





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Let us next look at some of the product
areas where these technologies are or will be
applied.

Static RAMs

Several product areas show particularly
strong activity as indicated by new product intro-
ductions. This is especially true of 4K static RAMs.
Two main lines of development have emerged, one
aimed at speed and the other power. In the high
speed area, sub-50 nsec access time is the universal
goal and both MOS and bipolar devices are or will
soon be available. Parts in this speed range are
generally asynchronous (no chip-enable clock)
and high powered (-500mW dissipation).

However, by using the chip select input to
gate power to selected internal circuits, a reduction
of standby power to one tenth that of active has
been achielied. Characteristically, the circuits used
in these high speed parts are relatively simple, the
burden of performance being placed on the process
technology.

In the area of low power, 200 ns access
devices have been recently introduced which
provide dramatic power reductions over previous
NMGOS statics. This advance has been made possible
by two new developments: (1) the successful
implementation of a static cell which employs
near-intrinsic polysilicon load res..tors and (2) the
application of dynamic circuit techniques to the
peripheral circuitry. The high impedance loads
permit static cell operation at current levels com-
parable to PN junction leakage. Consequently,
virtually all power is dissipated in peripheral
circuitry. This dissipation is, in turn, reduced to
very low levels (without sacrificing speed) by
using the same dynamic circuit techniques that
have been used in dynamic RAMs. This clocked
CE approach thus provides low active power
(~50mW typically) with even lower standby power.
For those applications which require data retention
under battery-backup conditions for prolonged
periods, additional power reduction is possible at
reduced supply voltages. It is expected that further
improvements of these devices will take place,
particularly with regard to speed. Sub-100 ns
access performance is possible with advanced but
existing technology and efforts to achieve these
speeds are underway.

ROMs and PROMs

The next big step in ROMs soon to hit the
market will be devices at the 32K and 64K levels.
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Cell area in these ROMs is 0.25 mil2 or less, which
represents. about a factor of two reduction from
previous designs. As in the case of static RAMs,
application of dynamic circuit techniques provides
a means of achieving much higher performance,
both in terms of higher speed and lower power,
than is possible with more conventional approaches.
Typical operating power in one recently an-
nounced 64K ROM designed with a clocked CE
should be well under 100mW in the active mode
and approximately one fourth that in standby.
Access speeds in the 200ns to 300ns range are
achievable with such NMOS devices.

While the density in ROMs has quadrupled,
that of new generation EPROMs has also increased,
although only by a factor of two. New 16K devices
are now available, either as three supply (+12V,
+5V) versions, or as 5 volt single-supply parts (for
read mode). While 5 volt operation is highly
desirable, particularly in microprocessor systems,
the multisupply versions offer easy upgrade of
systems already designed for the older 8K devices.

Dynamic RAMs

For the moment, most of the controversy
that has historically accompanied dynamic RAM
progress has settled down with industry consensus
on a single 16K (as well as 4K) multiplexed specifi-
cation. Higher speed versions of these parts have
been introduced recently with access times of
120ns. Even faster versions are in development and
may be expected soon.

Most of the interest in this area now
facuses on what is coming next and how soon.
Generally, industry expectations are that the next
major product will be at the 64K level, that its
characteristics will be similar to the present 16K,
and that parts will become available in the 1979-
1980 time frame. The probable die size is antici-
pated to be in the range of 40,000 to 50,000
square mils.

However, the most desirable product or
that which will emerge may not correspond to
these projections. Some key questions that need to
be answered are: How should the next part be
organized — 64K x 1, 16K x 4, or other? How
should the part be packaged? What values of
supply voltage (and how many) are optimum?
Should the inputs be TTL compatible, or ECL?
What speed-power tradeoffs are there? Is a uni-
versal part possible or are different designs and
organizations essential for different applications?
The answers to these questions and others, if not
assessed properly, may cause as much confusion in
the next major dynamic RAM product as occurred
in the early 4K days.



CCD’s

Serial CCD memories have now emerged at
the 64K density level. However, the big question
that still remains is whether a major market for
CCD serial devices will actually develop. Die size
for these new 64K parts are generally very large by
current standards and involve rather complex
processing. Consequently, the costs of these
devices might not become low enough to be
attractive for widespread applications. It seems
possible that any big market for these CCD memo-
ries will wait until smaller cells, substantially faster
operation, less expensive fabrication, or higher
density, perhaps at the 256K level, allow the
economics to become more attractive.

Conclusion

NMOS continues to be the dominant tech-
nology in semiconductor memory, with more ad-
vanced forms moving into both higher speed
applications previously served only by bipolar and
into some very low power areas which, up until
now, were exclusively CMOS. While the fastest
memory components are presently bipolar, -it is
significant that NMOS performance has relatively
more to gain from anticipated future progress in
reducing device dimensions.

The move to single 5 volt, clocked operation
is becoming evident among most types of memory
devices. Asynchronous operation will remain desir-
able only in the highest speed products where con-
siderations of system skew become extremely
important.
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MOSTEK.

EVOLUTION OF MOS TECHNOLOGY

Technical Brief

ABSTRACT

In the past decade the computer industry has wit-
nessed the introduction and domination of the MOS
RAM. Technology changes from PMOS to NMOS
occurred with storage mechanisms going from 3 ele-
ments to 1. Density, correspondingly improved by a
factor of 16 times while performance improved by a
factor of 2. In this time frame devices evolved from
complex interface requirements to simple TTL circui-
try. These remarkable performance/density improve-
ments were achieved with clever process and design
innovations. Techniques used in the past have reached
their limit with ROM at 64K, dynamic RAM at 16K
and static RAM at 8K. A new technology will need to
emerge to permit further density improvements for
the future. Process and design techniques of the past
and future will be discussed with attention paid to
products and applications they will serve and create.

INTRODUCTION

The first density increment of MOS RAM to gain
wide acceptance in the computer industry was the 1K
device. The 1K device utilized P-Channel MOS tech-
nology due to the more tolerant nature of the pro-
cess. Unlike its predecessors the 64 and 256 bit RAM,
the 1K devices incorporated all decoding circuits on
the chip. The 1K market was dominated by the 1103
from Intel and the 4006 from MOSTEK. The 1103
and 4006 were both dynamic memory devices using a
small capacitor to temporarily store data. This storage
technique required a periodic refreshing to retain
data. The 1103 required high level clocks and com-
plex timing considerations while the 4006 was de-
signed for TTL compatibility and minimal timing re-
quirements. The 1103 became the dominant part and
was still being consumed in volume last year. The
4006 pinout was used by a static RAM of 1K bits.
This device generically known as the 2102 has en-
joyed enormous usage.

The 1103 and 4006 utilized a three transistor cell for
bit storage. These cell configurations are illustrated in
Figure 1. The primary difference in these cells being
separate Read, Write, buses required by the 1103.
These devices, the most dense of their generation,
packaged 1024 bits of RAM in approximately 20K
sq. mils of silicon. The 1K device promised ease of
implementation when compared to core, and flexible

INTEL 1103 AND MOSTEK 4006
Figure 1

INTEL 1103 MOSTEK 4006

Oin Dout Din/ouT

READ READ
Word Line I} Word Line |
I
WRITE WRITE
Vs!

Word Line Word Line

S

modularity as well as long term cost savings. How-
ever, due to unforeseen design complications these
devices initially did not achieve thier goal. The 1K
RAM started the displacement of core. The next
generations, the 4K and 16K dynamic RAMs, all but
completed the task.

The 4K device, which became the next generation of
semi-conductor memory, introduced to the world a
wide variance in circuit types available. There were at
least 5 major designs available to confuse the user.
These were two differently pinned 22-pin devices,
two differently pinned 18-pin devices, and a ‘“maver-
ick”’ 16-pin device which many people thought would
never make it. As we all know today, the multiplexed
device survived and in fact went on to become the in-
dustry. standard. This standard pin configuration is
presently being utilized in the 16K device as well as
its successor the 64K RAM. The first 4K devices util-
ized a 3 transistor cell similar to that of the early 1K
devices. However, N-channel MOS was the technology
of all 4K devices rather than P-channel. The inherent
advantages of N-channel such as low thresholds for
TTL compatibility, faster inherent speed, and greater
density, created the incentive needed to develop the
required process capability.

The early 3T 4K devices did not survive and were
rapidly replaced with the second generation 4K,
which utilized a single transistor and capacitor for
storage to greatly enhance density. The major pro-
blem to overcome with this cell was the small amount
of signal available for detection. Several sensing
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schemes were developed to handle this problem. One
technique utilized a single ended sense amplifier. The
balance technique had far better characteristics and
became the dominant technique which is utilized
today. These different sense configurations are shown
in figure 2. It must be appreciated that without de-
velopment of these sense amplifiers the single transis-
tor cell would not be possible. MOSTEK combined an
innovative layout scheme with the balanced sense
amp to permit use of active rather than passive load
circuits for writing through the sense amplifier. This
has resulted in a halving of the dynamic RAM’s power
dissipation. The 4K devices were well accepted by the
user community and slowly but surely began a long
but continuous displacement of core memories.

BALANCED SENSE AMPLIFIER
Figure 2a
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SINGLE ENDED SENSE AMPLIFIER

Figure 2b
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The MK 4096 introduced by MOSTEK in 1973 esta-
blished the industry standard pin out. The successor
to the 4096 was the revolutionary MK 4027 from
MOSTEK which dramatically reduced the die size
while dramatically improving the speed. The 4027 set
new standards within the industry and established the
specification standards that have to be met. The
4027 utilizes MOSTEK s process known as Poly |. This
process utilizes a single transistor cell which has an
area of about 1.008 mil?. The successor to the 4027
is MOSTEK’s MK 4116, 16K dynamic RAM. The
16K was made possible by the Poly IITM process
which reduced the single transistor cell size to .55
mil?2. The Poly IITM process utilizes two levels of
Poly in the cell location. The implementation of this
cell is shown in figure 3.
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MK4116 CELL LAYOUT

Figure 3a
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RAM density improvements in the past have come
from both circuit and process innovations. The graph
of figure 4 shows the evolutionary decrease in the
number of devices per cell as a function of density in-
crease. Today we are at a minimum cell configura-
tion, one transistor and one capacitor. The
Poly 11 (TM) process permits packaging the capacitor
and transistor in the space of only one device, since
no layout space is required to separate these compo-
nents as in the Poly | process. A further decrease in



the number of components or improvements in lay-
out seems unlikely. Process innovation will, however,
continue. In devices through 16K a two dimensional
shrinking of dimensions has been employed along
with circuit improvement to create a manufacturable
die size.

DEVICES/CELL VS BITS/CHIP

Figure 4
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SQUEEZING

In the past device density has increased by reducing
the number of elements per cell as well as a two
dimensional reduction in geometry. The two dimen-
sional reduction results in a ‘‘squeezing’’ of signal
lines and spaces. The graph of figure 5 illustrates the
storage cell area advantage gained by this technique.

MEMORY CELL AREA VS BITS/CHIP
Figure 5
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The slope in the graph lines indicate the squeezing
mechanism while the verticle steps show cell element
reduction. The one anomaly to this lies in the 4K re-
gion. Significant area reduction here was achieved by
going from the MK 4096 metal gate single transistor
cell to the silicon gate single transistor cell of the MK
4027. This required a major technology improvement

as did the Poly Il (TM) process of the 16K.

Two dimensional squeezing has been used on all pre-
vious generation products. Reductions of up to 40%
have been realized, for a given design, using this-tech-
nique. The chart of Figure 6 illustrates the die size

and technology evolution of several major products
from MOSTEK.

RANDOM ACCESS MEMORY DENSITY
EVOLUTION
Figure 6
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19K
4801 79 Scaled
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28K
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11.9K 25K
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(die area in mil?)

Looking back historically, the replacement of each
generation MOS RAM by its successor has taken place
by introducing a new memory cell of about one half
the area of its predecessor and by tightening design
rules used. As a result die size has increased by about
a factor of 2 while the number of bits per chip has in-
creased by a factor of 4. It is interesting to note that
in evolving from a 64 bit device to a 16K device the
RAM circuit density has increased by a factor of
more than 60.

The devices per cell now stand at an effective 1, due
to the Poly Il process. It therefore seems unlikely
that a further density improvement will happen here.
The next generation will require significant improve-
ment in the remaining area of impact, that is, device
geometries. The technique which currently looks the
most promising, and is being pursued by multiple
companies, is known as scaling.

SCALING

Scaled process technology will be the process which
permits the next_generation of semiconductor compo-
nents. “SCALED" refers to circuits in which all phy-
sical dimensions, horizontal and vertical have been re-
duced by scaling factor, as has the operating voltage.
This differs from the ‘’squeezing’’ previously dis-
cussed in that 3 dimensions rather than 2 are impact-
ed. Figure 7 shows three dimensional characteristics
affected by scaling. In scaling theory all parameters
are scaled by a factor K. For a 5 volt part scaled from
12 volts to 5 volts the scaling factor K is 5/12ths.
Figure 8 shows MOSTEK'’s current N-MOS techno-
logy compared to resulting geometries based on ap-
plying a 5/12ths scaling factor. This approach yields
""a brute force’” process which will not necessarily be
manufacturable. Therefore, a slight modification to
the straight-forward scaling technique must be made.
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SCALING THEORY
Figure 7 _-

“BRUTE FORCE" APPROACH

Figure 8

TryK = 5/12

Current Scaled “Brute
Device Parameter N-MmOS By Force”
Channel Length L(,,) 5 5/12 2.1
Oxide Thickness to (A) 850 5/12 354
Doping Concentration N. 10 12/5 2.4x10

(substrate resistivity) (10''cm) (6''cm)

Power Supply Voltage (V) 12 5/12 5
Junction Depth X,(;/) 1.2 512 .45
Lateral Diffusion Lo(;/) 1.0 512 -4

The benefits of scaling are numerous. The most signi-
ficant is that die area goes down by a factor of K
permitting the next generation of products. A second
benefit of scaling is that device performance increases
dramatically thereby permitting the N-MOS techno-
logy to participate in a broader applications spectrum
than was previously available. The process developed
by MOSTEK applying scaling theory is called
SCALED POLY 5.

SCALED POLY 5

Scaled Poly 5 is MOSTEK's process for the next gene-
ration of products. Scaled Poly 5 is MOSTEK'’s cus-
tomized utilization of the scaling theory previously
discussed. In the section on Scaling Characteristics,
characteristics of “brute force” scaling were shown.
Figure 9 gives the key parameters of MOSTEK'’s pro-
cess.

SCALED POLY 5

Figure 9
TryK = 5/12
Current Scaled
Device Parameter N-MOS By
Channel Length L(..) 5 25
Oxide Thickness t.. (A) 850 500
Doping Concentration N. 10 5x10™
(substrate resistivity) (1011cm) (30t1cm)
Power Supply Voitage (V) 12
Junction Depth X(;:) 1.2 04
Lateral Diffusion Lo(;1) 1.0 03

The modifications to “brute force’’ scaling were made
to enhance manufacturability, performance and relia-
bility. For example, the low :substrate resistivity (6
ohm per centimeter) would result in higher junction
capacity and body effect. Both are undesirable traits
impacting performance. One must also consider
manufacturing tolerance on parameters. This is a defi-
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nite consideration when choosing a center for process
parameters.

Reliability is a major concern. It was learned early in
semiconductor memory days that an unreliable part
cannot be applied to products. The scaled Poly 5 pro-
cess has been optimized to meet MOSTEK'’s high
standards of reliability. Scaling’s impact on reliability
influencers is shown in figure 10. The decrease in vol-
tage and power dissipation will improve the inherent
reliability of the device. The increase in current den-
sity shown will not impact the device due to the
overly -conservative guidelines used in past genera-
tions.

SCALING AND RELIABILITY

F'gure 10
Reliability Parameter Scaled by
Field Strength V/tox .................oooouuuls 1 -
Power Per Unit Area VI/A. .. 1 -~
Current Density I/A .... K

Device Power Dissipatiol K v
Device Voltage

1978 is a transition year between process techno-
logies. At MOSTEK, all new products are being
designed to work on either current process techno-
logy (5 microns) or new generation SCALED POLY
5. To accomplish this goal all new products are de-
signed to operate on a single 5 volt power supply. All
products use advanced state-of-the-art design tech-
niques and perform very respectably on the standard
process. The MK36000 64K ROM which has a typical
access time of 80ns when manufactured utilizing Poly
I process exemplifies this approach. This design was
used as an R&D development tool for the Scaled Poly
5 process. The resulting device, termed MK 9009, has
a typical access time of less than 40ns. Figure 11 gives
the characteristics of the two devcies.

POLY 5 PROCESS DEVELOPMENT
Figure 11

MK36000 MK9009

Die Dimensions 183 X 190 MILS 105 X 109 MILS
Die Area 34,770 Sq. MILS 11,445 Sq. MILS
No. of Die/Wafer (3') 170 575

Min. Poly Width 5.0 Microns 2.5 Microns
Min. Line Width 2.5 Microns 1.0-1.5 Microns
Junction Depth 1.3 Microns .4 Microns
Access Time 80 nsec (typ) 40 nsec (typ)

SCALED POLY 5 PHOTOLITHOGRAPHIC
REQUIREMENTS

We previously discussed the evolution of device/die
size to achieve the level of integration required. Cor-
respondingly, device geometries have significantly de-
creased. Geometry requirements as a fuction of
device technology are shown in figure 12. During the
evolutionary period from 1960 thru now, geometry
requirements have increased by more than a factor of
5. Significant developments have also occurred in
photolithographic technology to permit evolution
from 1K to 16K. In 1980 our goal is to manufacture
devices with two micron dimensions. A quick snap-
shot of typical equipment used in this segment shows



several problems must be overcome. Today’s mea-
suring equipment is accurate to a * 0.18 microns
(10% of what is to be measured). Measurement stan-
dards are accurate to * 0.1 microns. The contact
printers have a runout of * 0.75 microns on 4 inch
wafers, a huge percentage of the geometries involved
for future technology. Advances in this area are obvi-
ously required. These are being attacked and over-
come. Methods such as E Beam as well as “‘step and
repeat’’ printing are available today. These technigues
have the ability to address and resolve some of the
problems facing the manufacturing aspect of the next
generation of technology.

GEOMETRY REQUIREMENTS

Figure 12
. 1960 1965 1970 19757 1980
Leading —- - T T
Technology Discrete Digital P-Mos N-MOS Poly 5
Line Width 10.0 70-90 50-80 35-50 20
(Microns)
Interconnect Metal Metal Metal Metal Poly Metal
Technology Double
Level
Poly
The key to more cost ive LSlisin y Shrink and Device
Creativity.

APPLICATIONS SPECTRUM

Circuit design and technology improvements are
continuously opening up new markets for semicon-
ductor memories. The semiconductor industry his-
torically has decreased prices by about 28% with
each volume doubling of the industries experience.
Fortunately, the RAIVI market has proven itself to be
very price elastic, creating new opportunities at each
price level, thereby permitting the necessary increases
in volume to keep the trend going.

The memory applications spectrum of Figure 13 in-
dicates the broadening spectrum of the component
market. At the left most end of the spectrum, techno-
logy improvements resulting in low cost are most sig-
nificant, while at the right most end performance is
key. In fact, the cache and 2900 (4 bit slice) market
have previously been dominated by bipolar memory
due to the inability of the MOS memory to meet the
speed performance required. The introduction of
scaled technology is currently permitting N-channel
silicon gate MOS to enter this market segment.

MOS-MEMORY APPLICATION SPECTRUM
Figure 13

PERFORMANCE

cosT ELECTRONIC | MICROPROCESSOR MINI MAINFRAME | CACHE
GAMES APPLICATIONS | COMPUTERS [ COMPUTERS | MEMORY

PERFORMANCE | 1u5-450nS 450-200nS 260-150nS | 200-100nS | 100-30nS
PRODUCT RAM © SRAM D RAM D RAM /S RAM
ROM ROM _— cco —
EPROM EPROM — — _—

MOSTEK will soon introduce several new products
which utilize state of the art design techniques as well
as the scaled Poly 5 process to expand our penetra-
tion into the memory application spectrum.

NEW GENERATION PRODUCTS
MK4801

The MK 4801 is a 1Kx8 very high performance static
RAM. This device combines a new circuit design tech-
nique (address activation) with enhanced process
technology to achieve sub 100 nanosecond perfor-
mance. The circuit will have speed grades available
from 55 to 90 nanoseconds, with higher perfor-
mances available in 1979. As all new static RAM pro-
ducts from MOSTEK, the 4801 can be manufactured
on the Scaled Poly 5 or Poly R process. A typical
access/cycle time of 75 nanoseconds at 200 miliwatts
dissipation has been measured on devices manu-
factured on Poly R.

The 4801 uses a unique storage cell design to achieve
a very small die size. Figure 14 illustrates this cell.
The cell, a mere 2 mil?, yields a die size of 27,900
square mils when utilizing 5 micron design rules, ala
MK 4104. The design technology used yields approxi-
mately a 2 times density improvement on the stand-
ard process when compared to current generation 4K
devices. Application of the Scaled Poly 5 process
reduces this die size to approximately 14,000 square
mils as well as significantly enhancing performance.
Results similar to the 9009 R&D project are antici-
pated. The 4801 is architectured for speed. The
Address Activated TM interface permits asynchronous
operation for the user while maintaining internal ad-
vantages of clocked circuit technology. A fast chip
select path was designed to permit external decoder
delays without impacting access time. The 4801 has
been designed for use in all wide word high perfor-
mance RAM applications.

HIGH PERFORMANCE 4801
2 MIL? STATIC RAM CELL

Figure 14 _
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MK 4118

The MK 4118 is a sister part to the MK 4801. The
part is intended for medium to low speed applica-
tions. This device was architectured with next genera-
tion as well as existing microprocessors in mind.
Speed grades of 120 to 250 nanoseconds will be
available. An output enable (OE) and latch (L) func-
tion has been included to permit use with common
address and data 1/0O, 16 bit microprocessors. The MK
4118 is packaged in the industry standard 24-pin
ROM/PROM compatible configuration shown in fig-
ure 15. The device is socket compatible with the
4801 and gives the user a static RAM configuration
covering applications from 55ns through whatever.
The MK 4118 can be used in an asynchronous mode,
like the 4801, or a synchronous mode similar to the
MK 4104. The part employs a function called Latch
to accomplish the synchronous mode. When acti-
vated, LATCH will latch the status of the address and
chip select pins. This easy to use memory packages
8K of RAM in an area comparable to a 4K device.

MK4118 PIN OUT

Figure 15

A7 10 ] 24 Ve

A6 2 [ 1 23 A8

A5 3 [] ] 22 A9

A4 4 [ ] 21 WE

A3 5 [ ) 20 OE

A2 6 [] 19 L

A1 7 [ MK4118 ] 18 CS

A0 8 [ 117 08

01 9 ] ] 16 07

02 10 ] '] 15 06

03 11 [ 1 14 05

Vss 12 [} 13 04
PIN NAMES
AQ-A9 Address Inputs | WE Write Enable
CS Chip Select OE Output Enable
DN Data Input L Latch
Doyt  Data Output 01-0g Dataln/
Vss Ground Data Out Port
Vce Power (+5V)
MK 4816

The MK 4816 is a 16K dynamic RAM organized as
2K x 8. The RAM operates with a single 5 volt + 10%
power supply with performance in the 100-150ns
region. Designed to function in cost sensitive wide
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word applications the 4816 features several functions
to enhance usability. The MK 4816 features a built in
refresh mechanism controlled by an external pin
called refresh. The refresh has two modes of opera-
tion; when the refresh pin is pulsed from high to low
then back again an internal counter will replace exter-
nal addresses and a RAM cycle occurs, refreshing one
row of cells. This operation is repeated 128 times

every two miliseconds. For standby mode operation
the refresh pin may remain active. In this mode the
MK 4816 will execute a refresh cycle approximately
every 16 microseconds satisfying the data.hold re-
quirements with no external stimulus. This feature
greatly simplifies control circuitry needed and elimi-
nates all address multiplexer parts.

The MK 4816 employs an output enable function for
common |/O operation and an extra chip select for
multi-dimension selection. The 4816 employs
MOSTEK's Edge Activated (TM) interface and ope-
rates with power dissipation of only 150 miliwatts
when active and 28 miliwatts when in standby. The
edge activated concept inherently features the address
latch function required for common 1/0 machines
such as the Z8000 and 8086. The MK 4816 packages
2K bytes of microprocessor memory in a die size of
only 29K mil? | This compares with competitive pro-
ducts supplying the same market with die sizes of
about 25K mil? for 4K of static RAM or a total of
100 mil?> of Silicon for the same bit density. The MK
4118 from MOSTEK reduces the Silicon area to 56K
mil2. The MK 4816 is packaged in the ROM/PROM
compatible 28-pin configuration of figure 16.

MK4816 PIN OUT
5V ONLY DYNAMIC RAM

Figure 16
./
RFSH 1 28—V,
NC— 2 27— WE
A7— 3 26— CS
A6 — 4 25— A8
A5— 5 24— A9
Ad— 6 23—NC
A3— 7 22— OE
A2— 8 21— A10
A1— 9 20— CE
A0 —{10 19— 108
ro1—11 18— 1/07
1702 —12 17—1/06
1703 —13 16—1/05
V.—14 15}—1/04
THE 64K RAM

In 1979 MOSTEK will sample a 5 volt only sub 100ns
64K RAM. The SCALED Poly 5 process developed in



1977/78 will be employed to make the 64K RAM a

_cost effective, produceable part. The 64K RAM will
have a die size of approximately 35,000 sq mils per-
mitting use of the industry standard 16-pin package.
The pin out and key features are shown in figure 17.
The pin configuration of figure 17 indicates that pin
1 is not needed in implementing the basic 64K RAM
functionality. A new feature will appear at pin 1
which has not been implemented in previous gen-
eration RAMs.

MK4164 PIN OUT
64K RAM
Figure 17
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The design goal of the 64K RAM is to have 128 cycle
refresh every 2ms making it compatible with its pre-
decessor the 16K dynamic RAM. 128 refresh cycles
require use of only 7 of the 8 address pins. To main-
tain refresh compatibility with previous generation
dynamic RAMs, pin 9 (A7) will not be used as a re-
fresh address. The 64K being a scaled Poly 5 device
will use 2 micron geometries. The device’s dissipation
will be a low 300mw at twice the operating frequency
of the 16K. The MK 4164's performance evolution
will follow the graph of fig 18.

PROJECT ACCESS TIME FOR DYNAMIC RAMS
Figure 18
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The 64K RAM design and process represents a con-
vergence of several developments at MOSTEK during
the past several years. The techniques needed to
achieve a useable 64K RAM, required several break
throughs which are currently being proven on prede-
cessor parts. Figure 19 illustrates the evolutionary
process required to develop this major product.

SCALED POLY 5 EVOLUTION PROCESS
Figure 19
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CONCLUSION

N-channel Silicon Gate MOS will continue to domi-
nate the memory market. New technology break-
throughs such as Scaled Poly 5 and Address Activated
design techniques will permit NMOS to conquer new
market segments. Smaller die sizes and increasing vol-
umes will continue to reduce costs, thereby further
expanding the market. The chart of figure 20 illus-
trates the memory market share by technology. In
conclusion, N channel MOS will continue to expand
its application spectrum and remain the dominant
technology in the 80's.

MEMORY MARKET SHARE BY TECHNOLOGY
Figure 20
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GLOSSARY OF PROCESS NAMES

SPIN - Metal gate N channel process. (Self-aligned
Poly Interconnect N-channel)

POLY | - Single level Poly N-channel Silicon gate

POLY 1l - Double level Poly N-channel Silicon gate

POLY R - Single level Poly N-channel Silicon gate in-
corporating Poly Silicon Resistive loads.

SCALED POLY 5 - Double level Poly N-channel Sili-
con gate -ion implant.
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MOSTEK.

WIDE-WORD RAMS

by Sheff Eaton, Dave Huffman and Ward Parkinson

Technology

INTRODUCTION

Until recently most leading-edge memory chips have
been designed primarily for large mainframe storage. To
use them in microprocessor systems required not only
considerable adaptation but also additional ICs to
interface the memory chips. But now comes a new
breed of smart memory chips—a 2-k x 8 dynamic RAM
and two fully static 1-k x 8s— specifically designed for
uP applications, and cache memory uses as well.

While conventional memory chips can accept only read,
write, and select commands, the smart memory devices
do that and more: Besides accepting additional
commands, they present parallel data on byte-wide
outputs, and provide many other features for users,
including the following:

® 5-V-only operation.

* Automatic power-down.

* Automatic refresh for dynamics

* ROM/PROM/EPROM compatibility.

¢ Output enable (OE) command.

® Chip select (CS) command.

® Latch command—for synchronous operation.

TODAY'’'S MEMORY-USE SPECTRUM
Figure 1

ACCESS TIME
(NANOSECONDS)
N
=)
AVERAGE COST*

(HUNDREDTHS OF CENTS PER BIT)

MAINFRAME CACHE
COMPUTERS MEMORY

ELECTRONIC MICROPROCESSOR

MINI
GAMES APPLICATIONS COMPUTERS

TARGET USES OF
MK4816 2K x 8 DYNAMIC RAMs AND
MK4118 1K x 8 STATIC RAMs
WITH 100-250ns ACCESS TIMES

TARGET USES OF
MK4801 1K x 8 STATIC RAMs
WITH 50 to 90ns ACCESS TIMES

*(BASED ON ACTUAL INDUSTRY SURVEYS; SOME
ANOMALIES ARE DUE TO COST VARIANCES IN CERAM-
ICS vs PLASTIC PACKAGES, AND QUANTITY BUYS)

To see the design tradeoffs possible with this family, see
Table 1.

The 16K dynamic MK4816 (with single-pinrefresh)and
the 8K static MK4118 can both be used readily with any
of the present-generation and new generation MOS
microprocessors such as the Z80, Z8000, 8085, and
8086. For high-performance applications, another 8K
static (MK4801) provides a choice of 55, 75, and 90-ns
access times.

The new parts are configured as 1024 words x 8 bits in
fully static designs or as 2048 words x 8 bits in an
internally refreshed format. The refresh timing cycles
are supplied by the chip itself and are largely
transparent to the user. Whatever the configuration, the
Mostek RAMs typically dissipate a low 200 to 300 mW
of power, and offer fast data access down to 55ns.

THE MEMORY-USE SPECTRUM

The impact of this family cannot be appreciated fully
without noting that semiconductor memory
applications cover a broad spectrum, from low-speed
uses in games to very high-speed applications in cache
memory. For uP applications, medium-performance
RAMs generally suffice, and cost is a major selection
factor. But as Fig. 1 shows, cache memory users pay a
higher price for high speed.

In the center of the spectrum is main-store memory,
which has relatively balanced density, performance,
and cost requirements. A typical main-store memory is
32 bits wide and 1/2to 1-million words deep. Memories
this large (in fact, most memories larger than 64K to
128K bytes) warrant some sort of error-
detection/error-correction scheme, which favors a "‘by
1" or serial-output memory device.

So far, the NMOS dynamic RAM using address
multiplexing and a by 1" bit-serial organization has
been the most efficient and cost-effective for main
memory. So long as the needed memory depth is
greater than the depth of the available by-1 memory
chips, the by-1 minimizes the number of lines, the input
and output capacitances, the pin count, the board area
and the cost. However, while by-1 RAMs are excellent
for conventional main storage applications, they are
less than attractive for many others.

The most dynamic growth over the past four years has
come from electronic games and uP-based products.
Increased use of memory in such systems has been the
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CHARACTERISTICS OF NEW BYTE-WIDE RAMs
Table 1

Type Memory Process/ | Access Unique Features Other Leading Features
Number Organization Pinout Time
MK4816 | 2K x 8 Dynamic| N-Channel | 150 typ | First byte-wide dynamic Edge activated™
Si gate First 5V only dynamic 150mW active, 25mW standby
28 pin First one-pin refresh Competes with 2102 and 2114, statics,
cutting cost and space
MK4801 | 1K x 8 static Scaled 55 First 2 mil? static RAM cell Fully static, 250mW typical
Poly 5 75 Double capacity at double speed,
24 pin 90 Fast as the 4K x 1 2147 compared to 4K statics
now dominant
MK4118 | 1K x 8 static N-Channel 120 Faster than the X8s Fully static
Si gate 150 now available Lower cost than 4801
24 pin 200 Competes with 2102 and 2114 static,
250 cutting cost and space

key item in penetrating low-cost/high-volume markets.
As a result, both general-purpose minis and dedicated
microcomputers have come down in price while staying
functionally equivalent. Indeed, CPU cost is so low in
this area that uP system costs tend to be in proportion to
memory requirements.

Until the 2114 (1K x 4) static RAM, it took eight 2102-
type RAMS to implement 1K x 8 of memory. Before the
2114, few RAMs were designed to interface directly
with a microprocessor, because chip designers
concentrated on the processors themselves. Even the
better RAMs would not work with all processors.

ROM and PROM grabbed a lot of attention because of
their nonvolatility, which was needed for fixed
instruction set storage, usually a bigger requirement
than RAM. ROMs and PROMs have always been “by 4"
or “by 8" because of the convenience of putting
instructions in the least amount of packages.

WHY BYTE-WIDE RAMS?

Recently however, three trends have stepped up the
demand for wide-word RAMs—declining cost of uPs,
further improvements in memory density and cost, and
the emergence of high-volume dedicated-computer
markets such as the automotive market. Such
applications as uP memory, CRT refresh memory, CRT
buffer memory—being very shallow—all lend
themselves to a “by 8 memory organization and its
minimum number of packages.

Cache memory, high speed buffer memory, writable
control store, scratchpad memory and
terminal/communications buffer memory stress speed
much more heavily than cost. Fast bipolar memories
have usually been used here, at the expense of package
count, cost, and high power. However, recent
technological innovations such as scaling and the four-
transistor (six-element) static cell concept enable MOS
memories to compete with bipolar for cache.

Though cache applications have a large number of bits,
there are usually a small number of words; that is, they
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are wide but shallow memory matrices. For instance, a
typical cache memory in a minicomputer is 32 bits wide
but only 2K to 4K words deep. Clearly, a wide-word
memory chip is most efficient here.

MK4816—FAST BUT LOW-COST

arne n 1S5 U

dynamic MOS memory. It's also the first wide-word
dynamic RAM, and the first RAM designed specifically
for present and future microprocessor systems. Using
small dynamic-memory cells offsets the cost of the
slightly greater overhead circuitry required for proper
operation of dynamic memories.

The MK4818 18K d. namic BAM is the first 5V- Ullly

The MK4816 is designed to minimize the off-chip
support circuits, while maintaining the internal
efficiency of a dynamic RAM. Its cell size is three times
smaller than in typical static cells, while its die size—
29,000 mil2— approaches that of 4K static RAMs. Built
with standard N-channel silicon gate technology, the
device requires only a single +5V power supply.

High speed, low-power operation stems from edge-
activated dynamic logic, which produces a typical

16K DYNAMIC RAM MK4816

Figure 2
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access time of 100ns at a power-dissipation of only
25mW standby and 150mW active.

System-oriented features include single-pin refresh,
automatic refresh in battery back-up mode, and
common data l/0. Full TTL compatibility is also provided
on all inputs and outputs. See Fig. 2 for the pinout.

The MK4816 can handle a variety of read, write, and
refresh cycles. Read and write cycles are initiated by the
falling edge of chip enable (CE) which also latches the
state of 11 address inputs and the chip select input.Ina
read cycle, data become valid after one access time
assuming that both CE and OE (output enable) are low.
After the data are read or written, the memory returns to
a precharged condition.

After it's fully precharged, the internal logic will initiate
a refresh cycle, provided the RFSH pin is brought low
during the previous cycle. Waveforms for this type of
latched-refresh cycle, together with those for typical
read and write cycles, are shown in Fig. 3. Since the
single-refresh step renews the charge in only one row
of the RAM matrix, 128 such steps must take place
every 2ms.

Although latched-refresh operation is particularly
convenient for achieving refresh in minimum time, the
chip may also be refreshed simply by clocking the RFSH
pin 128 times every 2ms, while CE remains high. In this
as in all types of refresh cycles, addresses are generated
internally and automatically incremented and stored at
the end of each refresh cycle. Since the on-chip refresh
function in the 4816 uses an extremely small part of
chip area, it's clear that, at least for wide-word RAMs,
refresh is more efficiently performed on-chip.

Ultimately, the single-pin refresh concept could be
extended to fully static operation, by means of an
internal oscillator to generate refresh-request pulses at
fixed intervals. But this function has not been
implemented on the MK4816 because of the long
access and cycle times involved and because arbitration
logic always has some finite probability of indecision. In
such “hidden refresh’ designs, if an external cycle is
requested at precisely the same time as an internal
refresh request, arbitration logic allows either cycle to
go ahead, with the other immediately following. From a
user’'s viewpoint, such a “hidden-refresh’’ device
appears totally static with an access time equal to one
refresh cycle time plus a normal access time.

Instead, the 4816 has a battery back-up or self-refresh
mode, which is initiated after RFSH has been low for
about 15 us. During the self-refresh mode, the states of
all inputs except RFSH are ignored and refresh is
performed automatically through refresh-request
pulses derived from an internal oscillator. A rising edge
on RFSH terminates the self-refresh mode and active
read or write cycles can follow after one cycle time.

The self-refresh mode, with its fully automatic on-chip
timing, is also particularly useful for single-step
operation, since it is not necessary to provide external
refresh pulses between instructions. The memory will
always refresh itself independently of the time interval

between clock pulses. Data can be read during the self-
refresh mode since output data will remain_valid
throughout the self-refresh interval if CE and OE are
held low.

The MK4816's memory matrix is structured around a
single row of 128 sense amplifiers each fed by a
balanced bit line loaded with 64 memory cells. Data
from both ends of eight selected bits are amplified,
latched and buffered into eight data I/0 pins. Input
addresses are derived from either the external address
pins or the internal refresh counter. Refresh-request
pulses controlling the refresh counter are derived either
from the RFSH pin itself or the interro l oscillator, which
also doubles as the charge pump for generating the
negative substrate bias.

Architecturally, the MK4816 is easy to use with all
microprocessors. As shown in Fig. 4, it can be
connected directly to the Z80 with only one logic gate

MK4816 2K x 8 RAM
Figure 3
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WIDE-WORD DEVICES—A RESPONSE TO CHANGING NEEDS

As the spectrum of microprocessor applications
continues to expand and as high-speed, general-
purpose computers continue to grow, the semi-
conductor industry is preparing for a surge in memory
demand. Designing products that will ease the
system designer’s work, the industry is providing the
most cost-effective, highest-density and highest-
performance memories ever.

Bit density for semiconductor memory has increased
steadily and quickly since the integration of an R-S
flip-flop into the integrated circuit. In just 15 years,
single-bit memories have given way to 64-K bit
memories. There was one goal behind this evolution:
Replace core-implemented main memory with
something cheaper and smaller.

But core replacementis no longer a problem. Now the
concern is differing consumer/industrial memory
requirements. Where typical uP systems have a more
fixed need for memory per CPU at lower cost per bit,
cache and scratchpad memories require very high
performance, with less emphasis on cost. The result?
High-speed, but low-cost MOS RAMs-both dynamic
and static.

The new dynamic and static chips are configuredina
by 8’ or ‘byte-wide’’ organization. They will be
effective for those applications outside main store
memory where a “’by 1’ bit organization is either not
attractive technically (because of system constraints
such as power) or not efficient for implementing
wide-word shallow memories.

added for single-step capability. The 8085 also
interfaces easily by taking advantage of the 8085's
status bits (Sy and S,) to refresh the MK4816 following
each instruction fetch.

Latched refresh is particularly easy to implement in
microprocessor systems since RFSH can be delayed
slightly from CE to accomplish asynchronous refresh in
minimum time. The MK4816 may also be used in
multiplexed data and address systems, with the OE pin
for control, and in CRT systems where the normal
sequential addressing automaticaily refreshes the

memory by addressing all positions within 2ms.

While recognizing that clocked, dynamic RAMs with
automatic refresh will clearly be the most cost-effective
byte-wide RAM for use with microprocessors,
MOSTEK has also developed two fully static 1K x 8
RAMs. Functionally alike, and identical in pinout, the
4801 and 4118 differ only in production process and in
speed.

BIT DENSITY WAY UP

With a die the same size as the 4816’s and using the
standard N-channel production process and tolerances,
the 4801 typically runs a 50 to 90ns access/cycle with
typical power of 250mW. This means an 8-to-1 increase
in bit density per chip over the 93415 bipolar 1K x 1, and
15-to-1 decrease in system power per bit.

Low power and high speed are achieved using a 2-mil?
cell that eliminates connections to Vcc. Power is fed to
the celi from the column lines, through 1-nA intrinsic
poly load resistors (see Fig. 5).

This economical design limits the matrix current to just
8 wA. Column and®row decoders are modified tree
decoders (Fig. 5) that dissipate only leakage current in
both active and standby modes.

The key to the 4801's high speed is an ECL-style linear
differential amplifier for sensing the column signal (Fig.
5). The differential amplifier's output is amplified and
translated to full TTL levels with a strobed differential
latch. The strobe signal, derived by sensing an address
change or address activation, allows fully static ripple-
through operation.

418

Since a completed cycle results in automatic chip
power-down until the next address change, the user
doesn’t have to deselect the chip, but can use the
simple, fast CS. The result is achip thatis as easily used
for retrofit as for newer clocked systems.

Some very useful features on both the 4801 and 4118
increase their flexibility. As shown in Fig. 10 several
control functions have been added. In addition to the
normal R/W, and CS (chip select) there is also OE
(output enable) and L (latch). Both L and OE inputs may
be used to simulate a ciocked RAM for easy interface to
any uP (see Table 2).

The 4801 and 4118 may be tied to any uP or mini bus
without SSI interface devices. The pinout, like a 2708's
or 2758's may be used interchangeably with EPROMs
or bipolar PROMs to assist in uC product development
(see pinout in Fig. 2).

Besides being able to interface easily in a “"clocked”
mode, both the devices may also be used as fully static
ripple-through RAMs. The latch input may be tied high,
OE low, and the part can be used to replace directly eight
93415/425s, eight 2102s or two 2114s. This means
existing designs can be upgraded for improved density,
power and cost.

Some conflicts occur when these common-1/0 three-
state RAMs are used to replace separate 1/0 open
drain/collector products. But these are painlessly
resolved by correctly using OE, the latch input, or both.
But even without OE, and even when RAMs with access
times of 50 and 90ns are used in parallel, bus conflicts
are resolved on-chip. During read accesses, the outputs
of the 4801 are first opened at 30% of TAA and closed
later inthe cycle. Similarly, the tON time transition of CS
is slower than tOFF (CS). Holding the R/W pin low for a
write cycle unconditionally opens outputs in 20ns.

The 4801 can be used with popular minicomputers that
time-multiplex the address and data by having the latch
input trap addresses and CS. Data inputs are trapped on
the rise of R/W during a write cycle.

Available at speeds as low as 55ns max, the 4801 isthe
first high-speed, byte-oriented memory chip. Two
important applications for this high-density 1K x 8 RAM



TRUTH TABLE FOR 4801/4118 1K x 8 RAMs
Table 2

OE WE CS Latch Mode Output | Power
L H L H [Read Select DoyT | Address
Activated
L H H H |Read selected Open | Address
Activated
H X X H [Chip deselected Open | Address
Activated
L L X H |Write address &
CS latched until Open
cycle terminated | (D)) Active
by WE # H
- = = L |[Latches addresses| See
and CS at state above | Standby
present when
latch switched low

are cache and read/write microprogram memory for
efficient emulation of different instruction sets with a
bit-slice uP. Both applications require fast read cycles,
while caches need a fast write cycle as well. Typically,
the depth of these memories is shallow, less than 16-K,
with words that can be 72 to 100 bits wide. For these
applications, the by-8 organization makes the 4801
ideal.

Consider CS. There has lately been much interest in
using this pin to power-down the chip on by-1 memory
parts. This is done in Intel’'s 2147 4K x 1 but only by
making CS delay similar to tAA.

On the 4801, CS gates the outputs only and inhibits
write when disabled. Since CS delay is just 30% of tAA,
memory depth can be expanded incrementally from 1K

up without the additional delay of a decoder to allow
memory expansion. Further OE is provided to assure
that three-state can be used rather than open collector
and to resolve the problem of two chips being on
simultaneously.

In the write mode, addresses and CS are automatically
latched on the selected chip when R/W goes low,
which avoids the early write of a previously selected cell
when entering a write cycle. On a typical static part,
every address bit must settle and write before any bit
change. But autolatch on the 4801 chip can
substantially improve skew sensitivity of write timing
relative to address. Further, the addresses are internally
held after R/W goes high for as long as the chip needs to
complete the write cycle.

Meanwhile, the addresses on the bus may be changed
in preparation for the next read or write cycle. This also
relieves the address-to-write skew on the trailing edge
of write.

Loading onthe address lines is significantly improved by
replacing eight 93415s with one 4801 or 4118. This
also improves board density 4-to-1 (since the 4801 is in
a 24-pin package) and pin count by 5-to-1.

The 4118 is slower than the 4801, but it's also more
economical. It has the same pinout and operates in the
same modes. The differences stem from the process
technologies that are used to manufacture two devices.

Since the 4801 is intended for high-speed, high-
performance applications, it is offered in 55, 75, and
90ns speed selections and is manufactured using
Mostek’s new “‘Scaled Poly 5™ technology, which will
eventually reduce chip size to approximately 14,000

MK4801 STATIC RAMs 55ns ACCESS TIME
Figure 5
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mil2. The 4118, on the other hand, will be run on
Mostek’'s standard N-channel silicon gate production
line and is intended for uP applications calling for 10%
power-supply tolerance, TTL compatibility, density, low
cost, and easy interface. Its access/cycletimes are 120,
150, 200, and 250 ns.

FUTURE TRENDS

Obviously, if history means anything, the trend toward
higher density will continue—2K x 8 statics are under
way and 16K x 1 are planned. These new static RAMs
will eventually have to go to a 28-pin package, at least.

Dynamic byte-wide RAMs should also start
proliferating. Since this market is geared to reducing
space and cost, the dynamic, byte-wide trend may move
into any of several directions. On one hand,
semiconductor vendors are heavily involved in
designing 64K x 1 dynamic RAMs. On the other hand, it
is reasonable to expect that a family of devices will also
emerge, organized as 4K x 8 and 8K x 8.

However, with rock-bottom cost and space weighing in
more heavily than specific implementations, several
vendors are considering clocked static RAMs with
multiplexed data and address, which will reduce pin
count considerably for specialized applications. With a
multiplexing scheme, 1K x 8 of RAM could be in a 300-
mil wide, 18-pin package.

Clocked multiplexed RAMs can be implemented two
ways. One is to multiplex the eight outputs onto eight of
the 10 address pins using two clock cycles—one for
address and the second for data. But unless the data are
unmultiplexed and remultiplexed off-chip to achieve 16
bits of address and data, data width will be limited to 8
bits.

MK4801/4118 BYTE-WIDE STATIC RAMs
Figure 6
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A better alternative is to multiplex eight bits of address,
followed by eight more bits of address, and then
multiplex eight data bits onto the same 8-bit bus, using
hard-wire select to choose a given package. This
method requires three clock cycles for eight data bits or
four cycles for 16 data bits.

This latter concept, used successfully at the 4-bit level
on the Intel 4004 uP, can result in a very low-cost
minimum-pin-count byte-wide memory with the best
packing density. The most severe limitation (because of
the number of clock cycles) would be lowered data
bandwidth, but the success of multiplexed 16-pin
dynamic RAMs and the demands for lower costs will
outweigh this drawback.

WRITE-CYCLE TIMING OF 4801/4118 8K STATIC
Figure 7
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MOSTEK.

N-CHANNEL MOS — ITS IMPACT ON TECHNOLOGY

by David Wooten

Technology

INTRODUCTION

The development of the solid state memory has pro-
ven to be one of the most important elements in the
evolution of the computer. The fact that semicon-
ductor memories can be manufactured at low cost
and in high volume has made the cost of computing
less expensive at all levels. Low cost memory has re-
duced the cost of mainframes and mini-computers
and low cost memory devices have been the keystone
in the development of microcomputers.

Although bipolar devices play an important role,
most of the current development in semiconductor
memories is concentrated on N-channel Metal Oxide
Semiconductors (N-MOS). The flexibility of N-MOS
has made possible several types of memory devices
each with its own nitch of applications. The three
basic types of N-MOS memory are dynamic RAMs,
static RAMs, and ROMs.

DYNAMIC RAMS

Dynamic Random Access Memories are considered
the real workhorses of the memory industry. Because
of their high density, low power consumption, and
low cost, Dynamic RAMs have become the first
choice for mainframe memory and for memory inten-
sive minicomputers and microcomputers. Dynamic
RAMs began to replace core and memory with the in-
troduction of the 1Kx1 1103, however, the general
acceptance of Dynamic RAMs really came about with
the introduction of the 4Kx1 devices in 1973. Most
of the early 4K Dynamic RAMs were 22 pin devices
but 18 pin devices were also available. Then in 1974
MOSTEK introduced the 16 pin 4K Dynamic RAM
with multiplexed addresses. The 16 pin device gained
a great deal of acceptance and has become the indus-
try standard because the board packing density with
16 pin devices was about twice that of the 22 pin de-
vices. Another factor that accelerated the acceptance
of the multiplexed Dynamic RAMs was that the 16
pin multiplexed configuration could be easily modi-
fied to accommodate a 16Kx1 Dynamic RAM. Pre-
sently MOSTEK and others offer a 4Kx1 (MK 4027)
and a 16Kx1 (MK4116) that are functionally iden-
tical making it possible for a memory system designer
to design a board that can accommodate either part.
This allows an easy upgrade of 4K based systems to
16K based systems with no extra investment in de-
sign.

PIN CONNECTIONS MK4027 & MK4116
Figure 1
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DEVICE DESCRIPTION

Before delving into some of the system aspects and
applications of 4K and 16K multiplexed Dynamic
RAMs, it is necessary to discuss the fundamental op-
eration of the device. The MOSTEK MK4027 and
MK4116 will serve as the models for the discussion.
(Refer to the pin configuration in Fig. 1). As stated
earlier, the basic operation of the MK4116 is very
similar to that of the MK4027. The data storage
within the memory is a matrix format with an equal
number of rows and columns. The row address is
applied to the address inputs and are strobed
(latched) into the chip when RAS (Row Address
Strobe) is applied. The Column Addresses are then
applied and CAS (Column Address Strobe) is asserted
causing them to also be latched. For the MK4027
there are 6 address lines to address, 64 rows and 64
columns giving 64 x 64 = 4096 bits. An additional
pin (CS) is used for chip selection. For the MK4116
the CS input is replaced by a seventh address input
giving 128 rows and 128 columns for 128 x 128 =
16384 bits. The Chip Select input that is present
with the MK4027 is replaced with the additional ad-
dress input required for the 16K RAM. With the
MK4027 the output is controlled by the negative go-
ing transition of CAS. (See Figures 2 & 3). Once the
output is set it cannot change until the part receives
the next CAS. Without a Chip Select signal, the only
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READ CYCLE TIMING FOR MK4116 & MK 4027
Figure 2

RAS

/N

t
tASR —» & —> RAM
[}

SRS G

tasc - [
. \ ! tcaH
s \ /4
'RCS \ /
wive 771111 \\%%%%
/ VALID
Doyt (4116) 1!\ DATA /
. L—— tcac —
-« RAC
D (4027) -2QuI FROMPREVIOUS ‘( 7 VALID
out CYCLE (COULD BE FLOAT) / DATA
WRITE CYCLE TIMING FOR MK4116 & MK4027
Figure 3

/S N\

= NN

Y4

Y,

w T \

Yoyt

(MK4116) /

JouT \/ / COPY OF INPUT
(MK4G27) / \ DATA

|« 'Ds

o T

U,

DEVICE DESCRIPTIONS (Cont'd)

possible method of chip selection on the 16K RAM
would be decoding the Row Address Strobe. The
Column Address Strobe (CAS) must activate every
memory cycle to turn off the latched outputs of un-
selected RAMs. In giving up the Chip Select a very
important system feature also disappears - the option
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(or function) of two dimensional decode within a
memory matrix. Therefore, instead of the conven-
tional latch output that is incorporated in the existing
4K RAMs, the MK4116 requires a slightly modified
output stage to allow more system flexibility. The
Data Out of the MK4116 becomes valid within the
specified access time and will remain valid until the
Column Address Strobe (CAS) is taken to the inactive



DEVICE DESCRIPTIONS (Cont’d)

state. However, in early write cycles (WRITE active
low before CAS goes low) the data output will remain
in the high impedence (open circuit) state throughout
the entire cycle. The purpose of the new approach of
controlling the data output is to allow the 16K RAM
to be the ““universal memory" for all types of system
requirements. The flexibility of this circuit will
become apparent as we explore a wide spectrum of
data processing applications.

THE DYNAMIC RAM IN MICROPROCESSOR
SYSTEMS

The amount of read/write memory associated with
microprocessor based system is ever increasing.
Microcomputer applications range from computerized
games to commercial transaction processing ma-
chines. Random Access Memory associated with
these applications should be flexible in operation, tol-
erant of power supply noise, reliable, simple to inter-
face, and offer the highest possible system bit density.
The Dynamic RAMs definitely have a home with
these types of products.

A block diagram for a typical 16 pin Dynamic RAM
memory system is illustrated in Figure 4. The

common elements of this system - which include in-
terface logic, timing generator, decode logic, multi-
plex circuitry, refresh logic, and buffers - can be im-
plemented using approximately 12-20 standard TTL
devices. A full 64K by 8 bit system, which is the
maximum amount of addressable memory for most
common microprocessors, can be constructed on a
single (Double-sided) Printed Circuit Board in an area
less than 50 square inches.

The functions of most microprocessor based memory
systems are reasonably simple and straight forward
when compared to some mini-computers and large
mainframes. Microprocessor memory modules are
usually synchronous and initiate processor requested
read or write cycles upon command. Refresh of
Dynamic RAMs in a microprocessor based system is
easily handled during the portion of an instruction
cycle that does not require a memory access.

Since most microprocessor systems do not require
specialized memory operations such as read-modify-
write cycles, timing considerations for the Dynamic
RAMs can be kept very simple. Therefore, interface
convenience and device tolerance are more important
than device operating modes. By not having an out-
put latch on the 16K RAM, a very important micro-
processor interface concept - the common /O data

BLOCK DIAGRAM
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THE DYNAMIC RAM IN MICROPROCESSOR
SYSTEMS (Cont’'d)

bus - can be realized. For interface convenience, the
data input pin of the 16K RAM can be directly con-
nected to the data output pin on the PC board. If
common |/O operation is desired for the 16K RAM,
then all write operations should be executed in the
early write mode (WRITE active low before CAS goes
low).

Two typical examples of the logic required for a
microprocessor interface can be seen in Figure 5 and
Figure 6. Figure 5 shows a minimum RAM system
for the Z80 microprocessor. The RAM system con-
sists of either 8 MK4027's giving 4K bytes of RAM or
8 MK4116's giving 16K bytes of RAM. This is the
type of interface that would be found in small micro-
processor systems where the RAM is located on the
same board as the microprocessor. Figure 6 shows a
larger memory organization where the memory is on
a separate board.

In both examples it can be seen that Dynamic RAMs
interface very easily to microprocessor busses mainly

because of the synchronous nature of microprocessor
systems. This makes it easy to accomodate the multi-
plex and refresh timing of the RAMs.

MINICOMPUTER/MAINFRAME APPLICATIONS

A logical progression beyond the simple micro-
processor systems are the minicomputer applications
and then mainframe computers. Here, concepts like
multiway interleaved memory, Direct Memory Access
(DMA), multiport memory and asynchronous bus
techniques become a very important part of the sys-
tem. Usually in these larger, more diverse data pro-
cessing applications memory content integrity and re-
liability become absolutely necessary. Many times
special error detection/correction schemes are em-
ployed to ensure maximum system reliability. In an
error corrected system extra bits of memory are
added to each memory word. When the word is
written into the memory a hamming type code is gen-
erated and stored in the extra bits. When the data is
read from the memory the extra bits are used to
check the validity of the data. The check code is
such that if a single bit of the read word is incorrect it

SMALL MEMORY Z80 INTERFACE
Figure 5
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LARGE MEMORY 280 INTERFACE
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MINICOMPUTER/MAINFRAME APPLICATIONS
(Cont'd)

can be corrected and if two memory bits are incorrect
it is detected and flagged as an uncorrectable error.
Thus, the error correction allows for a complete
memory chip failure while maintaining data integrity.
In these types of applications, the 4K and 16K multi-
plexed Dynamic RAMs begin to have a very signifi-
cant impact over any previous memory product. In
systems like these, read-modify-write cycles and new
concepts like ‘“page mode” operation and ‘‘read-
while-write”” memory begin to impact system de-
sign.

The “read-while-write’’ memory operation of the 16K
RAM simply implies that both a read operation and
write operation can occur at the same memory ad-
dress almost simultaneously. This is done by strob-
ing both the row and column address into the device
and then waiting a sufficient amount of time after the
Column Address Strobe is activated before the
WRITE command is given. The MK4116 and MK-
4027 has been designed and characterized such that a
read operation can begin at a particular address and,
even before data is accessed from the memory, a
write operation can begin at the same address and
within the same memory cycle. The result of this op-
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MINICOMPUTER/MAINFRAME APPLICATIONS
(Cont'd)

eration is that data stored at a particular cell location
will appear at the output of the device within the
specified access time and data at the input pin will be
written into the same selected cell location. The
read-while-write operation is different from a read-
modify cycle in that read-modify-write cycle implies
that data is read from the selected cell, then modi-
fied, and finally the modified data is written into the
selected location.

The read-modify-write cycle is usually used in con-
junction with error detection/correction schemes
while the read-while-write operation is used for high
speed shift register of buffer applications.

The major design difference between microprocessor
and minicomputer memory systems is that on the
minicomputer system the memory transfers are very
likely to be asynchronous. The main benefit of an
asynchronous memory cycle is that it allows the sys-
tem to operate as fast or as slow as necessary. Thus,
when a system is pushed to its performance limits, it
is fairly easy to increase the system throughput by
upgrading the memory system. This can be accom-
plished in several ways but the most common ap-
proaches are by adding a cache memory (very fast
content addressable memory) or by using faster mem-
ory devices as main storage. Making the memory sys-
tem faster makes the asynchronous bus run faster and
thus the system performance is improved. There is,
however, one major problem with asynchronous
busses when Dynamic RAMs are used. Since the
asynchronous bus can request a memory cycle at any
time there is no convenient time to do refresh. This

requires that some contention logic be placed in the
memory system to arbitrate between normal memory
cycles and refresh cycles. The design of this conten-
tion logic is nontrivial to say the least, but it is not an
unsolvable problem. Figure 7 shows the control logic
for a memory card for use with an LSI-11* micro-
computer. The arbitration logic (upper left corner)
is designed such that distributed refresh cycles take
priority over bus initiated cycles. |f a distributed re-
fresh request comes at about the same time as normal
cycle request the output of the gate (the 74565)
might glitch causing the input to the delay line to
glitch. A glitch into the delay line would cause a
series of timing glitches on the major control signals
(RAS and CAS) to the memory chip. To prevent the
glitches on the output of the 74S65 a pulse stretch-
ing RC is added. This insures that the low going pulse
from the AOI gate is long enough to properly set the
latch made of the 745132 and 74S00 gates which, in
turn insures a proper timing waveform into the delay
line. Note also that a delay is required between re-
questing a refresh cycle and starting refresh cycle (de-
lay circuit is bottom center of Figure 7). This delay
allows the output of the latch to stabilize so that if a
bus requested cycle is started it can complete before
the refresh cycle starts. The convenient thing about
the asynchronous bus in this scheme is that if the re-
fresh cycle starts before the bus requested cycle the
asynchronous handshake signal (BRPLY-L) can be de-
layed until the normal cycle is complete.

COST CONSIDERATIONS

Currently Dynamic RAMs offer about a 2 to 1 cost
advantage over Static RAMs on a per bit basis. This

MEMORY TIiMING AND CONTROL LOGIC
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COST CONSIDERATIONS (Cont'd)

does not mean, however, that Dynamic RAMs are the
most cost effective solution for all applications. Fac-
tors such as interface complexity, board density, data
retention (battery back-up), power supplies, and test-
ing cost have a great deal of influence on the overall
memory system cost. The additional cost for a
Dynamic RAM interface over a static RAM interface
is about $15. This added cost includes the refresh
control and multiplexing logic; and the insertion and
testing costs of the added logic. Additional power
supply cost can be as small as $1 if +12 volt and -5
volt supplies are required in the system for other than
the memory. It can be as much as $20 if these sup-
plies must be added just to support the memory. |f
we assume a $3.00 component cost for a 4Kx1 Dy-

namic RAM, a $15.00 component cost for a 16Kx1 -

Dynamic RAM and a $6.00 component cost for a 4K
Static RAM, it should be evident that in systems
requiring 4K bytes or less of memory the Static RAM
is the best choice. For systems requiring 16K bytes
or more of memory Dynamic RAMs are the most cost
effective mainly because it only takes 8 MK4116's to
get 16K bytes vs. 32 4K statics. The resulting savings
in board area and insertion costs outweigh the pos-
sible extra cost of the power supply and control logic.

A summary of estimated system cost for various
memory sizes is given in Fig. 8. For this comparison
it is assumed that insertion costs are negligible (they
are not in reality) and that the +12V and -5V supplies
must be added for the Dynamic RAM system with a
cost of $20 + $1/watt. For the Static RAM it is
assumed only that the +5 volt supply must be in-
creased to support the memory at a cost of $1/watt.
Two types of static FAMs are shown one beinga fully
static 4Kx1 RAM that requires 500mW/device and
the other is an Edge Activated in 4Kx1 RAM that has
a frequency dependent power dissipation.

FUTURE TRENDS IN N-MOS DYNAMIC RAMS

1978 will see the 16K RAM become the mainstay of
the industry and attention will turn to the 64K bit
Dynamic RAM. Some samples of the 64K RAM will
be available by the end of the year but volume pro-
duction will not be achieved until the middle or end
of 1979. The 64K Dynamic RAM should operate on
a single supply voltage with +5 volts being the most
desireable. This single supply operation will make the
64K dynamic part very easy to design into a system.
Not only is power sequencing not required but power
distribution and decoupling is simplified. Another
benefit is that since the substrate voltage is generated
on the chip there is no damage of accidently shorting
the substrate to a positive supply voltage which can
destroy the part.

Other strong possibilities for 1978 are Dynamic
RAMs in an 8 bit configuration for use in micropro-
cessor systems. These parts will allow for simple in-
terface to microprocessors and present a strong chal-
lenge to Static RAMs in low end systems.

Packaging technology for Dynamic RAMs will allow
higher densities than is presently possible with the
standard DIP. Dynamic RAMs consume so little pow-
er that the current 16 pin package is not required for
proper heat dissipation.

STATIC RAMS

Static RAM technology has advanced almost as rap-
idly as Dynamic RAM technology and even though
Static RAMs do not match the densities of Dynamic
RAMs they are cost effective in many applications.
The ease of use of Static RAMs makes them popular
devices for small memory systems and the semicon-
ductor industry offers many different types of de-

TYPICAL MEMORY SYSTEM COSTS (EXCLUDING PCB)

TECH
NOLOGY

Figure 8
COMPONENT MK4116 MK4027 TMS4044 MK4104
COMPONENT COST
EACH ($) 15.00 3.00 6.00 6.00
MEMORY SIZE
(K BYTES) 16K 4K 8K 12K 16K 4K 8K 12K 16K 4K 8K 12K 16K
MEMORY COMPONENT
COST ($) 128.00 24.00 48.00 72.00 96.00|{48.00 | 96.00 | 144.00 | 192.00((48.00 96.00 [144.00 |192.00
INSERTION COST ($) 8.00 8.00 16.00 24.00 32.00{| 8.00 | 16.00 24.00 | 32.00|| 8.00 16.00 | 24.00 [ 32.00
ADDED POWER
SUPPLY COSTS ($) 22.75 22.76 24.00 25.25 26.48 .79 1.08 1.39 1.69(] 6.00 12.00 | 18.00 | 24.00
INTERFACE COST ($) 20.00 20.00 20.00 20.00 20.00(( 3.00 3.00 3.00 3.00(} 3.00 3.00 3.00 3.00
TOTAL ($) 178.75 74.76 | 108.00 |1412.00 | 174.78{|59.79 (116.09 | 172.39 [ 228.69(|65.00 | 127.00 |[189.00 |251.00
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STATIC RAMS (Cont'd)

vices to match the diversity of applications. Most of
the current user attention is preséntly focused on the
4K bit Static RAMs that have become available with-
in the last year. The two most popular configurations
for the 4K Statics are the 4Kx1 part with the “Bur-
roughs’ pinout and the 1Kx4 part with the “Intel’’
2114 pinout. The unfortunate thing about most of
the new Static MOS RAM:s is that besides density they
offer very little new in the way ot technology. The
exceptions to this are the MOSTEK MK4104 and the
Intel 2147.

The MK4104 from MOSTEK uses dynamic circuitry
in all but the storage matrix. The majority of the
power in fully static parts is consumed by the buffers
and decode circuitry. By replacing this power con-
suming static circuitry with very low power dynamic
circuitry, MOSTEK achieves a part with the benefits
of both Static and Dynamic RAMs, i.e. a Static RAM
with low power. The importance of low power in a
memory device cannot be overstated. Analysis of a
large memory system shows that the memory device
remains in a quiescent state most of the time. There-
fore, the steady state power of the memory devices
determines the power consumed by the memory sys-
tem. Take, for example, two 16K byte memory sys-
tems for a Z80 microprocessor organized as 4 rows of
8 chips (Figure 10) one of which consists of fully Sta-
tic RAMs with 500mW dissipation for each device
and one system employing Edge Activated TM mem-
ory system Static RAMs such as the MK4104. The
memory system cycle time is 1.2us worst case and
then the average cycle time for single row of chips is
4 x 1.2ns or 4.8us. At this cycle rate the system em-
ploying MK4104's consumes about 35.2 mw/chip or
1.125 watts for the memory while the fully Static
RAM systems draws 500mW/chip or 16 Watts. This
factor of 14 in power saving for the Edge Activa-
ted TM memory system translates to lower power
supply costs, lower cooling costs, and higher reliabil-
ity. Because the MK4104's only consume an average
of 35.2mW the junction temperature inside the pack-
age will only be about 2.5°C above the temperature
outside the package. The junction temperature of the
fully Static RAM will be about 35°C above ambient
or over 32°C hotter than the MK4104 in the same en-
vironment. MIL-STD-883 predicts that this 32°C
difference in junction temperature would make the
MK4104 system 14 times as reliable as the fully static
memory system.

The 2147 is intended to be a major competitor to the
bipolar RAMs that have dominated the sub 100ns
memory market. Intel achieves this impressive per-
formance with a process they call H-MOS. This in
reality is little more than a slightly scaled process
with arsenic diffusion of source and drain.

Because of its high speed and matching price. the
2147 has little application in microprocessor systems
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and only limited uses in minicomputers. In mini-
computers the 2147 finds its best use in cache and
writeable control store applications. Cache memory
is a fairly small, high speed content addressable mem-
ory that is used to increase the apparent memory per-
formance. When the computer presents an address to
the memory system the cache memory is checked to
see if the requested data is resident. If it is, the data
can be accessed rapidly. If not, a.normal memory
cycle is initiated and the data is read into the CPU
and into cache so that it will be available. if required
again. The power of cache memory can be seen from
a simple example. DEC uses a 2K byté cache on the
PDP-11/70 that is backed up by 2M bytes of main
memory. 95% of all memory accesses find the re-
quired data in the cache (‘hit’). If the cache access
time is 290ns and the main memory access time is
500ns, the memory system performs as if it were 2M
bytes of 310ns memory. Thus, the 2K bytes of cache
improves the memory system performance by an im-
pressive 38%. Even if the system uses the memory at
only 50% of its capabilities this improves the system
throughput by 19%.

Writeable control store allows a computer to have a
variable instruction set. The control store of a-com-
puter directs the computer in the execution of the in-
structions. By having a writeable control store it is
possible to change the. execution of instructions to
the point of introducing an entirely different instruc-
tion set. Writeable control store is a very powerful
mechanism in that it allows the optimization of the
instruction set to fit different program requirements
and even allows one computer to emulate another.
The only problem with the 2147 in cache and write-
able control store applications is its 4Kx1 configura-
tion. Because cache and writeable control store gen-
erally prefer a small number of wide words this would
be better served by a wide word (x8) RAM.

For this reason MOSTEK has developed a 1Kx8 high
speed static RAM called the MK4801. The MK4801
utilizes a static storage cell that is very similar to the
MK4104 (reference cell dwg. in Fig. 9) with one ex-
ception. Rather than returning the load resistors to
Ve they are tied to the digit lines. The elimination
of the V¢ line in the matrix allows the MK4801 to
have a basic cell size of only 2.0mil2 as compared to
2.7mil2, This particular arrangement can be used
because the duty cycle of the digit lines is very low
meaning that they are almost always at V¢c. Keeping
the digit lines at Vg¢ requires that the MK4801
operate somewhat differently from typical fully static
parts. In the MK4801 an address transition detector is
used on each address line. When any address changes,
a set of clocks is triggered causing precharge of the
output circuitry and other dynamic nodes. The row
addresses are decoded in a no power tree decoder and
a transition generated clock causes the addressed data
to be latched into the output buffers. Once the data
is latched the digit lines are again precharged to V¢c.



NEW STATIC CELL

Figure 9
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A new static RAM cell design that uses resistors as loads saves space
and reduces power consumption. Each 5000 megohm resistor is an
ion-implanted polysilicon device that draws less than 1 nanoampere
of current.

STATIC RAMS (Cont’d)

This marriage of static and dynamic circuit tech-
niques allows the MK4801 to achieve very impressive
performance characteristics. The access times are be-
low 100ns with 60ns being typical. Even at 60ns,
access time the MK4801 consumes less than 300mW°
(<350mW typical). To the user the MK4801 appears
fully static with equal access and cycle times, and
fully asynchronous operation.

The MK4801 is packaged in a PROM/ROM compati-
ble 24 pin package and has four control lines that
allow easy implementation of a wide range of func-
tions. A Chip Select (CS) is included for ease of
memory expansion. The CS access time is less than
50% of access time so that CS decodingdoesnot de-
grade system performance. The Data I/O lines are bi-
directional and the output enable (OE) control can
be used to prevent possible driver conflicts. The
access time from OF is also less than 50% of address
access.

Naturally one of the control lines is a write Enable
(WE). When WE goes low the output is uncondition-
ally open circuited so that new data can be placed on
the data lines. When WE goes high the new data is
latched on chip and written into the addressed cell.

The fourth control line is on address and chip select
latch control (LATCH). This is one of the most
powerful controls on the MK4801. 'When the address
is latched the MK4801 is forced into a quiescent state
and the power dissipation drops by 40%. In systems
that must conserve power LATCH can be decoded
and the selected part unlatched and aflowed to access.

Another configuration that can be achieved with the
LATCH function is a memory system with a multi-
plexed address and data bus. While the address is
valid all chips are unlatched and accept new address
and CS information. Before the address lines are
turned around to transmit data LATCH would go low
preserving the address and TS information. Then
when OE or WE is asserted the selected chip would
either place data on the bus or accept new data.

The MK4801 should find wide application in cache,
writeable control store and buffer memory appli-
cations. Because of the small cell size MOSTEK is
able to produce an 8K bit static RAM that is only
27,900 mil2 which is only slightly larger than the
2147 4K bit static RAM. This small die size will
make the MK4801 a very cost effective part.

The list applications for Static RAMs is endless. The
majority of systems using small amounts of RAM, 4K
bytes or less, use Static RAMs and one rather large
computer manufacturer (IBM) uses Static RAMs
almost exclusively in their mainframe computers.

Because the power consumptions is such an impor-
tant factor in memory systems the probability is large
that most future generation of Static RAMs will in-
corporate some sort of power saving circuitry. Even
2147, which is aimed at the bipolar market has a
power gating circuit that reduces power to about
150mW when the part is not being accessed. New
Static RAMs that are aimed at microprocessor appli-
cations will almost certainly contain dynamic circuits
and high speed (sub 100ns) MOS RAMs will have
either power gating circuits or some other dynamic
circuit mechanism to reduce power consumption.

The movement toward Edge Activated TM static
memory devices would not occur if users found them
more difficult to use. This, fortunately, is not the
case and many engineers have discovered that their
microprocessor system actually generates what
amounts to a clock for their fully Static RAM system.
If we look again at the Z80 Static RAM interface
board (Figure 10), we find that the output of the
chip select decoder is clocked by MREQ. This signal
is properly conditioned so that the Edge Activat-
ed TM Static RAM directly replaces the fully Static
RAM with no change in interface.

One of the most significant indicators that future
microprocessor oriented static memory components
will need to be Edge Activated TM is the growing
trend toward microprocessors with multiplexed
address and data busses. Any RAM that interfaces to
this kind of microprocessor will need to have on-chip
address latches to capture the addresses while they
are on the bus or else extra support circuitry would
be required. These multiplexed microprocessors
supply a signal to cause address capture and if Edge
Activated TM memories are used this signal can be
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MEMORY ARRAY
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used almost directly to clock the memory and latch
the addresses on the memory chip so that no external
latches are required.

FUTURE TRENDS IN N-MOS STATICS

The 2147 and MK4104 mark the paths for future
Static RAM developments. In the higher speed mem-
ory market look for copies of the 2147 from many
vendors and expect some wider word RAMs that are
better suited for both writeable control store and
cache applications. MOS Static RAMs with guaran-
teed access times below 50ns should be available
before the end of 1978 as should some 16K devices.

In the moderate speed range of the MK4104 expect a
lot of edge activated type of parts especially in 8 bit
word configurations. 8K RAMs are beginning to be-
come available (EMM Semi) and 16K RAMs are a pos-
sibility before 1979. Don’t expect to see many fully
static parts in this speed range.

ROMS

The big news in the ROM world is the availability of
32K bit and 64K bit ROMs. All of these devices are
in 8 bit word configurations and are primarily target-
ed at microprocessor applications.

In ROMs, as in other types of memories, the most im-
portant circuit in the chip is the memory array. In
order to achieve the high densities found in the 32K
and 64K ROMs some new cell structures had to be
developed. AMI and MOSTEK both have applied
new cell structues to their 64K ROMs to achieve their
small chip size. AMI uses VMOS which is a major
modification of the standard NMOS process. The
VMOS transistor is built vertically along the wall of
the grove in the silicon (Figure 11). AMI claims that
the VMOS process allows higher density memory
storage than is possible with standard NMOS process.
Their 64K ROM with a .21 mil2 storage cell is really
the first attempt to prove the economic viability of
VMOS.

CUTAWAY VIEW OF A VMOS TRANSISTOR
Figure 11

/\ DRAIN

MOSTEK on the other hand has solved the problem
of cell density by using a standard single-level poly-
silicon NMOS process along with a modified cell lay-
out. This cell layout uses a contact sharing technique
that results in the equivalent of 2 bits of data storage
per contact rather than 1 bit per contact as in older
designs. The cell at .25 mil2 is almost as small as the
VMOS 64K ROM cell and uses a much less complex
process. By combining this dense memory layout
with dynamic sensing and control circuitry MOSTEK
achieves in the MK36000 the highest performance
NMOS ROM to date.

MOSTEK currently offers a 250ns access time part
with less than 50m\V of standby power and less than
220m'V of active power. By the end of the 2nd quar-
ter of 1978, MOSTEK will be offering 150ns and
200ns access time 64K ROMs. This makes the
MK36000 speed compatible with all currently avail-
able or announced NMOS microprocessors and even
speed compatible with many bit slice bipolar pro-
Cessors.

One of the nice things about the new larger ROMs is
even though they differ slightly in their functional
characterization they generally are alike in their pin-
outs (Figure 12). Most of the new 32K and 64K
ROMs offer pin compatibility with their smaller pre-
decessors. This allows for easy upgrade of existing
systems allowing cost reduction and added software
features.

INDUSTRY STANDAFRD ROM PINOUTS
Figure 12
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The availability of these new large ROMs should start
a revolution in microprocessor software because the
cost of ROM program memory is now so low that
there is no longer any need for the programmers to
worry about squeezing every last excess byte out of
this code, and they can start using higher level lan-
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ROMS (Cont'd)

guages that offer many benefits. Not only are pro-
grams written in higher level languages easier to write
and debug, they are also easier to document and
maintain. Also, since higher level languages are port-
able, there is no need to worry about losing a large
software investment when the next generation of
microprocessor comes along. The industry average
for a line of debuged code is about $10. This makes
the cost of generating 8K bytes of assembly language
code about $45,000 for production run of 1000 sys-
tems with 8K bytes of ROM each the cost of the soft-
ware is almost twice the cost of the ROMs that hold
it. It can even be argued that code generated by com-
pilers for high level languages are more efficient than
assembly language code. Certainly a programmer
who knows all the idiosyncrasies of a particular mach-
ine can write code that is tighter and/or faster than
code generated by a compiler, if he is given enough
time. However, the time required to learn all the
tricks for a particular machine and to tweek the code
make this very costly and slows the software develop-
ment cycle. Thus, programmers generally spend their
time just getting the jobs done on time and produce
less than optimum code. The worst inefficiency of
optimized assembly language is that it is difficult to
document and almost impossible to maintain. If, in
two years it is desired to add a feature or correct a
minor bug that is discovered in the field, pray that
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the original programmer is still around and that he
remembers exactly what was aoing on.

Another benefit of the new large ROMs is that they
can help cut the overall system cost. Not only do
they allow for consolidation of the contents of smal-
ler ROMs but they allow for the inclusion of special
features from several machines. For example, a par-
ticular microcomputer board might have four dif-
ferent 16K ROM options that has software for four
different applications. Those four patterns can be
placed in one 64K ROM and switch selection (hard-
ware or software) could select the proper code for
each application. This reduces inventory costs for
not only the ROMs but also for the boards because
the same board can be used in any of the applica-
tions. Also, if a bug is found in a piece of code that
happens to be used in all applications only one ROM
will need to be corrected if the large ‘higher priced’
ROM were used.

CONCLUSION

The developments in NMOS memory technology have
been impressive by any standards. NMOS has proven
itself repeatedly as the technology holds promise for
continued improvement in terms of density, speed,
and flexibility. This will undoubtedly lead to further
improvements in microprocessor and minicomputer
flexibility and processing power.



MOSTEK.

CCDs—PRODUCTION DEVICE OR LAB EXPERIMENT

By Milt Gosney

Technical Brief

SUMMARY

For the past several years, semiconductor
manufacturers have promised large, low-cost serial
memories based upon charge-coupled device
technology. Such memory circuits are intended to be
solid-state replacements formoving surface memories.
The cost per bit of CCD serial memory has been
projected to be from three to four times cheaper than
equivalent semiconductor random-access memory,
based upon assumptions that CCDs inherently have
greater data densities, higher yields, and simpler
processing that their RAM counterparts.

But the assumptions on which the success of CCDs is
based may not be achievable, making cost projections
overly optimistic. In actual practice, there is little
inherent density increase in CCD serial memory over
random-access memory using the same layout design
rules. Also, the processes are at best no simpler, and
yields will at best be worse since CCDs have additional
yield loss imposed by charge-transfer efficiency
considerations. The originally projected 3X to 4X
improvement in cost per bit of CCDs over RAM will
probably continue to be much closer to 1X; presently,
the cost is 50 millicents/bit for both CCD and RAM.?

Consequently, the CCD finds itself in a difficult
situation—its manufacturing cost/bit will probably be
higher than that of RAM, yet its customers expect a
selling price significantly less than that of RAM. For
these reasons, it is doubtful that the CCD serial memory
will become the overall success that originally was

projected. Historically, the technology and linewidth

improvements which were supposed to give the CCD its
price advantage have also impacted RAM density and
price. RAMs of equivalent density and price have
obsoleted existing CCD serial memories before they
ever reached significant levels of yield and delivery.

CCDs may find limited success in memory systems .

where the user specifically wants to eliminate the
mechanical moving-surface components, and is willing
to pay the price to achieve that goal. But even there,
price and availability may favor RAMs over CCDs.
Perhaps the major usage for CCDs will be in
applications taking advantage of the analog serial
storage nature of CCDs such as filters and delay-lines.

INTRODUCTION
A. Historical Overview
In 1970, Boyle and Smith of Bell Telephone

Laboratories announced a new device concept which
they named “Charge-Coupled Semiconductor

Devices.””2 Called CCDs for short, these devices
featured dynamic storage of data in MOS capacitors,
with the ability to transfer the data by sequentially:
switching the gate voltages. Boyle and Smith saw
possible applications as “a shift register, asanimaging
device, as a display device and in performing logic.”

It is no wonder in 1970 that the CCD was hailed as a
significant breakthrough in memory density. Boyleand
Smith’'s CCD was the worlds first look at single
transistor-type storage cells at a time when the state-
of-the-artin memorycircuittechnologywasthe 1024-bit
MOS RAM with three-transistor cells.? Because of its
simple configuration, the CCD offered a significant
potential increase in semiconductor memory density
over conventional 3-T dynamic circuit approaches. In
addition, the CCD process was simple, (one mask) and
so its expected yield should be higher than
conventional MOS circuits. Boyle and Smith foresaw
the greatest possible density in which the CCD storage
gates transferred data in serial fashion, and therefore,
they projected application of the CCD storage
phenomena for serial memories (shift registers).
Nevermind that suitable means for detecting the charge
packets reliably did not exist at the time, nor were the
early CCDs suitable for manufacture; the basic
phenomena of single-capacitor or transistor storage
had been disclosed, and provided the basis for many
projections about memory size and cost which would
be realized by 1T dynamic RAMs in the years to come.

The projections about memory size and cost were
based mainly upon the individual bit sizes of the
proposed CCD memories which were three to four
times smaller than equivalent 3-T dynamic RAM cells.
And as MOS processing technology continued to
improve in the early 70’s, line widths became smaller,
and projected circuit densities increased using the
CCD cells as stepping stones. But semiconductor RAM
technology was not standing still either. By 1973,
suitable sense-amplifiers had been designed which
made possible one-transistor per bitRAMcircuits.* The
one transistor per bit RAM design resulted in a 4x
increase in memory circuit density over the old 1K
three-transistor designs, using the same processing
and layout linewidths. But more important, the one
transistor RAM was a manufacturable embodiment of
the CCD storage phenomena in a random-access
configuration.

The 4K dynamic RAM was the leading edge of
memory technology in the 1973 through 1975 time
frame. With 4K RAMs rapidly becoming a commercial
success, digital CCD serial memories of significantly
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greater capacity than 4K would be required to achieve
the bit cost reductions projected for CCD memory.
Electronics magazine mentioned that 16K and 32K
CCD serial memory circuits might become available by
the end of 1974, and described in some detail a 16K
memory chip in development at RCA. Fairchild did
introduce a9K CCDinJanuaryof 1975°and described a
16K part to be introduced several months later. Intel”
also introduced a 16K CCD in February of 1975. But
these parts did not enjoy huge success because of
delivery problems, and they were essentially obsoleted
by 16K RAMs which were introducedin 1976. With 16K
RAMs becoming commercially successful, CCD de-
signs jumped to 64K in 1977, with 64K RAM designs
closely following.

Today, the 64K RAM being the leading edge of
memory technology requires that CCD serial memory
must be 256K to have commercial interest, and at least
several manufacturers have alluded to 256K
development programs.’

B. Hodges Principle

The pattern of projected CCD density being rapidly
caught and made obsolete by commercial RAM circuits
has given rise to serious doubt about the viability of
CCD memory products.! Basically, the reason that
RAMs have been so closely behind CCD serial memory
in capacity was first stated by Dave Hodges atthe 1975
ISSCCin aninformal discussion sessionentitied “CCD
Memories: Will They Make 1t?” Hodges pointed out
that CCD serial memory and one transistor RAMs are
the same basic storage phenomena and technology,
and that any linewidth and technology improvement
that can improve CCD density will also improve RAM

density. And sincethe RAMisthemoreattractive circuit
of the two, it will predominate. To this date, Hodges
Principle (or the time-window limitto CCD market)' has
not been proven false. In the following section, the
assumptions by which the 3x to 4x improvements in
CCD memory cost over RAM were forecast will be
examined, and it will be shown that in fact this
improvement is closer to 1x. This paper restates
Hodges Principle thatthe RAMembodiment ofthe CCD
phenomena will continue to prevail over the serial
memory versions.

DISCUSSION
A. CCD and 1TT—RAM Dynamic Storage

Both serial CCDs and one-transistor RAMs utilize
dynamic storage on the semiconductor surface in MOS
structures. Figure 1isaschematic representation ofan
MOS-type storage structure which could be either the
input or output of a CCD serial shift register, or the
storage capacitor and address transistor of a
one transistor RAM. The storage region is the silicon
surface beneath the storage gate wherein a
field induced junction contains a negative charge of
mobile electrons (denoted Qp). Essentially, the surface
of the semiconductor behaves like a capacitive voltage
divider—the upper capacitor is the fixed gate
capacitance, the lower capacitor is the space-charge
region of the field induced junction, and the field
induced junction itself is the intermediate conducting
plate. The purpose of the transfer or

i ¢
address gate is to

form atemporary conductive path between thediffused
junction and the field-induced junction. Assuming that
VG2 is a potential greater than the threshold voltage,
then the surface potential of the field-induced junction
will be set equal to the junction potential when Vg1 is
turned on (assuming that VG1 is greater than Vj + Viy).

A DOUBLE-POLYSILICON GATE MOS STORAGE STRUCTURE.

Figure 1
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By using the depletion approximation, the
dependence of the surface charge Qn upon the surface
potential ¢s can be written as:

Qn/a = Co. (VG — VFg —¢s) — 1(2aNaKeods) 72
where ‘

Qn/q is the surface charge density in electrons/cm?

Co is the gate oxide capacitance/cm?

Vg is the gate voltage (with respect to the substrate)

VEB is the flat-band voltage of the structure

q is electronic charge

NA is the doping density of the substrate

Kseo is the permittivity of the semiconductor

¢gis the surface voltage or surface potential,
measured in volts with respect to substrate.

This evaluation shows that for a given gatevoltage, flat-
band voltage, oxide thickness, and doping density,

there is an inverse relationship between surface
potential and surface charge.

Figure 2 is a plot of Equation 1 showing the
dependance of surface charge upon surface potential
with substrate doping density asa parameter. This plot
assumed numbers typical for present day 16K RAM’s
with +12 and -5 volt supplies. The most important
feature is that the inversion layer charge is
approximately inversely proportional to surface
potential. As substrate doping density increases, body
effectincreases, and the Qn vs.¢g curve becomes more
curved. For a given set of conditions, the maximum
surface potential (pg max) is simply the gate voltage
minus the threshold voltage computed with the body
effect shift at the g max value. The maximum surface
potential can be calculated from Eq. 1 with Q= 0.

The minimum surface potential corresponds to
inversion, and results in band-bending approximately
equal to 2 ¢p, where ¢p is the bulk Fermi potential.
Minimum surface potential also corresponds to
maximum charge in the inversion layer. If the transfer
gate is turned off, minimum surface potential is in an
equilibrium condition. Withtransfer gate turned off, any
other surface potential is not at equilibrium; and
leakage currents arising from generation currentin the

DEPENDENCE OF SURFACE CHARGE Q,, UPON SURFACE POTENTIAL &, (DOPING IS A PARAMETER)

FOR THE MOS STORAGE STRUCTURE SHOWN IN FIGURE 1.

Figure 2
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space charge region plus diffusion current from the
adjacent neutral region (plus any other source of hole-
electron pairs such as light) cause a decay in surface
potential toward the equilibrium valve. As surface
potential decays, the surface charge density increases
toward its maximum value; the potential well tends to
“fill” with charge as a result of a leakage current.

Thus, high surface potentials are empty wells and
correspond to logic level “1°’s. The time required for a
logic level “1" to decay to a logic level "0 (an empty well
to fill up due to leakage currents) is a measure of the
dynamic storage time. In actual circuits, the dominant
leakage current at high temperatures is from diffusion
current in the substrate, and refresh time in RAMs8 (or
minimum frequency in CCDs) is determined by how
much decay in surface potential will be allowed by the
sense amplifier before logic errors occur.

In Figure 2, both the maximum charge density and
maximum surface potentialincrease with more positive
gate-voltages and more negative threshold voltages
since the size and capacity of the potential well is
proportional to (VG, — Vix). In one-transistor RAMs,
the surface potential (and surface charge density) is set
by the appropriate digit line during a write operation,
and read out by the same digit line during a read
operation. In CCDs charge (or surface potential)
stored in one cell is transferred to an adjacent cell by
increasing its gate voltage, which in turn increases its
surface potential, making it more attractive to charge.
Charge then flows from the present stored well into the
well with the higher driving force. The CCDisthenbuta
serial embodiment of the MOS dynamic storage
phenomena, and the 1T RAM is the random-access
embodiment.

B. Density Trade-offs In Semiconductor Dynamic
Memories—CCD Serial VS. One-Transistor
Random-access

Since its inception, the CCD has been clouded in an

aura of mystique. Apparently, many people believe that
CCDs are a technology that is completely different
from MOS dynamic RAMs—the commonality being
mainly some similarities in wafer processing.? Users
apparently believe that CCDs are ‘‘simpler devices”,
and that “cost of MOS cannot approach that of CCDs,
because the CCD basically is a simpler device”.? It is
important to realize that CCDs and RAMs are nothing
more than shift registersand random-access memories
implemented using the same basic storage phenomena
and silicon-technology building blocks.

In 1970, CCDs offered a significant density

-advantage over the existing 3T RAM cells, because the

CCD was essentially one-transistor storage. In todays
world, the density advantage (with the same design
rules) available at the chip level is likely less than two,
even though a clear 2x advantage can be demonstrated
when comparing CCD and RAM cells made with
minimum-resolution unit building blocks.

To illustrate this point, compare the simplified CCD
and RAM memory cells shown in Figure 3. Ineachcase,
the comparison is being made of a CCD and one-
transistor RAM cell layout, with every required
component being designed with absolute minimum
geometry ie., the minimum resolution unit of length R.
Without regard to how silicon linewidths, metal
linewidths, and contacts might later be patterned,
consider only how the area of silicon should optimally
be proportioned between isolation or field (denoted F),
and active area (denoted either D for diffusion, T for
transistor transfer region, or S for transistor or

COMPARISON OF RAM AND CCD MEMORY CELLS USING MINIMUM RESOLUTION UNIT BLOCKS

Figure 3
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capacitor region). The area of each, F, S, D, or T region
is 1R2unitofarea. Thus, Figure3showsthatastandard,
two-phase CCD cell and a 1-T RAM cell consist of the
same eight basic resolution space units.

But it can be argued that a standard two-phase CCD
wastes half of the storage area in the array, because all
transfers in the serial portion of the CCD memory
blocks (see Figure 4) are done simultaneously, so for
every storage bit, there must be an empty bitto receive
the charge. The so-called electrode per bit CCD (see
Figure 5) essentially doubles the bit density by
propagating a single empty storage site back through
the CCD register.'® The electrode per bit approach to
building CCDs, in conjunction with the SPS register
layout, provides a memory array that in principle could
approach the 4R2 area/bit memory density, doubling
the available RAM density. (But next generation RAMs
can be layed out using 6R2: area units).

In actual practice, however, manufacturable memory
circuits are not built using minimum resolution units to
define active areas. Instead, minimum critical
dimensions are constrained to be larger than minimum
resolution units to accomodate the alignment of other
processing levels, including the metal and poly-silicon
linewidths, and contact openings. In addition, the
linewidths must be sufficiently greater than minimum
resolution to permit accurate control under normal

processing conditions. Also, layouts are done in a
manner to maximize the storage capacitance area, and
minimize the transfer and field regions, so for these
reasons, practical circuits must be larger than the
minimum sizes shown in Figure 3.

Perhaps the greatest practical limitation of density is
not one of linewidth and alignment alone, but of the
necessity of interfacing the memory array to its
appropriate 1/0 circuits and clock drivers. A standard
CCD configured in the SPS array requires two low-
frequency clocks to drive the major portion of the
parallel storage array. Going to the electrode-bit
configuration almost doubles the storagedensityinthe
parallel array, but obtaining this density increase is at
the expense of a clock decoder to provide the ripple-
through clock signals necessary to propagate the
single empty transfer bit back through the CCD
registers. The output of the ripple-through clock isa 1-
of-Noutputclock, much liketherowdecodersina RAM.
Referring back to Figure 3, the memory array for both
RAM and electrode/bit cannot be any smaller in the
horizontal direction than the pitch of the 1-of-N clock
driver or decoder circuit. In the vertical direction, the
CCD appears to be smaller than the RAM cell; but the
practicality of laying out the CCD in the SPS array
means the vertical pitch cannot be less than that of the
serial portion of the array, which requires aminimum of
4R resolution units.

SPS ORGANIZATION OF CCD MEMORY BLOCK VS. SERPENTINE LAYOUT

Figure 4
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ELECTRODE/BIT CCD VS. STD. TWO ELECTRODE/BIT CCD.

Figure 5
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Insummary, for agiven process technologyandline-
width capability, a practical layout of a RAM and an
electrode/bit CCD with the same total bit capacity will
have similar chip dimensions. For example, presently
available 64K RAM and CCD chips have linewidths in
the 2.5t0 5.0 micron range, with chip sizes in the 35,000
square milrange.'"'2 Continuedincreasesin bitdensity
and circuit capacity will be a direct result, in the future,
of smaller linewidths, with the rate of density increase
being metered by improvements in fine linewidth
technology. But then, by pushing existing linewidth
technology to make possible a 256K CCD will only hasten
the arrival of 256K RAMs—back once again to
Hodges Principle.

There is one possible manner in which CCD serial
memories could achieve significant bit densities over
RAM while using equivalentlinewidths. This technique
is called multilevel storage, and takes advantage of the
analog nature of the CCD serial registers. In
conventional digital circuits, 1’sand 0’sare represented
by high and low logic voltage levels, with appropriate
guard-bands and noise margins. Since the CCD serial
registers can be used for analog signals, the
appropriate guard bands and noise margins can, in
principle, be set up in such a manner that the surface
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potential in a single storage area can represent two,
three, or more logic bits. This requires, four, eight, or
more analog voltage ranges to encode the data
sequence asshownin Figure 6. Whilemultilevel storage
offers the promise of increased density without
requiring finer linewidths, the practical difficulties of
data readout in the presence of noise and other
disturbances does not make this technique an
immediate contender for significant density
improvements.

C. Processing and Yield Consideration—
CCD vs. RAM Memory

Another assumption frequently made about CCDs is
that their processing is simpler, and that their yields are
greater than their dynamic RAM counterparts. To be
competitive in overall capacity, both CCD and random
access memory circuits will be built using double-
polysilicon gate n-channel MOS processes, with
leading-edge technology linewidths; so at best the pro-
cess is equivalent to RAM processes. Figure 7 shows
the layout and structure of a typical double-poly RAM
type cell, which can be implemented in a basic five-
mask sequence. (This does not include double-coat
masks in the count, nor the final mask to remove
protective oxide from bond pads.) Figure 8 shows the



structure of a CCD serial memory structure using
essentially the same number of masks. Although it is
-called a surface-channel four-phase CCD, the
structure in Figure 8 can have self-registered depletion
implants under the second-poly gates, and thus be
operated in atwo-phase manner. Astructure ofthetype
in Figure 8 canbe usedtobuild electrode/bit SPSarrays
which serve as building blocks for larger capacity CCD
serial memory chips, and processing would be about
the same as RAM circuits, except for differing implant
conditions.

One of the major differences between operation of
the RAM and CCD serial memories is the number of
transfers of the stored data, and the loading by the
sense amplifier of the stored data during a read
operation. In the RAM, the data charge during a write
cycle makes a single transfer fromthe digit line (acting
as an infinite source) into the storage cell. During read
out, the finite amount of charge is transferred from the
storage cell into the digit line. Although significant
capacitive loading (greater than 10X) is present, the
success of one-transistor RAMs indicates that
satisfactory sense amplifiers can be built that will detect
the finite charge packet, ascertain its correct state (1 or
0), and rewrite the data back into the stored cell. On the
other hand, the CCD has a much more favorable read-
out situation. Since the output bit feeds directlyintothe
sense amplifier, there is no loading from a long digit
line, so capacitive loading is reduced, permitting the
possibility of smaller storage cells. (Once again, the
size of the storage cell is limited by layout
considerations.) But since the CCD is a serial memory,
the finite charge packets undergo multiple transfers
within the CCD from the input to the output. And since
each internal transfer involves the movement of one
finite charge from one storage site to the next in a
specified transfer interval, any effect of incomplete
transfer will be cumulative, and will result in dispersion
of the data waveforms. So in addition to dynamic

Two bits/storage site

MULTILEVEL STORAGE
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storage, the CCD also sees a gradual data distortation
due to charge transfer efficiency being less than unity.
That is, for any given CCD, there is a maximum storage
time that data can stay in dynamic storage before
leakage currents cause data error, and there is a
maximum number of transfers before data is lost.
Therefore, using the same basic process for both CCD
and RAM and with all other factors being even, the
additional performance requirements of adequate
charge transfer efficiency in the CCD means that the
final yield for the CCD will not be better than that of the
RAM.

There are techniques that can be used to improve the
overall transfer efficiency. One such technique is
called the "buried channel” CCD (See Figure 9) in
which N-type doping in the channel results in a
potential distribution which causes the signal charge
to flow in a layer below the silicon-silicon dioxide
interface where surface scattering is reduced and
fringing fields aid charge transfer. But while charge
transfer efficiency improves, the amount of signal
charge is reduced, and the additional processing steps
again take a penalty in final probe and test yield.
Another technique to improve density is to form both
the storage and transfer regions under a single
polysilicon gate region. Figure 10 shows a CCD with
both storage and transfer regions under the same poly
gate regions; such a CCD would be a two electrode/bit,
two phase device.! Although the apparent bit density
doubles, considerably more processing steps are
required to implement this type of CCD, with an
appropriate yield loss encountered. The bit density
is not necessarily doubled, because the edge of the
depletion implant assumes the nature of a critical
dimension; it must be accurately placed in respect to
the Poly-Si gate line widths. Although the linewidth
requirements are relaxed at poly levels, the additional
steps offset the advantage of the wider poly-lines.

Diffused
Digit line

e P

Poly-ll—address

CONCLUSIONS

The viability of CCD serial semiconductor memory
products has been based upon three major
assumptions:

1. Significant inherent density improvement
of CCD over RAM

2. Simpler device, hence simpler processing.
3. Higher yields
These three factors arethen combinedtoprojecta2Xto

4X improvement in cost per bit of CCD serial memory
over its RAM counterpart.
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PROCESS RAM CELL.
Figure 7

Digit

1 ina -t
=T

V]
>
L

Poly 11

Poly I—storage

[ N J |

p-Si

~_ ‘

(Section AA’)

440



However, the experience in the marketplace over
the last few years does not support the above assump-
tions and price projections. There are good reasons to
believe that the price projections are overly
optimistic—that any price advantage of CCD memory
over RAM will be less than 2X per bit. This is because
the CCD and one-transistor dynamic RAM are but serial
and random-access embodiments of the same basic
storage phenomena—dynamic storage in MOS
structures. Therefore, they are the same basic
technology, andsharethesamebasic problems. Forthe
same linewidth and layout limitations, there is little
density advantage in the completed circuits. The
process is at best no simpler, and the yields at best are
no better. How then can a CCD serial memory part
which is more expensive to manufacture per bit sell for
less per bit than its RAM counterpart? Thereisnodoubt
that good CCD parts can be designed and
manufactured, and that they will be technically
satisfactory; what is questionable is delivery of parts at
the 2X to 4X below RAM cost/bit projected prices.

From a manufacturers standpoint, because of the
previously discussed density and yield situation, itdoes
make business sense to divert capacity from RAM
production to build parts (CCDs) which cost more to
make, but must sell for less. Again, there is little
incentive to make the capital investment necessary to

build the higher density CCD parts profitably, and then
not use that capability to build higher performance
RAM’s. So users of CCD serial memory must be
cautious in their designs to be sure that the projected
price and delivery schedules for CCD parts can be met.
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MOSTEK.

MIL-STD-883, METHOD 5004, CLASS B

Military Processing

INTRODUCTION

The Defense and Aerospace industries are more
concerned than ever today about the price and
performance of the integrated circuits they purchase.
The traditional military IC manufacturers have met the
stringent reliability requirements of the military at the
cost of being several years behind the state of the art in
commercial products. Mostek, which has long been
known for being at the leading edge in MOS technology,
has a separate Military Products Department serving
the special needs of the Defense and Aerospace
industries. This organization has the primary objective
of providing Mostek's state of the art products screened
to MIL. STD. 883, Methods 5004.4 and 5005.5. As MIL-
M-38510 slash sheets are issued, the Military Products
Department will qualify Mostek's products in the JAN

Mostek is currently pursuing the qualification of the
industry standard 16K dynamic RAM, MK4116. This
effort will result in the QPL listing of the most advanced
MOS device to date.

MIL-STD-883, METHOD 5004, CLASS B

This method establishes screening procedures for total
lot screening of microelectronics to assist in achieving
levels of quality and reliability commensurate with the
intended application. By purchasing a memory product
to Mostek's demanding standards the user can be
assured of high quality military components.

MOSTEK "MKB” FLOW CHART**
MIL-STD-883, METHOD 5004, CLASS B

I 1 |

38510 program.
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MOSTEK "MKB"” FLOW CHART**

MIL-STD-883, METHOD 5004, CLASS B (continued)

A
SYMBOLIZE

GROUP A

ALL SUBGROUPS

ELECTRICAL
TEST
METHOD 5005

Q.C. FINE
LEAK SAMPLE
5 x 10-8

N

FINE LEAK

100% SCREEN .C. FINE
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]
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PASS

]

GROUP

4]
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e

EXTERNAL
VISUAL

~

Q.C. FINAL
INSPECT

PRE-PACK
INSPECT

Q.c.
SHIPPING

AUTO LEAD
STRAIGHTEN

(OPTIONAL) INSPECT

*NOTE 1: LTPD =5, SS = 77, Accept = 1,
Reject = 2. If lot fails, submit for 100% screen.

**Mostek reserves the right to implement changes
without notice to optimize the MKB flow. All MKB
devices conform to MIL-STD-883, Method 5004,
Class B.




MOSTEK.

MILITARY PRODUCTS

Reference Guide

1.0

2.0

3.0

PURPOSE

This specification established the lot screening and quality conformance requirements used to
achieve a level of quality and reliability commensurate with Class B of MIL-STD-883.

SCOPE

MKB prefixed MOS/LSI microcircuits

GENERAL

3.1 APPLICABLE DOCUMENTS

The following documents of issue in effect on the date of relase of the Mostek sales order form
a part of this specification except where amended herein.

3.1.1
3.1.2
3.13
3.14
3.156
3.1.6
3.1.7

3.1.8

3.2 DOCUMENT HIERARCHY

MIL-M-38510 Microcircuits, General Spec for

MIL-STD-883 Test Methods and Procedures for Microcircuits
MIL-STD-1313 Microelectronics, Terms and Definitions
MIL-C-45662 Calibration Systems Requirements
MIL-STD-105 Sampling Tables

Applicable Device Data Sheet

Mostek Sales Order

Customer Purchase Order

>
e
g
=
=
2

In the event of any conflict between this document and the referenced documents, the
following order or precedence applies:

3.21

3.2.2

3.2.3

3.24

3.25

This document

Customer Purchase Order
Customer Device Specification
Mostek Device Data Sheet

Other Military Standards and Specification

3.3 DEFINITIONS

Terms, definitions and symbols are not defined herein shall have the same meaning as is
commonly associated with the term, definition, or symbol used.
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3.4.7

3.4.8

3.4.9

3.4.10

3.4.6.1 Manufacturers identification
3.4.6.2 Assembly location

3.4.6.3 Inspection lot date code

3.4.6.4 Manufacturers part type

3.4.6.5 Customer part no. (when applicable)
INDEX POINT

Each microcircuit package shall contain an index notch, tab or mark to denote pin

" one of the device.

WORKMANSHIP

All microcircuits supplied under this specification shall be manufactured using good
engineering, production, and inspection practices as established by industry
standards and inhouse controlled processing specifications.

LOT TRACEABILITY

Each inspection lot shall have traceability sufficient to detail all processing data
related to the manufacture of that lot from wafer scribe through product shipment.
All inspection lots shall be relatable to any or all production lots combined to form
the inspection lot.

COUNTRY OF ORIGIN

Unless domestic manufacture is specifically required by the customer purchase
order, MKB devices may be either of domestic or foreign origin.

Manufacture of MKB type devices at facilites not solely owned and operated by
Mostek shall not be permitted.

4.0 PRODUCT ASSURANCE PROVISIONS

4.1

4.2

SAMPLING AND INSPECTION

Mostek shall be responsible for the performance of all inspections, as judged necessary by
Mostek, required to produce product in compliance with this specification.

411

4.1.2

4.1.3

Inspections shall, as a minimum, be in accordance with MIL-STD-883 Method 5004
and Table 1 herein.

Quality conformance testing shall be in accordance with MIL-STD-883 Method
5005 and Table 2 herein.

Sampling plans shall be per MIL-STD-105 and MIL-M-38510 Appendix B.

TEST EQUIPMENT AND CALIBRATION

Mostek shall maintain test equipment sufficient to measure all electrical parameters and
mechanical limits specified herein. Environmental tests subcontracted by Mostek shall be
performed by subcontractors having active letters of laboratory suitability issued by D.E.S.C.

4.2.1

Calibration shall be per MIL-C-45662 on all inhouse equipment used to measure
electrical parameters and/or mechanical dimensions which affect the quality or
reliability of finished product produced under this document.
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4.3

4.4

4.2.2 EQUIPMENT ACCURACY

Environmental and testing equipment shall have accuracies which meet or exceed
the accuracy requirements of MIL-STD-883.

LOT SCREENING

All products shall be screened on a 100% basis to the tests and conditions specified in Table 1
herein. Electrical test subgroups shall be in accordance with Table 2 herein.

4.3.1 BURNIN

Burn-in shall be performed per MIL-STD-883 Method 1015 Condition D.

a) Ta = 1256°C

b) t = 160 hrs min

c) Burn-in P.D.A. shall be 10% as measured by D.C. parametric failures occuring at
the first electrical test after completion of burn-in. Rejects occuring at electrical
test performed prior to burn-in shall not be included in the P.D.A. calculation.
P.D.A. shall be calculated as follows: The total D.C. parametric failures divided by
the total quantity submitted for burn-in.

d) Cool down with Bias: Bias during cool-down shall not be removed from devices
while oven temperature conditions are above 35°C.

4.3.2 DYNAMIC RAMS ONLY

Voltage cell stress shall be performed per MIL-STD-883 Method 1015 Condition D
except as follows:

aj Ta = 125°C

b)t =12 hrs min

c) Vdd, Vbb = Accelerated - Refer to detail burn-in specification

d) Voltage stress shall be inserted in Table 1 after hermiticity and prior to burn-in.

Processes in addition to those specified in Table 1 may be performed by Mostek where
deemed necessary to enhance the quality or reliability of products manufactured under this
document.

5.0 QUALITY CONFORMANCE

450

5.1

Quality conformance tests consisting of Groups A and B shall be performed on each
inspection lot as defined herein. Groups B, C, and D shall be generic unless otherwise
specified on the customer purchase order. )

5.1.1 GROUPA

Inspection shall be in accordance with Mostek Spec 651-00020-10 and Table 2

herein. Group A may be sampled using either of the following methods:

a) A random sample taken from the entire inspection lot, or

b) A random sample taken from each production lot combined to form an inspection
lot.

5.1.2 GROUPB

Inspection shall be in accordance with Mostek Spec 651-00021-10 and Table 2

herein. Group B may be sampled using one of the following methods:

a) Catalog product-generic random sample taken from the first production lot
(representing an inspection lot seal week) received by Q.A. Each inspection lot
seal week shall have a minimum of Group B performed, or

b) Customer inspection lot specific-random sample taken from the entire inspection
lot.



5.1.3

514

GROUP C

Inspection shall be in accordance with Mostek Spec 651-00022-10 and Table 2

herein. Group C may be sampled using one of the following methods:

a) Catalog product-generic random sample taken from the production lot produced
for quality conformance testing. Production lots will be periodically manufactured
(each 13 weeks) for the performance of Group C. Each microcircuit group, by
device type, shall be produced, on a rotating basis, to insure each device type
conforms to the requirements set forth herein. Microcircuit grouping shall be per
Table 4, or

b) Customer inspection lot specific-random sample taken from the entire inspection
lot.

GROUP D

Inspection shall be in accordance with Mostek Spec 651-00023-10 and Table 2

herein. Group D may be sampled using one of the following methods.:

a) Catalog product-generic random sample taken from the production lot produced
for quality conformance testing. Production lots will be periodically manufactured
(each 26 weeks) for the performance of Group D. Each microcircuit group, by
package type, shall be produced, on a rotating basis, to insure each package type
conforms to the requirements set forth herein. Microcircuit grouping shall be per
Table 4 herein.

b) Customer lot specific-random sample taken from entire insp. lot.

5.2 NON-CONFORMANCE

5.3

5.2.1

5.2.2

5.2.3

DATA

P.D.A.

Any lot exhibiting a percent defective greater than 10% but less than 20% may be
resubmitted to burn-in one time. The resubmission P.D.A. shall be 7%. Lots having
percents defective greater than 20% (initial) or 7% (resubmission) shall be submitted
to M.R.B. for disposition.

QUALITY CONFORMANCE

Any subgroup(s) failed by an inspection lot may be resubmitted one time using a
tightened LTPD. A second resubmission using tightened LTPD's is permitted only if
Failure Analysis indicates the failure mechanism can be removed by rescreening
the entire lot and the failure mechanism is not the result of poor basic design or
processing. The inspection lot need only be resubmitted to the failed subgroup.

QUALITY CONFORMANCE FAILURE

Quality Conformance Failure shall occur anytime an inspection lot is withdrawn
from quality conformance during a non-compliance condition or if the inspection lot
fails to meet the requirements of Paragraphs 5.1.1,5.1.2,5.1.3, or 5.1.4. Shipment
of inspection lots which fail quality conformance testing is prohibited unless
specifically requested by the customer.

Data to be supplied with MKB products at time of shipment shall include one copy of the
following attributes data:

5.3.1

5.3.2

5.3.3

Group A
Group B (Generic or lot specific, if specified on P.O.)

Group C (Generic or lot specific, if specified on P.O.)
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6.0

7.0

8.0

452

5.3.4 Group D (Generic or lot specific, if specified on P.0O.)
5.3.6 Lot processing summary, including P.D.A. data.
5.3.6 Certificate of compliance
PROCESSING OPTIONS
6.1 The following list of options may be ordered in addition to the MKB process defined by this
document. Each option process must be specifically ordered on the customer P.O. with
additional cost adders determined by Mostek.
6.1.1  Customer pre-cap visual inspection
6.1.2 Cutomer source inspection-finished goods shipping
6.1.3 Government source inspection-finished goods shipping
6.1.4 Radiographic insp. per 883/2012
6.1.5 P.IN.D. test per 883/2020 Aor B
6.1.6 Destructive physical analysis
6.1.7  240-hour burn-in per 883/1015 D
6.1.8 Failure analysis of life test failures
6.1.9 Non-standard temperature electrical testing
6.1.10 Quality conformance Groups B, C, and/or D generic
6.1.11 Quality conformance Groups B, C, and/or D lot specific
PACKAGING FOR SHIPMENT
7.1 Each microcircuit shall be fully enclosed in an antistatic material with sufficient conductivity
to permit bleed-off of static charges and to prevent the introduction of electronic charges from

the external environment.

7.2 Each intermediate shipping container shall be clearly marked with an “electrostatic
sensitive’” warning label.

7.3 All products procured by this document shall be packaged for shipment using well established
packaging techniques to insure delivery to the purchaser in good working order.

ORDERING INFORMATION
8.1 The customer purchase orderbshall specify the following:
8.1.1 Device type
8.1.2 Package type
8.1.3 Source inspection detail requirements
8.1.4 Quality conformance requirements

8.1.5 Processing options (Para. 6.0)



8.1.6

Test data requirements (Para. 5.3)

8.1.7 Quantity required

LOT SCREENING

Table 1
Process

Scribe

Break

Sort

Die Inspect
Die Mount
Wire Bond
Pre-Seal Inspect
Lid Seal
Stabilization Bake
Temp Cycle
Centrifuge
Fine Leak
Gross Leak
Elect Test 1
Voltage Stress
Elect Test 2
Burn-In

Final Test 1
Final Test 2
Symbolize
External Visual

Quality Conformance

MIL-STD-883 Method

2010 Cond. B

2010 Cond.

o)

1008 Cond.
1010 Cond.
2001 Cond.
1014 Cond.
1014 Cond.
Max Rated Temp
1015 Cond. D, 12 hrs. min.
Max Rated Temp
1015 Cond. D, 160 hrs min
Max Rated Temp
Min Rated Temp

[N NuNeNe]

QUALITY CONFORMANCE
(MIL-STD-883 Method 5005)

Table 2
Group

Group A

Group B

Group C

Group D

2009

5005
Subgroup LTPD
2.5.8.0 5
2,5,8max,10 7
3,6,8min,11 7
1 2 Devices
2 3 Devices
3 15
4 1 Device
5 15
6 & 3 Devices
1 5
2 15
1a 15
1b 3 Devices
2 15
3 15
15 3023-10
5 15

Mostek Specification

0063-Xx
0064-00
0065-00
0066-01
0067-00
0068-00
0069-01
0070-XX
0074-10
1012-10
1010-10
0071-10
1016-10
Data Sheet
690-XXXXX-XX
Data Sheet
690-XXXXX-XX
Data Sheet
Data Sheet
0077-05
0088-00
3028-10

Mostek Specification

3020-10 .
Data Sheet
Data Sheet
Data Sheet
3021-10
1022-10
21150-10
1027-10
0081-10
1074-10
70584-10

3022-10
690-XXXXX-XX
3022-10

3023-10
1022-10
70584-10
3023-10
3023-10

3023-10
453
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3.4

454

3.3.1

3.3.2

INSPECTION LOT

A group of microcircuits of the same device type, package type, and lead finish
manufactured on the same production line using like production techniques which
are sealed within seven calendar days beginning on Monday.

PERCENT DEFECTIVE ALLOWABLE (PDA)
The maximum percent defectives allowed which will allow a lot to continue normal

processing. PDA shall be imposed across burn-in and measured by D.C. parametric
failures only. PDA for MKB type dev ices shall not exceed 10%.

ITEM REQUIREMENTS

3.4.1

3.4.2

343

344

3.45

3.4.6

PACKAGE CONFIGURATION

The package lead configuration and physical dimensions shall be as specified inthe
detail device specification.

CASE MATERIAL

All devices manufactured under this document shall be hermetically sealed in a
ceramic package. No organic materials shall be used inside the device package and
the use of desicant material shall not be permitted.

LEAD MATERIAL

All leads shall be plated in such a manner as to resist corrosion blistering, cracking
and or peeling. Lead material may be either Type A (KOVAR) or Type B (ALLOY 42).

3.4.3.1 LEAD FINISH
Lead finish shall consist of one of the following:

PACKAGE TYPE LEAD FINISH

P,F.E Gold (99.7% pure, 50u in min) over Ni underplate
(50w in - 2004 in)
J Tin Plate (100u in min to 500u in max)

NOTE: ""P" Type packages with hot solder dip lead finish may be supplied
as an alternate to the "'J’" Type package but not without prior notification
to the customer.

ELECTRICAL REQUIREMENTS

All devices manufactured under this document shall be guaranteed to meet the
electrical characteristics specified in the customer device specifications as mutually
agreed upon or the Mostek device data sheet.

ENVIRONMENTAL REQUIREMENTS

All end items manufactured under this document shall be capable of meeting the
requirements of this specification after exposure to any or all of the environmental
tests and conditions specified herein.

DEVICE MARKING REQUIREMENTS
Each end item manufactured under this specification shall be legibly and

permanently (to the extent of MIL-STD-883 Method 2015) marked with the
following information:



SCRIBE

BREAK ’
SORT '

DIE INSPECT
MIL-STD-883

0

[+

—~

METHOD 2010
CONDITION B

Q.C. TOLL
GATE
DIE

MOUNT

WIRE

BOND

PRE-SEAL
INSPECT
MIL-STD-883

METHOD 2010

CONDITION B

(L]

~

Q.C. ToLL
GATE

LID
SEAL

100% STAB
BAKE
@
150°C
METHOD 1008

100% TEMP
CYCLE
10 CYCLES
-65°C to 150°C
METHOD 1010

100%
CENTRIFUGE
30KG Y1 PLANE
METHOD 2001

100%
FINE LEAK
5 x 10-8 CC/SEC
METHOD 1014

100%
GROSS LEAK

CONDITION C
METHOD 1014

SHEAR

MKB4027
MKB4116

MKB36000
MKB34000
MKB4104
MKB4118

OLTAGE
STRESS
12 HR. MIN.

2] [

PRE-BURN
ELECTRICAL
TEST 1

PRE-BURN )
ELECTRICAL Ta- "42.’\;:“50
TEST 2
BURN-IN METHOD 1015
160 HR. i ertbdd
MIN. A

FINAL
ELECTRICAL
TEST 1

]

Ta = MAX RATED
TEMP

S

FINAL
ELECTRICAL
TEST 2

TEMP

Ta MIN RATEIﬁ

®

455

>
o
5
=
=
b=




SYMBOLIZE

ELECTRICAL
TEST
METHOD 5005
ALL SUBGROUPS
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LEAK SAMPLE

REJ
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FINE LEAK
FINE
EAK SAMPLE 100% SCREEN ac.
5x10-8
PASS J
REJ

/ Q.C. GROSS \*NOTE 1/ \ / \

LEAK SA.'V'P..._ GROSS LEAK Q.C. GROSS
\ ’ \ 100% SCREEN ’ \ LEAK SAMPLE }

PASS

GROUP
B

GROUP

C AND D
(CUSTOMER

OPTION)

)
)

Q.C. FINAL
INSPECT

AA/\A

AUTO LEAD
E)\(/l;gszl‘/_u STRAIGHTEN
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PRE-PACK
INSPECT

Q.c.
SHIPPING
INSPECT

*NOTE 1: LTPD - 5, SS = 77, Accept = 1.
Reject = 2. If lot fails, submit for 100% screen.

**Mostek reserves the right to implement changes
without notice to optimize the MKB flow. All MKB
devices conform to MIL-STD-883, Method 5004,
Class B.



MIL STD 105D ,
TABLE | TABLE II-A

Sample size code letters Single sampling plans for normal inspection (Master table)
General inspection levels | Sample Acceptable Quality Levels (normal inspection)
Lot or NORMAL size |Sample
batch size code | size | .010|.015| .025| .040| .065| 0.10| 0.15|0.25|0.40|0.65]| 1.0 | 1.5 | 25| 40| 6.5 | 10 15 | 26
1| LEVEL | tetter
Ac Re|Ac Re|Ac Re|Ac Re/Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re{Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re|Ac Re
2 to 8 A A B A 2 l 01 ‘ 12
9 to 15 A B ¢ B 3 ' 01 1223
16 to 25 B c D ¢ 5 01t 12(23[34
_.'_.1
D 8 01 1223 34/,56
% to 50 |¢C D E Yi A
E 13 01 12/23/34/56/78
51 to 90 c E F ' ‘ |
81 to 150 D F G F 20 01 v12233456781011
G 32 01 ] 122 3/34/56/|7 8(1011{1415
151 10280 ([E| G |H YA
H 50 01 122 3{3 4567 8{1011{1415(2122
281 to 500 | F H J V \ A
J 80 01 ' 12,233 4,56{|7 8/1011/1415/2122
501 t01200 | G J K A | *
K 125 ' 01 i 12123/ 34/56(7 8{1011{1415|2122
\
1201 to 3200 H K L
L 200 01 ' 12,233 4/56|7 8[(1011/1415{2122
320110 10000 | J L |m Y4 A
M 315 01 12 (2 33 4{5 6|7 8{1011{1415/2122
100011035000 | K | M | N y
N 500 v 0\1 + 121233 4|5 6|7 8/1011|1415{21.22
. A
35001 to 150000 | L N Pl p | 800 \ 0A1 | 12|23 (34|56 7 8101114152122
7| 15000110 500000\ M | P} Q| o | g5 | g § 12|23 34|56 | 78j0nusiznz
500001 and over | N R
a R 2000 12123 (34|56 | 78 |1011[1415[2122 T

= Use first sampling plan below arrow
-do 100 percent inspection
= Use first sampling plan above arrow.

LSY

. If sample size equals, or exceeds, lot or batch size,

Re = Rejection number.

Ac = Acceptance number.

NV1d ONINdINVS OLSSEIN-TIIN

AAIISOW
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Max. Percent

TABLE C—1. LTPD sampling plans 1/2/
Minimum size of sample to be tested to assure, with a 90 percent confidence, that a lot having percent-defective equal
to the specified LTPD will not be accepted (single sample).

Defective 20 0.3
(LTPD) or )
Acceptance . Minimum Sample Sizes
(’:“:‘ge_:'_ (8) (For device-hours required for life test, multiply by 1000)
0 1 15 22 32 45 76 116 153 231 328 461 767
(0.46) | (0.34) (0.23) (0.16) (0.11) (0.07) (0.04) (0.03) (0.02) (0.02) (0.01) (0.007)
1 18 25 38 55 77 129 195 258 390 555 778 1296
(2.0) (1.4) (0.94) (0.65) (0.46) (0.28) (0.18) (0.14) (0.09) (0.06) (0.045) | (0.027)
2 25 34 52 75 105 176 266 354 533 759 1065 1773
(3.4) (2.24) | (1.6) (1.1) (0.78) | (0.47) | (0.31) | (0.23) | (0.15) | (0.11) | (0.080) | (0.045)
3 32 43 65 94 132 221 333 444 668 953 1337 2226
4.9) (3.2) 2.1) (1.5) (1.0) (0.62) | (0.41) | (0.31) | (0.20) | (0.14) | (0.10) | (0.062)
4 38 52 78 113 158 265 398 531 798 1140 1599 2663
(5.3) (3.9) (2.6) (1.8) (1.3) 0.75) | (0.50) | (0.37) | (0.25) | (0.17) | (0.12) | (0.074)
5 45 60 91 131 184 308 462 617 927 1323 1855 3090
(6.0) (4.4) (2.9) (2.0) (1.4) (0.85) (0.57) (0.42) (0.28) (0.20) (0.14) (0.085)
6 51 68 104 149 209 349 528 700 1054 1503 2107 3509
(6.6) (4.9) (3.2) (2.2) (1.6) (0.94) | (0.62) | (0.47) | (0.31) | (0.22) | (0.155)| (0.093)
7 57 77 116 166 234 390 589 783 1178 1680 2355 3922
(7.2) (5.3) (3.5) (2.4) (1.7) (1.0) (0.67) | (0.51) | (0.34) | (0.24) | (0.17) | (0.101)
8 63 85 128 184 258 431 648 864 1300 1854 2599 4329
7.7) (5.6) (3.7) (2.6) (1.8) 1.1) 0.72) | (0.54) | (0.36) | (0.25) | (0.18) | (0.108)
9 69 93 140 201 282 a7 709 945 1421 2027 2842 4733
(8.1) (6.0) (3.9) 2.7) (1.9) (1.2) 0.77) | (0.58) | (0.38) | (0.27) | (0.19) | (0.114)
10 75 100 152 218 306 511 770 1025 1541 2199 3082 5133
(8.4) (6.3) 4.1) (2.9) (2.0) 1.2) (0.80) (0.60) (0.40) (0.28) (0.20) (0.120)
1/ Sample sizes are based upon the Poisson exponential binomial limit.
2/ The minimum quality (approximate AQL) required to accept (on the average)
19 of 20 lots is shown in parenthesis for information only. MIL—S—19500E
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MOSTEK. |

MEMORY SYSTEMS

Custom System Engineering

ENGINEERING FOR YOUR CUSTOM PRODUCT

Mostek Memory Systems offers an experienced design
team to meet your custom applications. This experience
covers the range from small and large capacity single
cards to multimegabyte box memories. Custom systems
require a close working relationship between buyer and
seller to insure a quality product delivered on schedule.

Board density, reliability and quality are just part of the
Mostek story; you can also count on value with
competitive prices, OEM discounts and a full one year
warranty on custom products.

MAKE OR BUY

There are many considerations beyond the purchase of
materials. Mostek’s design team specializes in digital
systems and provides continual design update to offer
the best value in the industry.

If you are involved in a decision to either build your own

product or have Mostek Memory Systems build it for
you, please consider the following factors:

Make Buy

Cost Variable—affected by inflation Estimate Known and exact
often low, G&A and overhead not considered

Delivery Subject to internal scheduling priorities Certain—set by contract

Inventory Maximum—typically 60 POs for each Minimum—one item required
memory type

Overhead Maximum added Minimum added

> 0
OOC b=
. . . - . W
Design Variable Team of engineers specialized in Sk
Experience memory designs ‘g >
Warranty Absorbed by manufacturer One year
Capital Must be spent on special test Available for alternate uses.
Resources equipment and fixtures

461



462



PRINTED IN USA

MOSTEK.

1215 W. Crospy Rd. * Carroliton, Texas 75006 * 214/242-0444
In Europe, Contact, MOSTEK Brussels
150 Chaussee de la Hulpe, B1170, Belgium;
Telephone: 660.69.24

Copyright 1979 by Mostek Corporation
All rights reserved



