















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































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. If 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 74S132 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 TIMING AND CONTROL LOGIC
Figure 7
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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. If
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 RAMs 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.

MOS

N-CHANNEL
Technology

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
RAMSs 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)

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 (8) 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 presently 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 RAMs 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 MiIK4104. 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 byte 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
V¢ 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 Vcc 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

POLYSILICON
RESISTORS

WORD LINE
FROM ROW
DECODER

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 OE 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. 'Vhen 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 allowed 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 thg_agdress 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 ROMss, 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 .2b 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 50mW of standby power and less than
220m'N 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 STANDARD ROM PINOUTS

N-CHANNEL

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 going 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

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 for moving 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

Technical Brief

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, as animaging
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-artinmemorycircuittechnologywasthe 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 whichthe 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
CCDserial 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 a 9K CCDin January of 1975%and describeda -

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 introduced in 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 at the 1975
ISSCCinaninformal discussion sessionentitled “CCD
Memories: Will They Make It?” 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 since the RAMisthe moreattractive circuit
of the two, it will predominate. To this date, Hodges
Principle (or the time-windowlimitto 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 1is a schematic representation of an
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 address gate is to

~ formatemporary conductive path betweenthediffused

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+ Vix).

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/q = % (Vg — VEB —¢s) — ?11_.(2qNAKSeo¢s)V2
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)

Vg 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 gate voltage, 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 as a 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 (g 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 ¢, 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
equilibriumcondition. Withtransfergate turned off,any
other surface potential is not at equilibrium; and
leakage currents arising from generation currentin the

DEPENDENCE OF SURFACE CHARGE Q,, UPCN 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 potential increase 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 shiftregistersand 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 bedemonstrated
when comparing CCD and RAM cells made with
minimume-resolution unit building blocks.

To illustrate this point, compare the simplified CCD
and RAM memory cells shown in Figure 3. Ineach case,
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 Tregion
is 1R2unitofarea. Thus, Figure 3showsthatastandard,
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 aimost 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, muchlikethe rowdecodersina 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 smalier 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

® Only two clocks required, half CCD empty

® Two electrodes/ per bit
® Data simultaneously transfers
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Insummary, for a given process technology andline-
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 2.5 to 5.0 micron range, with chip sizes in the 35,000
square mil range.'"'2 Continued increases in bitdensity
and circuit capacity will be adirect 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 equivalent linewidths. 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’s are 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. While multilevel 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 a two-phase manner. Astructure ofthe type
in Figure 8 canbe used tobuild 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 fromthedigit 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, ascertainits 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 directly intothe
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
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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

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 are then combinedto projecta2Xto

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

LAYOUT AND CROSS-SECTION OF DOUBLE-POLY
PROCESS RAM CELL.
Figure 7
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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, andsharethesame basic 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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SURIED CHANNEL VS. SURFACE CHANNEL CCD’S Mobile charge occurs

at semiconductor surface

Figure 9 Surface
- Channel Large capacity
Buried Channel Mobile charge occurs Structure High surface state loss
Structure deep in semiconductor CTE=0.999
away from surface b2 b1 b2 1

v d—TT — (o)

b2 2} Y] ()]
Lower capacity T
No surface state loss /. A\ /-
CTE 9999 ST TTIT prey TTIT
I+ L

n

; p-Si p-Si

Band Diagram

Band Diagram Gate Sio p-Si
2
Gate | SiO, p-Si -
n
P'
bm ® g—
i1 —
" = — 8
2 Ve bm 8
m -
lr @
@

TWO-PHASE, TWO-POLY, TWO-ELECTRODE PER BIT, BARRIER-WELL CCD

Figure 10 i 1 bit ‘i

1 h2 b1

"/ Poly | QPOW Il?Poly 1 \\Poly Il

1000A

gate

oxide +++++++ +++++++ +++++++

[ I
p. type - Si

potential barrier, potential well,
transfer region — storage region —
provides isolation depletion-mode
when V=0 implant for storage

capacity when V;=0
Both storage and transfer regions under each poly.

416




EEEEEEEEEEEEEEEEEEE







MOSTEK

REFERENCE GUIDE

Military Products

TRODUCTION

e Defense and Aerospace industries are more
ncerned than ever today about the price and
rformance of the integrated circuits they purchase.
e traditional military IC manufacturers have met the
ringent reliability requirements of the military at the
st of being several years behind the state of the art in
ymmercial products. Mostek, which has long been
1own for being at the leading edge in MOS technology,
1s a separate Military Products Department serving
e special needs of the Defense and Aerospace
dustries. This organization has the primary objective
providing Mostek'’s state of the art products screened
MIL. STD. 883, Methods 5004.4 and 5005.5. As MIL-
-38510 slash sheets are issued, the Military Products
spartment will qualify Mostek’s products in the JAN
3510 program.

ostek is currently pursuing the qualification of the
dustry standard 16K dynamic RAM, MK4116. This
fort will result in the QPL listing of the most advanced
OS device to date.

\is brochure describes each of the products Mostek
irrently offers to MIL. STD. 883B, Method 5004 .4,
ass B. They are prefixed “MKB' rather than “MK" to
:signate Class B. Class C and extended temperature
vices are available via special order.

RODUCT OFFERINGS

IKB 4116

e industry standard 16K x 1 Dynamic RAM, Mostek’s
K 41186, is available for military requirements as the
KB 4116. Screened to full 883B, Method 5004.4,
lass B requirements, Mostek offers the MKB 4116 in
iree packages; the 16 pin CERDIP (““J"), the 16 pin flat
ickage ("F”), and the leadless chip carrier (“E").
lostek has received DESC Line Certification for the
116. A supplementary data sheet (MKB4116-(P/J)-
2/83/84) is available.

Temp. Access

Device Range Time Notes
KB 4116J93 -55°to 85°C 200ns 1ms refresh
KB 4116J83 -55°to 85°C 200ns
KB 4116J84 -55° to 85°C 250ns
KB 4116J2 0° to 70°C 150ns
KB 4116J3 0° to 70°C 200ns
KB 4116J4  0° to 70°C 250ns
KB 4116F84 -55°1t085°C 250ns 16 Pin Flat
KB 4116E84 -55°to 85°C 250ns Leadless chip

carrier

MKB 4027

Mostek’s industry standard 4K x 1 Dynamic RAM is
available for military applications as the MKB 4027.
Two versions are available, the standard 16 pin Cer-DIP
(“J”’) and Mostek’s 16 pin flat pack (“F"). Both are
screened to MIL. STD. 883B. Because the pinout is
Mostek’s standard, easy -upgrading to the MKB4116 is
possible, allowing the corresponding increase in system
densities. Supplementary data sheets for the MK4027J
83/84 are available.

Temp. Access
Device Range Time Notes
MKB 4027J83 -55°to 85°C 200ns
MKB 4027J84 -55°to 85°C 250ns
MKB 4027J2  0° to 70°C 150ns
MKB 4027J3  0° to 70°C 200ns
MKB 4027J4  0° to 70°C 250ns
MKB 4027F84 -55°to 85°C 250ns 16 Pin Flat

MKB 4104

Mostek'’s popular 4K x 1 static RAM, the MK 4104, has
earned its stripes as a full temperature range military
device. Featuring Mostek’s Edge-Activated™

technology, the MKB 4104 offers a rare combination of

low power and high speed among static MOS 4K RAMs.

Reliability is greatly enhanced by the low power
dissipation which causes a maximum junction rise of
only 6.6 °C at 1.6 MHz operation. The device is pack-
aged in a standard 18 pin CERDIP, and is screened
100% to the requirements of MIL. STD. 883B, Method
5004 .4, Class B. A supplementary data sheet, the
MK4104P85/86, is available on request.

Access
Time

Temp.

Device Range Notes
MKB 4104J85

MKB 410486

-65° to 125°C 300ns
-55° t0 125°C 350ns

MKB 4104J4 0° to 70°C 250ns
MKB 4104J5 0° to 70°C 300ns
MKB 4104J6 0° to 70°C 350ns
Military ROMs

The state of the art in ROMs is available from Mostek,
with military processing.

The MKB 34000 2K x 8 ROM, and the MKB 36000 8K x 8
ROM are available with the full military temperature
range and full 883B processing. Both are packaged in
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standard 24 pin DIPs which are 2708/2716 compatible, NEW PRODUCT STATUS
and receive rapid prototype turnaround from Mostek's

ROM services group. Because the user can select from Sample
three temperature ranges, the cost of Mostek's Temp. Avail-
military mask programmable ROMs can be substantially Device Range Speed ability
less than E PROMs. Supplementary data sheets are
available for the extended temperature versions. MKB 3881P10 -40° to 85°C  2.5MHz 2Q79
MKB 3881P14 -40° to 85°C 4.0MHz TBA
Temp.  Access MKB 3881P20 -55°to 125°C 2.5MHz  TBA
Devi R Ti Note MKB 3882P10 -40° to 85°C  2.5MHz 2079
eviee ange fme otes MKB 3882P14 -40°1085°C 4.0MHz  TBA
MKB 36000P84 -55°to 125°C 300ns MKB 3882P20 -55°to 125°C 2.5MHz TBA
MKB 36000P80 -40° to 85°C  300ns MKB 2716T  TBA TBA 3079
MKB 36000P  0°t0 70°C  250ns MKB 4118P  TBA TBA 3079

MKB 34000P84 -55°to 125°C 450ns
MKB 34000P80 -40°to 85°C 450ns
MKB 34000P  0° to 70°C 350ns TBA = to be announced

Mostek “MKB’* FLOW CHART
Mil. Std. 883B, Method 5004, Class B

| pees— |
MKB 3880
SCRIBE LID
Leading Mostek's microprocessor batallion is the
MKB 3880, the Z80 CPU which is fully software
compatible with the popular 8080A. Thus, without the I 1
significant investment in software often required, the
user can now design in the most advanced 8 bit BREAK LID SEAL
microcomputer system on the market, while meeting
stringent military requirements. Mostek is firmly
committed to supporting the Z80 family of peripheral I
chips with 883B screening, and will pursue JAN 100% ceB
qualification of the Z80 should a slash sheet be issued. SORT 28 hrs
Temp. Fre- Max METLE,OODC'IOOS
Device Range quency lee I
DIE INSPECT 100% TEMP
MKB 3880P20 -55°to 125°C 2.5MHz 200mA L8 AT
MKB 3880P14 -40° to 85°C 4.0MHz 200mA M2010 65 Cto - 150 C
MKB 3880P10 -40° to 85°C  2.5MHz 200mA CONDITION B METHOD 1010
MKB 3880P4 0° to 70°C 4 0MHz 200mA
MKB 3880P 0° to 70°C 2.5MHz 150mA |
Q.C. TOLL CEN}%?;GUGE
GATE (MILITARY) 30KG Y1 PLANE
METHOD 2001
MKB 3870

The 3870 is now the green beret of military DIE MOUNT SHEAR

microprocessors, performing on one chip what
formerly required three. The 3870 is software
compatible with Mostek’s popular F8 family, and is
supported by a full line of development systems.

100%

FINE LEAK
WIRE BOND 5 x 10-8
ATM-CM* SEC
Furthermore, Mostek’'s ISE concept (In Socket METHOD 1014
Expandability) ensures that 3870 users will not be I
outflanked by future advances: the 3872, 3874, and PRE-SEAL
3876 all will use the 3870 pinout. Mostek will pursue INSPECT 100%
P . . MILITARY GROSS LE
JAN qualification of the 3870 when a slash sheet is MIL-STD 883 CONDITION 02
issued, and is actively pursuing design modifications to M2010 METHOD 1014

expand the temperature range of the 3870. CONDITION &

Temp.
Device Range Speed Notes

Q.cC.ToLL-
GATE (MILITARY)

ORIENT AND
TUBE

MKB 3870P10 -40°to 85°C  4MHz
MKB 3870P 0° to 70°C 4MHz
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ostek ““MKB’* FLOW CHART Mostek “MKB** FLOW CHART

il. Std. 883B, Method 5004, Class B Mil. Std. 883B, Method 5004, Class B
SYMBOLIZE
A B
4027 36000
4116 34000
4104

ELECTRICAL TEST
METHOD 5005
P

MIN, 25°C, & MAX TEM

Q.C. FINE
LEAK SAMPLE

PRE-BURN
ELECTRICAL
TEST 1

LEAK SAMPLE

c2

ORIENT AND
TUBE

PRE-BURN EXTERNAL > 7
ELECTRICAL TA=MAX RATED TEMP VISUAL o S
TEST 2 < §
2T §
| 2T38

AUTO LEAD

STRAIGHTEN

BURN-IN

160 HR.
MIN

METHOD 1015
Ta = +125°C

Q.C. FINAL

INSPECT

FINAL
ELECTRICAL

TA=MAX RATED TEMP

TESTA PRODUCTION

CONTROL

GEO cl.fP {At Customer’s Option)
See Quality

FINAL Conformance Table

PRE-

ELECTRICAL Ta= MIN RATED TEMP RE-PACK

TEST 2

*Note 1: Fine leak sample; LTPD=5, 8S=77, Accept = 1, Re-
ject = 2. If lot fails, submit for 100% screen.

**Note 2: Gross leak sample; LTPD =5, §S = 77, Accept = 1,
Q.C. SHIPPING Reject = 2. If lot fails submit for 100% screen.

INSPECT
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MOSTEK MILITARY DEVICE
ORDERING INFORMATION-GENERAL

All Devices - Part Numbering

The part number consists of:
-Prefix- -Basic Part Number- -Electrical Sort-

Prefix

Basic Part Number

Electrical Sort

- MKB designates processing to
MIL-STD-883B, Method 5004,
Class B, with 100% screening at
the minimum, room, and maxi-
mum rated temperatures.

-Is the same as for the generic
device.

- Specifies the temperature range,
and in some cases other electri-
cal characteristics.

ELECTRICAL SORT SYSTEMS

Microprocessors
Temp. 3870 3880
-0 0° - 70°C 4.0MHz 2.5MHz
-4 0° - 70°C N/A 4. 0MHz
-10 -40° to 85°C 4.0MHz 2.5MHz
-14 -40° to 85°C N/A 4. 0MHz
-20 -55°1t0 125°C N/A 2.5MHz
RAMs & EPROMs
- X 0° to 70°C. Commercial Speed as
Specified per “X"”
-8X Min to Max rated temperature, speed
per X"
-9X Special attributes as defined
ROMs
-0 0° to 70°C
-80 -40° to +85°C
-84 -65° to +125°C
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MOSTEK.

MILITARY/HI-REL DEVICES

Quality Specification

1.0 PURPOSE — To provide a general quality specification for Military/Hi-Rel to be used with the appli-
cable detail specification to ensure a higher than commercial level of device screening, product assurance
and quality control.

2.0 SCOPE —

2.1 Statement of Scope. This specification establishes the GENERAL requirements for Military/Hi-Rel
monolithic MOS/LS! microcircuits supplied by MOSTEK. This document is applicable only to devices
with MKB, MKM, or MK X product designator prefixes.

2.2 Product Assurance Levels. This specification provides for three (3) levels of product assurance and
screening as outlined below and in 3.4 and 3.4.1.

2.2.1. MKB MOSTEK product designator for a device processed to MIL-STD-883, Method 5004,
Class B.

2.2.2. MKM MOSTEK product designator for a device processed to MIL-STD-883, Method 5004,
Class B, except as modified in 3.4 and 3.4.1 (basic difference from MKB is single pass correlated
hi-temp testing with guard band to guarantee 25°C and low temp).

4
o
s
I

2.2.3. MKX MOSTEK product designator for a custom military device purpose built to a customer
P.0. that has some degree of military processing. See 3.4 and 3.4.1.
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Specifications

2.3. Applicable Documents. The following documents of issue in effect on the date of release of the
MOSTEK Sales Order form a part of this specification to the extent specified herein.

MIL-M-38510 Microcircuits General Specification For

MIL-STD-883 Test Methods and Procedures for Microelectronics.

MIL-STD-1313 Microelectronics Terms and Definitions

MIL-C-45662 Calibration System Requirements

MOSTEK Sales Order

CUSTOMER Purchase Order

Detail Specification of Applicable Device Type (Military Data Sheet)

OmMmMoUO®>

2.3.1. Document Hierarchy. In the event of any conflict between this document and the referred
documents, the following order of precedence shall apply:

A. MOSTEK Sales Order
B. Customer Purchase Order
C. This document
D. Detail Specification (Military Data Sheet)
E. Referenced documents
3.0 GENERAL

3.1. General. MOSTEK, in compliance with this specification, shall have and use production and test
facilities and a quality and reliability assurance program adequate to assure successful compliance with
the provisions of this specification and the detail specification. The individual item requirements
shall be as specified herein, and in the detail specification or drawing.
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3.1.1. Reference to Detail Specification. For purposes of this specification, when the term “‘as sp
fied” is used without additional reference to a specific location or document, the intended re
ence shall be to the detail specification or drawing number which constitutes the applica
individual device specification.

3.1.2. Terms, Definitions, and Symbols. For the purpose of this specification, the terms, definitio
and symbols of MIL-STD-883, MIL-STD-1313, and MIL-STD-1331 and those contained here
shall apply and shall be used in the applicable detail specification wherever they are pertine

A. Production Lot. A production lot shall consist of devices manufactured on the same pr
duction line(s) by means of the same production technique, materials, controls and desig
Where a production lot identification is terminated upon completion of wafer or substra
processing, or at any later point prior to device dealing, it shall be permissible to proce
more than a single device type in a single production lot provided traceability is maintaine
by assembling devices into inspection lots as defined herein, at the point where productio
lot identification is terminated.

B. Inspection Lot. A quantity of microcircuits submitted at one time for inspection to dete
mine compliance with the requirements and acceptance criteria of the applicable devic
specification. Each inspection lot shall consist of microcircuits of a single type, in a singl
package type, outline and lead finish, or may consist of inspection sublots of several differer
types, in a single package type, outline and lead finish defined by a single detail specificatior
Each inspection lot shall be manufactured on the same production line(s) through final se:
by the same production techniques, and to the same device design rules and case with
the same material requirements, and sealed within the same period not exceeding six weeks.

C. Inspection Sublot - An inspection sublot shall consist of microcircuits of a single type in
single package type, outline and lead finish, contained on a single detail specification, mant
factured on the same production line(s) through final seal by the same production tect
niques, and to the same device design rules and package with the same material requirement:
and sealed within the same period not exceeding six weeks.

D. Microcircuit Group - Microcircuits which are designed to perform the same type of basi
circuit function, which are designed for the same supply, bias and signal .voltages and fc
input/output compatibility and which are fabricated by use of the same basic die construc
tion and metallization; the same die-attach method; and by use of bonding interconnect
of the same size, material and attachment method.

E. Percent Defective Allowable (PDA). Percent defective allowable is the maximum observe
percent defective which will permit the lot to be accepted after the specified 100 percer
test.

F. Delta (A) Limit. The maximum change in a specified parameter reading which will permit
device to be accepted on a specified test, based on a comparison of the present measuremer
with a specified previous measurement. NOTE: When expressed as a percentage value, it sha
be calculated as a proportion of the previous measured value.

G. Rework. Any processing or reprocessing operation, other than testing, applied to an ind
vidual device, or part thereof, and performed subsequent to the prescribed nonrepairin
manufacturing operations which are applicable to all devices of that type at that stage

H. Final Seal. That manufacturing operation which completes the enclosure of a device s
that further internal processing cannot be completed without disassembling the device

I.  Device Type. The term device type refers to a single specific microcircuit configuratior
Samples of the same device type will be electrically and functionally interchangeable wit
each other at the die level and environmental limits will be the same for a given device typ
even though the device class, the case outline, and the lead finish and the lot identificatiol
code may be different. A given type shall appear on only one device specification but tha
detail specification may also specify other similar devices.

3.2. Item Requirements. The individual item requirements for microcircuits delivered under this specif
cation shall be documented in the detail specification or drawing. Unless otherwise specified, all micrc
circuits shall have an operating ambient temperature range from -55°C to +125°C and any referenc
to minimum or maximum operating temperatures shall refer to the respective lower and upper limit
of this range.

3.3 Classification of Requirements. The requirements of the microcircuits are classified herein as follows



REQUIREMENTS PARAGRAPH

Product Assurance 3.4
Screening 3.4.3
Quality conformance inspection 3.4.4
Traceability 3.4.5
Design and construction 3.5
Marking 3.6
Workmanship 3.7

3.4. Product Assurance Requirements. Three levels of microcircuit quality and reliability assurance are
. provided for in this specification. MKB, MKM and MKX devices shall be those which have been sub-
jected to, and passed all applicable requirements, tests, and inspections detailed herein, for the speci-
fied class. Where shown, method references are per MIL-STD-883. For general guidance, the following
table summarizes these requirements for the respective device classes:

3.4 Cont. SCREENING PER METHOD 5004 of MIL-STD-883
TEST MIL-STD- CONDITION MKB MKM
883A
Internal Visual 2010 Cond. B 100% 100%
Stabilization Bake 1008 24 Hrs @ +150°C 100% 100%
Temperature Cycling 1010 10 cycles min.
—65°C to +150°C 100% 100%
Constant Acceleration 2001 30 KG Y1 Plane Only 100% 100% é—; - §
<z 3
Seal =1 3
Fine 1014 5x 108 100% 100% ST S
ATM-CM3/SEC
Gross 1014 Condition C2 100% 100%
Pre-Burn-in Electrical Static &
1/ Dynamic 100% 100%
Burn-In 1015 MOSTEK Dynamic +160
hours minimum
Ta=+125°C 100% 100%
Final Electrical Test Static and Dynamic 100% Max, 100%
per Detail Spec 25°C and | Max
min rated | Rated
Temp Temp
External Visual 2009 100% 100%
Quality Conformance 5005 Group A See Max.,25°C %‘;GN%;;PD
Quality Conformance and Min. Rated

Rated Temp Temp

1/ Manufacturer’s Option
2/ Delete Subgroups 9, 10 and 11
3/ Subgroups 2, 5, and 8 combined at maximum rated temp.

NOTE: MKX is a custom flow, built per the customer drawing and may contain all, some or none of
the above flow.
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34.1. MIL-STD-883A QUALITY CONFORMANCE TEST
TEST METHOD| LTPD TEST CONDITIONS
OF IN
Group A (Each Lot) MIL-STD-883 % MKB Series MKM Series |[NOTES
Static Test — Per Detail Spec at Max Rated Temp
Dynamic Test 5005 min,, 256°C and max 2/
Functional Test —_ temperature 1/
GROUP B (Each Lot)
Physical Dimensions 2016 2 Dev | Per Detail Spec Per Detail Spec 3,4
Resistance to Solvents 2015 3 Dev | Marking Durability Marking Dura-
bility 3,56

Internal Visual 2014 2 Dev | Internal Construc- Internal Con-

tion Verification struction

Verification 3,6

Bond Strength 2011 15 Condition D Condition D 3,7
Solderability 2003 15 260+ 10°C 260+ 10°C 3,8
GROQUP C (9/) 9
Operating Life 1005 5 +125°C 1000 Hrs. +125°C 1000 Hrs
End Point Electrical Max Rated Temp Max Rated Temp
Temp Cycle 1010 —65°C to +150°C —65°C to +150°G
Constant Acceleration 2001 15 Cond. E Cond. E
Fine and Gross Leak 1014 5x 108 5x 108

ATM-CM3/SEC ATM-CM3/SEC
End Point Electrical Max Rated Temp Max Rated Temp
GROUP D (9/) 9
Physical Dimensions 2016 15 Per Detail Spec Per Detail Spec
Lead Integrity 2004 15 Condition B2 Condition B2
Fine and Gross Leak 1014 15 5x 108 5x 108

ATM-CM3/SEC ATM-CM3/SEC
Thermal Shock 1011 15 Condition B Condition B
Temperature Cycling 1010 15 Condition C Condition C

-100 Cycles -100 Cycles
Moisture Resistance 1004 15 10 Cycles 10 Cycles
Fine and Gross Leak 1014 15 5x 108 5x 108

ATM-CM3/SEC ATM-CM3/SEC
End Point Electrical Max Rated Temp Max Rated Temp
Mechanical Shock 2002 15 Condition B Condition B
Vibration 2007 15 Condition A Condition A
Constant Acceleration 2001 15 Condition D Condition D
Fine and Gross Leak 1014 15 5x 108 5x 108

ATM-CM3/SEC ATM-CM3/SEC
End Point Electrical Max Rated Temp Max Rated Temp
Salt Atmosphere 1009 15 Condition A Condition A
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3.4.1. Cont:

(1/)Delete Subgroups 9, 10, 11 (2/)Subgroups 2, 5, and 8 at Maximum Rated Temp to a combined
LTPD of 7% (3/) Electrical Rej. may be used (4/) 2 Devices from each lot will be tested. Accept
on 0/, reject on 1. (5/) 3 Devices from each lot will be tested. Accept on 0/, reject on 1.(6/) 1
Device from lot will be tested. Accept on 0/, reject on 1. (7/) Test Sample may be pulled prior



to sealing. (8/) Solderability sample must have seen time/temp exposure or burn-in. (9/)Group
C and D tests will be performed ““only’ when specified on the Customer Purchase Order.

3.4.2 Change of Qualified Product. MOSTEK shall notify the customer prior to the implementation
of any major change of the product or product assurance program which may affect performance,
quality-reliability and interchangeability.

3.4.3. Screening. All microcircuits to be delivered in accordance with this specification shall have
been subjected to, and passed, all the screening tests detailed in Paragraph 3.4 for the type of
microcircuit and product assurance level (device class) specified. Sampling inspections shall not
be an acceptable substitute for any specified screening test.

3.4.4. Quality Conformance Inspection. Microcircuits shall not be accepted or approved for delivery
until the inspection lot has passed quality conformance inspection. (See 4.3.)

3.4.5. Tracability. See 3.1.2. (A)

3.5. Design and Construction. Microcircuit design and construction shall be in accordance with all the
requirements specified herein and in the detail specification or drawing.

© 3.6.1. Package. All devices supplied under this specification shall be hermetically sealed in glass,
metal or ceramic (or combinations of these) packages. No organic or polymetic materials (lacquers,
varnishes, coatings, adhesives, greases, etc.) shall be used inside the microcircuit package, and
no desiccants shall be contained in the microcircuit package unless otherwise specified. Polymer
impregnations (backfill, docking, etc.) of the microcircuit packages shall not be permitted.

3.5.2. Metals. External metal surfaces shall be corrosion-resistant or shall be plated or treated to resist
corrosion. External leads shall meet the requirements specified in 3.5.5.
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3.5.3. Other Materials. External parts, elements or coatings including markings shall be inherently
non-nutrient to fungus and shall not blister, crack, outgas, soften, flow or exhibit defects that
adversely affect storage, operation or environmental capabilities of microcircuits delivered to
this specification under the specified test conditions.

Specifications
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3.5.4 Internal Conductors. Internal thick film conductors on silicon die or substrate (metallization
stripes, contact areas, bonding interfaces, etc.) shall be designed so that no properly fabricated
conductor shall experience in normal operation (at worst case specified operating conditions),
a current density in excess of the maximum allowable value shown below for the applicable
conductor material :

CONDUCTOR MATERIAL MAXIMUM ALLOWABLE CURRENT DENSITY
Aluminum (99.99% pure or doped)
without glassivation 2 x 105 A/cm?2
Aluminum (99.99% pure or doped)
glassivated 5x 105 A/cm?2
Gold 6 X 105 A/cm2
All other (unless otherwise specified) 2 x 105 A/cm?2

The current density shall be calculated at the point(s) of maximum current density (i.e.
greatest current (see 3.5.5 (a) ) per unit cross section) for the specific device type and sche-
matic or configuration.

(a) Use a current value equal to the maximum continuous current (at a full fanout for
digitals or at maximum load for linears) or equal to the simple time-averaged current
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obtained at maximum rated frequency and duty cycle with maximum load, whichever
results in the greater current value at the point(s) of maximum current density. This
current value shall be determined at the maximum recommended supply voltage(s)
and with the current assumed to be uniform over the entire conductor cross sectional
areas.

3.5.5. Lead Material and Finish.

3.6.5.1. Lead Material. Lead material shall conform to one of the following chemical composi-

tions:

A. TypeA
Iron. ... 53 percent, nominal
Nickel ..o e 29 = 1 percent
Cobalt....................... e 17 = 1 percent
Manganese. . ...........ccvuunnn 0.65 percent, maximum
Carbon ......... ... .. 0.06 percent, maximum
Silicon....................... 0.20 percent, maximum
Aluminum.................... 0.10 percent, maximum
Magnesium . .................. 0.10 percent, maximum
Zirconium . . .o vvviiveeneeeen 0.10 percent, maximum
Titanium. ... ... o0 0.10 percent, maximum

(Combined total of aluminum, magnesium, zirconium and titanium to be a maximum of

0.20 percent).

B. TypeB
Nickel . .o s 40-43 percent
Manganese. . . ................. 0.08 percent, maximum
Silicon. . ..., 0.30 percent, maximum
Carbon ............ v, 0.10 percent, maximum
Chronium .................... 0.25 percent, maximum
Cobalt....................... 0.50 percent, maximum
Phosphorous . . ............... 0.025 percent, maximum
Sulfur ... .. . 0.025 percent, maximum
Aluminum.................... 0.10 percent, maximum
IrON. Remainder

3.5.5.2. Lead Finish. Lead finish shall conform to one of the following as applicable.

A. Hot solder dip - The hot solder dip shall be homogeneous with a minimum thickness
at the crest of the major flats of 200 microinches (50.8 nm) of solder (SN60 to SN63)
over the preliminary finishes in accordance with (b) or (c) below or over nickel plate
with a plating thickness of 100 microinches (25.4 nm) minimum and 200 microinches
(50.8 nm) maximum.

B. Bright acid tin plate - Thickness of 100 microinches (25.4 nm) minimum and 400
microinches (101.6 nm) maximum. Optional electroless or electrolytic nickel or copper
underplating, if used, shall be a minimum of 10 microinches (25.4 nm) in thickness.
NOTE: It is recognized that “‘bright acid tin plate’’, a term which refers to the process
as well as the appearance, can yield a range of texture or reflectivity. It is intended that
this finish be dense and continuous and that it will meet the solderability and environ-
mental requirements of this specification.

C. Gold plate - Gold plating shall be a minimum of 99.7 percent gold (0.3 percent maxi-
mum for all impurities and other metals combined). Gold plating shall be a minimum of
50 microinches (12.7 nm) and a maximum of 225 microinches (57.4 nm) thick. Op-
tional electroless or electrolytic nickel or copper underplating, if used, shall be a mini-
mum of 10 microinches (2.54 nm) and a maximum of 100 microinches (25.4 nm)
in thickness.

3.56.6. Die Thickness. Unless otherwise specified, the minimum die thickness for all microcircuits
shall be 0.006 inch (.15 mm).
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3.6. Marking of Microcircuits. . Marking shall be in accordance with the requirements of this specifi-
cation, and the identification and marking provisions of the detail specification or drawing. The marking
shall be legible, and complete and shall meet the resistance to solvents requirements of MIL-STD-883,
Method 2015. If any special marking is used, it shall in no way interfere with the marking required
herein, and shall be visibly separated therefrom. The following marking shall be placed on each micro-
circuit unless otherwise specified:

A. Index point (3.6.1)

B. Part number

C. Inspection lot identification code (3.6.2)
D. Manufacturer’s identification

E. Country of origin (3.6.3)

F. Serialization, when applicable (3.6.4)

3.6.1. Index Point. The index point, tab or other marking indicating the starting point for numbering
of leads or for mechanical orientation shall be as specified.

3.6.2. Inspection Lot Identification Code. Microcircuits shall be marked by a unique code to identify
the inspection lot (see 3,1.3 (b) and 3.1.3 (c)) and identify the first or the last week of the period
(six weeks maximum) during which devices in that inspection lot were sealed. The first two
numbers in the code shall be the last two digits of the number of the year, and the third and
fourth numbers shall be two digits indicating the calendar week of the year. When the number
of the week is a single digit, it shall be preceded by a zero. Reading from left to right or from
top to bottom, the code number shall designate the year and week, in that order. When more than
one lot of a type is to be identified within the same week, an inspection lot identification suffix
letter, representing each lot identified during that week and lettered uniquely shall appear on each
microcircuit immediately following the inspection lot data code so that each inspection lot is
identified by the inspection lot date code and by the lot identification suffix letter, if one is
required.

HI-REL
Specifications

3.6.3. Country of Origin. The phrase ““Made in U.S.A.” shall be marked in small characters below or
adjacent to the other marking specified, except that for microcircuits made in a foreign country
the phrase shall be changed accordingly. If there is limited space, the marking may be shortened to
“U.S.A.” or to the appropriate accepted abbreviation for the country of origin.

MILITARY/

3.6.4. Serialization. Prior to the first recorded electrical measurement in screening, when specified,
each microcircuit shall be marked with a unique serial number assigned consecutively within the
inspection lot. This serial number allows traceability of test results down to the level of the indivi-
dual microcircuit within that inspection lot.

3.6.5. Marking Location and Sequence. Unless otherwise specified, the part number, inspection lot
identification code, and -serialization (where applicable), shall be located on top surface of flat
packages or dual-in-line configurations and on either the top or side of cylindrical packages (TO-
96 and similar configurations). The index point shall be marked as specified. The balance of the
markings may be placed in any suitable location so as to perform their required functions and
not interfere with the other markings.

3.6.6. Marking on Initial Container. All of the markings specified in 3.6, except the index point and
serialization shall appear on the initial protection or wrapping for delivery (container, carton,
box, plastic envelope, etc.) and this marking shall be in accordance with MIL-STD-129.

3.6.7. Marking Option for Controlled Storage. Where microcircuits are subjected to testing and screen-
ing in accordance with some portion of the product assurance requirements and stored in con-
trolled ‘storage areas pending receipt of orders requiring conformance to the same or a different
level, the inspection lot identification code shall be placed on the microcircuit package along with
the other markings specified in 3.6 sufficient to assure identification of the material. As an alter-
native, if the microcircuits are stored together with sufficient data to assure traceability to pro-
cessing and inspection records, all markings may be applied after completion of all inspections to
the specified level. '
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3.6.8. Marking Procedure Option. MOSTEK has the option of marking the entire lot or only the
sample devices to be submitted to qualification or Groups B, C, and D quality conformance
inspection as applicable. If the manufacturer exercises the option to mark only the sample devices,
the procedures shall be as follows:

A. The sample devices shall be marked prior to performance of Groups B, C and D quality
conformance inspections, as applicable.

B. At the completion of inspection, the marking of the sample devnces shall be inspected for
conformance with the requirements of 3.6.

C. The inspection lot represented by a conforming inspection sample shall then be marked
and any specified visual and mechanical inspection performed.

D. The marking materials and processing applied to the inspection lot shall be to the same
specifications as those used for the inspection sample.

3.7. Workmanship. Microcircuits shall be manufactured, processed, and tested in a careful and workman-
like manner in accordance with good engineering practice and with the requirements of this specifi-

cation.

3.7.1. Rework Provisions. All rework permitted on microcircuits procurred under this specification
shall be accomplished in accordance with procedures and safeguards documented and available
for review. No delidding or package opening for rework shall be permitted for microcircuits of
any class. Allowable rework of sealed packages includes recleaning of any microcircuit or portion
thereof, rebranding to correct defective marking and lead straightening (provided the reworked
devices meet the requirements of 4.6.2 for conditions of leads).

3.7.1.1.

Rebonding of Monolithic Devices. Unless otherwise specified, rebonding of monolithic

microcircuits shall be permitted-with the following limitations:

A. No scratched, open or discontinuous metallization paths or conductor patterns shall

B.

be repaired by bridging with or addition of bonding wire or ribbon.

All rebonds shall be placed on at least 50% undisturbed metal and no more than one re-
bond attempt at any design bond location shall be permitted at any pad or post and no
rebonds shall be made directly over an area where metallization of intended bond areas
has been lifted.

The total number of rebond attempts shall be limited to a maximum of 10 percent of
the total number of bonds in the microcircuit. The 10 percent limit on rebonds may be
interpreted as the nearest whole number of bonds in the microcircuit. A bond shall be
defined as a wire to post or wire to pad bond (i.e. for a 14 lead wire bonded package
there are 28 bonds). Bond-offs required to clear the bonder after an unsuccessful first
bond attempt need not be considered-as rebonds provided they can be identified as
bond-offs by being made physically off the plated post or if they contain a non-typical
number of wedge marks. The initial bond attempt need not be visible. A rebond attempt
at one end of the wire counts as one rebond; a replacement of a wire bonded at both
ends, or an unsuccessful bond attempt of a wire already bonded at the other end, counts
as two rebonds. A bond on top of another bond is not permissible.

4.0 PRODUCT ASSURANCE PROVISIONS
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4.1. Safety Requirements - Not Applicable

4.1.1. Responsibility for Tests and Inspections. Unless otherwise specified in the contract or purchase
order, MOSTEK is responsible for the performance of all tests and inspection requirements as
specified herein and in the detail specification. Except as otherwise specified in the contract or
order, the manufacturer may use his own or other suitable facilities.

4.1.2. Inspection During Manufacture. MOSTEK shall establish and maintain inspection at appro-
priately located points in the manufacturing process in accordance with the procedures described
in 20.1.1 of Appendix A of MIL-M-38510 to assure continuous control of quality of materials,
subunits and parts during fabrication and testing. This inspection shall be adequate to assure




compliance with the applicable procurement documentation and quality standards for micro-
circuits manufactured to this specification and the applicable detail specification.

4.1.3. Control and Inspection of Procurement Sources. MOSTEK shall be responsible for assuring
that all supplies and services used in the manufacture and test of microcircuits conform to all
the requirements of this specification, the detail specification, and other provisions of the appli-
cable procurement documentation.

4.1.4. Inspection Records.

4.1.4. Inspection Records. MOSTEK shall maintain adequate records of all examinations, inspections,
and tests accomplished in accordance with 4.0. Records shall be retained as specified in 20.1.2 of
Appendix A of MIL-M-38510.

4.2. General Inspection Conditions. The general requirements of MIL-STD-883 shall apply.

4.2.1. Classification of Examinations and Tests. The examinations and tests required to assure con-
formance to the specified product assurance levels of microcircuits or lots thereof are classified

as follows:

Requirement Paragraph
Quality Conformance Inspection 4.3
Screening 4.4
Data reporting 4.6

4.2.2. Sampling. Statistical sampling for quality conformance inspections shall be in accordance with
the sampling procedures of appendix B of MIL-M-38510, and as specified in the detail specifi-
cation or drawing, as applicable. Reserve sample devices may be tested with the subgroups to
provide replacements in the case of test equipment failure or operator error. These devices shall
be used in predesignated order.

MILITARY/
Specifications

4.2.2.1. Disposal Of Samples. Devices subjected to destructive tests or which fail any test shall
not be shipped on the contract or purchase order as acceptable product. They may, however,
be delivered at the request of the procuring activity if they are isolated from, and clearly
identified so as to prevent their being mistaken for acceptable product. Sample microcircuits,
form lots which have passed product assurance inspections or tests and which have been
subjected to mechanical or environmental tests specified in Groups B, C and D inspection and
not classified as destructive, may be shipped on the contract or purchase order provided the
test has been proved to be nondestructive (see 4.2.2.3) and each of the microcircuits sub-
sequently passes final electrical tests per the applicable device specification.

4.2.2.2. Destructive Tests. Unless otherwise specified, the following MIL-STD-883 tests shall
be classified as destructive:

Internal visual and mechanical (Method 2014)
Bond strength.

Solderability.

Moisture resistance.

Lead integrity.

Salt atmosphere.

SEM inspection for metallization.

Steady state life test (accelerated).

Die shear strength test.

All other mechanical or environmental tests (other than those listed in 4.2.2.3), shall be
considered destructive initially, but may subsequently be considered nondestructive. The
accumulation of data from five repetitions of the specified test on the same sample of
product, without evidence of cumulative degradation or failure to pass the specified test
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requirements in any microcircuit in the sample, is considered sufficient evidence that the
test is nondestructive. Any test specified as a 100 percent screen shall be considered non-
destructive for the stress level and duration or number of cycles applied as a screen.

4.2.2.3. Nondestructive Tests. Unless otherwise specified, the following tests are classified as
nondestructive:

Barometric pressure
*Steady state life
*Intermittent life

Seal

External visual

Internal visual (pre-cap)
*Burn-in screen
Radiography

*When the test temperature exceeds the maximum specified junction temperature for the
device (including maximum specified for operation or test), these tests shall be considered
destructive.

4.2.3. Formation of Lots. Microcircuits shall be segregated into identifiable production lots as defined
in 3.1.3(a) as required to meet the production control and inspection requirements of Appendix A
of MIL-M-38510. Microcircuits shall be assembled into inspection lots as defined in 3.1.3(b) and
3.1.3(c) as required to meet the product assurance inspection and test requirements of this specifi-
cation.

4.2.3.1. Resubmission of Failed Lots. Resubmitted lots shall be kept separate from new lots and
shall be clearly identified as resubmitted lots. When any lot submitted for quality confor-
mance inspection fails any subgroup requirement of group A, B, C or D tests, it may be
resubmitted once for that particular subgroup using tightened inspection criteria (as defined
in 30.2.6 of Appendix B of MIL-M-38510). A second resubmission using tightened inspec-
tion criteria is permitted only if failure analysis is performed to determine the mechanism of
failure for each failed microcircuit from the prior submissions and it is determined that
failure(s) is due to:

A. A defect that can be effectively removed by rescreening the entire lot, or

B. Random type defects which do not reflect poor basic device design or poor basic pro-
cessing procedures.

C. Testing errors resulting in electrical damage to the device.

In all instances where analysis of the failed devices indicates that the failure mechanism is
due to poor basic processing procedures, a basic design fault or non-screenable defects, the
lot shall not be resubmitted.

4.2.4. Test Method Deviation. Deviations from test methods or tests circuits specified are allowed
provided that such deviations in no way relax the requirements of this specification.

4.2.5. Procedure in Case of Test Equipment Failure or Operator Error. Whenever a microcircuit is
believed to have failed as a result of faulty test equipment or operator error, the failure shall be
entered in the test record which shall be retained for review along with a complete explanation
verifying why the failure is believed to be invalid.

4.2.5.1. Procedure for Sample Tests. When it has been established that a failure is due to test
equipment failure or operator error and it has been established that the product has not
been damaged or degraded, a replacement microcircuit from the same inspection lot may
be added to the sample. The replacement microcircuit shall be subject to all those test to
which the discarded microcircuit was subjected prior to its failure and to any remaining
specified tests to which the discarded microcircuit was not subjected prior to its failure.
The manufacturer, at his own risk, has the option of replacing the failed microcircuit and



continuing with the tests before the validity of the test equipment failure or operator error
has been established.

4.2.5.2. Procedure for Screening Tests. When it has been established that a lot failure(s) during
the screening test(s) is due to operator or equipment error and it has been established that
the remaining product has not been damaged or degraded, the lot or surviving portion of the
lot, as the case may be, may be resubmitted to the corrected screening test(s) in which the
error occurred. Failures verified as having been caused by test equipment failure or operator
error shall not be counted in the PDA calculation (when applicable).

4.3. Quality Conformance Inspection.

4.3.1. General. Quality conformance inspection shall be conducted in accordance with the applicable
requirements of Groups A, B, C and D of Method 5005, MIL-STD-883, for the specified device
class. (See 3.4.1.)

4.3.2. Group A Inspection. Group A inspection shall be performed on each inspection lot in accord-
ance with Method 5005 of MIL-STD-883 and shall consist of electrical parameter tests specified for
the specified device class. Group A inspection may be performed in any order. If an inspection lot
is made up of a collection of sublots, each sublot shall pass Group A inspection as specified.

4.3.3. Group B Inspection. Group B inspection shall be performed on each inspection lot, for each
different package type (i.e. case outline, materials and lead finish), on each different device specifi-
cation. Group B shall consist of mechanical and environmental tests in accordance with Method
5005 of MIL-STD-883 for the specified device class. Testing of one device type sublot in any
subgroup shall be considered as complying with the requirements for that subgroup for all types
in the inspection lot. Different device types may be used for each subgroup. A different device type
sublot shall be tested for subgroup 2 at each successive Group B inspection until all qualified device
types on that detail specification, being submitted for acceptance, have been tested. Except as
otherwise specified, this inspection shall be applied only to completed and fully marked devices
from lots which have been subjected to and passed the Group A tests.
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4.3.3.1. Group B Sample Selection. Samples for Group B subgroups shall be chosen at random
from any sublot which has completed the screening requirements of paragraph 4.4 and been
submitted to quality conformance inspection (see 30.1.1 of Appendix B of MIL-M-38510).

4.3.4. Group C Inspection. Group C inspection (die related tests) shall be in accordance with Method
5005 of MIL-STD-883 and shall include those tests specified which are performed periodically.
Group C tests shall be performed only when specified on the Purchase Order.

4.3.4.1. Group C Sample Selection. Samples for subgroups in Group C shall be chosen at random
from any inspection lot of a particular microcircuit group which is submitted to and passes
Group A tests for quality conformance inspection during the week in which the first lot of
that microcircuit group is submitted in each specified Group C inspection period. Samples
from the lot may be subjected to Group C inspection whether or not the specified inspection
lot has passed Group B quality conformance inspection. Testing of one device type for each
subgroup shall be considered as complying with the requirements for that subgroup for all
types on the detail specification(s) within that same microcircuit group. A different device
type shall be tested at each successive inspection interval until all device types qualified on
the detail specification(s) with the microcircuit group have been tested.

When none of the lots passing Group A during the week in which the first lot is submitted
contains the devices type which is due to be tested, the samples for inspection shall be chosen
from those types in the lot being tested which have not been used for the longest time for
Group C die-related inspection. The next lot submitted which contains the skipped type shall
be subjected to Group C inspection as part of its quality conformance inspection. Successful
completion of Group C inspection shall initiate a new Group C die-related inspection period.
For nonconformance see 4.3.7.
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4.3.5. Group D Inspection. Group D inspection (package-related tests) shall be in accordance with
Method 5005 of MIL-STD-883 and shall include those package or case-related tests which are per-
formed periodically. The group D tests shall be performed periodically as specified on the Purchase
Order for each different package, case or construction.

4.3.5.1. Group D Sample Selection. Samples for subgroups in Group D shall be chosen at random
from any inspection lot containing the intended package, case or construction which is sub-
mitted to and passes Group A tests for quality conformance inspection during the week in
which the first lot containing the intended package is submitted in each Group D inspection
period. Testing of a subgroup using a single device type enclosed in the intended package shall
be considered as complying with the requirements for that subgroup for all detail specifi-
cations utilizing that package. Different types from the inspection lot may be used for each
subgroup. Testing of different types on a rotation basis is not required. Successful completion
of Group D inspection shall initiate a new group D package-related inspected period. For non
conformance see 4.3.7.

4.3.6. End Point Tests for Groups C and D Inspection. Specified post-test parameters shall be mea-
sured for each microcircuit for the sample after completion of all other specified tests in the sub-
group. Additional measurements may be made at the discretion of the manufacturer.

At the end of each Group C and D subgroup, end point measurements shall include visual exam-
ination without magnification to assure marking on each microcircuit tested is legible and complete
(see 3.6). Damage to marking caused by mechanical fixturing or handling during tests shall not be
cause for lot rejection, but devices so damaged shall be individually remarked or shall be rejected
for shipment.

4.3.7. Nonconformance. Samples which fail subgroup requirements of Groups A, B, C, or D may be
resubmitted in accordance with the provisions of 4.2.3.1. However, if the lot is not resubmitted or
fails the resubmission of 4.2.3.1 the lot shall not be shipped. Samples from subsequent lots of the
same microcircuit group for Group C failures or the same package type for Group D failures shall
then be subjected to all the tests in the subgroup in which the failure occurred, on a lot-by-lot
basis until three successive lots pass the failed subgroup. The testing may then return to periodic
testing. A device type which fails a Group C inspection shall not be accepted until the device type
which failed successfully completes the failed Group C subgroup(s). No other device types in the
group represented by the failed device type may be accepted until the Group C inspection re-
quirements have been satisfied with a device type in the group. A package type which fails a Group
D inspection shall not be accepted until the package type which failed successfully completes the
failed Group D inspection subgroup(s).

4.4 Screening. Each microcircuit shall have been subjected to and passed all the screening tests detailed
in Paragraph 3.4. for the specified product assurance level and type of microcircuit in order to be
acceptable for delivery. When a PDA (see 3.1.2(c) or delta limits (see 3.1.2(f)) have been specified
or other conditions for lot acceptance have been imposed, the required data shall be recorded and
maintained as a basis for lot acceptance. Devices which fail any test criteria in the screening sequence
shall be removed from the lot at the time of observation or immediately at the conclusion of the test
in which the failure was observed. Once rejected and verified as a device failure, no device may be
retested for acceptance.

4.4.1. Burn-in. Burn-in shall be performed on all microcircuits where specified and the specified pre-
and post-burn-in electrical parameters shall be measured.

4.4.1.1. Lots Resubmitted for Burn-In. Unless otherwise specified, lots may be resubmitted
for burn-in one time only and may be resubmitted only when the observed percentage of
parts which were in the original lots. Resubmitted lots shall be kept separate from new
lots and shall be inspected for all specified characteristics using a tightened inspection PDA
equal to the next lower number in the LTPD series.

4.5, External Visual Screen. The final external visual screen shall be conducted in accordance with
Method 2009 of MIL-STD-883 after all other 100 percent screens have been performed to determine
that no damage to, or contamination of the package exterior has occurred.




4.6 Data Recording. The results of all quality conformance tests and inspections and the results of all
required failure analyses shall be recorded and maintained in the manufacturer’s facility. The dis-
position of all lots or samples submitted for screening (where PDA is specified), or quality conformance
inspection shall be fully documented and lots which fail any specified requirement shall be recorded at
failed lots whether resubmitted or withdrawn. Disposition of resubmitted lots shall likewise be recorded
so that a complete history is available for every lot tested from initial submission to final disposition
including all failures, resubmissions and withdrawals.

4.7. Inspection of Preparation for Delivery. Sample packages and packs shall be selected and inspected
in accordance with MIL-M-565565, or as specified in the contract or order.

5.0 PREPARATION FOR DELIVERY.

5.1 Preservation-packaging and Packing. Microcircuits shall be prepared for delivery in accordance with
preservation-packaging and packing conforming to Level A, B or C requirements of MIL-M-55565
unless otherwise specified in the procurement document (see 6.1(e)).

5.1.1. Packaging and Packing. No packaging or packing material that is used shall crumble, flake,
powder or shred. The cushioning material near or in contact with the microcircuits shall not be
fibrous in form which might cause the microcircuit leads to be caught and damaged upon removal.
Individual microcircuits shall be separated from all others, physically restrained from vibration
and mechanically isolated from shock that might cause damage or degradation to the part. Leads
must be supported to prevent vibration and retain their shape and position.

5.1.2. Unit Container. When specified on the detail drawing or purchase order (see 6.1(e)) individual
microcircuits shall be supplied mounted in the specified carrier or unit container. Leads must be
secured to protect against vibration and retain their shape. Marking on the unit pack, carrier con-
tainer, or initial contained shall be as specified in 3.6.10.

6.0 NOTES.
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6.1 Ordering Data. Procurement documents should specify the following:
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A. Part number.

B. Title, number and date of this specification.

C. Title, number and date of applicable detail specification or drawing and identification or the origi-
nating design activity.

D. Test data to be furnished.

E. Selection of applicable level of packaging and packing required (see 5.0). Specification of unit
container, when applicable (see 5.1), and special marking when applicable.

F. Product assurance level and product assurance options, when applicable (see 3.4)

G. Design documentation to be furnished (see 3.5.4)

H. Lead finish letter when required (see 3.5.5)

. Requirements for failure analysis, when applicable.

J. Requirements for notification of change (see 3.4.2) to the procuring activity, when applicable.

6.2. Re-evaluation of Lot Quality. The specified LTPD method is designed for source inspection and
provides a high degree of assurance that a lot has a proportion defective no greater than the specified
LTPD value. Re-evaluation of any given lot to the same LTPD and acceptance number has the net
effect of increasing the probability of rejection or the manufacturer’s risk. This is especially true when
the initial sampling plan is based on a low acceptance number or when lot re-evaluation is done using a
lower acceptance number than was used in the initial sampling plan. Table B-1 of Appendix A of MIL-
M-38510 provides examples of the approximate quality levels required to satisfy any selected sampling
plan. To minimize the effect of re-evaluation on the manufacturer’s risk, whenever the quality of a lot
is re-evaluated by sampling inspection subsequent to the manufacturer’s demonstration of compliance
with the quality requirements, the sampling plan shall be based on the next higher acceptance number
(for the same LTPD) above that used in the initial lot evaluation. If the initial acceptance number is
not known, or if the original inspection was conducted as a screening or 100 percent inspection, then
the lot being re-evaluated shall not be rejected using an acceptance number of less than 3. Lots may,
however, be accepted on re-evaluation using an acceptance number as low as 0. When deemed necessary,
the purchase order may specify detailed criteria for lot re-evaluation and disposition other than the
above. Government sources inspection procedures or resubmission of failed lots shall not be considered
as re-evaluation of lot quality but rather as a part of the initial quality conformance procedure.

435




MOSTEK MILITARY DEVICE ELECTRICAL SORT SYSTEMS

ORDERING INFORMATION-GENERAL Microprocessors

All Devices - Part Numbering Temp. 3870 3880
-0 0° - 70°C 4.0MHz 2.5MHz
The part number consists of: '13 O;O_°7100085°C zl(')AMH ggm*;z
-Prefix-  -Basic Part Number-  -Electrical Sort- - - 0 : z : z
Prefix-  -Basic Part Num 14 40°1085°C  N/A 4.0MHz
Prefix -MKB designates processing to -20 "55%10125°C  N/A 2.5MHz

MIL-STD-883B, Method 5004,

Class B, with 100% screening at RAMs & EPROMs

the minimum, room, and maxi- - X 0° to 70°C. Commercial Speed as
mum rated temperatures. Specified per “X"
-8X Min to Max rated temperature, speed
Basic Part Number -Is the same as for the generic per X"
device. -9X Special attributes as defined
Electrical Sort - Specifies the temperature range, ROMs
and in some cases other electri- - QO 0° to 70°C
cal characteristics. -80 -40° to +85°C
-84 -55° to +125°C
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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 LEVEL 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 | 25
| E" | letter
Ac Re|Ac Re|Ac Re|Ac Re|Ac RefAc Re|Ac Re|Ac Re|Ac Re|Ac Re{Ac Re|Ac Re|Ac Re|Ac Re/Ac Re|Ac Re|Ac RejAc Re
2 w0 8 |a| a |8| A 2 vy l 12
16 to 25 | B ¢ D C 5 01 12(23)34
_f
D 8 01 12233456
26 to 50 |¢C D E | )
E 13 01 12/ 23/34/56/78
51 to 90 |¢C E F YA /
91 10 150 D F G F 20 ¥ 041 v 12{23/34, 5678|101
G 32 4 01 1 12,23 34,567 8({1011{1415
151 to 280 E G H A
H 50 01 ; 12233 4|56|7 8(1011|1415(2122
281 to 500 | F H J Yy ' A
d 80 01 12/ 2334567 8{1011{1415({21 22
501 101200 | 6 | K ) Y
K 125 01 ) 1223|345 6|7 8/1011|1415|21,22
1201 to 3200 H K L J % \
L 200 01 12,233 4567 8|1011/1415/21 22
32011010000 |J | L | m \J
| M 315 01 ¥ 122 3|3 4,567 8({1011|1415|2122
100011035000 | K | ™M | N ¥4
N 500 & 0.1 * 12123 |3 4|5 6(7 8{1011|1415|21,22
35001 to 150000 | L N Pl op | so0 L 0A1 L 12 23| 34567 8/1011]1415/2122
\
150001 to 500000\ M F a Q 1250 | 01 12 12334567 8{1011|1415 21‘22
500001 and over | N Q R ’
R 2000 12 (23 (345678 (1011{1415/2122

': Use first sampling plan below arrow
do 100 percent inspection
‘= Use first sampling plan above arrow.

LEY

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

Re = Rejection number.

Ac = Acceptance number.

MIL-M38510
Sampling Plan

NV 1d DNITdNVS 0LS8EN-TIN
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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).

Max. Percent
Defective 20 0.3
(LTPD) or A
Acceptance Minimum Sample Sizes
(':“.l_“ge:_ (8) (For device-hours required for life test, multiply by 1000)
0 11 15 22 32 45 76 116 153 231 328 461 767
(0.46) | (0.38) | (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
(200 | (14) | (093) | (065 | (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
(34) | (224) | 16) | (.) | (0.78) | (047) | (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 | 32 2.1) (1.5) (1.0) | (062) | (0.41) | (031) | (0.20) | (0.14) | (0.10) | (0.062)
4 38 52 78 113 158 265 398 531 798 1140 1599 2663
53 | 39 | 26 | (1.8 | (13) | 075 | (050) | (0.37) | (0.25) | (0.17) | (0.12) | (0.079)
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
66) | @9 | 32 (2.2) (16) | (094) | (062) | (047) | (031) | (022) | (0.155)| (0.093)
7 57 77 116 166 234 390 589 783 1178 1680 2355 3922
72 | 53) | ¢35 | @4 | 07 | (1.0) | ©867) | (051) | (034 | (0.29) | (0.17) | (0.101)
8 63 85 128 184 258 431 648 864 1300 ' 1854 2599 4329
7n | 58 | @n | 26 | 08 | (1.1) | ©72) | (054 | (0.36) | (0.25) | (0.18) | (0.108)
9 69 93 140 201 282 471 709 945 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
©84) | 63 | @1 | @9 @0 | (1.2) | (080) | (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-—1a500E
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ORDERING INFORMATION

Factory orders for parts described in this book should include a four-part number as explained below:

Example: MK @E J - 13
L——L Dash Number

2. Package

3. Device Number

4. Mostek Prefix

1. Dash Number

One or two numerical characters defining spacific device performance characteristic.

2. Package
P - Gold side-brazed ceramic DIP
J - CER-DIP
N - Epoxy DIP (Plastic)
K - Tin side-brazed ceramic DIP
T - Ceramic DIP with transparent lid
E - Ceramic leadless chip carrier

3. Device Number

1XXX or 1XXXX - Shift Register, ROM

2XXX or 2XXXX - ROM, EPROM

3XXX or 3XXXX - ROM, EPROM

38XX - Microcomputer Components

4XXX or 4XXXX - RAM

5XXX or 5XXXX - Counters, Telecommunication and Industrial
7XXX or 7XXXX - Microcomputer Systems

=
s
@
sl
<
S

Information

>
o
o
p=
w
b=

4. Mostek Prefix
MK-Standard Prefix

MKB-100% 883B screening, with final electrical test at low, room and high-rated temperatures.
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MOSTEK.

MEMORY DEVICES

Package Descriptions

CERDIP HERMETIC PACKAGING (J)
16 PIN

18 PIN

24 PIN
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PLASTIC DUAL-IN LINE PACKAGING (N)

16PIN | N Jreed

il - !
;v. '( i ﬁnn‘rvj‘i
' & i . 020 u“ vJ L " l | T
e = S _‘i L J\: | _J Tw \jk «'\L .
i o ] i R S _I
18 PIN . ]

24 PIN

28 PIN

444




CERAMIC DUAL-!N-LINE HERMETIC PACKAGING (P)

16 PIN

i
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- 300 NOM =
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DUAL-IN-LINE DOUBLE DENSITY w';i"""""‘
CERAMIC PACKAGING (D) 18PN .::: f ! *
‘ T AT
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Won _,f -
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CERAMIC DUAL-IN- LINE HERMI':TIC SIDE BRAZED PACKAGE (K)
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054 Tvp

7 EQUAL SPACES « {

WU] T

o300 TYP o

X
8

108

010 - 001

16 PIN . . 'i =

iy =

270
010
288 005

T ST

-

EPROM HERMETIC PACKAGING m .
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CERAMIC FLAT PACKAGE (F) S —
16 PIN - 4116-84
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_MOSTEK.

MOS CIRCUITS AND SYSTEMS

Sales and Distribution

REGIONAL SALES OFFICES

WEST

17870 Skypark Circle
Suite 107

" lrvine, CA 92714
714/549-0397

8686 N. Central Ave.
Suite 126

Phoenix, AZ 85020
602/997-7573

2025 Gateway Place
Suite 268

San Jose, CA 95011
408/287-5081

CENTRAL

5100 Edina Ind. Bivd
Edina, MN 55435
612/835-7303

Livonia Pavillion East
29200 Vassar

Suite 815

Livonia, MI 48152
313/478-1470

228 Byers Road

Suite 105 .
Miamisburg, OH 45342
513/866-3405

701 E. Irving Park Bivd.
Suite 206

Roselle, IL 60172
312/529-3993

SALES REPRESENTATIVE OFFICES

ALABAMA

BEACON ELECTRONIC
ASSOCIATES, INC.

11309 S. Memorial Parkway
Suite G

Huntsville, AL 35803
205/881-5031

ARIZONA

SUMMIT SALES
7336 E. Shoeman Ln.
Suite 116E
Scottsdale, AZ 85251
602/994-4587

CALIFORNIA

HARVEY KING, INC.
8124 Miramar Road
San Diego, CA 92126
714/566-5252

COLORADO

WAUGAMAN ASSOCIATES
4800 Van Gordon

Wheat Ridge, CO 80033
303/423-1020

CONNECTICUT

NEW ENGLAND TECHNICAL
SALES

33 Trotwood Drive

W. Hartford, CT 06117
203/236-4705

FLORIDA

BEACON ELECTRONIC
ASSOCIATES, INC.

6842 N.W. 20th Avenue
Ft. Lauderdale, FL 33309
305/971-7320

BEACON ELECTRONIC
ASSOCIATES, INC.
235 Maitland Avenue
P.O. Box 1278
Maitland, FL 32751
305/647-3498

BEACON ELECTRONIC
ASSOCIATES, INC.

P.0. Box 125

Ft. Walton Beach, FL 32548
904/244-1550

BEACON ELECTRONIC
ASSOCIATES, INC.
316 Laurie
Melbourne, FL 32935
305/259-0648

GEORGIA

BEACON ELECTRONIC
ASSOCIATES, INC.
6135 Barfield Road
Suite 112

Atlanta, GA 30328
404/256-9640

ILLINOIS

CARLSON ELECTRONIC SALES
600 East Higgins Road

Elk Grove Village, IL 60007
312/956-8240

INDIANA

RICH ELECTRONICS MARKETING
599 Industrial Drive

Carmel, IN 46032
317/844-8462

RICH ELECTRONIC MARKETING
3448 West Taylor St.

Fort Wayne, IN 46804
219/432-5553

IOWA

CAHILL ASSOCIATES
266 Sussex Drive, N.E.
Cedar Rapids, IA 52402
319/377-4018

KANSAS

RUSH & WEST ASSOCIATES
107 North Chester Street
Olathe, KS 66061
913/764-2700

MARYLAND

MARKTRON, INC.

13975 Connecticut Avenue
Silver Spring, MD 20906
301/460-6100

MARKTRON, INC.

57 West Timonium Road
Timonium, MD 21093
301/252-7111

MASSACHUSETTS

NEW ENGLAND TECHNICAL
SALES

135 Cambridge St.
Burlington, MA 01803
617/272-0434

MICHIGAN

A.P.J. ASSOCIATES, INC.
496 Ann Arbor Trail
Plymouth, MI 48170
313/459-1200

MINNESOTA

CAHILL ASSOCIATES
315 North Pierce

St. Paul, MN 55104
612/646-7217

MISSOURI

BUSH & WEST ASSOCIATES
481 Melanie Meadows Lane
Ballwin, MO 63011
314/394-7271

NEW MEXICO

WAUGAMAN ASSOCIATES
P.O. Box 14894

9004 Menaul, N.E.

Suite 7

Albuquerque, NM 87112
505/294-1436

NEW YORK

ERA (ENGINEERING REP. ASSC.)
One Dupont Street

Plainview, NY 11803
516/822-9890

PRECISION SALES CORP.
733 S. Bay Road

North Syracuse, NY 13212
315/458-2223

4100 McEwen Rd.
Suite 237

Dallas, TX 75234
214/386-9141

EAST

Exchange Bank Building
1111 N. Westshore Bivd.
Suite414

Tampa, FL 33607
813/876-1304

PRECISION SALES CORP.
3594 Monroe Avenue
Rochester, NY 14534
716/381-2820

PRECISION SALES CORP.
5 Arbustus Lane

Mail Route 97
Binghamton, NY 13901
607/648-3686

NORTH CAROLINA

BEACON ELECTRONIC
ASSOCIATES, INC.
1207 W. Bessemer Ave.
Suite 112

Greensboro, N.C. 27408
919/275-9997

OREGON

NORTHWEST MKT. ASSOC.
9999 S.E. Wilshire Street
Suite 124

Portland, OR 97225
503/297-2581

PENNSYLVANIA

CMS MARKETING
121A Lorraine Avenue
P.0. Box 300

Oreland, PA 19075
215/885-5106

TENNESSEE

BEACON ELECTRONIC
ASSOCIATES, INC.
100 Tulsa Road

Oak Ridge, TN 37830
615/482-2409

TEXAS

WEST & ASSOCIATES, INC.
13608 Midway

Suite 103

Dallas, TX 75240
214/661-9400

WEST & ASSOCIATES, INC.
8403 Shoal Creek Bivd.
Austin, TX 78758
512/451-2456

34 W. Putnam

2nd Floor

Greenwich, CT 06830
203/622-0955

60 Turner Street
Waltham, MA 02154
617/899-9107

East Gate Business Ctr.
125 Gaither Dr.

Suite D

Mt. Laurel, NJ 08054
609/235-4112

WEST & ASSOCIATES, INC.
9730 Town Park, # 101
Houston, TX 77036
713/777-4108

UTAH

WAUGAMAN ASSOCIATES
445 East 2nd South

Suite 304

Salt Lake City, UT 84111
801/363-0275

VIRGINIA

MARKTRON, INC.

P.O. Box 7686
Charlottesville, VA 22906
301/460-6100

WISCONSIN

CARLSON ELECTRONIC SALES
Northbrook Executive Center
10701 West North Ave.

Suite 209

Milwaukee, WI 53226 » $
414/476-2780 wo
CANADA 35 o

o]

CANTEC REPS, INC.
17 Bentley Avenue
Ottawa, Ontario
Canada K2E 677
613/225-0363

CANTEC REPS, INC.
83 Galaxy Bivd.
Unit #1A

Toronto, Ontario
Canada MSW 5X6
416/275-2460

CANTEC REPS, INC.
207 Place-Frontenac
Pointe Claire, P.Q.
Canada, H9R 427
514/694-4049
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DISTRIBUTOR LOCATIONS

ARIZONA

KIERULFF ELECTRONICS
4134 East Wood Street
Phoenix, AZ 85040
602/243-4104

CALIFORNIA

BELL INDUSTRIES
1161 N. Fair Oaks Ave.
Sunnyvale, CA 94086
408/734-8570

CRAMER ELECTRONICS
720 Palomar Avenue
Sunnyvale, CA 94087
408/739-3011

INTERMARK ELECTRONICS
4125 Sorrento Valley Bivd.
San Diego, CA 92121
714/279-5200

INTERMARK ELECTRONICS
1802 East Carnegie Avenue
Santa Anna, CA 92705
714/540-1322

INTERMARK ELECTRONICS
1020 Stewart Drive
Sunnyvale, CA 94086
408/738-1111

KIERULFF ELECTRONICS
3969 East Bayshore Road
Palo Alto, CA 94303
415/968-6292

KIERULFF ELECTRONICS
2585 Commerce Way
Los Angeles, CA 90040
213/725-0325

KIERULFF ELECTRONICS
8797 Balboa Avenue
San Diego, CA 92123
714/278-2112

SCHWEBER ELECTRONICS
17811 Gillette Avenue
Irvine, CA 92714
714/556-3880

COLORADO

CENTURY ELECTRONICS
8155 W 48th Ave.
Wheatridge, CO 80033
303/424-1985

KIERULFF ELECTRONICS
10890 East 47th Avenue
Denver, CO 80239
303/371-6500

CONNECTICUT

ARROW ELECTRONICS
295 Treadwell
Hamden, CT 06514
203/248-3801

CRAMER ELECTRONICS
35 Dodge Avenue

North Haven, CT 06473
203/239-5641

SCHWEBER ELECTRONICS

Commerce Industrial Park
Danbury, CT 06810
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FLORIDA

ARROW ELECTRONICS
115 Palm Bay Rd., N.W.
Bldg. 200

Palm Bay, FL 32905
305/725-1480

ARROW ELECTRONICS
1001 N.W. 62nd Street
Suite 108

Ft. Lauderdale, FL 33309
305/776-7790

DIPLOMAT SOUTHLAND
2120 Calumet
Clearwater, FL 33515
813/443-4514

KIERULFF ELECTRONICS
3247 Tech Drive

St. Petersburg, FL 33702
813/576-1966

GEORGIA

ARROW ELECTRONICS
3405 Oakcliff Road
Doraville, GA 30340
404/455-4054

SCHWEBER ELECTRONICS
4126 Pleasantdale Road
Atlanta, GA 30340
404/449-9170

ILLINOIS

BELL INDUSTRIES
3422 W. Touhy Ave.
Chicago, IL 60645
312/982-9210

KIERULFF ELECTRONICS
1536 Landmeier

Elk Grove Village, IL 60007
312/640-0200

INDIANA

ADVENT ELECTRONICS
8505 Zionsville Road
Indianapolis, IN 46268
317/297-4910

FORT WAYNE ELECTRONICS
3606 E. Maumee

Ft. Wayne, IN 46803
219/423-3422

GRAHAM ELECTRONICS
133 S. Pennsylvania St.
Indianapolis, IN
317/634-8202

IOWA

ADVENT ELECTRONICS
682 58th Ave., Court SW.
Cedar Rapids, IA 52404
319/363-0221 .

MARYLAND

ARROW ELECTRONICS
4801 Benson
Baltimore, MD 21227
301/247-5200

CRAMER ELECTRONICS
16021 Industrial Drive
Gaithersburg, MD 20760
301/948-0110

MASSACHUSETTS

KIERULFF ELECTRONICS
13 Fortune Drive
Billerica, MA 01821
617/667-8331

LIONEX CORP.

1 North Ave.
Burlington, MA 01803
617/272-9400

SCHWEBER ELECTRONICS
25 Wiggins Avenue
Bedford, MA 01730

MICHIGAN

ARROW ELECTRONICS
3921 Varsity Drive
Ann Arbor, MI 48104
313/971-8220

SCHWEBER ELECTRONICS
33540 Schoolcraft Rd.
Livonia, Ml 48151
313/525-8100

MINNESOTA

ARROW ELECTRONICS
5251 W. 73rd Street
Edina, MN 55435
612/830-1800

CRAMER ELECTRONICS
5424 Edina Ind. Bivd.
Minneapolis, MN 55435
612/835-7811

© MISSOURI

OLIVE ELECTRONICS
9910 Page Blvd.

St. Louis, MO 63132
314/426-4500

SEMICONDUCTOR SPECIALISTS

NEW YORK
ARROW ELECTRONICS

900 Broad Hollow Farm Rd.

Farmingdale, NY 11735
516/694-6800

CRAMER ELECTRONICS
6716 Joy Road

East Syracuse, NY 13057
315/437-6671

CRAMER ELECTRONICS
3000 Winton Rd., S.
Rochester, NY 14623
716/275-0300 .

SCHWEBER ELECTRONICS
Jericho Turnpike
Westbury, NY 11590
616/334-7474

SCHWEBER ELECTRONICS
2 Town Line Circle
Rochester, NY 14623

NORTH CAROLINA

HAMMOND ELECTRONICS
2923 Pacific Ave.
Greensboro, NC 27406
919/275-6391

OHIO

ARROW ELECTRONICS
3100 Plainfield Rd.
Kettering, OH 45432
513/253-9176

ARROW ELECTRONICS
6238 Cochran

Solon, OH 44139
216/248-3990

ARROW/SHERIDAN
Box 37856 "
Cincinnati, OH 45222

3805 North Oak Traff
Kansas City, MO 64116
816/452-3900

NEW JERSEY

ARROW ELECTRONICS
285 Midland Avenue
Saddlebrook, NJ 07662
201/797-5800

ARROW ELECTRONICS
Pleasant Valley Ave.
Morristown, NJ 08057
609/235-1900

KIERULFF ELECTRONICS
3 Edison Place

Fairfield, NJ 07006
201/575-6750

SCHWEBER ELECTRONICS
43 Belmont Drive
Somerset, NJ 08873
201/469-6008

NEW MEXICO

CENTURY ELECTRONICS
11728 Linn Ave.
Albuguerque, NM 87123
505/292-2700

CRAMER ELECTRONICS
5835 Harper Road
Solon, OH 44139
216/248-8400

SCHWEBER ELECTRONICS
23800 Commerce Park Rd.
Beachwood, OH 44122
216/464-2970

PENNSYLVANIA

SCHWEBER ELECTRONICS
101 Rock Road

Horsham, PA 19044
215/441-0600

SOUTH CAROLINA

HAMMOND ELECTRONICS
1035 Lown Des Hill Rd.
Greenville, SC 29602
803/233-4121

TEXAS

CRAMER ELECTRONICS
13740 Midway Road
Dallas, TX 75240
214/661-9300

QUALITY COMPONENTS, INC.
4303 Alpha Road

Dallas, TX 75240
214/387-4949

QUALITY COMPONENTS
6126 Wilshire Road
Houston, TX 77036
713/772-7100

QUALITY COMPONENTS
10201 McKalla

Suite D

Austin, TX 78758
512/838-0551

SCHWEBER ELECTRONICS
7420 Harwin Drive
Houston, TX 77036
713/784-3600

UTAH

CENTURY ELECTRONICS
2258 S. 2700 W.

Salt Lake City, UT 84119
801/972-6969

WASHINGTON

KIERULFF ELECTRONICS
1005 Andover Park East
Seattle, WA 98188
206/575-4420

WISCONSIN

ARROW ELECTRONICS
434 W. Rowson Ave.
Oak Creek, Wi 53154
414/764}6600

CANADA

PRELCO ELECTRONICS
480 Port Royal St., W.
Montreal 357, P.Q.
Canada H3L 2B9
614/389-8051

PRELCO ELECTRONICS
2767 Thames Gate Dr.
Mississauga. Ontario
Toronto, Canada L4T 1G5
416/678-0401

PRELCO ELECTRONICS
1770 Woodward Drive
Ottowa, Ontario
Canada, K2C 0P8
613/226-3491

R.A.E. INDUSTRIAL
1629 Main St.
Vancouver, B.C.
Canada V6A 2W5
604/687-2621

WE.S. L.

1515 King Edward St.
Winnipeg, Manitoba
Canada R3H OR8
204/632-1260




NOTES

Mostek reserves the right to make changes in specifications at any time and without notice. The information furnished by Mostek in this
publication is believed to be accurate and reliable. However, no responsibility is assumed by Mostek for its use; nor for any infringements of
patents or other rights of third parties resulting from its use. No license is granted under any patents or patent rights of Mostek.

The “PRELIMINARY"" designation on a Mostek data sheet indicates that the product is not characterized. The specifications are subject to
change, are based on design goals or preliminary part evaluation, and are not guaranteed. Mostek Corporation or an authorized sales
representative should be consulted for current information before using this product. No responsibility is assumed by Mostek for its use; nor for
any infringements of patents and trademarks or other rights of third parties resulting from its use. No license is granted under any patents,
patent rights, or trademarks of Mostek. Mostek reserves the right to make changes in specifications at any time and without notice.
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