


















































































































































































































































































































































































































































































































































































































































































































































































Figure 5 illustrat.es one of the many uses of an OE 
memory control. In this diagram the bus is time 
mUltiplexed, first with address then with data out to 
accomplish a read cycle. As soon as addresses are valid, 
it is advantageous to start the read cycle; however, 
without an OE control the possibility exists that the 
memory can go low impedance before addresses clear 
the bus. With an OE control, data can be held off until 
the bus is clear of addresses and still not impair memory 
access time. 

A third control function is required for RAM called write 
enable (WE). It is used to differentiate between read and 
write cycles. To achieve RAM interchangeability with 
ROM and EPROM, provisions for a WE must be 
incorporated into the system design and device pinout. 

Having shown the usefulness of CE and OE, a more 
complete description will be given: 

Chip Enable - A CE (active low signal) is used to single 
out a device which is to go into cycle. CE will typically be 
generated from a decoder which uses the high order 
address lines to uniquely select a memory device among 
the matrix of devices. The second aspect of the CE 
control is to power up the selected device from a standby 
mode. In the case of dynamic logic CE activates the 
internal clocks necessary to complete the cycle. Use of 
dynamic logic within the device makes substantial 
power saving possible and is widely accepted. This 
control is located in pin 18 of today's 24 pin DIPs. 

Output Enable - An OE (active low) controls the output 
buffer of the memory device. This control avoids bus 
contention since the memory device's output can be 
turned on and off directly by the controller (generally a 
microprocessor). Data can be gated out of the selected 
memory device (CE low to the selected device) at the 
precise time required. This control is located on pin 20 of 
today's 24 pin DIPs. 

For many applications both CE and OE are needed to 
insure correct operation. The use of additional chip 
select signals (CS) is viewed as redundant and serves 
little purpose, furthermore; it can cause compatibility 
problems with other memory device types. This also can 
have an adverse affect on upgradeability to next 
generation densities. If external decoding is needed, the 
sole advantage of additional chip selects is eliminated. 

24 PII'J PAC!(AGES 

A good starting point for the discussion that will follow 
is the popular 2716 EPROM. The 2716 has found wide 
spread acceptance for microprocessor program storage. 
Figure 6 shows the 2716 pinout. Since this part is 
presently produced by no less than five manufacturers 
of memory devices, it may be safe to assume that this 
group has in itself agreed to standardization. 
Strengthening this assumption is the fact that many 
ROMs are available at the 2K level which are pinned to 

2716 PINOUT - 2K x 8 EPROM 
Figure 6 

match the 2716. 

The MK4118,·1 K x 8 static RAM, packaged to the 
popular 2716 pinout, completes the compatibility circle 
(Figure 7). The 2716 is a 2K x8 device requiring address 
line A 10 as compared to the MK4118, which is a 1 K 
device. The MK4118 (Figure 8) will interchange with the 
2716 if allowance is made for the address line A 10 and 
pin 19. A second consideration is the write enable line 
(WE) required on pin 21 by the MK4118. The 2716, a 
ROM, does not required the write enable function. The 
availabilityof compatible 24 pin RAM, ROM and EPROM 
has completed the first phase of the BYTEWYDE 
concept. 

TYPES OF MEMORY 
Figure 7 

NONVOLATILITY 
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COMPARISON PINOUT 
Figure 8 

MK4118 MK2716 

A7 VCC A7 VCC 
A6 As A6 AS 
A5 A9 A5 A9 
A4 WE A4 Vpp 
A3 OE A3 OE 
A2 T A2 A10 
A1 CE A1 CE 

AO DS AO D7 
D1 D7 DO D6 
D2 D6 D1 D5 
D3 D5 D2 D4 

VSS D4 VSS D3 

WE on Pin 21 Vpp on Pin 21 
L on Pin 19 A10 on Pin 19 

FUTURE 28 PIN PACKAGING 

Systems designers derive important benefits when 
component manufacturers discipline themselves to a 

EPROM EVOLUTION 
Figure 9 

MK2716 2732 

A7 vcc 
A6 AS 
AS Ag 

A4 Vpp 

A3 DE 
A2 A10 

A, CE 
AO 0 7 
DO 0 6 
0, Os 
O2 0 4 

Vss 0 3 vss 

ROM EVOLUTION 
Figure 10 

MK34000 

vcc A7 , VCC 
AS AS 
As Ag 

A11 A4 NC 
A3 DE 
A2 ~O 
A, CE 
AO °7 
DO 9 Os 
0, 0 5 
O2 0 4 

Vss 
°3 Vss 

well thought out packaging philosophy. The first phase 
of BYTEWYDE memory standardization and its 
packaging philosophy has already been achieved with 
the 24 pin package; however, the higher density 
memories of the future will required a 28 pin package 
and the proper planning to go along with it. 

These principles should be used to guide the 28 pin 
package assignment: 

(1) The popular 2716 pinout should be used to define 
address, data, CE and OE. 

(2) 24 pin devices should coexist with 28 pin devices 
by lower justification. 24 pin devices are lower 
justified in pin 3 thru 26 of 28 pin socket. 

(3) Consistent CE and OE control functions (same as 
2716) should be used on all BYTEWYDE devices 
with provision for RAM (WE). 

(4) Spare pins at a given density level should be no 
connect rather than redundant chip selects (CS) 
to allow for the ultimate development and 
upgradabiliy of 28 pin socket site. 

MK2764 

MK37000 

VCC 
NC 

NC 

A" 

VCC 
NC 
NC 

vcc 
N/C 

A'3 

A11 
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STATIC RAM EVOLUTION 
Figure 11 

MK4118 

BYTEWYDE FAMILY PINOUTS 
Figure 12 

4118 4802 34000 2716 4816 
2K x 8 

lK x 8 2K x 8 2K x 8 2K x 8 PSEUDO-
STATIC STATIC ROM EPROM STATIC 
RAM RAM RAM 

RFSH 
NC 

A7 A7 A7 A7 A7 
A6 A6 A6 A6 A6 
A5 A5 A5 A5 A5 
A4 A4 A4 A4 A4 
A3 A3 A3 A3 A3 
A2 A2 A2 A2 A2 
Al Al Al Al Al 
AO AD AD AD AD 
DO DO DO DO DO 
Dl Dl Dl Dl Dl 
D2 D2 D2 D2 D2 
VSS VSS VSS VSS VSS 

37000 
8K x 8 
ROM 

Nl 
A12 

A7 
A6 
A5 
A4 
A3 
A2 
Al 
AD 
DO 
Dl 
D2 
VSS 

MK4802 

BYTEWYDpM FAMilY PINOUTS 
2764 2764 37000 4816 2716 34000 4802 4118 

BK x 8 8K)( 8 8K x 8 2K x 8 
EPROM EPROM ROM PSEUDO- 2K x 8 2K x B 2K x 8 lK x 8 

STATIC EPROM ROM STATIC STATIC 

:§~bVcc 
RAM RAM RAM 

NC Vce Vee .~ 
A12 2 27P NC NC WI: 
A7 :§~SNC NC CS Vrr Vrr Vrr Vrr 
A6 4(21 (23125 AS AS AS AS A8 A8 A8 
A5 : [ 5(31 (22124 P A9 A9 A9 A9 A9 A9 A9 
A4 ·C 6(41 (21i23P All All NC Vpp NC WE WE 
A3 7(51 (20)22 Q OEIVpp DE DE DE DE DE DE 
A2 8(6) (19)21 pAlO AlO AlO Al0 AlO AlO 
Al 9(7) (18)20 P TI IT IT ct """Ct ct cr-
AD l0(8) (17)19p D7 D7 D7 D7 D7 D7 D7 
DO 11(9) (16)18P D6 D6 D6 D6 D6 D6 D6 
Dl 12(10) (15)17P D5 D5 D5 D5 D5 D5 D5 
D2 :C 13(11) (14)160 D4 D4 D4 D4 D4 D4 D4 
VSS .Cl4(12) (13)150 D3 D3 D3 D3 D3 D3 D3 

With these issues in mind, Figure 9 shows EPROM 
evolution from 2K to 4K to 8K bytes. Figure 10 shows 
ROM evolution from 2K t04K to 8K to 32K bytes. Figure 
11 shows static RAM evolution from 1 K to 2K to 4K 
bytes. Figure 12 shows the BYTEWYDE memory 
presently offered by Mostek. 

Presently available 2Kx8 pseudostatic RAMs alsofitthe 
compatibility scheme mentioned with the exception of 
requiring an additional control function to determine 
refresh time. Pin 1 is presently being used by 
pseudostatic RAMs as the refresh control. This conflicts 
with some 8K x 8 EPROM proposals that use Pin 1 for 
Vpp. When Vpp is multiplexed with QE, as in the case of 
the 2732, the problem is alleviated. 

in system programming and erasure. This intriguing 
idea could hold some hidden problems for BYTEWYDE 
memory standarization in that additional control 
functions and an in circuit high voltage pin would be 
required. It would be ideal if technology can solve this 
problem by the introduction time of these new devices 
so they could more closely emulate RAMs. Even if the 
pinout problem of E2PROM is solved, the interface to a 
microprocessor is likely to remain difficult because of 
slow write cycle and block erasure. 

A new device on the horizon is called the E2PROM 
(Electrically Eraseable Programmable Read Only 
Memory). This part, when it is introduced, should 
produce some exciting and yet perplexing possibilities. 
As the name suggests, ultra-violet erasure is replaced by 
electrical erasure. The benefit of suchadevicewould be 

II\lTERFACE TO MICI'lOPI'lOCESSORS 

The BYTEWYDE memories discussed can be interfaced 
easily to microprocessors. This fact will be reduced to 
practice demonstrated by a microprocessor/memory 
interface using eight socket memory matrix example. 

Memory design goals: 
(1) RAM, ROM, EPROM interchange 

A. Program storage during software debug using 
RAM 
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B. Program storage during prototype production 
using EPROM 

C. Program storage during production using ROM 
(2) Ratio of RAM/ROM flexible to allow for changing 

system requirements 
(3) Minimized package count (density and testing 

consideration) 
(4) Memory expansion capability for after market 

system enhancements 
(5) Minimum granularity for memory expansion in 

small increments 
(6) Memory design to stay cost effective for product life 

4-6 years 
(7) System throughput not be limited by memory 

performance 
(8) Multiple sources for RAM, ROM, EPROM 
(9) Initial estimate of memory requirements 4K RAM 

4K EPROM (non-volatile program storage) 

JUMPER ARRANGEMENT FOR RAM/ROM 
INTERCHANGE 

Figure 13 JUMPER LAYOUT 

The first step is to design a memory matrix to 
accomodate RAM, ROM, and EPROM. Since pinout 
compatibility exists, eight identical 28 pin sockets will 
be used. The only special consideration which must be 
made is a jumper for pins 21 and 23, to allow for 
RAM/ROM compatibility (see Figure 13). The jumper 
connection on pin 21 will give the option of connecting 
pin 21 andAl0, ground, orVCC' Pin 21 connections will 
be jumped to the appropriate signal to defeat the latch 
function on the 1 K RAM, or to allow use of partial 2K 
devices. The functional half of a partial memory is 
selected by connecting pin 21 to either VCC or ground. 
Pin 23 connection willbe jumpered to the write enable 
signal (WE) for 1 K and 2K RAMs, to All for ROMs, 
EPROMs or RAMs larger than 2K, or +5 for 2K EPROMs. 
All other control, address, and data lines are bussed 
together with the exception of the chip enable lines (CE). 
These connections must be individually routed to the 
decoder circuitry. 

To define the address space of a particular socket site, a 
256 x 4 PROM will be used for the CE decode of four 
sockets. The PROM decoder provides the flexibility of 
selecting from 1 K to 32K bytes of memory at each socket 
location and can be also used to implement byte 
addressability for 16 bit microprocessors. 

The microprocessor can now be connected directly to 
the memory matrix (see Figure 14). In this example, a 
3880/Z80 microprocessor is used; however, many 
other microprocessors can be substituted. Figure 15 
shows a p.c. layout which meets all the previously 
stated design goals. 

COMPARING BYTEWYDE MEMORY WITH OTHER 
ALTERNATIVES 

Implementing microprocessor memory designs with a 
coherent packaging strategy enhances density and has 
other advantages. Most microprocessor based systems 
require a portion of their memory to be non-volatile, 
namely ROM or EPROM. Therefore, a large portion of 
the packaging strategy involves the right combination of 
RAM, ROM and/or EPROM. 

The exact mixture of ROM/EPROM and RAM is rarely 
known at design time and frequently changes during 
the course of the product life. As a result, commonly 
used approachs to building microprocessor memories 
are restrictive in that ROM/PROM and RAM do not 
share the same package. 

A substantial amount of printed circuit board space is 
conserved when a single matrix of 28 pin sockets is 
used, as opposed to the two matrices of ROM/PROM 
and RAM each having their own space requirements for 
expansion. BYTEWYDE pin compatible memory devices 
of RAM, ROM and EPROM make possible high density 
memory, yet allowforflexibility and future expansion by 
using a single matrix of 28 pin sockets. 

With single matrix fewer constraints are placed on the 
memory configuration, since RAM and ROM/PROM are 
mixed at will. Expansion can be accomplished by using 
the next generation components which will be pin 
compatible with presently available BYTEWYDE memory. 

A comparative analysis of current technology alterna­
tives for implementing 4K x 8 RAM plus 8K x 8 EPROM 
memory has been performed (see Figure 16, Matrix A, B 
and C and Comparative AnalysisTable, Figure 17). The 
printed circuit board density has been determined, 
using two sided printed circuit board with .05 inch 
layout rules. The advantages and disadvantages of each 
approach are summarized in a table. 
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INTERFACE TO AN MK3880 
Figure 14 
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CONCLUSION 

RAM, ROM, EPROM interchange, consistent control 
functions, a coherent packaging philosophy, future 
density upgradeability without redesign, and memory 
expansion by addition of a single device make 
BYTEWYDE memory a natural selection for new 
microprocessor memory design. The standardization of 
BYTEWYDE memory can eliminate many problems 
imposed by ever changing software and heretofore rigid 
memory configurations. BYTEWYDE is a concept for the 
future which makes sense today. Alternative 
approaches have shortcomings which cause them to be 
less cost effective. Dynamic RAMs with x1 organizations 

PHOTOGRAPH 
Figure 15A 

PRINTED BOARD LAYOUT (SOLDER SIDE) 
. Figure 158 
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are meaningful for large memory but inappropriate as a 
building block for smaller microprocessor memory. 
Static RAM like the 21141 K x4 require higher package 
count, offer no upgrade potential, and lack compatibility 
with ROM/EPROM. The printed circuit board density 
achieveable using BYTEWYDE memory is equivalent to 
the alternative approaches today and will be superior in 
the future without redesign. Memory cost is minimized 
by the increased engineering return on investment and 
economics to scale associated with prolonged usage of 
the same design. 
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CIRCUIT BOARD LAYOUT (COMPONENT SIDE) 
Figure 15C 
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MOSTEI(. 
DESIGN MEMORY BOARDS FOR RAM/ROM/EPROM INTERCHANGE 

Microcomputer-system designers can realize great 
benefits if their equipment has the flexibility of using 
mixtures of RAM, ROM and EPROM. For one thing, this 
capability allows them to take advantage of price 
differentials between memory-IC types; for another, it 
allows them to efficiently exploit these chips' different 
volatility characteristics. 

This section details a method to achieve the desired 
flexibility: The technique it presents permits a single 
pc-board design to use multiple types of memory ICs. 
Furthermore, the method will work not only with today's 
devices, but with tomorrow's parts as well. Thus, you 
can use it to build systems that can readily be improved 
as technology advances. 

AIM FOR SOCKET COMPATIBILITY 

At any time, the density of available single-chip ROM is 
as much as four times that of EPROM, while EPROM is 
as much as twice as dense as RAM. Because this 
approximate density relationship is expected to 
continue, a particular J.I-C system design, if it is to have a 
long product life, must accomodate blocks of memory in 
as much as a 16:1 ratio. This requirement in turn 

Figure 1 

CEO 0 0 

A12 
0 0 

(74S138) -eE1 
All (4118) 

Al0 lKx 8 
RAM 

+5V 

MREQ 

0 0 
0 0 

(4118) 
18 

lKx 8 
RAM 

Address decoding for memories of identical capacity requires only a simple 
1-of-8 decoder. A fixed 1 K - word socket address space is shown. 

Application Note 
dictates the need for a flexible address-space decoder: 
To accept devices that have an address space ranging 
from 1 K to 8K, for example, a memory-IC socket must 
have a decoding mechanism that can accommodate 
such address-space differences. 

A technique of programmable address-space manage­
ment can meet this requirement. For memories of equal 
address space (same capacity), a simple 1-of-8 decoder 
such as the 745138 works well (Figure 1). If you can 
Ii mit memory usage to two different capacities, a 1 -of-8 
decoder, a quad AND gate and jumper wires (or a DIP 
switch) suffice (Figure 2). However, to support a wide 
range of memory capacities, a programmable bipolar 
ROM used as an address-space decoder provides the 
most flexible solution (Figure 3). 

The most popular wide-word memory package today is 
the 24-pin DIP: It's used for the 4118 (1 K x 8) RAM, the 
2716(2Kx8) EPROM, the36000(8Kx8) ROM, etc. But, 
although this 24-pin package serves today's devices, it 
can't support future higher capacity memory chips. The 
logical extension? A longer 28-pin package with the 
same center-to-center spacing and width. By using 
such a package and then carefully selecting their pinout 

Figure 2 
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MREQ 

AODRESS 
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o ·1K 
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2·3K 
3 ·4K 
4·5K 
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0·2K 

2K·4K 
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TERMINAL 

1 
3 
4 
6 
7 
9 

10 
12 
2 
5 
8 

11 

SOCKET 

c 
o 
E 
F 
A 
B 

SOCKET A 

E 
CE4 18 lKx 8 

L----:~, 4118 
RAM 

F 
CE6 18 lKx 8 """--=--'-1 4118 

RAM 

A satisfactory address-decoding solution for memories with two different 
capacities employs a decoder, an AND gate and appropriate jumpers or 
switches. This technique handles 1 K-or 2K-word devices equally well. 
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configurations, IC makers can obtain a high degree of 
compatibility between 24- and 28-pin memories­
whether RAM, ROM or EPROM. 

Fortunately for designers, such a trend is now very 
much in evidence. One example of such a 28-pin 
memory is Mostek's 4816 (2K x 8) RAM, soon to be 
joined bythe37000(8Kx8) ROM and the 2764(8K x8) 
EPROM. 

Note, however, that although the pinouts of various 
types of wide-word memories ~re similar, they are not 
exactly identical: Certain funct~?ns do not exist for all 
members of a manufacturer's family (WRITE ENABLE 
exists for the 4118 RAM, for example, but not for the 
2716 EPROM). Additionally, mUltiple power supplies 
greatly complicate pinouts, so device compatibility is 
limited to parts that operate from +5V only. 

Fi~ure 4 takes all of these factors into account. It shows 

Figure 3 
DM74S3B7 

256 x 4 PROM 

a layout of a 28-pin socket that maximizes the degree of 
device interchangeability among present and contem­
plated parts. Memory ICs with 24 pins plug into pins 3 
through 26. 

To put this pc-board design into perspective, consider 
Figure 5, which shows a 3880 ILP interfaced to eight 
28-pin memory sockets. By placing the proper pattern in 
the system's address-space PROM and selecting the 
appropriate jumpers, you can fill the memory sockets 
with any combination of today's (or tomorrow's) 
compatible RAM, ROM and EPROM devices. 

INTERCHANGEABILITY PRODUCES MULTIPLE 
BENEFITS 

The cost of any IC reflects its manufacturability and the 
volume in which it's produced. 

Taking the latter factor first, increasing the volume of a 

.---
lK 

A7 00 
rtW--o'5V CEo 20 

37000 A15 
A14 A6 ICl lK 

r"N'-o'5V A13 A5 
01 '------

A12 A4 lK I -All A3 ~+5V 
Al0 A2 02 CE, 20 2764 Al lK 

'" AO ~'5V 

l~V 
03 

El E2 -
Y 't ;:::::=: 

256 x 4 PROM lK CE2 20 2716 

A7 00 
rNii--o'sv 

'-- A6 IC2 lK """-
'--- A5 

01 
~'5V === ~. 

- A4 
lK A3 

rMi'--O'5V CE3 20 
A2 02 4118 
Al lK 

."'- AO ~.5V 
03 '------66 El E2 r-MATRIX y Y ¥~SELECTER 

J 
CE4 20 

411B 

MREQ 

-5V 

'------
ADDRESS PROM ICl PFlOM IC2 
BETWEEN OUTPUT OUTPUT === 00 0 1 0 2 0 3 00 0 1 0 2 0 3 CE6 20 0-8K l H H H H H H H 4118 
8-16K H l H H Ii H H H 
16-18K H H l H H H H H 
18-19K H H H l H H H H -
19-20K H H H H l H H H === 20-21K H H H H H l H H 
21-22K H H H H H H l H CE"a 20 4118 22-23K H H H H H H H l 

NOTE: 
Alternate memory matrices can be con- """-
figured by programming the PROM with r-ather patterns. Up to 16 different matrix 
configurations can be stored in one set of C~ 20 4118 
PROM patterns. and the desired matrix 
configuration can be selected with the 
proper jumpers in the matrix selector. -----

Progra~mable socket address space results from programming the PROM with a pattern corresponding to the desired socket address space. In this example. 
whenever an address between 0 and 8K is presented to Ie,. its 00 output is LOW. and all others are HIGH. 
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Figure 4 

4118 
4802 

* 

Figure 5 

34000 
2716 

* 

COMPATIBILITY TABLE 

MEMORY PART 
TYPE NUMBER CAPACITY PACKAGE 

ROM MK34000 2Kx8 24 PIN 
ROM MK37000 8KxS 28 PIN 
RAM MK4118 lKxS 24 PIN 
RAM MK4B02 2KxB 24 PIN 
RAM MK4816 2Kx8 28 PIN 
RAM MK4864 8Kx8 28 PIN 
EPROM MK2716 2KxB 24 PIN 
EPROM MK2764 8KxB 28 PIN 

4816 37000 37000 4816 34000 4118 
4864 2764 2764 4864 2716 4802 

RFSH--NC VCC 
A12/NC A12 

A7 ====:~~::::-' --vl--vt--
A6 A8 
AS AS 
A4 A11 I'NC VPP 
A3 OE 
A2 A10 -------------r (4118.4801) 
A1 ce 
AO 1/08 
1/01 , 1/07 
1102 1/0& 
1/03 1/05 
GNO 1/04 

NOTE: 
Par.entheses indicate pin number of 24-pin packages 
24MPin devices Bfe lower justified in pin 3 thru 26 of 28-pin socket 

Key to the interchangeability concept is the use ofa 28-pin socketto handle both 24- and 28-pin memory devices. 

COMPATIBLE SOCKETS WITH MK3880 

34000 ROM 2K x 8 
37000ROM 8K x 8 
411BRAM1Kx8 
4802RAM1KxB 0 
4816RAM2KxB D 
4864RAM8KxB C D 
2716 EPROM 2K x 8 A B D 
2764 EPROM 8K x 8 C D 

This ""P-based system accomodates a wide variety of RAM, ROM and EPROM combinations through variations in the address-space PROM pattern and the jumper 
connections. 
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part substantially reduces its manufacturing cost. Thus, 
standard devices with widespread usage generally offer 
long-term price advantages. And because socket 
compatibility enhances a memory device's chances of 
achieving high-volume sales; it should provide users 
with substantial cost savings, while also increasing the 
likelihood of viable second sources. 

Manufacturability of an IC relates to its die size and the 
number of steps in its manufacturing process. For a 
given defect density, the yield of good parts is 
geometrically proportional to ,size; ie, the smaller the 
chip, the greater its yield and the lower its cost. And of 
course, the fewer mask steps used to make the device, 
the lower the chip cost. 

The accompanying table provides an understanding of 
the relative magnitudes of these factors. 

ROM RAM EPROM 
(36000) (4118) (2716) 

Cell Size (miF) 0.25 2.02 0.65 
Number of Masks 8 11 13 
Capacity (bits) 8Kx8 1Kx8 2Kx8 

MDX-UMC BOARD 

ONE BOARD DOES IT ALL 

The viability and benefits of pin-compatible memory 
components are demonstrated by Mostek's Model 
MDX-UMC, a pc board that can handle 4118 (1 K x 8) or 
4802 (2K x 8) static RAMs, 2758 (1 K x 8) or 2716 (2K x 8) 
EPROMs and the 34000 (2K x 8) ROM. This capability 
permits a total of 16 different memory configurations 
using 4K boundary addressing. Thus, MDX-UMC-based 
memories could include 4K x 8, 8K x 8 or 16K x 8 
static-RAM boards; 4K x 8 or 8K x 8 ROM boards; or 8K x 
8 EPROM boards. 
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MOSTEI{® 
RESOLVING MICROPROCESSOR MEMORY BUS CONTENTION 

INTRODUCTION 

A microprocessor system will be plagued by reliability 
problems if attention is not given to timing parameters. 
One type of timing related problem often overlooked is 
memory bus contention. The symptoms range from 
catastrophic damage to soft errors which do not lend 
themselves to straight forward troubleshooting tech­
niques. When bus contention occurs, large current 
transients are generated. The transients are 8 or 16 
times the short circuit of single output due to the 
number of lines of the bus. This can disturb adjacent 
circuits or cause power supply fluctuations sufficient to 
destroy memory data integrity. The cause effect 
relationship of soft errors can be insidious and remain 
undetected until designs are into production. 

RESOLVING MICROPROCESSOR MEMORY BUS 
CONTENTION 

A good approach to microprocessor memory design is to 
provide two control functions so that memory system 
performance will not be compromised for lack of output 
buffer control. Memory busses are commonly con­
structed with three levels of complexity. In the simplest 
case the bus had unidirectional data flow. A more 

OUTPUT BUFFER CONFIGURATIONS 
(SHARED DATA BUS) 
Figure 1 

CE CE ROM B 
+5 

MICROPROCESSOR 

+5V 

complex bidirectional data bus allows data to flow into 
and out of the memory on the sa me lines but at different 
times thus conserving package pins, printed circuit 
board track, and connectors. To further conserve lines, 
addresses are sometimes multiplexed with a bidirec­
tional data bus. In any of these cases the system 
designer must be able to guarantee that for any point in 
time the bus be defined for data in, data out, or address. 
In this way bus contention is e.liminated. 

Bus contention occurs when two or more output buffers 
on the same line are enabled. In Figure 1 ROM A and 
ROMB are said to be in bus contention because "A" is 
sourcing current (1) and "B" is sinking current (0) at the 

Application Note 

same point in time. For proper system operation ROM A 
must go to a high impedance state prior to ROM B output 
turning on. This break before make characteristic is 
essential for all multi output bus schemes. Short 
periods of bus contention normally cause no catastrophic 
damage but do generate large amounts of system noise. 
This noise can cause an obscure system malfunction 
which does not lend to straight forward troubleshooting 
procedures. For reliable system operation bus contention 
must be avoided. The timing diagram (Figure 2) shows 
ROM A and ROM B implemented with output buffers 
controlled solely by CE (chip enable). In this case the 
output buffer enable time must be longer than the 
disable time to insure a contention free bus. The second 
data bus wave form shows the contention problem 
when CE enable "B" time is less than CE disable "A" 
time. 

If a fast OE (output enable) control is provided in addition 
to the CE control no constraints are placed on CE for bus 
contention. In this way .CE is reserved for device 
selection and OE for buffer control. When a device is 
given a CE, it is singled out in a matrix as the device to go 
into cycle. The selected device then powers up for the 
cycle. After the device is .selected, at a time when bus 
contention is not a problem, OE can be used to gate data 
on a nd off the bus. This freedom to control the bus with 
the OE allows the next cycle to be initiated with CE prior 
to the bus being released from the previous cycle thus 
enhancing performance or widening operating margin. 

A bidirectional data bus configuration generates the 
possibility of another form of bus contention when a 
write cycle is followed by a read. Typically the data in for 
a write must be held valid until the completion of the 
write cycle. During this write time data is flowing into 
the memory and is being driven by the output of the 
microprocessor. A read cycle immediately following will 
force the data bus to switch from data in to data out. If 
the read device output is solely controlled by CE the 
potential exists for the buffu[ to turn on before the data 
in (write data) from the microprocessor goes high 
impedance. The addition of an OE control function 
would allow the selection and initialization ofthe read to 
occur without delay by using OE to gate the read data on 
the bus after the write data is clear. Figure 3 shows 
what happens with and without the .additional OE 
control. 

An even more restrictive condition exists when the data 
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READ-READ BUS CONTENTION 
Figure 2 
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WRITE-READ BUS CONTENTION 
Figure 3 
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ADDRESS-DATA BUS CONTENTION 
Figure 4 
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bus is bidirectional and address is multiplexed as in the 
8085 or 8086 microprocessor. In this case the read 
cycle first has address on the bus followed by data.With 
a sole CE control a fast memory could cause bus 
contention by sourcing or sinking output current befQre 
the bus achieved a high impedance condition from the 
address state. This contention problem can be resolved 
without performance degradation by the addition of an 
OE as seen in Figure 4. 

Address/data bus contention can be further illustrated 
in an example involving a popular microprocessor and 
memory configuration as in Figure 5. An 8085 
microprocessor with time multiplexed address/data is 
shown using a PROM for memory device selection and a 
latch device for separating the lower 8 addresses from 
the data bus. The memory is comprised of a matrix of 
2114-3 1 K x 4 bit static RAMs which access in 300ns. 

"WITHOUT OE CONTROL 

The PROM decoder is inhibited by the M/IO and ALE 
signals until address decode is established and will 
generate a clean chip enable signal (CS) for the selected 
memory device within 30ns from the trailing edge of 
ALE. The address will arrive at the 2114 memory 
delayed 15ns due to the propagation delay of the latch. 
(See timing diagram Figure 6) once CS arrives at the 
appropriate memory device, CS to data active time 
begins to occur and the output can become active in as 
little as 20ns. As a result, 50ns (30 + 20) after the 
trailing edge of ALE the output buffers will go active (low 
impedance) onto the address/data bus. However, the 
address hold time from the 8085 is 100ns minimum 
from ALE which puts the bus in contention for some 
50ns. 

This contention problem can be resolved with some 
added logic for delaying the CS signal. However, for 
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Figure 5 

WE~----------------------------------------------------, 

ALEr----------------, 

101M 1--------. 

some applications this could degrade access which 
would require the selection of a higher performance 
device. The circuit board would also suffer the loss of 
potentially valuable real estate to the extra logic 
devices. 

A better solution is to use a memory device which has 
an output enable function (DE). Figure 7 shows the 
8085 memory interface with the MK4118 substituted 
for the 2114's. The chip enable(eE) and address signals 
are handled exactly as before. The difference is that 
read (RD) signal is connected directly to memory for 

r-----~----------~cs 

control ofthe output buffers. The timing diagram (Figure 
8) illustrates how the DE control function holds the 
memory output inactive for 130ns minimum until being 
activated by the microprocessor. The DE access time is 
fast enough so that no loss is suffered in performance. 

In short, the addition of the DE control function on 
memories provides the designer with a powerful tool to 
resolve bus contention problems. Memories without 
two control function often result in more restrictive 
performance or external bus control elements. 
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Figure 6 
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The memory's data out buffers can become active 20ns after CS is low, the address can still be on the bus for 
50ns after the memory output buffers are active. 
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Figure 7 

RD 
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Figure 8 
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No bus contention exist because the output buffers are held inactive by RD (OE) control until well after the 
address has cleared the bus. 
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MOSTEI(. 
N-CHANNEL MOS - ITS IMPACT ON TECHNOLOGY 

INTRODUCTION 

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

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

DYNAMIC RAMS 

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

Technology 
PIN CONNECTIONS MK4027 & MK4116 
Figure 1 
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DEVICE DESCRIPTION 
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Before delving into some of the system aspects and 
applications of 4K and 16K multiplexed Dynamic 
RAMs~ it is necessary to .discuss the fundamental op­
eration of the device. The MOSTEKMK4027 and 
MK4116 will serve as the models for the discussion. 
(Refer to the pin configuration in Fig. 1). As 
earlier, the basic operation of the MK4116 is very 
similar to that of the MK4027. The data storage 
within the memory is a matrix format with an equal 
number of rows and columns. The row address is 
applied to the address inputs and are strobed 
(latched) into the chip when RAS (Row Address 
Strobe) is applied. The Column Addresses are then 
applied and CAS (Column Address Strobe) is asserted 
causing them to also be latched. For the MK4027 
there are 6 address lines to address, 64 rows and 64 
columns giving 64 x 64 = 4096 bits. An additional 
pin (CS) is used for chip selection. For the MK4116 
the CS input is replaced by a seventh address input 
giving 128 rows and 128 columns for 128 x 128 = 
16384 bits. The Chip Select input that is present 
with the MK4027 is replaced with the additional ad­
dress input required for the 16K RAM. With the 
MK4027 the output is controlled by the negative go­
ing transition.of CAS. (See Figures 2 & 3). Once the 
output is set It cannot change until the part receives 
the next CAS. Without a Chip Sellict signal, the only 
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READ CYCLE TIMING FOR MK4116 & MK4027 
Figure 2 
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DEVICE DESCRIPTIONS (Cont'tI) 

possible method of chip selection_ on the 16K RAM 
would be decoding the Row Address Strobe. The­
Column Address Strobe (CAS) must ,activate every 
memory cycle to turn off the latched outputs of un­
selected RAMs. In giving up the Chip Select a very 
important system feature also disappears - the option" 

COpy OF INPUT 
DATA 

(or function) of two dimensional decode Within a 
memory matrix. Therefore, instead of 'the conven- , 
tional latch output that is incorporated in the exist'ing 
4K RAMs, thelVlK4116 requires a slightly modified 
output stage to. allow more system flexibility. The 
Data Out of the MK4116 becomes valid within the 
specified access 'time and will, remain valid until the 
Column Address Strobe (CAS) is taken to the inactive 
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DEVICE DESCRIPTIONS (Cont'd) 

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

THE DYNAMIC RAM IN MICROPROCESSOR 
SYSTEMS 

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

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

BLOCK DIAGRAM 
Figure 4 
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common elements of this system - which include in­
terface logic,. timing generator, decode logic, multi­
plex circuitry, refresh logic, and buffers -can be im­
plemented using approximately 12-20 standard TTL 
devices. A full 64K by B bit system, which is the 
maximum amount of addressable memory for most 
common microprocessors, can be constructed on a 
single (Double-sided) Printed Circuit Board in an area 
less than 50 square inches. 

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

Since most microprocessor systems do not require 
specialized memory operations such as read-modify­
write cycles, timing considerations for the Dynamic 
RAMs can be kept very simple. Therefore, interface 
convenience and device tolerance are more important 
than device operating modes. By not having an out­
put latch on the 16K RAM, a very important micro­
processor interface concept - the common I/O data 
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THE DYNAMIC RAM IN MICROPROCESSOR 
SYSTEMS (Cont'd) 
bus - can be. realized. For interface convenience, the 
data input pin of the 16K RAM can be directly con­
nected to the data output pin on the PC board. If 
common I/O operation is desired. for the 16K RAM, 
then all write operations should be executed in the. 
early write mode (WR ITE active low before CAS goes 
low). 

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

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

SMALL MEMORY Z80 INTERFACE 
Figure 5 
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because of the synchronous nature of microprocessor 
systems. This makes it easy to accomodate the multi­
plex and refresh timing of the RAMs. 

MINICOMPUTER/MAINFRAME APPLICATIONS 

A logical progression beyond the simple micro­
processor systems are the minicomputer applications 
and then mainframe computers. Here, concepts like 
multiway interleaved memory, Direct Memory Access 
(DMA), multiport memory and asynchronous bus 
techniques become a very important part of the sys­
tem. Usually in these larger, more diverse data pro­
cessing applications memory content integrity and re­
liability become absolutely necessary. Many times 
special .error detection/correction schemes are em­
ployed to ensure maximum system reliability. In an 
error corrected system extra bits of memory are 
added to each memory word. When the word is 
written into the memory a hamming type code is gen­
erated .and stored in the extra bits. When the data is 
read from the memory the extra bits are used to . 
check the validity of the data. The check code is 
such that if a single bit of the read word is incorrect it 
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LARGE MEMORY Z80 INTERFACE 
Figure 6 
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MIN ICOMPUTER/MAIN FRAM E APPLICATIONS 
(Cont'd) 

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

The "read-while-write" memory operation of the 16K 
RAM simply implies that both a read operation and 
write operation can occur at the same memory ad­
dress almost simultaneously. This is done by strob­
ing both the row and column address into the device 
and then waiting a sufficient amount of time after the 
Column Address Strobe 'is activated before the 
WR ITE command is given. The MK4116 and MK-
4027 has been designed and characterized such that a 
read operation can begin at a particular address and, 
even before data is accessed from the memory, a 
write operation can begin at the 'same address and 
within the same memory cycl~. The result of this op-
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MINICOMPUTER/MAINFRAME APpLICATIONS 
(Cont'd) 
eration is that data stored at a particular cell location 
will appear at the output of the device within the 
specified access time and data at the input pin will be 
written into the same selected cell location. The 
read-while-write operation is different from a read­
modify cycle in that read-modify-write cycle implies 
that data is read from the selected cell, then modi­
fied, and finally the modified data is written into the 
selected location. 

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

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

MEMORY TIMING AND CONTROL LOGIC 
Figure 7 
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requires that some contention logic be placed in the 
memory system to arbitrate between normal memory 
cycles and refresh cycles. The design of this conten­
tion logic is nontrivial to say the least, but it is not an 
unsolvable problem. Figure 7 shows the control logic 
for a memory card for use with an LSI-11 * micro­
computer. The arbitration logic (upper left corner) 
is designed such that distributed refresh cycles take 
priority over bus initiated cycles. If a distributed re­
fresh request comes at about the same time as normal 
cycle request the output of the gate (the 74565) 
might glitch causing the input to the delay line to 
glitch. A glitch into the delay line would cause a 
series of timing glitches on the major control signals 
(RAS and CAS) to the memory chip. To prevent the 
glitches on the output of the 74S65 a pulse stretch­
ing RC is added. This insures that the low going pulse 
from the AOI gate is long enough to properly set the 
latch made of the 74S132 and 74S00 gates which, in 
turn insures a proper timing waveform into the delay 
line. Note also that a delay is required between re­
questing a refresh cycle and starting refresh cycle (de­
lay circuit is bottom center of Figure 7). This delay 
allows the output of the latch to stabilize so that if a 
bus requested cycle is started it can complete before 
the refresh cycle starts. The convenient thing about 
the asynchronous bus in this scheme is that if the re­
fresh cycle starts before the bus requested cycle the 
asynchronous handshake signal (BRPL Y-L) can be de­
layed until the normal cycle is complete. 

COST CONSIDERATIONS 

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

r--------------, 
I 

I 
I 
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*LSI-11 is a trademark of Digital Equipment Corporation 
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COST CONSIDERATIONS (Cont'd) 

does not mean, however, that Dynamic RAMs are the 
most cost effective solution for all applications. Fac­
tors such as interface complexity, board density, data 
retention (battery back-up), power supplies, and test­
ing cost have a great deal of influence on the overall 
memory system cost. The additional cost for a 
Dynamic RAM interface over a static RAM interface 
is about $15. This added cost includes the refresh 
control and multiplexing logic; and the insertion and 
testing costs of the added logic. Additional power 
supply cost can be as small as $1 if +12 volt and -5 
volt supplies are required in the system for other than 
the memory. It can be as much as $20 if these sup­
plies must be added just to support the memory. If 
we assume a $3.00 component cost for a 4Kx1 Dy­
namic RAM, a $15.00 component cost for a 16Kx1 
Dynamic RAM and a $6.00 component cost for a 4K 
Static RAM, it should be evident that in systems 
requiring 4K bytes or less of memory the Static RAM 
is the best choice. For systems requiring 16K bytes 
or more of memory Dynamic RAMs are the most cost 
effective mainly because it only takes 8 MK4116's to 
get 16K bytes vs. 32 4K statics. The resulting savings 
in board area and insertion costs outweigh the pos­
sible extra cost of the power supply and control logic. 

A summary of estimated system cost for various 
memory sizes is given in Fig. 8. For this comparison 
it is assumed that insertion costs are negligible (they 

FUTURE TRENDS IN N-MOS DYNAMIC RAMS 

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

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

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

are not in reality) and that the +12V and -5V supplies STATIC RAMS 
must be added for the Dynamic RAM system with a 
cost of $20 + $1/watt. For the Static RAM it is Static RAM technology has advanced almost as rap-
assumed only that the +5 volt supply must be in- idly as Dynamic .. RAM technology and even though 
creased to support the memory at a cost of $1 /watt. Static RAMs do not match the densities of Dynamic 
Two types of static RAMs are shown one beinga fully RAMs they are cost effective in many applications. 
static 4Kx1 RAM that requires 500mW/device and The ease of use of Static RAMs makes them popular 
the other is an Edge Activated in 4Kx1 RAM that has devices for small memory systems and the semicon-
a frequency dependent power dissipation. ductor industry offers many different types of de· 

TYPICAL MEMORY SYSTEM COSTS (EXCLUDING PCB) 
Figure 8 

COMPONENT MK4116 MK4027 TMS4044 MK4104 

COMPONENT COST 
EACH ($) 15.00 3.00 6.00 6.00 

MEMORY SIZE 
(K BYTES) 16K 4K 8K 12K 16K 4K BK 12K 16K 4K BK 12K 16K 

MEMORY COMPONENT 
COST (S) 128.00 24.00 4B.00 72.00 96.00 48.00 96.00 144.00 192.00 4B.00 96.00 144.00 192.00 

INSERTION COST (S) 8.00 8.00 16.00 24.00 32.00 8.00 16.00 24.00 32.00 8.00 16.00 24.00 32.00 

ADDED POWER 
SUPPLY COSTS (S) 22.75 22.76 24.00 25.25 26.4B .79 1.0B 1.39 1.69 6.00 12.00 lB.OO 24.00 

INTERFACE COST ($) 20.00 20.00 20.00 20.00 20.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

TOTAL ($) 178.75 74.76 108.00 1412.00 174.78 59.79 116.09 172.39 22B.69 65.00 127.00 189.00 251.00 
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STATIC RAMS (Cont'd) 

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

\ 

The MK4104from MOSTEK uses dynamic circuitry 
in all but the storage matrix. The majority of the 
power in fully ~tatic parts is consumed by the buffers 
and decode circuitry. By replacing this power con­
suming static circuitry with very low power dynamic 
circuitry, MOSTEK achieves a part with the benefits 
of both Static and Dynamic RAMs, i.e. a Static RAM 
with low power. The importance of low power in a 
memory device cannot be overstated. Analysis of a 
large memory system shows that the memory device 
remains in a quiescent state most of the time. There­
fore, the steady state power of the memory devices 
determines the power consumed by the memory sys­
tem. Take, for example, two 16K byte memory sys­
tems for a Z80 microprocessor organized as 4 rows of 
8 chips (Figure 10) one of which consists of fully Sta­
tic RAMs with 500mW dissipation for each device 
and one system employing Edge Activated TM mem­
ory system Static RAMs such as the FIIIK4104. The 
memory system cycie time is 1.2/-1s worst case and 
then the average cycle time for single row of chips is 
4 x 1.2ns or 4.8/-1s. At this cycle rate the system em­
ploying MK4104's consumes about 35.2 mw/chip or 
1.125 watts for the memory while the fully Static 
RAM systems draws 500mW/chip or 16 Watts. This 
factor of 14 in power saving for the Edge Activa­
ted TM memory system translates to lower power 
supply costs, lower cooling costs, and higher reliabil­
ity. Because the MK4104's only consume an average 
of 35.2mW the junction temperature inside the pack­
age will only be about 2.5° C above the temperature 
outside the package. The junction temperature of the 
fully Static RAM will be about 35°C above ambient 
or over 32° C hotter than the MK41 04 in the same en­
vironment. MI L-STD-883 predicts that this 32°C 
difference in junction temperature would make the 
MK4104 system 14 times as reliable as the fully static 
memory system. 

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

Because of its high speed and matching price the 
2147 has little application in microprocessor systems 

and only limited uses in minicomputers. In mini­
computers the 2147 finds its best use in cache and 
writeable control store applications. Cache memory 
is a fairly small, high speed content addressable mem­
ory that is used to increase the apparent memory per­
formance. When the computer presents an address to 
the memory system the cache memory is checked to 
see if the requested data is resident. If it is, the data 
can be accessed rapidly. If not, a normal memory 
cycle is initiated and the data is read into the CPU 
and into cache so that it will be available if required 
again. The power of cache memory can be seen from 
a simple example. DEC uses a 2K byte cache on the 
PDP-11/70 that is backed up by 2M bytes of main 
memory. 95% of all memory accesses find the re­
quired data in the cache ('hit'). If the cache access 
time is 290ns and the main memory access time is 
500ns, the memory system performs as if it were 2M 
bytes of 31 Ons memory. Thus, the 2K bytes of cache 
improves the memory system performance by an im­
pressive 38%. Even if the system uses the memory at 
only 50% of its capabilities this improves the system 
throughput by 19%. 

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

For this reason MOSTEK has developed a 1 Kx8 high 
speed static RAM called the MK4801. The MK4801 
utilizes a static storage cell that is very similar to the 
MK4104 (reference cell dwg. in Fig. 9) with one ex­
ception. Rather than returning the load resistors to 
Vcc they are tied to the digit lines. The elimination 
of the Vcc line in the matrix allows the MK4801 to 
have a basic cell size of only 2.0mi12 as compared to 
2.7mil2. This particular arrangement can be used 
because the duty cycle of the digit lines is very low 
meaning that they are almost always at Vcc. Keeping 
the digit lines at Vcc requires that the MK4801 
operate somewhat differently from typical fully static 
parts. In the MK4801 an address transition detector is 
used on each address line. When any address changes, 
a set of clocks is triggered causing precharge of the 
output circuitry and other dynamic nodes. The row 
addresses are decoded in a no power tree decoder and 
a transition generated clock causes the addressed data 
to be latched into the output buffers. Once the data 
is latched the digit lines are again precharged to Vcc. 
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NEW SIATlC CELL 
Figure 9 

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

STATIC RAMS (Cont'd) 

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

The MK4801 is packaged ~n a PROM/ROM compati­
ble 24 pin package and has four control lines that 
allow easy implementation of a wide range of func­
tions. A Chip Select (eS) is included for ease of 
memory expansion. The CS access time is less than 
50% of access time so thatCS decoding does not de­
grade system performance. The Data I/O lines are bi­
directional and the output enable (OE) control can 
be used to prevent possible driver conflicts. The 
access time from OE is also less than 50% of address 
access. 

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

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

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

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

The list applications for Static RAMs is endless. The 
majority of systems using small amounts of RAM, 4K 
bytes or less, use Static RAMs and one rather large 
computer manufacturer (18M) uses Static RAMs 
almost exclusively in their mainframe computers. 

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

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

One of the most significant indicators that future 
microprocessor oriented static memory components 
will need to be Edge Activated TM is the growing 
trend toward microprocessors with multiplexed 
address and data busses. Any RAM that interfaces to 
this kind of microprocessor will need to have on-chip 
address latches to capture the addresses while they 
are on the b.us or else extra support circuitry would 
be required. These multiplexed microprocessors 
supply a signal to cause address capture and if Edge 
Activated TM memories are used this signal can be 
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MEMORY ARRAY 
Figure 10 
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used almost directly to clock the memory and latch 
the addresses on the memory chip so that no external 
latches are required. 

CONCLUSION 

The developments in NMOS memory technology have 
been impressive by any standards. WAOS has proven 
itself repeatedly as the technology holds promise for 
continued improvement in terms of density, speed, 
and flexibility. This will undoubtedly lead to further 
improvements in microprocessor and minicomputer 
flexibility and processing power. 
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With today's faster, more powerful microcomputer 
chips emerging in abundance, and larger, more 
memory-intensive programs being written, semi­
conductor memory requirements for larger storage 
capacities, faster access times, and lower subsequent 
costs have become dominant system design factors. 
Basic semiconductor memory-chip technology in­
volves variations of random-access memory (RAM) 
and read-only memory (ROM). RAM allows binary 
data to be written in, and to be read out. New and 
different programs and data can be loaded and 
stored in RAM as needed by the processor. Because 
information is stored electrically in RAM its contents 
are lost whenever power goes down or off. When 
fixed, or unchanging, programs ano data are needed 
by the processor, they are loaded into some form of 
ROM. In ROM, information is physically (perman­
ently) embedded; therefore, its contents are preserved 
whenever power is off or interrupted momentarily. 

Semiconductor memory chips are normally manu­
factured using either bipolar or metal-oxide semicon­
ductor (MOS) technologies. Bipolar and MOS 
memories implement bipolar transistor and MOS 
field-effect transistor (MOSFET) arrangements, res­
pectively, to store addressable sequences of binary 
1 s and Os. MOS memories are either static or dy­
namic. Static memory depends on a dc level for 
operation; it is easier to implement in many cases, 
but requires more power. Dynamic memory requires 
clock signals or level changes for operation; thus more 
external circuitry may be needed. However, chip 
size and thus cost is reduced as is power dissipation. 

Typically, ROM has been the limiting component 
in computer system design, operation, and manufac­
turability. Problems like slow access time, high power 
dissipation, long prototype and production cycles, 
and lack of second sources have concerned computer 
system and equipment designers. This article sum­
marizes the present MOS ROM state-of-the-art and 
describes the progress made by the semiconductor 
industry in manufacturing improved ROMs. 

ROM TYPES AND PRINCIPLES 

Major types of read-only memory (ROM) are: basic 
mask programmed ROM; electrically programmable, 
ultraviolet erasable (EPROM); electrically alterable 
(EAROM); electrically erasable (EEROM); and field 

MOSTEI{. 
AN UPDATE ON MaS ROMS 

Technical Brief 
programmable (p/ROM) .. EPROM is electrically pro­
grammable, then erasable by ultraviolet (UV) light, 
and programmable again. Erasability is based on the 
floating silicon gate structure of an n- or p-channel 
MOSFET. This gate, situated within the silicon dio­
xide layer, effectively controls the flow of current 
between the source and drain of the storage device. 
During programming, a high positive voltage (nega­
tive if p-channel) is applied to the source and gate 
of a selected MOSFET, causing the injection of 
electrons into. the floating silicon gate. After voltage 
removal, the silicon gate retains its negative charge 
because it is electrically isolated (within the silicon 
dioxide layer) with no ground or discharge path. 
This gate then creates either the presence or absence 
of a conductive layer in the channel between the 
source and the drain directly under the gate region. 
In the case of an n-channel circuit, programming with 
a high positive voltage depletes the channel region 
of the cell; thus a higher turn-on voltage is required 
than on an unprogrammed device. The presence or 
absence of this conductive layer determines whether 
the binary 1-bit or the O-bit is stored. The stored bit 
is erased by illuminating the chip's surface with UV 
light. The UV I ight sets up a photocurrent in the sili­
con dioxide layer which causes the charge on the 
floating gate to discharge into the substrate. A 
transparent window over the chip allows the user to 
perform erasing, after the chip has been packaged and 
programmed, in the field. EAROMS use electrical 
pulses to clear all bits simultaneously. 

The p/ROM has a memory matrix in which each 
storage cell contains a transistor or diode with a 
fusible link in series with one of the electrodes. 
After the programmer specifies which storage cell 
positions should have a 1-bit or a O-bit, the p/ROM 
is placed in a programming tool which addresses the 
locations designated for a 1-bit. A high current is 
passed through the associated transistor or diode to 
destroy (open) the fusible link. A closed fusible link 
may represent a O-bit, while an open link may rep­
resent a 1-bit (depending on the number of data 
inversions done in the circuit). A disadvantage of the 
fusible-link p/ROM is that its programming is per­
manent; that is, once the links are opened, the 
produced bit pattern cannot be changed. 

Two other types of p/ROM that are not as prevalent 
in the industry, but deserve mention are EEROM and 
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EAROM. The first, EE ROM or electrically erasable 
ROM, works similarly to the "floating gate" EPROM 
but can be erased (all bits) by electrically pulsing the 
device. The EAROM or electrically alterable ROM 
utilizes special processing techniques that allow bit 
locations to be reprogrammed at any time. However, 
unlike a RAM, the write cycle is very long preventing 
its use as a non-volatile RAM where both read and 
write cycles are to be used. Both E E ROM and 
EAROM are used mostly in specialized applications 
where nonvolatility and electrical erasability are 
requ i rements. 

In mask-programmed ROM, the memory bit pattern 
is produced during fabrication of the chip by the 
manufacturer using a masking operation. The mem­
ory matrix is defined by row (X) and column (Y) 
bit-selection lines that locate individual memory 
cell positions. 

For example, in Fig 1 refer to column C2 and row 
127 as the storage cell location of interest. When the 
proper binary inputs on the address lines are decoded, 
the cell at R127 ' C2 will be selected. If the drain 
contact of th is cell is connected to bit line L2, then 
L2 will be pulled below threshold, turning off device 
C2; note that devices Co' C1, and C3 through C15 
will also be off since they are not addressed. There­
fore, device A pulls the OUT line to Vcc for a logic 1 
output when cell R127 , C2 is selected. 

Alternatively, consider when cell R 127 ,C2 is masked 
it does not have a drain contact to bit line L2. Then 
when this cell is addressed, device C2 is now con­
nected to Vcc and will be turned on. Thus, the OUT 
line will be pulled to ground through device C2 and 
will appear as a logic 0 output. To program a 1 or a 0 
into a ROM storage cell, the drain contact will or 
will not be connected, respectively, to the particular 
bit line. Note that this type of programming is 
permanent. An alternative method of performing the 
same operation would be to eliminate the gate of the 
storage cell. 

Typical ROM applications include code. converters, 
look-up tables, character generators, and nonvolatile 
storage memories. In addition, ROMs are now playing 
an increasing role in microprocessor-based systems 
where a minimum parts configuration is the main 
design objective. The. average amount of ROM in 
present microprocessor systems is in the 10K- to 
20K-byte range, while some applications utilize as 
much as 30K or 40K bytes. Fig 2 shows a block 
diagram of a typical microprocessor system in which 
ROM is the predominant program storage element. 
In this particular application, the 16K ROM is used to 
store the control program that directs CPU operation. 
It may also store data that will eventually be output 
to some peripheral circuitry through the CPU and the 
peripheral input/output (P I/O) device. 

PORTION OF ROM MATRIX AND OUTPUT CIRCUITRY OF MK 34000 
Figure 1 
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If drain contact is made (1 state) when particular cell is accessed, storage transistor will cause OUT line on 
device A to pull high (to Vcc). If contact is not made to drain, device will pullOUT line low (0 state). 
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SYSTEM DEVELOPMENT CYCLE 

In a microprocessor system development cycle, seve­
ral types of memory (RAM, ROM, and EPROM or 
p/ROM) are normally used to aid in the system design. 
After system definition, the designer will begin 
developing the software control program. At this 
point, RAM is usually used to store the program, 
because it allows for fast and easy editing of the data. 
As portions of the program are debugged, the de­
signer may choose to transfer them to p/ROM or 
EPROM while continuing to edit in RAM. Thus, he 
avoids having to reload fixed portions of the program 
into RAM each time power is applied to the develop­
ment system. 

Decision making on the part of designer and manu­
facturer is required during the next step in the 
development cycle. Depending on the type and quan­
tity of microprocessor systems to be produced, 
a decision has to be made as to whether ROM, 
p/ROM, or EPROM will be used for permanent 
program storage. If only a few systems are to be 
manufactured, it may be more cost-effective to use 
either p/ROM or EPROM. EPROM-based storage 
also allows the main program to be changed at any 
time, even in the field by the end-user. The p/ROM­
based system requires replacement; however, it is 
field programmable. If the main requirement is a 
minimum parts configuration and many micropro­
cessor systems must be produced the decision should 
be to use ROM-based storage. 

MICROPROCESSOR BLOCK DIAGRAM 

Figure 2 

T 

INPUT 
DATA 

Typical microprocessor system utilizes CPU, P I/O, 
and 16K ROM. 

For many designs, fast manufacturing turnaround 
time on ROM patterns is essential for fast entry into 
system production. This is especially true for the 
consumer "games" market. Several vendors now 
advertise turnaround times that vary from two to six 
weeks for prototype quantities (typically 25 pieces) 
after data verification. Data verification is the time 
when the user confirms that data have been trans-

. ferred correctly into ROM in accordance with the 
input specifications. 

Contact programming is one method that allows 
ROM programming to be accomplished in a shorter 
period of time than with gate mask programming. 
The step-by-step ROM manufacturing process is listed 
in Table 1. N-MOS ROMs go through basically the 
same processing steps. In mask programming, most 
ROMs are programmed with the required data bit 
pattern by vendors at the first (gate) mask level, 
which occurs very early in the manufacturing process. 
In contact programming, actual programming is not 
done until the fourth (contact) mask step, much 
later in the manufacturing process. That technique 
allows wafers to be processed through a significant 
portion of the manufacturing process, up to "contact 
mask". and then stored until required for a user 
pattern. Some vendors go one step further and prog­
ram at fifth (metal) mask. This results in a signifi­
cantly shorter lead time over the old gate-mask­
programmable time of 8 to 10 weeks; the net effect 
is time and cost savings for the end user. 

MOS ROM MANUFACTURING PROCESS FLOW 

Table 1 

Wafer 
Oxidation 
Nitride 
First Mast 
(Gate Mask) 
Etch 
Second Mask 
Implant 
Polysilicon 
Third.Mask 
Oxidation 
Fourth Mask 
(Contact) 
Etch 
Metallization 
Fifth Mask 
Glassification 
Sixth Mask 
Test 
Assemble 
Ship 

-T 
Time Saved In 
ROM Turnaround 

~ 
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ROM VS DISCRETE LOGIC COSTS 
Table 2 

ROM Capacity 
(Total Bits) 

Functional Estimated 
ROM Cost IC Gates ICs IC Dollars 

8K 
16K 
32K 
64K 

$7 to 8 
$8 to 9 
$16* 
$201 

500 to 999 50 to 99 $20 to 39 
1000 to 1999 100 to 199 $40 to 79 
2000 to 3999 200 to 399 $80 to 159 
4000 to 7999 400 to 799 $160 to 319 

*Projected cost 

COST CONSIDERATIONS 

Consider a typical microprocessor system and what 
ROM can provide in terms of cost savings over 
discrete logic and EPROM. Assume that a single gate 
function can be replaced with eight to ten bits of 
ROM and that most of today's transistor·transistor 
logic (TTL) integrated circuits (ICs) contain on the 
order of ten functional gates having an average selling 
price of $0040. The typical microprocessor system 
contains 20K bytes of ROM. Table 2 compares the 
costs of ROM versus discrete logic. 

From the table, one 16K (2048 x 8·bit) ROM can 
replace 100 to 200 TTL packages. Depending on the 
total quantity of ROMs required, it can be seen 
that they are a cost-effective alternative to discrete 
logic. 

Additional savings are possible when ROM is used. 
Board area is reduced, which lowers material cost; 
fewer packages reduce insertion costs; and, with 
smaller boards and fewer interconnections, the cost 
of incoming inspection is also decreased. When 
board troubleshooting costs go down, overall system 
reliability increases. 

At this time, the largest cost-effective EPROM size 
available is 1024 x 8 bits or 8192 total bits. However, 
there are many 2048 x 8 bit, or 16K ROMs available. 
At an average selling price of $16/EPROM and 
$8/ROM, it is evident that ROM remains the most 
cost effective solution. For every two 8K EPROMs, 
only one 16K ROM is needed. The disadva'ntage of 
ROM in small quantities is the mask charge (usually 
$500 to $1000). In larger production quantities, 
the mask charge is waived when a minimum number 
of parts have been purchased (typically 500 to 
1000 pieces/pattern). 

KEY PERFORMANCE 

With faster and more powerful microprocessors 
entering the market, ROM performance is more 
important than ever, especially since ROM has typ­
ically been the limiting factor in system processing 

speed and operation. When 16K ROMs were intro­
duced several years ago they were fairly slow, with 
access times ranging from 550ns to well over' 1.0 
JlS. These ROMs made it difficultto take advantage 
of the full speed capability of newer microprocessors. 
If processing speed was paramount, the designer 
usually selected bipolar ROMs, which possess fast 
speed but have high power dissipation. Density costs 
are also higher. . 

Newer MOS ROMs (such as the MK34000, and 
and 36000) provide the system designer with both 
speed and density. Access time is 300ns worst case, 
specified over the full power supply and temperature 
ranges. I n addition, since many microprocessors 
now have only a single power supply requirement 
(5V), the trend in 16K,I32K/64K ROM designs is also 
slanted to this single voltage. Most vendors offer a 
±5% supply voltage tolerance and at least one speci­
fies ± 1 0%. 

OTHER PARAMETERS 

Many ROM-based memory applications are subject to 
various detrimental environmental conditions. For in­
stance, an intelligent data entry terminal used on a 
busy outdoor loading dock could be exposed to 
vibration-generated electrical noise, extreme temper­
ature variations from -20 to 125°F (-28 to 51°C), 
machine-generated noise, and power line fluctuations. 
Critical ROM parameters, such as temperature range, 
input levels, output drive, power supply tolerance, 
and power dissipation, are being accommodated by 
innovative memory design and processing techniques 
to optimize performance and reliability. 

Extensive use of ion implantation as a means of 
controlling circuit zero bias threshold voltages is now 
prevalent. One ROM vendor uses a substrate bias 
generator, often called a charge pump which results in 
much wider operating tolerances. Input levels of 
2.0V, ± 1 0% power supply tolerances, wider operating 
temperature ranges, faster access times, and lower 
power dissipation are now available. 
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Important data sheet parameters that a designer 
should examine when specifying ROMs are listed in 
Table 3. Of course, which parameters are important 
to the individual designer depends entirely on the 
application. In the loading dock example cited 
previously, temperature range may be the most 
critical. In a military airborne application, temp­
erature range and power dissipation would be most 
important. 

IMPORTANT DATA SHEET PARAMETERS 
Table 3 

General 

Absolute maximum voltage ratings - voltages beyond 
which parts are likely to be destroyed 

Absolute maximum temperature - operating and 
storage temperatures beyond which parts may be 
permanently damaged 

"Recommended" operating conditions- operating 
conditions that the manufacturer requires for 
proper operation 

DC parametrics- current and voltage parameters at 
specified conditioRs 

Timing diagrams - part timing specifications essential 
for system design 

Capacitance specifications - particular input and 
output specifications required to avert drive prob­
lems 

Package specifications- pin-outs and package me­
chanical data for layout and environmental require­
ments 

Specific 

Voltage and current levels - input and output low 
and high voltage and current levels on all inputs 
and outputs 

Power supply regulation - detailed power supply re­
gulation specifications 

Output capacitance test value - this value deter­
mines maximum number of parts which can be 
strung together and still meet specifications 

Standby and output leakages 

Input and output leakages 

Timing parameters --.:. all timing parameters required 
, to totally specify system operation 

Input methodologies - ROM's truth table should 
indicate accepted input methodologies, including 
card, tape, or transmit, formats 

Operating temperature specifications - should allow 
for proper system margins after enclosure temp­
erature rises are taken into account ' 

CHARGE PUMP TECHNIQUE 

Although the ROM charge pump technique has been 
utilized for several years, a new design approach has 
evolved (Fig 3). The charge pump is an on-chip bias 
generator that is used to shift the thick-field thres­
holds (VT) to their proper operating levels, as well as 
to reduce junction capacitance of the circuit. In dy­
namic RAMs, an external VBB power supply is used 
for this purpose. This fixed value bias is useful, as 
such, but it does not compensate thresholds over 
temperature. In the MK34000 and 36000 ROMs 
(16K, and 64K respectively), the, charge pump 
approach does temperature compensate for 
thresholds by utilizing a method of VT feedback. 
A threshold detector compares VT values of the 
circuit with an on-chip voltage reference (V R)' 
Significantly, V R is always a fixed percentage of the 
VCC supply rather than being VT depelldent. Nor­
mally, the VCC supply can be held constant over a 
specified temperature range; thus, the reference will 
also remain constant, keeping VT constant. Even if 
the supply voltage changes, the reference voltage will 
cause the effective VT to be within its operating 
range for a particular supply potential. 

The bias generator is actually an on-chip gated oscill­
ator (A) that, when operating, "charges up" the 
substrate capacitance of the chip with a negative 
potential. The threshold detector wi!1 turn the 
oscillator on or off if it detects either an inequality 
or an equality, respectively, of VR and VT' This is 
especially important for VT versus temperature. 
Typically, as temperature goes up. VT gOes down; 
with normal process tolerance inCluded in the total 
VT, this could severely limit the allowable specified 
levels and temperature range. The threshold detector 
is sufficiently accurate', so that it can compensate for 
small changes in VT during normal operation of the 
part. Fig 4 shows the behavior.of VT, VBB, and com­
pensated VTC over an extremely wide temperature 
range. The outstanding feature of the compensated 
VT curve, is that it is flat over a significant range in 
temperarure. It can be shown that the overall effect 
is an improvement ,in system margins, improved 
yields, and reliability. This is all possible with no 
increase in chip size and an insignificant increase in 
power supply current (typically 1 mAl. 

SYSTEM RELIABILITY 

Replacing many random logic circuits with a single 
MaS ROM not only makes good economic sense, but 
also significantly increases reliability. Printed circuit 
(PC) board area is reduced along with a multitude or 
system interconnections. It is possible for a, single 
ROM to eliminate 2000 interconnections when bond­
ing wires and PC board etches are taken into account. 
This means fewer chances for opens, shorts and lay­
out problems. When using ROMs, troubleshooting is 



ON-CHIP SUBSTRATE BIAS GENERATOR 
Figure 3 
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Simplified circuit diagram' of an on-chip substrate bias generator which utilizes a method of VT feedback. Circuit will only gen­
erate a negative bias when VT does not equal reference voltage. When operating. circuit draws a minimum amount of power while 
.requiring no additional layout space on chip. 

OPERATING MARGINS 
Figure 4 
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By comparing curves showing VT versus ambient 
temperature for circuit with and 'without substrate 
bias generator. it can be seen that operating margins 
ofa noncompensated device may be quite limited. By 
utilizing VT feedback method of device operation. VT 
can be held constant over significantly wide temp­
erature range. Plot also shows VBB versus temper­
ature with generator operational. 

XIII-3S 



simplified 'because there are fewer components, inter­
connects, and contacts. 

In addition, vendors have learned techniques for 
lowering the power supply current requirements of 
ROMs. One method utilized is a static matrix with 
dynamic or "edge activated"* control circuitry. 
The MK36000 ROM, for instance, draws a typi­
cal average current of only 40mA, compared with 
80mA typical of a comparable density totally static 
device. When supply current is low, chip temperature 
is low and reliability is enhanced. 

Many vendors now offer enhanced reliability screen­
ing as an option. This screening may include tempera­
ture cycling for detecting die- and bond-related prob­
lems, and also fine and gross hermeticity testing. In 
addition, many offer an option on burn-in to weed 
out infant mortalities. Extended temperature range 
16K ROMs are available, as well as devices processed 
to MI L-STD-883A, Level B. Table 4 lists the 100% 
screening requirements called out by this specifi­
cation. While this screening has historically been re­
served for military applications, more users are re­
quiring it as a matter of course. Screening of this 
type means that the user receives the highest reli­
ability possible in his parts. 

SCREENING REQUIREMENTS 
SPECIFIED FOR MIL-STD-883, CLASS B 
Table 4 

Test Method Condition 

Visual 2010.2 Condition 8 

Stabilization 100B.1 Condition C 
Bake 24h at 150°C 

Temperature 1010.1 Condition C 
Cycle -65 to 150°C 

10 cycles 

Centrifuge 2001.1 Condition E 
30k Gs VI 
Plane 

Hermiticity 
Fine 1014.1 5x10·B 

Atm.cm3/s 
Gross 1014.1 Condition C 

Pre·Burn-ln Static and 
Electrical Test Dynamic Tests 
Burn·ln 1015 COl1dition 0 

(Dynamic 160 h mbn at 
Operating) TA=125 C 

Final Static and 
Electricals Dynamic perl 

Data Sheet 

Quality See Mfg's l. 
Conformance Quality Specification 

External Visual 2009 

Test Level 

100% 

100% 

100% 

100% 

100% 

Mfg's 
Option 
100% 

100% 

Sample 

100% 

CONCLUSIONS 

Turnaround time has been reduced to a tolerable level 
pin-outs are being standardized, ROMs are providin~ 
larger memory capacity with higher performance, and 
data are more easily transferred. In the future the 
greatest number of applications will most likely be in 
microprocessor systems. Microprocessor memory 
requirements continue to increase as control programs 
get larger and applications become more sophisticated. 
Concurrently the microprocessor is becoming higher 
performance with more control capability, as wit­
nessed by recent 16-bit high speed devices. Today's 
new generation MOS ROMs are being designed to 
interface directly and easily while occupying a mini­
rhun of space. The importance and necessity of ROMs 
to system design have resulted in a continual effort by 
the semiconductor industry to improve performance, 
reliability, and cost. 
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MOSTEI{. 
EVOLUTION OF MOS TECHNOLOGY 

ABSTRACT 

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

INTRODUCTION 

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

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

Technical Brief 

INTEL 1103 AND MOSTEK 4006 
Figure 1 

INTEL 1103 MOSTEK 4006 

Dour DIN/OUT 

READ READ 

Vss Vss 

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

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

The early 3T 4K devices did not survive and were 
rapidly replaced with the second generation 4K, 
which utilized a single transistor and capacitor for 
storage to greatly enhance density. The major pro­
blem to overcome with this cell was the small amount 
of signal available for detection. Several sensing 
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schemes were developed to handle this problem. One MK4116 CELL LAYOUT 
technique utilized a single.ended sense amplifier.The Figure 3a 
balance technique had far better characteristics and 
became the dominant technique which is utilized 
today. These different sense configurations are shown 
in figure 2. It must be appreciated that without de· 
velopment of these sense amplifiers the single transis­
tor cell would not be possible. MOSTEK combined an 
innovative layout scheme with the balanced sense 
amp to permit use of active rather than passive load 
circuits for writing through the sense amplifier. This 
has resulted in a halving of the dynamic RAM's power 
dissipation. The 4K devices were well accepted by the 
user community and slowly but surely began a long 
but continuous displacement of core memories. 

BALANCED SENSE AMPLIFIER 
Figure 2a 

SINGLE ENDED SENSE AMPLIFIER 
Figure 2b 

The MK 4096 introduced by MOSTEK in 1973 esta­
blished the industry standard pin out. The successor 
to the 4096 was the revolutionary MK 4027 from 
MOSTEK which dramatically reduced the die size 
while dramatically improving the speed. The 4027 set 
new standards within the industry and established the 
specification standards that have to be met. The 
4027 utilizes MOSTEK's process known as Poly I. This 
process utilizes a single transistor cell which has an 
area of about 1.008 miF. The successor to the 4027 
is MOSTEK's MK 4116, 16K dynamic RAM. The 
16K was made possible by the Poly liT M process 
which reduced the single transistor cell size to .55 
miF. The Poly IITM process utilizes two levels of 
Poly in the cell location. The implementation of this 
cell is shown in figure 3. 
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Figure 3b 
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RAM density improvements in the past have come 
from both circuit and process innovations. The graph 
of figure 4 shows the evolutionary decrease in the 
number of devices per cell as a function of density in­
crease. Today we are at a minimum cell configura· 
tion, one transistor and· one capacitor. The 
Poly II (TM) process permits packaging the capacitor 
and transistor in the space of only one device, since 
no layout space is required to separate these compo­
nents as in the Poly I process. A further decrease in 
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the number of components or improvements in lay­
out seems unlikely. Process innovation will, however, 
continue. In devices through 16K a two dimensional 
shrinking of dimensions has been employed along 
with circuit improvement to create a manufacturable 
die size. 

DEVICES/CELL VS BITS/CHIP 
Figure 4 
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SQUEEZING 

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

MEMORY CELL AREA VS BITS/CHIP 
Figure 5 
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The slope in the graph lines indicate the squeezing 
mechanism while the verticle steps show cell element 
reduction. The one anomaly to this lies in the 4K re­
gion. Significant area reduction here was achieved by 
going from the MK 4096 metal gate single transistor 
cell to' the silicon gate single transistor cell of. the M K 
4027. This required a major technology improvement 
asdid the Poly II (TM) process of the 16K. 

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

RANDOM ACCESS MEMORY DENSITY 
EVOLUTION 
Figure 6 
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Looking back historically, the replacement of each 
generation MOS RAM by its successor has taken place 
by introducing a new memory cell of about one half 
the area of its predecessor and by tightening design 
rules used. As a result die size has increased by about 
a factor of 2 while the number of bits per chip has in­
creased by a factor of 4. Itis interesting to note that 
in evolving from a 64 bit device to a 16K device the 
RAM circuit density has increased by a factor of 
more than 60. 

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

SCALING 

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

"BRUTE FORCE" APPROACH 
Figure 8 
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The benefits of scaling are numerous. The most signi· 
ficant is that die area goes down by a factor of K2 
permitting the next generation of products. A second 
benefit of scaling is that device performance increases 
dramatically thereby permitting the N-MOS techno­
logy to participate in a broader applications spectrum 
than was previously available. The process developed 
by MOSTEK applying scaling theory is called 
SCALED POLY 5. 

SCALED POLY 5 

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

SCALED POLY 5 
Figure 9 
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The modifications to "brute force" scaling were made 
to enhance manufacturability, performance and relia­
bility. For example, the low ~substrate, resistivity (6 
ohm per centimeter) would result in higher junction 
capacity and body effect. Both are undesirable traits 
impacting performance. One must also consider 
manufacturing tolerance on parameters. This is a defi-

nite consideration when choosing a center for process 
narameters. 

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

SCALING AND RELIABILITY 
Fgure 10 
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1978 is a transition year between process techno­
logies. At MOSTEK, all new products are being 
designed to work on either current process techno­
logy (5 microns) or new generation SCALED POLY 
5. To accomplish this goal all new products are de­
signed to operate on a single 5 volt powersupply. All 
products use advanced state-of-the,artdesign. tech­
niques and perform very respectably on the standard 
process. The M~36000 64K ROM which has a typical 
access time of 80ns when manufactured utilizing Poly 
I process exemplifies this approach. This design was 
used as an R&D development tool for the Scaled Poly 
5 process. The resulting device, termed MK 9009, has 
a typical access time of less than 40ns. Figure 11 gives 
the characteristics of the two devcies. 

POLY 5 PROCESS DEVELOPMENT 
Figure 11 

~ 
Die Dimensions 183 X 190 MILS 
Die Area 34,770 Sq. MILS 
No. 01 Die/Wafer (3") 170 
Min. Poly Width 5.0 Microns 
Min. Line Width 2.5 Microns 
Junction Depth 1.3 Microns 
Access Time 80 nsec (typ) 

MK9009 

105 X 109 MILS 
11,445 Sq. MILS 
575 
2.5 Microns 
1.0-1.5 Microns 
.4 Microns 
40 nsec (typ) 

SCALED POLY 5 PHOTOLITHOGRAPHIC 
REQUIREMENTS 

We previously discussed the evolution of device/die 
size to .achieve the level of integration required. Cor­
respondingly, device geometries have significantly de­
creased. Geometry requirements as a fuction of 
device technology are shown in figure 12. During the 
evolutionary period from 1960 thru now, geometry 
requirements have increased by more than a factor of 
5. Significant developments have also occurred in 
photolithographic technology to permit evolution 
from 1K to 16K. In 1980 our goal is to manufacture 
devices with two m"icron dimensions. A quick snap­
shot of typical equipment used in this segment shows 
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several problems .must be overcome. Today's mea­
suring equipment is accurate to a ± 0.18 microns 
(10% of what is to be measured). Measurement stan­
dards are accurate to ± 0.1 microns. The contact 
printers have a runout of ± 0.75 microns on 4 inch 
wafers, a huge percentage of the geometries involved 
for future technology. Advances in this area are obvi­
ously required. These are being attacked and over­
come. Methods such as E Beam as well as "step and 
repeat" printing are available today. These techniques 
have the ability to address and resolve some of the 
problems facing the manufacturing aspect of the next 
generation of technology. 

GEOMETRY REQUIREMENTS 
Figure 12 

1960 1965 1970 ill> 19BO 
Leading 
Technology Discrete Digital P·Mos N-MOS Poly 5 

Line Width . 10.0 7.0 - 9.0 5.0 - B.O 3.5 - 5.0 2.0 
(Microns) 

Interconnect 
Technology 

Metal Metal Metal Metal! Poly Metal! 
Double 
Level 
Poly 

The key to more complex, cost effective LSI is in~y Shrink and Device 
Creativity. 

APPLICATIONS SPECTRUM 

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

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

MOS-MEMORY APPLICATION SPECTRUM 
Figure 13 PERFORMANCE 

COST ( ELECTRONIC MICROPROCESSOR MINI MAINFRAME CACHE 

GAMES APPLICATIONS COMPUTERS COMPUTERS MEMORY 

PERFORMANCE 'pS-4SOnS "SO-200nS 250-1501'15 2OQ·l00nS loo-lOn5 

PRODUCT RAM SRAM DRAM DRAM OIS RAM 

ROM ROM --- ceo ---
EPROM EPROM --- -- ---

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

NEW GENERATION PRODUCTS 
MK4801 

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

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

HIGH PERFORMANCE 4801 
2 MIL' STATIC RAM CELL 

Line 
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MK 4118 

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

MK4118 PIN OUT 
Figure 15 

A7 

A6 2 

A5 3 

A4 4 

A3 5 

A2 6 B A1 7 

AO 8 

01 9 

02 10 

03 11 

Vss 12 

PIN NAMES 

~-A9 
CS 
DIN 
DOUT 
Vss 
Vcc 

MK 4816 

Andress Inputs 
Chip Select 
Data Input 
Data Output 
G r-ound 
Power (+5V) 

WE 
OE 
L 
0, - 08 

24 Vce 

23 A8 

22 A9 

21 WE 

200E 

19 L 

18 CS 

17 08 

16 07 

15 06 

14 05 

13 04 

Write Enable 
Output Enable 
Latch 
Data In/ 
Data Out Port 

The MK 4816 is a 16K dynamic RAM organized as 
2K x 8. The RAM operates with a single 5 volt ± 10% 
power supply with performance in the 100-150ns 
region. Designed to function in cost sensitive wide 

word applications the 4816 features several functions 
to enhance usability. The MK 4816 features a built in 
refresh mechanism controlled by an external pin 
called refresh. The refresh has two modes of opera­
tion; when the refresh pin is pulsed from high to low 
then back again an internal counter will replace exter­
nal addresses and a RAM cycle occurs, refreshing one 
row of cells. This operation is repeated 128 times 
every two miliseconds. For standby mode operation 
the refresh pin may remain active: In this mode the 
MK 4816 will execute a refresh cycle approximately 
every 16 microseconds satisfying the data hold re­
quirements with no external stimulus. This feature 
greatly simplifies control circuitry needed and elimi­
nates all address multiplexer parts. 

The MK 4816 employs an output enable function for 
common I/O operation and an extra chip select for 
multi-dimension selection. The 4816 employs 
MOSTEK's Edge Activated (TM) interface and ope­
rates with power dissipation of only 150miliwatts 
when active and 28 miliwatts when in standby. The 
edge activated concept inherently features the address 
latch function required for common I/O machines 
such as the Z8000 and 8086. The MK 4816 packages 
2K bytes of microprocessor memory in a die size of 
only 29K mil'. This compares with competitive pro­
ducts supplying the same market with die sizes of 
about 25K mil 2 for 4K of static RAM or a total of 
100 mi12 of Silicon for the same bit density. The MK 
4118 from MOSTEK reduces the Silicon area to 56K 
mil2. The MK 4816 is packaged in the ROM/PROM 
compatible 28-pin configuration of figure 16. 

MK4816 PIN OUT 
5V ONLY DYNAMIC RAM 
Figure 16 

RFSH 

NC 2 

A7 3 

A6 4 

AS 5 

A4 6 

A3 7 

A2 8 

Al 9 

AD 10 

1/01 11 

1/02 12 

1/03 13 

VS'A 14 

THE 64K RAM 

28 Vee 

27 WE 

26 CS 

25 AS 

24 A9 

23 NC 

22 OE 

21 A1D 

20 CE 

19 1/08 

18 1/07 

17 1/06 

16 1/05 

15 1/04 

In 1979 MOSTEK will sample a 5 volt only sub lOOns 
64KRAM. The SCALED Poly 5 process developed in 
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1977 /78 will be employed to make the 64K RAM a 
cost effective, produceable part. The 641( RAM will 
have a die size of approximately 35,000 sq mils per­
mitting use of the industry standard 16-pin package. 
The pin out and key features are shown in figure 17. 
The pin configuration of figure 17 indicates that pin 
1 is not needed in implementing the basic 64K RAM 
functionality. A new feature will appear at pin 1 
which has not been implemented in previous gen­
eration RAMs. 

MK4164 PIN OUT 
64K RAM 
Figure 17 

Dour 

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

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

SCALED POLY 5 EVOLUTION PROCESS 
Figure 19 

Sense Amps 
4116 16K RAM 

CONCLUSION 

SCALED 
POLY 5 

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

MEMORY MARKET SHARE BY TECHNOLOGY 
Figure 20 

All Other 
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GLOSSARY OF PROCESS NAMES 

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

POLY I - Single level Poly N-channel Silicon gate 
PO L Y II - Double level Poly N-channel Silicon gate 
POLY R - Single level Poly N-channel Silicon gate in-

corporating Poly Silicon Resistive loads. 
SCALED POLY 5 - Double level Poly N-channel Sili­

con gate ion implant. 
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INTRODUCTION 

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

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

o 5-V-onlyoperation. 
o Automatic power-down. 
• Automatic refresh for dynamics 
• ROM/PROM/EPROM compatibility .. 
• Output enable (OE) command. 
o Chip select (CS) command. 
• Latch command-for synchronous operation. 

TODAY'S MEMORY-USE SPECTRUM 
Figure 1 
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MOSTEI(. 
WIDE-WORD RAMS 

Technology 

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

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

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

THE MEMORY-USE SPECTRUM 

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

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

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

The most dynamic growth over the past four years has 
come from electronic games and J..tP-based products. 
Increased use of memory in such systems has been the 
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WIDE-WORD DEVICES-A RESPONSE TO CHANGING NEEDS 

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

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

added for single-step capability. The 8085 also 
interfaces easily by taking advantage of the 8085's 
status bits (So and 51) to refresh the MK4816 following 
each instruction fetch. 

latched refresh is particularly easy to implement in 
microprocessor systems since RFSH can be delayed 
slightly from CE to accomplish asynchronous refresh in 
minimum time. The MK4816 may also be used in 
multiplexed data and address systems, with the OE pin 
for control, and in CRT systems where the normal 
sequential addressing automatically refreshes the 
memory by addressing all positions within 2ms. 

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

BIT DENSITY WAY UP 

With a die the same size as the 4816's and using the 
standard N-channel production process and tolerances, 
the 4801 typically runs a 50 to 90n5 acces!Vcycle with 
typical power of 250mW. This means an 8-to-1 increase 
in bit density per chip over the 93415 bipolar 1 K x 1, and 
15-to-1 decrease in system power per bit: 

low power and high speed are achieved using a 2-mi1 2 

cell that eliminates connections to Vcc. Power is fed to 
the cell from the column lines, through 1-nA intrinsic 
poly load resistors (see Fig. 5). 

This economical design limits the matrix current to just 
8 J1.A. Column and~row decoders are modified tree 
decoders (Fig. 5) that dissipate only leakage current in 
both active and standby modes. 

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

But core replacement is no longer a problem. Now the 
concern is differing consumer/industrial memory 
requirements. Where typical J1P systems have a more 
fixed need for memory per CPU at lower cost per bit, 
cache and scratchpad memories require very high 
performance, with less emphasis on cost. The result? 
High-speed, but low-cost MOS RAMs-both dynamic 
and static. 

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

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

Some very useful features on both the 4801 and 4118 
increase- their flexibility. As shown in Fig. 10 several 
control functions have been added. In addition to the 
normal R/W, and CS (chip select) there is also OE 
(output enable) and I (latch). Both I and OE inputs may 
be used to simulate a clocked RAM for easy interface to 
any J1.P (see Table 2). 

The 4801 and 4118 may be tied to any J1.P or mini bus 
without 551 interface devices. The pinout, like a 2708's 
or 2758's may be used interchangeably with EPROMs 
or bipolar PROMs to assist in J1.C product development 
(see pinout in Fig. 2). 

Besides being able to interface easily in a "clocked" 
mode, both the devices may also be used as fully static 
ripple-through RAMs. The latch input may be tied high, 
OE low, and the part can be used to replace directly eight 
93415/425s, eight 21 02s or twb 2114s. This means 
existing designs can be upgraded for improved density, 
power and cost. 

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

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

Available at speeds as low as 55ns max, the 4801 is the 
first high-speed, byte-oriented memory chip. Two 
important applications for this high-density 1 K x 8 RAM 
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TRUTH TABLE FOR 4801/4118 1K x 8 RAMs 
Table 2 

OE WE CS Latch Mode Output Power 

L H L H Read Select Dour Address 
Activated 

L H H H Read selected Open Address 
Activated 

H X X H Chip deselected Open Address 
Activated 

L L X H Write address & 
CS latched until Open 
cycle terminated (DIN) Active 
by WE It H 

- - - L Latches addresses See 
and CS at state above Standby 
present when 
latch switched low 

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

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

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

MK4801 STATIC RAMs 55n5 ACCESS TIME 
Figure 5 

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

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

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

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

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

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

2 MIL2 STATIC RAM CELL ZERO-POWER "TREE" DECODER CLOCKED SENSE AMp· 
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CHARACTERISTICS OF NEW BYTE-WIDE RAMs 
Table 1 

Type Memory Process/ Access 
Number Organization Pinout Time 

Unique Features Other Leading Features 

MK4816 2K x 8 Dynamic N-Channel 150 typ First byte-wide dynamic Edge activated™ 
Si gate First 5V only dynamic 150mW active, 25mW standby 
28 pin First one-pin refresh Competes with 2102 and 2114, statics, 

cutting cost and space 

MK4801 1 K x 8 static Scaled 55 First 2 mil2 static RAM cell Fully static, 250mW typical 
Poly 5 75 Double capacity at double speed, 
24 pin 90 Fast as the 4K x 1 2147 compared to 4K statics 

now dominant 

MK4118 1 K x 8 static N-Channel 120 Faster than the X8s Fully static 
Si gate 150 now available Lower cost than 4801 
24 pin 200 

250 

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

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

ROM and PROM grabbed a lot of attention because of 
their nonvolatility, which was needed for fixed 
instruction set storage, usually a bigger requirement 
than RAM. ROMs and PROMs have always been "by4" 
or "by 8" because of the convenience of putting 
instructions in the least amount of packages. 

WHY BYTE-WIDE RAMS? 

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

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

Though cache applications have a large number of bits, 
there are usually a small number of words; that is, they 

Competes with 2102 and 2114 static, 
cutting cost and space 

are wide but shallow memory matrices. For instance, a 
typical cache memory in a minicomputer is 32 bits wide 
but only 2K to 4K words deep. Clearly, a wide-word 
memory chip is most efficient here. 

MK4816-FAST BUT LOW-COST 

The MK4816 16K dynamic RAM is the first 5V-only 
dynamic MaS memory. It's also the first wide-word 
dynamic RAM, and the first RAM designed specifically 
for present and future microprocessor systems. Using 
small dynamic-memory cells offsets the cost of the 
slightly greater overhead circuitry required for proper 
operation of dynamic memories. 

The MK4816 is designed to minimize the off-chip 
support circuits, while maintaining the internal 
efficiency of a dynamic RAM. Its cell size is three times 
smaller than in typical static cells, while its die size-
29,000 mil 2- approaches that of 4K static RAMs. Built 
with standard N-channel silicon gate technology, the 
device requires only a single +5V power supply. 

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

16K DYNAMIC RAM MK4816 
Figure 2 

MK4801/4118 PINOUT 

MK 4816 PINOUT 01-08 ARE DATA 
INPUT AND OUTPUT 
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access time of 1 DOns at a power-dissipation of only 
25mW standby and 150mW active. 

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

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

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

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

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

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

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

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

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

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

MK4816 2K x 8 RAM 
Figure 3 
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(11iI 2• The 4118, on the other hand, will be run on 
Mostek's standard N-channel silicon gate production 
line and is intended for j.LPapplications calling for 10% 
power-supply tolerance, TTL compatibility, density, low 
cost, and easy interface. Its access/cycletimes are 120, 
150, 200, and250ns. 

FUTURE TRENDS 

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

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

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

Clocked multiplexed RAMs can be implemented two 
ways. One is to mUltiplex the eight outputs onto eight of 
the 10 address pins using two clock cycles-one for 
address and the second for data. But unless the data are 
unmultiplexed and remultiplexed off-chip to achieve 16 
bits of address and data, data width will be limited t08 
bits. 

WRITE-CYCLE TIMING OF 4801 141188K STATIC 
Figure 7 

MK4801/4118 BYTE-WIDE STATIC RAMs 
Figure 6 

t+--I'~ -_ -_'R_C-_-_-.~ 
ADDRESS(~ ~ 

~~'O==H-1====t;;A'AA-====~11 
PREVIOUS DATA = ~T;;:;O~N = ~r-VA-L-ID-D-AT-A 
-I 'PU r- ~ 'po r-

OUTPUT 

ICC ___ ~/ ~ 

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

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

ENGINEERING FOR YOUR CUSTOM PRODUCT 

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

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

MAKE OR BUY 

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

If you are involved in a decision to either build your own 
product or have Mostek Memory Systems build it for 
you, please consider the following factors: 

Make Buy 

Cost Variable-affected by inflation Estimate Known and exact 

Delivery 

Inventory 

Overhead 

Design 
Experience 

Warranty 

Capital 
Resources 

often low, G&A and overhead not considered 

Subject to internal scheduling priorities Certain-set by contract 

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

Maximum added Minimum added 

Variable Team of engineers specialized in 
memory designs 

Absorbed by manufacturer One year 

Must be spent on special test Available for alternate uses. 
equipment and fixtures 
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