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tion. In just three to ten days a limited number of individuals learn more in a single workshop than in weeks of
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categories include: architecture and assembly language, programming and operating systems, BITBUS™ and
LAN applications.
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Intel uses various data sheet markings to designate each phase of the document as it
relates to the product. The marking appears in the upper, right-hand corner of the data
sheet. The following is the definition of these markings:

Data Sheet Marking

Product Preview

Advanced Information
Preliminary

No Marking

Description

Contains information on products in the design phase of
development. Do not finalize a design with this
information. Revised information will be published when
the product becomes available.

Contains information on products being sampled or in
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office that you have the latest data sheet before finalizing a design.



intel

Memory Overview

Memory Technologies

Dynamic RAMs
(Random Access Memories)

Static RAMs
(Random Access Memories)

EPROMs
(Erasable Programmable
Read Only Memories)

Flash Memories (Electrically
Erasable and Reprogrammable
Non-Volatile Memories)






Table of Contents

Alphanumeric Index ...t e Xi
CHAPTER 1
Memory Overview _
Memory Overview . ..... e e O 1-1
CHAPTER 2
Memory Technologies
Intel Memory Technologies . . ..ot i e e s i 2-1
CHAPTER 3
Dynamic RAMs (Random Access Memories)
DATA SHEETS :
21256 262,144 x 1-Bit Dynamlc RAM with Page Mode ......................... 3-1
21464 65,536 x 4-Bit Dynamic RAMwithPageMode ........................... 3-19
21010 1,048,576 x 1-Bit Dynamic RAM withPageMode . .............. e remersiate 3-37
21014 262,144 x 4-Bit Dynamic RAM withPageMode ......................... 3-53
21040 4,194,304 x 1-Bit Dynamic RAM with PageMode .....................e. 3-69
2D2569 256K x 9-Bit High Density Dynamic RAM Memory Module with Page Mode  3-90
21019 1,048,576 x 9-Bit Dynamic RAM Memory Module with Page Mode . . ....... 3-107
225636 256K x 36-Bit Dynamic RAM Memory Module with Page Mode ............ . 3-124
251236 512K x 36-Bit Dynamic RAM Memory Module with Page Mode ........... 3-141
RELIABILITY REPORT
RR-62 Dynamic RAM Reliability Report .............ccoiiiiiiiiiiiiiinn, 3-158
CHAPTER 4
Static RAMs (Random Access Memories)
DATA SHEETS
5116S/L 2K x 8-Bit CMOS Static RAM . . ... ..ot eees 4-1
5164S/L8Kx8-Bit CMOSStaticRAM ... ... ..ot e 4-9
51256S/L 32K x 8-Bit CMOS StaticRAM . ... ... e 4-18
51C68 High Speed CHMOS 4096 x 4-Bit Static RAM . . ... .......oiiiiinnn., 4-26
51C98 High Speed CHMOS 16,384 x 4-Bit StaticRAM ......................... 4-32
5164 High Speed 8192 x 8-BitStaticRAM .. .......... . i 4-39
51256 High Speed 32K x 8-BitStaticRAM ................ ...t 4-47
51258 High Speed 64K x 4-Bit Static RAM . .. ..., ..o 4-56
RELIABILITY REPORT
RR-63 Static RAM Reliability Report . ........ ... i 4-63
CHAPTER 5 ‘
EPROMSs (Erasable Programmable Read Only Memories)
DATA SHEETS
2716 16K (2K x 8) UV Erasable PROM . ................. T P 5-1
2732A 32K (4K x8) UV Erasable PROMS. ..............covut.. A A 5-9
2764A 64K (8K x8) UV Erasable PROMS. . ... . vueinni it eaiinnns 5-18
27128A 128K (16K x 8) Production and UV Erasable PROMs ................... 5-28
27256 256K (32K x 8) Production and UV Erasable PROMs...................... 5-38
27C256 256K (32K x 8) CHMOSEPROM. . ...\ttt e 5-50
27C512 512K (64K x8) CHMOSEPROM. . ... ..ottt o e e e 5-62
27513 Page-Addressed 512K (4 x 16K x 8) UV Erasable PROM ................. 5-72
27C513 Page-Addressed 512K (4 x 16K x 8) UV Erasable PROM . ............... 5-85
27C011 Page-Addressed 1M (8 x 16K x8) EPROM .................. i 5-100
27C010 1M (128K x8) CHMOS EPROM . ... ittt 5-113
27C100 1M (128K x 8) CHMOS EPROM . ... oot et 5-124
27C020 2M (256K x 8) CHMOS EPROM . ......itii i ii i ieaes 5-134
27C040 4M (512K x 8) CHMOS EPROM . . ..ottt ee s 5-144



Table of Contents (continued)

27C210 1M (64K x 16) CHMOSEPROM ... ...ttt
27C220 2M (128K x 16) CHMOS EPROM . ...t
27C240 4M (256K x 16) CHMOS EPROM ... ..o
27C400 4M (256K x 16 or 512K x 8) CHMOS EPROM ...t
27960CX Pipelined Burst Access 1M (128K x8) CHMOSEPROM ...............
27960KX Burst Access 1M (128K x 8) CHMOSEPROM ..................... ...
APPLICATION NOTES
AP-329 68030/27960CX Burst EPROM Interface..............cooviiiiiiot,
AP-346 29000/27960CX Burst EPROM Interface............. ... .o oot
RELIABILITY REPORTS
RR-35 EPROM Reliability Data Summary.................... ... L. PP
RR-67 EPROM Reliability Data Summary CHMOSIII-E.........................
ARTICLE REPRINTS
AR-414 Marriage of CMOS and PLCC Sparking Rapid Change in Mounting
Y =Y 0T 7= S PP
AR-455 One Time Programmable EPROMS. .......... ... ..o,
AR-458 OTP EPROMSs with Quick-Pulse Programming Offer Ideal Mass Production
Firmware Storage . .........utiii i e
AR-468 Keeping Data Safe with Nonvolatile Memory...................... ...

CHAPTER 6
Flash Memories (Electrically Erasable and Reprogrammable Non-Volatile
Memories) »
Flash: ANew Wayto DealwithMemory ......... ...t
DATA SHEETS
28F256A 256K (32K x 8) CMOS FlashMemory ...,
28F512 512K (64K x 8) CMOS FlashMemory . ...t
28F010 1024K (128K x8) CMOS FlashMemory .. ........covviiiinieennnenn.
28F020 2048K (256K x 8) CMOS FlashMemory ...,
iSM001 FLKA 1 Mbyte (512K x 16) CMOS FlashSIMM .........................
iIMCOO1FLKA 1-Megabyte FlashMemoryCard ...,
iIMCO04FLKA 4-Megabyte FlashMemoryCard ............ ...,
APPLICATION NOTES
AP-316 Using Flash Memory for In-System Reprogrammable Nonvolatile Storage .
AP-341 Designing An Updatable BIOS Using FlashMemory ....................
AP-343 Solutions for High Density Applications Using Intel Flash Memory ........
APPLICATION BRIEF
AB-25 Designing in Flexibility with a Universal Memory Site .....................
ENGINEERING REPORTS ;
ER-20 ETOX Il Flash Memory Technology .. .......oovii i
ER-24 The Intel 28F010 FlashMemory ...,
ARTICLE REPRINTS
AR-463 Don’t Write Off the U.S.in Memory Chips .............................
AR-466 Nonvolatility: Semivs.Mag.............oooii i
AR-470 A 90 ns 100K Erase/Program Cycle Megabit Flash Memory .............
AR-472 The Memory Driver. ... ..ot it e e
AR-474 Memory Life-Cycle Cost ........ccoiviiiiiiiii it
AR-478 Flash, Bestof TWoWorlds .........ccoiiiiiiiii ittt
AR-484 PC Standardinthe Cards ..........coviiiiiiiiii e,
AR-486 Flash Outshines ROM&EPROM ........ ... coiiiiiiiiiiiiiiniann..
AR-490 Flash Memory Operates 10-20 TimesLonger .........................
AR-491 Memory Breakthrough Drives Miniaturization ..........................



Alphanumic Index

21010 1,048,576 x 1-Bit Dynamic RAM with Page ljode. ... - .. .- I T A 3-37
21014 262,144 x 4-Bit Dynamic RAM withPageMige . ...............covvvinnininn, 3-53
21019 1,048,576 x 9-Bit Dynamic RAM Memory Myqule with PageMode ..« ............. 3-107
21040 4,194,304 x 1-Bit Dynamic RAM with Page iode. .. . . . ... ... i e i e - 3-69
21256 262,144 x 1-Bit Dynamic RAM with Page Myge . ............. e e i SO 3-1
21464 65,536 x 4-Bit Dynamic RAM with Page MOte . .. ... .........oovvveeeeneennn. 3-19
225636 256K x 36-Bit Dynamic RAM Memory Modje with Page- Mode .................. 3-124
251236 512K x 36-Bit Dynamic RAM Memory Modje with PageMode .................. 3-141
27128A 128K (16K x 8) Production and UV Erasable PROMS '+« ccvvvvvvininnvnn.s TR 5-28
2716 16K (2K x 8) UV Erasable PROM . . ... oo i i et e i e 5-1
27256 256K (32K x 8) Production and UV Erasable PROMS ... cvvvvviiiiiiiiinnennn.. 5-38
2732A 32K (4K x8) UV Erasable PROMS ....... .. ... .. .ccociiiiiiiiiiiininn, 5-9
27513 Page-Addressed 512K (4 x 16K x 8) UV Eragable PROM ...............oiooat 5-72
2764A 64K (BKx8) UV Erasable PROMS ....... . ... ... ..ccoviiiiiiniiiiiiin... 5-18
27960CX Pipelined Burst Access 1M (128K x 8) CHMOS EPROM ............... .. ..., 5-192
27960KX Burst Access 1M (128K x 8) CHMOS EPROM ........ovvvniiiiniiiininn . 5-213
27C010 1M (128K x 8) CHMOS EPROM ......... . i i e e s 5-113
27C011 Page-Addressed 1IM (B x 1BKX8) EPROM. . ... ... iviiiiiiiiii i, 5-100
27C020 2M (256K x 8) CHMOS EPROM . . ...ttt i e e e 5-134
27C040 4M (512K x 8) CHMOS EPROM .. .ottt i 5-144
27C100 1M (128K x8) CHMOS EPROM . ...t i e 5-124
27C210 1M (64K X 16) CHMOS EPROM . ... .ot 5-154
27C220 2M (128K x 16) CHMOS EPROM . ... ..ttt 5-164
27C240 4M (256K x 16) CHMOS EPROM . . ...ttt 5-173
27C256 256K (32K x8) CHMOS EPROM ... .ot 5-50
27C400 4M (256K x 16 or 512K x 8) CHMOSEPROM ..........i i, 5-182
27C512 512K (64K x 8) CHMOS EPROM . ...ttt 5-62
27C513 Page-Addressed 512K (4 x 16K x 8) UV Erasable PROM ...................... 5-85
28F010 1024K (128K x 8) CMOS Flash Memory ...........c.uiiiiiiiniiiinnenennn. 6-55
28F020 2048K (256K x 8) CMOS FlashMemory ..., 6-81
28F256A 256K (32K x8) CMOS FlashMemory . ...ttt it i 6-5
28F512 512K (64K x 8) CMOS FlashMemory. ... it 6-30
2D2569 256K x 9-Bit High Density Dynamic RAM Memory Module with Page Mode . ... ... 3-90
5116S/L2K x 8-Bit CMOS Static RAM . . ... ..o e i 4-1
51256 High Speed 32K x 8-Bit Static RAM .. ... ... i 4-47
51256S/L 32K x 8-Bit CMOS StaticRAM .................coviina.n. R 4-18
- 51258 High Speed 64K x 4-Bit StaticRAM .. ... i e 4-56
5164 High Speed 8192 x 8-Bit Static RAM. . ... ... o i 4-39
5164S/L8K X 8-Bit CMOS Static RAM . . ..o i e e eee 4-9
51C68 High Speed CHMOS 4096 x 4-Bit StaticRAM .............. . ... ..o oLl 4-26
51C98 High Speed CHMOS 16,384 x 4-BitStatic RAM . . ... .. ....... ...l 4-32
AB-25 Designing in Flexibility with a UniversalMemory Site . . .......................... 6-365
AP-316 Using Flash Memory for In-System Reprogrammable Nonvolatile Storage . ....... 6-203
AP-329 68030/27960CX Burst EPROM Interface .............ccovviiiii ... 5-232
AP-341 Designing An Updatable BIOS Using FlashMemory ........................... 6-248
AP-343 Solutions for High Density Applications Using Intel Flash Memory ............... 6-297
AP-346 29000/27960CX Burst EPROM Interface ... .. e 5-260
AR-414 Marriage of CMOS and PLCC Sparking Rapid Change in Mounting Memories.. . . .. 5-390
AR-455 One Time Programmable EPROMS .......... ... i, 5-392
AR-458 OTP EPROMs with Quick-Pulse Programming Offer Ideal Mass Production
Firmware StOrage . . . . ... v vttt e e e e s 5-395
AR-463 Don’t Write Off the U.S.inMemory Chips ............c.c ... 6-390
AR-466 Nonvolatility: Semivs.Mag ...t 6-393
AR-468 Keeping Data Safe with Nonvolatile Memory ..................... P 5-398

Xi



Alphatumeric Index (Continued)

AR-470 A 90 ns 100K Erase/Progran Cycle Megabit Flash Memory .................... 6-395
AR-472 The Memory Driver ........c.coeveininienaniaananns e 6-399
AR-474 Memory Life-Cycle COSt . . oo vvrrrereratteii e 6-400
AR-478 Flash, Best Of TWO WOTIAS . .c v v vvrrrreeeeeteeemtiieeeaaany 6-401
AR-484 PC StandardintheCards ...--------- - e e eesereraeeeerate e eaa s 6-406
AR-486 Flash Outshines ROM & EPFOM . ..ol 6-411
AR-490 Flash Memory Operates 10-20 TimesLonger...............ooieeeiennnnn. 6-417
AR-491 Memory Breakthrough Drives Miniaturization ... e 6-419
ER-20 ETOX Il Flash Memory Technology ... ......oovniieiiiiiniiiienane.. 6-371
ER-24 The Intel 28F010 FlashMemory -« ... ccvvvvvnt. NP 6-376
Flash: A New Way to Deal With MemOry . - -+« v ovneinoniinii e 6-1
iIMCOO01FLKA 1-Megabyte Flash Memory Card . . ........oooviviieien e, 6-143
iMCOO4FLKA 4-Megabyte Flash Menory Gard . . ........oovvviiniriniitiinnens 6-173
Intel Memory TEChNOIOGIES ... ... .vvtrere e 21
iSMO001 FLKA 1 Mbyte (512K x 16) CMOS Flash SIMM ...t 6-109
MEMOTY OVEIVIEW . . .« e ettt et ettt ae et e et a ettt 1-1
RR-35 EPROM Reliability Data SUMMArY .......c.oieennnniiiieiiiieeeeee, 5-287
RR-62 Dynamic RAM Reliability Report .. ... 3-158
RR-63 Static RAM Reliability Report. ... ...oovinreeiiii s 4-63
RR-67 EPROM Reliability Data Summary CHMOS III-E . ........oooeivineninenens 5-341

Xii



Memory Overview 1







intel

MEMORY OVERVIEW

MEMORY BACKGROUND
AND DEVELOPMENT

Years ago, MOS LS| memories were little more than
laboratory curiosities. Any engineer brave enough to
design with semiconductor mermories had a simple
choice of which memory type to use. The 2102 Stat-
ic RAM for ease of use or the 1103 Dynamic RAM
for low power were the only two devices available.
Since then, the memory market has come a long
_ way, the types of memory devices have proliferated,
and more than 3,000 different memory devices are
now available. Consequently, the designer has many
to choose from but the choice is more difficult, and
therefore, effective memory selection is based on
matching memory characteristics to the application.

Memory devices can be divided into two main cate-
gories: volatile and nonvolatile. Volatile memories
retain their data only as long as power is applied. In
a great many applications this limitation presents no
problem. The generic term random access memory
(RAM) has come to be almost synonymous with a
volatile memory in which there is a constant rewrit-
ing of stored data.

Nonvolatile memories retain their data whether or
not power is applied. In some situations it is critical
that a nonvolatile device be used. An example of this
requirement would be retaining data during a power
failure. (Tape and disk storage are aiso non-volatile
memories but are not included within the scope of
this book, which confines itself to solid-state tech-
nologies in IC form.)

Thus, when considering memory devices, it's helpful
to see how the memory in computer systems is seg-
mented by applications and then look at the state-of-
the-art in these cases.

Volatile Read/Write Memory

First examine read/write memory, which permits the
access of stored memory (reading) and the ability to
alter the stored data (writing).

Before the advent of solid-state read/write memory,
active data (data being processed) was stored and
retrieved from nonvolatile core memory (a magnetic-
storage technology). Solid-state RAMs solved the
size and power consumption problems associated
with core, but added the element of volatility. Be-
cause RAMS lose their memory when you turn off
their power, you must leave systems on all the time,
add battery backup or store important data on a
nonvolatile medium before the power goes down.

Despite their volatility, RAMs have become very
popular, and an industry was born that primarily fed
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computer systems’ insatiable appetites for higher bit
capacities and faster access speeds.

RAM Types

Two basic RAM types have evolved since 1970. Dy-
namic RAMs are noted for high capacity, moderate
speeds and iow power consumption. Their memory
cells are basically charge-storage capacitors with
driver. transistors. The presence or absence of
charge in a capacitor is interpreted by the RAM’s
sense line as a logical 1 or 0. Because of the
charge’s natural tendency to distribute itself into a
lower energy-state configuration, however, dynamic
RAMs require periodic charge refreshing to maintain
data storage. )

Traditionally, this requirement has meant that sys-
tem designers had to implement added circuitry to
handle the dynamic RAM subsystem refresh. And at
certain times, when refresh procedures made the
RAM unavailable for writing and reading; the memo-
ry's control circuitry had to arbitrate access. LS| dy-
namic memory controllers reduce the refresh re-
quirement to a minimal design by offering a mono-
lithic controller solution.

Where users are less concerned with space and
cost than with speed and reduced complexity, the
second RAM type—static RAMs—generally prove
best. Unlike their dynamic counterparts, static RAMs
store ones and zeros using traditional flip-flop logic-*
gate configurations. They are faster and require 0
refresh. A user simply addresses the static BAM,
and after a very brief delay, obtains the bit stored in
that location. Static devices are also simpler to de-
sign with than dynamic RAMs, but the static cell’s
complexity puts these volatile chips far behind dy-
namics in bit capacity per square mil of silicon.

Nonvolatile Read-Only Memory

Another memory class, read-only memory (ROM), is
similar to RAM in that a computer addresses it and
then retrieves data stored at that address. However,
ROM includes no mechanism for altering the data
stored at that address—hence, the term read only.

ROM is. basically used for storing information that
isn’t subject to change—at least not frequently. Un-
like RAM, when system power goes down; ROM re-
tains its contents.

ROM devices became very popular with the advent
of microprocessors. Most early microprocessor ap-
plications were dedicated systems; the system’s
program was fixed and stored in ROM. Manipulated
data could vary and was therefore stored in RAM.
This application split caused ROM to be commonly
called program storage, and RAM, data storage.
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The first ROMs contained cell arrays in which the
sequence of ones and zeros was established by a
metallization interconnect mask step during fabrica-
tion. Thus, users had to supply a ROM vendor with
an interconnect program so the vendor could com-
plete the mask and build the ROMs. Set-up charges
were quite high—in fact, even prohibitive unless us-
ers planned for large volumes of the same ROM.

To offset this high set-up charge, manufacturers de-
veloped a user-programmable ROM (or PROM). The
first such devices used fusible links that could be
melted or programmed with a special hardware sys-
tem.

Once programmed, a PROM was just like a ROM. If
the program was faulty, the chip had to be discard-
ed. But, PROMs furnished a more cost-effective way
to develop program memory or firmware for low-vol-
ume purposes than did ROMs.

As one alternative to fusable-link programming, Intel
pioneered an erasable MOS-technology PROM
(termed an EPROM) that used charge-storage pro-
gramming. It came in a standard ceramic DIP pack-
age but had a window that permitted die exposure to
light. When the chip was exposed to ultraviolet light,
high energy photons could collide with the EPROM’s
electrons and scatter them at random, thus erasing
the memory.

The EPROM was not intended for use in read/write

"applications, but it proved very useful in research
and development for prototypes, where the need to
alter the program several times is quite common.
Indeed, the EPROM market originally consisted al-
most exclusively of development labs. As the fabri-
cation process became mature, and volumes in-
creased, EPROM’s lower prices made them attract-
ive even for medium-volume production-system ap-
plications. Today, millions of EPROMs are used in
systems which require only periodic, off-line updates
of information and parameters.

Nonvolatile Read/Write Memory

Technology advances have blurred the traditional
lines drawn between read-only memories (ROMSs)
and read/write memories (RAMs). The first alterna-
tive was the EPROM, which required removal from
the host system, placing it under ultraviolet light for
erasure, and subsequent reprogramming and reins-
tallation into the host system.

The next advancement was the introduction of a
nonvolatile memory that was electrically erasable
and user rewritable on a byte-by-byte basis, called
the EEPROM. The byte erase capability and high-
level of feature integration of the EEPROM came
with two penalties—density and cost. Cell and pe-
riphery complexity places EEPROM far behind

i-2

EPROM or DRAM in bit capacity per square millime-
ter of silicon and the resulting lack of cost-effective-
ness and density has caused it to lag behind other
memory technologies.

The latest advancement is Flash memory. Flash
memories combine the electrical erase capability of
the EEPROM with the simplicity, density and cost-ef-
fectiveness of EPROM cell layout. Modification to
the EPROM cell replaces block UV-erasure with
block electrical erasure, which can be accomplished
while the device is still installed in the host system.
Flash memory can also be randomly read or written
by the local system microprocessor or microcontrol-
ler.

The cost effectiveness and flexibility of Flash memo-
ry makes it applicable in code storage applications.
Code can be quickly and easily updated during pro-
totyping, incoming test, assembly or in the field,
quickly and easily. High density and nonvolatile
read/write capability also make Flash memory an
innovative alternative for mass storage, and integrat-
ing main memory and backup storage functions into
directly executable Flash memory boosts system
performance, shrinks system size, reduces power
requirements and increases reliability over that of
electromechanical media, especially in extreme en-
vironmental conditions.

APPLICATIONS OF MEMORY
DEVICES

Besides the particular characteristics of each device
that has been discussed, there are a number of oth-
er factors to consider when choosing a memory
product, such as cost, power consumption, perform-
ance, memory architecture and organization, and
size of the memory. Each of these factors plays an
important role in the final selection process.

Performance

Generally, the term performance relates to how fast
the device can operate in a given system environ-
ment. This parameter is usually rated in terms of the
access time. Fast SRAMs can provide access times
as fast as 20 ns, while the fastest DRAM cannot go
much beyond the 100 ns mark. A bipolar PROM has
an access time of 35 ns. RAM and PROM access is
usually controlled by a signal most often referred to
as Chip Select (CS). CS often appears in device
specifications. In discussing access times, it is im-
portant to remember that in SKAMs and PROMs,
the access time equals the cycle time of the system
whereas in DRAMs, the access time is always less
than the cycle time.
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Cost

There are many ramifications to consider when eval-
uating cost. Often the cost of the physical device
used is the smallest portion of the total cost of using
a particular device. Total cost must comprehend
other factors such as design-in time, test expense,
update costs, as well as cost per bit, size of memory
power consumption, etc.

Cost of design time is proportional to design com-
plexity. For example, SRAMs generally require less
design-in time than DRAMSs because there is no re-
fresh circuitry to consider. Conversely, the DRAM
provides the lowest cost per bit because of its higher
packing density. The cost of a service call to ex-
change or reprogram a ROM/PROM/EPROM ver-
sus an in-system update of a Flash memory costs
orders of magnitude more than the device itself.

Memory Size.

Memory size is generally specified in the number of
bytes (a byte is a group of eight bits). The memory
size of a system is usually segmented depending
upon the general equipment category. Computer
mainframes and most of today’s minicomputers use
blocks of read/write substantially beyond 64K
bytes—usually in the hundreds of thousands to mil-
lions of bytes.

The microprocessor user generally requires memory
sizes ranging from 2K bytes up to 64K bytes. In
memories of this size, the universal site concept al-
lows maximum flexibility in memory design.

Power Consumption

Power consumption is important because the total
power required for a system directly affects overall
cost. Higher power consumption requires bigger
power supplies, more cooling, and reduced device
density per board—all affecting cost and reliability.

All things considered, the usual goal is to minimize

power. Many memories now provide automatic pow-
er-down. With today’s emphasis on saving energy
and reducing cost, the memories that provide these
features will gain an increasingly larger share of the
market.

In some applications, extremely low power con-
sumption is required, such as battery operation. For
these applications, the use of devices made by the
CMOS technology have a distinct advantage over
the NMOS products. CMOS devices offer power
savings of several magnitudes over NMOS. Non-vol-
atile devices such as EPROMSs or Flash memories
are usually independent of power problems in these
applications.
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Power consumption also depends upon the organi-
zation of the device in the system. Organization usu-
ally refers to the width of the memory word. At the
time of their inception, memory devices were orga-
nized as nK x 1 bits. Today, they are available in
various configurations such as 4K x 1, 16K x 1, 64K
x1,1K x 4, 2K x 8, etc. As the device width increas-
es, fewer devices are required to configure a given
memory word—although the total number of bits re-
mains constant. The wider organization can provide
significant savings in power consumption, because a
fewer number of devices are required to be powered
up for access to a given memory word. In addition,
the board layout design is simpler due to fewer
traces and better layout advantages. The wider
width is of particular advantage in microprocessors
and bit-slice processors because most microproces-
sors are organized in 8-bit or 16-bit architectures. A
memory chip configured in the nK x 8 organization
can confer a definite advantage—especially in uni-
versal site applications. Conversely, there is usually
a small speed penalty, at the device level for a x8 or
x16 organization.

Types of Memories

The first step to narrowing down your choice is to
determine the type of memory you are designing—
data store or program store. After this has been
done, the next step is to prioritize the following fac-
tors:

Performance

Power Consumption
Density

Cost

SUMMARY

Global Memory

Generally, a global memory is greater than 64K
bytes and serves as a main memory for a microproc-
essor system. Here, the use of dynamic RAMs or
Flash memory for read/write memory is dictated to
provide the highest density and lowest cost per bit.
The cost of providing refresh circuitry for the dynam-
ic RAMs is spread over a large number of memory
bits, thus minimizing the cost impact.

Local Memory

Local memories are usually less than 64K bytes and
reside in the proximity of the processor itself—usual-
ly on the same PC board. Types of memories often
used in local memory applications are SRAM,
EPROM, Flash memory, and EEPROM.
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Most of this handbook is devoted to techniques and
information to help you design and implement semi-
conductor memory in your application or system. In
this section, however, the memory chip itself will be
examined and the processing technology required to
turn a bare slice of silicon into high performance
memory devices is described. The discussion has
been limited to the basics of MOS (Metal Oxide
Semiconductor) technologies as they are responsi-
ble for the majority of memory devices manufactured
at Intel.

There are three major MOS technology families—
PMOS, NMOS, and CMOS (Figure 1). They refer to
the channel type of the MOS transistors made with
the technology. PMOS technologies implement
p-channel transistors by diffusing p-type dopants
(usually boron) into an n-type silicon substrate to
form the source and drain. P-channel is. so named
because the channel is comprised of positively
charged carriers. NMOS technologies are similar,
but use n-type dopants (normally phosphorus or ar-
senic) to make n-channel transistors in p-type silicon
substrates. N-channel is so named because the
channel is comprised of negatively charged carriers.
CMOS or Complementary MOS technologies com-
bine both p-channel and n-channel devices on the

same silicon. Either p- or n-type silicon substrates
can be used, however, deep areas of the opposite
doping type (called wells) must be defined to allow
fabrication of the complementary transistor type.

Most of the early semiconductor memory devices,
like Intel’s pioneering 1103 dynamic RAM and 1702
EPROM were made with PMOS technologies. ‘As
higher speeds and greater densities were needed,
most new devices were implemented with NMOS.
This was due to the inherently higher speed of
n-channel charge carriers (electrons).in silicon along
with improved process margins. CMOS technology
has begun to see widespread commercial use in
memory devices. It allows for very low power devic-
es used for battery operated or battery back-up ap-
plications. Historically, CMOS has been slower than
any NMOS device. However, CMOS technology has
been improved to- produce higher speed devices.
The extra cost of processing required to make. both
transistor types had kept CMOS memories limited to
those areas where the technology’s special charac-
teristics would justify the extra cost. In the future, the
learning curve for high performance CMOS. costs
are making a larger number of memory devices
practical in CMOS.

GATE GATE
SOURCE | SOURCE |
N-SUBSTRATE P-SUBSTRATE
296102-1 2961022
PMOS NMOS
P-CHANNEL N-CHANNEL
DEVICE DEVICE
GATE GATE
SOURCE DRAIN q
FIELD OX
} P-SUBSTRATE
296102-3
CMOS

Figure 1. MOS Process Cross-sections

2-1



intel

INTEL MEMORY TECHNOLOGIES

In the following section, the basic fabrication se-
quence for an HMOS circuit will be described.
HMOS is a high performance n-channel MOS pro-
cess developed by Intel for 5V single supply circuits.
HMOS, and CHMOS, CHMOS-E (EPROM) and
ETOX™ (Flash Memory), along with their evolution-
ary counterparts comprise the process family re-
sponsible for most of the memory components pro-
duced by Intel today.

The MOS IC fabrication process begins with a slice
(or wafer) of single crystal silicon. Typically, it's 100
or 150 millimeter in diameter, about a half millimeter
thick, and uniformly doped p-type. The wafer is then
oxidized in a furnace at around 1000°C.to grow a
thin layer of silicon dioxide (SiO2) on the surface.
Silicon nitride is then deposited on the oxidized wa-
fer in ‘a gas phase chemical reactor. The wafer is
now ready to receive the first pattern of what is to
become a many layered complex circuit. The pattern
is etched into the silicon nitride using a process
known as photolithography, which will be described
in a later section. This first pattern (Figure 2) defines
the boundaries of the active regions of the IC, where
transistors, capacitors, diffused resistors, and first
level interconnects will be made.

ETCHED
'AREAS

NITRIDE

P72
) g ]
OXIDE
P-SUBSTRATE
296102-4

Figure 2. First Mask

The patterned and etched wafer is then implanted
with additional boron atoms accelerated at high en-
ergy. The boron will only reach the silicon substrate
where the nitride and oxide was etched away, pro-
viding areas doped strongly p-type that will electri-
cally separate active areas. After implanting, the wa-
fers are oxidized again and this time a thick oxide is
grown. The oxide only grows in the etched areas
due to silicon nitride’s properties as an oxidation bar-
rier. When the oxide is grown, some of the silicon
substrate is consumed and this gives a physical as
well as electrical isolation for adjacent devices as
can be seen in Figure 3.

NITRIDE

FIELD OX
N

P-SUBSTRATE

P+

P+

296102-5

Figure 3. Post Field Oxidation
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Having fulfilled its purpose, the remaining silicon ni-
tride layer is removed. A light oxide etch follows tak-
ing with it the underlying first oxide but leaving the
thick (field) oxide.

Now that the areas for active transistors have been
defined and isolated, the transistor types needed
can be determined. The wafer is again patterned
and then if special characteristics (such as depletion
mode operation) are required, it is implanted with
dopant atoms. The energy and dose at which the
dopant atoms are implanted determines much of the
transistor’'s characteristics. The type of the dopant
provides for depletion mode (n-type) or enhance-
ment mode (p-type) operation.

The transistor types defined, the gate oxide of the
active transistors are grown in a high temperature
furnace. Special care must be taken to prevent con-
tamination or inclusion of defects in the oxide and to
ensure uniform consistent thickness. This is impor-
tant to provide precise, reliable device characteris-
tics. The gate oxide layer is then masked and holes
are etched to provide for direct gate to diffusion
(“buried”) contacts where needed.

The wafers are now deposited with a layer of gate
material. This is typically poly crystaline silicon
(“poly”) which is deposited in a gas phase chemical
reactor similar to that used for silicon nitride. The
poly is then doped (usually with phosphorus) to bring
the sheet resistance down to 10-20 (}/square. This
layer is also used for circuit interconnects and if a
lower resistance is required, a refractory metal/poly-
silicon composite or refractory metal silicide can be
used instead. The gate layer is then patterned to
define the actual transistor gates and interconnect
paths (Figure 4).

BURIED FIELD
CoNTAGr  POLYSILICON S
GATE
OXIDE
P+ p_susTRATE
296102-6

Figure 4. Post Gate Mask

The wafer is next diffused with n-type dopant (typi-
cally arsenic or phosphorus) to form the source and
drain junctions. The transistor gate material acts as
a barrier to the dopant providing an undiffused chan-
nel self-aligned to the two junctions. The wafer is
then oxidized to seal the junctions from contamina-
tion with a layer of SiO» (Figure 5).
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BURIED oX
CONTACT POLYSILICON

GATE
OXIDE

N+ N+

P-SUBSTRATE P+

296102-7

Figure 5. Post Oxidation

A thick layer glass is then deposited over the wafer
to provide for insulation and sufficiently low capaci-
tance between the underlying layers and the metal
interconnect signals. (The lower the capacitance,
the higher the inherent speed of the device.) The
glass layer is then patterned with contact holes and
placed in a high temperature furnace. This furnace
step smooths the glass surface and rounds the con-
tact edges to provide uniform metal coverage. Metal
(usually aluminum or aluminum/silicon) is then de-
posited on the wafer and the interconnect patterns
and external bonding pads are defined and etched
(Figure 6). The wafers then receive a low tempera-
ture (approximately 500°C) alioy that insures good
ohmic contact between the aluminum and diffusion
or poly.

+P—SUBSTRATE P+ /]

FIELD J
OXIDE

296102-8

Figure 6. Complete Circuit (without passivation)

At this point the circuit is fully operational, however,
the top metal layer is very soft and easily damaged
by handling. The device is also susceptible to con-
tamination or attack from moisture. To prevent this
the wafers are sealed with a passivation layer of sili-
con nitride or a silicon and phosphorus oxide com-
posite. Patterning is done for the last time opening
up windows only over the bond pads where external
connections will be made.

This completes basic fabrication sequence for a sin-
gle poly layer process. Double poly processes such
as those used for high density Dynamic RAMSs,
EPROMs, flash memories, and EEPROMS follow the
same general process flow with the addition of gate,
poly deposition, doping, and interlayer dielectric pro-
cess modules required for the additional poly layer
(Figure 7). These steps are performed right after the
active areas have been defined (Figure 3) providing
the capacitor or floating gate storage nodes on
those devices.

—

FIRST-LEVEL  y_
POLYSILICON
(FLOATING)

SECOND-LEVEL
POLYSILICON

P-SUBSTRATE

. 296102-9
EPROM/FLASH MEMORY CELL

Figure 7. Double Poly Structure

After fabrication is complete, the wafers are sent for
testing. Each circuit is tested individually under con-
ditions designed to determine which circuits will op-
erate properly both at low temperature and at condi-
tions found in actual operation. Circuits that fail
these tests are inked to distinguish them from good
circuits. From here the wafers are sent from assem-
bly where they are sawed into individual circuits with
a paper-thin diamond blade. The inked circuits are
then separated out and the good circuits are sent on
for packaging.

Packages fall into two categories—hermetic and
non-hermetic. Hermetic packages are Cerdip, where
two ceramic halves are sealed with a glass fritt, or
ceramic with soldered metal lids. An example of her-
metic package assembly is shown in Table 1. Non-
hermetic packages are molded plastics.

The ceramic package has two parts, the base, which
has the leads and die (or circuit) cavity, and the met-
al lid. The base is placed on a heater block and a
metal alloy preform is inserted. The die is placed on
top of the preform which bonds it to the package.
Once attached, wires are bonded to the circuit and
then connected to the leads. Finally the package is
placed in a dry inert atmosphere and the lid is sol-
dered on.

The cerdip package consists of a base, lead frame,
and lid. The base is placed on a heater block and
the lead frame placed on top. This sets the lead
frame in glass attached to the base. The die is then
attached and bonded to the leads. Finally the lid is
placed on the package and it is inserted in a seal
furnace where the glass on the two halves melt to-
gether making a hermetic package.

In a plastic package, the key component is the lead
frame. The die is attached to a pad on the lead
frame and bonded out to the leads with gold wires.
The frame then goes to an injection molding ma-
chine and the package is formed around the lead
frame. After mold the excess plastic is removed and
the leads trimmed.
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After assembly, the individual circuits are retested at
an elevated operating temperature to assure critical
operating parameters and separated according to
speed and power consumption into individual speci-
fication groups. The finished circuits are marked and
then readied for shipment.

The basic process flow described above may make
VLSI device fabrication sound straightforward, how-
ever, there are actually hundreds of individual opera-
tions that must be performed correctly to complete a
working circuit. It usually takes well over two months
to complete all these operations and the many tests
and measurements involved throughout the manu-
facturing process. Many of these details are respon-
sible for ensuring the performance, quality, and reli-
ability you expect from intel products. The following
sections will discuss the technology underlying each
of the major process elements mentioned in the ba-
sic process flow.

PHOTOLITHOGRAPHY

The photo or masking technology is the most impor-
tant part of the manufacturing flow if for no other
reason than the number of times it is applied to each
wafer. The manufacturing process gets more com-
plex in order to make smaller and higher perform-
ance circuits. As this happens the number of mask-
ing steps increases, the features get smaller, and
the tolerance required becomes tighter. This is
largely because the minimum size of individual pat-
tern elements determine the size of the whole cir-

_cuit, effecting its cost and limiting its potential com-

plexity. Early MOS IC’s used minimum geometries
(lines or spaces) of 8—10 microns (1 micron = 10—6
meter = 1/25,000 inch). The n-channel processes
of the mid 1970’s brought this down to approximate-
ly 5 microns, and today minimum geometries of one
micron are in production. This dramatic reduction

Table 1. Typical Hermetic Package Assembly

(Process monitor)
Post die attach visual

Wire bond

(Process monitor)
Post bond inspection
QA gate

Seal and Mark

(Process monitor)
Temp cycle

Hermeticity check

(Process monitor)
Lead Trim

(Process monitor)

Mark and Pack
Final QA

Flow Process/Materials Typical item Frequency Criteria
Wafer
Die saw, wafer break
Die wash and plate
Die visual inspection Passivation, metal 100% of die
QA gate Every lot 0/76, LTPD=5%
Die attach Wet out 4 x Joperator/shift 0/11 LTPD =20%

Orientation, lead
dressing, etc.

All previous items

Can alian glass
Cap align, glass

integrity, moisture

FIG leak

Burrs, etc. (visual)

(Process monitor) Fine leak 2 x /station/shift 1129, LTPD =3%
External visual Solder voids, cap 100% devices
alignment, etc.
1. QA gate All previous items All lots 1/129, LTPD=3%
Class test Run standards Every 48 hrs.

(good and reject)
Calibrate every

system using
“autover’’ program

(See attached)

100% of devices

4 x /operator/
machine/shift

100% devices

every lot 1/129, LTPD =3%

nic 1 TOND

A Hurna, =
/15, LTPD =

o 450,
4 x Hurnaci €

alohif
S/5F 15%

snift

10 x to mil std.
883 cond. C

100% devices

1/11, LTPD =20%

4 x /station/shift 0/15, LTPD = 15%

NOTES:
1. Units for assembly reliability monitor.
2. Units for product reliability monitor.

296102-11
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in feature size was achieved using the newer high
resolution photo resists and optimizing their pro-
cessing to match improved optical printing systems.

A second major factor in determining the size of the
circuit is the registration or overlay error. This is how
accurately one pattern can be aligned to a previous
one. Design rules require that space be left in all
directions according to the overlay error so that un-
related patterns do not overlap or interfere with one
another. As the error space increases the circuit size
increases dramatically. Only a few years ago stan-
dard alignment tolerances were > +2 microns; now
advanced Intel processes have reduced this dramat-
ically due mostly to the use of advanced projection
and step and repeat exposure equipment.

The wafer that is ready for patterning must go
through many individual steps before that pattern is
complete. First the wafer is baked to remove mois-
ture from its surface and is then treated with chemi-
cals that ensure good resist adhesion. The thick
photoresist liquid is then applied and the wafer is
spun flat to give a uniform coating, critical for high
resolution. The wafer is baked at a low temperature
to solidify the resist into gel. It is then exposed with a
machine that aligns a -mask with the new pattern on
it to a previously defined layer. The photo-resist will
replicate this pattern on the wafer.

Negative working resists are polymerized by the light
and the unexposed resist can be rinsed off with sol-
vents. Positive working resists use photosensitive
polymerization inhibitors that allow a chemically re-
active developer to remove the exposed areas. The
positive resists require much tighter control of expo-
sure and development but yield higher resolution
patterns than negative resistance systems.

The wafer is now ready to have its pattern etched.
The etch procedure is specialized for each layer to
be etched. Wet chemical etchants such as hydro-
fluoric acid for silicon oxide or phosphoric acid for
aluminum are often used for this. The need for
smaller features and tighter control of etched dimen-
sions is increasing the use of plasma etching in fab-
rication. Here a reactor is run with a partial vacuum
into which etchant gases are introduced and an
electrical field is applied. This yields a reactive plas-
ma which etches the required layer.

The wafer is now ready for the next process step. Its
single journey through the masking process required
the careful engineering of mechanics, optics, organ-
ic chemistry, inorganic chemistry, plasma chemistry,
physics, and electronics.
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DIFFUSION

The picture of clean room garbed operators tending
furnace tubes glowing cherry red is the one most
often associated with IC fabrication. These furnace
operations are referred to collectively as diffusion
because they employ the principle of sold state diffu-
sion of matter to accomplish their results. In MOS
processing, there are three main types of diffusion
operations: predeps, drives, and oxidations.

Predeposition, or “predep,” is an operation where a
dopant is introduced into the furnace from a solid,
liquid, or gaseous source and at the furnace temper-
ature (usually 900°C-1200°C) a saturated solution is
formed at the silicon surface. The temperature of the
furnace, the dopant atom, and rate of introduction
are all engineered to give a specific dose of the dop-
ant on the wafer. Once this is completed the wafer is
given a drive cycle where the dopant left at the sur-
face by the predep is driven into the wafer by high
temperatures. These are generally at different tem-
peratures than the predeps and are designed to give
the required junction depth and concentration pro-
file.

Oxidation, the third category, is used at many steps
of the process as was shown in the process flow.
The temperature and oxidizing ambient can range
from 800°C to 1200°C and from pure oxygen to mix-
tures of oxygen and other gases to steam depending
on the type of oxide required. Gate oxides require
high dielectric breakdown strength for thin layers
(between 0.01 and 0.1 micron) and very tight control
over thickness (typically +0.005 micron or less than
+1/5,000,000 inch), while isolation oxides need to
be quite thick and because of this their dielectric
breakdown strength per unit thickness is much less
important.

The properties of the diffused junctions and oxides
are key to the performance and reliability of the fin-
ished device so the diffusion operations must be ex-
tremely well controlled for accuracy, consistency
and purity.

ION IMPLANT

intel’s high performance products require such high
accuracy and repeatability of dopant control that
even the high degree of control provided by diffusion
operations is inadequate. However, this limitation
has been overcome by replacing critical predeps
with ion implantation. In ion implantation, ionized
dopant atoms are accelerated by an electric field
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and implanted directly into the wafer. The accelera-
tion potential determines the depth to which the
dopant is implanted.

The charged ions can be counted electrically during
implantation giving very tight control over dose. The
ion implanters used to perform this are a combina-
tion of high vacuum system, ion source, mass spec-
trometer, linear accelerator, ultra high resolution cur-
rent integrator, and ion beam scanner. You can see
that this important technique requires a host of so-
phisticated technologies to support it.

THIN FILMS

Thin film depositions make up most of the features
on the completed circuit. They include the silicon ni-
tride for defining isolation, polysilicon for the gate
and interconnections, the glass for interlayer dielec-
tric, metal for interconnection and external connec-
tions, and passivation layers. Thin film depositions
are done by two main methods: physical deposition
and chemical vapor deposition. Physical deposition
is most common for deposition metal. Physical dep-
ositions are performed in a vacuum and are accom-
plished by vaporizing the metal with a high energy
electron beam and redepositing it on the wafer or by
sputtering it from a target to the wafer under an elec-
tric field. :

Chemical vapor deposition can be done at atmo-
spheric pressure or under a moderate vacuum. This
type of deposition is performed when chemical gas-
es react at the wafer surface and deposit a solid film
of the reaction product.. These reactors, unlike their
general industrial counterparts, must be controlled
on a microscale to provide exact chemical and phys-
ical properties for thin films such as silicon dioxide,
silicon nitride, and polysilicon.

The fabrication of modern memory devices is a long,
complex process where each step must be moni-
tored, measured and verified. Developing a totally
new manufacturing process for each new product or
even product line takes a long time and involves sig-
nificant risk. Because of this, Intel has developed
process families, such as HMOS, on which a wide
variety of devices can be made. These families are
scalable so that circuits need not be totally rede-
signed to meet vyour needs for. higher
performance.(1) They are evolutionary so that devel-
opment time of new processes and products can be
reduced without compromising Intel’s commitment
to consistency, quality, and reliability.

The manufacture of today’s MOS memory devices
requires a tremendous variety of technologies and
manufacturing techniques, many more than could be
mentioned here. Each requires a team of experts to
design, optimize, control and maintain it. All these
people and thousands of others involved in engi-
neering, design, testing and production stand behind
Intel’s products.

Because of these extensive requirements, most
manufacturers have not been able to realize their
needs for custom circuits on high performance, high
reliability processes. To address this Intel’s exper-
tise in this area is now available to industry through
the silicon foundry. Intel supplies design rules and
support to design and debug circuits. This includes
access to Intel’s n-well CHMOS technology. Users
of the foundry can now benefit from advanced tech-
nology without developing processes and IC manu-
facturing capability themselves.

(DR. Pashley, K. Kokkonen, E. Boleky, R. Jecmen, S. Liy,
and W. Owen, “H-MOS Scales Traditional Devices to High-
er Performance Level,” Efectronics, August 18, 1977.
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Intel 21256

262,144 x 1-BIT DYNAMIC RAM WITH PAGE MODE

Symbol Parameter 21256-06 21256-07 21256-08 21256-10 Units
tRAC Access Time from RAS 60 70 80 100 ns
tcac Access Time from CAS 20 20 20 50 ns
trc Read Cycle Time 110 130 150 190 ns

B Page Mode Capability ‘ ® Common 1/0 Using Early Write

m CAS-before-RAS Refresh Capability ® Single +5V +10% Power Supply

m RAS-Only and Hidden Refresh B 256 Cycle/4 ms Refresh
Capability m JEDEC Standard Pinout in DIP, ZIP and

m TTL Compatible Inputs and Output PLCC

The 21256 is a fully decoded dynamic random access memory organized as 262,144 one-bit words. The
design is optimized for high speed, high performance applications such as computer memory, buffer memory,
peripheral storage and environments where low power dissipation and compact layout are required.

The 21256 features page mode which allows high speed random access of memory cells within the same row.
CAS-before-RAS refresh capability provides on-chip auto refresh as an alternative to RAS-only refresh. Multi-
plexed row and column address inputs permit the 21256 to be housed in a JEDEC standard 16-pin DIP.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and output are
TTL compatible.
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Figure 1. Functional Block Diagram
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin

RelativetoVgg .......... Vout —1.0Vto +7.0V
Voltage on Vg Supply

RelativetoVgg .............t —1.0Vto +7.0V
Storage Temperature .......... —-55°Cto +125°C
Power Dissipation. .............ocoveiinnn., 1.0W

Short Circuit Output Current

NOTICE: This.is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS Voitages referenced to Vgg, To = 0 to 70°C

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 4.5 5.0 5.5 \
Vss Ground 0 0 0 \"
ViH Input High Voltage 24 Voo +1 Vv
ViL Input Low Voltage -1 0.8 \
D.C. AND OPERATING CHARACTERISTICS
Recommended operating conditions unless otherwise noted.
Symbol Parameter Min | Max | Units Test Condition
lcct Operating Current* 21256-06 75 | mA |(RAS and CAS
21256-07 70 | mA |cycling @ tgg = min.)
21256-08 60 | mA
21256-10 55 | mA
lcc2 Standby Current 21256-06 20| mA [(RAS = CAS = Viy)
21256-07 20| mA .
21256-08 20| mA
21256-10 50| mA
lcca RAS-Only Refresh Current* 21256-06 75 | mA |(CAS = Vi, RAS
21256-07 70 | mA |cycling @ tgc = min.)
21256-08 60 | mA
f ‘ 21256-10 40 | mA
lcca Page Mode Current* 21256-06 50 | mA |(RAS = V), CAS cycling;
21256-07 45 | mA |tpc = min.)
21256-08 40 | mA
21256-10 35 | mA
lccs CAS-before-RAS Refresh Current* | 21256-06 75 | mA | (RAS cycling @ tgc = min.)
21256-07 65 | mA
21256-08 55 | mA
21256-10 55 | mA
locce Standby Current 1.0 | mA |(RAS = CAS = Vgg — 0.2V)
liL Input Leakage Current —10( 10 | pA |(AnyinputO < Vi < 5.5V,
Voo = 5.5V, Vgg = 0V, All other
pins not under test = 0.)
loL Output Leakage Current —10| 10 | pA |(Data outis disabled,
0V < Voyt £ 6.5V,
Voo = 5.5V, Vgg = 0V)
*NOTE:

lcct. locas Icca and Iccs are dependent on output loading and cycle rates.

specified as average current.
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D.C. AND OPERATING CHARACTERISTICS

Recommended operating conditions unless otherwise noted. (Continued)

Symbol Parameter Min Max Units Test Condition
VoH Output High Voltage Level 2.4 \ (loy = 5mA)
VoL Output Low Voltage Level 0.4 Vv (loL = 4.2mA)
CAPACITANCE 714 = 25°C :
Symbol Parameter Min Max Units
CiNg Input Capacitance (Ag—Ag, D) ‘pF
Cing Input Capacitance (RAS, CAS, W) pF
Cout Output Capacitance (Q) pF

A.C. CHARACTERISTICS (0°C < Tp < 70°C, Vgg = 5.0V +10%. See Notes 1, 2)

Symbol Parameter 21256-06 | 21256-07 | 21256-08 | 21256-10 Units|Notes
Min | Max | Min | .Max | Min | Max | Min | Max
trc Random Read or 120 ’ 135 150 190 ns
Write Cycle Time
trwc  |Read-Modify-Write Cycle Time| 135 155 175 220 ns
tRaC Access Time from RAS 60 70 80 | 100 | ns (3,4,11
tcac  |Access Time from CAS 15 25 30 50 | ns | 34,5
taA Column Address Access Time 35 35 40 50 ns | 3,10
toz  |CAS to Output in Low-Z 5 ns 3
toFF Output Buffer Turn-Off Delay 25 0 25 25 30 ns 7
tr Transition Time (Rise and Fall) 50 3 50 50 100 ns 2
trp RAS Precharge Time 55 65 75 80 ns
tRAS RAS Pulse Width 60 {10,000 70 |10,000| 80 |10,000| 100 |10,000{ ns
trsH  |RAS Hold Time 15 25 30 50 ns
tcpn |CAS Precharge Time 10 10 15 25 ns
(All Cycles except Page Mode)
tcas CAS Pulse Width 15 {10,000 25 {10,000{ 30 |10,000| 50 |10,000| ns
tcsu |CAS Hold Time ‘ 60 70 80 100 ns
trcp  |RAS to CAS Delay Time 15| 50 25 50 25 60 | 25 75 ns 4
trap | RAS to Column Address 15| 25 | 20| 35 [ 20| 40 [ 20| 55 | ns | 11
Delay Time
tcrp  |CAS to RAS Precharge Time 15 15 15 ns
(RAS Only Refresh)
tASR Row Address Setup Time 0 0 0 0 ns
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A.C. CHARACTERISTICS (0°C < Ta < 70°C, Vg = 5.0V +10%. See Notes 1, 2) (Continued)

Symbol Parameter 21256-06 | 21256-07 | 21256-08 | 21256-10 Units| Notes
Min | Max | Min | Max | Min | Max | Min | Max

tRAH Row Address Hold Time 15 15 15 15 ns

tasc Column Address Setup Time 0 0 0 0 ns

tcaH Column Address Hold Time 10 15 20 20 ns

tAR Column Address Hold Time 50 55 65 75 ns 6 -
Referenced to RAS

tRAL Column Address to RAS 30 | 35 40 50 ns
Lead Time :

tRcs Read Command Setup Time 0 0 0 0 ns

tRCH Read Command Hold Time 5 5 5 5 ns 9
Referenced to CAS

tRRH Read Command Hold Time 5 5 5 5 ns 9
Referenced to RAS

twcs | Write Command Setup Time 0 0 0 . 0 ns 8

twcn | Write Command Hold Time 15 15 : 15 35 ns

twp Write Command Pulse Width 10 15 15 35 ns

trwr | Write Command to RAS Lead Time | 15 25 30 35 ns

towL . |Write Command to CAS Lead Time | 15 25 30 35 ns

tps Data-In Setup Time 0 0 0 0 ns 10

tpH Data-In Hold Time 10 15 15 35 ns 10

towD AS to Write Enable Delay 15 20 25 40 ns 8

trwp | RAS to Write Enable Delay 60 70 80 100 ‘ ns 8

tawn | Column Address to W Delay Time | 35 35 40 50 ns 8

twer | Write Command Hold Time 40 55 60 85" ns 6
Referenced to RAS

toHR Data-In Hold Time 50 55 60 85 ns 6
Referenced to RAS

tREF Refresh Period (256 Cycles) 4 4 4 4 ms

CAS-BEFORE-RAS REFRESH

tcsr CAS Setup Time 10 | 10 10 15 ns
(CAS-before-RAS Refresh)

tcHr | CAS Hold Time 10 20 - 25 | 30 ns
(CAS-before-RAS Refresh)

tcpr | Refresh Gounter Test ' 15 .35 50 60 ns
CAS Precharge Time

trpc RAS Precharge to CAS Active Time| 10 10 10 10 ns

PAGE MODE

tpc Page Mode Cycle Time 40 50 55 90 ns

tcp CAS Precharge Time 10 15 15 30 ns
(Page Mode Only)
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A.C. CHARACTERISTICS (0°C < Ta < 70°C, Vg = 5.0V £10%. See Notes 1, 2) (Continued)

- . 1256- - .

Symbol Parameter 21256-06 | 21256-07 | 21256-08 | 21256-10 Units|Notes!
Min | Max | Min| Max | Min| Max MinJ Max
PAGE MODE (Continued)
tcpa  |Access Time from CAS Precharge 40 45 50 ‘ 55 ns 3
terwc |Fast Page Mode 65 75 85 95 ns
Read-Modify-Write

trasp |RAS Pulse Width (Fast Page Mode) | 60 |10,000| 70 |10,000{ 80 |10,000| 100 |10,000| ns

NOTES:

1. An initial pause of 200 us is required after power-up followed by any 8 RAS cycles before proper device operation is
achieved.

2. Viy(min) and V| (max) are reference levels for measuring timing of input signals. Transition times are measured between
V)(min) and V) (max) and are assumed to be 5 ns for all inputs.

3. Measured with a load equivalent to 2 TTL loads and 100 pF.

4. Operation within the Trgp(max) limit ensures that TRac(max) can be met, tgcp(max) is specified as a reference point
only. If tgop is greater than the specified tgcp(max) limit, then access time is controlled exclusively by tcac.

5. Assumes that tgcp > trcp(max).

6. tar, twoR, toHR are referenced 1o tRaD(max)-

7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to Vou or
VoL.

8. twes. trwp, towp and tawp are non-restrictive operating parameters. They are included in the data sheet as electrical
characteristics only. If twcs = twcs(min) the cycle is an early write cycle and the data out pin will remain high impedance for
the duration of the cycle. If tcwp > tcwp(min), tRwD = tRwD(min) @nd tawp = tawD(min), then the cycle is a read-write cycle
and the data out will contain the data read from the selected address. If neither of the above conditions are satisfied, the
condition of the data out is indeterminate. 5

9. Either tgcy or tgry must be satisfied for a read cycle.

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read-write
cycles.

11. Operation within the traD(max) limit insures that tgac(max) can be met. trapmax) is specified as a reference point only. If
traAD is greater than the specified trap(max) limit, then access time is controlled by taa.
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TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)

PAGE MODE READ CYCLE

N . tRasp
o ‘S AR ! —
v — X 7
t
] CSH the tRsH [ trp —|
- tReDfrte | topsi ] jaiCP e—tcas terRP——»
s ViH — \\ Z( Y l"s /
ViL — 1 tRAH Ny
tasc | [<toad tasc
"ASR —f d— ] |
A W ROW coL
Vi — ADD ADD
=~ traD }‘T‘CAC - ]
AA
| trac torF torr
| > He
toz
Q Von — _.‘ fVALD VALID
Vo — DATA, DATA,
oL )
tRRH
tres > [~ tRCH"“"' . L’tncn“'v
¥ = XXXXXXX Y i XXX
Vi —
240021-9

PAGE MODE WRITE CYCLE (EARLY WRITE)

tRasp
g —— ety
RAS M
Vg — N e 7
T s
CSH ! [~ tRsh—"] " trp
4 Pl e tcre
S ReD “CAs_’;zg' [ toas T [ teas™]
CAS \ \ N i{/'
F—tcan t tcan [ tcan
Asey L} ,Asc_..‘::_‘RAL—)"
A coL coL
ADD ADD

KDI
e 4 [t twet
'.mo [‘cwr WCH o WCH m s_wiin
(XN AXXXXY A0

=

==

[l
I

F-[twe I~ twp -] L typ
* m[.# 4 - 4 4 4 i
DS (= ton DS o> fo=ton—{ - oS [+ b to
Viy —
LI VALID DATA VALID DATA
(T
—— torg ——]
v, —
Q™M OPEN
Vou

240021-10

m Don't Care 240021-6

3-8



Inter 21256

TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH CYCLE

tras trp

RAS Vin— Z
Vi —

trpc
: tesR— ~—tewr
Vi —

v
Q o OPEN
VoL —

240021-13

NOTE:
Address, W, D = Don’t Care

m Don't Care
240021-6




intel

21256

TIMING DIAGRAMS (Continued)
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DEVICE OPERATION

The 21256 contains 262,144 memory locations.
Eighteen address bits are required to address a par-
ticular memory location. Since the 21256 has only 9
address input pins, time multiplexed addressing is
used to input 9 row and 9 column addresses. The
multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column
address strobe (CAS) and the valid address inputs.

Operation of the 21256 begins by strobing in a valid
row address with RAS while CAS remains high.
Then the address on the 9 address input -pins is
changed from a row address to a column address
and is strobed in by CAS. This is the beginning of
any 21256 cycle in which:-a memory location is ac-
cessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both
RAS and CAS have returned to the he high state. An-
other cycle can be initiated after RAS remains high
long enough to satisfy the RAS precharge time (tgp)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are speci-
fied by tras(min) and tcas(min) respectively. These
minimum pulse widths must be satisfied for proper
device operation and data integrity. Once a cycle is
initiated by bringing RAS low, it must not be aborted
prior to satisfying the minimum RAS and CAS pulse
widths. In addition, a new cycle must not begin until
the minimum RAS precharge time, tgp, has been
satisfied. Once a cycle begins, internal clocks and
other circuits within the 21256 begin a complex se-
quence of events. If the sequence is broken by vio-
lating minimum timing requirements, loss of data in-
tegrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input (W) high during a RAS/CAS cycle. The
output of the 21256 remains in the Hi-Z state until
valid data appears at the output. If CAS goes low
before tgcp(max), the access time to valid data is
specified by trac. If CAS goes low after tgcp(max),
the access time is measured from CAS and is speci-
fied by tcac. In order to achieve the minimum ac-
cess time, tgac(min), it is necessary to bring CAS
low before tggp(max).
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Write

The 21256 can perform early write, late write and
read-modify-write cycles. The difference between
these cycles is in the state of data-out and is deter-
mined by the timing relationship between W and
CAS. In any type of write cycle, data- -in must be valid
at or before the falling edge of W or CAS, whichever
is later.

Early Write: An early write cycle is performed by
bringing W low before CAS. The data at the data
input pin (D) is written into the addressed memory
cell. Throughout the early write cycle the output re-
mains in the Hi-Z state. This cycle is good for com-
mon I/0 applications because the data-in and data-
out pins may be tied together without bus conten-
tion.

Read-Modify-Write: In this cycle, valid data from
the addressed cell appears at the output before and
during the time that data is being written into the
same cell location. This cycle is achieved by bringing
W low after CAS and meeting the data sheet read-
modify-write cycle timing requirements. This cycle
requires using a separate I/O to avoid bus conten-
tion.

Late Write: If W is brought iow after CAS, a late
write cycle will occur. The late write cycle is very
similar to the read-modify-write cycle except that the
timing parameters, tgwp and tcwp, are not neces-
sarily met. The state of data-out is indeterminate
since the output could be either Hi-Z or contain data
depending on the timing conditions. This cycle re-
quires a separate 1/0 to avoid bus contention.

Data Output

The 21256 has a tri-state output buffer which is con-
trolled by CAS (and W for early write). Whenever
CAS is high (V) the output is in the high impedance
(Hi-Z) state. In any cycle in which valid data appears
at the output, the output first remains in the Hi-Z
state until the data is valid and then the valid data
appears at the output. The valid data remains at the
output until CAS returns high. This is true even if a
new RAS cycle occurs (as in hidden refresh). Each
of the 21256 operating cycles is listed below after
the corresponding output state produced by the cy-
cle.

Valid Output Data: Read,' Read-Modify-Write, Hid-
den: Refresh, Page Mode Read, Page Mode Read-
Modify-Write.
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Hi-Z Output State: Early Write, RAS-only Refresh
Page Mode Write, CAS-before-RAS Refresh, CAS S
only cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the 21256 is stored on a tiny capacitor
within each memory cell. Due to leakage, the data
will leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows
every 4 ms. There are several ways to accomplish
this.

RAS-Only Refresh: This is the most common meth-
od for performing refresh. It is performed by strobing
in a row address with RAS while CAS remains high.

CAS-before-RAS Refresh: The 21256 has CAS-be-
fore-RAS on-chip refreshing capability that elimi-
nates the need for external refresh addresses. If
CAS is held low for the specified setup time (tcsR)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs and the on-chip refresh address counter is
internally incremented in preparation for the next
CAS-before-RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be
performed while maintaining the latest valid data at
the output by extending the CAS active time and
cycling RAS. The 21256 hidden refresh cycle is ac-
tually a CAS-before-RAS refresh cycle within an ex-
tended read cycle. The refresh row address is pro-
vided by the on-chip refresh address counter. This
eliminates the need for the external row address
that is required in_hidden refresh cycles by DRAMs
that do not have CAS-before-RAS refresh capability.

Other Refresh Methods: It is also possible to re-
fresh the 21256 by using read, write or read-modify-
write cycles. Whenever a row is accessed, all the
cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in gener-
al RAS-only or CAS-before-RAS refresh is the pre-
ferred method.

Page Mode

The 21256 has page mode capability. Page mode
memory cycles provide faster access and lower
power dissipation than normal memory cycles. In
page mode, it is possible to perform read, write or
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read-modify-cycles. As long as the applicable timing
requirements are observed, it is possible to mix
these cycles in any order. A page mode cycle begins
with a normal cycle. While RAS is kept low to main-
tain the row address, CAS is cycled to strobe in addi-
tional column addresses. This eliminates the time
required to set up and strobe sequential row ad-
dresses for the same page.

CAS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CAS-before-
RAS counter test cycle provides a convenient meth-
od of verifying the functionality of the CAS-before-
RAS refresh activated circuitry.

After the CAS-before-RAS refresh operation, if CAS
goes high and then low again while RAS is held low,
the read and write operations are enabled.

This is shown in the CAS-before-RAS counter test
cycle timing diagram. A memory cell can be ad-
dressed with. 9 row address bits and 9 column ad-
dress bits defined as follows:

Row Address—Bits A0 through A7 are supplied by
the on-chip refresh counter. The A8 bit is set high
internally.

Column Address—Bits‘ A0 through A8 are strobed-
in by the falling edge of CAS as in a normal memory
cycle.

Suggested CAS-before-RAS Counter
Test Procedure

The CAS-before-RAS refresh counter test cycle tim-
ing is used in each of the following steps:

1. Initialize the internal refresh counter by perform-
ing 8 cycles.

Write a test pattern of “lows” into the memory
celis at a single column address and 256 row ad-
dresses. (The row addresses are supplied by the
on-chip refresh counter.)

. Using read-modify-write cycles, read the “lows”
written during step 2 and write “highs” into the
same memory locations. Perform this step 256
times so that highs are written into the 256 mem-
ory cells.

. Read the “highs” written during step 3.

. Complement the test pattern and repeat steps 2,
3 and 4.

2.
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Power-Up

If RAS = Vgg during power-up, the 21256 could be-
gin an active cycle. This condition results in higher
than necessary current demands from the power
supply during power-up. It is recommended that
RAS and CAS track with Vg during power-up or be
held at a valid V) in order to minimize the power-up
current.

An initial pause of 100 us is required after power-up
followed by 8 initialization cycles before proper de-
vice operation is assured. 8 initialization cycles are
also required after any 4 ms period in which there
are no RAS cycles. An initialization cycle is any cycle
in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the 21256
inputs act like unterminated transmission lines re-
sulting in significant positive and negative over-
shoots at the inputs. To minimize overshoot it is ad-
visable to terminate the input lines and to keep them
as short as possible. Although either series or paral-
lel termination may be used, series termination is
generally recommended since it is simple and draws
no additional power. It consists of a resistor in series
with the input line placed close to the 21256 input
pin. The optimum value depends on the board lay-
out. It must be determined experimentally and"is
usually in the range of 200} to 40Q.

Board Layout

It is important to lay out the power and ground lines
on memory boards in such a way that switching tran-
sient effects are minimized. The recommended
methods are gridded power and ground lines or sep-
arate power and ground planes. The power and

ground lines act like transmission lines to the high
frequency transients generated by DRAMs. The im-
pedance is minimized if all the power supply traces
to all DRAMSs run both horizontally and vertically and
are connected at each intersection or better yet if
power and ground planes are used.

Address and control lines should be as short as pos-
sible to avoid skew. In boards with many DRAMs
these lines should fan out from a céntral point like a
fork or comb rather than being connected in a ser-
pentine pattern. Also the control logic should be
centrally located on large memory boards to facili-
tate the shortest possible address and control lines
to all the DRAMSs.

Decoupling

The importance of proper decoupling cannot be over
emphasized. Excessive transient noise or voltage
droop on the Vg line can cause loss of data integri-
ty (soft errors). The total combined voltage changes
over time in the Vg to Vgg voltage (measured at
the device pins) should not exceed 500 mV.

A high frequency 0.3 uF ceramic decoupling capaci-
tor should be connected between the Vgg and
ground pins of each 21256 using the shortest possi-
ble traces. These capacitors act as a low impedance
shunt for the high frequency switching transients
generated by the 21256 and they supply much of the -
current used by the 21256 during cycling.

In addition, a large tantalum capacitor with a value of
47 pF.to 100 uF should be used for bulk decoupling
to recharge the 0.3 pF capacitors between cycles,
thereby reducing power line droop. The bulk decou-
pling capacitor should be placed near the point
where the power traces meet the power grid or pow-
er-plane. Even better resuits may be achieved by
distributing more than one tantalum capacitor
throughout the memory array.
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21256
PACKAGE DIMENSIONS
16-LEAD PLASTIC DUAL-IN-LINE PACKAGE
MYy oo /,5°'2°
B [
®
IR T AT T AT —
A
1
—t SEATING
é PLANE
J L L
H | J K
240021-15
Item Millimeters Inches

A 19.43 £0.05 0.765 £0.002
B 6.86 +0.05 0.270 £0.002
C 7.62 0.300
D 0.25 £0.025 0.010 +0.001
E 3.56 +0.05 0.140 £0.002
F 0.506 +0.1 0.020 +0.004
G 3.3 £0.1 0.130 £0.004
H 2.54 0.100
| 1.52 0.060
J 0.457 £0.05 0.018 £0.002
K 0.1 £0.05 0.040 £0.002
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21256

PACKAGE DIMENSIONS (Continued)

18-PIN PLASTIC LEADED CHIP CARRIER

3-17

1 07 070 0
—H- | .
=!
Bl O 3|
] in M
I o =)
oy llr_l wy [I..l 181}
: L
0
O +e
D C
0 - i
E L_UU 1]
- I I O l = uuouuL \‘.‘q,‘}‘-_i__l
| : ' N LK |——] L 6 J
H
240021-16
Item Millimeters Inches
A 12.346 +0.052 0.490 +0.002
B 13.2585 £0.0505 0.522 +0.002
C 7.366 +0.051 0.290 +0.002
D 8.179 +0.051 0.322 +0.002
E 2.083 +0.051 0.082 +0.002
F 3.505 +0.051 0.020 +0.004
G 0.7365 £0.0505 0.029 +0.002
H 6.553 +£0.051 0.258 +0.002
[ 0.43 typ 0.017 typ
J 0.279 +0.025 0.011 +£0.001
K 0.76 typ 0.030 typ
L 11.8365 £0.0505 0.466 +0.002
M 0.1 £0.05 0.04 +£0.002




|nte[ 21256

PACKAGE DIMENSIONS (Continued)

16-LEAD ZIG ZAG INLINE PACKAGE (ZIP)

je—————————0.808 - 0.812

0.466 REF. O

o
—;1—0 REF.»“‘ 0.018-0.022+i L p

0.116=0.120

0.258=0.262

'

0.068 = 0.072

MIN. 0.120

0.050 TYP.

f

—l}+—0.008 - 0.012

0.100 TYP.
24002117
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21464 '
65,536 x 4-BIT DYNAMIC RAM WITH PAGE MODE
Symbol Parameter 21464-06 | 21464-07 | 21464-08 | 21464-10 | Units
tRAC Access Time from RAS 60 70 80 100 ns
tcac Access Time from CAS 15 25 30 50 ns
tRc Read Cycle Time 110 130 150 190 ns

m Page Mode Capability
m CAS-Before-RAS Refresh Capability

® RAS-Only and Hidden Refresh

Capability

B TTL Compatibie Inputs and Outputs

@ Early Write or Output Enable Controlled

Write

E Single +5V +10% Power Supply
B 256 Cycle/4 ms Refresh
B JEDEC Standard Pinout in DiP, PLCC,

zip

The 21464 is a fully decoded 65,536 x 4 dynamic random access memory. The design is optimized for high
speed, high performance applications such as computer memory, buffer memory, peripheral storage and
environments where low power dissipation and compact layout are required.

The 21464 features page mode which allows high speed random access of memory cells within the same row.
CAS-before-RAS refresh capability provides on-chip auto refresh as an alternative to RAS-only refresh. Multi-
plexed row and column address inputs permit the 21464 to be housed in a standard 18-pin DIP.

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and outputs are

TTL compatible.

RAS =
== | CONTROL & | DaTA
CAS = "¢l ocks > N
W—> — BUFF
v '
REFRESH CONTROL &
ADDRESS COUNTER
I DATA
‘ » our
BUFF
COLUMN DECODER <
‘——-
4 44| sENsE aMPs & 1/0 caTnGs |«
] alr
.Ipojo
oW
N MEMORY ARRAY = Vec
. 262, 144 CELLS
il Vs
EflD
I r|E
a7 ] s|r

Figure 1. Functional Biock Diagram

DQ,

240022-1

3-19

October 1990

Order Number: 240022-005



Inter 21464

DIP PLCC
\\ DQq OE Vg5DQy
OEC]1e 18 [ Vss /—-:—-n-n—l-!-'!——
2111108117
001: 2 17 [)04 B v=d I.;J bmd Lad ]
b, 3 16 CAS DQy | 31 116} CAS
w4 15[3D05 wl4 {18} pos
RASLYS 143 A RAS[51 (TOP VIEW) i3] Ag
Ag 6 1300 A4 A 6] i3] Ay
A7 1254, As|7] 2] a,
o B (51151 e i
Vec 9 10834, H
Ay Vee A7 A3
240022-2 240022-3
DQ;
0Q,
DQ,
RAS[9]
Vee
2400224
Figure 2. Pin Configurations
PIN NAMES
Ag-A7 Address Input
DQ1-DQy Data In/Out
W Read/Write Input
RAS Row Address Strobe
CAS Column Address Strobe '
Veo Power (+5V)
Vss Ground
OE Output Enable
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ABSOLUTE MAXIMUM RATINGS* | NOTICE: This is a production data sheet. The specifi-

cations are subject to change without notice.

Voltage on Any Pin

RelativetoVgg.....ccoovvnnventn —-1Vto +7V *WARNING: Str ess’/"ng the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
Voltage on Vgg Supply These are stress ratings only. Operation beyond the
RelativetoVgg.....voovvvniinnnn —1Vto +7V “Operating Condiitions” is not recommended and ex-
Storage Temperature .......... —55°Cto +125°C tended exposure beyond the “Operating Conditions”
T may affect device reliability.
Power Dissipation. ...................ooa 1.0W
Short Circuit Output Current . ............... 50 mA

RECOMMENDED OPERATING CONDITIONS Voltages referenced to Vs, Ta = 0 to 70°C

Symbol Parameter Min Typ Max . Units
Veo Supply Voltage 4.5 5.0 5.5 \
Vss Ground 0 0 0 \
ViH Input High Voltage 2.4 . Voo + 1 \
ViL Input Low Voltage -1.0 0.8 \
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21464

D.C. OPERATING CHARACTERISTICS

Recommended operating conditions unless otherwise noted

Symbol Parameter Min | Max | Units Test Condition
lcct Operating Current* 21464-06 75 mA | RAS and CAS Cycling
: 21464-07 70 | mA | @tgc = Min
21464-08 65 mA
21464-10 55 mA
lcce Standby Current 21464-06 20 | mA | RAS = CAS = V|
21464-07 20 | mA
21464-08 20 | mA
21464-10 50 | mA
lccs RAS-Only Refresh Current* | 21464-06 75 mA | CAS = V|y, RAS Cycling
21464-07 70 | mA | @tgc = Min
21464-08 60 | mA
21464-10 40 mA
lcca Page Mode Current* 21464-06 50 mA | RAS =V, CAS Cycling:
21464-07 45 | mA | tpc = Min
21464-08 40 | mA
21464-10 35 | mA
lces CAS-Before-RAS* 21464-06 75 mA | RAS Cycling @ tgc = Min
Refresh Current 21464-07 70 mA
21464-08 65 mA
21464-10 55 mA
i Input Leakage Current —10| 10 wA | Anyinput0 < Viy < 5.5V,
Voo = 5.5V, Vgg = 0V, All Other
Pins Not Under Test = OV
IpaL Output Leakage Current —-10| 10 pA | Data Outis Disabled, OV < VoyTt
< 8.5V, Vgg = 5.5V, Vgg = OV
VoH Output High Voltage Level 2.4 \ loH = 5mA
VoL Output Low Voltage Level 0.4 \" loL = 4.2mA
NOTE:

*Icc is dependent on output loading and cycle rates. Specified values are obtained with the output open. Igc is specified as
an average current.

CAPACITANCE T, = 25°C

Symbol Parameter Min Max Unit
Cind Input Capacitance (Ag-A7) pF
Cin2 Input Capacitance (RAS, CAS, W, OE) pF
Cbq Output Capacitance (Dq1-Dqa) pF
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21464
READ CYCLE
t,
RC
tras e
tr N
Wy o ——
RS v — S \_..__._._..
1,
toRp . i .
RCD RSH
1
CAS
= VW —
cas
ViL — L trap—] \\ ! ] \L__
4
Tcan | RAL
A COLUMN
ADDRESS _f
-;{ tRen
tRRH
R
: o XRRRRRORR
taa
|+ toea—]
5 Viy — } Y
Vi —
t
+——tcac——=| OFF,
trac f———torz——~
Vou —
Q=D OPEN B B e —
VoL —
~—tcLz
240022-5
WRITE CYCLE (EARLY WRITE)
1,
RC
‘KA) ‘Kl’
QAK
S _____,S
ViL — \—._
§ 'l,!l‘\
crP N N
RCD’ RSH
'CAS =™
o= YW —
cAs / \
Viu —~J le—trap—+] \\ [
{ tRAN tRaL
ASR tascled] tean
A VW= ROW COLUMN
Vi — ADDRESS ADDRESS
' towe |
HCS| e tyon]
ot
W XRXXRX | KRXXXRKKRKAXRKKKIRIKKK
Vi —
.WLK |
tRwL -
5 YW —
&y
f toHR
QDS‘—"l oy
Vg —
0Q-Da, VI:. " VALID DATA=IN OPEN
240022-7

NOTE:
OE = Don't Care

K‘X‘ DON'T CARE

240022-6
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21464
TIMING DIAGRAMS (Continued)
WRITE CYCLE (ﬁ CONTROLLED WRITE)
‘KA} = trp
tll(
wo T N : .
‘CRP L_“KLU o ’K)ﬂ —]
v LAS——"
S L ey N / \_
Ton | RAL
A o
ADDRESS
[—tewL
m—
. ftwp_.
" = XXXXKXXKXXK KRXRXKHXKX
=toen
Vi —
Vi —
00100,y vauo oaa-in_KXX XXX XX XX XXXXXXXX

240022-8

CAS

=l

DQ;.DQ,

'KV’L
. toas tgp—>
VIH | — AR
i — \___
tesw
terp . : tRsH
'RCD 'CAS
Vi — ' [ 7 \
Vie —J X
tasr| [tRAH  tasc tean
Yin — ROW COLUMN
Vi — ADDRESS ADDRESS ]
tawd toww
l—trap—+] tewp E:_tRw,_.__.
tRwo le— typ—=|
VL — aa——>]
(9 toEA
Vi —
ViL — )
fe—tcac—= 4—‘0[0, (D S
% 1,
RAC g [+ toH—>]
toez .
ViJon — VALID VALID
Vijol — DATA=OUT DATA=IN
/0L torz
240022-9
}X‘X DON'T CARE
240022-6
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TIMING DIAGRAMS (Continued)

PAGE MODE READ CYCLE

NOTE:
OE = Don’t Care

tRasp l~trp
DU P —
. le | em—— AR
RAS
L= 3
¢ tpc
'—& *—tpcp teas— —tep—|
. Vi —
s M j 7 \
- [trao |
tRAH t;'s:CSH‘cAH fasc
e st o] g
Vi — ROW COLUMN C
Ay — ADD ADDRESS ADDRESS
tReH—~| |-
‘Rcsr—’ I.*I Fe—>{treH
7 = XXX N
v —
L
= R [—{tRRH
toea
.V —
« XKD
(i )
N torF, torr
CAC
%
'RAC t, t,
oz Lty L1230 R P l-topz
Vou — VALID VALID VALID
DQ1=DQy vy DATA=OUT DATA-OUTE-S DATA=OUT E—_
240022-10
PAGE MODE WRITE CYCLE
trasp trp
(AN
YT ——
ms (M
- —
45
N tec [ tRsH—
CRP
—1ReD teas tep—| +—teas: f~—tcas—=|
.V —
CAS
' ) s V’—‘F /
t — "CSH 4
ASR—>{ [« g
- f~tran CAH tasc || toan tsc| | tean -
— |+-tasc
A Vin — ROW COLUMN COLUMN
VL — ADD ADDRESS ADDRESS
T
toww
I
=twen
_ Lt
W WP
|
l'-—-l‘om
<
_ )
« XX
s | | ton tos | | ton
VALID VALID

240022-11

DON'T CARE

240022-6
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TIMING DIAGRAMS (Continued)
PAGE MODE READ-MODIFY-WRITE CYCLE
7
tRasp trp
Y
RAS V'I':
U i
tpRwe — " trsH
[+—treD —{+——tcas— —tcas—| [ tcas— terp
— Vu ' EEEE—
CAS
Vie RaD /
4 tasc
RAH—>1 b —
¢ L tasc  |tcan tcan tcan
ASR—| | |
A Vin ROWWAN/ coL 'COL coL
Vi ADD ADD ADD
t, [ trwL-
RWD'
4 towL—| f=— towL—] *CWL—J l-—
RCS| . .
! CWD CWD “CWD
_
W \ \ N
Vie m =
le—— tawp— ety n—>1 f—tawp—
DY L2ty AWD AWD twp
‘?EA ‘IocA %IEA ’
G \
ViL
toeo tepa toep PA toep
teac
L SAC)
toez ||
)“—tRAb [+tos
ton
v
DQs-DQ, /" ouTok IN
. \/oL
- etz -~ ~toz -~ btz
240022-18
@ DON'T CARE
240022-6

3-29




Inter 21464
TIMING DIAGRAMS (Continued)
RAS-ONLY REFRESH CYCLE
tre
y tras
s Vi
RS / t N\
tasr[* = tran T kP
Vin— VVVVVVVVVVVVVVVNV VNN NN\
AoREss 1 row aooress XX X XXX XXXXXXOXXXXXXXXXXX
DATA Vo — HIGH-Z
(ouT) vo —
240022-12
NOTE: N
CAS = Vy; W, OE, D = Don't Care.
CAS-BEFORE-RAS REFRESH CYCLE
tre
tras tre
RAs W~ N
ViL— ) ‘ trec
<N J tesp = =—tour
eV —
TAS £ i ; 2 ;
Y torp | \
ft—a]
DATA Voy — ¥ .
U vor — ) HIGH~Z
240022-13
NOTE:

Address W, OE, D = Don't Care.

@ DON'T CARE

240022-6
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TIMING DIAGRAMS (Continued)

HIDDEN REFRESH CYCLE (READ)

RC . RC
tRas [+—trp—> RAS f‘_’ trp—=

\ /

RAS

[

tRRH

=l

RAXXRXARXXX

torF J

—togz—]

e
VALID DATA=OUT R

0Q,=DO

240022-14

m DON'T CARE

240022-6

"
RC
e tgp—> [ tras————] |+—trp—|
AR
LV — .
RAS
Ve — \ \ J

g

tere le—tReD tRsH—>] fe——tenr— .
Vg —
tAS v',t - o \\ j ‘ k
tasc—| f
o] g || < ,
Vg — .
a e Z Q0S8 JXO( s OO
twes | }'—)‘TtWCH“—“
WP
W \‘:I': : A‘V.V.V’V.V’V’V‘V‘V’V’V’V‘V‘V.V‘V.V‘V‘V’V’Y’V‘V’V
— Vu —
o V||L -
tps: tpH—r]

o000, ¥~ oo KXOOXXXXXXXXXXXXXXXXXXX

F DHR

240022-19

DON'T CARE

240022-6
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TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE

trAs [+— trp—+|
s YH—
AS
5 vi— t / N\
SR | towr—] '——‘CPT—> trs
1,
. Vu— cAS
s T f N [
v tRaL
ASC L topy—rt
R COLUMN
vy — ADDRESS
I [tRru
[} Y 4
RCH
READ CYCLE rﬁs— le— tcac—+| ]
" = XXX XXX
Vi —
tRoH
v toea |
= H— ~
OF
Vi —
lt ' l —{torr
-torz SRR
v — toez
DQ,.DQ4 v‘;’: — OPEN VALID DATA-OUT  ——
|
tRwL
T towL
WRITE CYCLE B twe
W= XN
o ‘ | [
Vin—
OE v :
s oy —
0a,.0o, M OPEN " VALID DATA-IN
1=FM4 VL —
I o
tawp +— tRwL —>]
: tres f twp
READ-MODIFY=WRITE fe——towp——
o KOROXKXX
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DEVICE OPERATION

The 21464 contains 262,144 memory locations or-
ganized as 65,536 4-bit words. Sixteen address bits
are required to address a particular 4-bit word in the
memory array. Since the 21464 has only 8 address
input pins, time multiplexed addressing is used to
input 8 row and 8 column addresses. The multiplex-
ing is controlled by the timing relationship between
the row address strobe (RAS), and the column ad-
dress strobe (CAS) and the valid address inputs.

Operation of the 21464 begins by strobing in a valid

row address with RAS while .-CAS remains high.
Then the address on the 8 address input pins is

changed from a row address to a column-address.

and is strobed in by CAS. This is the beginning of
any 21464 cycle in'which a memory location is ac-
cessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both
RAS and CAS have returned to the he high state. An-
other cycle can be initiated after RAS remains high
long enought to satisfy the RAS precharge time (tgp)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are speci-
fied by tgras(min) and tcag(min) respectively. These
minimum pulse widths must be satisfied for proper
device operation and data integrity. Once a cycle is
initiated by bringing RAS low, it must not be aborted
prior to satisfying the minimum RAS and CAS pulse

widths. In addition, a new cycle must not begin until

the minimum RAS precharge time, tgp, has been

satisfied. Once a cycle begins, internal clocks and
other circuits within the 21464 begin a complex se-
quence of events. If the sequence is broken by vio-
lating minimum timing requirements, loss of data in-
tegrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input (W) high during a RAS/CAS cycle. The
four outputs of the 21464 remain in the Hi-Z state
until valid data appears at the outputs. The 21464
has common data /0O pins. For this reason an out-
put enable control input (OE) has been provided so
the output buffer can be precisely controlled. For
data to appear at the outputs, OE must be low for
the period of time defined by toga and togz. If CAS
goes low before tgop(max), the access time to valid
data is specified by trac. If CAS goes low after
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trcp(max), the access time is measured from CAS
and is specified by tcac. In order to achieve the min-
imum access time, tgac(min), it is necessary to bring
CAS low before tgcp(max).

Write

The 21464 can perform early write and read-modify-
write cycles. The difference between these ‘cycles is
in the state of data-out and is determined by the
timing relationship between W, OE and CAS. In any
type of write cycle Data-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by
bringing W low before CAS. The 4-bit wide data at
the data input pins is written into the addressed
memory cells. Throughout the early write cycle the
outputs remain in the Hi-Z state regardless of the .
state of the OE input.

Read-Modify-Write: In this cycle, valid data from
the addressed cells appears at the outputs before
and during the time that data is being written into the
same cell locations. This cycle is achieved by bring-
ing W low after CAS and meseting the data sheet
read-modify-write timing requirements. The output
enable input (OE) must be low during the time de-
fined by toea and togz for data to appear at the
outputs. If tcwp and trwp are not met the output
may contain invalid data. Conforming to the OE tim-
ing requirements prevents bus contention on the
21464 DQ pins.

The 21464 has tri-state output buffers_which are
controlled by CAS and OE. When either CAS or OE
is high (V|y) the outputs are in the high impedance
(Hi-Z) state. In any cycle in which valid data appears
at the outputs, the outputs first remain in the Hi-Z
state until the data is valid and then the valid data
appears at the outputs. The valid data remains at the
outputs until either CAS or OE returns hlgh This is
true even if a new RAS cycle occurs (as in hidden
refresh). Each of the 21464 operating cycles is listed
below after the corresponding output state produced
by the cycle.

Valid Output Data: Read, Read-Modify-Write, Hid-
den Refresh, Page Mode Read, Page Mode, Read-
Modify-Write.

Hi-Z Output State: Early Write, RAS-Only Refresh,
Page Mode Write, CAS-Only Cycle.’
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Indeterminate Output State; Delayed Write (tcwp
or trwp are not met).

Refresh

The data in the 21464 is stored on a tiny capacitor
within each memory cell. Due to leakage the data
will leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows
every 4 ms. There are several ways to accomplish
this. :

RAS-Only Refresh: This is the most common meth-
od for performing refresh. It is performed by strobing
in a row address with RAS while CAS remains high.
This must be performed on each of the 256 row ad-
dresses (Ag-A7) every 4 ms.

CAS-Before-RAS Refresh: The 21464 has CAS-
Before-RAS refresh capability that eliminates the
need for external refresh addresses. If CAS is held
low for the specified set-up time (togg) before RAS
goes low, the on-chip refresh circuity is enabled. An
internal refresh operation automatically occurs and

the on-chip refresh address counter is internally in- -

cremented in preparation for the next CAS-Before-
RAS refresh Cycle.

Hidden Refresh: A hidden refresh cycle may be
performed while maintaining the lastest valid data at
the outputs by extending the CAS active time and
cycling RAS. The 21464 hidden refresh cycle is ac-
tually a CAS-Before-RAS refresh cycle within an ex-
tended read cycle. The refresh row address is pro-
vided by the on-chip refresh address counter. This
eliminates the need for the external row address
that is required in_hidden refresh cycles by DRAMS
that do not have CAS-Before-RAS refresh capability.

Other Refresh Methods: It is also possible to re-
fresh the 21464 by using read, write or read-modify-
write cycles. Whenever a row is accessed all the
cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in gener-
al RAS-only or CAS-Before-RAS refresh are the pre-
ferred methods.

Page Mode

Page mode memory cycles provide faster access
and lower power dissipation than normal memory
cycles. In page mode, it is possible to perform read,
write or read-modify-write cycles. As long as the ap-
plicable timing requirements are observed, it is pos-
sible to mix these cycles in any order. A page mode
cycle begins with a normal cycle. While RAS is kept
low to maintain the row address, CAS is cycled to
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strobe in additional column addresses. This elimi-
nates the time required to set up and strobe sequen-
tial row addresses for the same page.

Power-Up

If RAS = Vgg during power-up, the 21464 might
begin an active cycle. This condition results in higher
than necessary current demands from the power
supply during power-up. It is recommended that AS
and CAS track with Voo during power-up or be held
at a valid V| in order to mmlmnze the power-up cur-
rent.

An initial pause of 100 us is required after power-up
followed by 8 initialization cycles before proper de-
vice operation is assured. Eight initializations cycles
are also required after an 4 ms period in which there
are no RAS cycles. An initialization cycle is any cycle
in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the 21464
inputs act like unterminated transmission lines re-
sulting in significant positive and negative over-
shoots at the inputs. To minimize overshoot it is ad-
visable to terminate the input lines and to keep them
as short as possible. Although either series or paral-
lel termination may be used, series termination is
generally recommended since it is simple and draws
no additional power. It consists of a resistor in series
with the input line placed close to the 21464 input
pin. The optimum value depends on the board lay-
out. It must be determined experimentally and is
usually in the range of 209} to 409).

Board Layout

It is important to lay out the power and ground lines
on memory boards in such a way that switching tran-
sient effects are minimized. The recommended
methods are gridded power and ground lines or sep-
arate power and ground planes. The power and
ground lines act like transmission lines to the high
frequency transients generated by DRAMs. The im-
pedance is minimized if all the power supply traces
to all the DRAMs run both horizontally and vertically
and are connected at each intersection, or better
yet, if power and ground planes are used.

Address and control lines should be as short as pos-
sible to avoid skew. In boards with many DRAMs
these lines should fan out from a central point like a
fork or comb rather than being connected in a ser-
pentine pattern. Also the contro! logic should be
centrally located on the memory boards to facilitate



intel

21464

the shortest possible address and control lines to all
the DRAMSs.

Decoupling

The importance of proper decoupling cannot be
overemphasized. Excessive transient noise or volt-
age droop on the Vg line can cause loss of data
integrity (soft errors). The total combined voltage
changes over time in the V¢ to Vgg voltage (mea-
sured at the device pins) should not exceed 500 mV.

A high frequency 0.3 pF ceramic decoupling capaci-
tor should be connected between the Vg and

PACKAGE DIMENSIONS

18-LEAD PLASTIC DUAL IN-LINE PACKAGE

ground pins of each 21464 using the shortest possi-
ble traces. These capacitors act as a low impedance
shunt for the high frequency switching transients
generated by the 21464 and they supply much of the
current used by the 21464 during cycling.

In addition, a large tantalum capacitor with a value of
47 uF to 100 nF should be used for bulk decoupling
to recharge the 0.3 uF capacitors between cycles,
thereby reducing power line droop. The bulk decou-
pling capacitor shuld be placed near the point where
the power traces meet the power grid or power
plane. Even better results may be achieved by dis-
tributing more than one tantalum capacitor around
the memory array.

I LW LW LWL LWL WL

INDEX ___ )

NOTCH

EJECTOR MARK

|Lv"|.r'"|.|"‘l.r"1.|"1.r"1.r'"u' l
A —

240022-15

Item Millimeters Inches
A 22.950 + 0.05 0.903 + 0.002
B 6.40 £ 0.05 0.252 +0.002
C 7.62 0.300
D 0.025 + 0.025 0.010 £ 0.001
E 3.25 + 0.05 0.128 +-0.002
F 0.506 + 0.1 0.020 + 0.004
G 3.302 + 0.1 0.130 + 0.004
H 2.54 0.100
| 1.27 £ 0.05 0.050 + 0.002
J 0.457 + 0.05 0.018 + 0.002
K 1.32 0.052
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PACKAGE DIMENSIONS (Continued)

18-PIN PLASTIC LEADED CHIP CARRIER

{on TN o O e O e Y e |

[»
O —@
C M
O
O
- - J
| U RN U R W R W pag =
, | )
;
_{
T E
240022-16
Item Millimeters Inches Item Millimeters Inches
A 12.346 £ 0.052 0.490 + 0.002 H 6.553 = 0.051 0.258 + 0.002
B 13.2585 + 0.0505 0.522 + 0.002 | 0.43 type 0.017 typ
C 7.366 + 0.051 0.290 + 0.002 J 0.279 + 0.025 0.011 + 0.001
D 8.179 + 0.051 0.322 + 0.002 K 0.76 typ 0.030 typ
E 2.083 = 0.051 0.082 + 0.002 L 11.8365 + 0.0505 0.466 = 0.002
F 3.505 + 0.051 0.138 + 0.002 M 6.756 = 0.051 0.266 = 0.002
G 0.7365 = 0.0505 0.029 £ 0.002
20-LEAD ZIG-ZAG INLINE PACKAGE (ZIP)
1.028 -
1059 0.116-0.120
"
0.328
O =0.332 MAX. 0.400
0.531 REF. 0.065
o Jr
MIN. 0.120 MIN. f -
I B —»{}«~—0.008-0.012
°§E‘£JL o.o1a-o.ozz-—l L 0.050 TYP. 0.100 TYP

240022-17
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Intel 21010

1,048,576 x 1-Bit Dynamic RAM with Page Mode

Performance Range

trac tcac trRe

21010-06 60 ns 20 ns 110 ns
21010-07 70 ns 20ns 130 ns
21010-08 80 ns 20ns | 160ns
21010-10 | 100ns | 25ns | 190ns

m Fast Page Mode Operation m Single 5V + 10% Power Supply

m CAS before RAS Refresh Capability B 512 Cycles/8 ms refresh

m Common 1I/0 Using “Early Write” B Available in Plastic DIP, SOJ and ZIP
Packages

Intel 21010 is a CMOS high speed 1,048,576 x 1 dynamic RAM optimized for high performance applications
such as mainframes, graphics and microprocessor systems.

21010 features Fast Page Mode operation which allows high speed random access of memory cells within the
same row.

CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All
Inputs, Output and Clocks are fully CMOS and TTL compatible.

Functional Block Diagram PIN CONFIGURATION
s '
e CONTROL & o | DATA
s CLOCKS N [T DIP SOJ
w BUFF
N
REFRESH CONTROL & og 18pvss FO——
ADDRESS COUNTER w2 17030 ot 20AVss
J DATA [7]= 161 CAS (= F3 19B3a
out "D’ jid=P1 150389 = ] 18faCAs
COLUMN DECODER BurF aQs 14348 w4 17 EINe
r SENSE AMPS & I/0 GATINGS kb I L 1spae
g7 12388 )
L 1 asgls 11345 = 15348
. E’: E MEMORY ARRAY Ve veeds 1000A4 agz 140347
£13 1048,576 CELLS a2fs 1346
8l. = Vss : 240153-2 Asg 9 1248
& E veed]1o 1A
NHE 240153-16
Ko = 240153-3

240153-1  NOTE:
T.F. = Test Function, Ground or No Connect

Pin Names
Ao-Ag | Address Inputs
W Read/Write Strobe
RAS | Row Address Strobe
CAS | Column Address Strobe
D Data In
Q Data Out
Vss Ground
Vce | Power +5V

August 1990
3-37 Order Number: 240153-005
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Vgs

(Vins VouT) e —1Vto +7.0V
Voltage on Power Supply Relative to Vsg

(0775 ) P —1Vto +7.0V
Storage Temperature (Tgtg) - . . . . —55°C to +150°C
Power Dissipation (Pg) .. ................. 600 mW
Short Circuit Output Current (lpg) ... ........ 50 mA

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability. i

RECOMMENDED OPERATING CONDITIONS

(Voltage Referenced to Vgg. Ta = 0°C to +70°C)

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 45 5.0 5.5 \"
Vss Ground 0 0 0 \"
ViH Input High Voltage 2.4 Voo + 1 \"
ViL Input Low Voltage -1.0 0.8 \
NOTES:
1. VL (Min) = —1.0V for continuous DC level.
2. Vi (Min) = —2.0V for pulse width < 20 ns.
Capacitance (T, = 25°C)
Symbol Parameter Min Max Units
Cin1 Input Capacitance (Ag—-Ag, D) 6 pF
Cin2 Input Capacitance (RAS, CAS, WE) 7 pF
Cout Output Capacitance (Q) pF
D.C. AND OPERATING CHARACTERISTICS
(Recommended Operating Conditions unless Otherwise Noted)
Symbol Parameter Speed Min Max Units
lcct Operating Current -06 90 mA
lcct (RAS and CAS Cycling -07 80 mA
@ tgc = Min -08 70 mA
-10 60 mA
lcca Standby Current -06 2 mA
(TTL Power Supply Current)
lcca RAS Only Refresh Current -06 90 mA
lcca (CAS = Vi, RAS Cycling -07 80 mA
@ tgc = Min -08 70 mA
-10 60 mA
lcca Fast Page Mode Current -06 70 mA
lcca (RAS = V), CAS Cycling -07 60 mA
@ tpc = Min -08 50 mA
-10 40 mA
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D.C. AND OPERATING CHARACTERISTICS (Continued)

(Recommended Operating Conditions unless Otherwise:Noted)

Symbol Parameter Speed Min Max Units
lccs Standby Current 1 mA
(CMOS Power Supply Current)
lccs CAS-before-RAS Refresh -06 90 mA
Current (RAS and CAS Cycling -07 80 mA
@ tgc = Min -08 70° - mA
-10 60 mA
i Input Leakage Current —10 10 nA

(Any Input 0 < VN < 6.5V
All Other Pins = 0V)

loL Output Leakage Current —-10 10 wA
(Data Out is Disabled
and 0 < Voyr < 5.5V)

VoH Output High Voltage Level 2.4 %
(lon = —5mA) ‘
VoL Output Low Voltage Level 0.4 \"
(loL = 4.2mA)
NOTE:

ICC1, ICC3, ICC4, and ICC6 are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Igc is specified as average current.

A.C. CHARACTERISTICS (See Notes 1, 2)
(Ta = 0°C to +70°C, Vog = 5V + 10%)

21010-06 | 21010-07 | 21010-08 | 21010-10 .
Symbol Parameter Units Notes
Min | Max | Min | Max | Min | Max | Min | Max
tREF Time between 8 8 8 8 ms
Refresh i
trc Random R/W 110 130 160 190 ns
Cycle Time
trwe RMW Cycle Time 135 155 185 220 ns
tRAC Access Time 60 70 80 100 | ns | (Notes4,7)
) from RAS
tcac Access Time ) 20 20 20 25 ns (Notes 5, 7)
from CAS i
taa Access Time from 30 35 40 50 ns | (Notes6,7)
Column Address :
toLz CAS to Output in 0 0 0 0 ns
Low Z
torFr Output Buffer Turn- 0 20 0. 20 0 20 0 20 ns
Off Delay Time :
tr Transition Time 3 50 3 50 3 50 3 50 ns
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A.C. CHARACTERISTICS (See Notes 1,2)
(TA = 0°C to +70°C, Vgc = 5V + 10%) (Continued)

21010-06 | 21010-07 | 21010-08 | 21010-10 .
Symbol Parameter - - Units Notes
Min | Max | Min | Max | Min | Max | Min | Max
tRp RAS Precharge 40 50 70 80 ns
Time
tras RAS Pulse Width 60 | 10K | 70 | 10K | 80 | 10K | 100 | 10K | ns
tRsH RAS Hold Time 20 20 25 25 ns
tcrp CAS to RAS 5 5 5 5 ns
Precharge Time
trcD RAS to CAS 20 | 40 | 20 | 50 | 25 | 60 | 25 | 75 ns | (Notes 9, 10)
Delay Time
tcas CAS Pulse Width 20 [ 10K | 20 | 10K | 20 | 10K | 25 | 10K | ns
tcsH CAS Hold Time 60 70 80 100 ns
tcpN CAS Precharge 10 10 15 15 ns
Time
tAsSR Row Address 0 0 0 0 ns
Set-Up Time
tRAH Row Address 10 10 15 15 ns
Hold Time
tasc Column Address 0 0 0 0 ns
Set-Up Time
tcaH Column Address 15 15 20 20 ns
Hold Time
taR Column Address 50 55 65 75 ns
Time Referenced
to RAS
tRAD RAS to Column 151 3 1156 35 1 20 | 40 | 20 | 50 ns {Note 11)
Address Delay Time
tRAL Column Addressto | 30 35 40 50 ns
RAS Lead Time
tRcs Read Command 0 0 0 0 ns
Set-Up Time
tRRH Read Command 0 0 0 0 ns (Note 12)
Hold Time
Referenced to RAS
tRCH Read Command 0 0 0 0 ns (Note 12)
Hold Time
Referenced to CAS
twes Write Command 0 0 0 0 ns (Note 13)
Set-Up Time
tweH Write Command 15 15 20 20 ns
Hold Time
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A.C. CHARACTERISTICS (See Notes 1, 2)
(Ta = 0°C to +70°C, Vgg = 5V + 10%) (Continued)

21010-06 | 21010-07 | 21010-08 | 21010-10
Symbol Parameter Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
twcr Write Command 50 55 60 75 ns
Referenced to RAS ) ' .
twp WE Pulse Width 15 15 15 20 ‘ns
tRwL Write Command to - 20 20 25 25 ns
RAS Lead Time
towL Write Command to 20 20 20 25 -ns
CAS Lead Time
tps DN Set-Up Time 0 0 0 0 ns
tDH . Djn Hold Time 15 15 20 20 ns
tDHR Data-In Hold Time 50 55 60 75 ns
) Referenced to RAS } ‘
tRWD RAS to WE Delay Time | 60 .| 70 80 100 ns | (Note 13)
towp CAS to WE Delay Time | 20 20 20 25 . ns | (Note 13)
tawD Column Address to 30 35 40 50 ns
WE Delay Time
tRPC RAS Precharge Time to | 10 10 10 10 | ns
CAS Active Time
tcsR CAS Set-Up Time 10 10 10 10| | ns
for CAS before
RAS Refresh
tCHR CAS Hold Time for CAS | 20 20 30 1 30 ns
before RAS Refresh
topT Refresh Counter Test 30 35 40 50 ns
CAS Precharge Time
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A.C. CHARACTERISTICS (See Notes 1, 2)
(Ta = 0°C to +70°C, Vg = 5V + 10%) (Continued)

21010-06 21010-07 21010-08 21010-10 .
Symbol Parameter - Units Notes
Min [ Max | Min'| Max | Min | Max | Min | Max
FAST PAGE MODE
tpc Fast Page Mode | 45 45 50 60 ns
Cycle Time
tPRWC Fast Page Mode | 70 70 75 90 ns
RMW Cycle
Time
tcpa Access Time 40 40 45 55 ns | (Notes 7, 14)
from CAS
Precharge
tcp | Fast Page Mode | 10 10 10 10 ns
CAS Precharge
Time
tRASP RAS Pulse 60 | 100K | 70 | 100K | 80 | 100K | 100 | 100K | ns
Width (Fast
Page Mode)
NOTES:

1. An initial pause of 200 us is required after power-up followed by any 8 RAS-only cycles before proper device operation is
achieved.

2. A.C. characteristics assume tt = 5 ns.

3. Vin (min) and V) (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between V|y (min) and V) (max).

4. Assumes that tgcp < trcp (Max), trap < trap (max). If trep (or trap) is greater than the maximum recommended value
shown in this table tgac will be increased by the amount that tgcp (or trap) exceeds the value shown.

5. If trep = tRrep (Max), trap = tRAD (Max), and tasc = taa — tcac — tr access time is tcac.

6. If trap = trap (Max) and tasc < taa — tcac — t1, access time is taa. )

7. Measured with a load equivalent to two TTL loads and 100 pF.

8. torr is specified that output buffer changes to high impedance state.

9. Operation within the tgcp (max) limit insures that tgac (max) can be met. tgop (max) is specified as a reference point
only; if trep is greater than the specified trcp (max) limit, access time is controlled exclusively by tcac or taa.

10. tgep (Min) = tgaH (Min) + 2 t7 + tagc (min).

11. Operation within the tgap (max) limit insures that tgac (max) can be met. tgap (max) is specified as a reference point
only; if trap is greater than the specified tgap (max) limit, access time is exclusively controlled by tcac or taa.

12. Either tgrp or trcH Must be specified for a read cycle.

13. twes: towp, trwb, and tawp are non-restrictive operating parameters. They are included in the Data Sheet as Electrical
Characteristics only.

14. topa is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H").
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Read Cycle
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Write Cycle (Early Write)
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Read-Write/Read-Modify-Write Cycle
trwe
. tRas
RS W7 N AR g ]r N
A *  — tgp—
tesh —torp —
trep trsn .
—— Vy— X %,
kS M \ CAS /
Vo— ~——tpap—"1 A
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H tRwp <——tcw1_——|_>]
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L
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240153-6
Fast Page Mode Read Cycle
" trasp
Wy — ! AR
RAS M
(N St -
CSH
t
S YRR L teas™
s VIH —_ X \ 4
VIL HtRAH \ N
£ t,
t -~ (~tcan t CAH
tasr—{ [ | A% - ASC
N ROW coL coL
v — ADD ADD ADD
t
t CAC
‘_tRAD"‘A’__’:A :iq “t‘CPA—’
' DN .
rac torF M
‘ —=fterz - ez —
Vou — VALID fVALD
Q v, HiGH-2 | DATA DATA
oL
le—t,
RCS
tres | I* tReH *l [“4‘
= Yy — 3 -
" = XXXXXXOF Y XX
240153-7
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Fast Page Mode Write Cycle

: trasp
 Vy— \ AR
RS N = N\
t 149
CSH e s M tre
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240153-8
Fast Page Mode Read-Write Cycle
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'L tepn - tRaL
tasR—>] b % t ! Asc| | b
ASR e tpasie tasr| o e tCAH asc| | toan CAH
Voo — L
A v'“ ROW ADD COL ADD COL ADD COL ADD
L
[——trap— towp towL tewn towL towp towl
Lt Y t
trest = AWD™] [AWD [ AWD tRwL
Wy — y
2 KOO | |}
L
trRwp twe, tos [twe |
tDIS [ =-toy =7 -tpH
Vi —
p W B o )
L
*’ [-teLz toz -tz
t 4 t
i CAC ‘_t‘M cAC ._‘t " CAC
v trac [——tcpa e—tcPa{=—"
oH — 7 VALID VALID VALID }___
Q VoL )8‘ DATA DATA H& DATA
fadtope fe—sltopr bl topp
m Don't Care

240153-9
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RAS-Only Refresh Cycle

tre
- tRas
s - \ / N\_
tasr[* =~ tran—"] we

Az row aooeess X XX XXX XXX XXX XXX XXX XXX

Q \\’,‘::: OPEN
240153-10

NOTE:

WE, Dy = Don't Care, Ag = Vi or Vi

CAS = V|, W, D Ag = Don’t Care

CAS-before-RAS Refresh Cycle

tre

y tras tre
RAS 'MW Z

Vi — 4

RPC
tesr ™ ~—teur

V=
CAS ® \

Vii— )

v,

Q OPEN
Vou
’I’Ix Don't Care
240153-11

NOTE:

Address, WE, Djy = Don’t Care
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Hidden Refresh Cycle
tre tre
tras [+ tre ) — tRp—1

= |
RAS N 7 4

i~

™ tRep " ts "] N
tos CRP e

— Viy—
cAs tpan

g IR \ )

tas | | tran tpa, —— tepn

tasc 1> = ——={toan )
n o X ol I 2558 XOXOKXCXKCKIXHIXKK

‘Rcs«-l 1—— ‘ '
ety —

A le—tea
¢ [? B B
toae RRH ‘ - ftorr

¢ teac— '
Vou — cLz]
Q T VALID DATA
VoL —

|

240153~12

CAS-before-RAS Refresh Counter Test Cycle

trRas A " —
Yy — RSH
RS W S /
A - 7
tesr
tenr I“ tepr ] s e
t
eV — cAs
oS Ve — 14 I N 7
tase| | tean
| ._.{
ke COLUMN
Vi — ADDRESS
4
™ RAL I
READ CYCLE PR g torr—|
Vo —
q V°" vALID DATA | | [}
oL I_t'a_gi taz |t
— Ym—
wM !
vy — - treH-
y e-treh

WRITE CYCLE ‘ |
Q Vou — ) ‘ - _
VoL — -
!
1+ RRRXXORRRRRXOO - URRRRXKKX
ViL— ‘
‘ . = L—‘DH—-I
o 1~ XXRXREKXHRCHKKKXN v o}
READ=WRITE CYCLE «Q—A?c‘c_. ol
- VALID DATA !‘
ot ' tres| | toz
k——:‘_AwP wn—“‘: e ‘cwz. R;,[
L .
— Yy — ‘
w4~ XXRXXRXXRXXIXRKT A SRR
» DS

® '~ XXXXXXXXKIXIKXXIXRRRXIN vao eurn IKEOORKXIKKX

m Don't Care

240153-13
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21010 OPERATION

Device Operation

The 21010 contains 1,048,576 memory locations.
Twenty address bits are required to address a partic-
ular memory location. Since the 21010 has only 10
address input pins, time multiplexed addressing is
used to input 10 row and 10 column addresses. The
multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column
address strobe (CAS) and the valid row and column
address inputs.

Operation of the 21010 begins by strobing in a valid
row address with RAS while CAS remains high.
Then the address on the 10 address input pins is
changed from a row address to a column address
and is strobed in by CAS. This is the beginning of
any 21010 cycle in which a memory location is ac-
cessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both
RAS and CAS have returned to the high state. An-
other cycle can be initiated after RAS remains high
long enough to satisfy the RAS precharge time (tgrp)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are speci-
fied by tras(min) @nd tcas(min) respectively. These
minimum pulse widths must be satisfied for proper
device operation and data integrity. Once a cycle is
initiated by bringing RAS low, it must not be aborted
prior to satisfying the minimum RAS and CAS pulse
widths. In addition, a new cycle must not begin until
the minimum RAS precharge time, tgp, has been
satisfied. Once a cycle begins, internal clocks and
other circuits within the 21010 begin a complex se-
quence of events. If the sequence is broken by vio-
lating minimum timing requirements, loss of data in-
tegrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input (W) high during a RAS/CAS cycle. The
access time is normally specified with respect to the
falling edge of RAS. But the access time also de-
pends on the falling edge of CAS and on the valid
column address transition.

If CAS goes low before tropmax) and if the column
address is valid before tgap(max), then the access
time to valid data is specified by tRac(min). However,
if CAS goes low after tRCD(max) or if the column ad-
dress becomes valid after trapmax), the access
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time is specified by tcac or taa. In order to achieve
the minimum access time, tRac(min), it is necessary
to meet both trep(max) and tRAD(max)-

Write

The 21010 can perform early write, late write and
read-modify-write cycles. The difference between
these cycles is in the state of data-out and is deter-
mined by the timing relationship between W and
CAS. In any type of write cycle, Data-in must be valid
at or before the falling edge of W or CAS, whichever
is later.

Early Write: An early write cycle is performed by
bringing W low before CAS. The data at the data
input pin (D) is written into the addressed memory
cell. Throughout the early write cycle the output re-
mains in the Hi-Z state. This cycle is good for com-
mon 1/0 applications because the data-in and data-
out pins may be tied together without bus conten-
tion.

Read-Modify-Write: In this cycle, valid data from the
addressed cell appears at the output before and dur-
ing the time that data is being written into the same
cell location. This cycle is achieved by bringing W
low after CAS and meeting the data sheet read-
modify-write cycle timing requirements. This cycle
requires using a separate 1/0 to avoid bus conten-
tion.

Late Write: If W is brought low after CAS, a late write
cycle will occur. The late write cycle is very similar to
the read-modify-write cycle except that the timing
parameters, trwp, tcwp, and tawp, are not neces-
sarily met. The state of data-out is indeterminate
since the output can be either Hi-Z or contain data
depending on the timing conditions. This cycle re-
quires a separate 1/0 to avoid bus contention.

Data Output

The 21010 has a tri-state output buffer which is con-
trolled by CAS. Whenever CAS is high (V)y) the out-
put is in the high impedance (Hi-2) state. In any cy-
cle in which valid data appears at the output, the
output goes into the low impedance state in a time
specified by tg 7z after the falling edge of CAS. Inval-
id data may be present at the output during the time
after tg z and before the valid data appears at the
output. The timing parameters tcac, trac, and taa
specify when the valid data will be present at the
output. The valid data remains at the output until
CAS returns_high. This is true even if a new RAS
cycle occurs (as in hidden refresh). Each of the
21010 operating cycles is listed below after the cor-
responding output state produced by the cycle.
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Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh,
Fast Page: Mode Write, CAS-before-RAS Refresh,
CAS-only Cycle.

Indeterminate Output State: Delayed Write.

Refresh

The data in the 21010 is stored on a tiny capacitor
within each memory cell. Due to leakage the data
may leak off after a period of time. To maintain data
integrity, it is necessary to refresh each of the rows
every 8 ms. Either a burst refresh or distributed re-
fresh may be used. There are several ways to ac-
complish this.

RAS-only Refresh: This is the most common method
_ for performing refresh. It is performed by strobing in
a row address with RAS while CAS remains high.
This cycle must be repeated for each of the 512 row
addresses, (A0O-A8). The state of address A9 is ig-
nored during refresh.

CAS-before-RAS Refresh: The 21010 has CAS-
before-RAS on-chip refresh capability that elimi-
nates the need for external refresh addresses. If
CAS is held low for the specified setup time (icsp)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-
chip refresh address counter, which is then internally
incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The 21010 hidden refresh cycle is actually a
CAS-before-RAS refresh cycle within an extended
read cycle. The refresh row address is provided by
the on-chip refresh address counter.

Other Refresh Methods: 1t is also possible to refresh
the 21010 by using read, write, or read-modify-write
cycles. Whenever a row is accessed, all the cells in
that row are automatically refreshed. There are cer-
tain applications in which it might be advantageous
to_perform refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the pre-
ferred method.
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CAS-before-RAS Refresh Counter
Test Cycle

A special timing sequence-using the CAS-before-
RAS refresh counter test cycle provides a conve-
nient method of verifying the functionality of the
CAS-before-RAS refresh activated circuitry. The cy-
cle begins as a CAS-before-RAS refresh operatlon
Then _:f_(_JAS is brought high and then low again
while RAS is held low, the read and write operations
are enabled. In this mode, the row address bits AO
through A8 are supplied by the on-chip refresh coun-
ter. The A9 bit is set high internally.

Fast Page Mode

The 21010 has Fast Page mode capability, which
provides high speed read, write, or read-modify-write
access to -all memory cells within a selected row.
These cycles may be mixed in any order. A fast page
mode cycle begins with a normal cycle. Then, while
RAS is kept low to maintain the row address, CAS is
cycled to strobe in additional column addresses.
This eliminates the time required to set up and
strobe sequential row addresses for the same page.

Power-Up

If RAS = Vgg during power-up, the 21010 could be-
gin an active cycle. This condition results in higher
than necessary current demands from the power
supply during power-up. It is recommended that
RAS and CAS track with Voo dunng power-up or be
held at a valid V|4 in order to minimize the power-up
current.

An initial pause of 200 us is required after power-up,
followed by 8 initialization cycles before proper de-
vice operation is assured. Eight initialization cycles
are also required after any 8 ms period in which
there are no RAS cycles. An initialization cycle is any
cycle in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the 21010
inputs act like unterminated transmission lines re-
sulting in significant positive and negative over-
shoots at the inputs. To minimize overshoot it is ad-
visable to terminate the input lines and to keep them
as short as possible. Although either series or
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parallel termination may be used, series termination
is generally recommended since it is simple and
draws no additional power. It consists of a resistor in
series with the input line placed close to the 21010
input pin. The optimum value depends on the board
layout. It must be determined experimentally and is
ususally in the range of 200 to 409.

Board Layout

It is important to lay out the power and ground lines
on memory boards in such a way that switching tran-
sient effects are minimized. The recommended
methods are gridded power and ground lines or sep-
arate power and ground planes. The power and
ground lines act like transmission lines to the high
frequency transients generated by DRAMs. The im-
pedance is minimized if all the power supply traces
to all the DRAMs run both horizontally and vertically
and are connected at each intersection, or better
yet, if power and ground planes are used.

Address and control lines should be as short as pos-
sible to avoid. skew. In boards with many DRAMs,
these lines should fan out from a central point like a
fork or comb, rather than being connected in a ser-
pentine pattern. Also, the control logic should be
centrally located on large memory boards to facili-
tate the shortest possible address and control lines
to all the DRAMs.
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Decoupling

The importance of proper decoupling can not be
over emphasized. Excessive transient noise or volt-
age droop on the V¢ line can cause loss of data
integrity (soft errors). It is recommended that the to-
tal combined voltage changes over time in the Vg
to Vgg voltage (measured at the device pins) should
not exceed 500 mV. .

A high frequency 0.3 pF ceramic decoupling capaci-
tor should be connected between the Vcc and
ground pins of each 21010 using the shortest possi-
ble traces. These capacitors act as a low impedance
shunt for the high frequency switching transients
generated by the 21010, and they supply much of
the current used by the 21010 during cycling.

In addition, a large tantalum capacitor with a value of
47 uF to 100 pF should be used for bulk decoupling
to recharge the 0.3 uF capacitors between cycles,
thereby reducing power line droop. The bulk decou-
pling capacitor. should be placed near the point
where the power traces meet the power grid or pow-
er plane. Even better results may be achieved by
distributing more than one tantalum capacitor
around the memory array.
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PACKAGE DIMENSIONS
18-LEAD PLASTIC DUAL IN-LINE PACKAGE
LI LW LN LW LWL WL WL W y J = ;
3 = ;
I~ N
) 'e) " N 007 100
= 8 0.008(0.20)
. g 2 0.012(0.30)
IR AT AT AT LT LT AL TR | ' B
0.880 (21.84)
0.870(22.09)
A o 0.197 MAX o0 iax
0.138(3.51) _| ¥ (7.11)
0.142(3.61) 0.020(0.51) MIN 118 MIN
0.100 TYP
(2.54) 0.038(0.97
ooar i 1S o.o42§1.07§
0.059 (1.49) 0.016(0.41)
0.023(0.58)
240153-14

20-LEAD PLASTIC SMALL OUT-LINE J-LEAD

;e

o o o

D

®)

O

0.295 (7.49) |
0.305(7.75)

| NN ) N IO Ny

0.870(17.02)

Uy

0.680(17.27)

0.060 TYP
(1.27)

-

0.016(0.41)
0.020(0.51)

0.022(0.56)
0.030(0.76)

|

-

0.335(8.51)
0.345 (8.76)

S

0.096(2.44)

0.100(2.54)
0.120 (3.04)

0.140(3.56)

240153-15
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PACKAGE DIMENSIONS (Continued)

20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE

1.025 (26.04)

1.035 (26.29)

0.325 (8.26)
0.336 (8.51)

0.018 (0.45)‘1 L o | 0050 (1.27)
0.022 (0.56) TP

Units: Inches (millimeters)

o . 0.113 (2.87)

0.123 (3.12)

i

ﬂ

=

~q

ol=

<

c -

|l 9.008 (0.20
0.012 (0.30)

. L 0.1 oc;Y(Pz.slt)

MIN

0.120 (3.05)

240153-17

3-52




. ®
Intd 21014 :

262,144 x 4-BIT DYNAMIC RAM WITH PAGE MODE

Performance Range:

trac tcac tre
21014-06 60 ns 15ns 120 ns
21014-07 70 ns 20 ns 130 ns
21014-08 80 ns 20ns 160 ns
21014-10 100 ns 25ns 190 ns

m Fast Page Mode Operation ®m Single 5V +10% Power Supply

m CAS before RAS refresh capability @ 512 Cycles/8 ms Refresh

m Common 1/0 Using “Early Write” | Available in Plastic DIP, SOJ and ZIP
Packages

Intel 21014 is a CMOS high speed 262,144 x 4 dynamic RAM optimized for high performance applications
such as mainframes, graphics and microprocessor systems.

21014 features Fast Page Mode operation which allows high speed random access of memory cells within the
same row.

CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All
Inputs, Outputs and Clocks are fully CMOS and TTL compatible.

Functional Block Diagram

s Pin Name Pin Function
s CONTROL & —> DATA
WEEI CLOCKS L Ag-Ag Address Inputs
ot RAS Row Address Strobe
DQ4 —
R L CAS Column Address Strobe
DATA —
U SUFER W Read/Write Input
I‘L SENSE AMPS & 1/0 GATING | 5 OE Data OUtPUt Enable
20 DQ1-DQy4 Data In/Data Out
Al 14
:i: g g MEMORY ARRAY Ve Vce : Power (+5V)
: ;: g g MEMORY CELLS Vg Vss Ground
—~ & .
s18|= N.C. No Connection
7 N.L. No Lead
2405121

Pin Configurations

DiP
N\
oQ1g1 20 bvss OE[T]
pe2[]2 19[3004 003 [3]
w3 183003 Vss
RASC] 4 17f3Cas 0a2|7]
N.C.O35 162 CE RAS[9]
ao]s 15748 Ao ]
algd7 14fpa7 IV iH
a2(]s 13346 Vee [5]
ast]e 1245 1Y ini
Vec 10 1A A7[i9]
240512-2 240512-3 240512-4
August 1990

3-53 Order Number: 240512-003
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative

toVss (ViN. VOUT) - vvvevvvvennnn —1Vito +7.0V
Voltage on Power Supply

Relativeto Vgs (Vgg) -+ oo ov vt —1Vto +7.0V
Storage Temperature (Tstg) - - . - - —55°Cto +150°C
Power Dissipation(PD) .................. 600 mW
Short Circuit Output Current (lpg) ........... 50 mA

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

Voltage referenced to Vgg, Ta = 0°C to 70°C

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.5 5.0 5.5 Vv
Vss Ground 0 0 0 \"
ViH Input High Voltage — Voo + 1 \"
ViL Input Low Voltage -1.0 — 0.8 \"
NOTES:
1. Vi (min) = 1.0V for continuous DC level.
2. VL (min) = 2.0V for pulse width < 20 ns.
CAPACITANCE T, = 25°C
Symbol Parameter Min Max Unit
CiN1 Input Capacitance (Ag—As) — pF
Cinz Input Capacitance (RAS, CAS, W, OE) — 7 pF
Cout Output Capacitance (DQ1-DQy) — 7 pF
D.C. AND OPERATING CHARACTERISTICS
Recommended operating conditions unless otherwise noted
Symbol Parameter Speed Min Max Units
loct Operating Current -06 —_ 90 mA
(RAS and CAS Cycling @ tgg = Min) -07 — 80 mA
-08 — 70 mA
-10 — 60 mA
lcce Standby Current —_ 2 mA
(TTL Power Supply Current)
loca RAS Only Refresh Current -06 — 90 mA
(CAS = V), RAS Cycling @ tgc = Min) -07 — 80 mA
: -08 — 70 mA
-10 — 60 mA
lcca Fast Page Mode Current -06 — 75 mA
(RAS = V,, CAS Cycling @tpc = Min) -07 — 65 mA
-08 — 55 mA
-10 — 45 mA
lccs Standby Current — 1 mA
(CMOS Power Supply Current)
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D.C. AND OPERATING CHARACTERISTICS (Continued)

Recommended operating conditions unless otherwise noted

Symbol Parameter | Speed Min Max Units
lccs CAS-before-RAS Refresh Current o -06 — 90 mA
(RAS and CAS Cycling @ tgg = Min) -07 — 80 mA
-08 — 70 mA
-10 — 60 mA
i Input Leakage Current —-10 10 HA

(Any Input 0 < VN < 6.5V
All Other Pins = 0V)

loL - Output Leakage Current ’ -10 10 MA
(Data Out is Disabled and '
0 < Voyrt < 5.5V)

VoH Output High Voltage Level ' 24 — Vv
(lon = —5mA) )
VoL Output Low Voltage Level — 0.4 \Y
(loL = 4.2mA)
NOTE:

lcc1s loess Icca and Igcs are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Icc is specified as average current.

A.C. CHARACTERISTICS(1.2
Ta = 0°C to 70°C, Voo = 5V +10%

Symbol Pararmetsr 21014-06 | 21014-07 | 21014-08 | 21014-10 Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max

tREF Time between Refresh 8 8 8 8 ms

tRc Random R/W Cycle Time | 110 130 150 180 | ns

tRwe RMW Cycle Time 165 185 205 | 245 ns

tRAC Access Time from RAS 60 70 80 100 | ns | 4,7

tcac Access Time from CAS 20 20 20 25 ns |57

taA Access Time from 30 35 40 50 ns |67
Column Address :

' toLz CAS to Output in Low Z 0 0 0 0 ns

torr Output Buffer Turn-Off 0 20 0 20 0 20 0 20 ns
Delay Time .

tr Transition Time 3 50 3 50 3 50 |3 50 ns

trp RAS Precharge Time 40 50 60 70 ns

tRAS RAS Pulse Width 60 | 10K| 70 | 10K | 80 | 10K [ 100 | 10K | ns

tRSH RAS Hold Time 20 20 20 25 ns

tcrp CAS to RAS ‘ 5 5 5 5 ns
Precharge Time

treD RAS to CAS Delay Time 20 | 40 | 20 | 50 | 25 | 60 | 25 | 75 ns |[910

tcas CAS Pulse Width 20 | 10K | 20 | 10K | 20 | 10K | 25 | 10K | ns

tcsy | CAS Hold Time 60 70 80 100 ns
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A.C. CHARACTERISTICS(,2) (Contlnued)
Ta = 0°C to 70°C, Vog = 5V £10%

21014-06 | 21014-07 | 21014-08 21014-10 i
Symbol Parameter - Units | Notes
' Min | Max | Min | Max | Min | Max | Min | Max

topn CAS Precharge Time 10 10 10 15 ns

tASR Row Address Set-Up Time | 0 0 0 0 ns

tRAH Row Address Hold Time 10 10 15 15 ns

tasc Column Address 0 0 0 0 ns
Set-Up Time

tcaH Column Address 15 15 20 20 ns
Hold Time

taR Column Address Time 50 55 65 75 ns
Referenced to RAS

tRAD RAS to Column Address 15| 30 { 15 | 35 | 20 | 40 | 20 | 50 ns |11
Delay Time

tRAL Column Address to 30 35 40 50 ns
RAS Lead Time ’

tRcs Read Command 0 0 0 0 ns
Set-Up Time

tRRH Read Command Hold 0 0 0 0 ns 12
Time Referenced to RAS

tRCH Read Command Hold 0 0 0 0 ns 12
Time Referenced to CAS

twes Write Command 0 0 0 1o ns |13
Set-Up Time

tweH Write Command 15 15 15 20 ns
Hold Time

twer Write Command Hold 50 55 65 75 ns
Time Referenced to RAS

twp WE Pulse Width 15 15 20 "] 20 ns

tRwL Write Command to 20 20 20 25 ns
RAS Lead Time

towL Write Command to 20 20 20 25 ns
CAS Lead Time

tps DN Set-Up Time 0 0 0 0 ns

toH Din Hold Time . 15 15 20 20 ns

tDHR Data-In Hold Time 50 55 65 75 ns
Referenced to RAS

tRwD RAS to WE Delay Time 80 100 110 135 ns |13

towd CAS to WE Delay Time 40 50 50 60 | ns |13

tawp Column Address to 50 | 65 70 85 ns
WE Delay Time

trRPC RAS Precharge Time to 10 10 10 10 ns
CAS Active Time

tcsr CAS Set-Up Time for CAS | 10 10 10 10 ns
before RAS Refresh
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A.C. CHARACTERISTICS(.2) (Contmued)
Ta = 0°C to 70°C, Vg = 5V £10%

21014-06 | 21014-07 | 21014-08 | 21014-10
Symbol Parameter Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
tcHR CAS Hold Time for CAS 20 20 25 30 ns
before RAS Refresh :
tepT Refresh Counter Test CAS | 30 35 40 '50 | ns
Precharge Time
tRoH RAS Hold Time__ 10 20 20 20 ns
Referenced to OE
toea OE Access Time 15 20 20 25 ns
toep OE to Data Delay 15 20 20 25 ns
toez Output Buffer Turn Off 0 15 0 20 0 20 0 25 ns
Delay Time from OE
toEH OE Command Hold Time 15 20 20 25 ns

FAST PAGE MODE

21014-06 21014-07 21014-08 21014-10
Symbol Parameter Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
tpc Fast Page Mode 45 45 50 60 | ns
Cycle Time .
tPRWC Fast Page Mode RMW | 75 100 105 125 ns
Cycle Time
tcpa Access Time from CAS 40 45 45 55 ns |7,14
Precharge
tcp | FastPage Mode CAS | 10 10 10 10 ns
- Precharge Time
'tRASp RAS Pulse Width 60 [ 100K | 70 | 100K | 80 | 100K | 100 | 100K | ns
(Fast Page Mode)
NOTES:

1. An initial pause of 200 us is required after power-up followed by any 8 RAS-only cycles before proper device operation is
achieved.

2. A.C. characteristics assume tt = 5 ns.

3. Vi (min) and V) (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between V|y (min) and V)i (max).

4. Assumes that trop < trep (Max), trap < trap (Max). If trep (or trap) is greater than the maximum recommended value
shown in this table tgac Will be increased by the amount that tgcp (or tRap) exceeds the value shown.

5. 1f trop = trep (Max), trap = trap (Max), and tasc = taa — tcac — tr, access time is tcac.

6. If trap = tRaD (Max) and tasc < taa — tcac — tr, access time is taa.

7. Measured with'a load.equivalent to two TTL loads and 100 pF.

8. torr is specified that output buffer changes to high impedance state.

9. Operation within the tgcp (max) limit insures that tgac (max) can be met. tgop (max) is specified as a reference point
only; if tcp is greater than the specified tgcp (max) limit, access time is controlled exclusively by tcac or taa.

10. trep (Min) = tgaH (Min) + 2ty + tasc (min).

11. Operation within the tgap (max) limit insures that tgac (max) can be met. tgap (max) is specified as a reference point
only; if trap is greater than the specified tgap (max) limit, access time is exclusively controlled by tcac or taa.

12. Either tgry or trcH must be specified for a read cycle.

13. twes, towb, trwb, and tawp are non restrictive operating parameters. They are included in the Data Sheet as Electncal
characteristics only.

14. tcpa is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”).
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TIMING DIAGRAMS
READ CYCLE
tre
X tRas trp
o Ny . — AR
RAS V::_'— 7 \
. tesu ‘i
CRP
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TIMING DIAGRAMS (Continued)

WRITE CYCLE (EARLY WRITE)
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TIMING DIAGRAMS (Continued)
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TIMING DIAGRAMS (Continued)

FAST PAGE MODE WRITE CYCLE
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TIMING DIAGRAMS (Continued)

RAS-ONLY REFRESH CYCLE
Note: W, OE = Don't care
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CAS-BEFORE-RAS REFRESH CYCLE
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TIMING DIAGRAMS (Continued)

21014

HIDDEN REFRESH CYCLE (READ).
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TIMING DIAGRAMS (Continued)

CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE
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© 21014 OPERATION

Device Operation

The 21014 contains 1,048,576 memory locations or- -

ganized as 262,144 four-bit words. Eighteen address
bits are required to address a particular 4-bit word in
the memory array. Since the 21014 _has only 9 ad-
dress input pins, time multiplexed addressing is used
to input 9 row-and 9 column addresses. The multi-
plexing is controlled by the timing relationship be-
tween the row address strobe (RAS), the column ad-
dress strobe (CAS) and the valid address inputs.

Operation of the 21014 begins by strobing in a valid
row address with RAS while CAS remains high.
Then the address on the 9 address input pins is
changed from a row address to a column address
and is strobed in by CAS. This is the beginning of
any 21014 cycle in which a memory location is ac-
cessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both
RAS and CAS have returned to the the high state. An-
other cycle can be initiated after RAS remains high
long enough to satlsfy the RAS precharge time (tpp)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are speci-
fied by tras (min) and tcas (min) respectively. These
minimum pulse widths must be satisfied for proper
device operation and data integrity. Once a cycle is
initiated by bringing RAS low, it must not be aborted
prior to satisfying the minimum RAS and CAS pulse
widths. In addition, @ new cycle must not begin until
the minimum RAS precharge time, tgrp, has been
satisfied. Once a cycle begins, internal clocks and
other circuits within the 21014 begin a complex se-
quence of events. If the sequence is broken by vio-
lating minimum timing requirements, loss of data in-
tegrity can occur.

Read

A read cycle is_achieved by maintaining the write
enable input (W) high during a RAS/CAS cycle. The
access time is normally specified with respect to the
falling edge of RAS. But the access time also de-
pends on the falling edge of CAS and on the valid
column address transition.

If CAS goes low before tpcp (max) and if the column
address is valid before tgap (max) then the access
time to valid data is specified by tgac (min). Howev-
er, if CAS goes low after tggp (max) or if the column
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address becomes valid after tgap (max), access is
specified by tcac or taa. In order to achieve the mini-
mum access time, trac (min), it is necessary to meet
both tgcp (max) and trap (max).

The 21014 has common data 1/0 pins. For this rea-
son an output enable control input (OE) has been
provided so the output buffer can be precisely con-
trolled. For data to appear at the outputs, OE must -
be low for the period of time defined by toga and
toez.

Write

The 21014 can perform early write and read-modify-
write cycles. The difference between these cycles is
in the state of data-out and is determined by the
timing relationship between W, OE and CAS. In any

type of write cycle data-in must be valid at or before
the falling edge of W or CAS, whichever is later.

Early Write: An early write cycle is performed by
bringing W low before CAS. The 4-bit wide data at
the data input pins is written into the addressed
memory cells. Throughout the early write cycle the
outputs remain in the Hi-Z state. In the early write
cycle the output buffers remain in the Hi-Z state re-
gardless of the state of the OE input.

Read-Modify-Write: In this cycle, valid data from the
addressed cells appears at the outputs before and
during the time that data is being written into the
same cell locations. This cycle is achieved by bring-
ing W low after CAS and meeting the data sheet
read-modify-write timing requirements. This output
enable input (OE) must be low during the time de-
fined by topa and togz for data to appear at the
outputs. If tcwp and trwp are not met the output
may contain invalid data. Conforming to the OE tim-
ing requirements prevents bus contention on the
21014 DQ pins.

Data Output

The 21014 has tri-state output buffers_which are
controlled by CAS and OE. When either CAS or OE
is high (V1) the outputs are in the high impedance
(Hi-Z) state. In any cycle in which valid data appears
at the output the output goes into the low impedance
state in a time specified by tc 2 after the falling edge
of CAS. Invalid data may be present at the output
during the time after tg 7z and before the valid data
appears at the output. The timing parameters tcac,
trac and taa specify when the valid data will be
present at the output. This is true even if a new RAS
cycle occurs (as in hidden refresh). Each of the
21014 operating cycles is listed below after the cor-
responding output state produced by the cycle.
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Valid Output Data: Read, Read-Modify-Write, Hidden
Refresh, Fast Page Mode Read, Fast Page Mode
Read-Modify-Write.

Hi-Z Output State: Early Write, RAS-only Refresh,
Fast Page Mode Write, CAS-only cycle.

Indeterminate Output State: Delayed Write (tcwp or
trwp are not met).

Refresh

The data in the 21014 is stored on a tiny capacitor
within each memory cell. Due to leakage the data
may leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows
every 8 ms. Either a burst refresh or distributed re-
fresh may be used. There are several ways to ac-
complish this.

RAS-Only Refresh: This is the most common meth-
od for performing refresh. It is performed by strobing
in a row address with RAS while CAS remains high.
This cycle must be repeated for each of the 512 row
addresses, (Ag—Ag).

CAS-before-RAS Refresh: The 21014 has CAS-be-
fore-RAS on-chip refresh capability that eliminates
the need for external refresh addresses. If CAS is
held low for the specified set up time (tcgr) before
RAS goes low, the on-chip refresh circuitry is en-
abled. An internal refresh operation automatically
occurs. The refresh address is supplied by the on-
chip refresh address counter which is then internally
incremented in preparation for the next CAS-before-
RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be per-
formed while maintaining the latest valid data at the
output by extending the CAS active time and cycling
RAS. The 21014 hidden refresh cycle is actually a
CAS-before-RAS refresh cycle within an extended
read cycle. The refresh row address is provided by
the on-chip refresh address counter.

Other Refresh Methods: It is also possible to refresh
the 21014 by using read, write or read-modify-write
cycles. Whenever a row is accessed, all the cells in
that row are automatically refreshed. There are cer-
tain applications in which it might be advantageous
to_perform -refresh in this manner but in general
RAS-only or CAS-before-RAS refresh is the pre-
ferred method.
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CAS-before-RAS Refresh Counter
Test Cycle

A special timing sequence using the CAS-before-
RAS refresh counter test cycle provides a conve-
nient method of verifying the functionality of the
CAS-before-RAS refresh activated circuitry. The cy-
cle begins as a CAS-before-RAS refresh operation.
Then, if CAS is brought high and then low again
while RAS is held low, the read and write operations
are enabled. In this mode, the row address bits Ag
through Ag are supplied by the on-chip refresh coun-
ter. :

Fast Page Mode

Fast page mode provides high speed read, write or
read-modify-write access to all memory cells within a
selected row. These cycles may be mixed in any
order. A fast page mode cycle begins with a normal
cycle. Then, while RAS is kept low to maintain the
row address, CAS is cycled to strobe in additional
column addresses. This eliminates the time required
to set up and strobe sequential row addresses for
the same page.

Power-Up

If RAS = Vgg during power-up, the 21014 could be-
gin an active cycle. This condition results in higher
than necessary current demands from the power
supply during power-up. It is recommended that
RAS and CAS track with Vg during power-up or be
held at a valid V| in order to minimize the power-up
current.

An initial pause of 200 us is required after power-up
followed by 8 initialization cycles before proper de-
vice operation is assured. Eight initialization cycles
are also required after any 8 ms period in which
there are no RAS cycles. An initialization cycle is any
cycle in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the 21014
inputs act like unterminated transmission lines re-
sulting in significant positive and negative over-
shoots at the inputs. To minimize overshoot it is ad-
visable to terminate the input lines and to keep them
as short as possible. Although either series or paral-
lel termination may be used, series'termination is



intel

21014

generally recommended since it is simple and draws
no additional power. It consists of a resistor in series
with the input line placed close to the 21014 input
pin. The optimum value depends on the board lay-
out. It must be determined experimentally and is
usually in the range of 200} to 409.

Board Layout

It is important to lay out the power and ground lines
on memory boards in such a way that switching tran-.
sient effects are minimized. The recommended
methods are gridded power and ground lines or sep-
arate power and ground planes. The power and
ground lines act like transmission lines to the high
frequency transients generated by DRAMSs. The im-
pedance is minimized if all the power supply traces
to all the DRAMSs run both horizontally and vertically
and are connected at each intersection or better yet
if power and ground planes are used.

Address and control lines should be as short as pos-
sible to avoid skew. In boards with many DRAMs
these lines should fan out from a central point like a
fork or comb rather than being connected in a ser-
pentine pattern. Also the control logic should be
centrally located on large memory boards to facili-
tate the shortest possible address and control lines
to all the DRAMs.

PACKAGE DIMENSIONS

Decoupling

The importance of proper decoupling can not be
overemphasized. Excessive transient noise or volt-
age droop on the Vg line can cause loss of data
integrity (soft errors). It is recommended that the to-
tal combined voltage changes over time in the Vgg
to Vgg voltage (measured at the device pins) should
not exceed 500 mV.

A high frequency 0.3 pF ceramic decoupling capaci-
tor should be connected between the Vgc and
ground pins of each 21014 using the shortest possi-
ble traces. These capacitors act as a low impedance
shunt for the high frequency switching transients
generated by the 21014 and they supply much of the
current used by the 21014 during cycling.

In addition, a large tantalum capacitor with a value of
47 uF to 100 uF . should be used for bulk decoupling
to recharge the 0.3 nF capacitors between cycles,

* thereby reducing power line droop. The bulk decou-

pling capacitor should be placed near the point
where the power traces meet the power grid or pow-
er plane. Even better results may be achieved by
distributing more than one tantalum capacitor
around the memory array.

'

20-LEAD PLASTIC DUAL-IN-LINE PACKAGE Units: Inches (millimeters)

[N W W W L | — ___é-ﬂw
5% Bl
R1.0 O g 3 sk
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IR T L T T r
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0.972 (24.69)
.020(0.51
|_‘“N_)M|
0.197 (5.00)
MA
0. 135 3.43
0. 145(3 68 0_11%%&)
&L&(M)L_.‘ L_O 032 (0.81
TYP 0.040(1.02,
0.047(1.19) 0.016(0.41)
0.059 (1.49) 0.023(0.58)
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PACKAGE DIMENSICONS (Continued)

20-LEAD PLASTIC SMALL OUTLINE J-LEAD Units: Inches (millimeters)

o O o O W
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O

Oooomr.
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N A Ly
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| |
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240512-18

20-PIN PLASTIC ZIGZAG-IN-LINE PACKAGE
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4,194,304 x 1-BIT DYNAMIC RAM

WITH PAGE MODE

® Performance Range

21040-08 21040-10 21040-12 Units
tRAC 80 100 120 ns
tCAC 20 25 30 ns
tRC 160 190 220 ns
m Fast Page Mode Operation B CAS before RAS refresh, RAS-only
cingy 6 o Refresh, Hidden Refresh and Test
[ ] gg';'r:t?:n"o Using “Early Write Mode Capability ?
® 1024 Cycles/16mS Refresh m Single 5V £10% Power Supply

B Available in Plastic SOJ and ZIP
package types
GENERAL INFORMATION

intel 21040 is a CMOS high speed 4,194,304 X 1-bit dynamic RAM optimized for high performance applica-
tions such as mainframes, graphics and microprocessor systems.

21040 features Fast Page Mode operation which allow high speed random access of memory cells within the
same row.

CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All
Inputs, Output and clocks are fully CMOS and TTL compatible.

Multiplexed address inputs permit the 21040 device to be packaged in a standard 20/26 pin plastic SOJ and
20 pin plastic ZIP.

Functional Block Diagram Pin Configuration |
gz —| controL & o o fe—s Plastic SOJ Plastic ZIP
W —p_ CLOCK 1. T21040 221040
BUFFER
|
ADDRESS COUNTER
}_; COLUMN DECODER < DATA
. out —> Q
Lo 3 SENSE AMPS & 10 ¢_l BUFFER
AOT .
clols MEMORY ARRAY D ol 7

‘5 8 4,194,304 CELLS

; & Vs 240810-2 240810-3

HE

o

s : Pin Name Pin Function
10 . -
240810-1 Ao-A1g Address Inputs
D Data In
Q Data Out
w Read/Write Input
RAS Row Address Strobe
AS Column Address Strobe

Vee Power (+5V)
Vss Ground
N.C. No connection

September 1990
3-69 Order Number: 240810-001
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ABSOLUTE MAXIMUM RATINGS* )
SYMBOL PARAMETER VALUE UNITS
Vin, Vout Voltage on any pin relative to Vsg —1to +7.0 %
Veo Voltage on power supply relative to Vgg —1to +7.0 v
Tstg Storage Temperature —55t0 +150 °C
Topr Operating Temperature 0to 70 °C
Pd Power Dissipation 600 mw
los Short Circuit Output Current 50 mA

*Permanent damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation should be re-
stricted to the conditions as defined in the operational sections of the Data Sheet. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

RECOMMENDED DC OPERATING CONDITIONS (Voltage referenced to Vss, Ta = 0°C to 70°C)

SYMBOL PARAMETER MIN TYP MAX UNIT
VCC Supply Voltage 4.5 5.0 5.5 \"
VSS Ground 0 0 0 Vv
VIH Input High Voltage 2.4 - 6.5 Vv
VIL Input Low Voltage —--1.0 - 0.8 v
CAPACITANCE (Ta = 25°C)

SYMBOL PARAMETER MIN MAX UNIT
Cin1 ( Input Capacitance (A0 - A10, Din) - 5 pF
Cin2 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Cout Output Capacitance (Dout) - 7 pF

DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted)

SYMBOL PARAMETER SPEED MIN MAX UNIT
ICC1 Operating Current* —08 - 100 mA
(RAS and CAS cycling @ tRC = min) -10 - 85 mA
—-12 - 70 mA
1CC2 Standby Current
(TTL Power Supply Current) - 2 mA
ICC3 RAS Only Refresh Current* —08 - 100 mA
(CAS = VIH, RAS Cycling @ tRC = min) —10 - 85 mA
-12 - 70 mA
ICC4 Fast Page Mode Current* —08 - 60 mA
(RAS = VIL, CAS Cycling @ tPC = min) —-10 - 50 mA
—-12 - 40 mA
ICC5 Standby Current k
(CMOS Power Supply Current) - 1 mA
1CC6 CAS-before-RAS Refresh Current* —08 - 100 mA
(RAS and CAS Cycling @ tRC = min) -10 - 85 mA
-12 - 70 mA
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DC AND OPERATING CHARACTERISTICS :
(Recommended operating conditions unless otherwise noted) (Continued)

SYMBOL PARAMETER ) SPEED MIN MAX UNIT

ICC7 Standby Current ‘ o
(RAS = VIH,CAS = VIL, DOUT = Enable) - - 5 mA

I Input Leakage Current - - =10 10 uA

(Any Input 0 < Vin < 6.5 Volts
all other Pins = 0 Volts)

1oL Output Leakage Current - -10 10 uA
(Data out is disabled and
0 < Vout < 5.5V)

VOH Output High Voltage Level - 24 - \"
(IOH = —5mA) .
VOL Output Low Voltage Level ’ - - 0.4 Vv
(IOL = 4.2 mA)
*Note:

ICC1, ICC3, ICC4 and ICC6 are dependant on output loading and cycle rates. Specmed values are obtained with the output
open. ICC is specified as average current.

AC CHARACTERISTICS (See Notes 1, 2) (Ta = 0°C to 70°, VCC = 5V + 10%)

21040-08 | 21040-10 | 21040-12
SYMBOL PARAMETER Min | Max | Min | Max | Min | Max.| UNITS | Notes
tREF Time between Refresh 16 16 16 ms
tRC Random R/W Cycle Time 150 180 220 " ns
tRWC RMW Cycle Time _ | 175 210 255 ns
tRAC Access Time From RAS 80 100 120 ns | 3,4
tCAC Access Time From CAS : 20 25 30 ns 3,4
tAA Access Time From Column Address 40 50 60 ns 3,10
tcLZ CAS to Output in low Z 5 5 5| ‘ns |3
tOFF Output Buffer Turn-Off Delay Time 0| 15 0| 20 0| 30 ns 6
T Transition Time 3| 50 3 50 3| 50 ns 2
tRP RAS Precharge Time , 60 70 90 ns
tRAS RAS Pulse Width 80 | 10K { 100 [ 10K | 120 | 10K ns
tRSH | RAS Hold Time 20 .25 30 ns
tCRP CAS to RAS Precharge Time 5 10 10 ns
tRCD RAS to CAS Delay Time 20(.60 |.25| 75| 25| 90 ns | 4,5
ICAS CAS Pulse Width , 20 | 10K | 25| 10K | 30 | 10K | ns
tCSH CAS Hold Time 80 100 120 ns
tCPN CAS Precharge Time 35 40 45 ns
tASR Row Address Set-up Time 0 0 0 ns
tRAH Row Address Hold Time 10 15 20 ns
tASC Column Address Set-up Time 0 0 0 ns
tCAH Column Address Hold Time 15 20 25 ns
tAR Column Address Time referenced to RAS 60 75 90 ns
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AC CHARACTERISTICS (See Notes 1, 2) (Ta = 0°C to 70°, VCC = 5V + 10%) (Continued)

21040-08 21040-10 21040-12
SYMBOL PARAMETER Min | Max | Min | Max | Min | Max UNITS | Notes
tRAD RAS to Column Address Delay Time 15 | 40 20| 50 25| 60 ns 10
tRAL Column Address to RAS Lead Time 40 50 60 ns
tRCS Read Command Set-Up Time 0 0 0 ns
tRRH R_eid Command Hold Time referenced to 0 0 0 ns 8
RAS
tRCH Read Command Hold Time referenced to 0 0 0 ns 8
CAS )
tWCS Write Command Set-Up Time 0 0 0| ns 7
tWCH Write Command Hold Time 15 20 25 ns
tWCR Write Command Hold referenced to RAS 60 75 90 ns
twp Write Command Pulse Width 15 20 25 ns
tRWL Write Command to RAS Lead Time 20 25 30 ns
tCWL Write Command to CAS Lead Time 20 25 30 ns
DS Data Set-up Time 0 0 0 ns
tDH Data Hold Time 15 20 25 ns
tDHR Data-In Hold Time referenced to RAS 60 75 90 ns
tRWD RAS to WRITE Delay Time 80 100 120 ns
tCWD CAS to WRITE Delay Time 20 25 30 ns
tAWD Column Address to WRITE Delay Time 40 50 60 ns
tRPC RAS Precharge Time to CAS Active Time 0 0 0 ns
tCSR CAS Set-up Time for CAS before RAS 10 10 10 ns
refresh
tCHR CAS Hold Time for CAS before RAS 30 30 30 ns
refresh
tCPT CAS Precharge Time (Refresh Counter 40 50 60 ns
Test)
WTS Write Command Set-up Time (Test Mode 10 10 10 ns
in) .
tWTH Write Command Hold Time (Test Mode'in) 10 10 10 ns
WRP WRITE to RAS Precharge Time (CAS 10 10 10 ns
before RAS Cycle)
tWRH WRITE to RAS Hold Time (CAS before 10 10 10 ns
RAS Cycle)
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AC CHARACTERISTICS (FAST PAGE MODE)
(See Notes 1, 2) (Ta = 0°C to 70°, VCC = 5V * 10%) (Continued)

: 21040-08 21040-10 '21040-12
SYMBOL PARAMETER Min | Max | Min | Max | Min | Max | UNITS | Notes
tPC Fast Page Mode Cycle Time 55 60 70 ns
tPRWC . | Fast Page Mode RMW Cycle Time 80 90 105 ns
tCPA Access Time from CAS Precharge 50 55 60 ns
tcp Fast Page Mode CAS Precharge Time 10 10 15 ns
tRASP RAS Pulse Width (Fast Page Mode) 80 | 200K | 100 | 200K | 120 | 200K ns
AC CHARACTERISTICS (TEST MODE) (Ta = 0°C to 70°, VCC = 5V * 10%)
e (Note 11)
SYMBOL PARAMETER 21040-08 21040-10 21040-12 | UNITS | Notes
Min | Max | Min | Max | Min | Max
tRC Random R/W Cycle Time 155 185 225 ns
tRWC RMW Cycle Time 180 215 260 ns
tPC, Fast Page Mode Cycle Time 60 65 | 75 ns
PRWC Fast Page Mode RMW Cycle Time 85 95 110 ns
tRAC .Access Time From RAS 85 105 125 ns | 3,4
tCAC Access Time From CAS 25 30 35 ns |34
tAA Access Time From Column Address 45 55 65 ns 3,10
tCPA Access Time From CAS 55 60 65 ns
tRASP RAS Pulse Width (Fast Page Mode) 85 | 200K | 105 | 200K | 125 | 200K ns
tRAS RAS Pulse Width 85| 10K | 105 | 10K | 125 | 10K ns
tRSH RAS Hold Time 25 30 35 ns
tCAS CAS Pulse Width 25| 10K | 30| 10K 35| 10K ns
tCSH CAS Hold Time ‘ 85 105 125 ns
tRAL Column Address To Lead Time 45 55 65 ns
tRWD RAS to WRITE Delay Time 1 85 105 125 ns |7
{CWD CAS to WRITE Delay Time 25 30 35 ns
tAWD Column Address to WRITE Delay Time 45 55 65 ns 7
NOTES:

1. An initial pause of 200 Microseconds is required after power-up followed by an 8 RAS-only cycles before proper device
operation is achieved.
2. Vih (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between Vih (min) and Vil (max) and are assumed to be 5 ns for all inputs.
3. Measured with a load equivalent to two 2 TTL loads and 100 pF.
4. Operation within the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a reference point
only; if tRCD is greater than the specified tRCD (max) limit, access time is controlled exclusively by tCAC.
5. Assumes that tRCD > tRCD (max).
6. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels. ‘
7. tWCS, tWD, tRWD, and tAWD are non restrictive operating parameters. They are included in the Data Sheet as Electrical
characteristics only. If tWCS > tWCS (min), the cycle is an early write cycle and data out pin will remain open circuit through
the entire cycle; If tRWD > tRWD (min), tCWD > tCWD (min) and tAWD > tAWD (min), the cycle is a read-write cycle and
data out will contain data read from the selected cell; If neither of the above set of conditions is satisfied, the condition of
the data out (at access time) is indeterminate.
8. Either tRCH or tRRH must be satisfied for a read cycle. _
9. These parameters are referenced to CAS leading edge in early write cycles and to the W leading edge in read-write
cycles.
10. Operation within the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a reference point
only; if tRAD is greater than the specified tRAD (max) limit, access time is controlled by tAA.
11. These specifications are applicable in the test mode.
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WRITE CYCLE (EARLY WRITE)
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FAST PAGE MODE READ CYCLE
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
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FAST PAGE MODE READ-WRITE CYCLE
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RAS ONLY REFRESH CYCLE
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CAS BEFORE RAS REFRESH CYCLE
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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TEST MODE DESCRIPTION

The 21040 is internally organized as 524,288 words
by 8 bits. In the “Test Mode”, data are written into 8
sectors in parallel and retrieved the same way. A1gR,
A1oc and Agc are not used for designation of memo-
ry cells in the “Test Mode”. If upon reading, all bits
are equal (all “1”’s, or “‘0"’s), the data output pin indi-
cates a “1”. If any of the bits differed, the data out-
put pin would indicate a “0”. In the “Test Mode”, the
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21040 device can be treated as if it were a 512K
DRAM.

WRITE and CAS before RAS Refresh cycle is used
to enter the “Test Mode” while “RAS only Refresh
cycle” or “CAS before RAS Refresh cycle” is used
to put the device back into the “Normal Mode”. The
“Test Mode” function can reduce the test time (14
for “N” type pattern) drastically by taking advantage
of the 512K X 8 bits organization.
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DEVICE OPERATION

The 21040 contains 262,144 memory locations.
Eighteen address bits are required to address a par-
ticular memory location. Since the 21040 has only 9
address input pins, time multiplexed addressing is
used to input 9 row and 9 column addresses. The
multiplexing is controlled by the timing relationship
between the row address strobe (RAS), the column
address strobe (CAS) and the valid address inputs.

Operation of the 21040 begins by strobing in a valid
row address with RAS while CAS remains high.
Then the address on the 9 address input pins is
changed from a row address to a column address
and is strobed in by CAS. This is the beginning of
any 21040 cycle in which a memory location is ac-
cessed. The specific type of cycle is determined by
the state of the write enable pin and various timing
relationships. The cycle is terminated when both
RAS and CAS have returned to the high state. An-
other cycle can be initiated after RAS remains high
long enough to satisfy the RAS precharge time (tgrp)
requirement.

RAS and CAS Timing

The minimum RAS and CAS pulse widths are speci-
fied by tgas(min) and tcas(min) respectively. These
minimum pulse widths must be satisfied for proper
device operation and data integrity. Once a cycle is
initiated by bringing RAS low, it must not be aborted
prior to satisfying the minimum RAS and CAS pulse
widths. In addition, a new cycle must not begin until
the minimum RAS precharge time, tgp, has been
satisfied. Once a cycle begins, internal clocks and
other circuits within the 21040 begin a complex se-
quence of events. If the sequence is broken by vio-
lating minimum timing requirements, loss of data in-
tegrity can occur.

Read

A read cycle is achieved by maintaining the write
enable input (W) high during a RAS/CAS cycle. The
output of the 21040 remains in the Hi-Z state until
valid data appears at the output. If CAS goes low
before trcp(max), the access time to valid data is
specified by trac. If CAS goes low after trgp(max),
the access time is measured from CAS and is speci-
fied by tcac. In order to achieve the minimum ac-
cess time, tgac(min), it is necessary to bring CAS
low before tggp(max).
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Write

The 21040 can perform early write, late write and
read-modify-write cycles. The difference between
these cycles is in the state of data-out and is deter-
mined by the timing relationship between W and
CAS. In any type of write cycle, data-in must be valid
at or before the falling edge of W or CAS, whichever
is later.

Early Write: An early write cycle is performed by
bringing W low before CAS. The data at the data
input pin (D) is written into the addressed memory
cell. Throughout the early write cycle the output re-
mains in the Hi-Z state. This cycle is good for com-
mon |/0 applications because the data-in and data-
out pins may be tied together without bus conten-
tion.

Read-Modify-Write: in this cycle, valid data from
the addressed cell appears at the output before and
during the time that data is being written into the
same cell location. This cycle is achieved by bringing
W low after CAS and meeting the data sheet read-
modify-write cycle timing requirements. This cycle
requires using a separate 1/0 to avoid bus conten-
tion.

Late Write: If W is brought low after CAS, a late
write cycle will occur. The late write cycle is very
similar to the read-modify-write cycle except that the
timing parameters, tgwp and tcwp, are not neces-
sarily met. The state of data-out is indeterminate
since the output could be either Hi-Z or contain data
depending on the timing conditions. This cycle re-
quires a separate I/0 to avoid bus contention.

Data Output

The 21040 has a tri-state output buffer which is con-
trolled by CAS (and W for early write). Whenever
CAS is high (Vi) the output is in the high impedance
(Hi-Z) state. In any cycle in which valid data appears
at the output, the output first remains in the Hi-Z
state until the data is valid and then the valid data
appears at the output. The valid data remains at the
output until CAS returns high. This is true even if a
new RAS cycle occurs (as in hidden refresh). Each
of the 21040 operating cycles is listed below after
the corresponding output state produced by the cy-
cle.

Valid Output Data: Read, Read-Modify-Write, Hid-
den Refresh, Page Mode Read, Page Mode Read-
Modify-Write.
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Hi-Z Output State: Early Write, RAS-only Refresh,
Page Mode Write, CAS-before-RAS Refresh, CAS-
only cycle.

Indeterminate Output State: Delayed Write

Refresh

The data in the 21040 is stored on a tiny capacitor
within each memory cell. Due to leakage, the data
will leak off after a period of time. To maintain data
integrity it is necessary to refresh each of the rows
every 4 ms. There are several ways to accomplish
this.

RAS-Only Refresh: This is the most common meth-
od for performing refresh. It is performed by strobing
in a row address with RAS while CAS remains high.

CAS-before-RAS Refresh: The 21040 has CAS-be-
fore-RAS on-chip refreshing capability that elimi-
nates ‘the need for external refresh addresses. If
CAS is held low for the specified setup time (icsr)
before RAS goes low, the on-chip refresh circuitry is
enabled. An internal refresh operation automatically
occurs and the on-chip refresh address. counter is
internally incremented in preparation for the next
CAS- before- RAS refresh cycle.

Hidden Refresh: A hidden refresh cycle may be
performed while maintaining the latest valid data at
the output by extending the CAS active time and
cycling RAS. The 21040 hidden refresh cycle is ac-
tually a CAS-before-RAS refresh cycle within an ex-
tended read cycle. The refresh row address is pro-
vided by the on-chip refresh address counter. This
eliminates the need for the external row address
that is required in_hidden refresh cycles by DRAMs
that do not have CAS-before-RAS refresh capability.

Other Refresh Methods: It is also possible to re-
fresh the 21040 by using read, write or read-modify-
write cycles. Whenever a row is accessed, all the
cells in that row are automatically refreshed. There
are certain applications in which it might be advanta-
geous to perform refresh in this manner but in gener-
al RAS-only or CAS-before-RAS refresh is the pre-
ferred method.

Page Mode

The 21040 has page mode capability. Page mode
memory cycles provide faster access and lower
power dissipation than normal memory cycles. In
page mode, it is possible to perform read, write or

read-modify-cycles. As long as the applicable timing
requirements are observed, it is possible to mix
these cycles in any order. A page mode cycle beglns
with a normal cycle. While RAS is kept low to main-
tain the row address, CAS is cycled to strobe in addi-
tional column addresses. This eliminates the time
required to set up and strobe sequential row ad-

. dresses for the same page.
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CAS-before-RAS Refresh Counter Test
Cycle

A special timing sequence using the CAS-before-
RAS counter test cycle provides a convenient meth-
od of verifying the functionality of the CAS-before-
RAS refresh activated circuitry.

After the CAS-before-RAS refresh operation, if CAS
goes high and then low again while RAS is held low,
the read and write operations are enabled.

This is shown in the CAS-before-RAS counter test
cycle timing diagram. A memory cell can be ad-
dressed with 9 row address bits and 9 column ad-
dress bits defined as follows:

Row Address—Bits A0 through A7 are supplied by
the on-chip refresh counter.. The A8 bit is set high
internally.

Column Address—Bits A0 through A8 are strobed-
in by the falling edge of CAS as in a normal memory
cycle.

Suggested CAS-before-RAS Counter '
Test Procedure

The CAS-before-RAS refresh counter test cycle tim-
ing is used in each of the following steps:

1. Initialize the internal refresh counter by perform-
ing 8 cycles.

Write a test pattern of “lows” into the memory
cells at a single column address and 256 row ad-
dresses. (The row addresses are supplied by the
on-chip refresh counter.)

. Using read-modify-write cycles, read the “lows”
written during step 2 and write “highs” into the
same memory locations. Perform this step 256
times so that highs are written into the 256 mem-
ory cells.

.. Read the *‘highs” written during step 3.

. Complement the test pattern and repeat steps 2,
3 and 4.

2.
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Power-Up

If RAS = Vgg during power-up, the 21040 could be-
gin an active cycle. This condition results in higher
than necessary current demands from the power
supply during power-up. It is recommended that
RAS and CAS track with Vg during power-up or be
held at a valid V| in order to minimize the power-up
current.

An initial pause of 100 us is required after power-up
followed by 8 initialization cycles before proper de-
vice operation is assured. 8 initialization cycles are
also required after any 4 ms period in which there
are no RAS cycles. An initialization cycle is any cycle
in which RAS is cycled.

Termination

The lines from the TTL driver circuits to the 21040
inputs act like unterminated transmission lines re-
sulting -in significant positive and negative over-
shoots at the inputs. To minimize overshoot it is ad-
visable to terminate the input lines and to keep them
as short as possible. Although either series or paral-
lel termination may be used, series termination is
generally recommended since it is simple and draws
no additional power. It consists of a resistor in series
with the input line placed close to the 21040 input
pin. The optimum value depends on the board lay-
out. It must be determined experimentally and is
usually in the range of 2092 to 40Q.

Board Layout

It is important to lay out the power and ground lines
on memory boards in such a way that switching tran-
sient effects are minimized. The recommended
methods are gridded power and ground lines or sep-
arate power and ground planes. The power and
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ground lines act like transmission lines to the high
frequency transients generated by DRAMs. The im-
pedance is minimized if all the power supply traces
to all DRAMs run both horizontally and vertically and
are connected at each intersection or better yet if
power and ground planes are used.

Address and control lines should be as short as pos-
sible to avoid skew. In boards with many DRAMs
these lines should fan out from a central point like a
fork or comb rather than being connected in a ser-
pentine pattern. Also the control logic should be
centrally located on large memory boards to facili-
tate the shortest possible address and control lines
to all the DRAMSs.

Decoupling

The importance of proper decoupling cannot be over
emphasized. Excessive transient noise or voltage
droop on the Vg line can cause loss of data integri-
ty (soft errors). The total combined voltage changes
over time in the Vgc to Vgg voltage (measured at
the device pins) should not exceed 500 mV.

A high frequency 0.3 uF ceramic decoupling capaci-
tor should be connected between the Vg and
ground pins of each 21040 using the shortest possi-
ble traces. These capacitors act as a low impedance
shunt for the high frequency switching transients
generated by the 21040 and they supply much of the
current used by the 21040 during cycling.

In addition, a large tantalum capacitor with a value of
47 uF to 100. uF should be used for bulk decoupling
to recharge the 0.3 pF capacitors between cycles,
thereby reducing power line droop. The bulk decou-
pling capacitor should be placed near the point
where the power traces meet the power grid or pow-
er plane. Even better results may be achieved by
distributing more than one tantalum capacitor
throughout the memory array.
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PACKAGE DIMENSIONS
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2D2569
256K x 9-BIT HIGH DENSITY DYNAMIC RAM
MEMORY MODULE WITH PAGE MODE

B Performance Range

Parameter 2D2569-08 2D2569-10 Units

Acces Time from RAS (tgac) 80 100 ns
Access Time from CAS (tcac) 40 50 ns
Read Cycle Time (trc) 250 190 ns

m 256K x 9-Bit Organization B Separate CAS Control for Eight

m Industry Standard Pin-Out in a 30-Pin Common Data-In and Data-Out Lines

Singie In-Line Memory Module (SIMM) @ Separate CAS (CAS8) Control for One
® Common I/0 Using “Early Write” Separate Pair of Data-In and Data-Out
Lines

m Single 5V + 10% Power Supply

B Supports Page Mode Operation
B 512 Refresh Cycles every 8 ms

@ TTL Compatible inputs and Outputs

The 2D2569 is a 256K words by 9-bit memory module consisting of two industry standard 256K x 4-bit dynamic
RAMs in SOJ package and one 256K x 1-bit PLCC package.

The 18 address bits are entered 10 bits at a time using RAS to latch the first 10 bits and CAS to control the
latter 9 bits. The ninth bit D8, Q8 is generally used for parity and is controlled by CASS8.

The common |/0O feature requires the use of an early write cycle to prevent data contention on DQ lines.

Yee (1)

Pin Names

Address Inputs
DQ1-DQ7 Data Inputs/Outputs
D8 Data Input

Q8 Data Output

RAS Row Address Strobe
CAS-CAS8 Column Address Strobe
w R/W Input

Vceo Power (+5V)

Vss Ground

N.C. No Connection

>

w

S )

0000000000000 O00000000O0O0O00OO00O00

0

>

7

>

@

o)

2408381
Figure 1. Pin Assignment

September 1990
3-90 Order Number: 240838-001
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! \ A\;Vr\
A0~A8/9 DQ0-DQ3
"

v N @ \
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2D2569

ADVANGE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Voltége on Any Pin Relative

toVss (VIN, VouT) - vvvvvvevnnnn —=1Vto +7.0V
Voltage on Power Supply

RelativetoVgs (Vog) +-vvvvvne —1Vto +7.0V
Storage Temperature (Tstg) . ... —55°Cto +125°C -
Soldering Temperature ® Time

(Toolder) - -« vvveemmeennennuennns 260°C @ 10 Sec
Power Dissipation (Pg) ...........ivcooevee... 9w
Short Circuit Output

Current (IoUT) -« v vvevnennnn. e e i 50 mA

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. .The specifications are subject to
change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress .ratings only.. Operation beyond the
“Operating Conditions’ is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Véltage Referenced to Vgg. Ta = 0°C to 70°C)

Symbol Parameter Min Typ Max Units

Vce Supply Voltage 4.5 5.0 5.5 v

Vss Ground 0 0 0] Vv

VIH Input High Voltage 24 — Vee + 1 \"

ViL Input Low Voltage -1.0 — 0.8 \
CAPACITANCE (T5 = 25°C)

Symbol Parameter Min Max Units
Ci (A Input Capacitance (A0-A9) 75 pF
Cdgq 1/0 Capacitance 20 pF
Ci (W) Input Capacitance, Write Control Input 80 pF -
C; (RAS) Input Capacitance, RAS Input 100 pF
C; (CAS) Input Capacitance, CAS Input 100 pF
C; (CASP) Input Capacitance, CASP Input 20 pF
C; (DP) Input Capacitance 15 pF
Co (QP) Output Capacitance 15 pF
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2D2569

ADVANGE INFORMATION

D.C. AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Symbol Parameter Speed Min Max Units

lcct Operating Current ' —08 205 mA
(RAS and CAS Cycling @ tgc = Min) —10 175

lcc2 Standby Current RAS = CAS = V|4 11 mA

RAS = CAS = Vgc —0.2V 9 mA

lcca RAS Only Refresh Current —08 195 mA
(CAS = V|1, RAS Cycling @ tgc = Min) —10 160 -

lcca Fast Page Mode Current —08 165 mA
(RAS = V), CAS Cycling @ tpc = Min) -10 135

lcce CAS-before-RAS Refresh Current —08 205 mA
(RAS and CAS Cycling @ tgc = Min) —-10 ) 175

I8 input Current —90 90 RA
(Any Input 0 < V| < 6.5V
All Other Pins = 0V)

loz Off State Output Current —30 30 HA
(Data Out is Disabled and
0 < Voyt £5.5V)

VoH Output High Voltage Level 2.4 Vco \
(loH = —5mA)

VoL Output Low Voltage Level 0 0.4 \
(loL = 4.2mA)

NOTE:

lcc1s Iceas lcca and Igce are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Igc is specified as average current.
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A.C. CHARACTERISTICS(1; 2) (15 = 0°Ct0 70°C, Vg = 5V +10%)

Symbol Parameter 2D2569-08 2D2569-10 Units Notes
Min Max Min Mas

tRAC Access Time from RAS 80 ‘ 100 ns 4,7

tcac Acces Time from CAS 40 50 ns 57

tcaa Access Time from 45 50 ns 6,7
Column Address ,

tcPa | Access Time from CAS ) 45 - 55 ns 7,14
Precharge

toLz Output Low Impedance 5 5 ns 7
Time from CAS Low

torr Output Disable Time 0 25 0 30 ns
after CAS High

tRerF Refresh Cycle Time 4 4 ms

tr Transition Time 3 50 3 50 ns

trp RAS High Pulse Width 60 80 ns

tcrp CAS to RAS Precharge 10 15 ns
Time

tRcD RAS to CAS Delay Time 20 40 25 50 ns 9,10

tcpN CAS High Pulse Width 20 25 ns

tRAD Column Addres Delay 20 40 20 50 ns 11
Time from RAS Low

tASR Row Address Setup 0 0 ns
Time before RAS Low

tasc Column Address Time 0 0 ns

) before CAS Low

tRAH : Row Address Hold Time 15 15 ns
after RAS LOW

tcaH Column Address Hold Time 15 20 ns
after CAS Low or W Low
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intel’ 202569 ADVANCE INFORMATION

A.C. CHARACTERISTICS(1, 2) (Continued) (Ta = 0°C to 70°C, Vg = 5V +10%)

READ AND REFRESH CYCLES

Symbol Parameter 2D2569-08 202569-10 Units Notes
Min Max Min Max
tRc Read Cycle Time 150 190 ns
tRAs RAS Low Pulse Width 80 10K 100 10K ns
tcas CAS Low Pulse Width 40 10K 50 10K ns
tcsH CAS Hold Time 80 100 ns
after RAS Low
tRsH RAS Hold Time after 40 50 ns
CAS Low
trcs Read Setup Time 0 0 ns
before CAS Low
tRCH Read Hold Time 0 0 ns 12
after CAS High
tRRH Read Hold Time 0 0 ns 12
after RAS High
tRAL Column Address to 45 55 ns
RAS Setup Time
trpPc Precharge to CAS 10 10 ns
Active Time
CAS BEFORE RAS REFRESH CYCLE
Symbol Parameter 2D2569-08 2D2569-10 Units Notes
‘ Min Max Min Max
tcsR CAS Set Up Time for CAS 10 10 ns
before RAS Refresh
tcHR CAS Hold Time for CAS 30 30 ns
before RAS Refresh
trpc Precharge to CAS 0 0 ns
Active Time
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A.C. CHARACTERISTICS (Continued) (Ta = 0°C to 70°C, Vo = 5V +10%)

WRITE CYCLE (Early Write)

Symbol Parameter 2D2569-08 20256910 Units Notes
) Min Max Min Max Ce
twe ~ Write Cycle Time 160 190 ns
trAs ‘RAS Low Pulse Width 130 10K 160 10K ns
tps Data Setup Time 0 0 ns
tDH Data Hold Time 20 20 ns
after CAS Low )
tcas CAS Low Pulse Width 20 10K 25 10 ns
tcsH CAS Hold Time 80 100 ns
after RAS Low .
tRsH RAS Hold Time 20 25 ns
after CAS Low
twes Write Setup Time 0 0 ns 13
before CAS Low
twCH Write Hold Time 15 20 ns
: after CAS Low
twp Write Pulse Width ‘ 15 20 : ns .
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FAST PAGE MObE CYCLE (Read, Early Write cycles)

Symbol Parameter 2D2569-08 2D2569-10 Units Notes
Min Max Min Max
tpc Fast Page Mode 75 90 ns
Cycle Time
trAS RAS Low Pulse Width 130 10K 160 10K ns
for Read, Write Cycle
tcas TAS Low Pulse Width 20 10K 25 10K ns
for Read Cycle
tcp CAS High Pulse Width 25 30 ns

NOTES: '

1. An initial pause of 500 us is required after power-up followed by any 8 RAS-only cycles before proper device operation is
achieved.

2. A.C. Characteristics assume t = 5 ns.

3. Viy(min) and V| (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between V|4 (min) and V) (max).

4. Assumes that tgcp < trop(max), trap < trap(max). If trep (or traD) is greater than the maximum recommended value
shown in this table tgac will be increased by the amount that trcp (or trap) exceeds the value shown.

5. If trep = trep(max), trap = trap(max), and tasc = taa — tcac — tr, access time is tcac.

6. If trap = trap(max) and tasc < taa — tcac — tr, access time is taa.

7. Measured with a load equivalent to two TTL loads and 100 pF.

8. torF is specified that output buffer changes to high impedance state.

9. Operation within the tgcp(max) limit insures that tgac(max) can be met. tgop(max) is specified as a reference point only;
if trop is greater than the specified tggp(max) limit, access time is controlled exclusively by tcac or taa.

10. trep(min) = traq(min) + 2t + tasc(min).

11. Operation within the tgap(max) limit insures that tgac(max) can be met. tgap (max) is specified as a reference point
only; if tgap is greater than the specified tgap(max) limit, access time is exclusively controlled by tcac or taa.

12. Either tgry or trcH must be specified for a read cycle.

13. twes, tcwps trwp and tawp are non-restrictive operating parameters. They are included in the Data Sheet as Electrical
Characteristics only.

14. topp is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”).
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intal op2see  ADVANGCE INFORMATION

READ CYCLE
tre
tRp
t
vy —— RAS
RAS - \ Z
YiL— \
tesu )
t
CRP trep trsH terp
teas .
— VYm—
CAS /
iL —
tar
tRAD tRAL
t
ASR| | tran tasc toan
[
Vg — :
Ag~Ag ROW ( COLUMN
ViL —
: tren
tres tRRH [+
___ VYm—
WRITE v | teac
L—
' = taa ,
toz torF
trac
Vou — Y,
Doyt OPEN $ VALID DATA }—
VoL —
o op LY
240838-4
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intel op2ses  ADVANCE INFORMATION

EARLY WRITE CYCLE

tre
trp
tras
FAS Viu — 3\
ViL — \
t trRep trsH
CRP
tesH terp
teas
che N —
i — tag
traD tRAL
t
ASR| | tRan tasc tean
Vi —
Ag~Ag , ROW COLUMN
. ViL —
towe g
twer '
twes twen
t
we
Y
WRITE
iL —
trwL N
-
tos ton
Vou — ‘
Dy VALID DATA
VoL —
L tonr
)
Vou —
Dour OPEN
VoL —
o op L
240838-5
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2D2569 ADVANCE INFORMATION

RAS ONLY REFRESH CYCLE

tre
trp
tRas
— Vg —
Ras M \ Z
ViL —
tere trec
_ Yn—
CAS
iL —
t
ASR| | to,
Vih —
Ag~Ag ROW
L —
Vo —
Dour v OPEN
oL —
o op L
240838-6
CAS BEFORE RAS REFRESH CYCLE
tre
trp
tras
Vg —
Ras M \
YL — trec .
teen | tesr tenr
_ Ym—
CAS
L — )
torF
[
Vou N
Dour / OPEN
VoL ™ e 7
T op L
240838-7
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inter 202569 ADVANCE INFORMATION

HIDDEN REFRESH CYCLE (READ)

tre
tras tre tRas
 Vy—
RAS \ Z \
iL —
terp tren trsH teHr
. R
™
CAS
ViL — _
traD tRAL
tar
SRl [tRaH  tase tean
Vi —
Ag~Ag ROW COLUMN
ViL —
tres ‘ tRRH
1
Vi —
WRITE 7 toac W
vV, —
IL tan
t
trac OFF
Vo —
Doyt VALID DATA
VoL —
toLz
——
| zarap |
7
240838-8
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i ADVANGCE INFORMATION
2D2569
HIDDEN REFRESH CYCLE (WRITE)
tre
tras trp tRAs
s \ / O\ /
iL—
terp tre trsH tonr
__ Vn—
CAs x /
i —
tAR
tRAD tRaL
tasr RAH tasc tean
Viy —
Ag~Ag " ROW @ COLUMN EW
YiL—
tRaD
twer
trwi
twes twen
w0 %A,
WRITE
ViL —
tos oy
Vg —
Dy " % VALID DATA W
Vy —
L
L toHR
I
Vou —
Dour v OPEN
oL —
o op L
: 240838-9
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FAST PAGE MODE READ CYCLE

trasp trp
Yy — " X
RAS \ Z \
iL —
tesh tpc trsh
terp trep tcas tep teas tep teas terp
Yy —
= \ 7/ N \ J/
i —
tar | tRaL
[
t t t t, t £
¢ RAH ASC ) ASC CAH ASC CAH
ASR o CAH ol
Vi — :
Ag~Ag ROW coL coL coL
iL —
tRap RRH
) tReH tren el
— [t — t+
RCS “I tres r __I tres treH
— f—o ~ fa—
Vi — q 1
WRITE
ViL — teac teac teac
[ —
taa taa taa
trac tcpa tera
I

V, —
oyr rVALIA[:) § VALID E % VALID E
- DAT AT, DATA
Voo — i/ l‘—j o o
| torr | torF | torr

toLz torz

toz

:"H" or "L"

240838-10
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)
trasp trp
Vg —
RAs M \ Z \
iL —
tec tRsH
tcrp treD teas tep tcas tep tcas terp
Vi — '
- \\ / \\L 7/ N\
ViL —
ta - tRaL
|
t t t t t t,
tasr RAH ASC toay  ASC CAH ASC CAH
[——t aae | [ (— [t i |
Vi — j
Vi —
tRaD
twer t
wes t
. X WCH ¢ twen
wes WCH wes
twe twe
t
__ Ym— we
WRITE
iL —
tps ton tos 4 tos toy
DH DH
Vi —
Diy % VALID DATA @ VALID DATA @ VALID DATA W
Vi —
' toHR
I
Vou —
Douyr OPEN
VoL —
o op LY
24083811
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i ADVANGE INFORMATION
2D2569
CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
tRas trp
L e trsH
RAS Z ‘
iL —
tesr teHR teer teas
|
LV —
CAs M \
ViL —
tasc tcan
Vih —
Ag~Ag 2%% COLUMN
iL —
teac
tRaL
t
READ CYCLE a4 | o
Vo —
Dout OPEN VALID DATA }—
VoL —
tres terz | thry
T T
__ VH—
WRITE / %2222
ViL — tren
WRITE CYCLE
Von —
Dout OPEN
VoL towe
trwL
twes twen
Vi — 4
- D=
Vi —
tos ton
. X e ¥
Dy VALID DATA
ViL —
o o L

240838-12
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21019

1,048,576 x 9-BIT DYNAMIC RAM
MEMORY MODULE WITH PAGE MODE

21019-06 21019-07 21019-08 21019-10 Units
Acces Time from RAS (trac) 60 70 80 100 ns
Access Time from CAS (tcac) 20 20 20 25 ns
Read Cycle Time (trc) 125 140 160 190 ns
m 1,048,576 x 9-Bit Organization m Separate CAS Control for Eight
® Industry Standard Pin-Out in a 30-Pin Common Data-in and Data-Out Lines
Single In-Line Memory Module (SIMM) M Separate CA_S (CASS8) Control for One
m Common I/0 Using “Early Write” Eﬁ‘;;asrate Pair of Data-in and Data-Out
m Single 5V + 10% Power Supply m TTL Compatible Inputs and Outputs
m 512 Refresh Cycles every 8 ms

RAMs in SOJ package.

The 21019 is a 1,048,576 words by 9-bit memory module consisting of industry standard 1 Meg x 1 dynamic u

The 20 address bits are entered 10 bits at a time using RAS to latch the first 10' bits and CAS to control the

latter 10 bits. The ninth bit D8, Q8 is generally used for parity and is controlled by CASS.

The common |/0O feature requires the use of an early write cycle to prevent data contention on DQ lines.

Pin Names

Address Inputs

Data Inputs/Outputs

Data Input

Data Output

Row Address Strobe

Column Address Strobe

R/W Input

Power (+5V)

Ground

No Connection

CAS8 (28)
D8  (29)
Veo  (30)

>
[
®
Ooo0o00o00000000O0O00O00O0O0O0O0O0O0DOO0O00 j
>
T
>
©

O

240721-1
Figure 1. Pin Assignment

3-107

November 1990

Order Number: 240721-002



21019

1Tl

AO~A9
RAS
CAS
WRITE

DQ1 O

T

AO~A9
RAS
CAS
WRITE

L1130 ]

AO~A9

RAS
CAS
WRITE

L35

AO~A9
RAS
CAS
WRITE

—

DQ2 O—&

I

L1147 ]

AO~A9
RAS
CAS
WRITE

DC}:’)Cl

LILd5]

AO~A9
RAS
CAS
WRITE

|

LILI5]

AO~A9

RAS
CAS
WRITE

-—J DQ7Cl

HH

I T

LEL5 |

AO~A9
RAS
CAS
WRITE

AO~AS |

RAS O

D8 O

CAS O

CASg ©
WRITE O

aooiﬂ

AO~A9
RAS
CAS
WRITE

—O Q8

HH

Vee o=
Vss o

240721-2

Figure 2. Block Diagram
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21019

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative

toVss (Vino VouT) - - v vveeevvnnns —1Vto +7.0V
Voltage on Power Supply

Relative to Vgs (Vog) - .- oot —1Vto +7.0V
Storage Temperature (Tgtg) . ... —55°Cto +125°C
Soldering Temperature ® Time

(Tsolder) -+« vvvreemenmennennann. 260°C @ 10 Sec
Power Dissipation (Pg) .............ccooove... 9w
Short Circuit Output

Current (IoUT) -+« v v eeeieiciie e 50 mA

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the ‘“Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage Referenced to Vgs. To = 0°C to 70°C)

Symbol Parameter Min Typ Max Units
Ve Supply Voltage 4.5 5.0 5.5 Vv
Vss Ground 0 0 0 "
Vi Input High Voltage 2.4 —-— 6.5 \"
ViL Input Low Voltage —-1.0 - 0.8 \

CAPACITANCE (T4 = 25°C)

Symbol Parameter Min Max Units
Ci(A) Input Capacitance (A0-A9) 75 pF
Cdq 1/0 Capacitance 20 pF
G; (W) Input Capacitance, Write Control Input 80 pF
G; (RAS) Input Capacitance, RAS Input 100 pF
G; (CAS) Input Capacitance, CAS Input 100 pF
C; (CASP) Input Capacitance, CASP Input 20 pF
C; (DP) Input Capacitance 15 pF
Co (QP) Output Capacitance 15 pF

3-110




Inte[ 21019

D.C. AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Symbol ‘ Parameter Speed | Min | Max | Units
lcct Operating Current -06 810 mA
(RAS and CAS Cycling @ tgc = Min) =07 720
—08 | 675
—10 540
Icce Standby Current | RAS = CAS = V|4 18 mA
RAS = CAS = Vg —0.2V ) 9 mA
lcca * RAS Only Refresh Current ' ~06 810 mA
(CAS = Vjy, RAS Cycling @ tgg = Min) -07 720
s —-08 675
—10 : 540
lcca Fast Page Mode Current —06 630 | mA
(RAS = V), CAS Cycling @ tpc = Min) -07 560
‘ —08 : 540
-10 450
Icce CAS-before-RAS Refresh Current —06 810 mA
(RAS and CAS Cycling @ tgc = Min) -07 720 .
—08 675
-10 , 540
o Input Current ‘ -90 90 | pA
(Any Input 0 < V|y < 6.5V
All Other Pins = 0V)
loz Off State Output Current - ' -20 20 pA
(Data Out is Disabled and
0 < Voyrt < 5.5V)
VoH Output High Voltage Level 2.4 Vce \"
(ion = —5mA)
VoL Output Low Voltage Level 0 0.4 Vv
(loL = 4.2mA)
NOTE:

lcc1, leess lcca and Igce are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Icg is specified as average current.
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21019

A.C. CHARACTERISTICS(1,2) (T = 0°Ct0 70°C, Ve = 5V £10%)

Symbol Parameter 21019-06 | 21019-07 | 21019-08 | 21019-10 Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
trac Access Time from RAS 60 70 80 100 ns 4,7
tcac Acces Time frorn CAS 20 20 20 25 ns 57
tcaA Access Time from 30 35 45 50 ns 6,7
Column Address
tcpa Access Time from CAS 40 45 45 55 ns 7,14
Precharge
tcLz Output Low Impedance 0 20 0 20 5 5 ns 7
Time from CAS Low
torr Output Disable Time 0 20 0 20 0 20 0 30 ns
after CAS High
tREF Refresh Cycle Time 8 8 8 8 ms
tr Transition Time 3 50 3 50 3 50 3 50 ns
trp RAS High Pulse Width 55 60 70 80 ns
tcrp CAS to RAS Precharge 10 10 10 10 ns
Time
trcD RAS to CAS Delay Time 20 | 40 | 20 | 50 | 25 | 60 | 25 | 75 ns 9,10
tcpN CAS High Pulse Width 35 35 35 35 ns
tRAD Column Address Delay 15| 30 [ 15 | 35 | 20 | 40 | 20 | 50 ns 11
Time from RAS Low
tASR Row Address Setup 0 0 0 0 ns
Time before RAS Low
tasc Column Address Time 0 20 0 20 0 20 0 20 ns
before CAS Low
tRAH Row Address Hold Time 15 15 15 15 ns
after RAS LOW
tcAH Column Address Hold Time | 20 20 20 20 ns
after CAS Low or W Low
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A.C. CHARACTERISTICS(1; 2) (Continued) (Tp = 0°C to 70°C, Vg = 5V +10%)

READ AND REFRESH CYCLES

Symbol Parameter 21019-06 | 21019-07 | 21019-08 | 21019-10 Units | Notes
‘ Min | Max | Min |- Max | Min |  Max | Min | Max
trc Read Cycle Time 125 140 160. 190 ns
tras RAS Low Pulse Width | 60 | 10K | 70 | 10K | 80 | 10K | 100 | 10K ns
tcas CAS Low Pulse Width | 20 | 10K | 20 | 10K | 20 | 10K | 25 | 10K | ns
tcsH CAS Hold Time 60 | 70 80 100 ns
after RAS Low )
tRsH RAS Hold Time after 20 20 20 30 ns
CAS Low '
trcs - | Read Setup Time 0 i 0 0 ) 0 ns
before CAS Low ) ]
trRcH | Read Hold Time 0 0 0 0 ns 12
after CAS High .
tRRH Read Hold Time 10 10 10 10 ns 12
after RAS High :
traL = | Column Address to 30 35 45 55 . ns
RAS Setup Time
trPc Precharge to CAS 10 10 10 10 ns
Active Time

CAS BEFORE RAS REFRESH CYCLE

Symbol Parameter 21019-06 | 21019-07 | 21019-08 | 21019-10 Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
tcsR CAS Set Up Time for CAS | 10 10 10 10 | ns
before RAS Refresh )
tcHR CAS Hold Time for CAS 15 15 30 30 ns
before RAS Refresh ‘
trrPc Precharge to CAS 0 0 0 0 ns
Active Time
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A.C. CHARACTERISTICS (Continued) (T = 0°C to 70°C, Voc = 5V +10%)

WRITE CYCLE (Early Write)

21019-06

21019-07

21019-08

21019-10

Symbol Parameter Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max

twe Write Cycle Time 150 160 160 190 ns

trAs RAS Low Pulse Width | 120 125 130 | 10K | 160 | 10K ns

tps Data Setup Time 0 0 0 0 ns

toH Data Hold Time 20 20 20 20 ns

‘ after CAS Low

tcas CAS Low Pulse Width | 20 | 10K | 20 | 10K | 20 | 10K | 25 10 ns

tcsH CAS Hold Time 60 70 80 100 ns
after RAS Low

tRsH RAS Hold Time 20 20 20 25 ns
after CAS Low

twes Write Setup Time 0 0 0 0 ns 13
before CAS Low

tweH Write Hold Time 15 15 15 20 ns
after CAS Low

twp Write Pulse Width 15 15 15 20 ns
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FAST PAGE MODE CYCLE (Read, Early Write cycles)

Symbol Parameter 21019-06 21019-07 | 21019-08 21019-10 Units | Notes
Min | Max | Min | Max | Min | Max | Min | Max
tpc Fast Page Mode 45 50 50 60 ns
Cycle Time - -
tRAS RAS Low Pulse Width | 120 | 10K | 120 | 10K | 130 | 10K | 160 | 10K ns
for Read, Write Cycle ’
tcas CAS Low Pulse Width | 20 | 10K | 20 | 10K | 20 | 10K | 25 | 10K ns
for Read Cycle
tcp CAS High Pulse Width | 10 25 10 | 25 10 25 15 25 ns
NOTES:

1. An initial pause of 500 us is required after power-up followed by any 8 RAS-only cycles before proper device operahon is
achieved.

2. A.C. Characteristics assume t = 5 ns.

3. Vin(min) and V) (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between V|4 (min) and V| (max).

4. Assumes that tgcp < trcp(max), trap < trap(max). If trcp (or trap) is greater than the maximum recommended value
shown in this table tgac will be increased by the amount that tgcp (or trap) exceeds the value shown.

5. If trep 2 trop(max), trap = trap(max), and tasc = taa — tCAC — 1, access time is tcac.

6. If trap = trap(max) and tasc < taa — tcac — tr, access time is taa.

7. Measured with a load equivalent to two TTL loads and 100 pF.

8. torF is specified that output buffer changes to high impedance state.

9. Operation within the tgcp(max) limit insures that tgac(max) can be met. tgop(max) is specified as a reference point only;
if tcp is greater than the specified trgp(max) limit, access time is controlled exclusively by tcac or taa.

10. trep(min) = tgaH(Min) + 2ty + tagg(min).

11. Operation within the tgap(max) limit insures that tgac(max) can be met. tgap (max) is specified as a reference point
only; if trap is greater than the specified tgap(max) limit, access time is exclusively controlled by tcac or taa.

12. Either tgrp or tgcH must be specified for a read cycle.

13. twes, tocwp. tRwp and tawp are non-restrictive operatmg parameters. They are included in the Data Sheet as Electrical
Characteristics only.

14. tcpa is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”).
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21019
READ CYCLE
tre
trp
tras
 Vy— T
RAS \ \
ViL —
tesH
terp trep trsH terp
tcas
_ Vm—
CAS
Vy — -
IL t AR
tRaD tRaL
t
ASR| | tran tasc tcan
|
Vg — -
Ag~Ag ROW COLUMN
Vi —
treH
tres tRRH [+
T
__ Ym—
WRITE teac
ViL — ] taa
T
teLz torr
trac
Von —
Dout OPEN g% VALID DATA >—
VoL —

o or L

240721-4
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EARLY WRITE CYCLE

tre
trp
t
Ve — _._3\ RAS Z
ViL — \__
¢ trep tRsH
CRP
tesu . terp
tcas
— Ym— ’ ™
CAS : _
ViL — tar
tRAD tRAL
t
ASR| | tRan tasc toan
- -
Vin —
Ag~Ag ROW COLUMN
i —
towt |
twer '
twes twen
-
twp
___ VH—
WRITE s
ViL —
tRwL |
1
tos toH
Vou —
Din VALID DATA
Voo —
| toHR
I
Vo —
Dour - OPEN
VoL — ;
o L
240721-5
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Inter 21019
RAS ONLY REFRESH CYCLE
tre
trp
t
vy — RAS
RAS \ Z \
iL —
tere :R_r,:’;
w W
CAS
ViL —
tasr tran
Ag~A iy ROW X
0~ Ag
iL —
Von —
Doyt OPEN
VoL —
¢ "H" or "L"
240721-6
CAS BEFORE RAS REFRESH CYCLE
tre
trp
tRas
Vi —
RAS \ Z
Vy —
L trec
tepn | tesr teur
_ VYm— /
CAS
Vi —
1
torF
D, Yo — ) OPEN
out
VoL — §4 .
e op L
240721-7
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HIDDEN REFRESH CYCLE (READ)

tre
tRas trp tRas
oy
SR I\
iL — .
tere tre tRsH © tonr
_ —
— Vm
CAS v
L
tRAD 1] trau
tar
WSl |tran  tase toan
Vih —
Ag~Ag ROW COLUMN
YiL—
tres tRRH
Viy —
wRmE " / teac W
Vy ——
* tan '
t
thac OFF
Von —
Dout VALID DATA .
VoL —
t
cLz
Ry
.
240721-8
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HIDDEN REFRESH CYCLE (WRITE)
tre
tras tre tRas
Vg — p
RAS \ y \
iL —
terp trep trsH teur
__ Vm—
CAS
iL —
tar
tRAD tRAL
tasp tRAH tyse tean
e |
ViR —
Ag~Ag ROW COLUMN EW
Vi — v
tRaD
twer
trwL
twes twen
__ Ym— twp
WRITE .
ViL —
tps ton
Vi ——
H
Dy AI VALID DATA W 7
Vo — 7 N N
l toHr
I
Von —
Dout OPEN
VoL —
e or LY
240721-9
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21019
FAST PAGE MODE READ CYCLE
tRasp trp
Yy — "
RAS \ Z \
iL —
tesH tpc tRsH
tcrp trep teas | | tep teas tep teas tcrp
R
= \\ /' N/ N\ V
ViL —
AR ‘ | tRAL
[
t t t t, t t
task RAH ASC tean| 1ASC CAH ASC CAH
[ ] oty i =
Vi — ;
Ag~Ag ROW coL coL coL
iL— :
tRaD tRRH
. treH tren
— | — +
RCS tres tres treH
__.I l— ) ———I le—
__ Ym— 1
WRITE
iL — teac teac teac
taa taa taa |
trac tepa tepa
I
V, —
Dour OH VALID % VALID }_ VALID }_
DATA DATA DATA
Voo — — e
torr torrF torrF
o - le— le—
toz toz torz
o or L
240721-10
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21019

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

2
>

Ag~Ag

WRITE

Diy

Dour

ViL —

Vi —

iL—

Vih —

iL—

Vih —

ViL —

Vi —

ViL—

tRasP tgp
e N /N
tec tRsH
tere trep teas tep teas tep tcas terp
taR , tRAL
[
t t t t t t
task RAH ASC toy ASC CAH ASC CAH
traD
t
WCR twes ¢
. . WeH ¢ twen
wes WCH . wes
tWP WP
tos toH os toH tos toH
% VALID DATA % VALID DATA VALID DATA W
‘ toHR
I

Vo —

VoL —

OPEN

—

240721-11
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tras trp
. ,
Vg — —_"'—{ RSH
RAS M \ Z
i —
tesr tenr tepr teas
1
Wy —— —
cAs ™ \
iL — '
tasc tcan
Vg —7 .
Ag~Ag COLUMN
Vi —
) teac:
tRAL
t
¢ OFF
READ CYCLE ‘ AA ! |
Vou —
Dout v OPEN VALID DATA
oL —
tres terz | trry
o T
_ Ym— . :
WRITE /
v — tren
WRITE CYCLE
Von —
Dout OPEN
Vo towe
tRwiL
; twes twen
Vg — twp
WRITE
Vi — :
tps tou
Vi —
- Diy / VALID DATA
Vi — ;
i o
i 24072112
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. nl |® ADVANCE INFORMATION

225636
256K x 36-BIT DYNAMIC RAM
MEMORY MODULE WITH PAGE MODE

® Performance Range

Parameters 225636-08 | 225636-10 | Units

Access Time from RAS (trac) 80 100 ns

Access Time from CAS (tcac) 20 25 ns

Read Cycle Time (tgc) 150 180 ns
B 256K x 36-Bit Organization m 512 Refresh Cycles every 8 ms
B Industry Standard Pin-Out in a 72-Pin m Separate CAS Control for Each Nine

Single In-Line Memory Module (SIMM) Common Data-In and Data-Out Lines

®m Common I/0 Using “Early Write” m Fast Page Mode Operation
B Single 5V + 10% Power Supply ® TTL Compatible Inputs and Outputs

The 225636 is a 256K x 36-bit DRAM memory module consisting of Industry Standard CMOS 256K x 4-bit
DRAMs and 256K x 1-bit DRAMs. The module contains eight 256K x 4-bit 20-pin SOJ packages and four 256K
x 1-bit 18-pin PLCC packages. There are bypass capacitors on board on each module.

The 18 address bits are entered 9 bits at at time using RASO or RAS2 to latch the first 9 bits and CASO, CAS1,
CAS2 or CAS3 to control the latter 9 bits.

The common 1/0 feature requires the use of an early write cycle to prevent data contention on DQ lines.

PIN CONFIGURATIONS (Front View)

Pin | Symbol Pin | Symbol Pin | Symbol
1 {Vss 25 | DQoyg 49 | DQg
2 | DQg 26 | DQy 50 | DQg7
3 | DQ1g 27 | DQ2s 51 | DQ4o
4 |1 DQ4q 28 | Ay 52 | DQgog
5 | DQ1g | 29 | NC 53 | DQq4
6 | DQo 30 | Veo 54 | DQog
7 | DQ2o 31 | Ag 55 | DQ12
8 | DQ3 32 |NC 56 | DQgo
9 | DQgy 33 | NC 57 | DQ43

10 | Voo 34 | RAS2 58 | DQg4
11 [ NC 35 | DQgg 59 | Voo
12 [ Ag 36 | DQg 60 | DQ32
13 | Aq 37 | DQ47 61 | DQqy4
14 | Ap 38 | DQ3s5 62 | DQs3
15 | Ag 39 | Vgg 63 | DQq5
16 | Agq 40 | CASO 64 | DQgq
17 | Ag 41 | CAS2 65 | DQ4g
18 | Ag 42 | CAS3 66

19 |NC 43 | CASt 67 | PD1
20 [ DQg 44 | RASO 68 | PD2
21 | DQ22 45 | NC 69 | PD3
22 | DQs 46 | NC 70 | PD4
23 | DQo3 47 |W 71 [NC
24 | DQg 48 | NC 72 | Vss 240837-1

Figure 1. Pin Assignment

October 1990
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intal soss3s  ADVANCE INFORMATION

Pin Name Pin Function Presence Detect Pins (Optional)
Ag-Ag Address Inputs Pin 80ns 100 ns
DQo-DQ3s - Data In/Out PD1 Vss Vss
W Read/Write Input PD2 NC NC
RASO, RAS2 Row Address Strobe PD3 NC Vss
CAS0-CAS3 Column Address Strobe PD4 Vss Vss
PD1-PD4 Presence Detect
Voo o Power (+5V)

Vss Ground
NC No Connection
AO_A_S. O
wo
RASO O— RAS  DQ;}—ODQ, RAS2 0O RAS  DQy}—ODQ;g
CASO O CAS ggz —O 381 CAS2 O CAS ggz _033'9
w . DQs—O0DQ, W 30O DAz
Ag-Ag DQq—0ODQ3 Ag=Ag DQ4f—0ODQy;
id— —
RAS DQ4 f—0DQ, RAS DQ; |0 DQ,,
= =
W 3 6 W 3 24
Ag-Ag DQ4f—ODQ; Ag-Ag DQ4—ODQ55
V= Y
RAS o|e-onog RAS o fe-o b0y
CAS 0 CAS 0
w W
Ag=Ag Apg=Ag
RAS DQ,—ODQg RAS  DQy—ODQ,;
CAS1 © CAS ggz —Oggm CAS3 O—-¢- CAS ggz —Oggzs
w 3—0DQy, W 3O DAz
Ag=Ag DQ4f—0ODQy; Ag=Ag DQ4f—0ODQ3g
a— i
RAS DQ; —0DQ; 3 RAS ~ DQ, DQz4
& e ono!d R I
w 3 15 W 3 33
Ag-Ag DQy—0ODQyg Ag=Ag DQs—0ODQz4
= A
RAS D|9-0DQy; RAS D |9-0DQ35
CAS q CAS 0
w W
Ag—Ag Ag~Ag
Vec O——¢~ —p
Vee 0.22 uF Capacitor
v Tor‘\:cscch DRAM R To all DRAMs
ssO & >
240837-2

Figure 2. 256K x 36-Bit SIMM Block Diagram
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ADVANCE INFORMATION

L)
Inter 225636
4.250
(107.95)
0.13340.004 __| 3.984
(3.38£0.10) R0.062 £ 0.004 (101.19) R0.125 e
(1.57£0.10) (3.18) g5
nnnnn nnnnn n0ooe aannn s
I Sls
- slc
o3 uu e uuuuu T
8 { m m }
&R N
| T QWE EWE
0.250$0.004 _| L 0.125 0 125\
(6.35%0.10) 0.250£0.004 (3.17)
0.0800.004 __| (6.3520.10) R0.062 £ 0.004
(2.03£0.10) (1.57£0.10)
0.250 3.750
(6.35) (95.25)
0.200
DETAIL OF CONTACTS r"t— {5.08) "™
0.010
0.100
258"
( ) 0.041£0.004
(1.04%0.10)
|l 0.083(1.35)
0.047(1.19)
240837-3

unit: inches (millimeters)

Tolerances: +0.005 (0.13) unless otherwise specified.

Figure 3. Outline Drawing
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225636

ADVANGCE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative

to Vgs (VIN:VOUT) v vvvvvnveninn —1Vto +7.0V

Voltage on Power Supply

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to

change without notice.

*WARNING: Stressing the device beyond the “‘Absolite

Relative to Vgs (Vo) o vvvvvee e —1Vito +7.0V Maximum Ratings” may cause permanent damage.
Storage Temperature (T ... —BB5°Cto +125°C These are stress ratings only. Operation beyond the
g' P ( ST(‘?‘) “Operating Conditions” is not recommended and ex-
Soldering Temperature © Time R tended exposure beyond the “Operating Conditions”
(Toolder) <« +vvvvveremnneenennnns 260°C ¢ 10 Sec may affect device reliability.
Power Dissipation (Pg) ..........ccovvivivna... oW
Short Circuit Output
Current (IoUT) -+« v v vveeee i 50 mA

RECOMMENDED OPERATING CONDITIONS (Voltage Referenced to Vgg. To = 0°C to 70°C)

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 45 5.0 55 Vo
“Vss Ground 0 0 0 \
VIH Input High Voltage 24 — Voo + 1 \'
Vi Input Low Voltage —-1.0 — 0.8 \
CAPACITANCE (T = 25°C)

Symbol , Parameter Min Max Units
Gi(A) Input Capacitance (AO-A9) 80 pF
Cdq 1/0O Capacitance 20 pF
C; (W) ~ Input Capacitance, Write Control Input 94 pF
C; (RAS) Input Capacitance, RAS Input 50 pF
Ci (CAS) Input Capacitance, CAS Input 40 pF
C; (CASP) Input Capacitance, CASP Input 20 pF
C; (DP) Input Capacitance ' . 15 pF
G, (QP) Output Capacitance 15 pF
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intel' 225636 ADVANGE INFORMATION

D.C. AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Symbol Parameter Speed Min Max Units
lccy Operating Current —08 820 mA
(RAS and CAS Cycling @ tgc = Min) -10 700
lcc2 Standby Current RAS = CAS = V| 24 mA
RAS = CAS = Vgc —0.2V 9 mA
lccs RAS Only Refresh Current —08 820 mA
(CAS = Vi, RAS Cycling @ tgc = Min) -10 700
lcca Fast Page Mode Current —08 580 mA
(RAS = V), CAS Cycling @ tpc = Min) —10 480
lccs CAS-before-RAS Refresh Current —-08 820 mA
(RAS and CAS Cycling @ tgc = Min) -10 700
L Input Current —120 120 wA

(Any Input 0 < V|y < 6.5V
All Other Pins = 0V)

loz Off State Output Current —20 20 HA
(Data Out is Disabled and
0 < Voyt < 5.5V)

VoH Output High Voltage Level 2.4 Ve Vv
(lon = —5mA)
VoL Output Low Voltage Level 0 0.4 "
(loL = 4.2mA)
NOTE:

Icct, loeas lcca and Igcs are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Igc is specified as average current.
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intal | Jose3s  ADVANGCE INFORMATION

A.C. CHARACTERISTICS(1,2) (T, = 0°C to 70°C, Voo = 5V. £10%)

Symbol Parameter 226636-08 225636-10 Units Notes
- Min | Max Min Mas :
tRAC Access Time f(om RA 80 100 ns 4,7
tcac Acces Time from CAS ; 20 25 ns 5,7
taA Access Time from - e 40 50 ns 6,7
Column Address ‘ , i
tcrpa Access Time from CAS ! 45 55 - ns 7,14
Precharge
toLz Output Low Impedance 5 5 ns 7
Time from CAS Low
torr Output Disable Time 0 25 0 30 ns
after CAS High )
tREE Refresh Cycle Time 8 '8 ms
tr Transition Time 3 50 3 50 ns
trp RAS High Pulse Width 60 70 ns
tcrp CAS to RAS Precharge 5 5 ns
Time .
trcD RAS to CAS Delay Time 25 60 25 75’ ns 9,10
tceN CAS High Pulse Width 35 35 ns
tRAD Column Addres Delay | 20 40 20 50 ns 1
Time from RAS Low
tAsr Row Address Setup 0 0 . ns
) Time before RAS Low
tasc Column Address Time 0 20 0 20 ns
before CAS Low
tRAH Row Address Hold Time 15 15 ns
after RAS LOW
tcAH Column Address Hold Time 20 20 ns
after CAS Low or W Low :
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A.C. CHARACTERISTICS(1; 2) (Continued) (T4 = 0°C to 70°C, Vg = 5V +10%)

READ AND REFRESH CYCLES

Symbol Parameter 225636-08 225636-10 Units Notes
Min Max Min Max
trRc Read Cycle Time 150 180 ns
tRAs RAS Low Pulse Width 80 10K 100 10K ns
tcas CAS Low Pulse Width 20 10K 25 10K ns
tcsH CAS Hold Time 80 : 100 ns
after RAS Low
tRSH RAS Hold Time after 20 25 ns
CAS Low
trRcs Read Setup Time 0 0 ns
before CAS Low
tRCH Read Hold Time 0 0 ns 12
after CAS High
tRRH Read Hold Time 0 0 ns 12
after RAS High
tRAL Column Address to 40 50 ns
RAS Setup Time
trRrc Precharge to CAS 10 10 ns
Active Time
CAS BEFORE RAS REFRESH CYCLE
Symbol Parameter 225636-08 225636-10 Units Notes
Min Max Min Max
tcsr CAS Set Up Time for CAS 10 10 ns
before RAS Refresh
tcHR CAS Hold Time for CAS 30 30 ns
before RAS Refresh .
trRPc Precharge to CAS 10 10 ns
Active Time
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A.C. CHARACTERISTICS (Continued) (Ta = 0°C to 70°C, Vog = 5V +10%)

WRITE CYCLE (Early Write)

Symbol Parameter 225636-08 226636-10 Units Notes
Min Max Min Max
twe Write Cycle Time 160 190 ns
tRAs RAS Low Pulse Width 130 10K 160 10K " ns
tps Data Setup Time 0 0 ns
toH Data Hold Time 20 20 ns
after CAS Low
tcas CAS Low Pulse Width 20 10K 25 10K ns
tcsH CAS Hold Time 80 100 ns
after RAS Low
tRsH RAS Hold Time 20 25 ns
after CAS Low
twcs Write Setup Time 0 0 ns 13
before CAS Low
twcH Write Hold Time 20 ‘ 20 ns
after CAS Low
twp Write Pulse Width 15 20 ns
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FAST PAGE MODE CYCLE (Read, Early Write cycles)

Symbol Parameter 225636-08 225636-10 | ynys Notes
Min Max Min Max
tpc Fast Page Mode 50 60 ns
Cycle Time
trAs RAS Low Puise Width 80 10K 100 10K ns
for Read, Write Cycle
tcas CAS Low Pulse Width 20 10K 25 10K ns
for Read Cycle
top CAS High Pulse Width 10 15 ns

NOTES:

1. An initial pause of 500 us is required after power-up followed by any 8 RAS-only cycles before proper device operation is
achieved.

2. A.C. Characteristics assume tt = 5 ns.

3. Vix(min) and V) (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between Vi (min) and V_(max).

4. Assumes that tgcp < trcp(max), trap < trap(max). If trop (or trap) is greater than the maximum recommended value
shown in this table tgac will be increased by the amount that tgrop (or trap) exceeds the value shown.

5. If trep = trop(max), trap = trap(max), and tasc = taa — tcac — tr, access time is tcac.

6. If trap = trap(max) and tasc < taa — tcac — tr, access time is taa.

7. Measured with a load equivalent to two TTL loads and 100 pF.

8. torr is specified that output buffer changes to high impedance state.

9. Operation within the tggp(max) limit insures that trac(max) can be met. tgocp(max) is specified as a reference point only;
if trcp is greater than the specified tgop(max) limit, access time is controlled exclusively by tcac or taa.

10. tgep(min) = tgan(min) + 2t + tasc(min).

11. Operation within the tgap(max) limit insures that tgac(max) can be met. tgap (max) is specified as a reference point
only; if trap is greater than the specified tgap(max) limit, access time is exclusively controlled by tcac or taa.

12. Either tgry or tgcH must be specified for a read cycle.

13. twcs, tocwp, trwp and tawp are non-restrictive operating parameters. They are included in the Data Sheet as Electrical
Characteristics only.

14. tcpp is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”).
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READ CYCLE
tre
trp
toas
oV — RAS
RAS \
ViL — \
tosu
terp trep tRsH terp
teas
_ VYm—
CAS
ViL —
tar
tRaD tRAL
t
ASR| | tRan tasc| teaH
[
Vih —
Ag~Ag ROW COLUMN
iL —
treH
tres tRRH [
_ VYm—
WRITE v teac
L } tan
torz torrF
trac -
Vo — 7
Dout OPEN £ VALID DATA
VoL —
e op L
240837-4
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EARLY WRITE CYCLE

tre
trp
tras
RAS Vi — 1\ z
ViL — \
t trep tRsH
CRP
tesh tcre
tcas
__ Y
CAS
iL — tar
l—
tRAD tRaL
t
ASRI | tran tasc tean
!
V|H —_—
Ag~Ag ROW COLUMN
ViL — ¢
towe |
%, 1
WCR
l twes twen
[~
twp
__ Vin—
WRITE 7
iL —
tRwL |
I
tos ton
Vou —
DiN VALID DATA
VoL —
} toHr
}
Vo —
Dour OPEN
VoL —

:"H" or "L"

240837-5
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RAS ONLY REFRESH CYCLE

tre

trp

%
Vi — ey RAS

RAS \ f \
Vi — :

terp trpc

Y
CAS
iL —

tasr

tRaH
Vi —
A0~A8 ROW
iL—
Yoy — .
VoL —
o op L '
240837-6
CAS BEFORE RAS REFRESH CYCLE
tre
trp
tras
S VA
Ras M \ Z ‘
Vy —
L trrc
teen | tesr tenr
_ VYmu—
CAS
iL—
[
torF
L ——
Vou \
Dout ) OPEN
VoL — 7
o op L
240837-7
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HIDDEN REFRESH CYCLE (READ)

tre
tRas trp tras
— Viy—
SRS 7\
iL —
terp trep tRsH teHR
_ VH—
CAS
ViL —
trAD tRAL
tar
t
ASR| |tRAH  tyge tean

Vi —
Ag~Ag ROW COLUMN
VIL I
tres ' tRRH
1
VIH I
WRITE % teac W
VIL I

taa
t
trac OFF
Vo —
Dout VALID DATA
Yoo — .
cLz
—
H -
‘ .
240837-8
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HIDDEN REFRESH CYCLE (WRITE)

tre
tRas trp tRas
L Vy—
RAS \ Z \
Vi —
terp trep tRsH teHRr
__ Ymu—
CAS
Vi — .
YR
traD tRAL
t
tasr RAH tasc tcAH
Vi —
Ag~Ag ROW COLUMN
iL—
* tRap
twer
tRwL
twes twen
— V|H - twp
WRITE
b —
tps ton
Vg — :
Diy VALID DATA ;
Vi — v
l toHR
<
Vo —
Doyt OPEN
VoL —
g op ML
240837-9
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225636 ADVANGCE INFORMATION

FAST PAGE MODE READ CYCLE

trasp tpp
w1 N
vV, —
IL
tesH tec tRsH
terp trep teas tep tcas tep tcas terp
 Vyy—
" \\ / N\L / N\
ViL —
tar L tRAL
|
t t t t t t
task RAH ASC ton| tASC CAH ASC CAH
Vi —
Ag~Ag ROW @ coL @ coL @ coL
iL —
trap : tRRH
. treH tren u sl
el |
RCS X tres _7 tres: treH
I L I B
___ VYm— 1 1
WRITE
Vi — teac teac teac
taa taa taa
trac tepa tepa
I
V, —
D OF (VAL VALID N VALID
our,, DATA DATA i/ DATA
oL N ¢ o R K/ A
OFF OFF OFF
fa— r-—— fx—
tez toz toz

jii! : "H" or "L"

240837-10
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRasp trp
=TT\ 7\
ViL —
tec tRsH
terp trep teas tep teas tep teas terp
— Vu—
L \Y / Ny / N\
iL—
tar \ tRaL
|
t t t t t t
tasr RAH ASC touy ASC CAH ASC CAH
—n e | ] e~ et et
ViH—
Ag~Ag ROW coL coL coL
iL—
tRAD
twer 4
wes 4
. . WCH . twen
wes weh . wes
pr ‘WP
t
___ VYm— we
WRITE
iL—
tos ton tos toH tos toH
Vi —
Diy VALID DATA VALID DATA VALID DATA
ViL —
I touR
i
Vou —
Doyt OPEN
VoL —
W or ML
24083711
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRas tep
t
N VA | RSH
RAs M \ Z
ViL —
tosr teHr tepr teas
)
_ Vy—
Chs M \ Z \
ViL —
tasc tea
Vih —
Ag~Ag COLUMN g
ViL —
teac
tRaL
taa torr
READ CYCLE |
Vou —
Dout OPEN VALID DATA
VoL —
tres toLz ltRRH
T >
___ Ym—
WRITE
Vi — trew
WRITE CYCLE
Vo —
Dout o OPEN
VoL tewe
tRwi
twes twen
___ Ym— twp
WRITE
iL —
tps toy
Vih —
Diy VALID DATA
iL —
o L
240837-12
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. nl I® ! ADVANGCE INFORMATION

251236
512K x 36-BIT DYNAMIC RAM
MEMORY MODULE WITH PAGE MODE

m Performance Range

Parameters 251236-08 | 251236-10 | Units

Acces Time from RAS (trac) 80 100 ns

Access Time from CAS (tcac) 20 25 ns

Read Cycle Time (tgc) 150 180 ns
m 512K x 36-Bit Organization ® 512 Refresh Cycles every 4 ms
m Industry Standard Pin-Out in a 72-Pin m Separate CAS (CAS8) Control for One

Single In-Line Memory Module (SIMM) Separate Pair of Data-in and Data-Out

m Common 1/0 Using “Early Write” Lines
m Single 5V + 10% Power Supply B Separate RAS Control for 4 Groups of

R 18 Common Data-In and Data-Out Lines
m Separate CAS Control for 4 Groups of E o .
18 Common Data-In and Data-Out Lines ast Page Mode Operation

m TTL Compatible Inputs and Outputs n
The 251236 is a 512K x 36-bit Dynamic RAM Memory Module consisting of industry standard CMOS, 256K x

4-bit DRAMs and 256K x 1-bit DRAMs. The module contains sixteen 256K x 4-bit in 20-pin plastic SOJ
package and eight 256K x 1-bit in 18-pin PLCC. There are bypass capacitors on board each SIMM module.

The common 1/0 feature requires the use of an early write cycle to prevent data co‘ntention on DQ lines.

PIN CONFIGURATIONS (Front View)

Pin | Symbol Pin | Symbol Pin | Symbol
1| Vss 25 | DQgy 49 | DQg
2 | DQg 26 | DQ7 50 | DQg7
3 | DQ1g 27 | DQos 51 [ DQqo 0350,
4 DQ1 28 | A7 52 DQZB | o 1 (889
5 | DQ1g 29 | NC 53 | DQ14
6 | DQ2 30 | Vco 54 | DQog
7 | DQ2o 31 | Ag 55 [ DQq2
8 | DQ3 32 | NC 56 | DQgo
9 | DQ24q 33 |NC 57 | DQq3
10 | Vec 34 | RAS2 58 | DQg
11 INC 35 | DQge 59 | Vce ] 0:053(1.35)
12 | Ao 36 | DQg 60 | DQgp saosae Y (1.19)
13 | Aq 37 | DQq7 61 [ DQ14
14 | Ao 38 | DQgs 62 | DQ33 NOTE:
15 | A3 39 | Vss 63 | DQq5 Components are mounted
16 | A4 40 | CASO 64 | DQgy on both sides of the board.
17 | As 41 | CAS2 65 | DQ4g
18 | Ag 42 | CAS3 66 | NC
19 | NC 43 | CASH 67 | PD1
20 | DQq 44 | RASO 68 | PD2 240836-12
21 | DQa22 45 | NC 69 | PD3
22 | DQs 46 | NC 70 | PD4
23 | DQ23 47 |W 71 |NC
24 | DQg 48 | NC 72 | Vsg

Figure 1. Pin Assignment

October 1990
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O RAS1

O RAS3

CASO O
DQg-3
— b, —o——{0q, -
. CAS DQyf~———0—1 DQ, CAS
RASO O RAS _ DQ3 -0 DQ3 __RAS
OF W Ag-Ag DQ——O—— DO, Ag-Ag W OF
/i; - DQy-7 T
— bQ,—o——{ D0, —
CAS DQp——0—— DQ, CAS
RAS _ DQzf——O0——— D3 __RAS
/7,7— O W Ag~Ag DQ——O0——DQy Ag-Ag W OF
— — ba - —
RAS W Ag=Ag Q Q Ag-Ag W RAS
KS1 o 1 1 | I
1 DQg-12 [
— pQ,—o——{bq, —
CAS DQ,f——0——{ D, CAS
RAS _ DQz}——0—] Da; _RAS
OF W Ag-Ag Ql——O——] D0, Ag-Ag W OE
/7‘7_ T DQy3-16 11
— pQ,——o0—bQ,
CAS DQ,——0——] DQ, tAS
RAS _ DQz——0— DQ3 __RAS
/79- OE W Ag-Ag DQt——O——fDQ, Ag-Ag W OE
| DQ;; 1 1 ——
CAS _ | D _ CAS
RAS W Ag=Ag Q Q Ag-Ag W RAS
CAS2 O
DQyg-21
— b, —o——{ bq,
_ CAS DQpf——0—— DQ; CAS
RAS2 O RAS _ ~ DQzj——O0—— DQ3z _ RAS
/7'7—¢ OE W Ag-Ag DQ f——O——DQ4 Aj-Ag W OE
| - DQz2-25 I
pQ,—o——{ bq,
CAS 0Q,}——0—— Do, CAS
RAS _ DQz——0—— D3 __RAS
/7‘-7—1 O0E W Ag—-Ag DQ}—o0 DQ, Ag-Ag W OE
— I DQy6 L
CAS _ D _ CAS
RAS W Ag-Ag Q Q Ag—-Ag W RAS
CAS3 O | - T 1
[ 1 DQy7-30 |1
— pa, —o——{ bq, —
CAS DQ,——0—— b0, CAS
RAS _ DQz——O0——1 DQz _ RAS
OF W Ag-Ag DQb——O——] DQ, Ag-Ag W OEF
/7; 1 DQzy-34 T
- bQ, ——o— Dq; —
CAS DQ,}——0—— D0, CAS
RAS DQzj———0—m DQ3 __ RAS
/F OE W Ag-Ag DQ}—o0 DQ, Ag-Ag W OE
— L1 DQ35 L1 —
CAS _ D j_o—t D _CAsS
RAS W Ag-Ag Q Q Ag-Ag W RAS
Wo - ]
Ag=Ag O
Vec© X022 o Copaottor
Vsso T under each DRAM _ To all DRAMs

240836-1

Figure 2. Block Diagram
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251236
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Figure 3. Outline Drawing
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ADVANCE INFORMATION

ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative

toVss (VIN, VoUT) -+ v vvvevennnn —1Vio +7.0V
Voltage on Power Supply

RelativetoVgg (Vgg) -+ oo .- —1Vito +7.0V
Storage Temperature (Tstg) . ... —55°Cto +125°C
Soldering Temperature ® Time

(Toolder) <« vvevreremenneeeennns 260°C @ 10 Sec
Power Dissipation (Pg) ..............oooovott. 9w
Short Circuit Output

Current (IoyT) . - v v vvviee e 50 mA

NOTICE: This data sheet contains information on
products in the sampling and initial production phases
of development. The specifications are subject to
change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS (Voltage Referenced to Vgs. Ta = 0°C to 70°C)

Symbol Parameter Min Typ Max Units

Veo Supply Voltage 4.5 5.0 5.5 '

Vss Ground 0 0 0 \"

ViH Input High Voltage 2.4 — Voo + 1 \

ViL Input Low Voltage -1.0 — 0.8 \"
CAPACITANCE (T4 = 25°C)

Symbol Parameter Min Max Units
Gi (A) Input Capacitance (A0O-A9) 75 pF
Cdq 1/0 Capacitance 20 pF
G (W) Input Capacitance, Write Control Input 94 pF
C; (RAS) Input Capacitance, RAS Input 50 pF
G; (CAS) Input Capacitance, CAS Input 40 pF
C; (CASP) Input Capacitance, CASP Input 20 pF
C; (DP) Input Capacitance 15 pF
Co (QP) Output Capacitance 15 pF
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D.C. AND OPERATING CHARACTERISTICS

(Recommended operating conditions unless otherwise noted)

Symbol Parameter Speed Min Max Units
lcct Operating Current —-08 820 mA
(RAS and CAS Cycling @ tgc = Min) -10 750
lcc2 Standby Current RAS = CAS = V|y 18 mA
RAS = CAS = Vgg —0.2V 9 mA
ICCQ ‘ RAS Only Refresh Current —08 820 mA
(CAS = V|, RAS Cycling @ tgc = Min) -10 700
Icca Fast Page Mode Current ’ —-08 580 mA
) (RAS = V)., CAS Cycling @ tpc = Min) -10 480 | mA
Iccs CAS-before-RAS Refresh Current —08 820 mA
(RAS and CAS Cycling @ tgc = Min) -10 700 )
i Input Current —120 120 rA
(Any Input 0 < V) < 6.5V '
All Other Pins = 0V)
loz Off State Output Current —-20 20 HA
(Data Out is Disabled and 0 < Voyt < 5.5V)
VoH Output High Voltage Level 2.4 Ve \"
(loH = —5mA)
VoL Output Low Voltage Level 0 0.4 Vv
(loL = 4.2 mA)
NOTE:

Icc1, locss lcca and Igcs are dependent on output loading and cycle rates. Specified values are obtained with the output
open. Igc is specified as average current.
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A.C. CHARACTERISTICS(1: 2) (T5 = 0°C t0 70°C, Ve = 5V +10%)

Symbol Parameter 261236-08 251236-10 Units Notes
Min Max Min Mas
tRAC Access Time from RAS 80 100 ns 4,7
tcac Acces Time from CAS 20 25 ns 57
tcaa Access Time from 40 50 ns 6,7
Column Address
tcra Access Time from CAS 45 55 ns 7,14
Precharge
toLz Output Low Impedance 5 5 ns 7
Time from CAS Low
torr Output Disable Time 0 25 0 30 ns
after CAS High
tREF Refresh Cycle Time 8 8 ms
tr Transition Time 3 50 3 50 ns
trp RAS High Pulse Width 60 70 ns
tcrP CAS to RAS Precharge Time 5 50 ns
trcD RAS to CAS Delay Time 25 60 25 75 ns 9,10
tcpn CAS High Pulse Width 35 35 ns
tRAD Column Addres Delay 20 40 20 50 ns 11
Time from RAS Low
tAsR Row Address Setup 0 0 ns
Time before RAS Low
tasc Column Address Time 0 20 0 20 ns
before CAS Low
tRAH Row Address Hold Time 15 15 ns
after RAS LOW
tcaH Column Address Hold Time 20 20 ns
after CAS Low or W Low
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A.C. CHARACTERISTICS(1; 2) (Continued) (TA = 0°C to 70°C, Vg = 5V £ 10%)

READ AND REFRESH CYCLES

Symbol Parameter 251236-08 _ 251236-10 Units Notes
Min Max Min Max
trc Read Cycle Time 150 180 ns
tRAS RAS Low Pulse Width 80 - 10K 100 10K ns
tcas CAS Low Pulse Width 20 10K 25 - 10K ns
tcsH CAS Hold Time 80 100 ns
after RAS Low
tRsH RAS Hold Time after 20 25 ns
CAS Low
tRcs Read Setup Time 0 0 ns
before CAS Low
tRCH Read Hold Time 0 0 ns 12
after CAS High )
tRRH Read Hold Time 0 0 ns 12
after RAS High
tRAL Column Address to 40 50 ns
RAS Setup Time
trPc Precharge to CAS 10 10 ns
Active Time .
CAS BEFORE RAS REFRESH CYCLE
Symbol Parameter 251236-08 251236-10 Units | Notes
Min Max Min Max
tcsr CAS Set Up Time for CAS 10 10 ns
before RAS Refresh
tcHR CAS Hold Time for CAS 30 30 ns
before RAS Refresh
trpc Precharge to CAS 10 10 ns
Active Time
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A.C. CHARACTERISTICS (Continued) (Tp = 0°C to 70°C, Vg = 5V +10%)

WRITE CYCLE (Early Write)

Symbol Parameter 251236-08 251236-10 Units Notes
Min Max Min Max
twe Write Cycle Time 160 190 ns
tRAs RAS Low Pulse Width 130 10K 160 10K ns
tps Data Setup Time 0 0 ns
tpH Data Hold Time 20 20 ns
after CAS Low
tcas CAS Low Pulse Width 20 10K 25 10K ns
tosH CAS Hold Time 80 100 ns
after RAS Low
tRsH RAS Hold Time 20 25 ns
after CAS Low
twes Write Setup Time 0 0 ns 13
before CAS Low
tweH Write Hold Time 20 20 ns
after CAS Low
twp Write Pulse Width 15 20 ns
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FAST PAGE MODE CYCLE (Read, Early Write cycles)

Symbol Parameter 25123608 251236-10 Units Notes
Min Max Min Max
tpc Fast Page Mode 50 60 ns
Cycle Time
tRAS RAS Low Pulse Width 80 10K 100 10K ns
for Read, Write Cycle
tcas CAS Low Pulse Width 20 10K 25 10K ns
for Read Cycle
tcp CAS High Pulse Width 10 - 10 15 10 - ns

NOTES:

1. An initial pause of 500 ps is required after power-up followed by any 8 RAS-only cycles before proper device operation is
achieved.

2. A.C. Characteristics assume t- = 5 ns.

3. Vii(min) and V| (max) are reference levels for measuring timing of input signals. Also, transition times are measured
between V|4 (min) and V| (max).

4. Assumes that tgcp < trep(max), trap < trap(max). If trcp (or trap) is greater than the maximum recommended value
shown in this table tgac will be increased by the amount that tgcp (or trap) exceeds the value shown.

5. If trecp = trep(max), trap = trap(max), and tasc = taa — tcac — tr, access time is toac.

6. If trap > trap(Max) and tasc < taa — tcac — tr, access time is taa.

7. Measured with a load equivalent to two TTL loads and 100 pF.

8. torF is specified that output buffer changes to high impedance state.

9. Operation within the tgcp(max) limit insures that tgac(max) can be met. tggp(max) is specified as a reference point only;
if trep is greater than the specified trcp(max) limit, access time is controlled exclusively by tcac or taa.

10. tgep(min) = traH(Min) + 2t + tagc(min).

11. Operation within the tgap(max) limit insures that tgac(max) can be met. tgap (max) is specified as a reference point
only; if trap is greater than the specified tgap(max) limit, access time is exclusively controlled by tcac or taa.

12. Either tggry or trcH must be specified for a read cycle.

13. twes. towp: trRwp and tawp are non-restrictive operating parameters. They are included in the Data Sheet as Electrical
Characteristics only.

14. tcpa is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H").
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READ CYCLE
tre .
trp
tras
vy ——
RAS \
iL — \
tesH
terp treD trsH terp
‘ t
CAS
— Yin—
CAS
i —
tar
tRaD tRaL
t
ASR| | tpan tasc tcan
Vi —
Ag~Ag ROW COLUMN
Vi —
tReH
tRCS 'RRH "
I
Yy
WRITE v teac ‘
L / tan
I
[tCLZ torr
trac
Von — y.
Dout OPEN { VALID DATA
VoL —
o op L
240836-3
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EARLY WRITE CYCLE

tre
trp
tras
RAS ViH — 3\ ' Z
vy — A
tred 4
terp RSH
tesH tcrp
tcas
_ Ym—
CAS
v, — v
* taR
traD tRAL
t
ASR| | tran tasc tcAH
Vi —
Ag~Aq ROW COLUMN W
ViL—
towL |
twer '
twes twen
|
twp
__ VYm—
WRITE
iL —
tRwL _]
|
tos toy

Von —
Din VALID DATA
VoL —

L toHR
Vo —

Dour OPEN

VoL —
:"H" or "L"

240836-4
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RAS ONLY REFRESH CYCLE

tre
trp
t
vy — RAS
RAS \ Z \
L —
terp trpc
__ Ym—
CAS
ViL —
t
ASR| | teay
Vi —
Ag~Ag ROW
ViL —
Vou —
Dout v OPEN
oL —
o o L
240836-5
CAS BEFORE RAS REFRESH CYCLE
tre
trp
tRas
 Vy —
RAS ™ \
YL — trec
tepn | tesr teur
—_ Ym—
CAS
YiL — \
torr
| ey
D, You ) OPEN
out
Voo— oo A
. W ap ML

240836-6
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HIDDEN REFRESH CYCLE (READ)

tre
tRas trp tras
vy —
RAS z \
L —
terp trep trsh teHr
_ I
__ Vm
CAS
ViL —
tRAD tRAL
tAR
tasR| ItRAH  tasc tean
Vih —
Ag~Ag ROW COLUMN
i —
tres tRRH
VY
WRITE teac W
i —
tan
t
trac OFF
Vo —
Dour VALID DATA
VoL — .
cLz
J Wi g L
240836-7
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HIDDEN REFRESH CYCLE (WRITE)

tre
tras trp tras
@\ / /
ViL —
terp tre tRsH teHr
_ Ym—
CAS
ViL —
tar
traD tRAL
tasr tRaH  tyse tean
[t
Vih —
Ag~Ag ROW COLUMN
ViL—
tRaD
twer
tRwL
twes twen
Yy — twp
WRITE
iL —
tps ton
[t~
Vig —
Dy VALID DATA
i —
|_ tonr
I
Vo —
Dour OPEN
VoL —
o o L
240836-8

3-154



intel 251206 ADVANGCE INFORMATION

FAST PAGE MODE READ CYCLE

trasp trp
T 7\
ViL —
tesH tee . ) trsH
terp trep teas tep teas tep tcas tere
Vg — \
CAS _ \ Z \ Z
ViL —
tar | tRaL
t t t t t t
task RAH Ai(i toan Ai(i CAH Ai(i CAH
Vih —
Ag~Ag ROW coL coL coL
ViL —
trap tRRH
. tren treH el
] - — o
RCS "I tres r X tres tReH
LR BN i
__ Vu—
WRITE %
ViL — teac teac teac
[ | [
taa tan taa
tRaC tepa tepa
)
Vo —— n
D OH VALID % VALID \ VALID
out VoL — / DATA DATA i DATA
| |torF || torF | torr
torz ' toz toz

lii! : "H" or "L"

240836-9
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRasp trp
Vg — —{
RAS M x Z \
ViL —
tec trsH
tcrp tRep tcas tep teas tep teas terp
 Vy —
* e/ N2\ \\
ViL —
tar L tRaL
[
t t t t t t
tasr RAH ASC to ASC CAH ASC CAH
] ] el sl s ]
Vih —
Ag~Ag ROW coL coL coL
ViL —
tRaD
twer twes twe fwon
t t t
WCS WCH A wes
tWP WP
t
Vi — wp
WRITE / /
iL —
tos ton tos ton fos toH
Vig — ” .
Diy 7 VALID DATA VALID DATA VALID DATA
ViL—
’ tour
)
Von —
Dout OPEN
VoL —
Y op L
240836-10
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRas trp
Vg — trsH
RAS M \
i — \
tesr teHR tepr tcas
)
_Vy —
cAs ™M \
iL —
tasc tean
Vih —
Ag~Ag COLUMN
ViL —
teac
tRAL
t
t OFF
READ CYCLE AA l |
g Vou —
Dout OPEN VALID DATA >———
Vo —
tres terz | tRRH
T [
__ VYm—
WRITE
iL— trcH
WRITE CYCLE
Vo —
Dout OPEN
Voo : towe
trwi
twes twen
— Ym— twp
WRITE
ViL —
tos ton
YiH — ;
Din VALID DATA
ViL —
o or L
24083611
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1.0 OVERVIEW

This reliability report is based on the combination of
actual data from all Intel qualified and approved ven-
dors. This data may vary from lot to lot and under
different operating conditions encountered by the cus-
tomer. Intel has published data sheet specifications that
should be considered in evaluating the performance for
specific application by the customer. This report does
not give any assurance that the product is appropriate
for any specific application as that decision is the re-
sponsibility of the customer.

Intel recognizes the need to monitor all contracted
products to maintain and improve the level of quality
and reliability consistent with internal goals and cus-
tomer needs. This is achieved through continuous re-
view of monitor data from all Intel qualified and ap-
proved vendors to acheive low defect levels.

2.0 RELIABILITY TESTS

High Temperature Dynamic Lifetest

This test is performed to accelerate failure mechanisms
that are thermally activated through the application of
extreme temperatures (125°C) and the use of biased op-
erating conditions (5.5V). The translation from 125°C
to 55°C is done by applying time acceleration factors
based on the thermal activation energy assignments
noted below. The time acceleration factors from 125°C
to 55°C are: 3.42 for 0.3 eV, 7.67 for 0.5 eV and 58.96
for 1.0 eV, based on junction temperature offset for
power dissipation.

Failure rate calculations are given for each relevant ac-
tivation energy. These are made using the appropriate
activation energy and the Arrhenius Plot as shown in
Figure 1. The total equivalent device hours at a given
temperature can be determined. The failure rate is then
calculated by dividing the number of failures by the
equivalent device hours and is expressed as a %/1000
hours. The failure rate is adjusted by a factor related to
the number of device hours using a chi-square distribu-
tion to arrive at a confidence level associated failure
rate. A conservative estimate of the failure rate is ob-
tained by including zero failures at 0.3 eV, 0.5 eV and
1.0 eV. In cases where the mechanism of the cata-
strophic failures cannot be determined, 0.3 eV activa-
tion energy is assumed.

When reviewing failure rate projections from different
sources, it is important to understand the assumptions
being made. Small changes in details can dramatically
alter an estimated failure rate.
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Figure 1. Arrhenius Plot

High Voltage (7V) Dynamic Lifetest

This test is performed to detect failure mechanisms
which are accelerated by high voltage (7V) as well as
high temperature (125°C). It is especially effective in
accelerating oxide and leakage related failures. The to-
tal acceleration factor includes the time acceleration
factors based on the assigned activation energies and
voltage activation factor of 12.7 (7V to 5.5V).
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High Temperature/Humidity Lifetest

This test is performed to evaluate moisture resistance
characteristics of plastic encapsulated devices. A 1000—
2000 hour test is performed under static bias conditions
at 85°C/85% relative humidity with nominal voltages.
In order to maximize metal corrosion conditions, the
biasing configuration is either under low power or no
power, with alternate pins biased at +5V or OV.

Autoclave (Pressure Cooker) Test

This test is performed to identify the effects of high
humidity and heat conditions on the die surface. Steam
stressing accelerates moisture penetration through the
plastic package material to the surface of the die, result-
ing in corrosion of metals.

High Temperature Storage Test

High temperature storage (bake) is a test in which de-
vices are subjected to elevated temperature of 150°C
with no bias. This test is used to detect mechanical
reliability problems (e.g., bond integrity) and process
instability.

Temperature Cycle Test

This test consists of cycling the temperature of a cham-
ber housing device from —65°C to + 150°C with no
applied bias. Temperature cycling (1000 cycles) is used
to detect mechanical reliability problems and micro-
cracks.

Electrostatic Discharge Test

This test is performed to identify device sensitivity to
electrostatic discharge generated during system opera-
tion or device handling. All products incorporate ESD
protection networks on the appropriate pins.

Soft Error Test (SER)

Soft error test is performed to identify the effects of
alpha particles which are emitted in the radioactive de-
cay of uranium and thorium present in packaging mate-
rials. Two methods commonly used to measure soft er-
ror rates are: 1) accelerated testing using alpha particle
radiation source and 2) real time system level soft error
testing. '
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3.0 PLASTIC RELIABILITY DATA SUMMARY

21256

Number of bits: 262,144
Organization: 256K x 1

Process: NMOS
Package: 16-Pin PDIP

Table 1. Reliability Data Summary

Year 125°C Dynamic Lifetest 7V Dynamic Lifetest
168 Hrs 500 Hrs 1000 Hrs 168 Hrs 500 Hrs 1000 Hrs
1988/89 3/11250 0/11247 2/11248 9/2400 5/2391 3/2386
Table 2. Failure Rate Predictions
125°C Actual Ea Equivalent Hours # Fail Rate %/1K Hours
Device Hours (eV) at 55°C Fail (60% UCL)
2E + 06 0.3 BI 30E + 06 5
21E + 05 0.3 VAF 95E + 06 17
Total 0.3 eV Failures = 22 0.0193 (**)
11E + 06 0.5 85E + 06 0 0.0012
11E + 06 1.0 643E + 06 0 0.0001
Combined Failure Rate: 0.0206
FITs: 206

**5.5V and 7V burn-in/lifetest equivalent hours have been combined.
Thermal Accel.

Factors
55°C
0Ja = 90°C/W (Est.) BI/ELT 0.3eV 3.42
Voo = 5.5V Accel. 0.5eV 7.67
lcc @ 55°C = 60 mA Factors: 1.0eV 58.96
lcc @ 125°C = 20 mA
lcc (max) = 75 mA (Spec) Voltage Accel. Factor (VAF): 12.7
‘Temp. with Tja '
T (55) = 358K K = 8.62E —05 eV/K
T (125) = 411K
NOTE:
FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours.
Failure Analysis:
All failures assumed to be Oxide related.
Table 3. Additional Qualification Tests
Year 1000 Hours 204 Hrs 1000 150°C/1K Hrs
85°C/85% R.H. Steam Temp Cycles High Temp Storage
© 9/12552 9/2002 6/8120 ' 0/12200
1988/89 (0.07%) (0.5%) (0.07%) (0.0%)
Table 4. System SER Results
Vee Cycle Time Device Hours # of Errors FIT (60%)
5V 1pus 1.4M 0 654
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21464
Number of bits: 262,144 Process: NMOS
Organization: 64K x 4 Package: 18-Pin PDIP
Tabie 1. Reliability Data Summary
Year 125°C Dynamic Lifetest 7V Dynamic Lifetest
168 Hrs 500 Hrs 1000 Hrs 168 Hrs 500 Hrs 1000 Hrs
1988/89 3/11250 0/11247 2/11248 8/2370 3/2362 0/2359
Table 2. Failure Rate Predictions
125°C Actual Ea Equivalent Hours # Fail Rate %/1K Hours
Device Hours (eV) at 55°C Fail (60% UCL)
9E + 06 0.3 Bl 30E + 06 5
21E + 05 0.3 VAF 91E + 06 11
Total 0.3 eV Failures = 16 0.0104 (**)
11E + 06 0.5 84E + 06 0 0.0012
11E + 06 1.0 645E + 06 0 0.0001
Combined Failure Rate: 0.0117
FiTs: 117

**5.5V and 7V burn-in/lifetest equivalent hours have been combined.

Thermal Accel.

Factors
55°C
6Ja = 90°C/W (Est.) BI/ELT 0.3 eV 3.42
Vco = 5.5V Accel. 0.5eV 7.67
Icc @ 55°C = 60 mA Factors: 1.0eV 58.96
locc @ 125°C = 20 mA
loc (max) = 75 mA (Spec) Voltage Accel. Factor (VAF): 12.7
Temp. with Tjg
T (55) = 358K - K= 8.62E —05eV/K
T (125) = 411K
NOTE:
FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours.
Failure Analysis:
All failures assumed to be Oxide related.
Table 3. Additional Qualification Tests
Year 1000 Hours 204 Hrs 1000 150°C/1K Hrs
85°C/85% R.H. Steam Temp Cycles High Temp Storage
6/2310 2/1320 5/564 1/1100
1988/89 (0.25%) (0.15%) (0.6%) (0.10%)
Table 4. System SER Resulit
Vee Cycle Time Device Hours # of Errors FIT (60%)
5V ) 1us 1.4M 0 630
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21010 .
Number of bits: 1,048,576 Process: CMOS

Organization: 1M x 1 Package: 18-Pin PDIP
Tabie 1. Reliability Data Summary
Year 7V Dynamic Lifetest
168 Hrs 500 Hrs 1000 Hrs
1988/89 7/2060 4/2053 4/2049
Table 2. Failure Rate Predictions
125°C Actual Ea Equivalent Hours # Fail Rate %/1K Hours
Device Hours (eV) at 55°C Fail (60% UCL) -
19E + 05 0.3 82E + 06 15 0.0204
19E + 05 0.5 15E + 06 0 0.0070
19E + 05 1.0 112E + 06 0 0.0009
' Combined Failure Rate: 0.0283
FITs: 283
Thermal Accel.
Factors
55°C
0Ja = 90°C/W (Est.) BI/ELT 0.3eV 3.42
Veo = 5.5V Accel. 0.5eV 7.67
lcc @ 55°C = 60 mA Factors: 1.0eV 58.96
lcc @ 125°C = 20 mA
lcc (max) = 75 mA (Spec) Voltage Accel. Factor (VAF): 12.7
Temp. with Tja
T (55) = 358K K = 8.62E —05eV/K
T (125) = 411K
NOTE:
FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours.
Failure Anaiysis:
All failures assumed to be Oxide related.
Table 3. Additional Qualification Tests
Year 1000 Hours 204 Hrs 1000 150°C/1K Hrs
85°C/85% R.H. Steam Temp Cycles High Temp Storage
9/2410 1/2420 1/1906 3/2140
1988/89 (0.3%) (0.04%) (0.05%) (0.14%)
Table 4. System SER Resuit
Vee Cycle Time Device Hours # of Errors FIT (60%)
5V 1ps 1.2M 0 763
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21014

Table 5. Latch-Up/ESD Test Results

# of Runs Sample Size Latch-Up Level ESD Level
5 25 Units >125 mA > 2500V
SO0J Package Qualification Data Summary

Year 1000 Hours 204 Hours 1000
85°C/85% R.H. Steam Temp Cycles

1/645 2/504 1/300

1988/69 (0.16%) (0.4%) (0.3%)

Process: CMOS

Number of bits: 1,048,576

Organization:

256K x 4 Package: 20-Pin PDIP
Table 1. Reliability Data Summary
Year High Voltage (7V) Dynamic Lifetest
168 Hrs 500 Hrs 1000 Hrs
1989 3/600 1/597 0/597

Failure Rate Prediction:

Due to small number of actual device hours on this new product, a detailed reliability prediction would not be meaningful.

Table 2. Additional Qualification Tests

Year 1000 Hours 204 Hrs 1000 150°C/1K Hrs
85°C/85% R.H. Steam Temp Cycies High Temp Storage
1 989 1/250 1/500 0/250 0/500
(0.40%) (0.20%) (0.0%) (0.0%)
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APPENDIX A
COMMON MOS FAILURE MECHANISMS

Oxide Defects

Oxide defects can cause dielectric breakdown in MOS
structures, resulting in an electrical short. Oxide dielec-
tric breakdown is dependent on time, ambient tempera-
ture and operating voltage. Oxide defects could be in-
duced by excessively thin oxide, polarization and con-
tamination. The activation energy for Oxide defects is
determined to be 0.3 eV.

Silicon Defects

Silicon defects are inherent in the unprocessed silicon
wafers and may also be generated by stresses on the
lattice during MOS processing. These silicon defects en-
hance parasitic leakage when they become active by
‘“‘gettering” contaminants. The activation energy for sil-
icon defects is determined to be 0.5 eV.

Refresh Degradation

In general, refresh failures are the result of degradation
of random single bits caused by localized carrier gener-
ation. A localized silicon defect can act as a gathering
site for contaminants and if this defect is located near a
storage cell, it can cause this isolated cell to have poor
refresh characteristics. The activation energy of refresh
degradation is 0.5 eV.

Contamination

MOS circuits can fail due to threshold voltage (Vt)
shifts when subjected to mobile ionic contamination.
This ionic contamination reaches critical circuits
through passivation defects subsequent to wafer pro-
cessing. Sodium is the most common species of ionic
contamination. The activation energy of ionic contami-
nation is 1.0 eV.

Metallization Defects

Metallization defects (defects relating to metal conduc-
tor paths on the semiconductor die) can occur due to
metal contamination, excess current density (electromi-
gration) in the conductors, microcracks caused by
sharp oxide steps and overalloying due to migration of
metal through the semiconductor’s contact. The activa-
tion energy is 0.5 eV.

Soft Errors

Soft errors refer to random non-recurring single bit er-
rors and can be generated by noise in the device or
system or by impact ionization from alpha particles.
Alpha particles originating in the package penetrate the
die surface, sometimes generating sufficient charge to
switch the logic state of a cell. Soft error rates can be
reduced by using low alpha packaging materials, die
coating to prevent alpha particles from reaching the
chip surface and optimal circuit designs to resist alpha
particle disturbances.
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5116S/L
2K x 8-BIT CMOS STATIC RAM
5116S-10 5116S-12 Unit
Address Access Time (taa) 100 120 ns
Chip Select Access Time (tacs) 100 120 ns
Output Enable Access Time (tog) 40 50 ns

m Static Operation

— No Clock/Refresh Required
® Equal Access and Cycle Times

— Simplifies System Design
m Single +5V Supply

@ Power Down Mode
m TTL Compatible
m Common Data Input and Output
@ High Reliability 24-Pin 600 Mil PDIP

Package

The 5116S is a 2048-word by 8-bit CMOS static RAM fabricated using CMOS Silicon Gate process.

When the Chip Select is brought high, the device assumes a standby mode in which the standby current is
reduced to 2 uA (max). The 5116S has a data retention mode that guarantees that data will remain at

minimum power supply voltage of 2.0V.

Block Diagram

Pin Connections

Ao ‘ v, N\
cc
2——W " — A, T 241V
b ROW 4 128 o = i -
x 128 GND As]3 22[A
: DECODER| o MEMORY ARRAY 5 Ay
° ° o 21 We
O—W As5 20 GE
Ao : A, Cl6 19340
—] 0000000 A2E7 1a:|<:_1s
1
D,
o ® A 8 1730,
° . COLUMN 1/0 W= B 161D
P | weut
d p,C]10 153D
o DATA COLUMN DECODER oee 19 H 0
CIRCUIT o, 11 1430,
; N GND 12 13|30,
ST \
s ! 240571-2
AgO ® ® ou
Pin Names
s Ag—-A A Input
& o= controL 0-A1o | Address Inp
WE °: CIRCUIT Do-D7 | Data Input/Output
2405711 CsS Chip Select Input
WE Write Enable Input
OE Output Enable Input
Vee Power
GND Ground
October 1989
4-1 Order Number: 240571-002
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5116S/L

Device Operation

The 51168 has two control inputs: Chip Select (CS)
and Write Enable (WE). CS is the power control pin
and should be used for device operation. WE is the
data control pin and should be used to gate data at
the 170 pins.

Standby Power

The 51168 is placed in a standby or reduced power
consumption mode by applying a high (Vin) to the
CS input. When in standby mode, the device is dese-
lected and the outputs are in a high impedance
state, independent of the WE input.

Table 1. Mode Selection Truth Tabie

C5 | WE | OE | Mode 170 Power
H X X | Standby | HighZ | Standby
L L X Write DN | Active
L H L Read Dout Active
L X H Read High Z Active

Write Mode

Write Cycles may be controlled by either WE or CS.
In either case, both WE and CS must be high (Vin)
during address transitions. During a WE Controlled
write cycle, CS must be held low (V) while WE is
low. Address transfers occur on the falling edge of
WE and the data transfers on rising edge of WE.
During a CS controlled cycle, WE must be held low
(Vj) while CS is low. The addresses are then trans-
ferred on the falling edge of CS and data on the
rising edge of CS. Data, in both cases, must be valid
for a time tpy before the controlling input is brought
high (Vin) and remain valid for a time tpy after the
controlling input is high.

Read Mode

TS must be low (V) and WE must be high (V|n) to
activate a read cycle and obtain data at the outputs.
Given stable addresses, valid data is available after
a time taa.
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5116S/L

ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative

to Ground (Vin, VouT) —0.3Vto +7V
Storage Temperature (Tstg) —55°Cto +150°C
Power Dissipation (Pp) ...........ccoouvnnt. 1.0W
DC Continuous Output Current (Ips)

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum - Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the ‘“Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS Voltage referenced to Vgg, Ta = 0°C to 70°C

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.5 5.0 5.5 \
Vss . Ground 0 0 0 Vv
Viy Input High Voltage 2.2 Vcc+0.3 \"
ViL Input Low Voltage —-0.3. 0.8 \"
NOTE:
1. During transitions, the inputs may undershoot to —3.5V for periods less than 20 ns.
CAPACITANCE T4 = 25°C,f = 1.0 MHz
Symbol Parameter Min Max Unit
Cint Input Capacitance (V)N = 0V) 6 pF
Cout Output Capacitance (Voyt = 0V) 8 pF
NOTE:

This parameter is sampled and not 100% tested.
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5116S/L

D.C. AND OPERATING CHARACTERISTICS

Recommended Operating Conditions unless otherwise noted

Symbol Parameter Min Typ Max Units Test Conditions
lcct Operating Current 30 40 mA Vce = Max,CS = V.
Outputs open
lcc2 Dynamic Current 30 60 mA Teye = Min, Voo = Max
Outputs open
s 3 mA CS =V
Isa1 Standby - [grpy 4 50 TS > Vg — 0.2V
Current . HA Viy = GND o V.
L 0.2* 2 IN oVee
L) Input Load Current -1 RA Vcoc = Max
ViN = GND to Vg
Lo Output Leakage -1 1 pA CS = Viu, Voo = Max
: Vout = GND to Vg
VoH Output High Voltage 24 \ lon = —1.0mA
VoL Output Low Voltage 0.4 \ loL = 2.1 mA
*Ta = 25°C
DATA RETENTION ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min Typ Max Units
VeoRr Voltage for Data Retention 2 \'
lccor Data Retention Current CS = Vg — 0.2V 0.05 2 pA
ViN = Voo — 0.2V
tcor Chip Deselect to 0 ns
Data Retention Time
tR Operation Recovery Time trc ns
Low V¢c Data Retention Waveform
DATA RETENTION MODE
———— e
Vee \4.5v Vo > 2V 4.5V ]
tooR tr
I
'( "
DON'T CARE
240571-3

4:4
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A.C. TEST CONDITIONS Timing Reference Level ............... ... ... 1.5V

‘Outputload................ 1 +
InputPulseLevels ................... 0.8Vto 2.4V Output Load TTL Load + 100 pF
Input Riseand Fall Times . .. ........covntn. 10ns

A.C. CHARACTERISTICS 15 = 0°Cto 70°C, Vo = 5V £10%

READ CYCLE
Symbol Parameter 5116S-10 51168-12 Unit
Min Max Min Max )
trc READ Cycle Time ) 100 120 ’ ns
taA Address Access Time 100 120 ns
tacs Chip Select Access Time 100 120 ns
toH Output Hold from 10 ) 10 ns
Address Change :
toLz Chip Selection to ’ 10 10 : ns
Output in Low Z
tcHz Chip Deselection to 0 40 0 40 ns
Output in High Z
toe Output Enable 40 50 ns
Access Time
toLz Output Enable to 10 10 ns
Output in Low Z ’
toHz Output Enable to 0 40 0 40 ns
Output in High Z
READ CYCLE NO. 1(1)
o tre
ADDRESS )( )&
taa
Ot % i
tor — ; letoH +]
(5)
o ﬁ( » oLz /s 7!
tacs = tenz®
te2® et
DATA OUT 4 DATA VALID
. 2405714




lntel' 5116S/L
READ CYCLE NO. 2(1,2,4)
tre
ADDRESS )(
taa ton —|
ton
DATA OUT /XX><)( DATA VALID
240571-5
READ CYCLE NO.3(1.3,4)
[
tacs ton
te.2®
DATA OUT - DATA VALID
240571-6
NOTES:
1. WE is high for READ Cycle. The first transitioning address.
2. Device is continuously selected; CS = Vi
3. Address valid prior to or coincident with CS transition low.
4. 0OE = V..
5. Transition is measured at =500 mV from steady state voltage.
A.C. CHARACTERISTICS Tp = 0°Cto 70°C, Vo = 5V *10% (Continued)
WRITE CYCLE
Symbol Parameter 51168-10 51168-12 Unit
Min Max Min Max
twe WRITE Cycle Time 100 120 ns
tcw Chip Selection to 65 70 ns
End of Write
taw Address Valid to 80 105 ns
End of Write
tas Address Set-Up Time 0 0 ns
twp Write Pulse Width 60 70 ns
twr Write Recovery Time 10 10 ns
tow Data Valid to End 30 35 ns
of Write
tpH Data Hold Time 10 10 ns
twHz Write Enable to 30 0 35 ns
Output in High Z
tow Output Active from 10 10 ns
End of Write
toHz Output Disable to 0 40 0 40 ns
Output in High Z
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WRITE CYCLE NO. 1(1)

al
%]

AARANARANVARNAR )

ADDRESS )( — )( -
o« /LT RO

L1

taw

] tas

WE
we RN 7/
tonz( 19 typ?
\NAVAVAVANAVAVA VAV VAN
DATA OUT =iy e
tow toH
DATA IN j’) DATA IN VALID XXXXXX)O(
2405717
WRITE CYCLE NO. 2(1,6)
twe
ADDRESS X X
) tow e twR(s)
5
& NN X S
taw
typ®
. m r——
tas ‘wuz(“"") Jow(m) )
AVAVANY \ \ AN \
DATA OUT === 77 7 77
tow ton - (9)
DATA IN DATA IN VALID e%eé
240571-8

NOTES:
1. WE must be high during address transitions. e .
2. A Write occurs during the overlap (twp) of a low CS and a low WE.

3. All Write Cycle timings are referenced from the last valid address to the first transitioning address.

4. During this period, I/O pins are in tri-state.

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in tri-

state.

6. OE is continuously low (OE = Vj).

7. Doyt is the same phase of write data on this write cycle.

8. Dour is the read data of next address.

9. If CS is low during this period, I/0 pins are in output state.

10. Transition is measured at £500 mV from steady state voltage.
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PACKAGE OUTLINE

24-DI
P Normal Shrink

24 13
L L L 1304025 | 6.35%0.2

31.0103 22.0%0.25

N

15.24TYP. | 7.62TYP.

o } BN

rATATAT vvivvvvv‘g 4.25%02 3.45%0.2

5.1+02 4202

P—2.54TYP. | P—1 778TYP.

Q|®|0|®|® |0 |0

6]
| SIS I

0.5+0.1 0.46+0.1

—4
— 0.25£0.05

® JL@ 3.25£0.2 \o/o~150

]

240571-9
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5164S/L
8K x 8-BIT CMOS STATIC RAM

5164S/L-07 5164S/L-10 Units
Address Access Time (taa) 70 100 ns
Chip Select Access Time (tacs) 70 100 ns
Output Enable Access Time (tog) 35 55 ns

Static Operation

--No Clock/Refresh Required

Equal Access and Cycle Times
— Simplifies System Design

Single + 5V Supply

| Power Down Mode
B TTL Compatible
B Common Data Input and Output

# High Reliability 28-Pin 600 Mil PDIP and
28-Pin SOP Package Types

The 5164S/L is a 8192-word by 8-bit CMOS static RAM fabricated using CMOS Silicon Gate process.

The 5164S/L is placed in a standby or reduced power consumption mode by asserting either CS input (CSj,
CSy) false. When in_standby mode, the device is deselected and the outputs are in a high impedance state,
independent of the WE input. When device is deselected, standby current is reduced to 100 pA (max). The
device will remain in standby mode until both pins are asserted true again. The device has a data retention
mode that guarantees that data will remain valid at minimum Vgc of 2.0V.

Pin Connections

U/
Nedt 28 3vc
A2 27 A WE
) A3 26 cs,
Block Diagram = 251,
l ;: AsOs 24[A
_— 5 9
AeQ . —OVec W= 233,
Aeé—ﬁ; Row . 256 x 256 o 07 22R0F
Decoder | , Memory Array A8 210340
A110-—$ . ¥ = [ 20383,
A d o A 10 19D,
12
Dy 11 18D
M [ ] = g 6
0,12 17030,
Do?—m . Column 1/0 D413 163D,
. Input | < GND ] 14 153D
N Data Column Decoder cee
. Circuit 240570-2
3 P . S
D, 0~ .
7 o Lé Lél—é Pin Names
AgO + ¢ OAzO0A
0 0 | Ag-A42 | Address Input
cs, Do-D7 Data Input/Output
o=2—] control — -
oj CE ircutt CS; Chip Select One
WE :
2405701 CS», Chip Select Two
WE Write Enable
OE Output Enable
Veo Power
GND Ground
April 1990

4-9
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51648/L

Device Operation

The 5164S/L has three control inputs: Two Chip Se-
lects (CS4, CSy)-and Write Enable (WE). WE is the
data control pin and should be used to gate data at
the 1/0 pins. A write cycle starts at the lowest tran-
sition of CS4, low WE or high CS, and ends at the

earliest transitiion of CSy, high WE or low CSy. Out
Enable (OE) is used for precise control of the out-
puts.

The availability of active high and active low chip
enable pins provides more system design flexibility
than single chip enable devices.

Table 1. Mode Selection Truth Table

Cs, CS, WE OE Mode 1/0 Power
H X X X Standby High Z Standby
X L X X Standby High Z Standby
L H L X Write Din Active
L H H L Read Dout Active
L H H H Read High Z Active
ABSOLUTE MAXIMUM RATINGS NOTICE: This is a production data sheet. The specifi-
Vol Any P cations are subject to change without notice.
olitage on Any Pin . - - - >
Relative to Ground (Vin, VouT) - .- - —0.3Vio 7V WAHN/NG. St'res.s:/'ng the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
Storage Temperature (Tstg) . ... —55°Cto +150°C These are stress ratings only. Operation beyond the
Power Dissipation (Pp) ..........ccoouvenn.. 10w 'Operating Conditions™ is not recommended and ex-
. tended exposure beyond the “Operating Conditions”
DC Continuous Output Current (Ipg) . ........ 50 mA may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
Voltage referenced to Vgg, Tao = 0°C to 70°C

Symbol Parameter Min Typ Max Units

Veo Supply Voitage 45 5.0 5.5 \

Vss Ground 0 0 0 \'

ViH input High Voltage 2.2 — Voo + 0.3 \

Vi Input Low Voltage —0.3 — 0.8 \
NOTE:

1. During transitions, the inputs may undershoot to —3.5V for periods less than 20 ns.

CAPACITANCE T, = 25°C, f = 1.0 MHz

Symbol Parameter Min Max Units

CiNt Input Capacitance (Viy = 0V) — 6 pF

Cout Output Capacitance (Voyt = 0V) — 8 pF
NOTE:

This parameter is sampled and not 100% tested.
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D.C. AND OPERATING CHARACTERISTICS

Recommended Operating Conditions unless otherwise noted

Symbol Parameter Min Typ* Max Units Test Conditions
lcct Operating Current — 30 40 mA CST =V,CS2 = V|
1/0 Open, Voo = Max
lcc2 Dynamic Current — 30 60 mA Tcyc = Min, Voo = Max
) 1/0 Open
s — 3 mA CST = V|gorCs2 = V.
1SB1 STD 0.02 2 mA CST > Vgg — 0.2V
Standby L _ 2 100 LA VIN = Voo — 0.2V or V)y < 0.2V
Current
Isg2 STD 0.02 2 mA CS2 < Vgg — 0.2V
L — 2 100 pA VIN =2 Voo — 0.2V or Vi £ 0.2V
M Input Load Current -1 — 1 pA Vce = Max
ViN- = GND to Voo
Lo Output Leakage -1 —_ 1 pA CST =V, CS2 =V
VouTt = Ground to Vg
VoH Output High Voltage | 2.4 —_ — v loH = —1.0mA
VoL Output Low Voltage — —_ 0.4 \'% loL = 2.1 mA

*Voc = 5V, Ta = 25°C

DATA RETENTION ELECTRICAL CHARACTERISTICS

Symbol Parameter Min Typ | Max | Units Test Conditions
VcDR Voltage for Data Retention 2 — \"
lccpr Data Retention Current — 1 RA CS1 = Vgg — 0.2V

VIN 2 Voc — 0.2VorViy < 0.2V

— 1 pA | CS2 < 0.2V
ViN =2 Voo — 0.2Vor Vi < 0.2V

tcDR Chip Deselect to 0 — — ns
Data Retention Time

R Opeation Recovery Time trc** | — — ns
**trc = Read Cycle Time




5164S/L

Low V¢ Data Retention Waveform

DATA RETENTION MODE

CSy=V¢c=0.2v

Cs,
Y e 240570-3
DATA RETENTION MODE
Vpr= 2V
S, =0.2V
______________________________________________ 240570~4
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A.C. TEST CONDITIONS

InputPulse Levels ................... 0.8Vto 2.4V
InputRiseand Fall Times .................... 5ns
Timing Reference Level ... .................. 1.5V
Outputload................ 1 TTL Load + 100 pF

A.C. CHARACTERISTICS
Ta = 0°C 10 70°C, Vo = 5V +10%

READ CYCLE
Symbol | Parameter 5164S/L-07 5164S/L-10 Units
. Min Max Min Max '

trc READ Cycle Time 70 100 ns

taA Address Access Time . 70 100 ns

tacs Chip Select Access Time* ’ 70 100 ns

toH Output Hold from 10 10 ns
Address Change

tcLz Chip Selection to 5 10 ns
Output in Low Z*

toHz Chip Deselection to ' 0 30 0 35 ns
Output in High Z2*

toe Output Enable Access Time 35 55 ns

toLz Output Enable to ' 5 5 ns
Output in Low Z

toHz Output Disable to. 0 30 0 35 ns
Output in High Z :

*Timing parameters referenced to both CS1 and CS2.
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TIMING DIAGRAMS

READ CYCLE 1(1,2,4)

RC

Address )( )(
ton far e——ton
Data Out Data Valid ‘q:
240570-5
READ CYCLE 2(1,3,4,6)
&, '—\ 4{'_—
: tacst ] tenzi
oLzt
Data Out Data Valid
240570-6
READ CYCLE 3(1,4,7)
cs, ,r Jt
: tacs2 | tenzz
CLZ2
Data Out Data Valid
240570-7
READ CYCLE 4(1)
Address J( 4)(
taa
a8 \WNNNOOIRRRRY 77777777777,
n tor le—— toy—r]
etz
s NN ([
tacsi
LZ1
s, [///1// ALATALRRRARALANANY
tacs2 fe—— tepz1(®)
terzz ——tonza(2:5) ——
Data Out 4 Data Valid j®—
240570-8

NOTES:

1. WE is high for READ cycle.

2. Device is continuously selected CST = V)_and CS2 = V|.

3. Address valid prior to or coincident with CST transition low.

4.0E = V|

5. Transition is measured +500 mV from steady state. This parameter is sampled and not 100% tested.
6. CS2 is high.

7. CS1is low.
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
]
Symbol Parameter 5164S/L-07 51648/L-10 Units
‘ Min Max Min Max
twe Write Cycle Time 70 100 ns
fcw Chip Selection to 60 70 ns
End of Write
taw Address Valid to 60 80 ns
End of Write
tas Address Set-Up Time 0 0 : ns
twp Write Pulse Width _ 40 60 ns
twr Write Recovery Time 10 15 ns
tow Data Valid to End 30 40 ns
of Write
toH Data Hold Time 0 15 ns
twHz Write Enable to 0 30 0 35 ns
Output in High Z ) )
tow Output Active from 5 10 ns
End of Write
tonz Output Disable to 0 30 0 35 ns
Output in High Z
WRITE CYCLE 1(1)
twe
Address )( )(
twr1(3)
ﬁ'{{{{{:éf?l \
tows (1) -
— (5)
CARIANERRRNARRRRRNNN, Y 2L
o LLLLLLLLY L LIS EALTATARRRRRNANY
tewz (11) ‘
taw twr2 (3)
tas :
WE EANRRNRNNNS J
twHz (410) twe(2)
AAVAVAAA A AR WY
Data Out 7777722 A2 LA L
ft—— tDw-——bq—— ‘DH——-&
Data In {X Data in Valid XOOOOOXX
240570-9
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WRITE CYCLE 2(1,6)

Address X X
towt (11) twr1(3)
CEAAAAIARARARARNNN & 2
os; YLLLLLLLILLLLLF P ALLARRARARRRARRAAN
taw w2 (1) twrz (3)
twp(2)
WE EANRRRRRRRY i A N
e tas twHz (410) [~ tow(10) ) | (8)
Data Out
tpw —+——1py (9)
Data In 4{2— Data in Valid
240570-10

NOTES:

1. WE must be high during address transitions. o

2. A write occurs during the overlap (twp) of a low CS, a high CS, and a low WE.

3. twr is measured from the earlier of CS or WE going high or CS going low to the end of write cycle.

4. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be
applied.

5. If the CS low transition or the CS high transition occurs simultaneously with the WE low transitions or after the WE
transition, outputs remain in a high impedance state.

6. OE is continuously low (OE = V)

7. Doyt is the same phase of write data of this write cycle.

8. Dour is the read data of next address.

9. If CS is low and CS is high during this period, I/0O pins are in the output state. Then the data input signals of opposite
phase to the outputs must not be applied to them.

10. Transition is measured +500 mV from steady state. This parameter is sampled and not 100% tested.

11. tow is measured from the later of CS going low or CS going high to the end of write.

PACKAGE OUTLINE

28-DIP /’:37
oM g e g g ey oy iy —
i o 3 0°~ 159
O 3
P — o1 &
8 3
. ° °c 0.008 (0.20)
X 0.012(0.30)
1.465 (37.2)

0.145(3.68
0.155(3.93

0.120(3.05)
MIN
|_0.020(0.51)
9.1(2.54) 0.014(0.36 MIN
v 0.060 (1.52) 0.022(0.56
TYP

240570-11

Units = millimeter (mm)
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PACKAGE OUTLINE

28-PIN SOP

28=- 0.4% 0.1 . P=1.27TYP.

3 )

15

ﬁanannnnnnn

L;O J
TUUU000000 00T j—

0.15
T
2.2%0.2

n

N

0.1%0.1

240570-12

Units = millimeter (mm)
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51256S/L
32K x 8-BIT CMOS STATIC RAM
51256S/L-07 51256S/L-10 Unit
Address Access Time (taa) 70 100 ns
Chip Select Access Time (tacs) 70 100 ns
Output Enable Access Time (tog) 40 50 ns
m Static Operation ‘ ® Power Down Mode
— No Clock/Refresh Required ® TTL Compatible

m Equal Access and Cycle Times ®m Common Data Input and Output
— Simplifies System Design . Lo .
®m High Reliability 28-Pin 600 Mil PDIP and

m Single + 5V Supply 28-Pin SOP Package Types
The 51256S/L is a 32768-word by 8-bit CMOS static RAM fabricated using CMOS Silicon Gate process.
When the Chip Select is brought high, the device assumes a standby mode in which the standby current is

reduced to 100 pA (max). The device has a data retention mode that guarantees that data will remain valid at
minimum Vg of 2.0V.

Pin Connections

-/
A O 283 Ve
. . A2 27 AAWE
Functional Block Diagram A, 03 26745
A Vee AgCh4 25 Ag
4 S—Do— ° <« As]5 24349
o Row | ® 1024 x 256 = A L6 23844
: DECODER| o MEMORY ARRAY A; 037 220
® ‘ ° A08 2100 A9
At o—% A0 20§ TS
red e0vecee Ao 10 19830,
D311 18{3Dg
®
1/01 :)———E . COLUMN 1/0 p,12 173Ds
[
. INPUT 0,313 16030,
o DATA COLUMN DECODER ooe GND [ 14 15[,
CIRCUIT
[ ]
1/08 O NG Y 240572-2
LJ Pin Names
® o & @
Ag Az Agp Ao-Aq14 | Address
Do-D7 Data Input/Output
cs [o] Chip Select
& S conroL Si hip Selec
WE °O CIRCUIT WE Write Enable
240572-1 OE Output Enable
Vce Power
GND Ground

April 1990
4-18 Order Number: 240572-004



Inter 51256S/L

Device Operation

The 51256S/L has two control inputs: Chip Select
(CS) and Write Enable (WE). CS is the power control
pin used for device operation. WE is the data control
pin used to gate data at the 1/O pins. Out Enable
(OE) is used for precise control of the outputs.

ABSOLUTE MAXIMUM RATINGS
Voltage on Any Pin

Relative to Ground (Vin, VouT) - - - - —0.3Vto 7V
Storage Temperature (Tgtg) - ... —55°C to +150°C
Power Dissipation (Pp) ........c.cooiiint. 1.0W
DC Continuous Output Current (Ipg) . ... ..... 50 mA

Table 1. Mode Selection Truth Table

CS | WE | OE | Mode 1/0 Power

Standby | High Z | Standby
Read High Z Active
Read Dout Active

Write Din Active

rjir|{r|I
r|lIT|X]|X
X || I |X

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
Voltage referenced to Vgg, To = 0°C to 70°C

Parameter Symbol Min Typ Max Unit
Supply Voltage Vee 4.5 5.0 5.5 Vv .
Ground Vss 0 0 0 v
Input High Voltage VIH 22 Vo + 0.5 \
Input Low Voltage VL -0.3 0.8 v

NOTE: .
VL (Min) = —3.0V for 20 ns pulse.

CAPACITANCE Tp = 25°C,f = 1.0 MHz

Symbol Parameter Min Max Unit

Cint Input Capacitance (V|y = 0V) 8 pF

Cout Output Capacitance (Voyt = 0V) 10 pF
NOTE: ‘

This parameter is sampled and not 100% tested.

4-19



intel

51256S/L

D.C. AND OPERATING CHARACTERISTICS

Recommended Operating Conditions unless otherwise noted

Symbol Parameter Min Typ* Max Units Test Conditions
lcct Operating Current 35 40 mA Voo = Max, CS = v
: 1/0 Open
lcce Dynamic Operating 35 60 mA Min Cycle, CS = V)
Current Vce = Max, I/0 Open
Is — 3 mA CS =VjH
IsB4 Standby Current Std. — — 1 mA TS = Voo = 0.2V
L — 2 100 pA
I Input Load Current -1 1 wA Vco = Max
ViN = GND to Voo
Lo Output Leakage -1 1 pA CS =V
VouTt = Ground to Vg
VoH Output High Voltage 2.4 \ lon = —1.0mA
VoL Output Low Voltage 0.4 \" loL= —2.1mA
*Voo = 5V, Ta = 25°C
DATA RETENTION ELECTRICAL CHARACTERISTICS
Symbol Parameter Min Typ Max Units Test Conditions
VCDR Voltage for Data Retention 2 \"
IccoR Data Retention Current 2 50 A CS > Vg — 0.2V
Voe = 3.0V
tcor Chip Deselect to 0 ns
Data Retention Time
tR Operation Recovery Time trc™* ns
**trc = Read Cycle Time
Low V¢ Data Retention Waveform
\ DATA RETENTION MODE |
Vee 4.5V VDR =2V 4.5V
teor tg
— I<_ \ VoRr / —’|
& 2w K
240572-3
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A.C. TEST CONDITIONS

InputPulseLevels ................... 0.8Vto 2.4V
Input Rise and Fall Times .................... 5ns
Timing Reference Level ..................... 1.5V
Outputload................ 1TTL Load + 100 pF

A.C. CHARACTERISTICS
Ta = 0°C to 70°C, Vg = 5V £10%

READ CYCLE

Symboi Parameter 51256S/L-07 51256S/L-10 Unit
Min Max Min Max

tRc READ Cycle Time 70 100 ns

tAA Address Access Time 70 100 ns

tacs Chip Select Access Time 70 100 | ns

toH Output Hold from 10 10 ns
Address Change

toLz Chip Selection to 5 10 - ns
Output in Low Z

tcHz Chip Deselection to 0 35 0 35 ns
Output in High Z

toe Output Enable Access Time 40 50 ns

toLz Output Enable to 5 5 ns
Outputin Low Z

toHz Output Disable to 0 35 0 35 ns
Output in High Z

4-21
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TIMING DIAGRAMS

READ CYCLE(1)

tre |
ADDRESS )(
taa
AARITIRRIRRRRRRRN y A
toe ton
_ e  t I
& AN i A
tacs tenz(s)
teLz(s) tenz(s)
Dour ( 00.._
240572-4
READ CYCLE 2(1,2,4)
tre |
ADDRESS 3(
tAA tOH—-—-*
ton
Dour ><
240572-5
READ CYCLE 3(1,3,4)
CHIP SELECT \K
facs l teHz(s)
teLz(s)
Doyt
240572-6

NOTES:

1. WE is high for Read Cycle.

2. Device is continuously selected, CS = V.

3. Address valid prior to or coincident with CS transition low.

4, 0E = V..

5. Transition is measured 500 mV from steady. This parameter is sampled and not 100% tested.
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
Symbol Parameter 51256S/L-07 51256S/L-10 Unit
Min Max Min Max
twc WRITE Cycle Time 70 100 ns
tow Chip Selection to 45 80 ns
End of Write
taw Address Valid to 65 80 ns
End of Write
tas ~ Address Set-Up Time 0 ‘ 0 ns
twp - Write Pulse Width 45 70 ns
twr Write Recovery Time 5 5 ns
tow Data Valid to End 30 40 ns
of Write
tpH Data Hold Time 0 0 _ ns
twHz Write Enable to 0 40 0 35 ns
Output in High Z
tow Output Active from 5 10 ns
End of Write
toHz Output Disable to 0 35 0] 35 ns
Output in High Z
WRITE CYCLE 1(1)
twe
ADDRESS )( )(
twr(z)
J— \
o /)11 ERARRRRRNY
: tew
_ CHZ(5)
S AN A
taw
. > tas
" NN A
toHz(4, 10) : twe(2)
D AV VANV VA VAY
our /LIl
tow ton
& XXX

240572-7
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WRITE CYCLE 2(1, 6)

twe
ADDRESS J( X
= tew le— twr(3)
S WWANAWNNWWY 1 /
taw
_ twp(2) /
" AR 1o
tas twHz(4,10) tow(10) -
D, AANNANANANAN AN NN NNV
out i LL

r tow ——sle— tpy ﬁsj
NONNNNINS

O ’\ I|\/VVVV\/V\

240572-8

NOTES:

1. WE must be high during all address transitions.

2. A write occurs during the overlap (twp) of a low CS and low WE.

3. twr is measured from the earlier of CS or WE going high to the end of write cycle.

4. During this period, 1/0 pins are in the output state so that the input signals of opposite phase to the outputs must not be
applied.

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a
high impedance state.

6. OE is continuously low (OE = V).

7. Dour is the same phase of write data of this write cycle.

8. Doyr is the read data of next address.

9. If CS is low during this period, 170 pins are in the output state. Then the data input signals of opposite phase to the output
must not be applied to them.

10. Transition is measured +500 mV from steady state. This parameter is sampled and not 100% tested.

PACKAGE OUTLINE

28-DIP

I

0°~ 159

AL L L L Y

'

- ———o-1

0.55(14.0)
MAX

0.60 (15.24)
L3

0.008 (0.20)
N [0.012(0.30)

1.465 (37.2)

MAX

0.145(3.68)

0.155(3.93)

0.120(3.05)

MIN

T [ 0.020(051)
MIN

240572-9
Units = inches
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PACKAGE OUTLINE (Continued)

28-Pin SOP

28=- 0.4% 0.1 P= 1.27TYP.
()

. %H fReed |
inonoanoonnnngs Fa

=
=
Z

p

-
~ ]
o 3 @
H
© < 2
o o ~

<}~

(1.7)
I

TOI000000000000

18.0% 0.2 | 0.15£0.05

0.15
T
2.2%20.2

o=

0.1£0.1

240572-10
Units = millimeter (mm)
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HIGH SPEED CHMOS 4096 x 4-BIT STATIC RAM

51C68-30 51C68-35 51C68-35L
Max. Access Time (ns) ) 30 35 35
Max. Active Current (mA) 90 90 65
Max. Standby Current (mA) 10 10 5
Double Metal CHMOS 1l Technology B High Density 20-Pin Package
Completely Static Memory-No Clock Directly TTL Compatible

All Inputs and Outputs
@ Common Data Input & Output
Three-State Ouiput
® 2148H Upgrade

Equal Access & Cycle Times
Single +5V Supply

Automatic Power Down

0.8-2.0V Output Timing Reference

The Intel 51C68 is a 16,384-bit Static Random Access Memory organized as 4096 words x 4-bits. This
memory is fabricated using Intel’s high performance double metal CHMOS Il technology, with a full CHMOS
8T cell. This state of the art technology with HMOS il scaled transistors brings high performance to CMOS
Static RAMs. The design of the 51C68 offers a 4X density improvement over the industry standard 2148H with
improved performance.

CS controls the power down feature. In no more than a cycle time after CS goes high (deselecting the 51C68),
the part automatically reduces its power requirements and remains in this low power standby mode as long as
CS remains high. This device feature can result in system power savings as great as 90% in larger systems
where the majority of devices are deselected. Its non-power down companion, the 51C69, is available to
provide a fast chip select access time for speed critical applications.

The 51C68 is assembled in a 20-pin plastic or cerdip, 300 mil package configured with the industry standard
4K x 4 pinout. It is directly TTL compatible in all respects: inputs, outputs and a single + 5V supply. The datais
read out nondestructively and has the same polarity as the input data.

Pin Configuration Logic Symbol
Ay ——-————W — D —
-/ @
A4 [ 20 [ Vee —1 A0 ay ————— 5 —— o
As [J2 19 ] A3 —f A1 1/04 b= N - .
a6 [h3 18 ] A2 — A2 @ row 19 MEMORY ARRAY
a7 e 17 (3 a1 s Yo, - Al —T 0| Rk
a8 15 16 ] A0 A as r —————F]
a9 s 15 ] 1/04 s 1/05 b & —®—{l§
A0 [}7 14{]1/0, s ®
a1 s 1307 1/0 fe = -
s 2:1103 1 /04 {= T o o o |
1 _:l?_ uy
GND E 10 11 :l %‘ =148 Yo i COLUMN 1/0 CIRCUITS
- A9 1/0, ?— NPUT b COLUMN SELECT
2900911 —} A10 oy ?_ contRoL
M ow s Vo, T ol ol ®
? ? ‘ Atp Atp A Ag Ay
=D

290091-2 ' : [
a CIRCUIT |
WE

Pin Names 290091-3
Ao-Aqq Address Inputs Figure 1. 51C68 Block Diagram
WE Write Enable
TS Chip Select Truth Table
1/04~1/04 Data Input/Output cs WE Mode [{e] Power
Voo Power (+5V) H X Not Selected High-Z Standby
GND Ground L L Write Din Active
L H Read Dout Active

November 1989
4-26 Order Number: 280091-002
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias —10°Cto +85°C
Storage Temperature Cerdip . ... —65°Cto +150°C
Storage Temperature Plastic .... —65°Cto +125°C

Voltage on Any Pin with
Respectto Ground............

D.C. Contihuous Output Current
Power Dissipation. ..............coein... 1.0W

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect device reliability.

D.C. AND OPERATING CHARACTERISTICS(1)
Ta = 0°Cto +70°C, Voc = +5V +10% unless otherwise noted

Symbol Parameter Notes| Min |Typ(2)| Max |Unit Cor.\rdeifitons
L Input Load Current 001 | 1 | pA |[Voc = Max, Vin = GND to Veg
(All Input Pins) )
ILo Output Leakage Current 0.1 10 | pA |CS = V|, Voo = Max,
Vout = GND to Vg
loc Operating Current 5 60 90 | mA |Vge = Max, CS =V,
Outputs Open
Isg Standby Current 3 10 | mA |Voc = Minto Max, CS = Viy
ViL Input Low Voltage —05 0.8 \"
ViH Input High Voltage 2.0 6.0 Vv
VoL Output Low Voltage 0.4 V |loL=8mA
VoH Output High Voltage 24 V |loyH = —4mA
los Output Short Circuit Current 3 —300 +300| mA | Voo = Max, Viy = GND to Vg
NOTES: :

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute.
Typical thermal resistance values of the package at maximum temperatures are:

For Cerdip 04a (@ 400 fpm air flow) = 40° C/W
044 (still air) = 70° C/W
0yc = 25°CC/W

For Plastic 0,4A (@ 400 fpm air flow) = 70° C/W

A (still air) = 109° C/W
0,c = 42° C/W

2. Typical limits are at Voo = 5V, Tpo = +25°C with load shown in Figure 2.
3. Output shorted for no more than 1 sec. No more than one output shorted at any time.
4. Minimum DC input voltage is —0.5V. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns.

5. Icc max for 51C68-35L is 65 mA.
6. lsg max for 51C68-35L is 5 mA.
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A.C. TEST CONDITIONS

Input Pulse Levels................... GND to 3.0V
Input Rise and Fall Times .. .................. 5ns
Input Timing Reference Level ......... [ 1.5V
butput Timing Reference Levels ......... 0.8vV-2.0V
Outputload...........cooviiiiin.t. See Figure 2

CAPACITANCE(?) T, = 25°C, f = 1.0 MHz

Symbol Parameter | Max | Unit | Conditions

CiN Address/Control| 5 | pF |V|Ny = OV
Capacitance

Cio Input/Output 7 | pF [Vout = OV
Capacitance

NOTE:

7. This parameter is sampled and not 100% tested.

1670
D ouT T—Wv— 1.73v
30 pF (including Scope

and Jig Capacitance)

J

290091-4

167Q

D ouT TWv—
U

1.73V

(including Scope
and Jig Capacitance)

290091-5

Figure 2. Output Load

Figure 3. Output Load for tyz, t| 2z, twz, tow

A.C. CHARACTERISTICS T = 0°Cto +70°C, Vg = +5V £10%, unless otherwise noted

READ CYCLE
Symbol Parameter L 5511CC:6688.:'3355L Unit Test
Min Max Min Max Conditions
trc Read Cycle Time 30 35 ns | (Note 1)
tAA Address Access Time 30 35 ns
tacs Chip Select Access Time 30 35 ns | (Note 8)
toH Output Hold from Address Change ns
tLz Chip Selection Output in Low Z ns .| (Notes 2,3,&7)
thz Chip Deselection Output in High Z 15 15 ns | (Notes2,3&7)
tpy Chip Selection to Power Up Time 0 0 ns | (Note7)
tpD Chip Deselection to Power Down Time 30 35 ns (N‘ot'e 7)
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WAVEFORMS

READ CYCLE NO. 1(4,5)

!

tre
ADDRESS )k ‘

taa
e toy
DATA 0UT  PREVIOUS DATA vALID X X X DATA VALID
290091-6
READ CYCLE NO. 2(4,6,8)
tre
cs 5‘( 7(
tacs {

tz [ tyz —
HIGH IMPEDANCE
DATA OUT DATA VALID HicH
IMPEDANCE
— tpy - tep
log *=========
!

SB

290091-7

NOTES:

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address.

2. At any given temperature and voltage condition, tz max. is less than t 7z min. both for a given device and from device to
device.

3. Transition is measured +500 mV from steady state voltage with specified loading in Figure 3.

4. WE is high for Read Cycles.

5. Device is continuously selected, CS = V.

6. Addresses valid prior to or coincident with CS transition low.

7. This parameter is sampled and not 100% tested.

8. Chip deselected for a finite time prior to selection. If the deselect time is 0 ns, the chip is by definition selected and
access occurs according to Read Cycle No. 1.
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A.C. CHARACTERISTICS
Ta = 0°Cto +70°C, Vo = +5V £10%, unless otherwise noted (Continued)

WRITE CYCLE
51C68-35
Symbol Parameter 51C68-30 51C68-35L Unit Test
Min Max Min Max Conditions
twc Write Cycle Time 30 35 ns (Note 2)
tow Chip Selection to End of Write 25 30 ns
taw Address Valid to End of Write 25 30 ns
tas Address Setup Time 0 0 ns
twp Write Pulse Width 25 30 ns
twR Write Recovery Time 5 ns
tow Data Valid to End of Write 15 15 ns
tpH Data Hold Time ns
twz Write Enable to Output in High Z 15 15 ns (Note 3)
tow Output Active from End of Write ns (Note 3)
WAVEFORMS
WRITE CYCLE NO. 1 (WE CONTROLLED))
I tWC |
ADDRESS * *
' tew .
= TR, 777777777 77T777777
taw
tas twe twr —
WE X\ k 7
tow tou
DATA IN DATA IN VALID
—twz ‘:l L‘ tow "‘,
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED ) -\
290091-8
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WRITE CYCLE NO. 2 (CS CONTROLLED)()

e twe
ADDRESS * X

cs —_-3L A+
NN 2L
DATA oOuT ‘DATA UNDEFINED 4; HIGH TMPEDANCE

290091-9

NOTES:

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state.

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
3. Transition is measured =500 mV from steady state voltage with specmed loading in Figure 3.

4. CS or WE must be high during address transitions.
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51C98
HIGH SPEED CHMOS 16,384 x 4-BIT STATIC RAM
] 51C98-20 51C98-25 51C98-30
Max. Access Time (ns) 20 25 30
Max. Active Current (mA) 100 100 100
Max. Standby Current (mA) 15 15 15

m Static Operation
— No Clock/Refresh Required

m Equal Access and Cycle Times
— Simplifies System Design

m Single +5V Supply

@ Power Down Mode

m TTL Compatible

B Common Data Input and Output
® High Reliability Ceramic Package

The 51C98 is a 65,536-bit high speed static RAM configured as 16K x 4. It is fabricated using Intel’s high
performance 1.0 micron CHMOS IV technology. This state of the art technology, coupled with Intel’s innova-
tive 6T cell design, virtually eliminates latch-up and alpha induced soft errors without organic coating.

The power 'down feature, controlled by CS, also contributes greatly to system reliability. The device’s power
consumption is reduced 10-fold when in this low power standby mode. In fact, 85% system power reduction is
achievable in large systems where a majority of the devices are deselected.

Pin Configuration Logic Symbol
N
Ao [] 1 22 ] Vee —1Aq
MO 2 21 ] M3 —A, 1/0,F
A Os 20 ] A2 —A,
A3 4 197 A1 —As 1/0,
A s 18] Ao A,
As [ s 17 4 —As |/oz,L
As [} 7 160 ] 1/0,4 —Ag
AOs 150 1/05 —4A; 1/04
Ag ]9 140].1/0, —Ag
cs [ 10 130 1/0, = Ag
GND 1 12 ] WE -4 A
10
=121
2404421
1412
-1 A
3 we cs
? ? 240442-2
Pin Names
AO-A13 | Address Inputs | 1/01-1/04 | Data In/Out
WE Write Enable Veo Power (-+5V)
CS Chip Select GND Ground
December 1989
4-32 Order Number: 240442-002
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ROW
SELECT

— Vee
[¢——GND
MEMORY ARRAY

256 ROWS
256 COLUMNS

1/04

COLUMN 1/0

COLUMN SELECT

1/0
/02 INPUT

DATA
CONTROL

1/05

1/04

11T

B

240442-3

Figure 1. Block Diagram

DEVICE OPERATION

The 51C98 has two control inputs: Chip Select (CS)
and Write Enable - (WE). CS is the power control pin
and should be used for device operation. WE is the
data control pin and should be used to gate data at
the 170 pins.

Standby Power

The 51C98 is placed in a standby or reduced power
consumption mode by applying a high (Vjy) to the
CS input. When in standby mode, the device is dese-
lected and the outputs are in a high impedance
state, independent of the WE input.

Table 1. Mode Selection Truth Table

CS | WE Mode 1/0 Power
H X Standby High-Z Standby
L L Write DN Active
L H Read Dout Active

4-33

Write Mode

Write Cycles may be controlled by either WE or CS.
In either case, both WE. and CS must be high (V|y)
during address transitions. During a WE Controlled
write cycle, CS must be held low (V) while WE is
low. Address transfers occur on the falling edge of
WE and the data transfers on rising edge of WE.
During a CS controlled ‘cycle, WE must be held low
(Vi) while CS is low. The addresses are then trans-
ferred on the falling edge of CS and data on the
rising edge of CS. Data, in both cases, must be valid
for a time tpy before the controlling input is brought
high (Vj4) and remain valid for a time tpy after the
controlling input is high.

Read Mode

CS must be low (V) ) and WE must be high (Vi) to
activate a read cycle and obtain data at the outputs.
Given stable addresses, valid data is available after
a time taa. .
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative
to Ground (ViN, VouT) v v v v e —-1.0Vto +7.0V

Storage Temperature (Ceramic)

(Tstg) ~vvvvmeeenineenne, —65°Cto +150°C
Power Dissipation (Pp) ...........c.coovennn 1.0W
DC Continuous Output Current (Ipg). .. ...... 50 mA

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” is not recommended and ex-
tended exposure beyond the *“Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS
Voltage referenced to Vgg, Tao = 0°C to +70°C

Symbol Parameter Min Typ Max Units
Vee Supply Voltage 45 5.0 5.5 \
Vss Ground 0 0 0 \
ViH Input High Voltage 2.2 Veo + 1 \"
VL Input Low Voltage —0.5 0.8 \"
NOTE:

1. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns.

CAPACITANCE T, = +25°C,f = 1.0 MHz

Symbol Parameter Min Max Units
CiNnt Input Capacitance (Vi = 0V) 7 pF
Cout Output Capacitance (Voyt = 0V) 7 pF
NOTE:
This parameter is sampled and not 100% tested.
D.C. AND OPERATING CHARACTERISTICS
Recommended Operating Conditions unless otherwise noted
Symbol Parameter Min Max Units Test Conditions
Icc Operating Current 100 mA Vce = Max
CS = V), Outputs
Open, Teycle = Min
Is Standby Current 15 mA Ve = Min to Max
CS = V4
I ~ Input Load Current -10 10 RA Voo = Max
ViN = GND to Ve
Lo Output Leakage -10 10 BA CS = Vi, Voo = Max
Vout = GND to 4.5V
VoH Output High Voltage 24 \" loH = —4mA
VoL Output Low Voltage 0.4 Vv loL = 8 mA
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DATA RETENTION ELECTRICAL CHARACTERISTICS

Symbol Parameter Min Typ Max Units Test Conditions
Vcpr Voltage for Data 2 ‘ v
Retention
lccor Data Retention | 95 500 pA CS > Vg — 0.2V Veg = 2V
Current ‘ 350 750 A VIN =2 Voo — 0.2V Voo = 3V
or < 0.2V
tcor Chip Deselect to 0 ns
Data Retention
Time
tr Operation Recovery trc ns
Time

Low V¢ Data Retention Waveform
DATA RETENTION MODE

Vee N5V Vor>2V 4.5V 4
teor tR
N \ VoR / \é
L ]
/A DON'T CARE
240442-4
A.C. TEST CONDITIONS
Input Pulse Levels................... GND to 3.0V
Input RiseandFall Times .................... 5ns
Timing Reference Level ..................... 1.5V
Outputload..................... See Figures 2, 3
1670 : 1670

Dout '—-r’VW— 1.73V Dout T'VV\— 1.73v
%30 pF %5 pF

240442-5 240442-6
Figure 2. Output Load Figure 3. Output Load for tyz, t, z, twz, tow
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A.C. CHARACTERISTICS
Ta = 0°C to +70°C, Vgg = 5V £10%

READ CYCLE
- - -3
Symbol Parameter 51C98-20 51C98-25 51C98-30 Units
Min Max Min Max Min Max

trc READ Cycle Time 20 25 30 ns

taA Address Access Time 20 25 30 ns

tacs Chip Select Access Time 20 25 30 ns

toH Output Hold from 3 3 3 ns
Address Change

tLz Chip Selection to 0 0 0 ns
Output in Low-Z

thz Chip Deselection to 15 ' 15 20 ns
Output in High-Z

tpu Chip Selection to 0 0 0 ns
Power Up Time

teD Chip Deselection to 20 25 30 ns
Power Down Time

NOTES:

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address.

2. At any given temperature and voltage, tyz(Max) is less than t| z(Min), both for a given device and from device to device.
3. Transition is measured at +500 mV from steady state voltage with specified loading in Figure 3.

READ CYCLE NO. 1(1,2)

tre
ADDRESS X *

taa

toH
DATA OUT  pRevious paTA vALD X X X DATA VALID

240442-7
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READ CYCLE NO. 2(1,3)

&\ —

- -
Y — =tz
HIGH IMPEDANCE W-J( ; HIGH
DATA OUT DATA VALID T

v \ tpp—
spry  © 50%
CURRENT lss
240442-8
NOTES:
1. WE is high for Read Cycles.
2. Device is continuously selected, CS = V.
3. Addresses valid prior to or coincident with CS transition low.
A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
Symbol Parameter 51C98-20 51C98-25 51C98-30 Units
Min Max Min - Max Min Max
twe Write Cycle Time(1) 20 25 30 ns
tow Chip Selection to 15 20 25 ns
End of Write ‘
taw Address Valid to 15 20 25 ns
End of Write
tas Address Set-Up Time 0 0 0 ns
twp Write Pulse Width 15 20 20 ns
twr Write Recovery Time 2 2 2 ns
tow Data Valid to End 12 15 15 ns
of Write ‘
toH Data Hold Time 0 0 0 . ns
twz Write Enable to 0 15 0 15 0 15 ns
Output in High-Z(2)
tow Output Active from 0 0 0 ns
End of Write(2)
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WRITE CYCLE NO. 1 (WE CONTROLLED)(3)

ADDRESS X
~ TNy 7

| t
—ts—= A - YR _’l
WE N i
ton
tow "1
DATA IN DATA IN VALID
- twz “:i I~ tow “’!,
HIGH IMPEDANCE
DATA OUT DATA UNDEFINED ), A

240442-9

NOTES:

1. All Write Cycle timings are referenced from the last valid address to the first transitioning address.
2. Transition is measured at +500 mV from steady state voltage with specified loading in Figure 3.
3. CS or WE must be high during address transitions.

WRITE CYCLE NO. 2 (CS CONTROLLED)(1,2)

ADDRESS X ' X
- _:‘_AS_\‘ oW 7{ i
7 TR, f////// T

tow
DATA IN DATA INVALID

HIGH IMPEDANCE

DATA OUT
240442-10

NOTES:

1. CS or WE must be high during address transitions.

2. If CS switches low coincident with or after WE switches low, the outputs will stay in a high impedance state. If CS
switches high or coincident with or after WE switches high, the outputs will stay in a high impedance state.
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HIGH SPEED 8192 x 8-BIT STATIC RAM

5164-20 | 5164-25 | 5164-30 | 5164-35
Max Access Time (ns) 20 25 30 35
Max Active Current (mA) 120 110 100 100
Max Standby Current (mA) 30 30 30 30
@ Static Operation B Power Down Mode

— No Clock/Refresh Required -

B Equal Access and Cycle Times
— Simplifies System Design

B Single +5V Supply
B 2V Data Retention Option Available

@ TTL Compatible
®E Common Data Input and Output
H 28-Pin 300 Mil Plastic Package

The 5164 is a 65,536-bit high speed static RAM conflgured as 8K x 8. Easy memory expansion is available with
two chip enables (CST and CS2) and an Output Enable (OE):

The power down feature contributes greatly to system reliability. The device’s power consumption is reduced
when in this low power standby mode. In fact, 85% system power reduction is achievable in large systems
where a majority of the devices are deselected.

Functional Block Diagram

Ao O——W ° le—o0 Vcc
° °
® DECODER| @ 256 x 256 [¢—0 GND
o . MEMORY ARRAY
o °
® |
Az O_W ° Pin Configurations
| N
ooooooo] ned PY] =179
A2 27 A WE
1/0, O—¢ * 12 . ‘
"o —E oUT : COLUMN 1/0 A, 3 26 [Cs,
° DATA Y AsLq4 2501 Ag
® CIRCUIT AsOs 24 Ag
/o el N (NG ; W= 233A,,
8 Y ‘ AsC]7 22| 6E
A, s 21834,
Ao 20[3CS,4
Ao 10 19[31/0g
&, v VN = T 18[1/0,
cs, CONTROL 1/0, 312 17 [31/04
E o CIRCUIT 1/056413 16{31/05
WE o GND Y14 15831/0,
2406741 2406742
Pin Names
Ao-Aq2 Address WE | Write Enable
1/01-1/0g | Data Input/Output | OE | Output Enable
CS,4 Chip Select GND | Ground
CSy Chip Select Veoc | Power
May 1990

4-39 Order Number: 240674-002
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5164

Device Operation

The 5164 has three control inputs: Two Chlp Selects
(CST, CS2) and Write Enable (WE). WE is the data
control pin and should be used to gate data at the
I/0 pins. When CS¢ and WE inputs are LOW and
CS, is HIGH, data is written into the memory and
reading is accomplished when CS; and OE are ac-
tive LOW, CS;, active HIGH and WE remains inactive
or HIGH.

Standby Power

The 5164 is placed in a standby or reduced power
consumption mode by applying a high (Vi) to the
CS; input or low (V)) to the CSy input. When in
standby mode, the device is deselected and the out-
puts are in a high impedance state, independent of
the WE input.

Table 1. Mode Selection Truth Table

CS;4 CS, WE OE Mode 1/0 Power
H X X X Standby High Z Standby
X L X X Standby High Z Standby
L H L X Write Din Active
L H H L Read Dout Active
L H H H Read High Z Active
ABSOLUTE MAXIMUM RATINGS
" Retaing 0 Ground (Vi Vour) ..~ 10V10 +7V | Berons s st v enange wipow oot oo
Storage Temperature *WARNING: Stressing the device beyond the “Absolute
(Geramic) (TsTg) -+ --vv o —65°Cto +150°C Maximum Ratings” may cause permanent damage.
Power Dissipation (Pp) ...............oooot. 1.0W These are stress ratings only. Operation beyond the
DC Continuous Output Current (lpg). .. .... .. 50 mA “Operating Conditions” is not recommended and ex.

tended exposure beyond the “Operating Conditions”
may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Voltage referenced to Vsg, To = 0°C to 70°C)

Symbol Parameter Min Typ Max Unit
Vee Supply Voltage 4.5 5.0 5.5 \"
Vss Ground 0 0 0 "
ViH Input High Voltage 2.2 Voo + 0.5 \
ViL Input Low Voltage —0.5 0.8 \'
NOTE:
1. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns.
CAPACITANCE (T5 = 25°C, f = 1.0 MHz)
Symbol Parameter Min Max Unit
CiNg Input Capacitance (Vjy = OV) 7 pF
Cout Output Capacitance (Voyt = 0V) 7 pF
NOTE:

This parameter is sampled and not 100% tested.
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D.C. AND OPERATING CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Symbol Parameter Min Max Units Test Conditions

Icc Operating Current 100 mA Vee = Max, CSy = V|
CS, = V|y, Outputs Open,
ToycLe = Min

Isg Standby Current 30 mA Voo = Min to Max
C§1 = VjporCSy = V|

lsB1 7 mA C§1 > Vge — 0.2V,

VIN = Voo — 0.2Voor
VN < 0.2V, Voo = Max

I Input Load Current —10 10 nA Voe = Max
ViN = GND to Ve
ILo Output Leakage -10 10 LA CSy = Vi, Vee = Max
| Vour = GND to Vce
VoH Output High Voltage 2.4 \Y lon = —4mA
VoL Output Low Voltage 0.4 \" loL = 8 mA.

DATA RETENTION ELECTRICAL CHARACTERISTICS

Symbol Parameter Min | Typ | Max | Units Test Conditions
VGDR Voltage for Data Retention | 2 Y '
lccor Data Retention Current 95 500 nA Voc = 2V | CSy = Vg — 0.2V
. VIN = Ve — 0.2V
50 | 750 A | Vec =3V | 'IN=VCC
8 K ce or < 0.2V
tcor Chip Deselect to 0 ns
Data Retention Time
R Operation Recovery Time trc ns
Low V¢c Data Retention Waveform
\ DATA RETENTION MODE |
Vee ) 4.5v . Vpr=2V 4.5V
teor R
— I" \ VDR / _‘I
Cs /% ViN Vi W
240674-3
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A.C. TEST CONDITIONS

Input Pulse Levels................... GND to 3.0V
Input Riseand Fall Times .................... 5ns
Timing Reference Level ..................... 1.5V

A.C. CHARACTERISTICS (Ta = 0°Cto 70°C, Vgg = 5V £10%)

READ CYCLE
‘ 5164-20 5164-25 5164-30 5164-35 .
Symbol Parameter Unit
Min | Max | Min | Max | Min | Max | Min | Max
tRc Read Cycle Time 20 25 30 35 ns
taAA Address Access Time 20 25 30 35 ns
tacs1 Chip Select 1 20 25 30 35 ns
Access Time
tacse Chip Select 2 20 25 30 35 ns
Access Time
toe Output Enable to 15 15 20 20 ns
Output Valid
toH Output Hold from 3 3 3 3 ns
Address Change
toLzd Chip Select 1 to 5 5 5 5 ns
‘ Output in Low Z
toLze Chip Select 2 to 5 5 5 5 ns
Output in Low Z
tcHz1 Chip Select 1 to 15 15 20 20 ns
Output in High Z ‘
tcHze Chiip Seiect 2 to 15 15 20 20 | ns
Output in High Z
toLz Output Enable to 0 0 0 0 ns
Output in Low Z
toHz Output Enable to 10 10 15 20 ns
Output in High Z
tpu Chip Selection to 0 0 0 0 ns
Power Up Time
tpD Chip Deselection to 20 | 25 30 35 ns
Power Down Time

NOTES:

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address.

2. At any given temperature and voltage, tcHz(Max) is less than tgz(Min), both for a given device and from device to
device.
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TIMING WAVEFORM OF READ CYCLE NO. 1(1)

tre |

ADDRESS >( '
tha ton —

& AW\ Z
toe

e——— torz(5) |

©2 / / il tacs2 \\
fe—— ta1z2(8) ———— tenzzA5) —
& X ' Z
test —tonz(5)’
torz1(5) tonzi(5)
DATAGyT ( (XX).—

240674-4
TIMING WAVEFORM OF READ CYCLE NO. 2(1,2,4)
tre |
ADDRESS >L
taa to —]
ton
DATAGuT (XX
240674-5
TIMING WAVEFORM OF READ CYCLE NO. 3(1,3,4)
= T\ —
G X 7
cs. 4 \
P — tacs2 <_‘__5
[ torz2(5) — chz2(5)
tacst .
touzi(5) — touz1(5)—
tpy
DATAyr ¢ —
le— tpy —»
CURRENT A 7‘
Iss .
PD —»|
et
" 240674-6

NOT_ES:

1. WE is HIGH for Read Cycle.

2. Device is continuously selected, CSy = V), CS = Vi,

3. Address valid prior to or coincident with CS; transition low and CS, transition high.
4.0E = V)L

5. Transition is measured +500 mV from steady state.
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5164
A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
Symbol Parameter 5164-20 5164-25 5164-30 5164-35 Units
Min | Max | Min | Max | Min | Max | Min | Max

twc Write Cycle Time 20 25 30 35 ns
tow1 Chip Selection 1 to

End of Write 15 20 25 30 ns
towe Chip Selection 2 to

End of Write 15 20 25 30 ns
taw Address Valid to

End of Write 15 20 25 30 ns
tas Address Set-Up Time 0 0 0 0 ns
twp Write Pulse Width 15 20 25 25 ns
twr Write Recovery Time 0 0 0 0 ns
tow Data Valid to

End of Write 15 15 15 15 ns
toH Data Hold Time 0 0 0 0 ns
twHz Write Enable to

Outputin High Z 0 12 0 15 0 15 0 15 ns
tow Output Active from

End of Write 0 0 0 0 ns
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TIMING WAVEFORM OF WRITE CYCLE NO. 1(1)

twe

ADDRESS X X
x /1[4 | RN

twra(3)
2 ///, i  NARNARANNY
R tow twr1(3)
& AN N 10000007/,
taw twr1(3)

W ANRRRNAN 7/
= tonz (4.9) ‘:I - twe(2) —*

AVAVAVAVAY
LL //II

HIGH IMPEDANCE
DATAqur

N1
»

- tow —{a— tpn —f

DATAN (DATAm VALID /XXXXX

240674-7
TIMING WAVEFORM OF WRITE CYCLE NO. 2(1,6)
twe
ADDRESS )( )(
[+ twr2(3)
ST & TR
tew twr1(3)
_ (5)
S AWK 7 /.
‘:w__ w2y L twri(®)
e T '
AS tynz(4.9) [+ tow(9) — (7)
DATAGUT 999222 @
tow —>fa— toH —
DATA |Ermmm VALID \XXXXX
240674-8

NOTES:

1. WE must be high during all address transitions.

2. A write occurs during the overlap (twp) of a low CS¢ and a high CS,.

3. twR1,2 is measured from the earlier of CSy or WE going high or CS, going low to the end of write cycle.

4. Dunng this period, 1/0 pins are in the output state so that the input signals must not be applied.

5. If the CS; low transition or CS; high transition occurs simultaneously with the WE low transitions or after the WE tran-
sition, outputs remain in a high impedance state.

6. OE is continuously low (OE = V).

7. DATAoyrT is the same phase of write data of this write cycle, as long as address does not change.

8. If CSy is low and CS; is hlgh during this period, 1/0 pins are in the output state. Data input signals must not be applied.
9. Transition is measured + 200 mV from steady state.
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28-PIN PLASTIC DIP

1 1.46 (37.08)
| 1.44(36.57)

_i
0.285(7.24
. 0.270(6.86
| e S gy e g s g wem y m g mm g wew g wes g mm gy e S gy - f
Pm1/‘f

SEATING PLANE 7

0.145(3.68
0.170(4.32)
0.135 %3.43% / 0.155 (3.93)

0.140(3.56)
0.120(3.05)
0.062(1.58) “ L 0.021(0.53
0.050(1.27) 0.016(0.41)
0.100(2.54)
TP
1.300 (33.02) .
TYP. -

0.330(8.26)

0.315(7.87)

L

0.380 (9.65)
0.350(8.69)

-

0.014(0.36
0.008 (0.20,

240674-9
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51256
HIGH SPEED 32K x 8-BIT STATIC RAM
51256-20 51256-25 51256-30 51256-35
Max Access Time (ns) 20 25 30° 35
Max. Active Current (mA) 100 100 100 100
Max Standby Current (mA) 30 30 30 30 .

B Static Operation
— No Clock/Refresh required

® Equal Access and Cycle Times
— Simplifies System Design

B Single +5V Supply

B 2V Data Retention Option Available
® Power Down Mode

B TTL compatible

® Common Data Input and Output

B 28-Pin 300 Mil Plastic PDIP Package

The 51256 is a 32,768-word by 8-bit high speed static RAM fabricated using a CMOS silicon gate process.
Easy memory expansion is provided by an active low Chip Select (CS) and an active low Output Enable. (OE).

The power down feature contributes greatly to system reliability. The device’s power consumption is reduced
when in this low power standby mode.

Pin Connections

A2 27 A WE ,
A3 263 A 5
Functional Block Diagram Ag] 4 2500 Ag
|| As 35 240 Ag
A4°_&: «—OVee W= 231Ay,
. Row | 1024 x 256 €—OGND As47 22|11 6E
: DECODER| | Memory Array A, 18 2100 Ao
: . A9 20p¢Cs
Ao d; - A 10 190,
1 ] I X | Do 11 18 Dg
Wy p, 12 17 30
Vo‘?'F_E‘ . Column 1/0 p, 13 1630,
. | INPUT GND ] 14 15|05
: DATA Column Decoder ees
: CIRCUIT 240801-2
1/0g 91> A
bL'T Pin Names
Ao As Mo Ag-A14 | ADDRESS
Do-D7 | DATAINPUT/OUTPUT
of o—] conreoL TS | CHIPSELECT
WE O— p—
2408011 WE WRITE ENABLE
OE OUTPUT ENABLE
Veeo POWER
GND | GROUND
August 1990
4-47 Order Number: 240801-001
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DEVICE OPERATION

The 51256 has two control inputs: Chip Select (CS)
and Write Enable (WE). WE is the data control pin to
be used to gate data at the /0O pins. When CS and
WE inputs are LOW, data is written into the memory
and reading is accomplished when CS and OE are
active LOW while Write Enable (WE) remains inac-
tive or HIGH.

STANDBY POWER

The 51256 is placed in a standby or reduced power
consumption mode by applying a high (Vin) to the
CS input. When in standby mode, the device is dese-
lected and outputs are in a high impedance state,
independent of the WE input.

4-48

Table 1. Mode Selection Truth Table

CS | WE | OE | Mode 1/0 Power
H | X | X | Standby | HighZ | Standby
L| L | x| wie | Dn | Actve
L H L Read Dout Active
L H H Read HighZ | Active
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51256
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNITS
Voltage on any pin relative to Ground | Vi, Vout —1.0to +7V \

Storage Temperature (Ceramic) Tstg —65to +150 °C
Power Dissipation Py w
DC Continuous Output Current los mA

NOTICE: This is a prodUction data sheet. The specifications are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute Maximum Ratings” may cause permanent damage. These
are stress ratings only. Operation beyond the “Operating Conditions” is not recommended and extended exposure

beyond the “Operating Conditions” may affect device reliability.

RECOMMENDED OPERATING CONDITIONS

(Voltage referenced to' Vgg, Ta = 0°C to 70°C)

Parameter Symbol Min Typ . Max ~ Units
Supply Voltage Vceo 45 5.0 5.5 \"
Ground Vss 0 0 0 \"
Input High Voltage VIH 2.2 Vcc+0.5 \"
Input Low Voltagé ViL —-0.5 0.8 \
NOTE:
During transitions, the inputs may undershoot to —2.0V for periods less than 20ns.
CAPACITANCE (T4 = 25°C, f = 1.0 MH2)
Parameter Symbol Min Max Units
Input Capacitance (V|y = 0V) CiN 8 pF
Output Capacitance (Voyt = 0V) Cout 8 pF

NOTE:

This parameter is sampled and not 100% tested.
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D.C. AND OPERATING CHARACTERISTICS

(Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Min Max Units Test Conditions
Operating Current Icc 100 mA Voc=Max., CS < Vi
outputs open, Teycle = Min.
Standby Power IsB 30 mA Voc = Max, CS > Viy
Supply Current IsB1 7 mA CS > Vgg—0.2v,
VIN 2 Vec—0.2V or
ViN < 0.2V, Voo =Max
Input Load Current L -10 10 wA Ve = Max
oV < V|n € Voo
Output Leakage ILo -10 10 pA CS = Vi, Voo = Max
0V < Vout £ Voo
Output High Voltage VoH 24 \ loH = —4.0mA
Output Low Voltage VoL 0.4 Vv loL = 8.0mA
DATA RETENTION ELECTRICAL CHARACTERISTICS
Symbol Parameter Test Conditions Min Typ Max Units
VcDR Voltage for Data Retention 2 Vv
IGCDR Data Retention Current CS = (Vgc — 0.2V) 95 50 pA
ViN= (Vg — 0.2V)
or < 0.2V (Vgc = 2V)
tcDR Chip Deselect to Data 0 ns
Retention Time
tr Operation Recovery Time tRc ns
LOW Vcc DATA RETENTION WAVEFORM
DATA RETENTION MODE
YR —
Vee 4.5V s Ver = 2V /- 4.5V
teor =tR
_ Vor *
& ZZZ
240801-3
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A.C. TEST QUESTIONS

InputPulse Levels................... GND to 3.0V
Input Riseand Fall Times .................... 5ns
Timing Reference Level ..................... 1.5V

A.C. CHARACTERISTICS
(Ta = 0° to 70°C, Vo = 5V + 10%)

READ CYCLE

Symbol Parameter 51256-25 | 51256-30 | 51256-35 | 51256-45 Units
Min | Max | Min | Max | Min | Max | Min | Max

trc Read Cycle Time 25 30 35 45 ns
taA Address Access Time 25 30 | 85 45 ns
tacs Chip Select Access Time 25 30 35 45 ns
toE Output Enable to Output Valid 15 20 20 20 ns
ton Output Hold from Address Change 5 5 5 5 ns
tocLz Chip Select to Output in Low Z 5 5 5 5 ns
tcHz Chip Deselect to Output in High Z 15 20 20 20 ns
toLz Output Enable to Output in Low Z 0 0 0 0 ns
tpy Chip Selection to Power Up Time 0 0 0 0 ns
trp Chip Deselection to Power Down Time 25 30 35 45 ns

NOTES:

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address.
2. At any given temperature and voltage, tcz (Max) is less than tg 7z (Min), bo