-12 48ZXX-15 

MIN MAX MIN MAX MIN MAX UNITS NOTE 

100 120 150 
-

0 0 0 
-

0 0 0 
-

80 100 130 
1--

80 100 130 
1--

80 100 130 
1--

50 70 100 
ns 1---

50 60 75 
1--

50 60 75 
1---

10 10 10 1 
1---

10 10 10 2 
1--

10 10 10 
1---

50 60 70 1 
1---

50 60 70 2 
1--

5 5 5 1 
1--

5 5 5 2 

5/9 
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MK48Z32/32A(B)-1 0/12/15 

FIGURE 4 : WRITE CYCLE TIMING 

WRITE WRITE READ 

E 

G 

w 

6/9 -------------------------- ~~~~~91 --------------------------
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MK48Z32/32A(B)-1 0/12/15 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER VALUES UNITS 

Voltage on any Pin Relative to GND -0.3 to+ 7.0 v 
Ambient Operating (Vee On) Temperature (lA) 0 to 70 ·c 
Ambient Storage (Vee Off) Temperature -40 to +70 ·c 
Total Device Power Dissipation 1.0 w 
Output Current Per Pin (one Output at a Time) 50 rnA 

·Stresses greater than those listed under "Absolute Maximum Ratinps" 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 net implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliabilny. 

CAUTION 

Negat1ve undershoots below ·0.3 volts are not allowed on any p1nb while in lhe Battery Back-up mode 

RECOMMENDED DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltage ( MK48Z30) 4.75 5.5 v 1 

Vee Supply Voltage ( MK48Z30A) 4.5 5.5 v 1 

GND Supply Voltage 0 0 v 1 

ViH Logic "1" Voltage All Inputs 2.2 Vcc+0.3v v 1 

ViL Logic "0" Voltage All Inputs -0.3 0.8 v 1,2 

DC ELECTRICAL CHARACTERISTICS (o·c::; TA ::>+70.C) (Vee (min)::; Vee::; Vee (max)) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Icc! Average Vee Power Supply Current 90 rnA 3 

lcc2 TTL Standby Current ( E1= V1H or E2=ViL) 5 rnA 

lcc3 CMOS Standby Current (E1= Vee -0.2v) 2 rnA 4 

hL Input Leakage Current (Any Input) -2 2 !!A 5 

loL Onput Leakage Current -2 2 !!A 5 

VoH Output Logic "1" Voltage ( lour =-1.0 rnA) 2.4 v 

VoL Output Logic "0" Voltage (lour= +2.1 rnA) 0.4 v 

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. 1 rnA typical. 

5. Measured with Vee ;;, V1 ;;, GND and outputs deselected. 

7/9 
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MK48Z32/32A(B)-1 0/12115 

AC TEST CONDITION 

Input Levels : .............. O.OV to 3.0V 

Transition Times : ........... 5 ns 

Input and Output Timing 
Reference Levels : ........... 1.5V 

CAPACITANCE (TA = 25"C) 

SYMBOL PARAMETER 

C1 Capacitance on All Pins (except DQ) 

Goa Capacitance on DQ Pins 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME (ns) 

MK48Z32(B)-1 0 100 

MK48Z32(8)-12 120 

MK48Z32(B)-15 150 

MK48Z32A(B)-10 100 

MK48Z32A(B)-12 120 

MK48Z32A(B)-15 150 

8/9 

FIGURE 5 : OUPUT LOAD DIAGRAM 

MAX 

10.0 

10.0 

SUPPLY VOLTAGE 

5V+10%/-5% 

5V+10%/-5% 

5V+10%/-5% 

5V+10%/-10% 

5V+10%/-10% 

5V+10%.J-10% 

D.U.T. 

1K 

ohms 

UNITS 

pF 

pF 

+5V 

1.6K 

ohms 

100 pF 

NOTES 

1 

1,2 

TEMPERATURE RANGE 

O"C-?O"C 

O"C-?O"C 

O"C-?O"C 

O"C-70"C 

O"C-?O"C 

O"C-70"C 

------------- t.V. ~~©W.~~~~4 
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FIGURE 6 : 28 PIN BATTERY PACKAGE DESCRIPTION 

~ 
D 

I 
sf--
&_n c::J c::J c::Jr'1r'1 

0 
vvv vvvv 

~~~ I 

~ 
A 

rl=Vf HHl=U c---j :---~~..:~ -:;r· I. 
E1 

oA 

.100 0100(TNA) 

/ 

DIM 
INCHES 

NOTES NOTES 
MIN MAX --

A .320 .380 2 1. OVERALL LENGTH INCLUDES FLASH 

A1 .015 .030 2 
AND PROJECTIONS ON EITHER END 
OF PACKAGE. 

A2 .300 .360 
2 PACKAGE STANDOFF TO BE MEASURED 

8 .015 .021 3 PER JEOEC REQUIREMENTS 

81 .045 .070 
3 THE MAXIMUM LIMIT SHALL BE 

c .008 .012 3 INCREASED BY 0031N WHEN 

0 1495 1 SOLDER LEAD FINISH IS SPECIFIED. 

E .530 .640 

E1 .530 .550 

E2 .550 .570 

e1 .090 .110 

eA .600 .700 

L .120 .150 

s .060 .090 

9/9 I:.V. ~itm~~~/4 -------------
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MK6116 
MK6116, MKI6116, MK6116L, MKI6116L (N/S) - 15/20/25 

2 K X 8 CMOS STATIC RAM 

• BYTEWYDETM 2K X 8 CMOS STATIC RAM. 

• +5 VOLT ONLY WRITE/READ. 

• 24-PIN 600 MIL PLASTIC DIP, JEDEC PINOUT 
28-PIN 330 MIL SOl C. 

• EQUAL WRITE AND READ CYCLE TIMES. 

• HIGH PERFORMANCE WITH LOW CMOS 
STANDBY POWER. 

DESCRIPTION 

The MK6116 is a 16,384-bit CMOS Static RAM, 
organized as 2K x 8 usingSGS-THOMSON Micro­
electronics' advanced HCMOS process technolo­
gy. This device is directly compatible with the 
popular 24-pin, three-wire handshake, 16K static 
CMOS RAM. All inputs and outputs are TTL com­
patible using a single 5V supply. The MK6116 
provides full static operation, requiring no clocks or 
refresh operations, and has eQl.Jal access and cycle 
times. Additionally, whenever E (Chip Enable) goes 
high, the device wjJ! maintain a reduced power 
standby mode until E again goes active low. (Refer 
to the MK6116Truth Table.) 

PIN NAMES 

Ao -A10 ADDRESS INPUTS 

DOo- DQ7 DATA I/O 

E CHIP ENABLE. 

G OUTPUT ENABLE 

w WRITE ENABLE 

Vee. Vss +5V, GND 

October 1989 

B 

~ 
uu~1 

DIP24 24 
(Plastic Package) 

PIN CONNECTION 

A7 1 24 Vee 

As 2 23 As 

As 3 22 A9 

A4 4 21 w 
A3 s 20 G 
A2 6 19 A1o 

A1 7 1S E 
Ao s 17 DO? 

DOo 9 16 DOe 

D01 10 1S DOs 

002 11 14 004 

Vss 12 13 D03 
(A) DIP-24 

A? 1 2S Vee 

As 2 27 As 

As 3 26 N/C 

A4 4 2S A9 

A3 s 24 w 
A2 6 23 G 

N/C 7 22 A10 

N/C s 21 N/C 

Aj 9 20 E 
Ao 10 19 D07 

DOo 11 18 DOe 

001 12 17 DOs 

D02 13 16 D04 

Vss 14 1S D03 

(B) S S01C.28 

1/9 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) -15/20/25 

FIGURE 1 : BLOCK DIAGRAM 

G ----> CONTROL 

w ----> LOGIC 

E ----> 

1 
__, 

ROW 1----- MEMORY 
A 

X 

ADDRESS MATRIX 
BUFFER (7) 

DECODER 128 X 16 X 8 

A __, 1-----
X 

__, 
COLUMN 

ADDRESS 
(4) 

BUFFER 

__, 

MK6116 TRUTH TABLE 

E G w 

V1H X X 

V1L X V1L 

ViL V1L VIH 

V1L V1H V1H 

READ MODE 
The MK6116 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 Ad­
dress Inputs (Ao-A1o) defines which one of 2048 
bytes of data is to be accessed. 

Valid data will be available at the eight Data Outputs 
Drivers (DOo-D07) within tAvov after the last ad-

l,/1 COLUMN 

1/0 

~ BUFFER 
DQ 0- DQ 7 

COLUMN 

DECODER 

MODE DQ POWER 

deselect Hight Z Standby 

Write DIN Active 

Read DouT Active 

Read Hight Z Active 

dress input signal is stable, provided that theE an.Q 
G (Qut-put Enable) access times are satisfied. If E 
or G access times are not met, data access will be 
measured from the limiting parameter (tELOV or 
tGLov) rather than address. The stare_ of thg eight 
Data 1/0 signals is controlled by the E and G input 
signals. Data Out may be indeterminate between 
tAXox and tAvov, but data will always be valid at 
tAVQV. 

2/9 -------------~ ~~mgm:~«~-------------
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) -15/20/25 

AC ELECTRICAL CHARACTERISTIICS (READ CYCLE) 
{O"C ~ TA~ +7o·c (MK6116/L), -4o·c ~TA~ + 105·c (MKI6116/L), VCC= 5.0 +I- 10%} 

MK6116 -15 MK6116- 20 MK6116- 25 
MKI6116 -15 MKI6116 -20 MKI6116-25 

ALT. STD. PARAMETER MK6116L-15 MK6116L-20 MKL6116-25 
SYMBOL SYMBOL MKI6116L-15 MKI6116L-20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

IRe IAVAV Read Cycle Time 150 200 250 ns 

IAA IAVQV Address Access Time 150 200 250 ns 1 

lcEA IELQV ChipEnable Access Time 150 200 250 ns 1 

lcEZ IEHOZ Chip Enable Data OffTime 35 40 50 ns 

toEA IGLOV Output Enable Access Time 75 80 90 ns 1 

loEZ IGLQV Output Enable Data Off Time 35 40 50 ns 

IOEL tGLQX Out put Enable to Q Low-Z 15 15 15 ns 

!eEL IELOX Chip Enable to Q Low-Z 15 15 15 ns 

toH IAXQX Output Hold from Address 15 15 15 ns 1 

FIGURE 2 : READ CYCLE TIMING 

READ READ WRITE 

E 

G 

w 

00 o·--------------~<l 
DO 7 "-"---./\ 

--------------~ ~~©1&~~~~~-------------3_19 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) -15/20/25 

WRITE MODE 

The MK6116 is in the Write Mo® of operation 
whenever Wand E are active low (G is a don't care 
as noted in the Trut!:! ... JabJ.e ). The latter occurring 
falling edge of either WorE will determine the start 
of the write cycle. Therefore, address setup time 
and write or chip enable pulse wi.Qlh ar~referenced 
to the latter occurring edge of W or E. The write 
cycle can Q.e terminated by either earlier rising edge 
of W or E. The addresses must be held valid 

throughout the cycle. W must return to the high 
logic state for a minimum write recovery time des­
ignated as twHWL between write cycles. Addresses 
must remain valid fortwHAX atthe termination of the 
write cycle. The same principles apply for an E 
controlled write cycle. 

If the outpulbus has been enabled (E and G active 
low), then W will disable the outputs within twLOz 
from its falling edge; however, care must be taken 
to avoid a potential bus contention. Data-In must 
be valid tovwH or tovEH prior to the earlier rising 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE) 

{O"C::; TA::; +70"C (MK6116/L), -40"C::; TA::; + 1 05"C (MKI6116/L), Vcc=5.0 ± 10%} 

MK6116 -15 MK6116- 20 MK6116- 25 

ALT. SOT. 
MKI6116 -15 MKI6116-20 MKI6116-25 

PARAMETER MK6116L-15 MK6116L-20 MKL6116-25 
SYMBOL SYMBOL MKI6116L-15 MKI6116L -20 

MIN MAX MIN MAX MIN MAX UNITS NOTES 

!we IAVAV Write Cycle lime 150 200 250 ns 

lAs IAVWL Address Setup lime W Low 0 0 0 ns 

lAs lA VEL Address Setup lime E Low 0 0 0 ns 

ICEW IELEH Chip Enable to End of Write 90 120 160 ns 

lAW IAVWH Address Valid to End of Write 120 140 180 ns 

lAW IAVEH Address Valid to End of Write 120 140 180 ns 

IWEW IWLWH Write Pulse Width 90 120 160 ns 

IAH IWHAX W Hight to address Change 10 10 10 ns 

tAH tEHAX E Hight to address Change 10 10 10 ns 

twA twHWL 
W Hight to W Low Next Cy-

10 10 10 ns cle 

twEZ IWLQZ W Data Off lime 50 60 80 ns 

tcEZ IEHOZ E Data Off lime 50 60 80 ns 

los tovwH Data Setup Time to w Hight 40 60 100 ns 

los IOVEH Data Setup lime to E Hight 40 60 100 ns 

loH twHOX Data Hold lime W High 0 0 0 ns 

toH tEHOX Data Hold lime E High 0 0 0 ns 

4/9 -------------------------- ~~~~gm~~~ --------------------------
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MK6116, MKI6116, MK6116L, MKI6116L(N/S)- 15/20/25 

FIGURE 3 : WRITE CYCLE TIMING 

WRITE WRITE READ 

FIGURE 4 : OUTPUT LOAD DIAGRAM AC TEST CONDITION 

Input Levels: ......... 0.6 V to 2.4 V 

Transition Times: ...... 5 ns 
+ 5.0 v 

Input and Output Timing 
Reference Levels: ..... o.av or 2.2 V 

1.8 Kn 

100pF * 

·Notes: Including scope and JIG 

5/9 r=-= SGS·lHOMSON 
--------------- .. ..,~, llllil©Jil@~~{l;©'ii1Jj@II!J~ ---------------
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MK6116,_ MKI6116, MK6116l, MKI6116l(N/S) - 15/20/25 

ABOLUTE MAXIMUM RATINGS 

PARAMETER VALUES UNITS 

Voltage on any Pin Relative tro Ground -0.3 to +7.0 v 

Operating Temperature (MK6116L} Oto +7 ·c 

Operatting Temperature (MKI6116/L} -40 to +150 ·c 

Storage Temperature -55 to +150 ·c 

Power Dissipation 1 w 

Output Current t20 rnA 

* This is a stress rating only and functional operation of the device at these or any conditions above those indicazted in the operation sec­
tion of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 

~ 

Output current absolute maximun rating is specified for one output at a time, not to exceed a duration of a1 second. 

RECOMMENDED DC OPERATING CONDITIONS 
{O"C :-;:; TA :-;:; +70"C (MK6116/L), -40"C s: TA s: + 150"C (MK16116/L), Vcc=5.0 +1- 1 0%} 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Vee Supply Voltage 4.5 5.5. v 4 

Vss Supply Voltage 0 0 v 4 

V1H Logic 1 All Inputs 2.2 Vee +0.3 v 4 

V1L Logic 1 All Inputs -0.3 0.8 v 4,5 

DC ELECTRICAL CHARACTERISTICS 
{O"C :-;:; TA :-;:; +70"C (MK6116/L), -40"C :-;:; TA :-;:; + 150"C (MKI6116/L), Vcc=5.0 +1- 1 0%} 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Average Vee Power Supply Current , 
70 rnA 

Icc MK6116, MKI6116 6 

MK6116L, MKI6116L 70 rnA 

lss1 TTL Standby Current (E = V1H) 3 rnA 

CMOS Standby Current (E ~ Vcc-0.2 V} 
rnA 

MK6116, MKI6116 1 
lss2 

MK6116L JJA 
MKI6116L 10 JJA 

lu Input Leakage Current -1 +1 JJA 7 

lw Output Leakage Current -5 +5 JJA 7 

VoH Output Logic 1 Voltage (loH = -1.0 rnA} 2.4 v 
VoL Output Logic 2 Voltage (loH = 2.1 rnA} 0.4 v 

-~-9-------------------------~~~~~~~~~ ---------------------------
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MK6116, MK16116, MK6116L, MKI6116L(N/S) -15/20/25 

LOW Vee Data RETENTION CHARACTERISTICS (MK6116L, MKI6116L) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

VoR Vee Data retention 2.0 Vee (max) 

Data Retention Power Supply Current 
1 J.tA 

Icc DR MK6116L 8 

MK16116L 3 J.tA 

!coR Chip Deselection to Data Retention Time 0 ns 

IR Operation Recovery Time tAVAV 

• tAVAV = Read Cycle lime 

FIGURE 5 . LOW Vee DATA RETENTION TIMING 

1.._ ___ DATA RETENTION MODE ----•. 

v cc -----------
4.5V ~c- Jf 4.5V 

\ VDR 2. 20V I 
'-----------~ 

NOTES: 
1 . Measured with load as shown in Figure 4. 

5 . Negative spikes of -1.0 volts allowed for up to 10 ns once per 
cycle. 

2. Effective capacitance calculated from the equation: 

C= l!>t!tN, with /'N = 3 volts and power supply at nominal level 
3 . Output is deselected. 
4. All voltages referenced to GND. 

CAPACITANCE (TA = 25"C) 

SYMBOL PARAMETER 

Cr Capacitance on all pins (except DQ) 

Coo Capacitance on DQ pins 

6 . ICC1 measured with output open. 

7. Measured with GND,; V,; Vee and outputs deselected. 
8 . Vee = 2.0 Volts. 

MAX UNITS NOTES 

7.0 pF 2 

10.0 pF 2,3 

-------------I.V. ~!;©m=~~a _____________ 7_/9 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) -15/20/25 

FIGURE 6 . 24·PIN PLASTIC DIP (N) 

" mm ·lnchet 
F Dim. 
c Min Typ Max llin Typ Max 

I A 

I a 1 063 0024 

I ~~-
8 045 0.017 

b 1 0.23 0.31 0.009 0.012 

b2 1.27 0.050 

c 
E 

0 32.20 1267 

E 1520 1668 0.598 0.656 

e 254 0.100 

e3 27.94 1.100 
13 e4 

' ---+----· 
I 

F 14.10 0.555 

I 445 0.175 

L 3.30 0.129 

" 
K1 

K2 
P043-A/B 

FIGURE 7 . 28-PIN SOIC (S) 

~D 
Dim. 

Inches 

Min. Max. 

A .120 

A1 .002 .014 

A2 .092 .106 

B .014 .020 

81 .014 .024 

c .006 .0125 

D .697 .728 

E .324 .350 

e .050 Basic 

H .453 I .500 

L .016 I .050 

a oo I so 

_at_9 _________________________ ~~~~~l~ __________________________ _ 
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MK6116, MKI6116, MK6116L, MKI6116L(N/S) -15/20/25 

ORDERING INFORMATION 

PART NO. ACCESS TIME CYCLE TIME PACKAGE TYPE TEMPERATURE 

MK6116 (N/8)-15 150 ns 150 ns Plastic DIP/801C o·c to 7o·c 

MK6116 (N)-20 200 ns 200 ns Plastic DIP o·c to 7o·c 

MK6116 (N) -25 250 ns 250 ns Plastic DIP o·c to 7o·c 

MKI6116 (N/8) -15 150 ns 150 ns Plastic DIP/801C -4o·c to 1 05"C 

MKI6116 (N) -20 200 ns 200 ns Plastic DIP -4o·c to 1 o5·c 

MKI6116 (N) - 25 250 ns 250 ns Plastic DIP -4o·c to 1 o5·c 

MK6116 L(N/8) -15 150 ns 150 ns Plastic DIP/801C o·c to 7o·c 

MK6116 L(N)- 20 200 ns 200 ns Plastic DIP o·c to 70"C 

MK6116 L(N) - 25 250 ns 250 ns Plastic DIP O"Cto 70"C 

MKI6116 L(N/8) -15 150 ns 150 ns Plastic DIP/801C -4o·c to 1 05"C 

MKI6116L (N) - 20 200 ns 200 ns Plastic DIP -4o·c to 1 o5·c 

MK __________________ .Commercial Temperature Range (O"C to +70"C) 

MKI Industrial Temperature Range (-40"C to +85"C) 

6116 _________________ ___.:Device Family and Identification Number 

L ___________________________ LowPower 

N Plastic Dip Package 

5 SOIC Package 

15/20/25 _____________________ Speed Grade 

BYTEWYDE is a Trademark of SGS-THOMSON Microelectronics 

~ SGS•THOMSON ------------- A.""fl. i>j]U©OO@~Il.I<©WI®L'!l~ --------------
9/9 
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• INDUSTRIAL TEMPERATURE RANGE -40°C 
to +85°C 

• PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85 oc 

• DATA RETENTION IN THE ABSENCE OF 
POWER 

• DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 

• +5 VOLT ONLY READ/WRITE 
• CONVENTIONAL SRAM WRITE CYCLES 
• LOW POWER-440 mW ACTIVE; 5.5 mW 

STANDBY 
• 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 PIN 

MEMORY PINOUT 
• READ-CYCLE TIME EQUALS WRITE-CYCLE 

TIME 
• ON BOARD LOW-BATTERY WARNING CIR­

CUITRY 
• TWO POWER-FAIL DESELECT TRIP POINTS 

AVAILABLE 
MKI48Z02 4.75V<!:VpFo<!:4.50V 
MKI48Z12 4.50V<!:VpFo<!:4.20V 

R/W 
Part Number Access Time Cycle Time 

MKI48ZX2-15 150 ns 150 ns 

MKI48ZX2-20 200 ns 200 ns 

MKI48ZX2-25 250 ns 250 ns 

TRUTH TABLE (MKI48Z02/12) 

Vee E G w MODE DQ 

v,H X X Deselect High-Z 
<Vee (Max) v,L X v,L Write DIN' 
>Vee (Min) v,L v,L v,H Read Dour 

v,L v,H v,H Read High-Z 

<VpFD (Min) X X X Power-Fail High-Z 

>Vso Deselect 

:5Vso X X X Battery High-Z 
Back-up 

June 1988 

MK148Z02/12(B) 
-15/20/25 

2K x 8 ZEROPOWER™ RAM 

B 
DIP-24 

(Plastic with Battery Top All) 

FIGURE 1. PIN CONNECTIONS 

A7 1 24 Vee 

As 2 23 As 

As 3 22 Ag 

A4 4 21 w 
A3 5 20 G' 

A2 6 19 A,o 

A, 7 18 E 

Ao 8 17 DQ7 

DQo 9 16 DQa 

oa1 10 15 DQs 

DQ2 11 14 DQ4 

GND 12 13 DQ3 

PIN NAMES 

Ao- A10 Address Inputs V00 System Power (+5 V) 

E Chip Enable w Write Enable 

GND Ground G Output Enable 

DQ0-DQ7 Data In/Data Out 

1/11 
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MKI48Z02/12(B)-15/20/25 

DESCRIPTION 

The MKI48Z02/12 is a 16,384-bit, Non-Volatile Stat­
ic RAM, organized 2K x 8 using CMOS arid an in­
tegral Lithium energy source. The ZEROPOWER'" 
RAM has the characteristics of a CMOS static RAM, 
with the impor!ant added benefit of data being 
retained in the absence of power. Data retention cur­
rent is so small that a miniature Lithium cell con­
tained within the package provides an energy 
source to preserve data. Low current drain has been 
attained by the use of a full CMOS memory cell, 
novel analog support circuitry, and carefully con­
trolled junction leakage by an all implanted CMOS 

FIGURE 2. BLOCK DIAGRAM 

r 
I 
I 
I 
I 
I 
I 
I 
I 
I 

l 
VOLTAGE SENSE 

AND 
SWITCHING 
CIRCUITRY 

LITHIUM 
CELL 

process. Safeguards against inadvertent data loss 
have been incorporated to maintain data integrity 
in the uncertain operating environment associated 
with power-up and power-down transients. The 
ZEROPOWER RAM cari replace existing 2K x 8 
static RAM, directly conforming to the popular Byte 
Wide 24-pin .DIP package (JEDEC). MKI48Z02/12 
also matches the pinning of 2716 EPROM and 2K 
x 8 EEPROM. Like other static RAMs, there is no 
limit to the number of write cycles that can be per­
formed. Since the access time, read cycle, and write 
cycle are less than 250 ns and require only +5 volts, 
no additional support circuitry is needed for inter­
face to a microprocessor. 

---, 
I 

2Kx8 
RAM 

CMOS 
CELL 

I 
I 

AO-A10 

DQO-DQ7 

E 
Vii 
G" 

L _________ _ I ____ _j 

2111 
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OPERATION 

Read Mode 

The MK148Z02/12 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 (An) defines which one of 2,Q48 bytes of data 
is to be accessed. 

FIGURE 3. READ-READ-WRITE TIMING 

READ 

1Rc 
==:x ~ 

M KI48Z02/12(B)-15/20/25 

Valid data will be available to the eight data Output 
Drivers within tAA after the last aQ_dress i!:)put sig­
nal is stable, providin_g th~ 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 (tcEA or t0 EJJ, rather than the ad­
dress. The state _pf the_eight Data 110 signals is 
controlled by the E and G control signals. The data 
lines may be in an indeterminate state between toH 
and tAA, but the data lines will always have valid 
data at tAA· 

READ WRITE 

1Rc 'we 

D( c 
--r-•cEA~ --~AA-1 ~4 r--•As 'w"11 -I 

tAW ~, 

AC ELECTRICAL CHARACTERISTICS (READ CYCLE TIMING) 
(-40°C~TA~+85°C) (Vee (Max)<!:Vcc<!:Vcc (Min)) 

MKI48ZX2-15 MKI48ZX2·20 

SYM PARAMETER MIN MAX MIN MAX 

IRe Read Cycle Time 150 200 

!AA Address Access Time 150 200 

teE A Chip Enable Access Time 150 200 

toEA Output Enable Access Time 75 80 

tcEZ Chip Enable Hi to High-Z 35 40 

toEZ Output Enable Hi to High-Z 35 40 

toH Valid Data Out Hold Time 15 15 

NOTE 
1. Measured using the Output Load Diagram shown in Figure 8. 

MKI48ZX2-25 

MIN MAX UNITS NOTES 

250 ns 

250 ns 1 

250 ns 1 

90 ns 1 

50 ns 

50 ns 

15 ns 1 

3/11 
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M KI48Z02112(B)-15/20/25 

WRITE MODE 

The MKI48Z02/12 is in Write Mode whenever theW 
and E inputs are held low. The start of a Write is 
referen_Q,ed .!9 the latter occurring falling edge of 
either Wor E. A Wr.l!.e is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. WorE must return high 
for a minimum of lwR prior to the initiation of 
another Read or Write Cycle. Data-in must be valid 
for los prior to the End of Write and remain valid 
for loH afterward. 

FIGURE 4. WRITE-WRITE-READ TIMING 

w 

oo0 • oa., 

WRITE 

VALID 
IN 

Some processors thrash producing spurious Write 
Cycles during power-up, despite ~pli~ation of a 
power-on reset. Users should force W or E high dur­
ing power-up to protect memory after Vee reaches 
Vee (min) but before the processor stablizes. 

The MKI48Z02/12 G input is a DON'T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented :.f. low on W will disa­
ble the outputs lwEz after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 

WP.ITE READ 

tOEA r 

AC ELECTRICAL CHARACTERISTICS (WRITE CYCLE TIMING) 
(-4o•csTAs+85•C) (Vee (Max)2:Vee2:Vee (Min)) 

MKI48ZX2·15 MKI48ZX2·20 MK148ZX2·25 

SVM PARAMETER MIN MAX MIN MAX MIN MAX UNITS NOTES 

I we Write Cycle Time 150 200 250 ns 

lAs Address Setup Time 0 0 0 ns 

lAw Address Valid to End of Write 120 140 180 ns 

lcEW Chip Enable to End of Write 90 120 160 ns 

lwEW Write Enable to End of Write 90 120 160 ns 

lwR Write Recovery Time 10 10 10 ns 

los Data Setup Time 40 60 100 ns 

loH Data Hold Time 0 0 0 ns 

lwEZ Write Enable Low to High-Z 50 60 80 ns 

4/11 
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MKI48Z02/12(B)-15/20/25 

DATA RETENTION MODE FIGURE 5. CHECKING THE BOK FLAG STATUS 

With Vee applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static ram. However, Vee 
is being constantly monitored. Should the supply 
voltage decay, the RAM will automatically power­
fail deselect, write protecting itself when Vee falls 
within the VPFD (max), VPFD (min) window. The 
MKI48Z02 has a VPFD (max) to VPFD (min) 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 MKI48Z12 has a VPFD (max) to 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 VPFD (min), the user can be assured the 
memory will be in a write protected state, provided 
the Vee fall time does not exceed tF. The 
MK148Z02/12 may respond to transient noise spikes 
that reach into the deselect window if they should 
occur during the time the device is sampling Vee· 
Therefore decoupling of power supply lines is 
recommended. 

The power switching circuit connects external Vee 
to the RAM and disconnects the battery when Vee 
rises above V so· As V ce 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 tREe after V ec 
excee~s V.EEo (Max). Caution should be taken to 
keep E or W high as Vee rises past VPFD (Min) as 
some systems may perform inadvertent write cycles 
after Vee rises but before normal system operation 
begins. 

READ DATA 
AT ANY 

ADDRESS 

WRITE 
COMPLIMENT 

DATA BACK 
TO SAME 
ADDRESS 

READ DATA 
AT SAME 
ADDRESS 

AGAIN 

WRITE ORIGINAL 
DATA BACK TO 

SAME ADDRESS 

--------------------------· ~~~~~ 

. NOTIFY SYSTEM 
OF LOW 

BATIERY (DATA MAY 
BE CORRUPTED) 

5111 
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MKI48Z02/12(B)-15/20/25 

FIGURE 6. POWER-DOWN/POWER-UP TIMING 

Vee 

EorW 

V PFD (MAX) - -

VPFD (MIN) - -

DC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TRIP POINT VOLTAGES) 
( -40°C :5T A :5 +85 °C) 

SYM PARAMETER MIN TYP MAX 

Vpfo Power-fail Deselect Voltage (MKI48Z02) 4.50 4.6 4.75 

VPFD Power-fail Deselect Voltage (MKI48Z12) 4.20 4.3 4.50 

V.,n Battery Back-up Switchover Voltage 3 

AC ELECTRICAL CHARACTERISTICS (POWER-DOWN/POWER-UP TIMING) 
(-4ooc :5TA:5 +85°C) 

SYM PARAMETER MIN 

lpo E or W at V1H before Power Down 0 

IF Vpfo (Max) to VPFD (Min) Vee Fall Time 300 

IFB Vpfo (Min) to V50 Vee Fall Time 10 

tAB Vso to VPFD (Min) Vee Rise Time 1 

tR Vpfo (Min) to Vpfo (Max) Vee Rise Time 0 

tREe E or W at V1H after Power Up 2 

NOTES: 
1. All voltages referenced to GND. 
2. VPFD (Max) to VPFD (Min) fall times of less IF may result in deselectionlwrite 

protection not occurring until 50 "s after Vee passes VPFD (Min). VPFD 
(Max) to (Min) fall times of less than 10 l's may cause corruption of RAM data. 

3. VPFD (Min) to Vso fall times of less than tFB may cause corruption of RAM 
data. 

CAUTION 

MAX 

Negative undershoots below -0.3 volts are not allowed 
on any pin while in Battery Back-up mode. 

6/11 
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DATA RETENTION TIME 

About Figure 7 

Figure 7 illustrates how expected MKI48Z02/12 bat­
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtual­
ly independent of the percentage of time the 
MKI48Z02/12 spends in battery back-up mode. 

Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare ceil and encapsulated ceil battery 
testing by SGS~HOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view 
of the fact that no random ceil failures have been 
recorded in any of SGS~HOMSON's ongoing bat­
tery testing since it began in 1982, we believe the 
likelihood of such failure mechanisms surfacing is 
extremely poor. For the purpose of this testing, a 
cell failure is defined as the inability of a cell stabi­
lized at 25"C to produce a 2.0 volt closed-circuit vol­
tage across a 250K ohm load resistance. 

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 ex­
pected to change as yet more data becomes 
available. We believe that future read-points of 
life tests presently under way and improvements 
in the battery technology itself will result in a con­
tinuing improvement of these figures. 

MK148Z02/12(B)·15/20/25 

Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(t1%)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a par­
ticular point in time. If, for example, expected life 
at 80°C is at issue, Figure 7 indicates that a partic­
ular MKI48Z02/12 has a 1% chance of having a bat­
tery failure 10 years into its life and a 50% chance 
of failure at the 17 year mark. Conversely, given a 
sample of devices, 1% of them can be expected to 
experience battery failure within 10 years; 50% of 
them can be expected to fail within 17 years. 

The t1% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what · 
would normally be though of as a worst-case anal­
ysis. The t50o,~, figure represents "normal" or "aver­
age" life. It is, therefore, accurate to say that the 
average device will last "tso%"· 
Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
four digit manufacturing date code in the form 
YYWW (Example: 8502 = 1985, week 2). 
Calculating Predicted Battery Life 

As Figure 7 indicates, the predicted life of the bat­
tery in the MKI48Z02112 is a function of tempera­
ture. The back-up current required by the memory 
matrix in the MKI48Z02/12 is so low that it has 
negligible influence on battery life. 

Because predicted battery life is dependent upon ap­
plication controlled variables, only the user can es­
timate predicted battery life in a given design. As long 
as ambient temperature is held reasonably constant, 
expected life can be read directly from Figure 7. If 
the MK148Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following equa­
tions should be used to estimate battery life. 

Predicted Battery Life = __________ 1 ________ _ 

[(TA11TT)/BL1)]+[(TA21TT)/BL2]+ ... +[(TAniTT)/BLn)J 

Where TA1, TA2, TAn =Time at Ambient Temperature 1, 2, etc. 

TT = Total Time = TA1 + TA2 + ... + TAn 

BL1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc. (see Figure 7). 

EXAMPLE PREDICTED BATTERY LIFE CALCULATION 

A process control computer operates in an environ­
ment where the MKI48Z02/12 is exposed to tern-

peratures of 50°C or less for 3066 hrs/yr; tempera­
tures greater than 25°C, but less than 60"C, for 5256 
hrs/yr; and temperatures greater than 40"C, but less 
than 85°C, for the remaining 438 hrs/yr. 

Reading predicted typical life values from Figure 7; BL1 = 275 yrs., BL2 = 95 yrs., BL3 = 32 yrs. 

Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 =5256 hrs./yr. TA3 = 438 hrs./yr. 

Predicted Typical Battery Life ~ _________ 1:...._ _______ _ 

[(3066/8760)/275]+[(5256/8760)/95] +[( 438/8760)/32] 
~ 109.2 yrs. 
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MKI48Z02112(B)-15/20/25 

FIGURE 7. MKI48Z02/12 PREDICTED BATTERY STORAGE LIFE VS TEMPERATURE 

Ul 
a: 
~ 
> 
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MKI48Z02/12(B)-15/20/25 

ABSOWTE MAXIMUM RATINGS* 
Voltage On Any Pin Relative To GND ...................................... -0.3 V to +7.0 V 
Ambient Operating (V ec On) Temperature (T A) .............................. -40 oc to +85 oc 
Ambient Storage (Vee Off) Temperature .................................... -40°C to +85°C 
Total Device Power Dissipation .................................................... 1 Watt 
Output Current Per Pin .......................................................... 20 rnA 
•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 ex­
tended periods of time may affect reliability. 

CAUTION: Under no conditions can the ':.\bsolute 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 
(-400C sT As +85°C) 

SYM PARAMETER 

Vee Supply Voltage (MKI48Z02) 

Vee Supply Voltage (MKI48Z12) 

GND Supply Voltage 

VIH Logic "1" Voltage All Inputs 

VIL Logic "0" Voltage All Inputs 

DC ELECTRICAL CHARACTERISTICS 
(-40°C:STAs+85°C) (Vee (max)~Vee~Vee (min)) 

SYM PARAMETER 

lee1 Average Vee Power Supply Current 

lee2 TTL Standby Current (E = V1H) 

lee3 CMOS Standby Current (E<!::Vee-0.2 V) 

I1L Input Leakage Current (Any Input) 

loL Output Leakage Current 

VoH Output Logic "1" Voltage (lour = -1.0 rnA) 

VoL Output Logic "0" Voltage (lour = 2.1 rnA) 

CAPACITANCE (T A = 25°C) 

SYM PARAMETER 

cl Capacitance on all pins (except D/Q) 

CDia Capacitance on D/Q pins 

NOTES 
1. All voltages referenced to GND. 

MIN 

4.75 

4.50 

0 

2.2 

-0.3 

MIN 

-1 

-5 

2.4 

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per cycle. 
3. lcc1 measured with outputs open. 
4. Meas4red with GNDsVrsVcc and outputs deselected. 
5. Effective capacitance calculated from the equation C = 1.<1t with .<1V = 3 

volts and power supply at nominal level. --;;ii 

~ SGS-ntOMSON 
~ "! l WO©OO@~Il.ll©'i!OO@Ii!O©$ 

MAX UNITS NOTES 

5.50 v 1 

5.5 v 1 

0 v 1 

Vee+ 0.3 V v 1 

0.8 v 1,2 

MAX UNITS NOTES 

80 rnA 3 

3 rnA 

1 rnA 

+1 pA 4 

+5 pA 4 

v 
0.4 v 

MAX NOTES 

7 pF 5 

10 pF 4,5 

9/11 
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MKI48Z02/12(B)-15/20/25 

AC TEST CONDITIONS 

Input Levels: 
Transition Times: 
Input and Output Timing 

Reference Levels 
Ambient Temperature 

Vee (MKI48Z02) 

Vee (MKI48Z12) 

ORDERING INFORMATION 

MKI48Z X 

DEVICE Vee RANGE 
FAMILY 

10111 

498 

2 

FIGURE 8. OUTPUT LOAD DIAGRAM 

0.6 V to 2.4 V 
5 ns 

0.8 V or 2.2 V 
-40°C to 
+85°C 
4.75 V to 5.50 
v 
4.5 V to 5.50 V 

DEVICE 
UNDER 
TEST 

8 -XX 

PACKAGE SPEED 

L 

+5V 

~ 
~ 1.8Kfi 

< 
~ 1.0 Kn-;;:: r- 100 pF 

(INCLUDING SCOPE AND JIG) 

-=~ 

-15 150 NS ACCESS TIME 
-20 200 NS ACCESS TIME 
-25 250 NS ACCESS TIME 

8 PLASTIC WITH BATTERY 
TOP HAT 

0 +10%/-5% 
+10%/-10% 

MKI Industrial Temp. Range 
-40°C to +85°C 



M K148Z02/12(B)·15/20/25 

PACKAGE DESCRIPTION 

B PACKAGE 24 PIN 

mm Inches 
Dim. Notes 

Min Max Min Max 

BATIERY D - 32.893 - 1.295 

ONLY z 13.97 14.478 .550 .570 

A 8.128 9.652 .320 .380 

A2 7.62 9.144 .300 .360 

E, 13.462 13.97 .530 .550 

B 0.381 0.533 .015 .021 4 

B, 1.143 1.778 .045 .070 

c 0.203 0.355 .008 .014 4 

24 PIN o, - 32.258 - 1.270 1 

PLASTIC E 13.462 16.256 .530 .640 

D.I.P. eA 15.24 17.78 .600 .700 3 

ONLY ., 2.286 2.794 .090 .110 

L 3.048 3.81 .120 .150 

A, 0.381 0.762 .015 .030 2 

s 1.524 2.286 .060 .090 

E 

r=·=l 

NOTES: 
1. Overall length mcludes .010 in. flash on erther end of the package. 
2. Package standoff to be measured per JEDEC r8qUirements 
3. Measured from centerlme to centerhne at lead trps 
4. When the solder lead frmsh tS specrfred, the maxrmum hmrt shall be in­

creased by .003 in. 

A., 

-

~ ._c 

II 

I \ II 

~ 
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Specifications guaranteed over full military 

temperature range (-55° C to+ 125• C) 
• 4K x 1 Bit Organization 
• 25, 35, and 45 nsec Access Times 
• Single +5V ± 1 0% Operation 
• Power Down Function 
• Fully TTL Compatible 
• Separate Data Input and Output 
• Three-state Output 
• Standard Military Drawing version available 
• 18-Pin, 300-mil DIP (JEDEC Std.) and FP 

PIN CONFIGURATION LOGIC SYMBOL 

AO Vee 
A2 A1 
A6 A3 
AS A4 
A10 A9 
AS A11 
a A7 
w D 
Vss 'E 

DIP& 
FLAT PACK 

oEW 

PIN NAMES 
A0 ·A11 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vss GROUND 

D DATA INPUT 

E CHIP ENABLE 

a DATA OUTPUT 

November 1989 

IMS1203M 
CMOS 

High Performance 
4K x 1 Static RAM 

MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1203M is a high speed CMOS 4Kx1 
static RAM processed in full compliance to MIL-STD-
883C. The IMS1203M provides performance enhance­
ments with the additional CMOS benefits of lower power 
and superior reliability. 

The IMS1203M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access·and cycle times. Additionally, the IMS1203M pro­
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1203M is a VLSI static RAM intended for 
military temperature applications that demand superior 
performance and reliability. 

BLOCK DIAGRAM 

AO 

A1 
MEMORY ARRAY 

~ 32ROWS 
113 128COLUMNS 

M 

D a 

119 
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IMS1203M 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias... -55° C to 125°C 
Storage Temperature.... ~'i° C to 150°C 
Power Dissipation.......... . ........... 1W 
DC Output Current........... . .......... 25mA 
(One Second Duration) 

DC OPERATING CONDITIONS 

PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

V1H Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature 
'V1Lm1n. -3.0 V for pulse w1dth <20ns, note b. 

'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. 

MIN TVP MAX UNITS NOTES 

4.5 5.0 5.5 v 
0 0 0 v 

2.0 Vcc+0.5 v All inputs 

-1.0' 0.8 v All inputs 

-55 25 125 oc 400 linear ft/min air flow 

DC ELECTRICAL CHARACTERISTICS (-55°C ~ TA ~ 125°C) (Vee- 5 OV ± 10%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

leet Average Vee Power 
Supply Current 

80 mA IAVAV = tAVAV(min) 

lee2 Vee Power Supply Current E ~ VtH . All other inputs at 
(Standby,Stable TIL Input Levels) 15 mA VtN ~ V1L or ~ V1H 

lee3 Vee Power Supply Current -
(Standby, Stable CMOS Input Levels) 5 mA E ~ (Vee- 0.2). All other inputs at 

VrN ~ 0.2 or ~ (Vee- 0.2V) 

ICC4 Vee Power Supply Current E ~ (Vee- 0.2) . Inputs cycling at 
(Standby, Cycling CMOS Input Levels) 10 mA V1N ~ 0.2 or ~ (Vee - 0.2V) 

hLK Input Leakage Current (Any Input) !lA 
Vee= max 

±5 VrN = Vss to Vee 

loLK Off State Output Leakage Current 
Vee= max 

±10 !lA V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH=-4mA 

VoL Output Logic "0" Voltage 0.4 v loL = 12mA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, 1=1.0 MHz)b 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. Sns 
Input and Output Timing Reference Levels .. 1.5V 

CtN Input Capacitance 4 pF 6V=0 to3V 

Output Load .................................... See Figure 1 CouT Output Capacitance 4 pF 6V=0 to3V 
Note b: Th1s parameter IS sampled and not 100% tested. 

-~--------------------.. ~·---------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA~ 125°C) (Vee= 5.0V ± 10%) 

READCYCLE9 

Note c: For READ CYCLES 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected, E low. 
Note e: Measured between V,L max and V,H min. 
Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between v,H to v,L or v,L to v,H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c. d 

2 IAVAV 

ADDRESS -
Q(DATAOUT) OUTPUT VALID 

READ CYCLE 2c 
1 taav 

Q(DATAOUT) 

~ ~ 7 IELICCH 

ACliV~- -~---------------------------------­
SIANO Y Icc 

IMS1203M 

---------------------.. ~--------------------3-ffi 
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IMS1203M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C s; TAs; 125°C} (Vee= 5.0V ± 10%) 

WRITE CYCLE 1: WCONTROLLEDg, h 

NO. 
SYMBOL 

PARAMETER 
IMS1203M-25 IMS1203M-35 IMS1203M-45 

UNITS 
Standard Alternate MIN MAX MIN MAX MIN MAX 

9 tAVAV twc Wrhe Cvde Time 25 35 45 

10 twLWH twp Wrhe Pulse Width 15 20 25 

11 tELWH lew Chip Enable to End of Write 20 30 40 

12 tovwH tow Data Set-up to End of Wrhe 15 20 20 

13 twHDX toH Data Hold After End of Write 0 0 0 

14 IAVWH tAw Address Set-up to End of Write 20 30 40 

15 tAVWL 'As Address Set-up to Beginning of Write 0 0 0 

16 twHAX twA Address Hold After End of Wrfte 0 0 0 

17 twLOZ twz Wrhe Enable to Ou1put Disable 0 15 0 20 0 

18 'twHax low Ou1pu1 Active After End of Write 0 '0 0 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1" to V1L or V1L to V1" in a monotonic fashion. 
Note h: E or W must be~ V1" during address transitions. 
Note i: If W 1s low when E goes low, the output rematns iil the high impedance state. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

ADDRESS 

w 

D(DATAIN) 

Q(DATAOUT) DATA UNDEFINED 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

20 ns 

ns 

NOTES 

I, j 

i,j 

-~9--------------------tt~·---------------------
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IMS1203M 

---

RECOMMENDED AC OPERATING CONDITIONS (-55°C:s;: TA:s;: 125°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

NO. 
SYMBOL 

PARAMETER 
IMS1203M·25 IMS1203M-35 IMS1203M-45 

Standard Alternate MIN MAX MIN MAX MIN 

19 IAVAV twc Write Cycle Time 25 35 45 

20 twLEH twp Wrile Pulse Width 15 20 25 

21 IELEH lew Chip Enable lo End of Wrile 20 30 40 

22 tovEH tow Dala Sel·up to End of Wrile 15 20 20 

23 IEHDX toH Dala Hold Aller End of Wrile 0 0 0 

24 IAVEH tAw Address Sel-up to End of Write 20 30 40 
25 tEHAX twA Address Hold Aller End of Write 0 0 0 

26 lA VEL lAs Address Sel-up to Beginning of Wrne 0 0 0 

27 IWLOZ twz Wrile Enable lo Outpul Disable 0 15 0 20 0 

Note f: Measured± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between v,H to v,L or VrL to v,H in a monotonic fashion. 
Note h: E or W must be :2: VrH 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 IAVAV 

ADDRESS I ...____, 
26 

lA VEL I 21 I;.OLEH 

'k 
24 IAVEH 

,._ 20-

MAX 

20 

UNITS 

ns 

ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 

25 IEHAX 

NOTES 

f, j 

I 

w [\\\'\\ \\\\\\\\\\\ twLEH 'II/IIIlA 
t 22tovEH I-- 23 IEHDX 

D(DATAIN) I X: DATA VALID I 

Q(DATAoun I 
27tWLQZb 

HIGH IMPEDANCE 
DATA UNDEFINED Jl 

-----------------------tt~·-----------------------5ffi 
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IMS1203M 

DEVICE OPERATION 
The IMS1203M has two control inputs, Chip Enable (E) 

and Write Enable (W), twelve address J!:lputs (A0-A11 ), 
a Data In (D) and a Data Out (Q). The E input controls 
device selection as well as active and standby modes. 
W1th E low, the dev1ce is selected and the twelve address 
inputs are decoded to select one bit out of 4K bits. 
Read and Wnte operations on the memory cell are con­
trolled by W input. WithE 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: V1H min with ~s:: V1L max. 

Read access time 1s measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform shows a read access 
!bat is initiated by a change in the address inputs while 
E 1s low. The outputs rema1n act1ve 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 t1me is equal to 
the address access time. 

The READ CYCLE 2 waveform shows a read access 
that is imt1ated by E go1ng low. As long as address is 
stable when E goes low, valid data is at the output at 
the specilied_Chip Enable Access time. If address ,is not 
valid when E goes low, the timing is as spec11ied 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 IMS1203M IS initiated by the latter 

of E or W to transition from a high to low. In the case 
of W falling last, the outputjluffer will be turned on 
IELOX after the falling edge of E (just as in a read cycle). 
The output buffJ1! IS then turned off within lwLoz of the· 
falling edge of W. Durmg this Interval, 11 is possible to 
have bus content1on between dev1ces with D and Q 
connected together in a common 1/0 configuration. 
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 CYf:LE 1 waveform shows a write cycle ter­
minated by W going high. Data set-u_Q and ho!Q_ times 
are referenced to the rising edgfLOf W. When w goes 
high at the end of the cycle w1th 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 C'f.CLE 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 IMS1203M, that the funda­
mental rules in regard to memory board layout be 
followed to ensure proper system operation. 

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 propagaling down the lines, 
especially low going TTL signals, lme termination is 
recommended. The termination may be e1ther 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 expenmentation will have to be done to lind 
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. 

6~ffi--------------------~ .. ;m~e ____________________ __ 
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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 IMS1203M. The impedance in the decoupling 
path from the power pin through the decouphng capacitor 
to the g·round 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 inductance 
and reactance of the decoupling capacitor. 

Since the current transients associated with the opera­
tion of the high speed IMS1203M have very high fre;quency 
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 !arger 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. 

IMS1203M 

4DEVICE 

-4 ·-" 
<jAPACITOR 

dl "• · .. ·. .-.•.; 

• Vee ~ v r 

v~': ..ttl 
ii!M!!t' ·~ 

~ l@£ I= 

Vee. Vss GRID SHOWING 
DECOUPLING CAPACITORS 

---------------------~~·----------------------~9 
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IMS1203M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
s.ov 

Q (DoUT) 

200Q 

330Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE" 

w Q MODE 

X HI-Z Standby (lsb) 

H Dout Read 

L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

25ns CERAMIC DIP IMS1203S-25M 
25ns FLAT PACK IMS1203A-25M 

IMS 1203M 3.Sns CERAMIC DIP IMS1203S-35M 
35ns FLAT PACK IMS1203A-35M 
45ns CERAMIC DIP IMS1203S-45M 
45ns FLAT PACK IMS1203A-45M 

_819 ____________________ .. ~·---------------------
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PACKAGING INFORMATION 

18 Pin Ceramic Dual-In-Line 

,. D ~, 

t = [[ : ! : JE = I 

1 
E1 

1 

.JI~ 
B 

8 equal spaces @ 
2.03 

I 
I 

0.80 

I 
I 

254mm 
010' 

E· 

Dim 

A 
A1 
81 
D 
c 
E 
e1 
eA 

c y 
1 

IMS1203M 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.18 .230 
8 .018 .003 .457 .152 
81 .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 

Fl 
!.---E1--+-l 

18 Pin Flat Pack 

Inches mm 
Notes 

Nom 

.081 

.045 

.028 

.432 

.005 
1.00 
.047 
.230 

To I Nom To I 

.007 2.057 .178 
1.143 

Ref .711 Ref 
.005 10.973 .127 
.002 .127 .051 
Ref 25.40 Ref 

1.194 
.005 5.842 .127 

r 
I 
j. 
I~ 

eA .-1 

•
D 9/9 

----------------- ~& ________________ _ 
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FEATURES 

• INMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Specifications guaranteed over full military 

temperature range (-55• Cto + 125• C) 
• 1 K x 4 Bit Organization 
• 25, 35, and 45 nsec Access Times 
• Fully TTL Compatible 
• Single +5V ± 1 Oo/o Operation 
• Power Down Function 
• Common Data Input and Output 
• Three-state Output 
• Standard Military Drawing version available 
• 18-Pin, 300-mil DIP (JEDEC Std.) and FP 

PIN CONFIGURATION LOGIC SYMBOL 

A6 Va; 
A5 A7 
M AB 
fo:J A!J 
AD vo, 
A1 LIO:! 
A2 110:! 
E vo, 
Vss w 

DIP & 
FLAT PACK "E I'/ 

PIN NAMES 
A0 • A9 ADDRESS INPUTS Vee POWER 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 
flO DATA IN/OUT 

November 1989 

llo, 

llOz 
vo, 
vo, 

IMS1223M 
CMOS 

High Performance 
1 K x 4 Static RAM 

MIL-STD-883C 

DESCRIPTION 

The INMOS IMS1223M is a high speed CMOS 1Kx4 
static RAM processed in full compliance to MIL-STD-
883C. The IMS1223M provides performance enhance­
ments with the additional CMOS benefits of lower power 
and superior reliability. 

The IMS1223M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1223M pro­
vides a Chip Enable (/E) function that can be used to place 
the device into a low-power standby mode. 

The IMS1223M is a VLSI static RAM intended for 
military temperature applications that demand superior 
performance and reliability. 

BLOCK DIAGRAM 

Vee 

MEMORY ARRAY 
Vss 

32ROWS 
128COLUMNS 

1/9 
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IMS1223M 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current... ...................................... 25mA 
(One Second Durall on) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

ViH Input Logic "1" Voltage 

VIL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

·v" m1n - -3 V for pulse Width <20ns, note b. 

•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. 

MIN TYP MAX UNITS NOTES 

4.5 5.0 5.5 v 
0 0 0 v 

2.0 Vcc+0.5 v All inputs 

-1.o· 0.8 v All inputs 

-55 25 70 oc 400 linear ft/min air flow 

DC ELECTRICAL CHARACTERISTICS (-SSOC ~ TA ~ 125°C) (Vee- 5 OV + 10%)8 -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

lcct Average Vee Power 
Supply Current 

110 mA IAVAV = tAVAv(min) 

lcc2 Vee Power Supply Current E ~ V1H . All other inputs at 
(Standby,Stable TIL Input Levels) 15 mA 

V1N ~ V1L or ~ V1H 
i 

lcc3 Vee Power Supply Current I 
5 mA E ~ (Vee- 0.2) . All other inputs at 

(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) I 

lcc4 Vee Power Supply Current E ~ (Vee- 0.2) . Inputs cycling at 
(Standby, Cycling CMOS Input Levels) 10 mA V1N ~ 0.2 or ~ (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) Vee= max 
±5 llA V1N = Vss to Vee 

IOLK Off State Output Leakage Current 
Vee= max 

±10 llA V1N = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic "0" Voltage 0.4 v loL=BmA 

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

AC TEST CONDITIONS CAPACITANCEb (TA-25°C H OMHZ) - -

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ................. , ............ 5ns 
Input and Output Timing Reference Levels .. 1.5V 

CJN Input Capacitance 4 pF t.V = 0 to 3V 

Output Load .................................... See Figure 1 GoUT Output Capacitance 4 pF t.V = 0 to 3V 

Note b: This parameter is sampled and not 1 00% tested. 

_21_9---------------------tt~·-----------------------
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IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS -55°C::;: TA::;: 125°C) (V:c = 5.0V ± 10%) 

READCYCLE9 

NO. SYMBOL PARAMETER 1223M·25 1223M·35 1223M·45 UNITS 
Standard Alternate MIN MAX MIN MAX MIN MAX 

1 IELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read Cycle T1me 

3 IAVQV IAA Address Access Time 

4 lAx ox loH Output Hold After Address Change 

5 IELox ILz Chip Enable to Output Active 

6 IEHOZ I Hz Chip Disable to Output Inactive 

7 IELICCH lpu Chip Enable to Power Up 

8 IEHICCL lpo Chip Disable to Power Down 

lr Input Rise and Fall Times 

Note c: For READ.CYCLES 1 & 2, W is high for entire cycle. 
Noted: Dev1ce is continuously selected, E low. 
Note e: Measured between V,L max and V,H min. 

25 35 45 

25 35 45 

25 35 45 

5 5 5 

5 5 5 

0 15 0 20 0 20 

0 0 0 

30 30 30 

50 50 50 

Note f: Measured± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and Vii must transition between V,H to V,L or V,L to V,H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 
2tAVAV 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

NOTES 

c 

d 

j 

f, j 

j 

j 

e, j 

ADDRESS r--;~~~~----~------~~------------J~J~----~1 
- 31AVQV- . 

41AXQX 

1/0(DATAOUD I IXXXK)( OUTPUT VALID I 
1~----------------------J 

READ CYCLE 2c 

11ELQV 

1/0(DATAOUD b 7 IELJCCH 9_ 8 IEHICCL 

~CTIY~-- t---------------------------------------
STAND 'cc 

---------------------tt~·----~--------------3-ffi 
515 



IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS (-SSOC ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1 : W CONTROLLED9·11 

SYMBOL 1223M·25 1223M-35 
NO PARAMETER 

MIN MAX MIN MAX Standard Alternate 

9 IAVAV twc Write Cycle Time 20 30 

10 lwLWH lwP Write Pulse Width 15 20 

11 IELWH tcw Chip Enable to End of Write 20 30 

12 !OVWH tow Data Setup to End of Write 15 20 

13 lwHDX toH Data Hold after End of Write 0 0 

14 !AVWH lAw Address Setup to End of Write 20 30 

15 IAVWL !As Address Setup to Start of Write 0 0 

16 lwHAX lwR Address Hold after End of Write 0 0 

17 lwLOZ twz Write Enable to Output Disable 0 15 0 20 

18 lwHOX tow Output Active after End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ;, V1H during address transHions. 
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 

1223M·45 
MIN MAX UNITS NOTES 

40 ns 

25 ns 

40 ns 

25 ns 

0 ns 

40 ns 

0 ns 

0 ns 

0 20 ns 
'· j 

5 ns i,j 

AOORESS~------------~---9--IA_~_v ________________ ~:f------~ 
1\\\\\\! 

11 IELWH 

f//////////~ 

1: 15 IAVWL 
14 IAVWH ~16 IWHAX -- - 10 lwLWH ----~ 

w \\\\\\ \' 
12 IDVWH 13 lwHDX 

lfO (DATA IN) 
I 

DATA VALID l 
17 lwLOZ 

110 (DATA OUT) DATA UNDEFINED 

-~-9---------------------~~·----------------------
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IMS1223M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C::; TA::; 125°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDg, h 

Note f: Measured ± 200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be 2: V1H 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 
191AVAV 

I ...___, ADDRESS 

26 

lA VEL .I 
21 IELEH 

1 
24 IAVEH 

14--- 20 -

25 IEHAX 

I 

w ~ IWLEH '///IIIlA 
I 22 toiJEH 1- 231EHDX 

1/0(DATAIN) r X DATA VALID I 

1/0(DATAOUT) 

27twLOZ g 
HIGH IMPEDANCE 

DATA UNDEFINED 'i---..:..:!:;;::..:..=.=..:!.:.:::::...--

---------------------tt~·---------------------5-/9 
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IMS1223M 

DEVICE OPERATION 
The IMS1223M has two control inputs, Chip Enable (E) 

and Write Enable CWJ. tgn address inputs (A0-A9), and 
four Data 1/0 lines. TheE Input controls device selection 
as well as active and standby modes. WithE low, the device 
is selected and the ten address inputs are decoded to 
select one four-bit word out of 1 K words. Read and Write 
operations on the memory cell are controlled by W input. 
W1th E high, the device is deselected, the output is 
disabled and the power consumption 1s reduced to less 
than one-fourth of the act1ve mode power with TTL levels 
and even lower with CMOS levels. 

READ CYCLE 
A read cycle is defined as W;::: V1H min withE::; v,L 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 miuated by a change in the address input" while 
E is low. The outputs remain active throughout READ 
CYCLE 1 snd are 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 initiate_Q 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 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 IMS1223M 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 .Quffers will be ,turned on 
tELOX after the falling edge of E (just as in a read cycle). 
The output buff~s are then turned off within twLOZ of the 
falling edge of W. During this interval, it is possible to 
have bus contention between devices with common 1/0 
configurations. To avoid bus contention, input data should 
not become active on the 1/0 bus until twwz. 

WRITE CYCLE 1 waveform shows a w.rite cycle ter­
minated by W going high. Data set-u_Q and hoiQ_ times 
are referenced to the rising edgELof 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 ter­
minated byE going high. Data set-up _gnd holt;!_ times 
are referenced to the rising edge of E. With E high 
the outputs remain in the high impedance state. 

APPLICATION 
It is 1mperat1ve when designmg with any very high 

speed memory, such as the IMS1223M, that the funda­
mental rules 1n regard to memory board layout be 
followed to ensure proper system operation. 

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 senes 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 senes termination to 
mimmize 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. 

6_19--------------------~~-·~·----------------------
518 



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 IMS1223M The impedance in the decoupling 
path from the power pin through the decoupling capacitor 
to the ground pin should be kept to a min1mum. The 
Impedance of this path is determined by the series im­
pedance of the power line inductance and the inductance 
and reactance of the decoupllng capacitor. 

Since the current transients associated with the opera­
tion of the high speed IMS1223M 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 capac1tor 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 gnd 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 ope1ating margin of the drivers due to differential 
ground noise. 

IMS1223M 

I~DEV ICE 

~ 

. ~· 
CJAP 

~ 

ACITOR 

v!c & v i'.V 

vlmg. .4.11 
~ : 

"""""' 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

---------------------------~~·--------------------------7-~ 
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IMS1223M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

TRUTH TABLE 

w a 
X HI-Z 

H Dout 

L Din 

FIGURE 1. OUTPUT LOAD 
5.0V 

MODE 

Standby (lsb) 

Read 

Write 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

25ns CERAMIC DIP IMS1223S-25M 
25ns FLAT PACK IMS1223A-25M 

IMS 1223M 35ns CERAMIC DIP IMS1223S-35M 
35ns FLAT PACK IMS1223A-35M 
45ns CERAMIC DIP IMS1223S-45M 
45ns rLATPACK IMS1223A-45M 

~ •. ------------------ ~·------------------
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PACKAGING INFORMATION 

1 
E1 

1 

\ 

18 Pin Ceramic Dual-In-Line 
D 

I 
./. + 

I 

.ji-
B 

8 equal spaces @ 
2.03 

+ 

0.80 

i. 
I 

254mm 
010' 

E 

Dim 

A 
A1 
91 
D 
c 
E 
e1 
eA 

IMS1223M 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.18 .230 
9 .018 .003 .457 .152 
91 .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 

Fl 
~E1~1 

18 Pin Flat Pack 

Inches mm 
Notes 

Nom 

.081 

.045 

.028 

.432 

.005 
1.00 
.047 
.230 

To I Nom To I 

.007 2.057 .178 
1.143 

Ref .711 Ref 
.005 10.973 .127 
.002 .127 .051 
Ref 25.40 Ref 

1.194 
.005 5.842 .127 

( 
I 
k 
I~ 

eA•I 

---------------------tt~·--------------------9-/9 
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FEATURES 

• Full Military Temperature Operating 
Range ( -55"C to + 125"C) 

• MIL-STD-883C Processing 
• 45, 55 and 70 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• 20-Pin, 300-mil DIP (JEDEC Std-) 
• 20-Pin Ceramic LCC (JEDEC Std-) 

IMS1400M 
High Performance 

16K Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1400M is a high performance 16Kx1 
Static RAM processed in full compliance to MIL-STD-
883C with access times as fast as 45nsec and a maximum 
powerconsumptionof660mW_ Thesecharacteristicsare 
made possible by the combination of innovative circuit 
design and I NMOS' proprietary NMOS technology. 

The IMS1400M features fully static operation requiring 
no external clocks or timing strobes with equal access and 
cycle times_ Additionally, the IMS1400M provides a Chip 
Enable (IE) function that can be used to place the device 
into a low-power standby mode reducing consumption to 
less than 165mW. 

The I MS1400M is a high speed VLSI RAM intended for 
military applications which demand superior performance 
and reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

AD 

A2 

A< 

A• 
AB 

A12 7 

Q (DOUT) 8 

W(WE) • 

DIP 

vee 

AD- 13 
WCWEI 

icCEI 

DIDI\II 

A2AoVccA1 

2~~ :: ~! !.119 
~ :~3 ~~ 20 18[: Al 
Aa ::4 1 11C A5 
As :Js 16~: A1 
Ato :~6 TOP 15~: A, 
A1: :~7 14C Au 

Orooun ::s 10 11 13~: A13 

9!! n ~~ n12 

E 

W Vss E DtOINJ 

CHIP 
CARRIER 

PIN NAMES 
INPUTS vee WER • 

WRITE ENABLE VssGAOUND 

CHIP ENABLE 
OATAINPUT 

G100U11 DATA OUTPUT 

November 1989 

(01NXWEKCE) 

D W E D (01N) _,@=:_2 ----l 

MEMORY ARRAY 
128ROWS 

12BCOLUMNS 

® vee 
@ -vss 

1/9 
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IMS1400M 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to Vss· ....... -3.5 to 7.0V 
Temperature Under Btas ........... -65°C to 135°C 
Storage Temperature (Ambient) ..... -65°C to 150°C 
Power Dissipation. . . . . . . ................ 1W 
DC Output Current ......................... SOmA 

*Stresses greater than those listed under Absolute Max1mum Rat1ngs 

~8J ~~~l~~~R~{d~~r~~~~~a~~~~ ~e~~~e d:t~~~s~h~~ 1~n8 56~~~~ ~a6'~9,,0~r 
above those 1nd1cated 1n the operational sect1ons of t~1s speclfJcatJon IS 
not Jmplted Exposure to absolute max1mum ratrng condJtrons for extended 
penods may affect reJJabJlrty 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Vollage 4.5 

Vss Supply Voltage 0 

viH Input Logic "1" Vollage 2.0 

vll Input Logic "0" Vollage -2.0 

TA Ambient Operating Temperature -55 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

6.0 v All inputs 

0.8 v All inputs 

125 oc 400 Linear It/min 
transverse air flow 

DC ELECTRICAL CHARACTERISTICS ( -55°C::;: TA::;: 125°C) (Vee= 5.0V ± 10%) 

SYMBOL PARAMETER 

lee1 Average Vee Power Supply Current AC 

lee2 Vee Power Supply Current (Standby) 

JIN Input Leakage Current (Any Input) 

IOLK Off State Output Leakage Current 

VoH Output Logic "1" Voltage lour = -4mA 

VoL Output Logic "0" Vollage lour= 16mA 

AC TEST CONDITIONS a 

Input Pulse Levels 
lnp~t A1se and Fall Ttmes 
Input and Output Trmmg Reference Levels 
Output Load 

Vss to 3V 
Sns 

1 sv 
See F1gure 1 

Note a Operation to speclllcat1ons guaranteed 2ms after Vee applmd 

CAPACITANCEb(TA = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER MAX UNIT CONDITIONS 

ciN Input Capacitance 4 pF t>V=Oto3V 

Cour Output Capac1tance 7 pF t>V = 0 to 3V 

CE E Capacitance 6 pF t>V = 0 to 3V 

Note b ThiS parameter IS sampled and not 100% tested 

MIN MAX UNITS NOTES 

120 rnA te = tc min 

30 rnA E >V1H min 

-10 10 11A Vee= max 
V1N = Vss to Vee 

-50 50 I'A Vee= max 
Vour = Vss to Vee 

2.4 v 

0.4 v 

FIGURE 1. OUTPUT LOAD 

100!! 

30 pF 
(INCLUDING I SeOPEAND 
JIG) 

_2ro--------------------@t~·----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

READ CYCLE 
14DDM·45 14DDM·SS 14DDM-70 

IMS1400M 

SYMBOL 
NO. 

Standard Alternate PARAMETER UNITS NOTES 

1 tELOV tAcs Chip Enable Access Time 

2 tAVAV tRC Read Cycle Time 

3 tAvav tAA Address Access Time 

4 tAx ax toH Output Hold After Address Change 

5 tEL OX ILZ Chip Enable to Output Active 

6 tEHOZ !HZ Chip Disable to Output Disable 

7 IELICCH tPU Chip Enable to Power Up 

8 !EHICCL IPD Chip Enable to Power Down 

tr Input Rise and Fall Times 
-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 VIL max and VIH min. 
Note f: Measured ±200mV from steady state output voltage. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c,d 

A (ADDRESS) 
Pins 1-7, 13- 19 

Q(DATAOUT) 

3 IAvav 

MIN MAX MIN MAX MIN MAX 

45 55 70 ns 

40 50 65 ns c 

40 50 65 ns d 

3 3 0 ns 

3 5 5 ns 

0 25 0 30 0 40 ns I 

0 0 0 ns j 

0 45 0 55 0 70 ns j 

50 50 50 ns e 

2 tAVAV 

OUTPUT VALID 
PinS L---------------~~~~~~-" ~--------------------------~ 

READ CYCLE 2 c 

E(CE) 
Pin 11 

1 tELOV 

5 !ELOX 
HIGH IMPEDENCE 

Q (DATA OUT) ____ .....:..:..:.::::..:...::.:.::....==::..:..::..:=-----K 
Pin 8 \L.Y.....lL.JLJJ....lJ 

1-4----___,~ 7 IELICCH 

---------------------tt~·--------------------3-/9 
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IMS1400M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C:; TA:; 125°C) (Vee == S.OV ± 10%) 

WRITE CYCLE 1: WCONTROLLEDh 

NO. SYMBOL PARAMETER 1400M·45 1400M·55 
Standard Alternat MIN MAX MIN MAX 

9 tAVAV twc Wnte Cycle Trme 40 50 

10 tWLWH twp Write Pulse W1dth 20 25 

, 1 IELWH lew Chip Enable to t:nd of Write 40 50 

12 tovwH low Data Set-up to End of Wnte 15 20 

13 lwHDX loH Data Hold After End of Write 0 0 

14 IAVWH lAw Address Set-up to End of Wnte 40 50 

15 IAVWL lAs Address Set-up to Begrnning of Wnte 8 8 

16 twHAX. lwR Address Hold After End of Write 0 0 

17 jWLOZ twz Write Enable to Output Disable 0 20 0 25 

18 lwHQX law Output Active After End of Write 0 25 0 30 

Note 1: Measured ±200mV from steady stale output voltage. 
Note g: If W is low when E goes low, the output remains in the high impedance slate. 
Note h: E or W must be ;, V1H during address trans~ ions. 
Note j: Parameter guaranteed but not tested. 

WRITE CYCLE 1 

Pin 11 

W(WE) 

Pin 9 

D(DIN) 

Pin 12 

Q(DOUT) 
Pin B 

DATA UNDEFINED 

1400M·70 UNITS NOTES 
MIN MAX 

65 ns 

30 ns 

60 ns 

23 ns 

8 ns 

55 ns 

8 ns 

10 ns 

0 28 ns I 

0 40 ns g,j 

-~9------------------~~~·---------------------
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IMS1400M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C ~ TA~ 125°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDh 

NO. SYMBOL PARAMETER 
Standard Alternat 

19 IAVAV I we Write Cycle T1me 

20 lwLEH lwp Write Pulse Width 

21 IELEH lew Chip Enable to End of Write 

22 lovEH low Data Set-up to End of Write 

23 IEHDX loH Data Hold After End of Wnte 

24 IAVEH lAw Address Set-up to End of Write 

25 IEHAX lwR Address Hold After End of Wnte 

26 lA VEL lAs Address Set-up to Beginning of Write 

27 lwLOz lwz Write Enable to Output Disable 

Note f: Measured ± 200mV from steady state output voltage. 
Note h: E or W must be 2! V,H during address transition. 

WRITE CYCLE 2 

A(ADDRESS) 

Pons 1-7. 
13-19 

iil(CE) 
Pon 11 

.....-----
L.J 

TAVEL .... , J. 

\ 
TAYEH 
PAWl 

24 

ill (WE) 
Pon9 1\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\. 

D(DIN) 

Pon 12 

Q(D0\1T) 

Pon 6 

I X 

DATA UNDEFINED 

19 
TAVAY ....., 

TELEH 
PCWl 

21 

1400M-45 1400M·55 1400M-70 UNITS NOTES 
MIN MAX MIN MAX MIN MAX 

40 50 65 ns 

20 25 30 ns 

40 50 60 ns 

15 20 23 ns 

5 5 10 ns 

40 50 55 ns 

0 0 10 ns 

-5 -5 -5 ns 

0 20 0 25 0 28 ns f 

I 

25 

1WLEH ~--......, 
20 

'//// //////II 
22 J ~ •• TDVEH 

I'OWJ """' DATA VALID X I 

•
D 5/9 ----------------- ~-----------------
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IMS1400M 

DEVICE OPERATION 
The IMS1400M has two control inputs: Chip Enable 

(E) and Write Enable CWJ, 14 address inputs, a data in 
(D,N) and a data out (DouTJ· 

When Y.ee is first applied to pin 20, a circuit associated 
with the E input forces the device into the lower power 
standby mode regardless of th~ state of the E mput. 
After Vee is applied for 2ms the E Input controls devtce 
selection as well as act1ve and standby modes. 

Wtth E low, the device 1s selected and the 14 address in­
puts are decoded to select one memory cell out of 16,385. 
READ and WITE opera!i_ons on the memory cell are 
controlled by W input. WithE high, the device is deselected, 
the output is disabled, and the power consumption is 
reduced to less than J4 of the active mode power. 

READ CYCLE 
A read cycle is defined as W .:2:V1H min with~:S:V1L max. 

Read access11me is measured from either E going low 
or from valid address. 

The READ CYCLE 1 waveform on page 3 shows a read 
acces~that is Initiated by a change in the address inputs 
while E is low The output remains active throughout a 
READ CYCLE 1 and is valid at the specified address 
access time. As long as E remains low, the cycle time is 
equal to the address access time. 

The READ CYCLE 2 w~eform on page 3 shows a read 
access that is initiated by !;_going low. As long as address 
is stable within 5ns after E goes low, valid data is at the 
output at the specified Chip En@le access time. If address 
is not valid within 5ns after E goes low, the timing is 
as specified in the READ CYCLE 1. Chip Enable access 
time is not affected by the duration of the deselect interval. 

WRITE CYCLE 
A write cycle is init§!ed by the latter ofW orE .9.oing low, 

and terminated by W (WRITE CYCLE 1) orE (WRITE 
CYCLE 2) going high. During the write cycle, data on the 
input (D,N) IS written into the selected cell, and the output 
(DouTJ is in high impedance. _ 

If a write cycle is initiated by W going low, the address 
must be stable for the WRITE CYCLE 1 set-up time. If a 
write cycle is initiated byE going low, the ac!Qres~must 
be held stable for the entire write cycle. After WorE goes 
high to terminate the cycle, addresses may change. If 
these address set-up and hold times are not met, contents 
of other cells may be altered in unpredictable ways. 

WRITE CYCLE 1 waveform on page 4 shows a write 
cycle terminated by W going high. D1N set-uQ_and ho.!Q 
t1mes are referenced to the rising edge of W. With W 
high, DouT becomes active. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated byE going high. D,N set-up__?nd hoi.Q. 
times are referenced to the rising edge of E. With E 
high, DouT remains in the high impedance state. 

APPLICATION 
To ensure proper operation of the extended tempera­

ture IMS1400M in a system environment, it is recom­
mended that the following guidelines on board layout 
and power distribution be followed. 

POWER DISTRIBUTION 
The recommended power distribution scheme com­

bines proper power trace layout and placement of de­
coupling capacitors. The impedance in the decoupling 
path from the power pin (20) through the decoupling 
capacitor, to the ground pin (1 OJ 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. 

To reduce the power line impedance, it is recommended 
that the power trace and ground trace be gridded or 
provided by separate power planes. The high frequency 
decoupling capacitor should have a value of 0.1 !lF. and 
be placed between the rows of memory devtces in the 
array (see F1gure 2). A larger tantalum capacitor with a 
value between 221'F and 4 7 I'F should be placed near the 
memory board edge connection where the power traces 
meet the backplane power distribution system. These 
large 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. 

Also, to prevent loss of signal margins due to differ­
ential ground noise, the ground grid of the memory array 
should be extended to the TTL drivers in the penpheral 
ctrcuitry. 

6-ffi--------------------~@tmoo·~·---------------------
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TERMINATION . 
Trace lines on a memory board in the array look to TTL 

drive~ signals like low impedance. unterminated trans­
mission lines. In order to reduce or eliminate the reflec­
tions of the TIL signals, line termination is recommended. 
The termination-may be either parallel or series but the 
senes termination technique has the advantages of draw­
ing no DC current and using a minimum of components. 
The recommended technique is to use series termination. 

A senes resistor in the s1gnalline at the output of the 
TIL driver to match the source impedance of the TIL 
driver to the signal line will dampen the reflections on 
the line. The line should be kept short with 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 1 Do to 3011 range will be required. 

The use of proper power distribution techniques. 
Including adequate use of decoupling capacitors. along 
with proper termination of TTL driver outputs. are some 
of the most important. yet basic rules to be followed. 

The rules are intended to maintain the operating mar­
gins of all devices on the memory board by providing a 
quiet environment relatively free of noise spikes and 
signal reflections. 

Vee, V55 GRID SHOWING 
DECOUPLING CAPACITORS 

IMS1400M 
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IMS1400M 

Type Package Lead finish 
A Formed flat-pack gold 
8 Formed flat-pack solder 
c 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 

DEVICE SPEED PACKAGE PART NUMBER 

45ns CERAMIC DIP IMS1400S-45M 
45ns CERAMICLCC IMS1400N-45M 

IMS 1400M 55ns CERAMIC DIP IMS1400S-55M 
55ns CERAMICLCC IMS1400N-55M 
70ns CERAMIC DIP IMS1400S-70M 
70ns CERAMICLCC IMS1400N-70M 

_Bffi _____________________ .. ~·---------------------
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PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

,~ D ., 

tt=]=~{=~=] 
9 equal spaces @ 

2.54 
a :roo 

Dim 

A 
A1 
B 
91 
D 
E 
E1 
e1 
L 
s 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

IMS1400M 

Inches mm 
Nom To I Nom To I 

.096 .012 2.438 .305 

.015 .381 

.018 .003 .457 .152 

.054 Typ .137 Typ 
1.00 .015 25.40 .381 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.125 min 3.175 min 
.005 .127 

Fl 
~E1----I 

•
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process -1.6 Micron Design Rules 
• Specifications guaranteed over full military 

temperature range (-55° C to+ 125° C) 
• 16K x 1 Bit Organization 
• 35, 45, 55 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Single +5V ± 10% Operation 
• Power Down Function 
• Pin Compatible with IMS1400M 
• Standard Military Drawing version available 
• 20-Pin, 300-mil DIP & LCC (JEDEC Std.) 
• Battery Backup Operation- 2V Data Retention 

(L version only) 

IMS1403M 
IMS1403LM 

CMOS 
High Performance 

16K x 1 Static RAM 
MIL -STD-883C 

DESCRIPTION 

The !NMOS IMS1403M is a high speed 16K x 1 
CMOS static RAM processed in full compliance to 
MIL-STD-883C. The IMS1403M provides maximum 
density and performance enhancements with the 
additional CMOS benefits of lower power and superior 
reliability. 

The IMS1403M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. Additionally, the 
IMS1403M provides a Chip Enable (/E) function that 
can be used to place the device into a low-power 
standby mode. 

The IMS1403LM is a low power version offering 
battery backup data retention operating from a 2 volt 
supply. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

Ao v.. 
A• A, 
A• A, 
AI A, 
Ao A7 
A,o Ao 
A,. A, 
a A, 
w 0 
'4. E 

DIP CHIP 
CARRIER 

PIN NAMES 
Ao · A13 ADDRESS INPUTS 0 DATA OUTPUT 

w WRITE ENABLE Va:; POWER 

E CHiflENABLE Vss GROUND 

jo DATA INPUT 

November 1 989 

Ao 

A, 

A• 
A, 

A• 

A, 

A7 

oEW 0 

MEMORY ARRAY 
128 ROWS 

128COLUMNS 

1/9 
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IMS1403M/1403LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 0 ................................. -1.0 to (Vcc+.5)V 
Temperature Under Bias ................ -55• C to 12s•c 
Storage Temperature .•.................. -ss• C to 1so•c 
Power Dissipation ........................................•..... 1W 
DC Output Current.. ....................................... 25mA 
(Ole Secord llu"aloo) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

viH Input Logic "1" Voltage 

viL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

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

MIN 

4.5 

0 

2.0 

-1.0* 

-55 

"Stresses grealer 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 
sectiol"l8 of this specification is not implied. Exposure to absolute 
maximum rating condijions for extended periods may affect reliability. 

TYP MAX UNITS NOTES 

5.0 5.5 v 

0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ft/min air flow 

DC ELECTRICAL CHARACTERISTICS (-55"CsTAs125"C) (Vee=5.0V±10%) a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

lee1 Average Vee Power 
SUpply Current 

75 mA tAVAV = tAVAV (min) 

lee2 
Vee Power SUpply Current 

15 mA 
E <!: V1H All other inputs at 

(Standby,Stable TIL Input Levels) V1N!>V1L or <!:VIH 

lee3 
Vee Power Supply Current 

5 mA 
E <!:(Vee- 0.2) All other inputs at 

(Standby, Stable CMOS Input Levels) V1Ns0.2 or <!:(Vee-0.2V) 

lee4 
Vee Power Supply Current 

10 mA 
E <!:(Vee- 0.2) Inputs cycling at 

(Standby, Cycling CMOS Input Levels) V1Ns0.2 or <!:(Vee-0.2V) 

I ILK Input Leakage Current (Any Input) ±5 JU\ 
Vee=max 
VtN=VsstoVee 

loLK Off State Output Leakage Current ±10 JU\ 
Vee=max 
VIN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH=-4mA 

VoL Output Logic •o• Voltage 0.4 v loL = 16mA 

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

AC TEST CONDITIONS 

Input Pulse Levels .................................................... Vgg to3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times ................................................... 5ns 
Input and Output Timing Reference Levels ....................... 1.5V 
Output Load .......................................................... See F~gure 1 

e,N Input eapacijance 4 pF i!.V=Oto3V 

eOlJT Output eapacnance 4 pF !N =0 to 3V 
Note b: ThiS parameter is sampled and nol1 00% tested. 

_2ffi ____________________ .. ~·---------------------
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IMS1403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS(-55°CSTAs125°C) (Vcc=5.0V±10%) 
READ CYCLE 0 

ro. SYMBOL IMS1CO:JM.35 

Standard Al1ernate 
PARAMETER 

1 IELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read CydeTime 

3 IAVOV tAA Address Access Time 

4 IAXQX laH Output Hold After Address Change 

5 IELOX ltz Chip Enable to Output Aclive 

6 IEHQZ 1Hz Chip Disable to Output lnaclive 

7 taiCCH tpu Chip Enable to Power Up 

8 IEHICCL tpD Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VIL max and V1H min. 

MIN MAX 

35 

35 

35 

5 

5 

0 20 

0 

30 

50 

Note 1: Measured ±200mVfrom steady stale output voltage. Load capacitance is 5pF. 
Note g: E and W must transUion between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c. d 

ADDRESS I -
2tAVAV 

3tAVOV­
J' 4 tAXQX 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

45 55 

40 50 

40 50 

5 5 

5 5 

0 20 0 25 

0 0 

30 30 

50 50 

'I 

UNITS NOTES 

ns 

ns c 
ns d 

ns 

ns j 

ns f, j 

ns j 

ns j 

ns e,j 

I 

Q(DATAOUT)I .... ------'t'J.X1._,'.J.X._,._,V\.._.'JJutl'----o-U_TP_U_T_VA_L_ID ___ _.I 

READ CYCLE 2c 

1 tELQV 

Q(DATAOUT) S 7 tEUCCH 9_ BIEHICCL 
ACILV~-- ~----------------------------------------
STAND Icc 

-----------------------tt~·------~---------------3/9 
535 



IMS1403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS (-55"CSTAS125"C) (Vcc=5.0V±10"/o) 

WRITE CYCLE 1: W CONTROLLED9• h 

~0. 
SYMBOL 

PARAMETER 
IMS1403M-35 

Standard AllernaiAI MIN MAX 

9 IAVAV twc Write Cyde Time 30 

10 twLWH twp Write Pulse Width 20 

11 IELWH tcw Chip Enable to End of Write 30 

12 tovwH tow Data Set-up to End of Wrfte 15 

13 twHDX toH Data Hold Alter End of Write 0 

14 IAVWH tAw Address Sel-~.p to End of Write 30 

15 IAVWL tAs Address Set-up to Beginning of Write 0 

16 twHAX twA Address Hold Aller End of Wrfte 0 

17 twLOZ twz Write Enable to Output Disable 0 20 

18 twHOX tow Output Active Alter End of Write 0 

Note f: Measured ±200mV from steady stale output voltage. Load capacftance is SpF. 
Note g: ~ anc!_ W musttransftion between VtH to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be :! VtH during address transftions. 
Note i: If W is low when E goes low, the output remains in the high impedance stale. 
Note j: Parameter guaranteed but no! tested. 

WRITE CYCLE 1 

ADDRESS 

D(DATAIN) 

Q(DATAoun DATA UNDEFINED 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

40 50 

20 25 

35 45 

15 20 

0 0 

35 45 

0 0 

0 0 

0 20 0 25 

0 0 

UNITS NOTES 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns f,j 

i,j 

-~--------------------.. ~---------------------
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IM51403M/1403LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°CSTAS125°C) (Vcc=5.0V±10%) 

WRITE CYCLE 2: E CONTROLLED g, h 

SYMBOL IMS1403M-35 
NO. 

S1andard AHernate 
PARAMETER MIN MAX 

19 tAVAV twc Wrhe Cycle Time 30 

20 tWLEH twp Wrhe Pulse Width 20 

21 IELEH lew Chip Enable to End of Write 30 

22 tovEH tow Data Set-up to End of Wrhe 15 

23 tEHDX toH Data Hold Alter End of Write 0 

24 tAVEH tAw Address Set-up to End of Wrhe 30 

25 IEHAX twR Address Hold After End of Wrhe 0 

26 tAVEL lAs Address Set-up to Beginning of Wrhe 0 

27 tWLaZ twz Wrhe Enable to Output Disable 0 20 

Note f: Measured ±200mV from steady state output voltage. Load capachanoe is 5pF. 
Note g: !; an!!_W must transition between V1H to VIL or VIL to V1H in a monotonic fashion. 
Note h: E.Q!" 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 
191AVAV 

ADDRESS 

21 IELEH 

w 

D(DATAIN) 

IMS1403M-45 IMS1403M-55 

MIN MAX MIN MAX 

40 50 

20 25 

35 45 

15 20 

0 0 

35 45 

0 0 

0 0 

0 20 0 25 . 

UNITS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 

Q(DATAOUT) 

27'WLOZ g 
HIGH IMPEDANCE DATA UNDEFINED ll---...:...:.:;::::...:.;"'-"-==-==---

NOTE'l 

f, j 

---------------------@t~·--------------------5-ro 
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IMS1403M/1403LM 

DEVICE OPERATION 

The IMS1403M has two control inputs, Chip Enable 
(IE) and Write Enable (IW), 14 address inputs (AO -A 13), 
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 the14 address 
inputs are decoded to select one bit out of 16K bits. 
Read and Write operations on the memory cell are 
controlled by the fW 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 
CMOS levels. 

READ CYCLE 

A read cycle is defined as fW;::. V1H min with IE .s: VtL 
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 
tha.l 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 IMS1403M is initiated by the 
latter of /E or /W to transition from a high to a low. In the 
case of fW falling last, the output buffer will be turned on 
!£:LOX after the falling edge of /E Oust as in a read cycle). 
The output buffer is then turned off within twLOZ of the 
falling edge of IW. During this interval, it is possible to 
have bus contention between devices with D and Q 
connected together in a common 1/0 configuration. 
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 
terminated by fW going high. Data set-up and hold 
times are referenced to the rising edge of /W. When fW 
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 
terminated 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. 

APPUCATION 

It is imperative when designing with any very high 
speed memory, such as the IMS1403M, that the 
fl!ndamental rules in regard to memory board layout be 
followed to ensure proper system operation. 

DATA RETENTION (Lversiononly)(-55°C:!>T A:!>125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

leeDRt Data Retention Current 

leeDR2 Data Retention Current 

tEHVeeL Deselect Time (t CDR) 

tveeHEL RecoveryTime(tR) 

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

MIN 

2.0 

0 

IRC 

TYP* MAX UNITS NOTES 

volts VaNs 0.2V or;, (V ec -0.2V) E;, (V ee -0.2V) 

3 400 I1A Vee= 3.0 vohs 

2 250 uA Vee = 2.0 valls 

ns i.k 

ns j, k (I RC = Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per flS from VDR to Vee min. 

LOW Vee DATA RETENTION 

DATA RETENTION MODE 

Vee 
VoR~2V 

E ~ (VoR .0.2V) 

E 

s_ffi--------------------~@toooo·~·---------------------
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POWER DISTRIBUTION 

The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1403M. 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. 

Since the current transients associated with the 
operation of the high speed IMS1403M 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 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 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. 

IMS1403M/1403LM 

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 
reDactions 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 
termination. 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 reDactions, 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. 

Vee, Vss GRID SHOWING 
DECOUPLING CAPACITORS 

•
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IMS1403M/1403LM 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

E 

H 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
5.0V 

Q (DoUT) 

167.Q 

250.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

w a MODE 

X HI-Z Standby (lsb) 

H Dout Read 

L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

35ns CERAMIC DIP IMS1403S-35M IMS1403LS35M 

IMS 1403M 35ns CERAMICLCC IMS1403N-35M IMS1403LN35M 

IMS 1403LM 45ns CERAMIC DIP IMS1403S-45M IMS1403LS45M 
45ns CERAMICLCC IMS1403N-45M IMS1403LN45M 
55ns CERAMIC DIP IMS1403S-55M IMS1403LS55M 
55ns CERAMICLCC IMS1403N-55M IMS1403LN55M 

_at_9 ----------•rmmos·-----------
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PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

1-« D ,., 

t~=]::t::~=] 
.JI• 

B 
9 equal spaces @ 

2.54 
0.100 

Dim 

A 
A1 
B 
B1 
D 
E 
E1 
e1 
L 
s 

Inches 
Nom To I 

.096 .012 

.015 

.018 .003 

.054 Typ 
1.00 .015 
.315 .010 
.295 .015 
.100 .010 
.125 min 
.005 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 ~0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 
i~ 

[._E_J 

IMS1403M/1403LM 

mm 
Nom To I 

2.438 .305 
.381 
.457 .152 
.137 Typ 
25.40 .381 
8.001 .254 
7.493 .381 
2.54 .254 
3.175 min 
.127 

---------------------@t~·--------------------9-ro 
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FEATURES 

• Full Military Temperature Operating 
Range (-55• C to+ 125• C) 

• MIL-STD-883C Processing 
• 4Kx4 Bit Organisation 
• 55 and 70 nsec Access Times 
• Fully TIL Compatible 
• Common Data Input and Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• 20-Pin, 300-mil DIP (JEDEC Std.) 
• 20-Pin Ceramic LCC (JEDEC Std.) 

PIN CONFIGURATION 

DIP CHIP 
CARRIER 

PIN NAMES 

IMS1420M 
High Performance 
4Kx4 Static RAM 

MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1420M is a high performance 4Kx4 
Static RAM processed in full compliance to MIL-STD-
883C with access times of 55ns and 70ns and a maximum 
power consumption of 660mW. These characteristics are 
made possible by the combination of innovative circuit 
design and I NMOS' proprietary NMOS technology. 

The IMS1420M features fully static operation requir­
ing no external clocks or timing strobes with equal access 
andcycle times. Additionally, theiMS1420Mprovidesa 
Chip Enable (/E) function that can be used to place the 
device into a low-power standby mode reducing con­
sumption to less than 165mW. 

The IMS1420M is a high speed VLSI RAM intended 
for military applications which demand high performance 
and reliability. 

LOGIC SYMBOL BLOCK DIAGRAM 

A0 • A11 ADDRESS INPUTS Vee POWER (+SVI 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 

uo DATA IN/OUT 

November 1989 1/9 
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IMS1420M 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any p1n relative to Vss ....... -3.5 to 7.0V 
Temperature Under Bias....... . -65°C to 135°C 
Storage Temperature (Ambient) . -65°C to 150°C 
Power D1Ss1pat1on ............................ 1W 
DC Output Current. . . . . . . . . . . . . . . . . .... SOmA 

*Stresses greater than those listed under Absolute Maxrmum Ratrngs 
may cause permanent damage to lhedevrce Thrs rs a stress ratrng only and 
lunctJonal operat1on ol the dev1ce al these or any other conditions above 
those mdrcated m the operatronal sectrons of thts spectftcatron rs not 
tmplled Exposure to absolute maxtmum rattng conditions for extended 
penods may affect rehab1hly 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

v,H Input Logic 'T' Voltage 2.4 

v,L Input Logic "0" Voltage -2.0 

TA Ambient Operating Temperature -55 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

6.0 v All Inputs 

0.8 v Alllnouts 

125 oc 400 Linear It/min 
transverse a1r flow 

DC ELECTRICAL CHARACTERISTICS (-55°C s; TA s; 125°C) (Vee= 5.0V ± 10%) 

SYMBOL PARAMETER 

Icc• Average Vee Power Supply Current AC 

lcc2 Vee Power Supply Current (Standby) 

liN Input Leakage Current (Any Input) 

loLK Off State Output Leakage Current 

YaH Output Logic "1" Voltage lour = -4mA 

VoL Output Logic "0" Voltage lour = BmA 

AC TEST CONDITIONS• 

Input Pulse Levels 
Input R1se and Fall T1mes 
Input and Output T1m1ng Reference Levels 
Output Load 

v55 to3V 
5ns 

I 5V 
See F1gure t 

Note a Operat1on to spec1hcat•ons guaranteed 2ms after Vee applied 

CAPACITANCEb(TA = 25°C, f = 1.0MHz) 

SYMBOL PARAMETER MAX UNIT CONDITIONS 
CtN Input Capacitance 4 pF /!.V=Oto3V 
Cour Output Capac1tance 7 pF "-V = 0 to 3V 
Ce E Capacttance 6 pF "-V = 0 to 3V 

Note b ThiS parameter IS sampled and not 100% tested 

MIN MAX UNITS NOTES 

120 rnA 1c = 1c min 

30 rnA E2:V1H mtn 

-10 10 ,A Vee= max 
v,N = Vss to Vee 

-50 50 ,A Vee= max 
Vour = Vss to Vee 

2.4 v 

0.4 v 

FIGURE 1. OUTPUT LOAD 

1/0 

2550 

50V 

4800 

30pF 
(INCLUDING I SCOPE AND 
JIG) 

-~-9-------------------tt~---------------------
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IMS1420M 

RECOMMENDED AC OPERATING CONDITIONS (-55°C S: TAS: 125°C) (Vee= 5.0V ± 10%) 

READ CYCLE 

NO. SYMBOL PARAMETER 

1 lAcs Chip Enable Access Time 

2 IRe Read Cycle Ttme 

3 IAA Address Access Ttme 

4 loH Output Hold After Address Change 

5 tLz Chip Enable to Output Active 

6 !Hz Chip Dtsable to Output D1sable 

7 tpu Chip Enable to Power Up 

8 tpo Chip Dtsable to Power Down 

9 IRes Read Command Set-up Ttme 

10 tACH Read Command Hold Time 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high lor entire cyde. 
Noted: Device is continuously selected; E low. 
Note e: Measured between v1L max and VtH min. 
Note 1: Measured ±200mV from steady state output vohage. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c. d 

IMS1420M·55 IMS1420M·70 UNITS NOTES 
MIN MAX MIN MAX 

55 70 ns 

55 70 ns c 

55 70 ns d 

3 3 ns j 

15 15 ns j 

25 30 ns f 

0 0 ns j 

0 55 0 70 ns j 

-5 -5 ns 

-5 -5 ns 

50 50 ns e 

ADDRESS 
Pms 1·8. 

16·19 
~------------------------:~------------------------~·~~--------~ d.=,., ~ ;1, 'l 

I 
10
" ~X X t==============D=AT=A=V=AL=ID================== 

DATA OUT 
Pins 12·15 

READ CYCLE 2 c 

E 
Pm9 

DATA OUT 
Pms 12·15 

w 
Pin 11 

Icc 

HIGH 
IMPEDANCE 

"'""b-s=:--------------~--:.;.;;..~~_____, STANDBY ____,{ }.... 

---------------------tt~·---------------------3-ffi 
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IMS1420M 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C s; TAs; 125°C) (Vee= 5.0V ± 10%) 

WRITE CYCLE 1: w CONTROLLEDh 

NO. SYMBOL PARAMETER IMS1420M-55 IMS1420M-70 
MIN MAX MIN 

11 I we Wnte Cycle T1me 55 70 

12 lwp Wnte Pulse Wrdth 45 65 

13 lew Chrp Enable to End of Wnte 45 65 

14 low Data Set-up to End of Wnte 25 30 

15 loH Data Hold After End of Wnte 3 5 

16 lAw Address Set-up to End of Wnte 45 
. 

65 

17 • lAs Address Set-up to Begrnnrng of Write 0 0 

18 lwR Address Hold After End of Wnte 5 5 

19 lwz Wnle Enable to Output Disable 0 25 0 

20 low Output Act1ve After End of Wnte 0 0 

Note f. Measured ± 200mV from steady state output voltage. 
Note g. If E goes h1gh wrth W low, Output rema1ns 1n HIGH rmpedance state 
Note h· E or W must be:::<: V,H dunng address trans111ons. 

ADDRESS 
Pms 1-B. 

16-19 

E. 
Pm 9 

w 
Prn 11 

DATA IN 
Pons 12-15 

DATA OUT 
Pms 12-15 

DATA UNDEFINED 

1-119) 
lwz 

MAX 

30 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f 

ns 9 

-~-9-------------------@t~----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C::;; TA::;; 125°C) !Vee= 5.0V ± 10%) 

WRITE CYCLE 2: E CONTROLLEDh 

IMS1420M 

NO. SYMBOL PARAMETER IMS1420M·55 IMS1420M·70 UNITS NOTES 
MIN MAX MIN MAX 

21 I we Write Cycle Time 

22 lwp Write Pulse W1dth 

23 lew Chip Enable to End of Write 

24 low Data Set-up to End of Write 

25 loH Data Hold After End of Write 

26 lAw Address Set-up to End of Write 

27 lwR Address Hold After End of Write 

28 lAs Address Set-up to Beginning of Wnte 

29 lwz Write Enable to Output Disable 

Note f: Measured ± 200mV from steady state output voltage. 
Note h: E or W must be~ V1H during address transitions. 

WRITE CYCLE 2 

55 70 ns 

45 65 ns 

45 65 ns 

25 30 ns 

5 5 ns 

40 60 ns 

5 5 ns 

-5 -5 ns 

0 25 0 30 ns 

~---------------------\~--------------------~ 

w 
Pin 11 

DATA OUT 
Pins 12-15 

DATA UNDEFINED 
HIGH IMPEDANCE 

f 

---------------------tt~--------------------5-~ 
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IMS1420M 

DEVICE OPERATION 
The IMS1420M has two controlrnputs, Chip Enable 

(E) and Wrrte Enable [Vii). twelve address inputs, and 
four Data 1/0 lrnes. 

When Veers frrst applred to prn 20, a crrcurt associated 
wrth theE input forces the devrce rnto the .!.9wer power 
standby mode regardles§_of the state of theE input. After 
Veers applied for 2ms theE input controls device selectron 
as well as active and standby modes. 

Wrth E low, the devrce is selected and the twelve ad­
dress rnputs are decoded to select one 4-bit word out of 
4096. READ and WJ31T,E operatro!J!l on the memory cell 
are controlled by W rnput. Wrth E high, the device is 
deselected, the output rs drsabled, and the power con­
sumptron rs reduced to less than one-third of the active 
mode power. 

READ CYCLE 
A read cycle rs defrned as W 2 v,H mrn wrth} :s; v,L 

max Read access trme rs measured from either E going 
low or from valrd address. 

The READ CYCLE 1 waveform on page 3 shows a read 
access that rs inrtrated by a change in the address inputs 
while E is low. The output remains actrve throughout 
READ CYCLE 1 and is valrd at the specified address 
access time. The address rnputs may change at access 
trme and the output remarns valrd for a mrnimum of 3ns. 
As long as E remains low, the cycle trme rs equal to the 
address access time. 

The READ CYCLE 2 waveform on page 3 shows a 
read access that rs rnrtrated by E g_orng low. As long as 
address rs stable wrthrn 5ns after E goes low, valrd data 
rs at the output at the specrfred Chip EnaQ.Ie access trme. 
If address rs not valrd wrthrn 5ns after E goes low, the 
timrng is as specrfred rn the READ CYCLE 1. Chip Enable 
access trme rs not affected by the duratron of the deselect 
rnterval. 

WRITE CYCLE 
A write cycle is rnit§.ted by the latter ofW or Egoing low, 

and terminated by W [WRITE CYCLE 1) or E (WRITE 
CYCLE 2) gorng high. Durrng the write cycle, data on 
the rnputs rs written rnto the selected cells, and the out­
puts are floatrng. 

If a wrrte cyclers rnrtiated by W gorng low. the address 
must be stable for the WRITE CYCLE 1 set-up time. If a 
write cyclers rnrtrated byE gorng low, the ad.Qress need 
not be stable until a maximum of 5ns after E goes low 
The address must be held stable for the entire write cycle. 
After W or E goes high to terminate the write cycle, 
addresses may change. If these address set-up and hold 
times are not met, contents of other cells may be altered 
in unpredictable wafs. 

WRITE CYCLE 1 '{@Veform on page 4 shows a wrrte 
cycle terminated by W going hrgh. DrN set-uQ_and hoiQ. 
trmes are referenced to the rising edge QL W. Wrth W 
hrgh, the outputs become actrve. When W goes hrgh 
at the end of a wrrte cycle and the outputs of the memory 
go active, the data from the memory wrll be the same 
as the data just wrrtten into the memory. Thus, no data 
bus contention will occur. 

WRITE CYCLE 2 waveform on page 5 shows a write 
cycle terminated byE gorng high. Data sg_t-up afJ_d hold 
times are referenced to the rising edge of E. With E high, 
the outputs remarn in the high impedance state. 

APPLICATION 
Fundamental rules in regard to memory board layout 

should be followed to ensure maximum benefrt from the 
features offered by the IMS1420M Statrc RAM. 

POWER DISTRIBUTION 
The recommended power drstrrbution scheme combines 
proper power trace layout and placement of decoupling 
capacitors to maintain the operating margins of the 
IMS1420M. The impedance in the decoupling path from 
the power pin (20) through the decoupling capacitor, 
to the ground pin [10) should be kept to a minimum. 
The impedance of this path is determined by the series 
impedance of the power line inductance and the induct­
ance and reactance of the decoupling capacitor. 

Since the current transients associated wrth the opera­
Iron of the high speed IMS1420M are high frequency, the 
line inductance is the domrnating factor. To reduce the 
line inductance, the power trace and ground trace should 
be grrdded or provided by separate power planes. The 
decoupling capacitor acts as a low impedance power sup­
ply located near the memory device. The high frequency 
decouplrng capacitor should have a value of 0.1fLF, and 
be placed between the rows of memory devices rn the 
array [see drawing). A larger tantalum capacitor with a 
value between 221'F and 4 71'F should be placed near 
the memory board edge connection where the power 
traces meet the backplane power distrrbution system. 
These larger capacitors provide bulk energy storage 
to prevent voltage drop due to the main supply berng 
located off the memory board and at the end of a long 
rnductive path. 

The ground grrd 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 drfferential 
ground noise. 

4 DEVICE 

.h\ CAPACITOR 

. w V' tr Vee 

Vss 
·bA· .. .,, ,.,.,.. JJ!1if1P 

=. ;mmt 1;:;;;;;. 'ff!&!? 

Vee. Vss GRID SHOWING 
DECOUPLING CAPACITORS 

6_19--------------------~ct··~·----------------------
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TERMINATION 
Trace lines on a memory board in the array look to TTL 
dnver s1gnals like low impedance, unterminated trans­
mission lines. In order to reduce or el1minate the reflec­
tions of the TTL s1gnals propagating down the l1nes. 
especially low go1ng TTL signals, line termination 1s recom­
mended. The term ~nation may be either senes or parallel. 

The recommended techmque is to use series termina­
tion. The series termination technique has the advantage 
of drawing no DC current and using a mimmum of 
components. This IS accomplished by placing a senes 
res1stor 1n the s1gnalline at the output of the TTL dnver 
to dampen the reflection on the line. The line should 
be kept short by placing the driver-termination combi­
nation close to the memory array. 

Some experimentation will have to be done to find 
the proper value to use for the senes termination to 
minimize reflections, but generally a senes resistor 1n 
the 1 on to 30n range will be required. 

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 de­
Sigmng and building a memory ooard. The guidelines are 
Intended to maintain the operating marg1ns of all devices 
on the memory board by providing a quiet environment 
free of noise sp1kes and signal reflections. 

IMS1420M 

• • m 
--------- mtmOS"---------
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IMS1420M 

Type Package Lead finish 
A Formed flat-pack gold 
B Formed flat-pack solder 
c 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 

DEVICE SPEED PACKAGE PART NUMBER 

55ns CERAMIC DIP IMS14205-55M 

IMS 1420M 55ns CERAMICLCC IMS1420N-55M 
70ns CERAMIC DIP IMS14205-70M 
70ns CERAMICLCC IMS1420N-70M 

8/9 .a --------- !ITiJOOS"---------
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. .. PACKAGING INFORMATION 

20 Pin Ceramic Dual-In-Line 

lc D •I 

t~=]::r:~=] 
~I· 

8 
9 equal spaces @ 

2.54 
0.100 

Dim 

A 
A1 
B 
81 
0 
E 
E1 
e1 
L 
s 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To! 

A .071 .007 1.803 .178 
B1 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.360 .254 
e1 .050 .005 1.270 

r 
D + 

IMS1420M 

Inches mm 
Nom To I Nom To I 

.096 .012 2.438 .305 

.015 .381 

.018 .003 .457 .152 

.054 Typ .137 Typ 
1.00 .015 25.40 .381 
.315 .010 8.001 .254 
.295 .015 7.493 .381 
.100 .010 2.54 .254 
.125 min 3.175 min 
.005 .127 

---------------------4t~------~------------9_m 
551 





,. .. 
• .. ® 

I I 
I .. • • • --

FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 

Specifications guaranteed over full military· 
temperarure range (-55° C to + 125° C) 
4K x 4 Bit Organization 
35, 45, and 55 nsec Access Times 
Single +5V ± 1 0% Operation 
Power Down Function for Low Standby Power 
Fully TIL Compatible 

• Common Data Input and Output 
Three-state Output 
Standard Military Drawing version available 
(refer to page B-7) 
20-Pin DIP, LCC (JEDEC Std.) and FP 

Pin Compatible with IMS1420M 

PIN CONFIGURATION 

DIP and 
FLAT PACK 

CHIP 
CARRIER 

PIN NAMES 

LOGIC SYMBOL 

A0 • A 11 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vss GROUND 

E CHIP ENABLE 

1/0 DATA IN/OUT 

November 1989 

IMS1423M 
CMOS 

High Performance 
4K x 4 Static RAM 

M I L-STD-883C 

DESCRIPTION 

The INMOS IMS1423M is a high speed 4K x 4 
CMOS static RAM processed in full compliance to MIL­
STD-883C. The IMS1423M provides maximum density 
and performance enhancements to existing 16K applica­
tions. 

The IMS1423M features fully static operation requir­
ing no ex!ernal clocks or timing strobes, and equal ad­
dress access and cycle times. Additionally, the 
IMS1423M provides a Chip Enable (/E) function that can 
be used to place the device into a low-power standby 
mode. 

The IMS1423M is a VLSI static RAM intended for 
military applications that demand high performance and 
superior reliability. 

BLOCK DIAGRAM 

1/10 
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IMS1423M 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 110 ............................. -1.0 to (Vcc+0.5)V 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65• C to 15o•c 
Power Dissipation .............................................. 1W 
DC Output Current.. ....................................... 25mA 
(One output at a lime, one second duralion) 

DC OPERATING CONDITIONS 
PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

ViH Input Logic "1" Voltage 2.0 

ViL Input Logic ·o· Voltage -1.0" 

TA Ambient Operating Temperature -55 
•v,. m1n • -3 volts for pulse width <20ns, note b. 

"Stresses greater than those listed under "Absolute Maximum Ratings" 
may cause pennanent damage to the device. This is a stress rating 
only and fundional 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 reliabiiRy. 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ftlmin air flow 

DC ELECTRICAL CHARACTERISTICS (-55·c~ TA~ 125°C) (Vee=50V±10%)a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

Average Vee Power .130 mA IAVAV- 35ns 
ICC! 120 mA IAVAV = 45ns 

Supply Current 110 mA IAVAV = 55ns 

ICC2 
Vee Power Supply Current E ~ V1H . All other inputs at 
(Standby,Stable TTL Input Levels) 20 mA VtN ~ V1L or ~ VtH 

ICC3 
Vee Power Supply Current 

8 mA 
E ~ (Vee - 0.2) • All other inputs at 

(Standby, Stable CMOS Input Levels) V1N ~ 0.2 or ~ (Vee- 0.2V) · 

15 mA IAVAV =35ns 
14 mA IAVAV =45ns 

ICC4 Vee Power Supply Current 13 mA IAVAV =55ns 
(Standby, Cycling CMOS Input Levels) E ~ (Vee- 0.2). all other ilnputs cycling 

at VtN ~ 0.2 or ~ (Vee- 0.2V) 
Vcc=max 

I ILK Input Leakage Current (Any Input) ±10 !!A V1N = Vss to Vee 

IOLK Off State Output Leakage Current ±50 
Vcc=max 

!!A VtN = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loUT=-4mA 

VoL Output Logic ·o· Voltage 0.4 v loUT=BmA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25•c, f=1.0MHZ) 
Input Pulse Levels ................................. Vm to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CIN Input Capacitance 4 pF t.V = 0 to 3V Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF ~V=Oto3V 

Ce /E Capacitance 6 pF ~V=Oto3V 

Note b: This parameter Is sampled and not tOO% tested. 

-~1_0 ___________________ .. ~---------------------
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RECOMMENDED AC OPERATING CONDITIONS(-55°CSTAS125°C) (Vcc=5.0V±10%) 

READ CYCLE 9 

SYMBOL NO. 
Standard 

PARAMETER 
Alternate 

1 IELOV tAcs Chp Enable Access Time 

2 IAVAV IRe Read Cycle lime 

3 IAVOV IM Address Access lime 

4 lAX OX foH Output Hold After Address Change 

5 IELOX tu Chip Enable to Output Active 

6 IEHOZ •Hz Chp Disable to Output Inactive 

7 IEUCCH tro Chip Enable to Power Up 

8 IEHICCL lpD Chip Enable to Power Down 

IT Input Rise and Falllimes 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Note e: Measured between VrL max and VrH min. 

IMS1423M-35 

MIN MAX 

35 

35 

35 

3 

5 

0 20 

0 

35 

50 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must trans~ion between VtH to VtL or VtL to VtH in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

2tAVAV 

ADDRESS -
1/0(DATAOUT) 

READ CYCLE 2c 

1/0(DATAOUT) 

Icc 

IMS1423M-45 IMS1423M-55 

MIN MAX MIN MAX 

45 55 

45 55 

45 55 

3 3 

5 5 

0 20. 0 20 

0 0 

45 55 

50 50 

OUTPUT VALID 

IMS1423M 

UNITS NOTES 

ns 

ns c 

ns d 

ns j 

ns 

ns f,j 

ns j 

ns j 

ns e,j 

--------------------------tt~·------------------------3--/10 
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IMS1423M 

RECOMMENDED AC OPERATING CONDITIONS (-ss•c:::;;TA::>12s•C) (Vcc=5.0V±10%) 
WRITE CYCLE 1: W CONTROLLED9• h 

SYMBOL IMS1403M-35 
NO. 

Stahdard Allernale 
PARAMETER MIN MAX 

9 tAVAV twc Wr~e Cycle Time 35 

10 twLWH twp Wr~e Pulse Width 30 

11 tELWH lew Chip Enable to End of Wme 30 

12 tovwH tow Data Set-up to End of Wrile 15 

13 twHDX toH Data Hold Aller End of Wr~e 3 

14 IAVWH tAw Address Set-up to End of Wrne 30 

15 IAVWL lAs Address Set-up to Beginning of Wrne 0 

16 twHAX twR Address Hold Aller End of Wr~e 5 

17 IWLOZ twz Wr~e Enable to Output Disable 0 15 

18 twHOX tow Output Adive Aller End of Wrne 5 

Note f: Measured ±200mV from steady state output voUage. Load capacitance is 5pF. 
Note g: ~an~ W must transnion between VIH to VIL or VIL to V1H in a monotonic fashion. 
Note h: E ~ W must be <!:_VIH during address transnions. 
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 
91AVAV 

ADDRESS 

1/0(DATA IN) 

11 twLOz 

1/0(DATAOUT) DATA UNDEFINED 

IMS1403M-45 IMS1403M-55 
MIN MAX MIN MAX 

45 55 

40 50 

40 50 

20 25 

3 3 

40 50 

0 0 

5 5 

0 20 0 25 

5 5 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f, j 

i,j 

_~_10------------------------~~·--------------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

IMS1423M 

SYMBOL IMS IMS IMS UNITS NOTES 
1423M-35 1423M-45 1423M-55 

PARAMETER 
MIN MAX No Standard Alternate MIN 

19 IAVAV IWC Write Cycle Time 35 45 

20 IWLEH IWP Write Pulse Width 30 40 

21 IELEH tcw Chip Enable to End of Write 30 40 

22 IDVEH tow Data Setup to End of Write 15 20 

23 tEHDX IDH Data Hold after End of Write 3 3 

24 IAVEH lAW Address Setup to End of Write 30 40 

25 tEHAX IWR Address Hold After End of Write 5 5 

26 tAVEL !AS Address Setup to Beginning of WrHe 3 3 

27 IWLQZ IWZ Write Enable to Output Disable 0 15 0 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is SpF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be 2 ViH during address transftions. 
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 

E 

w 

1/0(DATAIN) 

110 (DATA OUT) DATA UNDEFINED 

MAX MIN MAX 

55 

50 

50 

25 

3 

50 

5 

3 
20 0 25 

HIGH IMPEDANCE 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

•
c 5/10 --------- ffilmOS"---------
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IMS1423M 

DEVICE OPERATION 

The IMS1423M has two control inputs, Chip Enable 
{/E) and Write Enable {/W), 12 address inputs (AO -A 11), 
and four Data l/0 lines. The /E input controls device 
selection as well as active and standby modes. With /E 
low, the device is selected and the 12 address inputs 
are decoded to select one four-bit word out of 4K 
words. 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 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 ~ VIH min with /E .s 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 outputs remain 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 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 IMS1423M 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 will be turned 
on tELOX after the falling edge of /E Oust as in a read 
cycle). The output buffers are then turned off within 
twLOZ of the falling edge of /W. During this interval, it is 
possible to have bus contention between devices with 
common 1/0 configurations. To avoid bus contention, 
input data should not be active until twLOZ. 

WRITE CYCLE 1 waveform shows a write cycle 
terminated 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 
terminated 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. 

_611_0 ____________________ .. ~·--------------~------
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POWER DISTRIBUTION 

The recommended power distribution scheme 
combines proper power trace layout and placement of 
decoupling capacitors to maintain the operating margins 
of the IMS1423M. 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. 

Since the current transients associated with the 
operation of the high speed IMS1423M 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 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 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. 

IMS1423M 

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 
termination. 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 drivec-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. 

··:·:·:·:·:·· 

• DEVICE 

CAPACITOR 

·.;!;M:l~:l:P 
'i*$)~ 

Vee• Vss GRID SHOWING 
DECOUPLING CAPACITORS 

----------------------~~·---------------------7-/10 
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IMS1423M 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 

Lead finish 
gold 

solder 

AGURE1. OUTPUTLOAD 
S.OV 

LCC gold 
Cerdip solder 
Small outline, J-bend solder 
PGA gold 
Small outline, Gull wing solder 
PLCC, J-bend solder 
Sidebraze ceramic DIP solder 
Ceramic LCC solder 
Plastic DIP solder 
Sidebraze ceramic DIP gold 
(Skinny) Flat-pack solder 
Ceramic LCC gold 
(Skinny) Flat-pack gold 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE PART NUMBER 

35ns CERAMIC DIP IMS1423S-35M 
35ns CERAMIC LCC IMS1423N-35M 
35ns FLAT PACK IMS1423Y-35M 
45ns CERAMIC DIP IMS1423S-45M 

IMS 1423M 45ns CERAMIC LCC IMS1423N-45M 
45ns FLAT PACK IMS1423Y-45M 
5Sns CERAMIC DIP IMS1423S-55M 
55ns CERAMIC LCC IMS1423N-55M 
SSns FLAT PACK IMS1423V-55M 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

_81_10 _____________________ ~~·----------------------
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PACKAGING INFORMATION 

I 

1 
E1 + 1 I 

I 

254mm 
010' 

y_ 
? A 

E 

L~ A A1 

r 
B1 e1 

Dim 

A 
A1 
B1 
D 
c 
E 

e1 
eA 

c y 
l 

20 Pin Ceramic Dual-In-Line 

D 

-t 
E " ./ 

+ 0 

L 

t 

I 

+ 
I 

.JI• 
B 
9 equal spaces @ 

2.54 
o:fOo 

IMS1423M 

20 Pin Flat Pack 

Inches mm 
Notes 

Nom To I Nom To I 

.070 .007 1.178 .178 

.050 .007 1.270 .178 

.017 .002 .432 .051 

.480 .010 12.192 .254 

.005 .002 .127 .051 

.895 Ref 22.73 Ref 

.050 .003 1.270 .076 
.215 .006 5.461 .152 

r I )( 
~eA.-! 

Dim 
Inches mm 

Nom To I Nom To I 

~, 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 .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .125 min 3.175 min 
s .005 .127 

1 Fl 
~E1~J 

-----------------------~~·---------------------9-/10 
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IMS1423M 

20 Pin Leadless Chip Carrier 

Dim Inches mm Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .425 .010 0.795 .254 
E .290 .010 7.380 .254 
e1 .050 .005 1.270 

r 
D + 
l~ 

lc--E__J 

_10_11_0 ______ ~--------~----tt~·-------------------------
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Full Military Temperature Operating 

Range (-55°C to + 125°C) 
• MIL-5TD-883C Processing 
• 45, 55, and 70 nsec Access Times 
• Fully TTL Compatible 
• Separate Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 10% Operation 
• Standard Military Drawing version available 
• 22-Pin, 300-mil DIP (JEDEC Std.) 
• 22-Pin Ceramic LCC (JEDEC Std.) 
• Battery Backup Operation - 2V Data Retention 

(L version only) 

PIN CONFIGURATION 

DIP CHIP 
CARRIER 

LOGIC SYMBOL 

PIN NAMES 
A0 - A15 ADDRESS INPUTS 0 DATA OUTPUT 

w WRITE ENABLE Vee POWER (+SV) 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

IMS1600M 
IMS1601 LM 

CMOS 
High Performance 

64K x 1 Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1600M is a high performance 64Kx1 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1600M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1600M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1600M pro­
vides a Chip Enable (IE) function that can be used to place 
the device into a low-power standby mode. 

The IMS1601 LM is a low powerversion offering battery 
backup data retention operating from a 2 volt supply. 

AO 

A1 

A2 

A3 

M 

AS 

A6 

A7 

BLOCK DIAGRAM 

MEMORY ARRAY 
256ROWS 

256COLUMNS 

+-Vee 
+--Vss 

1/9 
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IMS1600M/1601 LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on Q ................................ -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° c to 150°C 

Power Dissipation .............................................. 1W 
DC Output Current... ...................................... 25mA 
(One Second Ourallon) 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER 

Vee Supply Voltage 

Vss Supply Voltage 

VtH Input Logic "1" Voltage 

VtL Input Logic "0" Voltage 

TA Ambient Operating Temperature 

'VoL mm - -3 V for pulse Width <20ns, note b. 

'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 condnions above those indicated in the operational 
sections of this specffication is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliability. 

MIN TVP MAX UNITS NOTES 

4.5 5.0 5.5 v 
0 0 0 v 

2.0 Vcc+0.5 v All inputs 

-1.0' 0.8 v All inputs 

-55 25 125 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (-SSOC ~ TA ~ 125°C) (Vee= 5 OV+ 10%)a -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC1 Average Vee Power 70 rnA IAVAV = IAvAv(min) 
Supply Current 

lee2 Vee Power Supply Current 
25 -

(Standby,Stable TTL Input Levels) rnA E ~ VtH . All other inputs at 

IMS1601 L version 20 
VtN ~ VtL or ~ VtH 

lce3 
Vee Power Supply Current 

14 -(Standby, Stable CMOS Input Levels) 
rnA 

E ~ (Vee- 0.2) . All other inputs at 

IMS1601L version 9 
VtN ~ 0.2 or ~ (Vee- 0.2V) 

lec4 Vee Power Supply Current -
(Standby, Cycling CMOS Input Levels) 19 

rnA 
E ~ (Vee- 0.2) . Inputs cycling at 

IMS1601L version 15 
VtN ~ 0.2 or ~ (Vee- 0.2V) 

ltLK Input Leakage Current (Any Input) ~ 
Vee= max 

±5 VtN = Vss to Vee 

IOLK Off State Output Leakage Current 
Vee= max 

±10 ~ VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic "0" Voltage 0.4 v loL=8mA 

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

AC TEST CONDITIONS CAPACITANCE (TA-25°C f-1 OMHZ)b - .-
Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 
Input and Output Timing Reference Levels .. 1.5V 

CtN Input Capacitance 4 pF 6V=O to 3V 

Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF <W=Oto3V 
Note b: This parameter is sampled and not 100% tested. 

_v_g----------------------------~·----------------~------------
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IMS1600M/1601 LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA~ 125°C) (Vee= 5.0V ± 10%) 

READCYCLEg 

NO. 
SYMBOL IMS1600M-45 IMS1600M-55 

Standard Allernale PARAMETER 

1 tELOV lAcs Chip Enable Access Time 

2 IAVAV IRe Read Cycle Time 

3 lAVOY 1M Address Access Time 

4 IAXaX tOH Output Hold After Address Change 

5 tELOX b.2 Chip Enable to Output Active 

6 IEHOZ 1HZ Chip Disable to Output Inactive 

7 tELICCH IPu Chip Enable to Power Up 

8 IEHICCL !Po Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected: E low. 
Note e: Measured between V1L max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

5 5 

5 5 

0 25 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady state output voltage. Load capachance is SpF. 
Note g: E and W must transition between V1H lo V1L or V1L lo V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1 c,d 

MAX 

55 

55 

30 

55 

50 

IMS1600M·70 

MIN MAX 

70 

70 

70 

5 

5 

0 30 

0 

70 

50 

UNITS NOTES 

ns 

ns c 

ns d 

ns 

ns 

ns l,j 

ns j 

ns j 

ns e,j 

ADDRESS ~---------3-IA-~-:ovv __ IAx __ o~--2-IA_v_~~,--------------~)f~----~ 
Q (OATAOUl] ~L.--c _____ __.m= _____ O_U_T_P_U_T_V_A_L_I_D ____ ] 

READ CYCLE 2c 

4 1tELOV 

E -· 

- 5 IELOX .,.............,....,...,. 
Q (DATA OUT) HIGH IMPEDANCE 

I I 
7 tELICCH 

Icc 
STANDBY 

~:!!_VE_ ____ ..!-------
_____________ s_te __ ,.,!. ~ 

---------------------et~·---------------------3-ffi 
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IMS1600M/1601 LM 

RECOMMENDED AC OPERATING CONDITIONS ( -55°C s TAs 125°C) (Vee = 5.0V ± 10%) 

WRITE CYCLE 1: WCONTROLLEDg, h 

NO. 
SYMBOL 

PARAMETER 
IMS1600M-45 IMS1600M-55 

Standard Ahernate MIN MAX MIN 

9 !AVAV twc Write Cycle Time 45 55 

10 IWLWH twP Write Pulse Width 20 25 

11 tELWH tcw Chip Enable to End of Write 20 30 

12 tDVWH tow Data Setup to End of Write 20 20 

13 lwHDX !DH Data Hold after End of Write 0 5 

14 !AVWH lAw Address Setup to End of Write 27 32 

15 IAVWL lAs Address Setup to Start of Write 7 7 

16 lwHAX !wR Address Hold after End of Write 5 5 

17 IWLOZ twz Write Enable to Output Disable 0 20 0 

18 lwHax tow Output Active after End of Write 0 0 

Note f: Measured ±200mV from steady state output voltage. Load capachance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ~ V1H during address transhions. 
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 

MAX 

25 

IMS1600M-70 
MIN MAX 

70 

30 

35 

30 

5 

37 

7 

5 

0 30 

0 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f, j 

ns i,j 

ADDAESSc===f~-------------------9--IA-VA-V-------------------:f~----~ 

D(DATAIN) DATA VALID 
~---------------------------------J 

17 tWLQZ 

Q(DATAOUT) DATA UNDEFINED 
~----------------------------------Jj 

_4m ____________________ .. ~·---------------------
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IMS1600M/1601 LM 

RECOMMENDED AC OPERATING CONDITIONS (-WC ~TA ~+125°C) (Vee= 5.0V±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

IMS1 600M-45 IMS1 60DM·55 IMS16DDM·70 
NO. 

SYMBOL PARAMETER UNITS 
Standard An ornate MIN MAX MIN 

19 IAVAV twe Write Cycle Time 45 55 

20 lwt.EH !wP Write Pulse Width 20 25 

21 IELEH tew Chip Enable to End of Write 20 25 

22 tDVEH tow Data Setup to End of Write 20 20 

23 tEHDX tDH Data Hold after End of Write 5 5 

24 IAVEH lAW Address Setup to End of Write 23 28 

25 tEHAX twR Address Hold after End of Write 5 5 

26 lA VEL lAs Address Setup to Start of Write 3 3 

27 twLaz twz Write Enable to Output Disable 0 20 0 

Note f: Measured ±200mV from steady state output voltage. Load capacHance is 5pF. 
Note g: E andW must transition between VIH to V1L or VIL to VIH in a monotonic fashion. 
Note h: E or W must be ~ V1H 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 

ADDRESS 

E 

w 

D(DATA IN) 

MAX MIN MAX 

70 ns 

30 ns 

30 ns 

30 ns 

5 ns 

33 ns 

5 ns 

3 ns 

25 0 30 ns 

Q (DATA OUT) 

27'w..oz h 
r---------0-A_T_A_U_N_D_E_F_IN_E_D-==--~~----~H~I~GH~IM~P~E~D~A~NC~E~----

NOTES/ 

f,j 

•
0 5/9 

------------------- ~·-------------------
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IMS1600M/1601 LM 

DEVICE OPERATION 

The IMS1600M has two control inputs, a Chip Enable 
(/E) and Write Enable (IW), 16 address inputs (AO -A 15), 
a data in (D) and a data out (0). 

The /E input controls device selection 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 of 65,536. 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-third 
of the active mode power with TTL levels and even lower 
with CMOS levels. 

READ CYCLE 

A read cycle is defined as /W <?. V1H min with /E .s V1L 

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 IE 
is low. The output remains active throughout READ 
CYCLE 1 andisvalidatthe specifiedaddressaccesstime. 
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 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 oft he I MS 1600M is initiated by the latter 
of /E or IW to transition from a high to a low. In the case 
of IW falling last, the output buffer will be turned on tELex 
after the falling edge of /E (just as iri a read cycle). The 
output buffer is then turned off within twLOzof the falling 
edge of /W. During this interval it is possible to have bus 
contention between devices ·with D and a connected 
together in acommon l/0 configuration. To aviod bus con­
tention input data should not be active until twLaz. 

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 IW 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 
IMS1600M. 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 pcwer 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 TIL driver peripherycircuitarea 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. 

s_m ____________________ ~ttmm·~·----------------------
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TERMINATION 

Trace lines on a memory 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 

IMS1600M/1601 LM 

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 1 0 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. 

OAT A RETENTION (L version only)(-ss•c s TA s 12s•c) 

SYMBOL PARAMETER 
VoR Data Retention Voltage 

lccoR1 Data Retention Current 

lccoR2 Data Retention Current 

tEHVCCL Deselect Time (teoRl 

tvcCHEL Recovery Time (IR) 

•Typical data retention parameters at 2s•c. 
Note j: Parameter guaranteed but not tested. 

MIN TVP* 

2.0 

8 

5 

0 

IRe 

MAX UNITS NOTES 

volts V1N s 0.2V or~ (Vee·0.2V) E ~ (Vee-0.2V) 

1200 J.IA Vee= 3.0 volls 

800 uA Vee= 2.0 vohs 

ns j, k 

ns i. k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per J.LS from "bR to Vee min. 

LOW V cc DATA RETENTION 

DATA RETENTION MODE 

VoR0!2V 

E " (\loR -0.2V) 

---------------------ttWrnos·--------------------m 
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IMS1600M/1601 LM 

Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
s.ov 

Q (DoUT) 

2550 

4800 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L HI-Z Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1600S-45M IMS1601 LS45M 

IMS 1600M 45ns CERAMICLCC IMS1600N-45M IMS1601LN45M 

IMS1600LM 55ns CERAMIC DIP IMS1GOOS-55M IMS1601 LS55M 
55ns CERAMICLCC IMS1600N-55M IMS1601 LNSSM 
70ns CERAMIC DIP IMS1GOOS-70M IMS1601 LS70M 
70ns CERAMICLCC IMS1600N-70M IMS1601 LN70M 

_am ____________________ @t~---------------------
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IMS1600M/1601 LM 

PACKAGING INFORMATION 

22 Pin Ceramic Dual-ln-Line . 
,~ D ,., 

t = ][ : ! : JE = ] 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
9 .018 .003 .457 .152 

91 .060 Typ 1.524 Max 
D 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

Fl 
!.--E1--.I 

22 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
91 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D"""-+--

---------------------~~------------------~9~ffi 
571 





• • • ® •" 

.. , 
1111 .. --

FEATURES 

• I NMOS' Very High Speed CMOS 
Advanced Process - 1.6 Micron De~ign Rules 
Full Military Temperature Operating 
Range (-55°C to + 125°C) 
MIL-STD-883C Processing 
16K x 4 Bit Organization 

• 45, 55 and 70 nsec Access Times 
Fully TTL Compatible 
Common 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.) 
Battery Backup Operation - 2V Data Retention 
(L version only) 

IMS1620M 
IMS1620LM 

CMOS 
High Performance 

16K x 4 Static RAM 
MIL-STD-883C 

DESCRIPTION 

The I NMOS IMS1620M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate over the full military 
temperature range. The IMS1620M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1620M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. Additionally, the IMS1620M pro­
vides a Chip Enable (/E) function that can be used to place 
t~e device into a IQy.o-power standby mode. 

The IMS1620LM is a low power version offering battery 
backup data retention operating from a 2 volt supply. 

The IMS1624M is the functional equivalent of the 
IMS1620M with an added Output Enable function. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

,. 
A6 
A7 ,. 
A\0 

"' A\\ 
A\2 
A\3 
t 
VM 

OIP CHIP 
CARRIER 

PIN NAMES 

A0 • A13 ADDRESS INPUTS UO DATA IN/OUT 

w WRITE ENABLE Vee POWER 

E CHIP ENABLE Vss GROUND 

November 1989 

E w 110, 

110, 

00, 
110, 

I 
I 
I 

MEMORYJ.RRAY 
256ROWS 

256COLUMNS 

COLUf.INro 

Vee 

Vss 

1/9 
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IMS1620M/1620LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 Pins (13-16) .......... -1.0 to,(Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current.. ....................................... 25mA 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VJH Input Logic "1" Voltage 2.0 

VJL Input Logic "0" Voltage -1.0. 

TA Ambient Operating Temperature 0 

•v" m1n - -3 vo~s for pulse width <20ns, note b. 

•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 lor extended periods may affect reliabil~y. 

{One OU1pUtata time, one second duration) 

TVP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+.5 v All inputs 

0.8 v All inputs 

25 70 oc 400 linear film in air flow 

DC ELECTRICAL CHARACTERISTICS (-55°C! TA! 125°C) (Vee= 5.0V ± 10%)8 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC1 
Average Vee Power 

100 rnA IAVAV = tAVAV (min) 
Supply Current 

Vee Power Supply Current 
30 

ICC2 
(Standby,Stable TTL Input Levels) 

rnA 
E ~ V1H. All other inputs at 

IMS1620L version 20 
V1N ! VJL or ~ VlH 

Vee Power Supply Current 
19 -

ICC3 (Standby, Stable CMOS Input Levels) 
rnA E ~ (Vee - 0.2). All other inputs at 

IMS1620L version 8 
VJN ! 0.2 or ~ (Vee- 0.2V) 

Vee Power Supply Current 
20 E ~ (Vee - 0.2). Inputs cycling at (Standby, Cycling CMOS Input Levels) 

ICC4 rnA V1N ! 0.2 or ~ (Vee- 0.2V) 
IMS1620L version 8 

IILK Input Leakage Current (Any Input) ±5 )lA 
Vcc=max 
VJN = Vss to Vee 

IOLK Off State Output Leakage Current ±10 
Vee= max 

)lA V1N = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loH =-4mA 

VoL Output Logic ·o· Voltage 0.4 v loL=8mA 

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

AC TEST CONDITIONS CAPACJTANCEb (TA=25°C, f=1.0 MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CJN Input Capacitance 4 pF tN = 0 to 3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 CoUT Output Capacitance 7 pF b.V = 0 to 3V 

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

_2ffi--------------------~~·----------------------
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IMS1620M/1620LM 

RECOMMENDED AC OPERATING CONDITIONS (-55"C s; TAs; 125"C) (Vee.= 5.0V ± 10%) 

READCYCLE9 

NO. 
SYMBOL IMS1620M-45 IMS1620M·55 

Standard Alternate PARAMETER 

1 tELQV lAcs Chip Enable Access Time 

2 !AVAV lAC Read Cycle Time 

3 tAvav tAA Address Access Time 

4 tAx ax tOH' Output Hold After Address Change 

5 lELOX lLZ Chip Enable to Output Active 

6 IEHQZ !HZ Chip Disable to Output Inactive 

7 IELICCH IPU Chip Enable to Power Up 

8 tEHICCL IPD Chip Enable to Power Down 

tr Input Rise and Fall Times 

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 V1t max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

5 5 

5 5 

0 15 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady state output voltage. Load capac~ance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1t to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

MAX 
55 

55 

20 

55 

50 

IMS1620M·70 
MIN MAX 

70 

70 

70 

5 

5 

0 25 

0 

70 

50 

uNrrs NOTES 

ns 

ns c 

ns d 

ns 

ns j 

ns f,j 

ns j 

ns j 

ns e,j 

ADDRESS 9------------------2--tA_V_~~--------------~~~----~ 
- 3tAvav -~ t 

110 (DATA OUT) ~====~:::::::::~·~~~4-,!tA~x~a~~ ~-------0-U_T_P_U_T_V_A_L-ID----------, 

READ CYCLE 2c 

1 tELOV 

5 tELOX 

I/O (DATA OUT) HIGH IMPEDANCE 

1+-----.j 7 lELICCH 

Icc 
STANDBY .. ~ 

--------- [ffiJll()S"--~------
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IMS1620M/1620LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ +125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 1: W CONTROLLEDg.h 

SYMBOL IMS1620M·45 IMS1620M·55 IMS1620M·70 NO. PARAMETER UNITS 
Standard Alternate MIN MAX MIN 

9 !AVAV twe Write Cycle Time 40 50 

10 tWLWH lwP Write Pulse Width 30 40 

11 IELWH lew Chip Enable to End of Write 30 40 

12 tDVWH tow Data Setup to End of Write 20 25 

13 tWHDX tDH Data Hold after End of Write 0 0 

14 IAVWH lAw Address Setup to End of Write 30 40 

15 IAVWL lAs Address Setup to Start of Write 0 0 

16 tWHAX tWA Address Hold after End of Write 0 0 

17 lwLOZ twz Write Enable to Output Disable 0 15 0 

18 tWHOX tow Output Active after End of Write 5 5 

Note f: Measured ±200mV from steady state output voltage. Load capacitance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note h: E or W must be ;, V1H 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 

MAX MIN MAX 

60 ns 

50 ns 

50 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

20 0 25 ns 

5 ns 

NOTES 

f,j 

i,j 

ADDRESS c=::f'-----------9-tA-V-AV--------~1-------' 

1:= 15 IAVWL 

1/0(DATAIN) 
~--------------------------------~ 

DATA VALID 

17 tWLOZ t---~ 

1/0(DATAOUT) DATA UNDEFINED 
~--------------------------------~ 

_41_9 ________________ -----tt~·----------------------
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IMS1620M/1620LM 

RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ Ta ~ 125°C) (Vee= 5.0V ±10%) 

WRITE CYCLE 2: E CONTROLLED9· h 

SYMBOL NO. PARAMETER IMS1620M-45 IMS1620M-55 IMS1620M-70 
UNITS NOTES 

Standard AHarnata MIN MAX MIN 

19 IAVAV twc Write Cycle Time 40 50 

20 lwLEH lwP Write Pulse Width 30 40 

21 IELEH lew Chip Enable to End of Write 30 40 

22 tDVEH tow Data Setup to End of Write 20 25 

23 tEHDX IDH Data Hold after End of Write 0 0 

24 IAVEH lAW Address Setup to End of Write 30 40 

25 IEHAX IWR Address Hold after End of Write 0 0 

26 lA VEL !As Address Setup to Start of Write 0 0 

27 lwLaz twz Write Enable to Output Disable 0 15 0 

Note 1: Measured ±200mV from steady state output voltage. Load capacitance Is 5pF. 
Note g: E and Vi/ must transition between VIH to VIL or ViL to VIH in a monotonic fashion. 
Note h: E or W must be ~ V1H 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 

ADDRESS 

26 

21 tEWl 

E 

w 

IIO(DATA IN) 

MAX MIN MAX 

60 ns 

50 ns 

50 ns 

30 ns 

0 ns 

50 ns 

0 ns 

0 ns 

20 0 25 ns 

110 (DATA OUT) 

27t,_Ql h 
r---------D-A_T_A_U_N_D_E_F_I_N_E_D~--~~----~H~IG~H~IM~P~E~D~A~NC~E~----

f,j 

---------------------~~·--------------------5--ffi 
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IMS1620M/1620LM 

DEVICE OPERATION 

The IMS1620M has two controlinputs, a Chip Enable 
(/E) and Write Enable (/W), 14 address i:1puts (AO -A13), 
and four Data 110 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-third of the 
active mode power with TTL levels and even lower with 
CMOS levels. 

READ CYCLE 

A read cycle is defined as /W ~ V1H min with /E s. V1L 
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 outputs remain active throughout READ 
CYCLE 1 and is valid atthe 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 atthe 
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 I MS 1620M is initiated by the latter 
of /E or IW to transition from a high to a low. In the case 
of IW 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 l/0 configura­
tions. Therefore input data should not be active until twLaz 
to aviod bus contention. 

WRITE CYCLE 1 waveform showsawritecycletermi­
nated by /W going high. Data set-up and hold times are 
referenced to the rising edge of /W. When IW 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 
IMS1620M. 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 TIL driver peripherycircuitarea 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. 

M •• 
----------------~-~·------------------
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TERMINATION 

Trace lines on a memory board in the array look to TIL 
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 DCcurrentandusinga minimum number of 
components. This is accomplished by placing a series 
resistor in the signal line at the output of the TIL driver to 

IMS1620M/1620LM 

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 1 0 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. 

OAT A RETENTION (L version only)(-55°C s TAS 125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

lccDR1 Data Retention Current 

lccDR2 Data Retention Current 

tEHVCCL Deselect Time (teoRl 

tvccHEL Recovery Time (IR) 

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

MIN TYP• 

2.0 

15 

10 

0 

IRe 

MAX UNITS NOTES 

volts VrN s 0.2V or<!: (Vee-0.2V) E <!: (Vce-0.2V) 

1200 !!A Vee= 3.0 volts 

800 !!A Vee- 2.0 vohs 

ns j, k 

ns j, k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 100mV per (.15 from VoR to Vee min. 

LOW V cc DATA RETENTION 

DATA R.ETENTION MODE 

E ~ IVoR -0.2V) 

-----------•rmmos··-_________ 7_19 
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IMS1620M/1620LM 

Type Package 
A Formed flat-pack 
B Formed flat-pack 
c LCC 
D Cerdip 
E Small outline, J-bend 
G PGA 
H Small outline, Gull wing 
J PLCC, J-bend 
K Sidebraze ceramic DIP 
N Ceramic LCC 
p Plastic DIP 
s Sidebraze ceramic DIP 
T (Skinny) Flat-pack 
w Ceramic LCC 
y (Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
S.OV 

Q (Dour) 

255Q 

480Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E w Q MODE 

H X HI-Z Standby (lsb) 

L H Dout Read 

L L HI-Z Write 

ORDERING INFORMATION 

PART NUMBER 
DEVICE SPEED PACKAGE 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1620S-45M IMS1620LS45M 

IMS 1620M 45ns CERAMIC LCC IMS1620N-45M IMS1620LN45M 

IMS1620LM 55ns CERAMIC DIP IMS1620S-55M IMS1620LS55M 
55ns CERAMIC LCC IMS1620N-55M IMS1620LN55M 
70ns CERAMIC DIP IMS1620S-70M IMS1620LS70M 
70ns CERAMIC LCC IMS1620N-70M IMS1620LN70M 

_BI9 ___________ .fulmos•-----------
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PACKAGING INFORMATION 

22 Pin Ceramic Dual-In-Line 

I~ D .I 

t = =r[ ~ r ~ JE =] 

2.54 
0-:100 

22 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .490 .006 3.446 .152 
E .290 .006 7.366 .152 
e1 .050 1.270 

r 
D -+--

IMS1620M/1620LM 

Dim 
Inches mm 

Nom To I Nom To I 

A .118 .010 2.997 .254 
A1 .035 .015 .889 .381 
8 .018 .003 .457 .152 

81 .060 Typ 1.524 Max 
D 1.10 .013 27.94 .330 
E .315 .010 8.001 .254 
E1. .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

---------------------tt~·----------------------9/9 
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FEATURES 

• I NMOS' Very High Speed CMOS 
• Advanced Process - 1.6 Micron Design Rules 
• Full Military Temperature Operating 

Range (-55•C to +125•C) 
• MIL-STD-883C Processing 
• 16K x 4 Bit Organization with Output Enable 
• 45, 55, and 70 nsec Access Times 
• Fully TTL Compatible 
• Common Data Input & Output 
• Three-state Output 
• Power Down Function 
• Single +5V ± 1 0% Operation 
• 24-Pin, 300-mil DIP (JEDEC Std.) 
• 28-Pin, 300-mil LCC (JEDEC Std.) 
• Standard_ Military Drawing version available 

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

IMS1624M 
IMS1624LM 

CMOS 
High Performance 

16K x 4 Static RAM 
M I L-STD-883C 

DESCRIPTION 

The INMOS IMS1624M is a high performance 16Kx4 
CMOS Static RAM processed in full compliance to MIL­
STD-883C and guaranteed to operate overthe full military 
temperature range. The IMS1624M provides maximum 
density and speed enhancements with the additional 
CMOS benefits of lower power and superior reliability. 

The IMS1624M features fully static operation requiring 
no external clocks or timing strobes, and equal address 
access and cycle times. The IMS1624M provides a Chip 
Enable (IE) function that can be used to place the device 
into a low-power standby mode. The IMS1624M also 
includes an Output Enable (IG) for fast access to data and 
enhanced bus contention control. 

The IMS1624LM is a low power version offering battery 
backup data retention operating from a 2 volt supply. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

DIP 

PIN NAMES 
A0 • A13 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vss GROUND 

vo DATA IN/OUT 

E CHIP ENABLE 

G OUTPUT ENABLE 

November 1 g99 

'Eiiw 

MEMORY ARRAY 
256RC7NS 

256COLUMNS 

CXltUUNLO 

Vee 
Vss 

119 
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IMS1624M/1624LM 

ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.9 to 7.0V 
Voltage on 1/0 Pins (13-16) .......... -1.0 to (Vcc+0.5) 
Temperature Under Bias ................ -55° C to 125•c 
Storage Temperature .................... -65° C to 150•c 
Power Dissipation .............................................. 1 W 
DC Output Current.. ....................................... 25mA 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

VIH Input Logic "1" Voltage 2.0 

VIL Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature 55 

'VIL m1n - -3 volts for pulse width <20ns, note b. 

•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 aliect reliabiiHy. 

(One output at a time, one seeon::f cluralfon) 

TYP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

25 125 •c 400 linear ftfmin air flow 

DC ELECTRICAL CHARACTERISTICS (-55•c ~ TA ~ +125•C) (Vee= 5.0V± 10%)a 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

ICC! 
Average Vee Power 100 mA IAVAV = IAVAV (min) 
Supply Current 

Vee Power Supply Current 
30 

ICC2 
(Standby,Stable TTL Input Levels) 

mA 
E ~ V1H . All other inputs at 

IMS1624L version 20 
YIN ~ VIL or ~ VIH 

Vee Power Supply Current 19 -
ICC3 (Standby, Stable CMOS Input Levels) 

mA E ~ (Vee- 0.2) . All other inputs at 

IMS1624L version 8 
YIN ~ 0.2 or ~ (Vee- 0.2V) 

Vee Power Supply Current 
20 E ~ (Vee- 0.2) . Inputs cycling at 

ICC4 
(Standby, Cycling CMOS Input Levels) 

mA 
IMS1624L version 8 

V1N ~ 0.2 or ~ (Vee- 0.2V) 

I ILK Input Leakage Current (Any Input) ±5 f1A 
Vee= max 
V1N = Vss to Vee 

Off State Output Leakage Current 
Vee= max 

IOLK ±10 f1A V1N = Vss to Vee 

VOH Output Logic "1" Voltage 2.4 v loH =-4mA 

VOL Output Logic "0" Voltage 0.4 v loL= 8mA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25•c, f=1.0 MHZ) 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns CIN Input Capacitance 4 pF .tN=Oto3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load ................................ ~ .. See Figure 1 CouT Output Capacitance 7 pF .tN = 0 to 3V 

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

-~-9-------------------tt~·---------------------
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IMS1624M/1624LM 

RECOMMENDED AC OPERATING CONDITIONS (-55•C a A i 125•C) (Vee= 5.0V±10%) 

READCYCLEg 

NO. 
SYMBOL IMS1624M-45 IMS1624M·55 IMS1624M-70 

UNITS NOTES Standard Alternate PARAMETER 

1 IELOV lACS Chip Enable Access Time 

2 IAVAV IRC Read Cycle Time 

3 tAvrN tAA Address Access Time 

4 IGLOV toe Output Enable Access Time 

5 IAxax taH Output Hold After Address Change 

6 IE LOX ILZ Chip Enable to Output Active 

7 tGLOX tOLZ Output Enable to Output Active 

8 IEHOZ 1HZ Chip Disable to Output Inactive 

9 tGHOZ lOHZ Output Disable to Output Inactive 

10 •tELICCH tPU Chip Enable to Power Up 

11 tEHICCL IPO Chip Enable to Power Down 

tr Input Rise and Fall Times 

Note c: For READ CYCLE 1 & 2, W is high for entire cycle. 
Noted: Device is continuously selected; E low. 
Nole e: Measured between VIL max and V1H min. 

MIN MAX MIN 

45 

45 55 

45 

20 

5 5 

5 5 

5 5 

0 15 0 

0 15 0 

0 0 

45 

50 

Note f: Measured ±200mV from steady slate output voltage. Load capac~ance is 5pF. 
Note g: E and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
Note j: Parameter guaranteed but not tested. 

READ CYCLE 1c,d 

2 IAVAV 

ADDRESS 

1/0(DATAOUT) 
~--------------~~~~~~ 

READ CYCLE 2c 

MAX -MIN MAX 

55 70 ns 

70 ns 

55 70 ns 

25 30 ns 

5 ns 

5 ns 

5 ns 

20 0 25 ns 

20 0 25 ns 

0 ns 

55 70 ns 

50 50 ns 

OUTPUT VALID 

ADDRESS c==Jf ___________________ 2_t-AV_A_v-----------------~------~ 
IELOV 

6 tELOX I 

c 

d 

j 

j 

l,j 

l,j 

. j 

j 

e,j 

~~=========:==~-=~:=~LL~~LL~~~~~~==~~Bli:EHOZ ~ I . ,----..! 9 tGHOZ 

G -----+----------,~ L• _----4-ta_L_a_v __ -;J, I ______________ ...Jf 8 IE~I~CL 

1ro (DATAOL I HIGH z (X)(XX)(* ___ o_u_T_Pu_T_vA_L_ID ___ h-1 
• .. }1 0 IELICCH _AQT_!V.§. _____ _ 

Icc STANDBY 

•
D 3/9 -------------------- ~----~----~--------
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RECOMMENDED AC OPERATING CONDITIONS (-55°C ~ TA ~ 125°C) (Vee= s.ov ±1 0%) 

WRITE CYCLE 1 : W CONTROLLEDg.h 

IMS IMS IMS 
SYMBOL 

PARAMETER 
1624-45 1624-55 1624-70 

No Standard Alternate MIN MAX MIN MAX MIN MAX 

12 tAVAV IWC Write Cycle Time 40 50 60 

13 tWLWH IWP Write Pulse Width 30 40 50 

14 IELWH tcw Chip Enable to End of Write 30 40 50 

15 IDVWH tow Data Setup to End of Write 20 25 30 

16 !WHDX IDH Data Hold after End of Write 0 0 0 

17 IAVWH lAW Address Setup to End of Write 30 40 50 

18 tAVWL lAS Address Setup to Start of Write 0 0 0 

19 tWHAX tWR Address Hold after End of Write 0 0 0 

20 !WLOZ !WZ Write Enable to Output Disable 0 15 0 20 0 25 

21 !WHQX !OW 0/P Active after end of Write 0 0 0 

WRITE CYCLE 2· E CONTROLLED9.h 

IMS IMS IMS 
SYMBOL 1624-45 1624-55 1624-70 

PARAMETER 
No Standard Alternate MIN MAX MIN MAX MIN MAX 

22 IAVAV IWC Write Cycle Time 40 50 60 

23 !WLEH IWP Write Pulse Width 30 40 50 

24 !ELEH ICW Chip Enable to End of Write 30 40 50 

25 !DVEH tow Data Setup to End of Write 20 25 30 

26 IEHDX IDH Data Hold after End of Write 0 0 0 

27 IAVEH lAW Address Setup to End of Write 30 40 50 

28 tEHAX !WR Address Hold after End of Write 0 0 0 
29 tAVEL tAS Address Setup to Start of Write 0 0 0 

30 !WLOZ !WZ Write Enable to Output Disable 0 15 0 20 0 25 

WRITE CYCLE 3: Fast Write, Outputs Disabledg,h 

IMS IMS IMS 
SYMBOL 1624-45 1624-55 1624-70 

PARAMETER ) 

No Standard Alternate MIN MAX MIN MAX MIN MAX 
31 tAVAV IWC Write Cycle Time 25 30 35 

32 !WLWH tWP Write Pulse Width 20 25 30 

33 !DVWH tow Data Setup to End of Write 20 25 30 
34 IWHDX toH Data Hold after End of Write 0 0 0 

35 !AVWH lAW Address Setup to End of Write 20 25 30 
36 tWHAX tWR Address Hold after End of Write 5 5 5 
37 tAVWL !AS Address Setup to Start of Write 0 0 0 

Note f: Measured ±200mV from steady stale output voltage. Load capacitance is 5pF. 
Note g: 
Note h: 
Notei: 
Notej: 

E. G and W must transition between V1H to V1L or V1L to V1H in a monotonic fashion. 
E or W must be ;, V1H during address transtlions. 
If W is low when E goes low, the outputs remain in the high impedance state. 
Parameter guaranteed but not tested. 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

ns i,j 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns f,j 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-~-9-------------------~~·---------------------
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WRITE CYCLE 1 

ADDRESS c=f~---------1-2_!A_VA_V_--;-------~1~---' 
E 

L 14 IELWH 

1\\\\\\i 'I I I I I I I I I I~ 
1: 18 !AVWL -

17 !AVWH I 

-131wLWH-
119 lwHAX 

15 IDVWH 16 lwHDX 

1/0(DATA IN) I DATA VALID I 
20 lwLOZ I 1--------- 21 lwHOX 

110 (DATA OUT) I DATA UNDEFINED 
HIGH IMPEDANCE I 

WRITE CYCLE 2 
22 !AVAV 

ADDRESS c I 
29 ----..!_ 

!A VEL .I 24 IELEH 

E ~ 
27 !AVEH 28 IEHAX - 23 

w ~\\\\\\\\\\\\\\ lwLEH ////////~ 
25 IDVEH !<---< 26 IEHDX 

110 (DATA IN) I DATA VALID \ I 
30 lwLOZ ~ 

I HIGH IMPEDANCE 
1/0 (DATA OUT) ._ ____ D_A_T_A_U_N_D_E_FI_N_ED ____ __, 11----'-''-""-'--"'"'-""""""-"-""~---

WRITE CYCLE 3 
31 !AVAV 

ADDRESS c I 
35 !AVWH 

14------ 37 !AVWL - ~ 36 lwHAX 
32 lwLWH 

w 
33- 34 lwHDX IDVWH -

1/0 (DATA IN) Ll _____________ pTA VAUD F-------' 
---------------------~~·-------------------5_19 
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DEVICE OPERATION 

The IMS1624M hasthreecontrolinputs, Chip Enable 
(/E), Output Enable (/G) and Write Enable (IW), 14 ad­
dress inputs (AO -A 13), and four Data 1/0 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 bythe/W and/G Inputs. With 
/E high, the device Is deselected, theoutputsaredisabled 
and the power consumption is reduced to less than one­
fourth of the active mode power with TIL levels and even 
lower with CMOS levels. 

READ CYCLE 

A read cycle Is defined as IW 2:. V1Hmln with /E and /G 
s. V1Lmax. Read access lime 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 atthe 
outputs at thelatter of specified Chip Enable Access or 
Output Enable Access times. 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 

ThewritecycleoftheiMS1624Misinitiatedbythelatter 
of /E or IW to transition from a high to a low. In the case 
of IW falling last, the output buffers are turned on teLex 
after the falling edge of /E if /G is already low Oust as in a 
read cycle). The output buffers are then turned off within 
twLOzof the falling edge of IW. During this Interval it Is 
possible to have bus contention between devices with 
common 1/0 configurations. Therefore input data should 
not be active until twLOz. To aviod bus contention, the /G 
Input ~n be held high throughout the write operation. 

WRITE CYCLE 1 waveform showsawritecycletermi­
nated by IW going high. Data set-up and hold times are 
referenced to the rising edge of IW. When IW 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 2waveform shows a write cycle termi­
nated by IE 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 IW, 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 short write cycles and eliminating any bus conten­
tion considerations. 

6_ffi __________________ ~ .. ·~·---------------------
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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 
IMS1624M. The impedance in the decoupling path from 
the power pin through the decoupling capacitor to the 
ground pin should be kept to a minimum. 

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 capacitor to eliminate low fre­
quency ripple should be placed near the edge connection 
where the power traces meet the backplane power. The 
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 to provide a solid ground ref­
erence for the TTL drivers and prevent loss of operating 
margin of the drivers due to differential ground noise. 

IMS1624M/1624LM 

TERMINATION 

Trace lines on a memory 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 1 0 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. 

DATA RETENTION (Lversiononly)(-55°C5TA5125°C) 

SYMBOL PARAMETER 

VDR Data Retention Voltage 

lccoRt Data Retention Current 

lccDR2 Data Retention Current 

IEHVCCL Deselect Time (teDRl 
tvcCHEL Recovery Time {IR) 

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

MIN TVP* 

2.0 

15 

10 

0 

IRe 

MAX UNITS NOTES 

volts V1N S 0.2V or~ (Vee-0.2V) E ~ (Vee·0.2V) 

1200 J.1A Vee= 3.0 volts 

800 J.1A Vee= 2.0 vohs 

ns j, k 

ns j, k {IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 1 oomv per J.1S from \bR to Vee min. 

LOW V cc DATA RETENTION 

DATA RETENTION MODE 

E ~ IVoR ·0.2V) 

•
a m --------- mmos·---------
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Type Package 
A Formed flat-pack 
8 Formed flat-pack 
c LCC 
D Cerdip 
E Small outline, J-bend 
G PGA 
H Small outline, Gull wing 
J PLCC, J-bend 
K Sidebraze ceramic DIP 
N Ceramic LCC 
p Plastic DIP 
s Sidebraze ceramic DIP 
T (Skinny) Flat-pack 
w Ceramic LCC 
y (Skinny) Flat-pack 

-· 

E 

H 

L 

L 

L 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1. OUTPUT LOAD 
5.0V 

4BOQ 

30pF 
{INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

w G l/0 MODE 

X X HI-Z Standby (Is b) 

H H HI-Z Output Disable 

H L Dout Read 

L X Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

PART NUMBER 
DEVICE SPEED PACKAGE 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1624S-45M IMS1624LS45M 

IMS 1624M 45ns CERAMICLCC IMS1624N-45M IMS1624LN45M 

IMS1624LM 55ns CERAMIC DIP IMS1624S-55M IMS1624LS55M 
55ns CERAMIC LCC IMS1624N-55M IMS1624LN55M 
70ns CERAMIC DIP IMS1624S-70M IMS1624LS70M 
70ns CERAMIC LCC IMS1624N-70M IMS1624LN70M 

_s,s ___________ ermmos·-----------
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PACKAGING INFORMATION 

I~ 

' ./ 
0 

24 Pin Ceramic Dual-In-Line 

D 

I 
+ 
J 

~I 

28 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
81 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .350 .010 8.890 .254 
e1 .050 .002 1.270 .051 

n D-+-

~'>~ 
I~E __J ~A~ 

IMS1624M/1624LM 

Dim 
Inches mm 

Nom Tol' Nom To I 

A .096 .012 2.438 .305 
A1 .035 .015 .889 .381 
8 .018 .002 .457 .051 
81 .060 Typ 1.524 Max 

D 1.20 .012 30.48 .305 
E .315 .010 8.001 .254 
E1 .295 .015 7.493 .381 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

Fl 
~E1_.j 

•

0 9/9 
----------------- ~·-----------------

591 





• .. .. ..® 

• • 1111 • 
0 mrumos® 
FEATURES 

• I NMOS' Very High Speed CMOS 
• Military Temperature Range (-55°C to 125°C) 
• Advanced Process -1.6 Micron Design Rules 
• 8K x 8 Bit Organization 
• 45, 55 and 70 ns Address Access Times 
• 45, 55 and 70 ns Chip Enable Access Times 
• Fully TIL Compatible 
• Common Data Inputs and Outputs 
• Single +5V ± 10% Operation 
• Fast Write Cycle when Outputs Disabled 
• Standard Military Drawing version available 
• 28 pin DIP, 32 pin LCC (JEDEC Standard) 
• Battery Backup Operation- 2V data retention 

(L version only) 

PIN CONFIGURATION 

NC Vee 
A, w 
A, E, 

"" ... 
As ,.. 
A, Att 
A, 6 
A, ., ., e, 
Ao "'• >o, ..,, 
>o, "'• oo, ..,, 
Vss "'· 

DIP LCC 

PIN NAMES 

Ao·A12 ADDRESS INPUTS Vee POWER(+SV) 

w WAITE ENABLE Vss GROUND 

1101-1/0e DATA IN/OUT 

E1,E2 CHIP ENABLE 

G OUTPUT ENABLE 

November 1989 

IMS1630M 
IMS1630LM 

CMOS 
High Performance 
8K x 8 Static RAM 

MIL -STD-883C 
DESCRIPTION 

The IMS1630M is a high speed CMOS 8K x 8 Static 
RAM processed in full compliance to MIL-STD-883C. 

The IMS1630M features fully static operation 
requiring no external clocks or timing strobes, and equal 
address access and cycle times. The IMS1630M 
provides two Chip Enable functions (IE 1, E2) to place 
the circuit in a reduced power standby mode. 

The IMS1630LM is a low power version offering 
battery backup data retention operating from a 2 volt 
supply. 

The IMS1630M and IMS1630LM are VLSI Static 
RAMs intended for military applications that demand 
high performance and superior reliability. 

LOGIC SYMBOL 

~, E2 a w 

E, 
e, 

VI 
6 

BLOCK DIAGRAM 

MEMORY ARRAY 
256ROWS 

256COLVMNS 

Vee 
Vss 

1/9 
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ABSOLUTE MAXIMUM RATINGS* 
Voltage on any pin relative to Vss ......... -2.0 to 7.0V 
Voltage on 1/0 ............................. -1.0 to (Vcc+0.5)V 
Temperature Under Bias ................ -55° C to 125°C 
Storage Temperature .................... -65° C to 150°C 
Power Dissipation .............................................. 1 W 
DC Output Current... ...................................... 25mA 
(One output at a tlme, one second duration) 

DC OPERATING CONDITIONS 

PARAMETER MIN 

Vee Supply Voltage 4.5 

Vss Supply Voltage 0 

ViH Input Logic "1" Voltage 2.0 

v,c Input Logic "0" Voltage -1.0* 

TA Ambient Operating Temperature -55 

•v1t mm - -3.0 volts for pulse w1dth <20ns, note b. 

•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 
corditions for exterded periods may affect reliabil~y. 

TVP MAX UNITS NOTES 

5.0 5.5 v 
0 0 v 

Vcc+0.5 v All inputs 

0.8 v All inputs 

+125 oc 400 linear It/min air flow 

DC ELECTRICAL CHARACTERISTICS (-55°C ~ TA ~ 125°C) (Vee- 5 ov + 10%)a - -
SYMBOL PARAMETER MIN MAX UNITS NOTES 

!CCI Average Vee Power 
Supply Current 

85 rnA IAVAV = IAVAV (min) 

ICC2 
Vee Power Supply Current E ~ VtH . All other inputs at 
(Standby,Stable TTL Input Levels) 30 mA VtN ~ VtL or ~ VtH 

ICC3 
Vee Power Supply Current 

17 nJA 
E ~ (Vee- 0.2) . All other inputs at 

(Standby, Stable CMOS lnp.ut Levels) VtN $ 0.2 or ~ (Vee- 0.2V) 

ICC4 
Vee Power Supply Current 20 mA E ~ (Vee- 0.2). All other inputs cycling 

(Standby, Cycling CMOS Input Levels) at VtN ~ 0.2 or ~ (Vee- 0.2V) 

Vee= max 

I ILK Input Leakage Current (Any Input) ±5 ~ VtN = Vss to Vee 

fOLK Off State Output Leakage Current ±10 
Vee= max 

~ VtN = Vss to Vee 

VoH Output Logic "1" Voltage 2.4 v loUT= -4mA 

VOL Output Logic "0" Voltage 0.4 v loUT= 8mA 

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

AC TEST CONDITIONS CAPACITANCEb (TA=25°C, f=1.0MHz)b 

Input Pulse Levels ................................. Vss to 3V SYMBOL PARAMETER MAX UNITS CONDITIONS 
Input Rise and Fall Times .............................. 5ns 

CtN Input Capacitance 5 pF t..V=Oto3V 
Input and Output Timing Reference Levels .. 1.5V 
Output Load .................................... See Figure 1 GoUT Output Capacitance 7 pF t..V=Oto3V 

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

_v_e _____________________ 4t~·-----------------------
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RECOMMENDED AC OPERATING CONDITIONS (-55•C S T AS 125•C)(Vcc = 5.0V ± 1 0%) 
READ CYCLEg 

NO. SYMBOL PARAMETER 
16301HS 163QM.6& s......., AI ... ,_ 

1 IE1LQV lACS Chip Enable Acoess lime 

2 IE2HQV lACS Chip Enable Acoess lime 

3 IAVAV IRe Read Cycle lime 

4 IAvav IAA Address Access lime 

5 IGLOV 'oE Output Enable to Data Valid 

6 lAX ax loH Output Hold After Address Change 

7 IE1LQX lt..z Chip Enable to Output Active 

B IE1HOZ 'Hz Chip Disable to Output Inactive 

9 IE2HQX lt..z Chip Enable to Output Active 

10 IE2LOZ 'Hz Chip Disable to Output Inactive 

11 IGLax lt..z Output Enable to Output Active 

12 IGHaz 'Hz Output Disable to Output Inactive 

13 tE1LICCH lpu Chip Enable to Power Up 

14 IE1HICCL lpD Chip Enable to Power Down 

15 !E2HICCH tpu Chip Enable to Power Up 

16 IE2LICCL lpD Chip Disable to Power Down 

tr Input Rise and Fall limes 

Notec: For READ CYCLE 1 &2, W1ShiQ!lloren!!_rucycle. 
Noted: Device is continuously selected, E1 low, G low and E2 high. 
Note o: Measured between VIL max and V1H min. 

.... MAX -
45 

45 

45 55 

45 

15 

5 5 

5 5 

0 20 0 

5 5 

0 20 0 

5 5 

0 20 0 

0 0 

25 

0 0 

25 

50 

Notal: Moasurud~OOmVtromsteadystato oulputvollago. Load capacitance is5pf. 
Nolo g: E1' E2, G andW must transhion between v,H to v,L or v,L to VtH in a monotonic tashion. 
Note j: Parameter guaranteed but nottested. 

READ CYCLE 1c,d 

READ CYCLE 2c 

MAX 

55 

55 

55 

20 

25 

25 

25 

30 

30 

50 

1631JM.70 
MN MA 

70 

70 

70 

70 

25 

5 

5 

0 25 

5 

0 25 

5 

0 25 

0 

35 

0 

35 

50 

UNITS 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 

3 'f.AVAY 

ADDRESS c=f--------------~ ._ __ ..J 

'E1 

VO (Data Out) 

Icc 

1..---, :· 'e1Ucaf 

~~;~~·~re~m=~~------------------------~ 

NOTES 

c 

d 

f,j 

f,j 

f,j 

j 

j 

j 

j 

e,j 

---------------------tt~--------------------3--/9 
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RECOMMENDED AC OPERATING CONDITIONS (-ssoc ~ TA ~ 125°C) (Vee= s.ov ±10%) 

WRITE CYCL,E 1: W CONTROLLEDg,h 
JMS JMS IMS UNITS NOTES 

SYMBOL 1630M- 1630M- 1630M-
PARAMETER 45 55 70 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

18 tAVAV tWC Write Cycle Time 45 55 70 ns 

19 IWLWH tWP Write Pulse Width 35 45 50 ns 

20 tE1LWH tcw Chip Enable 1 to End of Write 35 45 50 ns 

21 tE2HWH tcw Chip Enable 2to End of Write 35 45 50 ns 
22 IDVWH tow Data Setup to End of Write 20 25 25 ns 

23 tWHDX IDH Data Hold alter End of Write 0 0 0 ns 

24 tAVWH tAW Address Setup to End of Write 35 45 50 ns 

25 tAVWL tAS Address Setup to Start of Write 0 0 0 ns 

26 IWHAX IWR Address Hold alter End of Write 0 0 0 ns 

27 IWLOZ tWZ Write Enable to Output Disable 0 20 0 20 0 25 ns f,j 

28 tWHOX tOW Output Active Alter End of Write 5 5 5 ns i,j 

WRITE CYCLE 2- E1 OR E2 CONTROLLED9·h 
IMS IMS IMS 

SYMBOL 1630M- 1630M- 1630M-
PARAMETER 45 55 70 UNITS NOTES 

No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

29 tAVAV tWC Write Cycle Time 45 55 70 ns 

30 tWLEIH IWP Write Pulse Width 35 45 50 ns 

31 tEtLE1~ tcw Chip Enable 1 to End of Write 35 45 50 ns 

32 tE2HE2 tcw Chip Enable 2to End of Write 35 45 50 ns 
33 tDVE1H tow Data Setup to End of Write 20 25 25 ns 

34 IE1HDX tOH Data Hold after End of Write 0 0 0 ns 

35 IAVE1H lAW Address Setup to End of Wrn~ 35 45 50 ns 

36 tE1HAX tWR Address Hold after End of Write 0 0 0 ns 

37 IAVE1L lAS Address Setup to Start of Write 0 0 0 ns 

38 IWLOZ tWZ Write Enable to Output Disable 0 20 0 20 0 25 ns f,j 

WRITE CYCLE 3- FAST WRITE OUTPUTS DISABLED (DEVICE CONTINUOUSLY SELECTED G HIGH)g,h 

IMS IMS IMS 
SYMBOL 1630M- 1630M- 1630M-

PARAMETER 45 55 70 
No Stan'd Alt. MIN MAX MIN MAX MIN MAX 

39 IAVAV tWC Write Cycle Time 25 30 35 

40 tWLWH tWP Write Pulse Width 20 25 30 

41 tOVWH tcw Data Set-up to End of Write 20 25 30 

42 twHDX tcw Data Hold Alter End of Write 0 0 0 

43 tAVWH tow Address Set-up to End of Write 20 25 30 

44 IWHAX IDH Addres Hold Alter End of Write 0 0 0 

45 IAVWL lAS Address Set-up to Start of Write 0 0 0 

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

E1, E2, G and W must transition between VJH to VJL or V1L to VJH in a monotonic fashion. 
Et, or W must be;;, V1H or E2 must be s VJL during address transitions. 

UNITS NOTES 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note i: 
Notej: 

If W is low when the later of Et goes lciw or E2 goes high, the outputs remain in the high impedance state. 
Parameter guaranteed but not tested. 

-~--------------------.. ~·---------------------
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IMS1630M/1630LM 

WRITE CYCLE 1 

ADDRESS q J" :: "t f I 

E1 1\\\\\\} :(/ZZIZI/ZZIA 

E2 1ohof 21 

u- -\N 
w C= ·- -~~~:d~l:= 

vo (DATA IN) I PATA VALID t-----' 
27 "'-az ~ H:' ,_,x 

1/0(DATAOUT) '----------~---' HIGH ... PEDMICE4~---' 

WRITE CYCLE 2 

ADDRESS rl 
1 

29 
\o.v•• 

0 

y __ _, 
(__Jr 31 fEtLEtH 1' 

E2 

w &\\\\\\\\\\\\\\\\\ ~7701/llm 
,c:= """''" .Jf=34 !eum 

1/0(DATAIN) .I WATAVAUD 1= I 
....----~,....,_~"''~· ~~ 

1/0(DATAOUT) I ~1---....:::"'::::;:.GHI:::::;:MPE~DANC:;:::::E:..__ __ 

WRITE CYCLE 3 
39 t,.vAV 

1/0(DATAIN) 1.....~-----------' 

------------tt~·-----------5_19 
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DEVICE OPERATION 

The IMS1630M has four control inputs, Chip Enable1 
(E1), Chip Enable 2 (E2), Write Enable (W) and Output 
Enable (G). There are also13 address inputs (AO -A12) 
and eight Data 110 lines (I/O 1 to 1/0 8). The Enable inputs 
control device selection as well as active and standby 
modes. TheW 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 theW input. 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 oft he 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 ~ VIH min with E1 , V1L max, 
E2 <:: VIH min and G :s; 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. If 
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 1101 -
110 8 to be active. 

WRITE CYCLE 

The write cycle of the IMS1630M is initiated by the later-of 
Efor W to 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 cycie. If G is 
low during a W controlled write cycle (Write Cycle 1), the 
output bufferwill be turned on by the lateroftE1 LOX alter the 
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 

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 opE)ration is to 
keep G high during the write cycle. During a write cycle, 
data on the inputs is written into the selected cells and the 
outputs are floating. · 

For any write cycle, tAVWL, tAVE1 L, 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 theW control signal is very important. Excessive 
ringing on high to 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 ofW. When W goes high 
while E1 is low and E2 is high, the outputs remain in 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 from the 
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 ofW. 
Data out will be the same as the data just written, unless 
the address changes.lf input data from the 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, Glow) before W goes low and input data 
is valid early in the cycle. The recommended mode of 
operation is to keep G high except when reading data from 
the device, thus avoiding bus contention. 

TTL VS. CMOS INPUTLEVELS 

The !NMOS 1630M is fully compatible with TTL input 
levels. The input circuitry of the IMS1630M is designed for 
maximum speed and also for conversion of TTL level 
signals to the CMOS levels required for internal operation. 
The IMS1630M 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. 

s_te ____________________ ~et~·~·-----------------------
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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 
IMS1630M. 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 ~F and be placed between each row of devices in the 
array. A largertantalum 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 all he 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 drivers and prevent loss of 
operating margin due to differential ground noise. 

DATA RETENTION (L version only) (-55°C < TA < 125°C) - -

SYMBOL PARAMETER 

VoR Data Retention Voltage 

leeoRt Data Retention Current 

leeDR2 Data Retention Current 

tEHVeeL Deselect Time (teo~ 

tveeHEL Recovery Time (1R ) 

• Typical data retention parameters at 25 oc 
Note j: Parameter guaranteed but not tested 

MIN yp• 

2.0 

15 

10 

0 

IRe 

IMS1630M/1630LM 

TERMINATION 
Trace lines on a memory 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 lind the 
proper value to use for the series termination to minimize 
reflections, but generally a series resistor in the 1 o 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. 

MAX UNITS NOTES 

volts v1N ,;; 0.2V or;;, (Vee -0.2V) E ;;,(Vee -0.2V) 

1200 ~ Vee= 3.0 volts 

800 ~ Vce=2.0volts 

ns j,k 

ns j,k (IRe= Read Cycle Time) 

Note k: Supply recovery rate should not exceed 1 OOmV per1 O~s from VoR to Vee min 

Vee--------------~ 
4.5V 

E 

Data Retention Mode 

VoR;;, 2V 

E ;;,(V DR -0.2V) 

---------------------tt~·----------------------~9 
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Type 
A 
B 
c 
D 
E 
G 
H 
J 
K 
N 
p 
s 
T 
w 
y 

Package 
Formed flat-pack 
Formed flat-pack 
LCC 
Cerdip 
Small outline, J-bend 
PGA 
Small outline, Gull wing 
PLCC, J-bend 
Sidebraze ceramic DIP 
Ceramic LCC 
Plastic DIP 
Sidebraze ceramic DIP 
(Skinny) Flat-pack 
Ceramic LCC 
(Skinny) Flat-pack 

Lead finish 
gold 

solder 
gold 

solder 
solder 
gold 

solder 
solder 
solder 
solder 
solder 
gold 

solder 
gold 
gold 

FIGURE 1- OUTPUT LOAD 
5.0V 

480.Q 

30pF 
(INCLUDING 
SCOPE AND 
FIXTURE) 

TRUTH TABLE 

E·: E2 w G 1/0 MODE 

H X X X HI-Z Standby (lsb) 

X L X X HI-Z Standby(lsb) 

L H H H HI-Z Output disable 

L H H L Dout Read 

L H L X Din Write 

Standard Military Drawing version available, see SMD Reference Guide 

ORDERING INFORMATION 

DEVICE SPEED PACKAGE 
PART NUMBER 

STANDARD LOW POWER 

45ns CERAMIC DIP IMS1630S-45M IMS1630LS45M 

IMS 1630M 45ns CERAMIC LCC IMS1630N-45M IMS1630LN45M 

IMS1630LM 
/-----ssns CERAMIC DIP IMS1630S-SSM IMS1630LSSSM 

55ns CERAMIC LCC IMS1630N-SSM IMS1630LNSSM 
70ns CERAMIC DIP IMS1630S-70M IMS1630LS70M 
70ns CERAMIC LCC IMS1630N-70M IMS1630LN70M 

-· 

_819 ____________________ .. ~·----------------------
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PACKAGING INFORMATION 

I 

I-'\ 
17 

0 

28 Pin Ceramic Dual-In-Line 

D 

\ I 

I 

13 equal spaces @ 
2.54 

oToo 

~ 

32 Pin Leadless Chip Carrier 

Dim 
Inches mm 

Notes 
Nom To I Nom To I 

A .071 .007 1.803 .178 
B1 .025 .003 .635 .076 
D .550 .010 13.970 .254 
E .450 .010 11.43 .254 
e1 .050 .002 1.270 .051 

I 

~E_J 

IMS1630M/1630LM 

Dim 
Inches mm 

Nom To I Nom To I 

A .085 .010 2.159 .254 
A1 .050 .010 1.270 .254 
B .018 .002 .457 .051 
B1 .060 Typ 1.524 Max 

D 1.40 .016 35.56 .406 
E .315 .010 8.001 .254 
E1 .595 .010 15.113 .254 
e1 .100 .010 2.54 .254 
L .145 .020 3.683 .508 

P9 
lj.-E1--.jl 
.-E-.. 

+ 

•
c 9/9 

----------------- ~·-----------------
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IMS 1605M: 64K x 1 
IMS 1625M: 16K x 4 
IMS 1629M: 16K x 4 with Output Enable 
IMS 1626/7M: 16K x 4 with Separate 1/0s 
IMS 1635M: 8K x 8 
IMS 1695M: 8K x 9 

Advance Information 
FEATURES 

I NMOS' Very High Speed Double Metal CMOS 
Advanced Process-1.2 Micron Design Rules 
64K Bit Devices 
20, 25, and 35ns Address Access Times 
20, 25 and 35 ns Chip Enable Access Times 
Fully TTL Compatible 
Single +5V ± 10% Operation 
Battery Backup Operation - 2V Data Retention, 
1 Oj.!A typical at 25°C 

• Packages include: DIP and LCC 

64K X 1 

r 
AS 

E: 

Vee 
Vss 

AO·A12 

010 

PIN NAMES 
ADDRESS INPUTS 

WRITE ENABLE 
DATA IN/OUT 

1101-1102 DATA IN/OUT w E, 1. CHIP ENABLE 
OUTPUT ENABLE 

v~ POWEA(+SV) 
v .. GROUND 

November 1989 

IMS16X5M series 
High Performance 
Memory Products 

MIL-STD-833C 
DESCRIPTION 

The INMOS IMS16X5M series are high speed ad­
vanced 64K double layer metal CMOS Static RAMs. 

The range features fully static operation requiring no 
external clocks or timing strobes, wjth equal access and 
cycle times. A chip enable function (E) that can be used to 
place the device into a low-power standby mode is avail­
able on all organisations. 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 data and enhanced bus con­
tention control. The 16x5M series are intended for military 
applications that demand high performance and superior 
reliability. 

16K X 4 (Separate Inputs and Outputs) 

r,---H>--1 
04--f=J>-.--j 

:;::b~j__)f---7------' 
I 
l Outputs track inputs 

1/1 
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FEATURES 

• INMOS' Very High Speed CMOS 
• Advanced Process - 1.2 Micron Design Rules 
• 256K x 1 Bit Organization 
• 30, 35 and 45 ns Address Access Times 
• 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 and 28 Pin LCC 
• Single +5V ± 1 0% Operation 
• Power Down Function 

IMS1800M CMOS 
High Performance 

256K x 1 Static RAM 
MIL -STD-883C 

Advanc(3 Information 

DESCRIPTION 

The I NMOS IMS1800M is a high perfonnance 256Kx1 
CMOS Static RAM. The IMS1800M provides maximum 
density and speed enhancements with the addHional 
benefits of lower power and superior reliability. 

The IMS1800M features fully static operation requiring 
no external clocks or liming strobes, wHh equal access 
and cycle times. Additi~nally, the IMS1800M provides a 
Chip Enable function (E) that can be used to place the 
device into a low power standby mode. 

The IMS1BOOM is a high speed VLSI RAM intended for 
military applications which require high performance and 
superior reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

A6 
A7 
AS 
A9 
AOO 
A11 ... 
A15 
AO 
0 
w 

~i " 23 
22 
2\ 

' 20 
6 " 7 \0 

• 17 

' \6 
\0 " 11 " " 13 

DIP and SOJ 

·~ AS .. 
"' A2 
AI 
A\7 
A\6 

A\2 
D 

"' 
CHIP 

CARRIER 

PIN NAMES 
A0- A1 7 ADDRESS INPUTS a DATA OUT 

w WRITE ENABLE Vee POWER ( +SV) 

E CHIP ENABLE Vss GROUND 

D DATA INPUT 

November 1989 

Dll\!1 £ w 

w 

MEMORY ARRAY 
256ROWS 

1024 COLUMNS 

1/1 
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FEATURES 

• INMOS' Veri High Speed CMOS 
• Advanced Process - 1.2 Micron Design Rules 
• 64K x 4 Bit Organization 
• 30,35 and 45 ns Address Access Times 
• 30, 35 and 45 ns Chip Enable Access Times 
• Fully TTL Compatible 
• Common Data Input and Outputs 
• Three-state Output 
• 24 Pin 300-mil DIP and 28 Pin LCC 
• Single +5V ± 10% Operation 
• Power Down Function 

IMS1820M CM-OS 
High Performance 

64K x 4 Static RAM 
MIL-STD-883C 

Advance Information 

DESCRIPTION 

The INMOS IMS1820M is a high performance 64Kx4 
CMOS Static RAM. The IMS1820M allows speed en­
hancements to existing 64K x 4 applications with the 
additional benefit of reduced power consumption • 

The IMS1820M features fully static operation requiring 
no external clocks or timing strobes, with equal access 
and cycle times. Additionally, the IMS1820M provides a 
Chip Enable function (/E) that can be used to place the 
device Into a low power standby mode. 

The IMS1820M is a high speed VLSI RAM intended 
for military applications which require high performance 
and superior reliability. 

PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 

.. 
AT .. .. ... 
All ... 
A13 
At< 
A15 
T 
Ya 

~: "f= 
:~ • ..= . 
::~ • 7 .. . :: ~ • 10 !! ::::: " 12 " 

DIP andSOJ 

... .. .. .. .. 
AI .. ,.,, ,.,, ,.,. 
!<!'• w 

PIN NAMES 
A,- A15 ADDRESS INPUTS Vee POWER (+SV) 

w WRITE ENABLE Vas GROUND 

If(). I/() DATA INIOllT 

ll CHIP ENABlE 

November 1989 

"'• 
"'• 

"'• 
"'• 

T II 

E 

w 

MEMORYMMV 
250ROWS 

1024COLUM'fS 

Vee 

""' 

1/1 
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