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Fig. 28 MK 4096 Minimum Read Cycle Timing Diagram 

Since the first function of the chip 
is to read the information contain­
ed in a row of cells, inputs such as 
column addresses, WR ITE, CS and 
Data In are not needed until the row 
of cells is read by the sense amps. 
This allows time to first strobe in the 
row address and later, with CAS, 
strobe and latch the column add­
ress and CS. (WRITE and DIN are 
not latched by CAS allowing a read­
modify-write cycle as mentioned in 
the MK 4096 Data Sheet). Next, if 
CS is true and the column address 
isdecoded, one ofthe 64 sense amps 

INPUTS 

will be selected to output data to 
the output buffer latch. The WR ITE 
line is high (READ CYCLE). Also 
the data is rewritten into the row 
from which the data was read ini­
tially. If the WRITE line is low, 
the data on the DIN line is latched 
by the" AND" of CAS, RAS, WR ITE 
and CS. The selected sense amp now 
receives the new data and the in­
formation being held by the other 
63 sense amps will be rewritten in­
to the selected row. Thus, the in­
formation in the selected row is re-

CYCLE ROW 
DATA OUT * PWR REFRESH 

FUNCTION 
RAS CAS CS WRITE 

A A A A �~�A�L�l�D�)�_�O�P�E�N� _ I 375MW YES 
WRITE 

DATA CYCLE 

A A A I (VALID) OPEN_(:LlD 375MW YES 
READ 

DATA DATA) CYCLE 

A A I DC (VALID) OPEN -OPEN 
OATA 375MW YES REFRESH 

(VALID) OPEN - OPEN 
STAND BY, 

I A DC DC 12MW NO OUTPUT OATA 
DISABLED 

I I DC DC (VALID )GALID )GALID\ 
DATA DATA OATA 

12MW NO STAND BY 

* Previous Cycle - Intermediate - Present Cycle 

A = Active I = I nactive DC = Don't Care 

Fig. 3 MK 4096 Control Inputs Function Chart 
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freshed by any cycle. Each row 
must receive at least one cycle to 
refresh it every 2 mS. 

MEMORY CYCLES 

The MK 4096has several subtle qual­
ities that are not obvious by looking 
at the block d.§9.i:al!!.,.or timing dia­
gram. RAS, CAS, CS, and WRITE 
have 16 possible combinations with 
only 5 possible modes of operation. 
Figure 3 is a function chart describ­
ing interrelationship of the strobes 
and control inputs on the MK 4096. 
An "A" indicates an input will be 
active during a cycle and an "I" in­
dicates inactive. 

There are three types of cycles poss­
ible with RAS active. These cycles 
are: the normal read and write 
cycles and a refresh cycle and RAS 
and CAS active and CS inactive. 
Each of these cycles refreshes the 
addressed row and dissipates active 
power. The Dout waveform is diff­
erent for each of these cycles. 

Figure 4 shows the output waveform 
for three cycles where a "1" is latch­
ed at the output and then a "0" is 
read and then in the next cycle an­
other "1" is read. The figure shows 
data is held from the previous cycle 
until CAS becomes active at which 
time the output goes to an open cir­
cuit, high impedance state. When the 
data is accessed, the output changes 
from the open state to true data. 
The Dout column in Figure 3 shows 
the transition that is seen on the out­
put for each of the cycles. Note for 
a write cycle, the Dout goes to a 
"1". When Dout goes open circuit-



ROW AOO STROBE (RAS) 

COL ADD STROBE (CAS) 

DImI 

OUTPUT 
CL = lOOp! 

CL = 500p! 

II 

ed after CAS, a TTL device connect­
ed to the outputs may begin to os­
cillate because the input is floating. 
A 10K pullup resistor to +5V will 
keep the TTL device from oscillat­
ing. 

If RAS is inactive and CAS is active, 
the only function that will be per­
formed by the chip is to change the 
output~a high impedance state 
when CAS goes low. The power 
dissipated in this mode is negligible. 
This cycle allows a system operat­
ing with 8K of wire-ORed memory 
to decode the 13th address bit and 
gate RAS to only the selected 4K 
block while both blocks receive CAS 
and CS. Receipt of CAS guarantees 
the unselected 4K output will go 
open circuited if true data was still 
available from the previous cycle. 
Thus only half the memory will be 
consuming activepowerforany given 
memory access. A refresh cycle, 
however, will require all 8K of the 
memory to be activated. 

If both RAS and CAS are inactive 
the chip is in the standby mode and 
will consume a maximum power of 
12 mW. The Dout will be held valid 
in this situation for at least 10 ]lS. 
The output latch is dynamic and the 
charge on the latch leaks off. 

OUTPUT BUFFER 

The output buffer, shown in figure 
4 is a three state device. In the "1" 
state, the pull-up transistor hasa max­
imum resistance of 500 ohms to +5 
(V cc). The transistor will source 
5mA minimum at an output voltage 
of 2.4V. The current sourced in 
the output "1" state is the only 
current the device draws from the 

1"---; h 
IOns 

r--

r--

'-- 1"-----J 
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+5V supply. Thepull down transistor 
has a maximum resistance of 200 
ohms to ground (Vss) in the "0" 
state. The transistor will sink 2mA 
at an output voltage of O.4V max­
imum. 

When the +12V supply (VGG ) is turn­
ed on, the output may "come up" 
in any of the three states. If two 
wi re-O Red outputs come up in oppo­
site conducting states, curentwould 
be flowing from the +5V supply to 
ground through the two outputs. 
Typically this would be a 300 ohm 
path to go round. This occurance 
will not harm the devices and will 
last only a few hundred microseoncds 
until one circuit goes open circuited. 
This situation can be avoided by 
bringing up the +12V supply. and 
a few milliseconds later bringing up 
the +5V suppl~ immediately giv­
ing each chip a CAS. Again the chip 
will not be harmed and it will be 
only an added momentary drain on 
the +5V supply. 

Figure 4 also shows typical output 
buffer waveforms with a 100 ohm 
load to 2.0V and different capaci­
tive loads. Note the output goes 
to the open state after CAS becomes 
active and then goes to the true data 
output at access time. The first 
waveform is loaded only with the 
resistive load and approxi mately 15 
pF of stray capacitance. The second 
waveform shows the effects of driv­
ing a 100 pF load. The third wave­
form shows the output driving a 500 
pf load. Less than 20 nS speed 
degradation occurs between essen­
tially no load and 100 pF load, de­
monstrating the drive capability of 
the MK 4096 output buffer. The 
MK 4096 is tested with 100 pf of 
load capacitance. 
If a CMOS interface is required at 
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Fig. 4 Effects of Capacity loading on the 
M K 4096 output 

the output, the V cc supply may be 
raised from +5V up to +12V. This 
will not effect anything except the 
output levels. The output levels 
may be calculated by using the out­
put device resistances given previous­
ly. For standby situations, the V cc 
may be reduced to OV to save power. 

CURBENT DBAIN 

The MK 4096, when in the inactive 
state, (both RAS and CAS high), 
draws only 1 rnA maximum and 0.5 
mA typically from the +12V supply 
and 75 ]lA maximum from the -9V 
supply. The 75 ]lA from the -9V 
supply is purely a leakage current. 
The 1 mA from the +12V supply is 
a D.C. path to ground through the 
liAS input buffers. The majorit.Y..2i 
the V GGcu rrent is drawn when RAS 
returns to the inactive or precharge 
state. At this time, all the internal 
circuitry is precharged to an imitial 
condition awaiting the next cycle. 
The current waveform that is drawn 
from the +12V supply is shown in 
figure 5. The figure shows "a peak 
current of 80 mA at precharge. If 
RAS does not become active, the 
current drain will decrease to less 
than 1 mA to the standby condition. 
As RAS becomes active, a series of 
current peaks of 30 mA or less occur 
as the internal clocks generate the 
timing phases that are necessary to 
accomplish the cycle. 

The current drain from the +12V 
supply will be less than 30 mA when 
averaged over the entire cycle. A 
dynamic current waveform such as 
this requires proper distribution and 
bypassing techniques to minimize 
noise voltages in a memory system. 
The current spikes passing through 
the inductive distribution lines can 
cause noise spikes of several volts 
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Fig. 5 M K 4096 Current Waveforms 

on the supply lines unless proper 
bypassing is implemented. 

Figure 5 also shows the current wave­
form on the -9V substrate supply 
(V BB ). The current has a peak value 
of 30 mA and the major spike is 
approximately 50 nS wide. This 
current fluxuation is present because 
the precharge is charging capacitance 
to both the ground diffussions and 
the substrate. Although the peak 
current is 30 mA. the average current 
isless than 75 11 A. Thecurrent drawn 
during precharge ispumped back later 
in the cycle. This occurs because 
of the redistribution of charge be­
tween the bypass and internal sub­
strate capacitances. The amount of 
bypassing needed for a system is to 
a large extent determined by how 
well the ground and power supply 
distribution is implemented. Amulti­
layer board with power and ground 
planes is the most desirable situa­
tion. Two sided boards can be used 
with proper bypassing techniques if 
care istaken to minimize inductance 
in the gournd and power lines. This 
means maximizing the widths of the 
Vss and V GGsupply lines. 

The MK 4096 requires the steady 
state value of the supply lines to be 
within the limits defined by the data 
sheet and the noise on the +12V 
~upply line should be less than 0.35V 
peak to peak. The peak to peak 
noise on the V BB + VGGsupply lines 
must be less than 0.5V. The noise 
on the supply lines can be reduced 
through use of low inductance by· 
pass capacitors distributed through­
out the memory matrix. For most 
systems, a 0.01 )IF ceramic capaci­
tor per MK 4096 on the +12V line 

.r 
v-v r ~ 
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andoneO.01 11FperthreeMK4096's 
on the -9V supply line will ade­
quately reduce the noise. 

When the +12V supply is turned on 
and V BB is at ground, all the transis· 
tors will be depletion mode devices 
and approximately 150 mAwili flow 
from the +12V supply to ground. 
When the VBB supply is turned on 
to -9V, the transistors become en­
hancement mode and cu rrent flow 
decreases to the usual amount. This 
will not harm the MK 4096, but 
will load the +12V supply. 

INPUTS 

All MK 4096 inputs, including RAS 
and CAS are high impedance. The 
inputs requireonlyTTLvoltagelevels 
and do not require the input source/ 
sink currents of TTL gates. The in­
puts are small capacitors (less than 
10 pF for address lines and less than 
7 pF for RAS, CAS, CS, and DIN) 
with a maximum of 10)lA leakage 
current. 

In a memory matrix, when several 
address inputs are tied together, the 
inputs look like distributed loads a­
long a transmission line. Since a 
number of MK 4096 inputs may be 
driven by one driver, care should be 
taken in choosing the driver, laying 
out the circuit board, and terminat­
ing the input lines to the memory 
matrix. The usual techniquesofdeal­
ing with transmission lines can be 
applied here. 

If a memory is to operate at its max­
imum speed, fast drivers must be 
used on the critical path signals. The 
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drivers will have transition times be­
tween 10 nS and 30 nS and delay 
times of 20 nS or less. If input lines 
are not terminated. reflections will 
occur and severly degrade the quai. 
ity of the input signals. Ringing on 
these lines can cause the inputlKlltage 
specifications to be violated and 
memory errors may occur. 

To avoid this type of problem, first 
the input drivers should be as close 
to the matrix as possible. Second, 
the MK 4096's should be spaced 
evenly along the line and discon­
tinuities should be avoided if poss­
ible. Third, the lines should be ter­
minated. The choice of termination 
will depend upon the driver that is 
chosen and its output drive (source/ 
sink) characteristics. 

The input buffers are designed for 
maximum speed with TTL input 
voltages. If the inputs are at a vol­
tage greater than 7V and switch to 
ground, the propagation time will 
be increased because of internal par­
asitic capacitors that must be dis­
charged. The inputs that are making 
a negative going transition should 
not go below ground more than 1 V 
for the same reason. 

Figure 6 shows the relative typical 
drive capabilities of several TTL 
drivers into four different loads. The 
rise and fall times in the chart also 
reflect the propagation time through 
the drivers. 

PDP-11 INTERFACE 

The PDP-11 minicomputer interfaces 
to the memory through an asynch­
ronous bus. This asynchronous bus 
is common to the minicomputer, 
memory and peripherals such as card 
reader, line printer, disc., etc. The 
busisbidirectionalwith 16data lines, 
17 address lines, and several control 
lines. The control lines that are im­
portant to the memory are the ones 
that control data in and out of the 
memory. 

The memory discussed here is a 161( 
word x 16 bit memory. The con­
troller for this memory is hardware 
encoded to respond to a continuous 
16K block of addresses of the poss­
ible 128Kaddresseson the bus. Each 
time an address is placed on the bus 
the decoder checks to see if the add-



DEV R 
TR TF 

DEV R 
TR TF 

33pf 300pf 33pf 300pf 33pf 300pf 33pf 300pf 

7437 Pull Up 16 28 17 26 7437 Pull Up 15.5 28 19.5 28 
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8T09" 270iL 25 64 17 24.5 8T09" 28 78 19 30 
7404 19.5 37 25 53 7404 19 41 28.5 71 
74S00 14 25 12 21 74S00 13 25 13.5 24 

ENABLE LOW; PULSE GENERATOR TO DATA INPUT 

DATA INPUT HIGH; PULSE GENERATOR TO ENABLE 

T RAND T F INCLUDE PROPAGATION DELAY AND ARE 

MEASURED FROM 10% TO 90% MINIMUM TTL LEVELS. 

ST09 

DATA~ 
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Fig. 6 Relative drive capabilities of TTL drivers. 

ress is one of the 16K add resses that 
is assigned to the memory. If the 
address is one of the 16K addresses, 
the Address Decode input in figure 
7 will be true. 

The bus signals for a read and write 
cycle are shown in figure 8. For a 
write memory cycle, the processor 
places the address, data to be stored, 
and a write signal on the bus. The 
memory controller will decode the 
address to see if one of the 16K add­
resses is selected. Address Decode 
will be high for a decoded address. 
The memory controller then decodes 
the 13th and 14th addresses to select 
the 4K word block being addressed. 
Only the required 4K word section 
will receive a RAS. Thus only one 
4K word of the memory will be 
drawing active power (30 mA/MK 

I 

4096 max) and the remainder of the 
memory will be drawing standby 
power (75 jJA/MK 4096 max). 

The processor allows 150 nS for 
deskewing of the addresses across 
the bus and decoding of addresses 
before placing Master Sync (MSYN) 
on the bus. (MSYN is inverted by 
the receiver and is shown as MSYN 
in figure 7.) Master Sync (MSYN) 
is the signal that tells the memory 
controller to start the cycle. MSYN 
and the proper address decode are 
required to initiate the data trans­
fer between the processor and the 
memory. The signals from the pro­
cessor will remain on the bus until 
a transfer complete signal is sent 
from the memory controller to the 
j:lrocessor. This signal is Slave Sync 
(SSYN). 

SSYN is placed on the bus approxi­
mately 350 nS after the write cycle 
is begun. At this time the MK 4096 
cycle is not complete, but the in­
puts from the processor are no longer 
needed. Thus, the processor can be 
using the 150 nS that are necessary 
to finish the cycle to accomplish 
other tasks. The processor is inact­
ive while waiting for SSYN. 

The same basic bus timing is used 
for a memory read c~ The major 
difference is that SSYN and Data 
Out must be placed on the bus at 
the same time. The processor must 
allow time for deskewing on the data 
lines once SSYN is received. This 
requires 75 nS. The memory con­
troller must keep data and SSY1'ii on 
the bus until MSYN returns high. 
Since the data is latched at the out-

~----------------------- -----T---------

Fig. 7 Timing generator and 
refresh logic for MK 
4096 PDP-11 Add-on 
memory 
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sltlon at the appropriate tap down 
the delay line. The exclusive-OR 
gates respond with a pulse whose 
width is equal to the spacings of the 
inputs along the delay line. The 
pulse will be the same polarity re­
gardless of the polarity of the trans­
ition passing through the delay line. 
The 74S74, delay lines, and exclu­
sive-OR gates in the timing signal 
can be replaced by the "one-shot" 
diagram shown in figure 10. The 
"one-shots" may be cheaper, but are 
much harder to adjust and less re­
liable than the delay lines. 

ADD LlNES, ___ .J '-_____________ --1 

The controller gates RAS to the 
selected 4K word block for a read 
or write cycle. For a refresh cycle, 
the decoder gates RAS to all four 
4K word blocks in the memory. 
MUX is needed to signal the add­
ress multiplexer to switch from the 
row address to the column address 
that the MK 4096 s requires. The 
multiplexers, shown in figure 11, 
must also switch to the refresh row 
address in a refresh cycle. The multi­
plexers are wired in such a manner 
that during a refresh cycle, the multi­
plexer wi II switch to the refresh row 
address regardless of the M UXsignal. 

MSYN 

SSYN 

DATA OUT 

READ 
Fig. 8 PDP~ 11 Memory I nterface Signals 

put of the MK 4096, there is no need 
to latch data out or prolong a read 
cycle to keep data true, as required 
for the competitive 22 pin 4K RAMs. 
When MSYN returns high the con­
troller removes SSYNand data from 
the bus. 

CONTROLLER 

The controller shown in figure 7 per­
forms three functions. The con­
troller mustgenerateallthe necessary 
timing signals that are necessary for 
the MK 4096 cycles and also gene­
rate signals that control the data 
bus. Since the M K 4096s are dyna­
mic, data must be refreshed every 
2 mS. The memory controller also 
performs this task. 

The timing signal generator section 
of the controller generates the same 
signals regardless of the type of cycle 
being performed. The signals gene­
rated are the Row Address Strobe 
(RAS), Column Address Strobe 
(CAS), Multiplexer Control (MUX) 
and a signal that tells the controller 
that a cycle is in progress (CYCLE). 
These signals are shown in figure 9. 
The timing signal generator uses two 
Rhombus Industries TE 250-10 de-

ACCESS 
TIME 

CYCLE 

lay lines. The delay lines are each 
250 nS delay, tapped every 25 nS 
and cascaded together to give the 
500 nS cycle time required by the 
MK 4096. The 74S74 flip flop is 
used as a divide-by-two circuit so 
only one transition edge will pass 
down the delay line each cycle. The 
exclusive-O R gates detect the tran-

The CYCLE signal is used to keep 
the refresh logic from initiating a 
refresh cycle while a processor in­
itiated cycle is in progress. The same 
is true if a refresh cycle is in pro­
gress and the processor sends MSYN 
to the memory. When and only 
when a cycle is completed will the 
controller allow another cycle to start. 

500ns CYCLE TIME * 
---
CYCLE 

350ns 

RAS 
200ns-

CAS 
~OOns-

MUX 
* 500 ns + DELAY THROUGH 8T09 

Fig. 9 Signals generated each memory cycle by the memory controller 
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Fig. 10 "one Shot" circuit for generating timing signals 

For a refresh cycle, the controller 
must select each of the four RAS 
drivers, switch the multiplexers to 
the refresh row addr~ and deselect 
all the chip select (CS) lines to the 
MK 4096s. Once these tasks are 
accomplished, all the MK 4096s will 
receive RAS and CAS with the pro· 
per row refresh add ress to refresh 
one row in each MK 4096. At the 
end of the refresh cycle, the refresh 
row address counter is incremented 
to the next row address that will be 

refreshed and starts the next 30 ]JS 
interval. 

The refresh logic interrupts the nor­
mal operation of the memory system 
once every 30]JS to refresh one row 
address. A refresh request (RFRQ) 
signal notifies the controller, at the 
end of the 30 ]JS period that it is 
time to refresh a row. If a read or 
write cycle is in progress, the con­
troller will complete the cycle in 
progress and then in itiate the refresh 

cm::omm@'~~========'=i§T09 !3i 
m:D--- ~m 

Fig. 11 R'ASDecoderand Multiplexer logic 
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cycle. Figure 12 shows the timing 
diaqram for a system cycle followed 
by a refresh cycle followed by an­
other system cycle. 

The MK 4096s have 64 rows in the 
memory matrix. By interrupting 
read and write operation once every 
30 ]JS to refresh one row, the con­
troller insures that each row will be 
refreshed once every 2 mS. The 
refresh row address counter is a six 
bit counter. The counter need not 
be synchronous since it has 30 ]JS to 
count from one address to the next. 
The counter is clocked by the trail­
ing edge of Refresh Cycle (RFCY). 
The refresh address counter, multi­
plexers, and Row Address Strobe 
(RAS) decoder are shown in figure 11 
The "one-shot" used for the 30 ]JS 
timing in the refresh logic is a 74123 
since the duty cycle is greater than 
95%. 

An alternative method for multi­
plexing the addresses is shown in 
figure 13. The devices shown are 
Signetics ST09 line drivers. These 
drivers are three state devices with 
a disable input. The drivers are wire­
ORed together and the end of the 
address line will be terminated with 
a pull-up resistor. This method uses 
6 packages and the method shown 
in figure 13 uses only 5. The 74S153s 
are expensive, so the wire-O Red 
ST09's have a cost and speed ad­
vantage. 
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Fig. 12 Timing diagram for MK 4096 PDP-11 Add-on Memory System 
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CONCLUSION 

Advantages such as full TTL com­
patibility, small 16-pin package, and 
data output latches allow the system 
designer to design a system without 
the need for high level drivers or 
output data latches. 

The MK 4096 was developed with 
the user in mind. 



Considerations 
For Designing 
A High Density, 
Low Power 
Memory System 

INTRODUCTION 

A main concern of many semicon­
ductor memory systems designers 
is deciding which memory device 
best meets the requirements of his 
particular system. Generally it is 
assumed that the memory device 
chosen for the job must be a high 
performance, high density, low pow­
er device. It is also desirable for 
the device to lend itself to a non­
volatile memory system design. If 
one carefully examines all of the 
MOS RANDOM ACCESS MEMO­
RIES on the market today, a logi­
cal choice to meet these require­
ments is the MOSTEK MK 4200. 

The intent of th is paper is to explore 
some of the trade ofts encountered 
in designing a low power memory 
system and to examine the features 
of the M K 4200. The approach taken 
is an asynchronous memory system 
implemented in CMOS logic. The 
controller will operate a 16K x 8 
bit memory array consisting of 32 
MK 4200 parts. It will also have the 
ability to convert to battery back-up 
in the case of system power failures. 

MEMORY DEVICE 

Like the MK 4096, the MK 4200 
is a 4096 x 1 bit dynamic MOS 
RANDOM ACCESS MEIViO RY. The 
unique design of these parts allows 

TOSC >-l------l 
ENABLE >-+-___ ---1 

FUNCTIONAL DIAGRAM 

them to be packaged in a standard 
16-pin DIP. This results in much 
greater memory packing density than 
any other 4K RAM. To make the 
MK 4200 a very low power device, 
the first driver stage of the ROW 
ADDRESS STROBE input is by­
passed. By doing this, the MK 4200 
RAS input requiresa high level (12V) 
signal rather than TTL. Since the 
conversion of TTL to MOS logic 
levels is done externally, the power 
normally dissipated by the internal 
circuitry required for the conversion 
is substantially reduced. Most of 
the circuitry used in the MK 4200 
is dynamic and draws power from 
the V GG (+12V) supply as a result 
of the clock edges. Active power 
is under 400 mW while standby is 
less than 1 mW as compared to 12 
mW in the MK 4096P. 

The Vcc supply pin applies power 
only to the output buffer and is not 
required during standby operation. 
Current requirements for th is supply 
are totally dependent upon output 
loading. The Vcc voltage can range 
from 0 to 12 volts. This makes in­
terfacing to TTL, DTL, CMOS, etc. 
directly compatible. All inputs to 
the MK 4200 (except RAS) are 
TTL cOJTlpatible. The address and 
data inputs are designed in such a 
way that a logic 0 is 0.8 volts and a 
logic 1 is 2.4 volts. Logic 1 level 
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DATA 
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for CAS and WRITE is 2.7 volts. 
These trip points hold true even 
though the inputs will accept a sig­
nal as high as VGG (+12V). In most 
cases, such as in a CMOS system, 
the need for level converting circui­
try is eliminated. In choosing a de­
vice to drive the input lines, one 
should keep in mind that the MK 
4200 represents capacitance loads 
and not current loads like TTL. The 
requirement for the address and data 
drivers is that they provide sufficient 
drive capability to insure proper log­
ic levels to the memory chips at 
the time that the information is re­
quired. For the ROW ADDRESS 
STROBE input the driver must be 
able to charge the capacitance load 
of the RAS input from within .6 
volt of Vss (OV) to within 1 volt 
of VGG (+12V) in 50 nanoseconds. 
This can be done by means of a 
discrete driver or one of the many 
commercial MOSclockdriverson the 
market. 

Twelve address bits are required to 
select one out of 4096 bit locations 
in a 4K RAM. In the case of the 
MK 4200, only 6 address inputs are 
required. Addressing is accomplish­
ed by the generation of Rowand 
Column address strobe signals to 
latch incoming multiplexed aHdress­
es into the chip. Thistask is handled 
by the memory controller. 
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SCHEMATIC 

MEMORY CONTROLLER 

Ideally, a memory controller should 
be an uncomplicated circuit and 
yet meet all requirements of the 
system. The MK 4200 requires re­
latively few control signals but the 
circuitry required to generate these 
signals may consume more than its 
share of system power when imple­
mented in TTL. In many cases low 
power is more critical than high 
speed. This is the ideal application 
for a CMOS controller and high 
density CMOS compatible dynamic 
RAMs. 

Since standard CMOS will operate 
over a wide supply voltage range, 
the Vcc (+5V) normally used by 
TTL is not required. Instead, the 
CMOS will be operated from the 
VGG (+12V) supply. Also, the Vcc 
supply for the MK 4200 will be 

." 
-", 

02.5 V 

~SELECT 

~""-: 
4001 LENt 102 

-!!.- + 12V IIIC14!S20 103 r------
I - £HZ I~ >----

'" -

i"" 
20, 

l " " . 
40SSA 

A 
fi 
fi 
A 
A: 

taken to VGG. This will allow direct 
interface with the CMOS both into 
and out of the RAMs and eliminates 
the need for an extra power supply. 
Also, operating CMOS at this high 
voltage allows for highest possible 
operating speeds and better noise 
immunity. 

MEMORY CYCLES 
The memory controller must be able 
to perform three types of cycles 
when controlling dynamic RAMs. 
These are processor requested READ 
or WRITE cycles and REFRESH 
cycles. To initiate a memory cycle, 
the processor sendsa MEMO RY RE­
QUEST signal (MREQ) to the mem­
ory controller (see timing). If no 
other memory cycle is occurring 
the controller will acknowledge the 
M R EQ signal and outputthe MCYCLE 
signal back to the processor. A 
CYCLE IN PROGRESS signal is 
shifted one bit at a time down a 
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shift register and various register 
outputs are logically" AN D" ed to 
form the timing signals for the mem­
ory system. The clock for the timing 
generator shift register is a precise 
frequency that originates in the pro­
cessor. This clock (TOSC) controls 
the pulse width of the ROWand 
COLUMN ADDRESS STROBES re­
quired to multiplex addresses into 
the MK 4200. The frequency of this 
oscillator should not exceed 5.B8 
MHz tokeep the MK 4200 operating 
within data sheet specifications. The 
schematic shows an on-board oscilla­
tor that is used only in standby oper­
ation. 

During a normal READ or WRITE 
cycle the row addresses are enabled 
first. After allowing ample time for 
these add resses to reach proper levels 
in the matrix, the ROW ADDRESS 
STROBE occurs and latches the 
ROW ADDRESS into the RAMs. 



As the SE LECT signal occurs the 
ROW ADDRESS is disabled and 
the COLUMN ADDRESS is en­
abled through the multiplexer. The 
COLUMN ADDRESS STROBE is 
generated to latch the CO LUMN 
ADD RESS into the RAMs. During 
a REFRESH CYCLE both the row 
and column addresses are disabled 
and only the REFRESH ROW ADD­
RESS COUNTER is enabled. 

As soon as the memory cycle is 
complete the MCYCLE signal is re­
moved from the system interface. 
This transition, as MCYCLE goes 
from a high to a low logic level, is 
an indication to the processor that 
data is valid from the memory. This 
negative going edge can be used to 
clock data into the processor. Also 
atthistime the MREQ signal should 
be removed from the controller. The 
processor has one complete cycle 
time of the TOSC oscillator to re­
move the M R EQ signal. It is poss­
ible to keep the MR EQ signal applied 
to the memory controller and only 
change the address to the memory 
to initiate a new memory cycle. 

CHIP SELECT DECODE 

There are two modes of chip select 
decoding in a MK 4200 system. The 
most efficient way is to decode the 
RAS signal and gate it as a chip 

READ WRITE 

OBO 
I I 

select to enable only one 4K block 
of memory at a time. This mode 
is best for large memory systems 
because power dissipation is dras­
tically reduced since only the select­
ed 4K block dissipates active power. 
The other method is to decode the 
CHIP SELECT signal from the two 
high order address bits to select one 
of the 4K blocks of memory. Since 
the CH IPSE LECT and also the 
WR ITE signal are not required until 
very late in the cycle, their decode 
times do not add to memory access 
time. Also, only one high level 
RAS driver is required instead of 
four with RAS decode. The dis­
advantage is high system power since 
all RAMs are active in this mode. 

REFRESH CYCLE 

The dynamic nature of the MK 4200 
requires that a memory cycle be 
executed at each of the 64 row 
addresses every 2 milliseconds or 
less. In the memory controller, a 
retriggerable one shot is adjusted 
to have a pulse width of 30 micro­
seconds. When the refresh timer 
one-shot times out, a REFRESH 
REQUEST (RFREQ) is output to 
the memory control logic. If the 
memory is not busy or as soon as 
the memory controller completes 
any cycle previously in progress a 
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REFRESH CYCLE begins. The 
R F R EQ signal also prevents any 
new processor requested cycles from 
beginning. 

During aRE FRESH cycle only the 
REFRESH ROW ADDRESS is e~ 
abled by the multiplexer. Also, the 
REFRESH CYCLE signal (RFCYCLE) 
disables the Chip Select Decoder. 
On the trailing edge of RFCYCLE 
the REFRESH ROW ADDRESS 
COUNTER is incremented and the 
REFRESH TIMER ONE-SHOT is 
retriggered. 

ST ANDBY MODE 

Several th i ngs happen when the mem­
ory system goes into the standby 
mode. First of all the TOSC oscilla­
tor becomes inactive and the on­
board memory oscillator is enabled. 
The ENAB LE input is connected 
to a sensing device that monitors 
the power supply of the processor. 
The ON - BOARD OSCI LLATOR 
(OBO) is set at a very noncritical 
frequency. It is advised that the 
frequency of OBO be much slower 
than TOSC because the CMOS con­
troller will require less power at 
lower operating speeds. The con­
troller must be kept operative in the 
standby mode to execute RE FRESH 
CYCLES for the memory every 30 
microseconds. All control inputs to 
the memory system should be pulled 
up to VGG (+12V) during standby. 

PERFORMANCE 

Obviously, a memory controller im­
plemented with CMOS logic is not 
going to be the most efficient system 
in terms of speed. However, access 
time for this system was measured 
to be 775 nanoseconds and cycle 
timewasunder 1 microsecond. Active 
power for the CMOS controller is 
under 400 milliwatts. In standby 
with the controller operating at re­
duced frequency, a savingsofapprox­
imately 75 mill iwattscan be realized. 
Standby power for the complete sys­
tem including the MK 4200 RAMs 
is under 500 milliwatts. With RE­
FRESH CYCLES included, average 
standby power is less than 850 milli­
watts. A TTL memory controller 
of similar complexity will typically 
dissipate 3.5 watts from the Vcc 
(+5V) supply alone. 
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1.0 INTRODUCTION 

This report is designed to summarize reliability knowledge 
about MOSTEK'S 4K RAM products. It is an update of 
previously published reports, and covers the MK 4096 in both 
ceramic and plastic and the newer MK 4027. 

MOSTEK" HELIAB I LlTY TE STI HG APPROACH 

The testing described herein was not initiated with this 
report in mind. This data is a beneficial spin-off of MOSTEK'S 
in-house program to control reliability. 

The goal of MOSTEK'S reliability test program is to 
continually improve reliability regardless of what that reliability 
may be. This is achieved by obtaining and disseminating 
sufficient meaningful data derived from accelerated stresses 
that all engineering and QRA personnel are aware of and can 
act on the types and causes of failure modes affecting 
product reliability. 

Commensurate with this philosophy, MOSTEK'S approach 
to reliability testing takes the form of accelerated stressing of 
various levels of product and special test vehicles in a 
closed-loop corrective feedback system as indicated in the 
bubble-chart. 

Once again, the primary intent is to continually improve 
reliability of the product. 

At anyone point in time, MOSTEK has a very large 
reliability test effort underway on memory devices. The chart 
below summarizes some recent examples of 4K test effort. 

4K RELIABILITY EFFORT 
Present Level of Reliability Effort = Approximately 19,500 Units on Various Tests 

Program 
P/M/P (Production 
Monitor Program) 

Sub-Contractor Qual 

Package Qual 

New Product Qual 

Mil-Qual 

EXAMPLES OF TESTS 

Sub-Sets 
.4096P 
.4096N 
• 4027P 

• Three Sub-Contractor 
Facilities 

• K-Package 
• "Other" Package 

Configurations 

• 16K RAM 

• MKM 4096P-XX Products 

VII-4 

Program 
Assembly Process 
Evaluations 

Front End Evaluations 

Sub-Sets 
• Thermosonic Bonding 
• Ultrasonic Bonding 
• Step-Stress Studies 
• Thermal Resistance Studies 

• Numerous Proprietary 
Process Evaluations 



The data presented in this report is summarized from the 
P/M/P portion of this chart. MOSTEK'S Production Monitor 
Program (P/M/P) is a routine sampling of outgoing product 
run on various reliability tests, 

These P/M/P samples are typical of "shipped" devices all 
of which are subjected to standard 4K flow which includes 
the hi-rei processing (Right), 

All of MOSTEK'S 4K RAM products receive the above 
processing (except plastiC product which does not receive 
hermeticity or centrifuge). This processing is very key to 
obtaining the superior field reliability as discussed later in this 
report. 
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RELIABILITY ENHANCEMENT PROCESSING 

• 100% Fine & Gross Leak Test 

• 100% Temp Cycle 

• 100% Centrifuge 

• 100% Hi Voltage, Hi Temp, Dynamic Burn-In 

• 100% Hi Temp, Worst-Case, Multi-Pattern Final Test 

• Comprehensive QA Lot Acceptance Testing Prior To 
Shipment 

Above left: Radioactive Tracer 
Flo System 
Above right Mostek burns-in 
well over one million devices 
per month, 
Left: SEM (Scanning Electron 
Microscope) with EDS (Energy 
Dispersive Spectrometer) 
attachment. 



2.0 MK 4096P RELIABILITY 
MOSTEK'S oldest 4K RAM, the 4096 in ceramic, is a very 

high volume, mature product line. Because the closed-loop 
feedback system described above has been effective on this 
product, the failure rate is at an all time low. 

The latest summary of P /M/P data on the 4096P run on 
longterm 125°C operating life tests is shown (Right). 

As a point of reference, the previously published failure 
rate for the MK 4096P at + 125°C was 2.5%/KHrs (January 
1976). It should be noted that the data in this present report 
is "all new." There is no duplication of data published in the 
previous report. If data from the two reports is combined, it 
represents almost 6400 devices tested on long-term 
accelerated life tests ... probably the largest 4K RAM 
accelerated life test data base in existence. 

This failure rate is, of course, at highly accelerated 
conditions, the applicability of this data to in-use conditions 
will be discussed later in this report, but does require a 
knowledge of failure mechanisms. Each of the 34 failures 
generated in the above testing received an in-depth failure 
analysis and report. A summary of the categories of failures 
is shown (Right). 

Dielectric defects occurring in the various oxide and nitride 
structures of the device are expected to be a primary failu re 
in any MaS LSI device and must continually be monitored 
and controlled. "Foreign Material" mechanisms are also a 
classical area of concern in a surface sensitive technology 
such as MOS. This manifests itself in a variety of mechanisms 
as will be discussed later, but on the MK 4096 will most often 
result in a threshold shift, particularly affecting trip point of 
the sense amps. "Bulk Defects" are closely akin to, and may 
interact with, foreign material mechanisms and include such 
things as P-N junction leakage. 
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SUMMARY OF MK 4096P CERAMIC (C-DIP) 
PACKAGE 

125°C LIFE TEST STUDIES 

Stress Quan. Fail 

Dynamic 4002 34 
Operation 
at +125°C 

Longest 
Stress 
Hours 

3,000 

Total 
Device Hours 

@Temp. 

4,579,044 

Point Failure Rate (Ao) Estimate 
at + 125°C Equals O. 74%/KHRS. 

FAILURE MECHANISMS 
FOR 

MK4096P +125°C LIFE TEST STUDIES 

Mechanism 

Dielectric Defects 

Foreign Material 

Bulk Defects 

Bonding 

Undetermined 

Metalization 

Package Defects 

Total Population: 34 Devices 

Total: 

Percent 
Contribution 

23.5 

20.6 

20.6 

11.8 

11.8 

8.8 

~ 

100.00 



3.0 MK 4096N RELIABILITY 

MOSTEK QRA department qualified the 4096 chip in a 16 
pin novalac epoxy dip package in 1975, and since then over 
5 million 4096's hav.e been shipped in plastic. These 4K 
RAM's receive the same reliability considerations and 
processing as ceramic devices. The latest composite of 
accelerated life testing of over 1000 MK 4096N plastiC 
devices is summarized (Right). 

This failure rate is slightly higher than the MK 4096 in 
ceramic, but the failure mechanisms must be considered In 

order to put this comparison in proper perspective. 
A summary of the in-depth analysis of these 25 failures are 

shown (Right) 
Note that the vast majority of these plastic failures on 

125°e operating life are associated with "Foreign Material." 
This predominance of foreign material as the underlying 
failure mechanism is certain to have a pronounced effect on 
derating this 125°e life test failure rate down to some lower 
use-type condition. Foreign material is generally conceded to 
have one of the highest thermal activation energies of any of 
the common Ie failure mechanisms. It can result in 
acceleration factors of an order of magnitude higher than 
other mechanisms. As such, It is not inconceivable that 
plastic packaged RAM's could have as good reliability under 
use conditions as their ceramic packaged counterparts. This 
is not inconsistent with inputs from some users who have 
experience with both. 

Stress 

Dynamic 
Operation 
at +125°e 

SUMMARY OF MK 4096N 
PLASTIC PACKAGE 

+125°C LIFE TEST STUDIES 

Quan. Fail 

Longest 
Stress 
Hours 

Total 
Device Hours 

@Temp. 

1056 25 3,000 

Point Failure Rate (Ao) Estimate 
at + 125°e Equals 1.6%/KHRS 

FAILURE MECHANISMS 
FOR 

1,553,268 

MK 4096N +125°C LIFE TEST STUDIES 

Mechanism 

Foreign Material 

Percent 
Contribution 

76.0 

Undetermined 12.0 

Dielectric Defects 8.0 

Bulk Defects 4.0 

Total: 100.0 

Total Population: 25 Devices 
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4.0 MK 4027P RELIABILITY 

In addition to the MK 4096 device which uses metal-gate 
"SPIN" technology, MOSTEK offers the MK 4027. The MK4027 
is a high-performance, pin-compatible version of the 4K 
RAM, but uses N-Channel, SI-Gate, technology. 

Although more recently announced than the MK 4096, a 
significant data base has been established on the MK 4027 
in the ceramic side-brazed package. A summary of recently 
compiled life test data, some of which is past 5000 hours, is 
shown (Right). 

This 125'C failure rate of 1.2% per thousand hours is 
superficially slightly higher than the previously presented 
MK 4096 data. However, the implications of thiS at a use 
condition level can be fully appreciated only with a detailed 
knowledge of the individual failure mechanisms. 

A detailed analysis of these 45 failures shows a distribution 
as shown (Right). 

This distribution of mechanisms IS what might be expected 
for a SI-Gate device in the earlier phases of production. The 
de-rating considerations of such a data set will be discussed 
later in this report. 
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SUMMARY OF MK 4027P CERAMIC 
(C-DIP) PACKAGE 

Stress 

+125°C LIFE TEST STUDIES 

Devices Fail 

Longest 
Stress 
Hours 

Total 
Device Hours 

@Temp. 

Dynamic 2934 45 5,000 3,699,960 
Operation 
at + 125°C 

Point Failure Rate ('\0) Estimate 
at +125"C Equals 12%/KHRS 

FAILURE MECHANISMS 
FOR 

MK 4027P LIFE TEST STUDIES 

Percent 
Mechanism Contribution 

Dielectric Defect 26.7 

Bonding 17.8 

Foreign Material 15.5 

Mounting 11.1 

Undetermined 111 

Awaiting Analysis 17.8 

Total 100.0 

Total Population 45 Devices 



5.0 FAILURE RATE vs TIME 

MOSTEK consistently measures its RAM products as 
having a decreasing failure rate with time. The rate of 
decrease varies slightly with device and package style, but 
ranges between 0.5 to 0.7 as the value of f3 (shape factor) in 
the popular Weibull distribution 

These values are obtained from plotting life test results on 
standard Weibull charting paper such as shown below for the 
MK 4027. 

WEIBULL PLOT OF MK 4027P 
LIFE TEST STUDIES 

6.0 ENVIRONMENTAL STRESSING 

Operating life test data has been emphasized in this report 
because of its popularity with users in attempting to obtain 
insight into system level failure rates. MOSTEK does, 
however, support a fairly large environmental test effort for 
controlling and definitizing package and assembly related 
fail ure mechanisms. 

This environmental effort takes the form of a cross-matrix of 
process technologies (NMOS, CMOS, etc.) versus package 
configuration (ceramic/plastic, 16 pin/40 pin, etc.). A large 
amount of testing has been done recently on plastic 4K 
RAMS because of the universal interest in plastic package 
technology. 

This section will give an indication of the types of 
environmental test data available. 

The emphasis on ceramic packaged devices is placed on 
environmental test sequences such as shown (right). 

The ceramic side-brazed "P" package is rugged and 
exhibits very low failure rates on the classical IC 
environmental stresses. 

16 pin ceramic product is run to MIL-STD-883 in support of 
the MKM-series of military type devices as shown (Page 10). 

SUMMARY OF 16 PIN CERAMIC (MK 4096) 
ENVIRONMENTAL STRESS STUDIES 

Stress Fail/Sample 
Temperature Cycling 
-65°C to + 150°C, 10 Cycles 
Constant Acceleration 
20KG, Y, Plane Only 
(Sequential Stressing) Hermeticity Endpoints" 18/4825 

*'MIL-STD-883A, Method 1014.1, Condition A 
(Limit: 1 x 10-7 ATM-CC/SEC)and Condition C, Step 1 

Electrical Endpoints 15/4696 
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MI L-STO-883 
Class B Sample Max No. Observed 

Subgroup 1 Method Condition LTPD Size Accept Fails 
Thermal Shock 1011.1 Test Condition B 15 34 2 ° Temperature Cycling 1010.1 Test Condition C 
Moisture Resistance (With Bias) 1004.1 Omit Para. 3.1 & 3.4 
Seal 1014.1 

(A) Fine 1 x 10-7 ATM CC/SEC ° (8) Gross C, ° Visual Examination ° End Point Electrical Per MK 4096 Data ° Parameters Sheet Specs @ 
Ta = +70°C 

Class B Sample Max No. Observed 
Subgroup 2 Method Condition LTPD Size Accept Fails 

Mechanical Shock 2002.1 Test Condition 8 15 34 2 ° Vibration, Variable Frequency 2007 Test Condition A 
Constant Acceleration 2001.1 Test Condition E Y,Only 
Seal 1014.1 

(A) Fine 1 x 10-7 ATM CC/SEC ° (8) Gross C, ° Visual Examination ° End Point Electrical Parameters Per MK 4096 Data 
Sheet Specs @ ° Ta=+70°C 

Stress Condition Ste~ Faiis/Sam~le 
Again, we find the 16 pin ceramic side-brazed package 

(MK 4096) has no difficulties in meeting all 883 stress 
requirements. Thermal Shock O°C to + 100°C 15 c'1.c. 0/220 

The environmental testing of plastic devices takes a variety 
of forms. One is step stress testing such as shown (Right) for 
the 16 pin plastic package (MK 4096). 

Some other types of tests run on 16 pin plastic packages 
(MK 4096) are shown in the table (below right). 

The moisture resistance test clearly shows that a plastic 
package is, by definition, not totally hermetic. All of the 
failures on this 2000 hour test were judged by testing to full 
"data sheet specs" at elevated temperature. The failures 
predominantly manifest themselves as a shift in threshold 
voltage (commonly in the sense amp circuitry) long before 
"metal corrosion" occurs. If failures are judged strictly on the 
basis of DC catastrophic failures, the time to failure is 
exten ded greatly. 

30 c'1.c. 0/220 

45 c'1.c. 0/220 

60 c'1.c. 0/220 

Temp. Cycle -40°C to + 125 __ o C=-1",0,-,c,-,'1.-=c,-. _--,0,,-/2=-7,-,5,--_ 

50 c'1.c. 0/273 

100 c'1.c 0/273 

300 c'1.c. 0/273 

Temp. Cycle - 65°C to + 150,-,°C"--1",0,-,c,,,,'1.c=c,,-. _---'0'-'-/2"'2=00'--_ 
50 c'1.c. 1/220 

100 c'1.c. 1/218 

150 c'1.c. 2/217 

Falls/Sample 
Thermal Shock: -55°C to +125°C, 15-
Temperature Cycling: -65°C to +150°C, 10-
Moisture Resistance: 25°C to +65°C @ 95% RH; 

240 Hrs. 6.V = 17V 
(Sequential Stressing) 0/84 

MOisture Resistance: 
25°C to +65°C @ 95% RH 
6.V = 17V 

Storage Life @ + 150°C 

240 Hrs. 
500 Hrs. 

1000 Hrs. 
2000 Hrs. 

168 Hrs. 
500 Hrs. 

1000 Hrs. 

3/471 
4/468 

28/463 
27/338 

0/109 
0/109 
1/109 
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7.0 PREDICTED SYSTEM FAILURE RATES 

The failure rate to be expected under actual use conditions 
is extremely difficult to determine for any low-failure-rate 
component. The two classical methods used are (1) to 
perform very large-scale, long-term testing at use conditions 
or (2) to perform testing under accelerated conditions. Either 
approach has its limitations, and MOSTEK recognizes there 
are no universally agreed-upon techniques. 

However, use-level testing of the MK 4096 by our 
customers has been very gratifying to date. At the 
MOSTEK-sponsored "Users Forum" (May 1976) users 
reported approximately five million device-hours at "use 
conditions" with only one failure. It was noted that about 1/3 
of this data was on plastic 4096's. 

Another user has recently reported that he is predicting 
a failure rate of 0.02%/Khrs based on his qual testing of 
the 4096. 

Yet another user says the 4096 "is the most reliable 
dynamic RAM (both 1 K and 4K) that he's using." This is 
based on 0.3% fall-out at "final system burn-in." 

All feedback from the field indicates that the in-use failure 
rate of the MK 4096 will be 50 to 100 times lower than that 
observed on 125°C operating life tests. 

Commensurate with MOSTEK's stated philosophy on 
reliability testing, virtually all test data is taken at highly 
accelerated conditions - most usually 125°C operating life. 
There are various ways to extrapolate data from such a life 
test to lower use conditions. Probably the method with most 
authority is the RADC-developed acceleration curve 
published in MIL-STD-883A. If one chooses to use this curve 
(which happens to show a thermal activation energy of 
approximately 1.0eV) one could de-rate the 125°C data shown 
earlier in this report to 700C as indicated in the table (Below). 

Demonstrated Extrapolated· 
). at 125°e ). at 700 e 

Device (%/KHRS) (%/KHRS) 

4096P 
4096N 
4027P 

0.74 
1.6 
1.2 

0.007 
0.016 
0.012 

'Using the MIL-STO-883A Accelerated life test curve. 
One should recognize that this is not universally accepted, 

and MOSTEK feels it is an over-simplification of a very 
complex question. However, as a "ballpark estimate," it does 
appear to be in "the range" of field experience. 

Another, less used, acceleration factor appears in 
MIL-HDBK-217B. Although somewhat more complex to 
calculate than the 883A nomograph, this document gives 
generally lower acceleration factors. 

MOSTEK feels that any complete analysis of accelerated 
life test data must give due consideration to the difference in 
thermal activation energies of the various failure mechanisms. 
It is also recognized that exact values of the activation 
energy of all but a very few mechanisms are not known. Still, 
there seems to be a general agreement on at least ranges for 
various mechanisms. It would appear that the more important 
MOS/LSI mechanisms fall in the following areas of thermal 
activation energies (as measured in electron-volts as 
applicable to the Arrhenius or Eyring models). 

• Contamination Oriented Mechanisms .... 1.0 to 1.5eV 
• Dielectric Defects ...................... 0.1 to 0.5eV 
• "Others" .............................. 0.5 to 1.2eV 

Any use of these activation energies must be with the 
appreciation for what a 0.1eV variation really means. The 
following graph can give an appreciation for the magnitude of 
possible error. 

VARtOUS TEt.l'ERAnJREI 
ACCELERATION REGRESSIONS 

TEMPERATURE (00) 

It can be seen that the range of activation energies being 
considered here result in acceleration factors over several 
orders of magnitude. 

Unless a great deal of discretion is used in working with 
activation energies, one can get "caught up in the numbers 
game." 

Still, it is obvious from the above chart that dielectric 
failures will de-rate at a much slower rate to use conditions 
than for a contamination-oriented type of failure. This is the 
basis for previously saying that the 4096 in plastic at normal 
operating temperatures could be as low as ceramic, due to 
the different distributions of failure mechanisms. 

All of these acceleration factors are based on some form 
of the Arrhenius model which addresses thermal energy 
levels only. Any model for MOS devices which does not 
treat voltage stress considerations must, of necessity, be 
considered incomplete. A voltage-dependent technology 
such as MOS will not exhibit the same failure modes on 
both storage life and operating life. 

Unfortunately, there are no proven MO!" reliability models 
which do treat electrical stress levels. However, many of 
these variables will hopefully cancel if the electrical 
considerations are the same for both the accelerated life test 
and the use conditions. This is why MOSTEK uses the 
dynamic operating life test (per appendix 1) almost 
exclusively. 

The life test failures discussed in this report have been 
"hard" failures. Experience to date indicates MOSTEK 4K 
RAM's do not have soft failure or pattern sensitivity problems. 
MOSTEK feels the single most effective reason has been the 
utilization of high temperature testing, generous 
guardbanding, along with mUlti-pattern testing which 
optimizes the internal stress modes to worst-case power 
supply corners. A summary of the MK 4096 test sequence is 
shown in Appendix 2. 
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APPENDICES 

App. 1 Life Test Circuit 

125°C DYNAMIC OPERATING LIFE 
CONDITIONS 

Static Conditions 
Dour = Open 

Dynamic Conditions 
Levels: 

CS = a Volts 
VDD = +13 Volts 
V •• = -5 Volts 
Vee = a Volts 
Vss = a Volts 

"0" Level = a Volts (+.8V Max) 
"1" Level = 4 Volts (+2.4V Min) 

Timing: 
Cycle Time = 2.6 p,sec 

W = a Volts 

App. 2 Final Test Sequence 

MK 4096 POST BURN-IN FUNCTIONAL TEST DESCRIPTION 
TEST # 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

TITLE 

Continuity (low bias) 

Continuity (high bias) 

Input Leakage 

Substrate Leakage 

100 Standby 

Checkerboard 

Ones 

Horizontal Bar 

Vertical Bar 

Address Parity 

Diagonal 

Walking Diagonal 
(omitted on Rev. 3) 

Horizontal Bar-wide Inputs 

TEST DESCRIPTION 

Force -0.7 volts relative to V •• on each pin in turn and check for a 
current of 100 p,A or greater on each pin. Pins 9, 14 and 16 cannot 
be checked for continuity due to externally connected load 
resistors and decoupling capacitors. If all pins fail continuity, High 
Bias continuity (Test 2) is attempted. 

Force -5 volts relative to V •• on each pin in turn and check for a 
current of 100 p,A or greater on each pin. If any pin passes this test 
the part is rejected as a "high substrate resistance" part. 

V •• biased at -5 volts with respect to all other supplies, ground, 
and the output pin. All inputs are tied in parallel to a volts through 
the meter. A current greater than 1.5 p,A magnitude is considered a 
leakage failure. Next the pins are similarly connected to 10 volts 
and again checked for 1.5 p,A or less leakage current. 

All pins other than V •• are grounded. V •• is biased at -15 volts 
through the meter and checked for less than 50 p,A leakage current. 

The device is powered up with minimum V •• and maximurn VDD 

conditions. The output is left floating and unused inputs are tied to 
5 volts. RAS is held at 5 volts while CAS is toggled between 5 volts 
and a volts in order to deselect the output. The device is then 
checked for rnaximum 100 in the standby state. 

Using a binary addressing sequence (rows fast) the data pattern is 
written into the entire memory followed immediately by reading the 
memory and checking each cell for the proper data output. Repeat 
sequence for data complement. 

Same as Test 6 

Same as Test 6 

Sarne as Test 6 

Same as Test 6 

Same as Test 6 

Using a binary addressing sequence (rows fast) a diagonal 
pattern is written into the memory followed by reading the memory 
for the same pattern. This procedure is then repeated with the 
diagonal data pattern shifting through all of the 64 possible 
positions. The entire procedure is then repeated for complement data. 

Same as test 6 except V,N(O) = -1 volt and V'N(1) -5.5 volts. 
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TEST # TITLE 

14 Address complement address 
parity 

15 Burst refresh - ones 

16 Burst refresh - Horizontal bar 

17 Adjacent Row Disturb Refresh 

18 CAS Inactive Burst Refresh­
Horizontal Bar 

19 CS Disable Write -
Address Parity 

20 RAS Disable Write -
Address parity 

21 Read/Modify/Write 
Address Parity 

22 Column Fast 
Address Parity 

23 Output Tristate 

24 Column Disturb 

TEST DESCRIPTION 

Same as test 6 except addressing sequence is address 
complement instead of binary. 

Using a binary addressing sequence (rows fast) the data pattern is 
written into the memory followed by a stall in the standby mode for 
the refresh interval with the CAS clock toggling. The entire memory 
is then read with each cell checked for proper data output. Repeat 
sequence for data complement. 

Same as test 15 

Using a binary addressing sequence an all zeroes data pattern is 
written into the entire memory with row addresses as the fast axis. 
Odd numbered rows are then written with 1's with column 
addresses as the fast axis. The even rows are next written with O's 
again with column addresses as the fast axis. Finally the odd rows 
are read checking each bit for the proper output data. The 
procedure is then repeated for the opposite rows. Repeat entire 
procedure for complement data. 

Same as test 15 except CAS is inactive (logic "1") 
during the standby refresh stall. 

Using a binary addressing sequence (rows fast) the data 
pattern is written into the memory followed by an attempt to write a 
data complement pattern into the memory with CS at a logic "1". 
The entire memory is then read checking each cell for true data. 
Repeat procedure for data complement. 

Using a binary addressing sequence (rows fast) the data 
pattern is written into the memory followed by attempting to write a 
data complement pattern into the memory with RAS at a logic "1". 
The entire memory is then read checking each cell for true data. 
Repeat procedure for complement data. 

Using a binary address sequence (rows fast) the data 
pattern is written into the memory. The entire memory is then 
scanned using read/modify/write cycles reading each cell and then 
writing data complement into the same cell. The memory is then 
again scanned using read/modify/writing cycles reading each cell 
for complement data and then rewriting true data into the cell. 
Finally the memory is read in a binary sequence checking each cell 
for true data. 

Same as Test 6 except column addresses change as the fast 
axis instead of row addresses. 

A chekerboard data pattern is written into the entire memory. Each 
cell is then read at a 1 us cycle rate with CS at a logic "1". During 
each chip deselected read cycle the output level is checked to be 
within ±.1 volt from the open circuit Voltage condition. 

Column 0 is written with an all ones data pattern an "0" is then 
written into row 0 of the column 100 times followed by reading all 
other bits of the column and checking each bit for a logic "1" 
output. Row 0 of the column is then rewritten to a "1" and the 
procedure is repeated for rows 1 ,2,3, ... 63 of the column under test. 
The entire procedure is then repeated for columns 1-63. 
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TEST # 

25 

26 

27 

28 

29 

30 

31 

32 

TITLE 

Extended Cycle 

VDD Hysteresis 

V BB Hysteresi s 

Gated CAS­
Horizontal Bar 

Maximum Power 

March 

Pattern Sensitivity 

TMOD- MARCH 

TEST DESCRIPTION 

With tMOD = 10 "'S, twc = 10.6 "'s and all other timing parameters at 
data sheet minimum conditions a diagonal pattern is written into the 
entire memory followed by a pause of tREF -680 "'S duration in the 
standby mode. The entire memory is then read with tRC = 10.6 "'s 
and all other timing edges at data sheet minimum conditions. 
During the read cycle the output data is checked at the end of 
each cycle. Addressing sequence used for both read and write 
cycles is binary (rows fast). Repeat procedure for complement data. 

With VDD = 5 volts a diagonal is written into the entire memory 
followed by reading the memory and ignoring all errors detected. 
VDD is then restored to its test value and a diagonal complement 
data pattern is then written into the entire memory and then read 
checking each cell for proper data output. Addressing sequence is 
binary (rows fast). 

With VBB = -1 volt a diagonal complement pattern is written into 
the entire memory followed by reading the memory and ignoring all 
errors detected. VBB is then restored to its test value and a 
diagonal data pattern is then written into the entire memory and 
then read checking each cell for proper data output. Addressing 
sequence is binary (rows fast). 

Same as test 6 except tRce = tRce (min.) tRce = tRce (max.) 
for all other tests. 

A "0" is repeatedly written at cell location row 0, column a at 
minimum specified write cycle time for 5 ms. The device is rejected 
if the IDD average current exceeds IDD max. during the test. 

Using a binary addressing sequence (rows fast) an all ones data 
pattern is written into the memory. The memory is then scanned in 
a binary manner by first reading each cell addressed and checking 
for proper data and then writing the same cell with complement 
data on the following cycle before proceeding to the next cell 
location. When the entire memory has been scanned in this manner 
the memory is then scanned counting downward starting with cell 
location row 63, column 63 reading each cell addressed and 
checking for complement data output and then writing the same 
cell with true data before moving to the next cell location Finally 
the entire memory is read checking each cell for true data output. 
Repeat procedure for complement data. 

Using a binary addressing sequence, one row is written continuously 
with 1's for 1 second at VBB = -2.0 volts and VDD = 13.2 volts. 
Complement data is then written into the entire matrix (rows fast) 
followed by reading the memory for complement data. 

Using a binary addressing sequence (rows fast) the matrix is 
written with a 10",s time elapse interval between each bit being 
written. After having written the whole matrix in this fashion, each 
bit is read with a 1 "'S error strobe and written with opposite data, 
respectively, before the next cell is addressed. With complement 
data filling the whole matrix, this extended read cycle (followed by 
a write cycle) is executed looking for opposite data. With true data 
(1's) filling the matrix, the entire matrix is read using minimum 
"spec" access timing. 
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Unless otherwise specified in the test descriptions, the 
functional test conditions are as follows: 

V,N(1) = min. data sheet limit - guardband ~ 

V,N(O) = max. data sheet limit + guardband ~ 

VOUT(O) = O.4V @ 2 ma max. - guardband ~ 

VouT(1) = 2.4V @ 5 ma min. + guardband~ 
All timing edges are set to data sheet limits for 
minimum cycle time conditions - guard band ~'s 

TJ = TJ equivalent for 70C continuous still air ambient 
operation (TJ = PDX 8 JX + TA) 

The functional tests performed at each voltage corner of 
V DD and V BB are listed below: 

Voltage Corner 
VDO min, VBB max 

Test #'s Performed 
6,7,8,10,11,13,14,15, 
16,17,18,19,20,21,22, 
23,25,26,28 

Voo max, VBB min 6,8,10,12,14,19,20,21, 
22,23,24,27,29,30 

Voo min, V •• min 8,9,10,14,22,25 
Voo max, V •• max 8,9,10,14,15,16,17,22 

App. 3 Available Reliability Reports 
The following reports treating of specialized reliability 

topics are available upon request. 

Report 
Number Dated Title 

74-0452 11/07/74 Plastic Package Qualification 
Report 

RE-0106 05/03/76 MK 4096N Reliability Report 
RE-0102A 09/23/76 Power Supply Considerations in 

the Use of 4K RAMS 
RE-0103 02/20/76 Thermal Resistance Data on 16 Pin 

DIP's 
RE-0096 08/19/75 Test Transistor Studies (4096) 
RE-0097 08/19/75 Test Vehicle Studies (4096) 
RE-0109/ 07/20/76 Wei bull Curves 

0110 
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MICROPROCESSORS 





The versatile Fa Microcomputer. With low power 
requirements and delivered in plastic. 

The F8 microprocessor from MOSTEK offers important 
advantages in system efficiency, system cost and versatility. 
Here's theF8 concept. 

Unique partitioning of the system functions have been 
divided among the various circuits of the F8 family to provide 
sophisticated modularity. As a result, it is now possible to build 
a minimum microprocessor system with only one device. PSU, 
RAM and 1/0 devices can be added to this system to form 
medium-size or memory-intensive systems with a minimum 

With the I/O structure incorporated on the chips, the 
majority (95%) of the peripheral devices can be directly 
controlled without the need for special circuits. This is 
accomplished by accommodating the characteristics of a 
given peripheral device in the software. The I/O hardware 
structure includes a programmable timer, an efficient interrupt 
system and bidirectional I/O ports. 

Support software and hardware for generating and 
debugging microprograms is also available from Mostek. 

use of external parts. And, for solving complex problems, 
the F8 devices can be connected as subsystems into a 
synergistic system of independent micropru<.;,e;:;;~ ____ ~ 
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MK 3850 Central Processing Unit 

FEATURES: 
• Complete 8-bit central 

processing unit. 
• 64 bytes of scratch pad 

RAM memory included on 
the F8 CPU eliminates the 
need for external RAM 
circuits in many 
applications. 

• Clock and power-on-reset 
circuitry, normally requiring 

MK 3852/MK 3853 
Memory Interface 

MEMORY 
CONTROL 

additional integrated circuit 
packages, are included 
on-chip. 

• Contains 16 bits of fully 
bidirectional input! 
output lines internally 
latched (for storing output 
data) and capable of driving 
a standard TTL load. 

MK 3853 
SMI 

MK 3851 Program Storage Unit 

FEATURES: 
• Contains 1024 bytes of 

mask programmable ROM 
for program and constant 
storage. 

• Includes the addressing 
logic for memory 
referencing, a Program 
Counter, an Indirect 
Address Register (the Data 
Counter) and a Stack 
Register. 

• Complete vectored 
interrupt level, including an 
external interrupt line to alert 
the central processor. 

• The 8-bit Programmable 
Timer is especially useful for 

For applications requiring 
more than the 64 byte RAM 
located on the CPU, two 
memory interface circuits are 
included in the F8 set. Each 
device generates the 16 
address lines and the signals 
necessary to interface with up 
to 65K bytes of RAM, PROM or 
ROM memory. Either device 
may be used in conjunction 
with standard static 
semiconductor memory 
devices. 

generating real time delays. 
• An additional 16 bits of TIL 

compatible, bidirectional, 
fully latched I/O lines. 

(Systems requiring more 
program storage may be 
expanded by adding more 
PSU circuits. Forexample, one 
F8 CPU and three F8 PSUs will 
produce a microprocessor 
system complete with 64 bytes 
of RAM, 3072 bytes of ROM, 
64 I/O bits, three interrupt 
levels, and three 
programmable timers. This 
complete system will require 
only four IC packages.) 

The Static Memory 
Interface (SMI) contains a full 
level of interrupt capability 
with a programmable 
interrupt vector and a 
programmable timer. The 
Dynamic Memory Interface 
(DMI) contains all of the logic 
necessary to refresh MOS 
dynamic memories without 
degrading the system 
throughput time. The F8 DMI 
can also interface with static 
memories when desired. 
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MK 3854 
Direct Memory Access 

MOSTEK's Direct Memory 
Access (DMA) device sets up 
a high speed data path to link 
F8 memory with peripheral 
electronics. The F8 DMA 
Circuit, when working in 
conjunction with the F8 DMI, 
does not require overhead 
electronics to keep track of 
memory addresses, bytes 
transferred and handshaking 
signals. The data transfer is 

DATA 
BUS 

initiated by the CPU under 
program control. Once 
started, the DMA transfer will 
continue without CPU 
intervention. The CPU can 
sense the enable line of the 
DMA to determine the 
completion of a transfer. 
The DMA transfer is totally 
transparent to the CPU so 
processirig throughout is 
not degraded. 

MK 3861 
Peripheral Input / Output 

The Peripheral I/O circuit 
(Pia) can be used to provide 
16 bidirectional ports, an 
extra timer, and an extra 
vectored interrupt. The port 
address and interrupt 
.address are preset on the 
Pia. Several versions with 
varying combinations of port 
and interrupt addresses are 
available. 
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Because the I/O, timer, 
and interrupt fUllctions of the 
Pia are identical to those of 
the PSU, a Pia can also be 
used in conjunction with an 
MI (Memory Interface) and 
PROM to emulate a PSU. The 
MI-PROM emulates the 
memory function with the Pia 
emulating the I/O, timer and 
interrupt functions of a PSU. 



Fa Development Systems 

The Mostek Computer Kit (79002) 
MCK-50170 

The Mostek F8 Computer Kit contains the following parts: F8 
CPU, Program Storage Unit (PSU), Static Memory Interface 
(SMI), 1 K x 8 of random access memory, 2.0 MHz crystal, 
two CMOS buffers, and a 6.75" x 5.5" printed circuit board. 

After assembly you then have a basic F8 evaluation/ 
development microcomputer with these features: 

• 24 bits of I/O arranged in • 1024 bytes of Random 
three 8 bit ports Access Memory 

• Full duplex TTY Interface • Non~volatile operating 
(20 mA loop) system in PSU firmware 

• Crystal control clock called Designer 
• Automatic power on reset Development Tool 1 
• Hardware reset (DDT~ 1) 

To operate, you simply attach a 110 or 300 BAUD ASCII 
terminal (such as a teletype orCRT monitor system) and +5 and 
+ 12 Voc power supplies. Usmg DDT·1, you can load, 
debug, and modify your own software In the 1 K byte of RAM 
provided in the kit. 

DDT·1 provides these features that can be accessed from the 
ASCII terminal to write and execute your own software. 
• Load command - loads modifies memory one byte 

memory from paper tape at a time 
• Dump command - formats • Port commands - displays 

data and output to paper and modifies the 241/0 lines 
tape punch • Hexadecimal arithmetic 

• Type command - commands - performs 
examines blocks of memory Hexidecimal arithmetic 

• Copy command - moves • Execute command ---
blocks 0\ memory from one directs program execution 
location to another to a specific location. 

• Memory Display and Modify • Breakpoint command -
Command - examines and debugs users software 

The Mostek F8 Computer Kit comes with complete 
documentation including a detailed application note, 
programming guide, a listing of the DDT~1 program, and 
Fortran IV cross assembler. 

The Mostek F8 Computer Kit is available in kit form (79001) 
or "S an assembled and tested unit (79002). A power supply 
box MPS~50/70 (MK 79003) that provides an edge card 
connector, all necessary power, switch selectable BAUD r"te 
and a TTY cable is also available. 

Software Available for the F8 
• Resident Assembler 
• Resident Text Editor 
• Fortran IV Cross Assembler 
• DeSigner's Debugging 

Tool 1 (DDT~ 1 Included 
in the MCK~50/70) 

• DeSigner's Debugging 
Tool 2 (DDT~2 included with 
the Software Development 
Board SDB~50/70) 

Software Development Board (79019) 
SOB-50170 

The Software Development Board is a complete F8 
Microprocessor System designed to aid in developing 
software for the F8. When combined with power supply, card 
cage and an ASCII terminal (such as a teletype), it will 
enable the user to develop the software for all types of F8 
applications. This not only Includes the ability to execute and 
debug user software, but also the ability to create and edit 
"source" listings (using the resident text editor) and assemble 
them into corresponding "object" code (using the resident 
assembler). Its other features include 8K x 8 of RAM 
(expandable with additional memory boards), a variable 
speed ASCII interface, and resident console and debugging 
routines. The SDB~50/70 also includes an interface to an 
optional high speed paper tape reader/punch. Other 
peripherals such as a c"rd reader and line printer may be 
added using an Auxiliary Interface Board. 

The SDB~50/70 may be used in two ways As a stand~alone 
microcomputer, the SDB~50/70 may be utilized to generate 
(edit and assemble) and debug F8 Software using the 8K 
bytes of RAM and 32 bits of I/O available on the board. In 
many F8 applications the SDB~50/70 will thus provide all the 
development capability the user will require. Other users, 
however, may prefer to emulate their application software in 
the circuit configuration required for their final system. This 
procedure can significantly reduce the development time for 
many types of applications. To support these users, an option 
is avail"ble for the SDB~50/70 called AIM (Application 
Interface Module). With AIM, the user may apply all of the 
debug capabilities of the SDB~50/70 operating system 
(DDT~2) directly to his final application configuration. This is 
accomplished without any modifications to the hardware, 
software or mechanical packaging of the user's final system. 
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Application Interface Module (79017) 
AIM-51 

AIM-51 (Application Interface Module) is a unique 
development aid for debugging F8 applications in the actual 
hardware and software configuration of the user's final 
system (referred to as the 'Target'). To accomplish this, it is 
first necessary to emulate the Target ROM (or PROM) with 
RAM. This RAM must appear as ROM (or PROM) to the 
application while retaining the ability to be loaded, debugged 
and modified using peripherals independent from the Target. 
It is the purpose of AIM-51, used in conjunction with the 
Mostek Software Development Board 50/70, to provide 
these capabilities. With AIM-51, all of the peripheral and 
debugging capabilities of the SOB-50/70 may be applied 
directly to either the prototype or final production 
configuration of virtually any F8 application. No modifications 
to the user's hardware, software or mechanical packaging 
are required. 

The Target may utilize either field programmable PROM or 
mask ROM memories. Also, since the Target can be a 
production version of the user's application, product revisions 
and enhancements may be easily implemented. 

The AIM-51 Board is usually mounted in a card cage with 
the Software Development Board 50/70. It is the 
purpose of the SOB-50/70 to supply the user with the means 
for accessing and controlling the target system (via the 
AIM-51 Board) during the program development phase. This 
provides access to all the development software and 
peripherals of the SOB-50/70 without having to introduce any 
perturbations to the target system environment. AIM-51 does 
not affect the peripheral expansion capabilities of the 
SOB-50/70. 

In microprocessor applications where the anticipated 
system volume is insufficient to justify the tooling charges 
associated with ROM, field programmable PROM may be 
used instead. Software for this type of system may be easily 
developed by using AIM-51 to emulate the PROM memory 
and MK 3861 PIO features of the final system. One AIM-51 
Board will emulate up to 1024 bytes of PROM- and one 
MK 3861 PIO. 

The Emulator from Mostek (79018) 
EMU-51 

The EMU-51 is a development aid for designing and 
field testing F8 microprocessor systems which utilize one 
or more MK 3851 program storage unit (PSU) chips. The 
EMU-51 is electrically equivalent to the PSU but is field 
programmable instead of mask programmabie. This 
enables a user to obtain final hardware verification of all 
PSU programming prior to ordering custom PSU chips. 
Also, since the EMU-51 even "plugs in" like a PSU chip 
(via a male, 40-pin connector on the end of an "umbilical 
cord"), prototype systems can be converted to final 
production status by simply unplugging the Emulator-51 
and plugging in the corresponding custom PSU(s). 

The MK 3851 is a 40-pin integrated circuit that provides 
1 K bytes of ROM, two 8-bit latched I/O ports, a software 
programmable timer and interrupt circuitry for vectored 
addressing and priority control. Multiple MK 3851 PSU chips 
can be used in a single system, providing up to 1024 bits of 
I/O, 64 timers, 64K bytes of ROM, and 64 interrupts. 

The EMU-51 performs all the functions of the PSU -
ROM, input/output ports, interrupt vector and timer. 

The ROM section of the EMU-51 uses either four 256 x 8 
bit ultraviolet erasable PROMs or a single 1 K x 8 bit 
ultra-violet erasable PROM to provide non-volatile storage 
of the users' program. The PROM(s) should be 
programmed using a PROM programmer and then 
installed on the EMU-51. The six ROM address select 
switches can then be used to establish the location of the 
PROM in the system memory map. 

Input/output ports on the EMU-51 are implemented 
using an actual PSU. Six I/O port address assignment 
switches on the EMU-51 allow the user to select the I/O 
port address desired for each EMU-51. 

.Software Development Accessories 
Several accessories are 
available for the Software 
Development Board (SOB). 
The items shown are: 

A MK 79028 Universal 
Card Cage (XAI 0-102) 

The card cage has a 
prewired connector assembly 
with power supplies bussed 
and a terminal striP for ease 
of power supply connection. 
The card cage will accept 3 
"SOB size" cards. As shown 
a typical system would 

include an SOB, AIM and a wirewrap card for prototyping 
plugged into an extender card for user accessibility. 

B. 79023 Wirewrap Card (XAI0-103) 
79024 Extender Card (XAI 0-104) 

The wirewrap card is used for both prototyping new F8 
systems and for adding peripheral interfaces and memory 
expansion for the SOB. 
The extender card enables any card in the system to be 
made readily accessible to the user. 

C. MK 79027 Silent 700 Accessory Package. 
ThiS package IS used With the SOB to interface a Silent 700 
with dual digital cassettes. The package contains a cable 
for the hardware interface, a digital cassette with software 
drivers for the silent 700 and the text editor. Instructions are 
included for operation. 

O. MK 79026 F8 Paper Tape Reader/Punch 
Cable Assembly. (XAI0-703) 

This item is not shown but is a 40-pin 3M type connector 
with 10 feet of flat cable. The connector mates with the 
parallel I/O port on the SOB. 
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The economical 3870. A complete system on a 
single chip. 
Now it is possible to build a minimum microprocessor system 
with only one device and still maintain upward expansion 
capability. This results in lower costs, fewer components and 
lower power. Mostek's new MK 3870 is the first single-chip 
microprocessor to have full software compatibility with a 

MK3870 
Single Chip F8 

FEATURES: 
• Software compatible with existing F8 family 
• Single +5 volt ±10% power supply 
• 2Kx8 mask programmable ROM 
• 64x8 scratchpad RAM 
• 32 bits (4 ports) bidirectional TTL compatible I/O 
• Ready strobe provides handshake capability with Port 4 
• Binary readable timer 

Modulo "N" 
Pulse width measurement 
Event counter 
Software selectable prescaler 

• Vectored interrupts (4 modes) 
External 
Internal 
External and internal 
Interrupts disabled 

• Versatile single phase clocks 4MHz 
R-C 
L-C 
Crystal (standard 3.58 MHz may be used) 
Internal tirne base (no external components) 

• Low Power (Typ 300 mW) 
• Standard 40-pin plastic or ceramic package 

-, 
I 

J 

multichip microprocessor family, providing complete user 
flexibility for product enhancement. This compatibility allows 
new or existing systems implemented with 2Kx8 of ROM, 
64x8 scratch pad RAM and four 8-bit I/O ports to be 
implemented with the MK 3870. 

MK3871 
Peripheral Input/Output 

The Peripheral I/O circuit (Pia) can be used to provide 16 
bidirectional ports, an extra timer, and an extra vectored 
interrupt. The port address and interrupt address are preset 
on the Pia. Several versions with varying combinations of 
port and interrupt addresses are available. 
Because the I/O, timer, and interrupt functions of the Pia are 
identical to those of the MK 3870, a Pia can also be used in 
conjunction with an MI and PROM to emulate an MK 3870. 
The MI-PROM ernulates the memory function with the Pia 
emulating the I/O, timer and interrupt functions of an 
MK 3870. 

Application Interface Module AIM-70 (79031) 
AIM-70 is a development aid for debugging 3870 
applications, similar to AIM-51. Refer to AIM-51 description 
for additional details of AIM-70 operation. 

MK3870 Emulator (79030) 
EMU-70 
The EMU-70 is a development aid for designing and field 
testing applications using the MK 3870 F8 compatible single 
chip microcomputer. 
The EMU-70 is an electrical equivalent of the MK 3870 
implemented with an MK 3850, MK 3853, MK 3871, two 
1 Kx8 UV erasable PROMs, and some additional components. 
The emulator allows the user to prototype, debug and field 
test MK 3870 systems with UV erasable PROMs. The 
emulator plugs into the same 40-pin socket where the MK 
3870 will be in production. This system provides the user the 
capability of verifying his system in a field environment prior 
to committing to a mask programmable MK 3870. 
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The High Performance zao Microcomputer. With 
aOaOA software compatibility and expanded 
system features.* 
Increased system performance over the 8080A. 

The Z80 outperforms the 8080A by providing more than 
50% additional processor throughput with 25% to 50% less 
program storage space. This is accomplished using the 
expanded Z80 instruction set which includes all of the 78 
instructions of the 8080A plus 80 additional instructions. Plus, 
there are 9 additional internal registers (including two 16-bit 
index registers) and special control circuitry for extremely fast 
interrupt servicing, 

Reduced memory interfacing costs over the 8080A. 
The Z80 CPU provides all refresh and timing signals to 

directly drive dynamic memories so that the Z80 LSI 
components can interface to standard 4K dynamic memories 
with minimum external logic. 

Reduced 110 costs over the 8080A. 
To reduce I/O costs the Z80 LSI component set includes 

four general purpose programmable I/O circuits containing all 
of the logic required to implement fast I/O transfers with 
minimal CPU overhead. 

Reduced support circuitry costs over the 8080A. 
All Z80 devices require a single +5 volt power supply 

and a single-phase TTL clock. All control signals are directly 
compatible with I/O and memory devices so that system 
control circuits are not required. External interrupt control and 
prioritization circuits are unnecessary since these are 
included in each Z80 I/O circuit. DMA circuits are usually not 
required due to an extremely fast interrupt response and 
powerful I/O block transfer capability within the CPU. 

*Licensed second source to the Z80 from Zilog. 
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MK3880 
Central Processing Unit (CPU) 

'" AO 
AI 

MRED A2 
SYSTEM IORQ 

, 
A3 

CONTROL Ro A' v- A> 
AS 

RF'SH A7 ADDRESS 
AS BUS 

HALT A. 
AID 

WAIT All 
CPU ZBO-'CPU AI2 

WI CONTROL 
NMi 

RESET 

CPU BUS BiTsRQ 

CONTROL BUSAK 

~ 
+5V 
GNO 

FEATURES 
• Single chip, N-channel 

Silicon-Gate 
Depletion-Load 
Technology in 40-pin DIP. 

• 158 instructions -
Includes all 78 of the 
8080A instructions with 
total software compatibility. 
New instructions include 
4-, 8- and 16-bit 
operations. 

• 22 internal registers (more 
than twice the 8080A 
registers), including two 
16-bit index registers. 

• Three modes of fast 
interrupt response plus a 
non-maskable interrupt. 

• Directly interfaces with 
standard static or dynamic 
memories with minimum 
external logic. 

• 1.6/Ls instruction execution 
speed. 

• Single 5V supply. 
• Single-phase TTL-level 

clock. 

AI3 
AI' 
AI5 

O} DI 
D2 
03 DATA 
D4 BUS 
05 
DS 
D7 

• Requires 25% to 50% less 
memory space than the 
8080A CPU. 

• Over 50% more 
throughput than the 
8080A. 

• TTL compatible tri-state 
data and address busses. 

• 10 addressing modes, 
including indexed and 
relative. 

• Memory to memory block 
transfer and search 
instructions. 

• Bit manipulation and 
testing in any register or 
memory location. 

• Special I/O instructions, 
including I/O block 
transfer. 

• Expanded 16-bit arithmetic 
capability. 

• Expanded BCD arithrnetic 
instructions. 

MK3881 
ParaliellnputlOutput Controller (PIO) 

DO 
01 "{ 02 

DATA 03 

BUS 
D4 
D5 
DS 
07 

{ eo.," .. ' CONTROL IDATA 
PIO 
CONTROL CHIP ENABlJ: 

MI 
IORQ 

RD 

DAISY { iNf " CHAIN INT ENABLE IN 
INTERRUPT INT ENABLE OUT 
CONTROL 

FEATURES: 
• N-channel Silicon-Gate 

Depletion-Load 
Technology in 40-pin DIP. 

• Two independent 8-bit 
ports with handshake 
(interrupt driven). 

• Four modes of operation 
under program control: 
byte input, byte output, 
byte bidirectional and bit 
control. 

15 AD 
AI 
A2 
A3 

M }_. 
:~ I/O 
A7 

A ROY 
A STB 

zao-Plc 

BO 
BI 
B2 
B3 

" }"~'" :~ 1/0 
B7 

B RDY 
BSTB 

• Daisy chain priority 
interrupt logic with 
programmable interrupt 
vectoring. 

• Easy control for 
peripherals with a parallel 
interface such as line 
printers, paper tape 
reader/punches, card 
readers, keyboards, and 
displays. 

• Single 5 volt supply 
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MK3882 
Counter Timer Circuit (CTC) 

CPU l~; DATA 
BUS 04 

0, 

0, 

0, 

CE 

eTC esc 
CONTROL CSI 

Ii; 
lORD 

Rii 

CHAIN DAISY {E' 
INTERRUP ~ 
CONTROL INT 

FEATURES: 
• N-channel Silicon-Gate 

Depletion-Load 
Technology in 28 pin DIP. 

• Single 5 volt supply. 
• Single-phase TTL-level 

clock. 
• Four independent 

programmable 8-bit 
counter/16-bit timer 
channels with selectable 
counter or timer mode. 

• Readable down counters. 
• Selectable 16 or 256 clock 

prescaler for each timer 
channel for resolution of 
64~s to 32ms. 

eLK/TRGo 

ZC/TOO 

CLKITRGI 

zelTO I CHANNEL 

CLK/TRG 2 

CLKJTRG3 

+.v 
GNO 

SIGNALS 

• Selective positive or 
negative trigger for 
counter operation. 

• Capable of driving 
Darlington transistors. 

• Daisy chain priority 
interrupt logic with 
programmable interrupt 
vectoring. 

• All inputs and outputs are 
fully TTL compatible. 

MK3883 
Direct Memory Access Controller (DMA) 
FEATURES: 

• N-Channel Silicon-Gate 
Depletion-Load 
Technology in 40-pin DIP. 

• Handles bidirectional data 
transfers between main 
memory and Z80 
peripherals. 

• Four modes of transfer 
selectable: no cyCle steal, 
byte at a time, burst, 
continuous. 

MK3884 

• 1.2M byte/sec data 
handling rate. 

• Channel status on 
program request. 

• Two modes of operation: 
transfer data or search 
data. 

• Daisy chain priority logic 
with programmable 
interrupt vectoring. 

• Single 5 volt supply 

SeriallnputlOutput Controller (510) 
FEATURES: 

• N-channel Silicon-Gate 
Depletion-Load 
Technology. 

• Designed to handle 
peripherals with serial data 
interface requirements, 
both synchronous and 
asynchronous. 

• Capable of full duplex 
serial I/O channel 
operation. 

Z80 SUpport Software 
• XMDS-80 8080 BASED 

X-ASSEMBLER 
• XFOR-80 FORTRAN IV 

BASED X-ASSEMBLER 
• ASMB-80 RESIDENT Z80 

ASSEMBLER 

• Asynchronous with 5 to 
8-bit data. 

• Synchronous with IBM 
BiSync and SDLC 
compatibility. 

• Parity checking included. 
• Daisy chain priority 

interrupt logic with 
programmable interrupt 
vectoring. 

• EDIT-80 RESIDENT Z80 
TEXT EDITOR 

• DDT-80 RESIDENT Z80 
OPERATING SYSTEM 
WITH DEBUG PACKAGE 
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Z80 Based Development and OEM Board (78101) 
SOB-80 

FEATURES: 
• 4K RAM bytes (MK4027) expandable to 16K bytes 

(MK4116) on board 
• System memory capability - expandable up to 65K bytes 
• Versatile memory mapping - memory can be placed in 

any of 16-4K blocks 
• ROM/PROM - 5 sockets available for up to 20K bytes 

of ROM 
• I/O - 4 parallel ports (8 bits x 4) with handshaking (2 lines 

x4) capability (2 ports are bidirectional) 
• I/O - 1 serial port that accepts asynchronous data (UART) 
• I/O - system is expandable up to 256 parallel ports 
• Ports interface directly to TTY, RS-232 (silent 700), Mostek's 

CRT board, paper tape reader/punch, and line printer 
(drivers exist in O.S.) 

• BAUD rate generator on card 
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• Crystal controlled clock generator 
• 3 software controlled digital delay/counter circuits are 

available to the user 
• All MOS lines are TTL buffered or protected 
• Data, address, and control bus lines are available for 

system expansion 
• Card size is 12" x 8y," 
• Interrupt capability from 9 sources 
• Operating system available in 2K bytes of ROM 

(1-MK 34000) 
• O.S. uses separate 256 byte scratch memory so all of the 

main memory user RAM is free 
• Text editor available in 2K bytes of ROM (1-MK 34000) 
• Resident Assembler available in 4K bytes of ROM 

(2-MK 34000) 
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MK 5002P MK 5005P MK S007P 
MK 5002N MK SOOSN MK S007N 
4-Digit Counter/Display Decoder 
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G FE 0 C B A iffi2i2iti 

TRUE'* ~f===~~!~~~!~~l-c COMPlEMENT BUffERS & !'.\TING BUfFERS & GATING 
CONTROLINPI.IT 

~* 
~. 

OfCIMAlI'OINr" 
LEF'TOR RIGHTINPUr 

:t~jJ~~~I~~~~~#~loaOIGITSElECTOUTPUT(lSD) SCANINPur 101 OIGIT SELECT OUTPUT 
UV DIGIT SELECT OUTPUT 
101 DIGIT SELECT DUIP\)T (MSD) 

TRANSfER 

INPUT O'IEAFLOWLATCHOUTPUT * 

roUN1:t;~~~ INPur 

Rffii" 
INPUT 

COONTEXTENQOUTPUT 

. r,;,. 
.,-" 

T 
SEGMENTIDENTlflCATIDN 

FEATURES: 
• Ion-implanted for TTL/DTL 

compatibility 
• Single +5V operation Low 

power (25 mW) 
• On-chip oscillators for 

scan control and for 
counter input time base 

• MK 5002P/N provides 
7-segment and BCD 
outputs in a 28-pin dual-in­
line package 

** not avaitable on MK 5005 
* not available on MK 5007 

• MK 5005 PIN provides 
7-segment outputs in a 
24-pin dual-in-line 
package 

• MK 5007 PIN provides 
BCD outputs in a 16-pin 
dual-in-line package. 
Blanking Decimals, and 
Complement controls 
excluded 

MK 50240P Series / MK 50240N Series 
Top Octave Frequency Generator 

FEATURES: 
• Single Power supply 
• Broad supply voltage 

operating range 
• Low power dissipation 
• High output drive 

capability 

'--yo-' 
OUTPUT 
DRIVERS 

c: 
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c, 
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• MK 50240 - 50% Output 
Duty Cycle 

• MK 50241 - 30% Output 
Duty Cycle 

• MK 50242 - 50% Output 
Duty Cycle 

MK S009P/MK S009N 
Counter Time Base Circuit 

FEEDBACK 1 8 
FEEDBACK 2 ~ 

CLAMP 

RESET MAX 6 

RESET o...:.4't-L!!~~f---4----1 
23 11 

eo 
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FEATURES: 
• Ion-implanted for full 

TTL/DTL compatibility 
• Operates DC to above 1 

MHz 
• Internal clock operates 

from: 
• Binary encoded for 

frequency selection 
External signal 
External RC network 
External crystal 

MK SOBSN / MK SOB6N 
Integrated Tone Dialer 

FEATURES 
• Direct telephone line 

operation with no external 
power supply 

• Requires minimal telephone 
line tone interfacing 

• High Accuracy tones 
• DigJtal divider logic, 

resistive ladder network 
and CMOS operational 
amplifier on single chip 

• Uses inexpensive 3.579 
MHz crystal 

• Wide DC supply Voltage 
range 

• Invalid key entry can result 
in either single tone or no 
tone 
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MUTE 

• MK 5085 designed for use 
with calculatior type (Class 
A contact) keyboards 

• MK 5086 designed for use 
in applications requiring 
minimal electronic 
interfacing 

• Both parts will work in 
existing telephone keypads 

• May use high impedance 
keyboard switches 

• Telephone common 
functions on chip 



MK50398N/MK50399N 
Six-Decade Counter/Display Decoder 

FEATURES: 
• 28-pin dual-in-line package 
• Single power supply (+ 1 OV 

to +15V) 
• Schmitt-Trigger on the 

count-input 
• Six decades of 

synchronous up/down 
counting 

• Loadable counter 
• Interfaces directly with 

CMOS logic 
• Multiplexed BCD or 

seven-segment outputs 

MK 50395N / MK 50396N / MK 50397N 
Six-Decade Counter/Display Decoder 

FEATURES 
• Single power supply 
• Schmitt-Trigger on the 

count-input 
• Six decades of 

synchronous up/down 
counting 

• Look-ahead carry or 
borrow 

• Loadable counter 
• Loadable compare-register 

with comparator output 
• Multiplexed BCD and 

DDDDDD uuuuuu 

seven-segment outputs 
• Internal scan oscillator 
• Direct LED segment drive 
• Interfaces directly with 

CMOS logic 
• MK 50396 programmed to 

count time 99 hrs. 59 min. 
59 sec. 

• MK 50397 programmed to 
count time: 59 min., 59 
sec., 99/100 sec. 

Industrial circuits available soon ... 
MK 5098N 
Integrated Pulse Dialer 
FEATURES: 
• Direct telephone line 

operation with no 
external power supply 

• -Requires minimal 
telephone line interfacing 

• Works with both 
calculator type keyboard 
(form A contact) and 
standard 2 of 7 keyboa rd 

• CMOS-Silicon gate 
technology with on chip 
bipolar transistors and 
zener diodes 

• Uses inexpensive 
ceramic resonator for 
reference 

• Wide DC supply voltage 
range 

• BCD input option 
• Pin selectable interdigit 

delay and make/break 
ratio 

• Standard part in 16 pin 
package, re-dial option 
will be available in 18 pin 
package 

MK 5102N 
Integrated Tone Receiver 

FEATURES 
• Detects all 16 standard 

DTMF digits 
• Requires minimum 

external parts count for 
minimum system cost 

• Uses inexpensive 
3.579545 MHz crystal for 
reference 

• Limiting is done on-chip 
- no off chip limiting 
required 

• Digital counter detection 
with period averaging 
insures minimum false 
response 
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• 16-pin package for high 
system density 

• Single supply, wide 
voltage ra nge 

• Includes two on-chip 
operational amplifiers for 
band split or band pass 

• Output in both 4-bit 
binary code or dual 2-bit 
row/column code 

• Latched outputs 
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Expandable Calculator Set 
MK 50101 N I MK 501 02N I MK 50075N 
MK 50103N IMK 50104N I MK 50075N 

FEATURES: 
Financial Calculator Chip 
Set 

• 8 or 12 Digit Display 
• 9 Memory Registers 
• Gross Profit Margin 
• Percentage Add 

OnlDiscount 
• Financial Calculation 

Present Value 
Future Value 
Interest rate (i) 
Number of Periods (n) 
Payment 

• Floating or Fixed Point 
• Algebraic Entry 

MK 50250N Series 
Digital Alarm Clock 

FEATURES: 
• Single Voltage Power 

Supply 
• Intensity Control 
• Simple Time Setting 
• 4-or 6-Digit Display 
• AMIPM and Activity 

Indicator 
• Selectable Input 

Frequency 
• 24 hr. alarm 

FEATURES: 
Scientific Calculator Chip 
Set 

• 10 Digit Mantissa, 2 Digit 
Exponent 

• 9 Memory Registers 
• Trigonometric 
• Hyperbolic 
• Logarithmic 
• Mean, Standard Deviation 
• 8 Metric Conversion 
• Percentage Calculation 
• Powers and Roots 
• RadianlDegrees 

• Snooze Alarm 
• Selectable Input 

Frequency and Output 
Mode 

MK 50250 - 12 hrl60 
Hz or 24 hrl50 Hz 
MK 50253 - 12 hrl50 
Hz or 24 hrl50 Hz 
MK 50254 - 12 hrl60 
Hz or 24 Hrl60 Hz 

MK 50366N 
Non-Multiplexed Clock Radio Timer 
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FEATURES: 
• Single Chip Operation 
• LED Direct Drive 

(10mAISegment) 
• Simple Forward or 

Reverse Time Setting 
• Intensity Control 
• 4-Digit Non-Multiplexed 

Display 
• AMIPM and 1 Hz Activity 

Indicator 
• 12 Hr. or 24 Hr. Display 

Format 

• 50Hz or 60Hz 
• 24 Hr. Alarm 
• Three Function Wake 

Select (Radio, Tone, Radio, 
Radio Followed by Tone 
in 8 Minutes) 

MK 50460 Series 

r-c-----l HilS 
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• Variable Sleep (1 to 59 
Minutes) 

• Count Inhibit 
• Seconds Display 
• Brown-out Indication 
• Leading Zero 

Suppression For Tens of 
Hours 

• Four Year Calendar 
• Month Date or Date 

Month Format 
• One Time Zone Register 
• A Second Alarm Time 
• Set 1,2 interlock prevents 

accidental time setting 
• Alarm sequence for AMIFM 

radio allows demonstration' 
of alarm action quickly 

Six Digit LCD Multifunction Watch Circuits 
MK50461 C MK 50462C 
• Stopwatch or time zone 

function bonding option 
• Displays month, date, 

alpha day, hours, 
minutes, seconds 

• Stopwatch displays 
elapsed time or 
accumulated time 

• 12/24 hour bonding option 
• 32,768 Hz oscillator 

x- 2 

• Alarm watch with snooze 
capability 

• Displays month, date, 
alpha day, hour, minutes, 
seconds 

• 12124 hour bonding 
option 

.32,768 Hz oscillator 
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Manufacturer Part No. 

AMD Am 1002 

Am 1101 

Am 2102 

MOSTEK DIRECT 
REPLACEMENT GUIDE* 

Description 

2x128 SSR 

256x1 SRAM 

1024x1 SRAM 

M05TEK 
Replacement Manufacturer Part No. 

INTEL 2104 

2104A 

2116 

Description 

4096x1 DRAM 

4096x1 DRAM 

16384x1 DRAM 

MOSTEK 
Replacement 

Am 1702A/9702A 256x8 EPROM 

MK1002 

MK4007 

MK4102 

MK3702/ 
1702A 

MK4096 

MK4027 

MK4116 
(unlatched 
outputs) 

AMI 

AMS 

EA 

Am 9208 

Am 9214 

S2181 

S3514 

S6831A 

56831B 

54006 

S4008 

S4096 

S5232 

7005 

EA 4800/4900 

EA 2102 

EA 2308 

EA 4096 

FAIRCHILD 2102 

G.I. 

INTEL 

3257 

3514 

3850 

3851 

3852 

3853 

3854 

3861 

4027 

4096 

RA9-1101 

RO-3-8316A/B 

R 0-3-9316A/B 

RO-5-2240S 

1101 

1702A 

2102 

2102AL 

1024x8 ROM MK30000 

512x8 or 1024x4ROM MK2600 

2x128 SSR 

512x8 ROM 

2048x8 ROM 

2048x8 ROM 

1024x1 DRAM 

1024x1 DRAM 

4096x1 DRAM 

MK1002 

MK2600 

MK31000 

MK34000 

MK4006 

MK4008 

MK4096 

512x8 or 1024x4 ROM MK2500 

4096x1 DRAM 

2048x8 ROM 

1024x1 SRAM 

1024x8 ROM 

4096x1 DRAM 

1024x1 SRAM 

ASCII Char. Gen. 

MK 4096 

MK28000 
(unlatched 
outputs) 

MK4102 

MK30000 

MK4096 

MK4102 

MK2302 

512x8 or 1024x4 ROM MK2600 

JlP CPU 

JlP PSU 

JlP DMI 

JlP SMI 

JlPDMA 

JlP PIO 

4096x1 DRAM 

4096x1 DRAM 

256x1 SRAM 

2048x8 ROM 

2048x8 ROM 

ASCII Char. Gen. 

256x1 SRAM 

256x8 EPROM 

1024x1 SRAM 

1024x1 SRAM 

MK3850 

MK3851 

MK3852 

MK3853 

MK3854 

MK3861 

MK4027 

MK4096 

MK4007 

MK31000 

MK34000 

MK2302 

MK4007 

MK3702/ 
1702A 

MK4102 

MK4102-11/ 
4102-12 

INTERSIL 

2308/8308 

2316A/8316A 

2316E/8316E 

2708/8708 

1M 7501/11/12 

1M 7552 

1M 7780 

MOTOROLA MCM 2102 

MCM6604 

MCM 6616 

MCM 68316E 

NATIONAL MM 1101 

MM 1702A 

NEC 

RCA 

MM 2102 

MM 4232/5232 

MM 5257 

JlPD 414 

JlPD 416 

MW 4104 

SIGNETICS 2532 

2102/2602 

2501 

2660 

SYNERTEK SY2316A 

T.I. 

ZILOG 

SY2316B 

TM52708 

TM53409 

TM54027 

TM5 4033/4035 

TM54070 

TM54700 

Z80 CPU 

Z80 PIO 

Z80 SIO 

Z80 CTC 

Z80 DMA 

1024x8 ROM 

2048x8 ROM 

2048x8 ROM 

1024x8 EPROM 

256x1 5RAM 

1024x1 SRAM 

4x80 DSR 

1024x1 SRAM 

4096x1 DRAM 

16384x1 DRAM 

2048x8 ROM 

256x1 SRAM 

256x8 EPROM 

1024x1 SRAM 

MK30000 

MK31000 

MK34000 

MK2708** 

MK4007 

MK4102 

MK1007 

MK4102 

MK4096 

MK4116 

MK34000 

MK4007 

MK3702/ 
1702A 

MK4102 

512x8 or 1024x4 ROM MK2500 

4096x1 5RAM 

4096x1 DRAM 

16384x1 DRAM 

4096x1 DRAM 

4x80 DSR 

1024x1 SRAM 

256x1 SRAM 

4096x1 DRAM 

2048x8 ROM 

2048x8 ROM 

1024x8 PROM 

4x80 D5R 

4096x1DRAM 

1024x1 SRAM 

16384x1 DRAM 

1024x8 ROM 

JlP CPU 

JlP PIO 

JlP SIO 

JlP CTC 

JlP DMA 

MK4104 

MK4096 

MK4116 

MK4027 

MK1007 

MK4102 

MK4007 

MK4096 

MK31000 

MK34000 

MK2708 

MK1007 

MK 4027 

MK4102 

MK4116 

MK30000 

MK3880** 

MK3881 ** 

MK3884** 

MK3882** 

MK3883*' 

* User must consult data sheet to determine proper dash (-I number 
required when ordering 

** Available soon 
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MOSTEK MOS MEMORY PRODUCT GUIDE 
DYNAMIC RANDOM ACCESS MEMORIES 

SUPPLY VOL TAGES POWER DIS (max) PACKAGE 
DEVICE ORGANIZATION 

ACCESS 
(ns) 

CYCLE 
(ns) VDD VCC VBB VSS STNBY ACTIVE TYPE PINS 

MK 4006·6 1024 x 1 400 650 -12 +5 50 450 

MK 4008·6 1024 x 1 500 900 -12 +5 50 450 

MK 4200·11 4096 x 1 350 500 +12 +5 -5 o .6 300 

MK 4200·16 4096 x 1 300 425 +12 +5 -5 o .6 380 

MK 4096·11 4096 x 1 350 500 +12 +5 -5 o 24 320 

MK 4096·16 4096 x 1 300 425 +12 +5 -5 o 24 385 

MK 4096·6 4096 x 1 250 375 +12 +5 -5 o 24 450 

MK 4096·85 4096 x 1 350 500 +12 +5 -5 o 32 475 

MK 4096·86 4096 x 1 300 425 +12 +5 -5 o 32 500 

MK 4096·77 4096 x 1 250 375 +12 +5 -5 o 32 570 

MK 4027·4 4096 x 1 250 375 +12 +5 -5 o 27 470 

MK 4027·3 4096 x 1 200 375 +12 +5 -5 o 27 470 

MK 4027·2 4096 x 1 150 320 +12 +5 -5 o 27 470 

MK 4116·4 16K x 1 250 410 +12 +5 -5 o 27 465 

MK4116·3 16K x 1 200 375** +12 +5 -5 o 27 465 

MK4116·2 16K x 1 150 375** +12 +5 -5 o 27 465 

MKM 4096 XX 4096 x 1 +12 +5 -5 o 
MKB 4096XX 4096 x 1 +12 +5 -5 o 
MK 4227-4* 4096 x 1 250 320 +12 +5 5 o 1.3mW 470 
MK 4227·3* 4096 x 1 200 375 +12 +5 5 o 1.3mW 470 
MK 4227·2* 4096 x 1 150 375 +12 +5 5 o 1.3mW 470 

STATIC RANDOM ACCESS MEMORIES 

MK 4007·1 256 x 1 900 900 -9 +5 75 370 

MK 4007·4 256 x 1 900 900 -9 +5 75 370 

MK 4102 1024 x 1 1000 1000 +5 o 350 

MK 4102·1 1024 x 1 450 450 +5 o 350 

MK 4102·12 1024 x 1 1000 1000 +5 o 170 

MK4102·11 1024 x 1 450 450 +5 o 170 

MK 4104 4096 x 1 200 340 +5 o 25 150 

MK4114* 1024 x 4 200 340 +5 o 25 150 

ULTRAVIOLET - ERASABLE PROGRAMMABLE READ ONLY MEMORIES 

MK 3702·3 256 x 8 1000 1000 -9 +5 840 

MK 3702·2 256 x 8 750 750 -9 +5 840 

MK 3702·1 256 x 8 550 550 -9 +5 840 

MK 2708* 1024 x 8 450 450 +12 +5 -5 o TBD 

READ ONLY MEMORIES 

Ceramic 16 

Ceramic 16 

Cer/Pla, 16 

Cer/Pla, 16 

Cer/Pla, 16 

Cer/Pla, 16 

Cer/Pla, 16 

Cer/-55 'c 16 
to +85 'c 
Cer/-55 'c 16 
to +85 °c 
Cer/-55 'c 16 
to +85 'c 
Cer/Pla, 16 
Cer/Pla, 16 

Cer/Pla, 16 

Ceramic 16 

Ceramic 16 

Ceramic 16 

Mil Version 16 

Mil Version 16 
Gerlplas 16 
Cer/Plas 16 
Cer/Pla, 16 

Cer/Pla, 16 

Higher Output 16 
Cu rrent 

Plastic 16 

Plastic 16 

Plastic 16 

Plastic 16 

Ceramic 18 

Ceramic 18 

Ceramic 24 

Ceramic 24 

Ceramic 24 

Ceramic 24 

NUMBER ACCESS SUPPLY VOLTAGES POWER DIS PACKAGE 
DEVICE ORGANIZATION LOGIC BITS (n,) VDD VGG VBB VCC VSS (MW) MAX TYPE PINS 

MK 2300 

MK 2400 

MK 2500 

MK 2600 

64 x 7 x 5 

256 x 10 

512x80r 
1024 x 4 

512x80r 
1024 x 4 

MK 28000 2048 x 8 or 
4096 x 4 

MK30000 1024x8 

MK 31000 2048 x 8 

MK 32000* 4096 x 8 

M K 34000 2048 x 8 
MK 36000' 8192 x 8 

SHIFT REGISTERS 

Static 2240 

Static 2560 

Static 4096 

Static 4096 

Dynamic 16384 

Static 8192 

Static 16384 

Dynamic 32768 

Static 16384 
Dynamic 65536 

DEVICE ORGANIZATION LOGIC RECIRC 

MK 1002 Dual 128 Static Ye, 
MK 1007 Quad 80 Dynamic Ye, 

SPEED 
(MHz) 

2.5 

1000 o -12 

500 o -12 

700 o -12 

700 o -12 

600 -12 

450 

550 

300 

350 
300 

NO. 
VGG VSS CLOCKS 
-12.0 +5 

-12.0 +5 

+5 

+5 

+5 

+5 
+5 

CLOCK 
SWING(V) 

o to 5 

o to 5 

+5 

+5 

+5 

+5 

+5 

o 
o 
o 
o 
o 

CLOCK 
CAP (max) 

10 

6 

*Available Soon/**Ioo specified at 375 ns cycle/***Consult applicable data sheet/TBD - To Be Determined 

XI - 3 

750 

850 

950 

950 

1000 

330 

300 

TBD 

330 
TBD 

POWER 
(MIN) 

600 

950 

Cer/Pla, 24 

Ceramic 24 

Cer/Pla, 24 

Cer/Pla, 24 

Cer/Pla, 24 

Cer/Pla, 24 

CerJPla, 24 

Ceramic 24 

CerJPla, 24 
Ceramic 24 

PACKAGE 
TYPE PINS 

Cer/Pla, 16 

Cer/Pla, 16 



NOTES 



NOTES 
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