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is a product of more than five years•
1. Introduction

This homogeneous machine project

research in concurrent processing by two departments at Caltech. Research

in concurrent computation in the computer science department started with

theses by Browning [Browning 80] and Locanthi [Locanthi 80], and continues

with a thesis in preparation by Dick Lang, and work by Chuck Seitz [Seitz

81]. All this research is shared an emphasis toward implemention with

higher and higher density integrated circuits. The computer science

department has been planning to construct

several years.

a machine of the genere for

Our colleagues in High Energy Physics have been plagued by a lack of

suitable computing technology to solve some fundamental physics problems.

In the course of our collaboration it became evident that our research had

studied architectures of the sort ideal for their physics

collaboration with

particular versions

High Energy Physics has caused us to select som~

of the architectures that we have been studying as thE

useful. Given our theoretical interest in the

Ourproblems.

betolikelymost

•
architectures and the practical use sought by High Energy Physics we have

decided to act now to construct a homogeneous machine.

This document describes the plan of the computer science departement.

The plan of High Energy Physics is described in [REP 81].

•

1.1. The Proposed Machine

The homogeneous machine proposed here is a hypercube

of 64 identical microprocessors interconnected in

machine

e I,

cons is ting

2, 3, and 6
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dimensional array. Each of the processors consists of about 77 chips,

l/Bthchip.including a 8086 microprocessor, a 8087 floating point Of""
megabyte of RAM, and six bidirectional interfaces to other processors. The

processors will be constructed on 64 printed circuit boards mounted in a

custom backplane. The hypercube machine will consist of this array of

processors and a single dedicated host processor that will control the

array.

The class of problems that can be solved by such a machine is limited.

There is absolutely no intention of the machine ever being able to execute

a conventional program. Certain very limited classes of problems can be

solved efficiently, and many of these problems are so large and important

that a special purpose architecture is justified.

applications for a machine of this architecture.

This paper will discuss the architecture, physical design, and some

•
2. Architectural Innovations

The architecture of the hypercube machine is new. Previous

multiprocessors were constructed to allow direct implementation of many

conventional computer programming constructs. These multiprocessors

typically included special hardware to allow each processor acces.s to the

memory of others. Using the shared memory semaphores could be implemented,

but only with extra hardware. The hypercube machine discards many of the

1
All four dimensionalities can be obtained simultaneously with the proper

structure.

•
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conventional programming constructs. and the hardware to implement them.

2.1. Independence of Processors

A popular architectural direction in multiprocessor architecture has been

to make a single sequential process execute faster by putting more

processors onto the same memory. The results may be communicating

sequential processes, as in C.mmp and CM*. or a high speed execution of a

single sequential process, as in the dataflow machines of Dennis.

Tightly coupled multiprocessor architectures have a range of problems:

the hardware cost grows faster than linearly with the size of the machine.

and the efficiency of the software decreases as machine grows. The

hardware will invariably contain a large switching network to route memory

large parts inventory. and will operate slowly due to long

wires and complex switching.

accesses or commands between arbitrary

•
network has a

processors. A large switching

Research at Cal tech indicates that architectures communicating througt

message passing have a brighter future than those with tight couplings or

shared memory. Consider the effect of decreasing feature s iz e on the

design of a hypercube machine processor. Figure 1 shows the progress of

the design from the present size of 50-77 chips/system to a one or two chip

implementation a decade from now.

Feature Size
3 microns
1 micron

0.5 micron

Chip Count
50-77

5-8
1-2

•
Figure 1: Effect of Decreasing Feature Size on Processor Chip Count
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Consider the advantages of a 1-2 chip/processor hypercube machine:

processors would be very fast because of very few off chip delays, 2) c~

would be interconnected very regularly and with very high density, and 3)

the parts inventory would be small, i.e. one or two.

The hypercube machine connects processors with high bandwidth, but very

loose connections. Each of the processors is quite small and standard,

allowing maximal use of LSI 'glue' components. The compactness of the the

system and short buses allows for high clock rates.
2

configuration all wires are short.

2.2. Allocation of Memory

The trend in multiprocessor research is to move

In a nearest neighbor

away from the single

large computer to more and more smaller and smaller computers. This trend

is almost valid because present mainframes are very much larger than an

optimal computer. The trend can be followed too vigorously, however~

produce computers that are too small to be cost effective.

Multiprocessors have been studied where the processors are too small.

Two examples are the tree machine studied at Cal tech [Browning 80] and the

systolic array studied at CMU [Kung 80]. Both machines use processors

that, in today's technology, would be less than one chip in size. The tree

machine processors are programmable, containing about lK bytes of RAM. The

systolic array processors contain no program RAM, but are effectively

programmed in their internal arithmetic layout.

2
One (but only one) of the proposed network configurations.

•



author programmed a number of useful algorithms for the

studied their performance.•
In the process of

5

tree machine research at Caltech, Browning and the

tree machine and

A pattern was noticed in the results: tree

machine algorithms tend to require as much time to load the

the machine and to unload the answer as is required to solve

problem into
3

the problem •

Estimates of the necessary size of a tree machine required to solve a

useful problem tend to be large. Tree machines too small to store an

entire problem would have to solve a problem in parts, swapping the parts

between a secondary storage and the tree machine. The effect of swapping

is to degrade performance by orders of magnitude, making that an

unreasonable alternative. The only solution is to make the machine large

enough to store an entire problem. With only a fraction of their IK byte

processors are required.•
storage available for data storage an unreasonably large number of

The reason for this phenomenon is that the processors have so little

memory that they cannot perform meaningful computation for very long. The

solution to this problem for the hypercube machine is to reduce the number

of processors and give each processor much more memory. The speed of the

machine is reduced to a more reasonable level because the processors must

multiplex their computations. Since a larger portion of the machine is low

•

3
For example, sorting N numbers requires N steps to load the problem and

N to unload the answer. Sorting is accomplished during the loading. process
where log N processors cooperate to load a number into the proper proce~sor

while maintaining proper order. The average number of sort operations
performed by each processor is log N, whereas the number of steps to load
and unload the problem is 2N.
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cost memory, the cost of a machine required to perform a useful problem is

reduced.

3. Potential Performance of the Hardware

•
Let us consider the economics of processing with an array of

microprocessors operating concurrently. Another paper examines the

question of whether full concurrency can ever be achieved, and also whether

a large enough body of problems

machlne[HEP 81).

3.1. A Model of Computation

exist to justify constructing such a

In this preliminary analysis we will adapt a very simple view of

computation: we will assume that a problem solution requires some amount of

memory. and that some number of operations are performed. Those problems

that will execute efficiently on the hypercube machine will have ~

characteristic that they can be partitioned into a multiplicity of

processors. In this partitioning, each processor will have a fraction of

the total memory of the problem, and will perform the same fraction of the

total operations performed in the problem. An array of ~ processors will

be equivalent to a single conventional computer with ~ times the memory and

~ times the speed.

3.2. COlt/Performance

Let us consider compare the costs of such a machine and a conventional

computer. The dominant cost in the hypercube machine is the cost of a

single board that contains the basic processor. Let us examine the

commercial viability of a hypercube machine by estimating the market cost

•
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of a hypercube machine and comparing

4It products.

its performance with competitive

Since the single board of the hypercube machine would be produced in such

large volume, its cost would follow the same economics as semiconductor RAM

systems today. We will estimate the cost market of a hypercube machine by

analogy to a large RAM system.

4
At tOday's market prices semiconductor RAM costs $15,000 per megabyte.

Semiconductor RAM boards usually consist of boards populated approximately

75% with 16K RAM chips. One megabyte of RAM would consist of 512 RAM chips

and

$22.

170 support chips by the above model. The cost per chip is therefore

instructions, a floating point speed of 20 uS, and 1/8 mB of memory. At

Each processor has a 0.5 HIP performance on normal

The hypercube machine described in this paper consists

• with 77 chips.

of a processor

$22 per chip the cost is under $1700 per processor.

A DEC 11/780 (VAX) has a floating point speed of about 1 uS, a~d could

reasonably support 10 mB of memory. A machine in such a configuration

would cost $400,000. If the same $400,000 were spent on hypercube machine

processors at $1700 each, 235 could be purchased. A hypercube machine of

•

235 processors would have an equivalent floating performance of 0.1 uS, and

30 mB of memory.

4
These prices include power supply and backplane.
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A CRAY-l has a floating point speed of 15 nS, and costs $15 million with

equivalentTo obtain the floating p.
performance with hypercube machine processors at 20 uS per processor, 1.333

a large amount of memory.

would be required. These 1.333 processors would additionally have 166 mB

of memory, much more than the CRAY-l, and would cost $2.2 million.

3.3. Lona Rang_ Projections

These prices are conservative. For example, approximately 2/3 of the

chips (but less than 1% of the transistors) in the processor are SSI/MSI

chips in the interprocessor interface section. Should a large effort be

made to build such machines, these chips could be reduced to 1 or 2 LSI

chips. Also, the processor used is the oldest 16 bit CPU and the floating

point unit is the first constructed by the industry.

the number of chips per processor to a limit of one or two.

As discussed previously, imprOVing technology will continue to decrease

Since.

processors are so amenable to Ie implementation, their price/performance

will ~ncrease much more rapidly than average.

In summary, the hypercube machine being constructed at present has a

potential price/performance that is about 7 times better than products

available today. Even given a substantial inefficiency in software, the

hypercube machine will be noticeably better and either a VAX or CRAY-l.

Future improvements in microprocessor technology will drastically improve

this already good situation. More efficient CPUs and floating point units,

and special interprocessor communication chips should reduce

price/performance by an order of magnitude.

•
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4. An Overview of the Implementation

4It The hypercube machine can be divided into three parts for convenience of

explanation: 1) the array of microprocessors, called the main processors,

2) the dedicated host, which controls the array and interfaces to 3) the

host (or hosts), which are mainframe machines the perform compiling of code

for the machine. Figure 5 1s an overview of these parts and their

interconnections.

4.1. Main Array of Processors

The main array is essentially a multi-dimensional array of

microprocessors. With one exception, these are all identical processors

that connect only among themselves in a tightly connected network. One of

•
the processors has one extra connection, however that connects the array to

the rest of the world .

All of the main processors are connected by a control bus. This bus

allows sharing of functions that are same for all processors, such as clock

and memory refresh. The control bus also provides a flexible but lo~

bandWidth global communications capability for use by diagnostics and as a

network-wide software debugging aid.

The processors are interconnected by fully asynchronous bidirectional

connections. The hardware supports a 64 bit interprocessor message by

•

generating interrupts only when complete messages can be input or output.

4.2. Dedicated Host

The dedicated host is the interface between the general purpose host

computers and the array. The dedicated host interfaces to the array
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through one asynchronous connection and is the master of the control bus.

The dedicated °host also interfaces to the mainframe hosts

terminals.

and tn

In addition to serving as a hardware interface tn the array. the

dedicated host fulfills an important function in some algorithms, see [HEP

81] • For this reason, the dedicated host will have a substantial amount of

RAM: SI2Kb-1Mb.

An unsuspected function of the dedicated host is the running of

diagnostics on the entire array. The dedicated host will have the ability

to control the supply voltage and clock frequency as well as control the

master reset and RAM refresh rate of the entire array. These abilities

will aid diagnostic programs in locating faulty boards.

The present plans are to construct the dedicated host with the same ~

as the main processors, for reasons of software compatibility. Future

plans may call for more than one dedicated host, or a processor that is

faster than the main processors.

4.3. Mainframe Hosts

Since neither the array nor the dedicated host will have any secondary

storage, they would be inappropriate for compilers. Compiling will occur

on either the HEP VAX or the CS DEC-20 and the machine code will be

downloaded tn the dedicated host and then to the array. At present it

appears that the CS DEC-20 will be used for assembly level system software

developement

c .

and the REP VAX will be used for applications programming in

•
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5. Proposed Plan of Action

A project to evaluate this architecture will consist of three phases:

1. Construction of
hos to

a 64 processor prototype array and dedicated

2. Development of system software.

3. Application of the machine to different problems.

4. Construction of a 1024 processor hypercube machine.

This document will be concerned only with items 1,2, and 4. Caltech's

High Energy Physics group is eager to apply such a machine to real physics

problems [REP 81).

5.1. Current Status

Work has already begun on constructing the hypercube machine.

concurrent machine. _ These funds, amounting to a non-renewable•
provided In anticipation in the computer science ARPA budget

building a

Funds were

for work on

$20,000, are being used at present. ARPA interest in the project is

considerable, bu t in a general atmosphere of budget cutting, funds to

construct a useful hypercube machine will be difficult to obtain.

Additional funding is being persued with ARPA as well as with others.

As of January 1982 approximately 50% of the engineering has been

completed. Engineering is proceeding on the remainder of the machine and

will be completed before any additional funding could have an effect.

5.2. Timetable for Future Work

•
The only part of the machine that has not yet been funded is the
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construction of the actual array

shown below:

Phase I - 64 processor machine

5
A proposed timetable for future work is

•
1 September 1981

Project to build 64 processor test model of the hypercube
machine begins. Hardware design and proto typing begins
immediately.

1 January 1982 Working model of the main processor.
begins now.

Software development

1 March 1982 Design of main processor is complete and the design is
submitted to a contractor for PC layout and fabrication of
64 units. A complete software model of the hypercube
machine is complete, including the dedicated host and at
least two main processors.

1 July 1982 Primitive system software
construct a 64 processor
contractor. Boards are now
tested.

is completed. Boards
array are delivered by

assembled into an array

to
the
and

1 October 1982 64 processor system is fully operational~ Programs of the
approximate complexity of Laplace's equation run. ~
technology eval~ation is performed to determine if be~
chips are available for any part of the system. If
necessary, redesign begins.

Phase II - 1024 processor machine

1 March 1983 A potentially redesigned main processor is
contractor for construction of 1024 units.
research problems should be complete by this

submitted to a
Some physics

time.

1 October 1983 1024 unit hypercube machine becomes fully operational.

5
Other parts of the machine are used only

engineering prototypes will be used.
in quantity one, and

•
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5.3. Cost Estimates

• An estimate of the cost of constructing one hypercube machine processor

•

•

and building it into a processor array is shown in figure 2.

It will be noted that in figure 2 the cost is largely influenced by the

$400.00 cost of the 8087 floating point chip. As of January 1982 the 8087

chips are scheduled for delivery to suppliers on a 4-6 week basis at a

retail cost of $400. It is expected that the price of these chips will

drop very significantly in the following few months.

Besides the 8087, the price of other parts is dropping rapidly now. Ir.

particular, the 8086 processor and the 64K RAM chips should be avai(able

for less than the proposed price. Figure 3 is a prediction of the actual

cost of producing the array on a per unit basis. These figures only are

used in the later cost estimates.

Figure 4 is a schedule of the expenses that would be required to complete

the project if funding were available.

Considerable graduate student and faculty interest has been expressed in

the Computer Science Department in communications software for the

hypercube machine. Funding of research in this topic can proceed after the

machine is in operation. To get the machine into a basic operation it will

be necessary to have a primitive network operating system and diagnostics.

A manpower budget for this is included in figure 4.
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llll
Double sided PC board:
8087 floating point:
8086 microprocessor:
64K RAM (2164):
8529A interrupt:
745225 fifo:
mise Ie:
Share power supply (2A/SV)
Share backplane

sub-total:

Assembly and testing:

total:

Quantity
1
1
1

16
2

12
many

1/IOth
1/64th

Cost
$50.00

$400.00
$100.00

$14.00
$18.00

$4.50
$40.00

$300.00
$4000.00

$250.00

.' .."

Extension
$50~
$400~
$100.00
$224.00

$36.00
$54.00
$40.00
$30.00
$63.00

$997.00

$250.00

$1247.00

Figure 2: Per Processor Costs

Figure 3: Estimated Cost of the Main Processor on a Per Unit Basis

March 1982

March 1983

$1200

$800

•

•
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Period

I-Har-82

30-Sep-82

1-Oct-82

28-Feb-83

I-Mar-83

I-Oct-B3

15

64 processor prototype: $76,800

(64 processors at $1200 each)

1023 processor array:

(1024 processors at $800 each)

Staff (quantity):

$819,000

DeBenedictis

Graduate Student:

Hardware work:

Software work:

e Technical:

Hardware work:

Software work:

1

1

3

1

1

1

o

4

1

o

1

1

3

4

o

Figure 4: Expense Schedule for Construction of the Hypercube Machine

•
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HOMOGENEOUS MACHINE

DH8086 DEC-20

HOSTSTTY' DEDICATED
HOST

Z80/8086 ~

VAX
TTY

•
~\

.

-
- .

CONTROL BUS~ . "CORNER CPU

~lAIN

r
64 CPU- HYPERCUBE

..

DH86

512 K iSBC86 INTERFACE HOST •
RAM CPU & MASTER NTERFACE

.

- . ::::.. '7:_~"".;" -- .. , ~.-_. - •'. - . -.". -- .;~

~ '.' to•.~.c.. - .~

MULTIBUSJ'

Figure 5:' An Overview of the Hypercube Machine

/
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Figure 6: Engineering Prototype of the Main Processor
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1. Introduction

What communicCltioll5 primitives will be availoblc to progrnm:; running 011 til-=:

homog.cncou:;. machine? One requirement Is lh:\1 the CPU overhcild be low wilr-:Il

the comfllllllicolion~ is simple (e.g. ::oyslolic). On the other hondo Ii I!:.
cammunicillions must be' gf:llerill CJlough to support dyn.cunictllly alloc.otccl procc:<.:;t::;

(e.g. COPE). If n ucncml cOll1mllnic:.tiolls str·.. tcgy existed thilt W.'5 c(">rn,.~lil.l'"

with these I equircll1cnls it could be implemented ;'IS part of the nOM rc:;itlcnt

operating system.

2. Types of P,'ohlem:;. ,md Ncccs::;;uy C0ll1111unic<ltion5 C"p"bilitics

A spectrum of cClllmunicCltions strategies have been propo.:;e-d. Ellch :;lrill<"flY

trades simplicity ilnd efficiency for cilpClbilily. These arc listed below:

•
Systolic: In ::;Y5tolic cOllllllunic.ltion both the sender o1lltl thr: n:cr.i'JI·r

1ll\I=:;t be w~itin!J on the s:une communication CVr'lll fnr H,"

event to proceed" Systolic communication i=:; modch:d hy tVJO

1ll01lilor calls: one 10 :;cnd a mc=:;sage Over <l IFltticlll.,r

ell,mnel. OJnd one. to rcccive OJ Illcssagc. The chmoclcrbtic::.

of the c<llls is that Ihey 1I<lllg uutil fllrlction Crln he r;I'tnp!(·!("J.

locldtlg out any other procc:;sor <lcti\lity. No inter rllpl:. :11 ,.

rC<1llil cd.

Proce-:;sor Directed: In proce.:;sor dirC"cted cOt1lll1uniCQtion c<:lch m':';~;:l~': i::;

i'lc{~ornranied by ;') :>pecific;"\tion of the procc5sor tlwt is 10

receive it. \foJhcn a message ellters a proccs:;or thnt n1c:':;',aq~

is elthcr delivered to thc program running in Ih<lt procr.:.:.n'" 0'"

rel.lyed to "nothe, proces:-or. If relaying Intlst o-:::(;ur tll~

ope,,,tin9 system (kddcs which link is 1110st .:'!pproprialc 10

(01 \V,lfe! the Illl·5~,'gC. Qll'.:udn!] .can be irll:th..llll··nlpd ('r

rcl:.ypd mes:;"!Jf:S ,mel/nr fOJ messages dc~(jncrl fOl lhe

I" ncc.:;:>or. lntl~l n'pl5 :1, C re(jnil cd.

•

Process Directed: In f)lnec.:;::; directed eomtl111nication therc In<lY b0 mOIC lh:"ln

one process in (,;lch P'"O(;('::".$or. r-Ilrthcrrnofc. PIOCr::;5C:; IH:"\Y

move uround bctw('cn procc:;:;.or:;. Comrnunkothn i.:.. dircclr-d

to .:1 particlilar p,occ:~~. cv~n thouUh the procC::;~(lr v./hr:rc 11l.,t
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process i:. currently resident m~y not

hnplcrncntiltion of this scheme is very involved.

3. Processor· Directed Communication

be knO\MIl.

Processor" directed communiciltion offers extremely high speed and ~.t,rfici(·lIt

generality to be the best choice.' The cOlllmunk,"\tions prim"tivcs nrproprin\f' for

this type of COlnrnunication ilfC shown below:

int ~t~(Dc!it) Sr1cdfics .. mC5:-J~C to illlothcr processor.
dcstin"tioll proccs:;or (O-G3).

•

int outIl(Bur.Lcn)
~

int in~O

4. O('i1(lIoclf"

Sends mc~silgc d .• I .. 10 tile ~c1cctr.c1 processor. O\l( is poinl"'"

to un illtc!]cr nrr"y IIl"t COllliliJl~ the inlonll;)lioll Ie, 11"

tr~nsmiltcd. Len bytes st<:lrting nl Ouf DIe lr;lll.:;miHcd. "I"':..:

vil!ue returned i5 0 if the trall::Olllission Wi'S SIlCCf'ssful or -1 if

output buffer SPilCC Vias full.

Recei\Jes a rne':;~:lge. The value lettll"llcd is the icl"I,lifir.l!i·,n

of the scnding proce.:;.:;or, or -1 if no me5~a~l<: vIas .l\t~lill!>1 .

npCciVC5 a lllCS~"!JC. Ouf is a pointer to a Len v lonl hlor,k

where the mC~S:l~IC i:; cICI)O:.itcd. If the rClllilinillU 1Il.. .:;r"IT~ is

longer thiln the buffer, the buffer is filled with n,:; Illtl':h of 11.,~

message as p05siIJle .Jlld 0 i,:;. returned. If tile m~':;:-;':J(' til;. ill

the buffer. Ihe nurnhcr of bytes tr<Jll:>rcrrcd i,:; rclurncd.

DC:Jdlock call rolcllliol'y occur for two I eo::.on::.: 1) the user program assume,:;

too much queueing. or 2) the rncst.<l£Jc p.l5sillg sy::.telll c1cacllocl(s. The lollowinil

rule \Nil! prevent a lI!';cr progr~1ll flOIll deadlocking:

Uscr program dC:lcllock prevention rule:

A user progl am m<1Y not \Nail all a (niled out c,,/I IInlc::~ ill

colis are processed during the wait.

,.

•
The Illessage p.:ls5ing system uses <l deadlock free louling aluoritilln.

algorithm is described below (r<:fcl to fiUllre 1 (or notation):

Thi5
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+-------·-------------------------------i
Figuro 1: Nol;'\tion Con(":crnillfJ PIOCC550rs in a Hypercube

- Let processors he Idcllliricd by t1't"'ir coordinale in the hypcrclI;H.~:

(a.b.c.d.e,f). The Iellers <l.b.c.d.c.1 nrc diller zero or olle. ;'"Illd :ltC

triH)Smitted as a bill~ry Ilmnllel abcdoL

- Let the links to other pJocc:;:;ors be 1.1hclcd a. b. c. d. e. ilnd 1. "llie

Inbclinr)" is choscn to corrcC'>l'ond tn the bit labeling of tllc pI CVil'U:;

paragraph.. (I.c. the procC,;.:;Of:; on eithcr cnd of link c h.-Hie

idcntifications that diffcr' ollly in the chit.)

- Whcn a mcs,:-;"gc is ;lvaililhlc frotH a link the idcntific.. tion of il,;.

destination prOCC.3s-or b ;)nalyzcd tU::f?,"c it is rClno\led from tll~ input

queue. Analysis consists of XOning the dcstin.. tion. pror.c~-;or

id::::ntificatioll with the idt:lltHicntil..,n of the IJrOCC::Isor with Ihe

mcss<lge and perfolmillD Olle of two fllliciions:

1. If the Idcntific"li011:S "Il~ the :'\lI1lC then the message is d~:;tin""c1

for thai procc:;:;OI. The 1I1C~<'''~IC is m;Jdc <l\/nibhlc lor illpul. If

the input buffcr i:; full. lhe cpcri'lling system runs th~ ll:,f:r

progrrun until tll.lt b no Il1l1gel :>0.

2. If the ic!cntific"tilln.:; arl.~ ditfcIl.'nt. then the mcs~agc lllll~t I-e:

fOfVl';lrdccl, lhl~ Iillk to l('1lw.,,(( i~ determined b)I the fullov1i'19

algorithm: the Icflrno.:;t hit ill the difference is locnled ;'llcl tll.11

determinc:". the forW:H ding lillk.

This system <.lacs not <.Ic.ldlock for the following rea:;on: If a mCS5tlgc .11 I i"c:o ('11

..

..
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link f (least significant lJil) then it ITlllst be destined for that processor. This is trlle

because· to be forwOlrdcd to lilll<. f by the previous processor all other Ilils IllIISI

match. The user program on the processor must remove the message eventually.

The system therefore C01onol deadlock with mcss"~lcs in link 1.

Now consider link e. If a mcss'agc has iln ivcd ill link c. bits a-e must Ill;"llch. II

bit f matches then the message can be In<ldc ilv;:lilable for input mn.! 1I1'_'lc b 110

problem. If bit f doc.5 not mutch the mcss3!jC is forwarded to link 1. :-'incc the

system cannot doadlock wilh a IHCSS<:lg£, in tink 1. it wlll not dC.::ldlocl~ ill Ih;:.

condition. Therefore the ~ystcm will not dcmllocl< with il rneS.5ilgc in link ~ or f.

By induction. it has IJCCIl proven Ihat "II links to the right ·of linl.. y. rI., "

dC<'letlock. If a Il1cs5ilge nrri\les on link x then it i~ known thai all bils (0 lil(' It. II

..

and including x match. Therefore the IllC::S;la..... will eilher m"teh eX<lclly. or it \ ...Jill

be forwmded to a link to the right of x. If an exacl match oecul s. t11~ nlcs~.a!ll: is

consulIled by the· u::;er pi 09,·".n. If the m~s:";:l9c is f orW:lrdcd dendlocl~ r.II)"·1

e occur because all Iinl-,s to the righ~ of x do not dcadloclt.. Thcrefore. lill~~ x t1()~ :;

not deadlock .

•
.
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Sorted List:

:1101 +5/GND X: 0.00 Y: 0.00
PINS 1 :5V +5/6NO X: e. \0 y: B.BB

R03+01 PINS 2 :GNO +S/GND x: 0.50 y: B.ae
R0S+01 PINS 3 :5U +5/0NO x: 0.90 y: 0.00
R07+01 PINS 4 :GND +S/GND X: 1.30 y: B.ee
R09+01 PINS 5 :5V +S/GND x: 1. 70 y: B.Se
Rl1+01 PINS 6 :GND +5/6NO x: 2.10 y: B.ae
R13+01 PINS 7 :5U +5/6NO X: 2.50 y: 0.00
R15HH PINS 8 :GND +S/GND X: 2.9B y: B.BB
R17+01 PINS 9 :5V +S/GND X: 3.30 y: B.ae
R19+01 PHIS 1B :GND +5/6NO X: 3.7B y: B.BB
R21HH PINS 11 :5U +S/GND X: 4.1B y: B.BB
R22:+01 PINS 12 :GNO +5/6NO X: 4.40 y: B.ae
R24+01 PINS 13 :5V +S/GND X: 4.80 Y: B.ae
R25+01 PINS 14 :GND +S/GND X: 5.10 Y: 0.ae
R27+01 PINS 15 :SV +5/0NO X: 5.50 Y: B.ae
R28+01 PINS 16 :GND +S/GND X: 5.80 y: B.BB
R3e+0! PINS 17 :SU +5/6NO X: 6.2B y: B.BB
R31+01 PINS 18 :GND +5/0NO X: 6.50 y: 0.00
R33+01 PINS 19 :SU +5/0NO X: 6.90 Y: B.BB
R34+01 PINS 2B :GND +5/0NO X: 7.20 y: B.BB
R36+01 PINS 21 :5U +5/6NO X: 7.60 y: 0.00
R38+01 PINS 22 :GND +5/0NO X: 8.00 y: 0.00
R40+01 PINS 23 :5V +5/GND X: 8.413 y: 9.139
R42+91 PINS 24 :GND +5/GHD X: B.8e y: 9.1313
R44+e1 PINS 25 : SV +S/GND X: 9.28 y: 9.89

Rtt '
PINS 26 :GND +5/GND X: 9.68 y: 9.1313

R4 91 PINS 27 :5V +S/GND X:1B.BB y: B.BB
RS0+91 PINS 28 :GNO +5/GND X:10.40 y: 0.80
R52+01 PINS 29 :5V +5/GND X:10.88 y: 13.813
R54+B1 PINS 3B :GND +5/GND X: 11.2B y: B.BB
R01+13 PINS 31 :5V +5/GND X: 13.18 Y:-1.2e
R93+13 PINS 32 :GND +S/GND X: 0.513 Y:-1.20
ReS+13 PINS 33 :SV +5/GND X: B.9B Y:-1.29
R07+13 PINS 34 :GNO +5/GND X: 1.30 Y: -1. 29
R99+13 PINS 35 :5V +S/GND X: 1. 78 Y:-1.20
R11+13 PINS 36 :GND +5/GND X: 2.18 Y:-l.29
R13+13 PINS 37 :5V +5/GND X: 2.58 Y:-l.28
R1S+13 PINS 38 :GND +5/GND X: 2.98 Y:-1.2B
R17+13 PINS 39 :SV +5/GND X: 3.38 Y:-1.2B
R19+13 PINS 4B :GND +S/GND X: 3.78 Y:-1.20
R21+13 PINS 41 :5V +5/GHD X: 4.18 Y:-1.2e
R22+13 PINS 42 :GND +5/GND X: 4.413 Y:-1.29
R24+13 PINS 43 :5V +5/GND X: 4.8B Y:-1.2e
R2S+13 PINS 44 :GND +5/GND X: 5.113 Y:-1.20
R27+13 PINS 45 :5V +S/GND X: 5.50 Y:-1.20
R28+13 PINS 46 :GND +S/GND X: 5.88 Y:-1.2e
R38+13 PINS 47 :5V +5/GND X: 6.28 V:-1.2e
R31+13 PINS 48 :GND +5/GND X: 6.50 Y:-l.28
R33+13 PINS 49 :5V +5/GND X: 6.98 Y:-l.20
R34+13 PINS 5B :GND +S/GND X: 7.2B Y:-l.20

R*3 PINS 51 :5V +5/GND X: 7.68 Y:-l.29
R 3 PINS 52 :GND +5/GND X: 8.813 Y:-l.20
R40+13 PINS 53 :5V +S/GHD X: 8.48 Y:-l.20
R42+13 PINS 54 :GND +5/GND X: 8.80 Y:-l.2B
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R44+13 PINS 55 :5u +5/GND x: 9.20 Y:-l.20

R~3 PINS 56 :GND +5/GND x: 9.60 V:-l.20
R4 13 PINS 57 :5V +5/GND X:10.00 y: -1. 20
RS0+13 PINS 58 :GND +5/GND X:10.40 y: -1. 20
RS2+13 PINS 59 : SV +S/GNO X:10.80 Y:-l.20
R54+13 PINS 60 :GND +S/GND X: 11.28 Y:-l.20
R01+2S PINS 61 :5U +5/GHD X: B.10 V:-Z.4B
R03+25 PINS 62 :GND +5/GND x: 0.S0 Y:-2.48
RB5+Z5 PINS 63 :5V +S/GND x: 0.90 Y:-Z.40
RB7+25 PINS 64 :GND +5/GND x: 1.30 Y:-Z.40
R09+25 PINS 65 : 5U -+S/GND X: 1. 70 V:-Z.40
Rl1+25 PINS 66 :GND +S/GND x: 2.10 V:-2.40
R13+25 PINS 67 :5V +S/GND x: 2.50 V:-2.40
R15+Z5 PINS 68 :GND +5/GND x: 2.90 V:-2.40
R17+25 PINS 69 :5U +5/GHD X: 3.30 Y:-Z.40
R19+2S PINS 70 :GHD +5/GHD X: 3.70 V:-Z.40
R21+Z5 PINS 71 :5V +5/GHD x: 4.10 Y:-Z.40
R22+25 PINS 72 :GHD +5/GHD X: 4.40 Y:-Z.40
R24+ZS PINS 73 :5U +S/GND X: 4.80 Y:-2.40
R2S+25 PINS 74 :GND +5/GNO X: 5.19 Y:-2.40
R27+25 PINS 7S : SU +5/GND X: 5.50 Y:-2.48
R28+25 PINS 76 :GND +5/GNO X: 5.88 Y:-2.48
R38+2S PINS 77 :SU +5/GHO X: 6.29 Y:-2.40
R31+25 PINS 78 :GND +5/GND X: 6.59 Y:-2.40
R33+25 PINS 79 :5U +S/GND X: 6.9B Y:-2.40
R34+25 PINS 80 :GND +5/GND X: 7.28 Y:-2.40
R3 2S PINS 81 :5U +5/GNO X: 7.6B Y:-2.40

S PINS 82 :GND +5/GND X: 8.08 Y:-2.40
R4 +2S PINS 83 :5U +5/GNO X: 8.48 Y:-2.48
R42+25 PINS 84 :GND +5/GND X: 8.a0 Y:-2.40
R44+25 PINS 85 :5U +5/GNO X: 9.20 Y:-2.40
R46+25 PINS 86 :GND +S/GND X: 9.6511 Y:-2.48
R48+2S PINS 87 :5U +5/GNO X:18.80 Y:-2.40
RS0+25 PINS 88 :GND +5/GND X:10.40 Y:-2.40
R52+25 PINS 89 :5U +5/GNO X:10.80 Y:-2.40
R54+25 PINS 90 :GND +5/GND X:11.20 Y:-2.40
R01+37 PINS 91 :SV +5/GHO X: 0.10 Y:-3.60
R03+37 PINS 92 :GND +S/GHD X: B.S0 Y:-3.60
R0S+37 PINS 93 :SV +5/GHO X: 0.90 Y:-3.60
R07+37 PINS 94 :GHD +5/GND X: 1. 39 Y:-3.60
R09+37 PINS 95 :SU +S/GND X: 1. 70 Y:-3.69
Rll+37 PINS 96 :GND +5/GNO X: 2.18 Y:-3.60
R13+37 PINS 97 :5U +5/GND X: 2.59 Y:-3.60
R1S+37 PINS 98 :GHD +S/GHO X: 2.90 Y:-3.60
R17+37 PINS 99 :5U +S/GNO X: 3.30 Y:-3.60
R19+37 PINS 100 :GND +5/GNO X: 3.70 Y:-3.60
R21+37 PINS 1B1 :5V +5/GNO X: 4.10 Y:-3.60
R22+37 PINS 102 :GNO +5/GND X: 4.48 Y:-3.60
R24+37 PINS 103 :SV +S/GND X: 4.80 Y:-3.60
R25+37 PINS 104 :GND +5/GND X: 5.10 Y:-3.60
R27+37 PINS 105 :SV +5/GNO X: 5.S9 Y:-3.60
R28+37 PINS 106 :GND +5/GNO X: 5.80 V:-3.60
R3 37 PINS 107 :5V +5/GNO X: 6.20 Y:-3.60
R 37 PINS 108 :GND +5/GNO X: 6.50 Y:-3.68
R33+37 PINS 109 :5V +5/61'010 X: 6.90 Y:-3.60
R34+37 PINS 110 :GND +5/61'010 X: 7.28 V:-3.68
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R36+37 PINS 111 :5U +S/GND X: 7.60 "1':-3.60

R_37 PINS 112 :GND +5/GND X: B.aS "1':-3.60
R 37 PINS 113 :5V +5/GND x: 8.40 "1':-3.60
R42+37 PINS 114 :GND +5/GNO x: 8.Se "1':-3.60
R44+37 PINS 11~ :5V +5/GND X: 9.20 Y:-3.60
R46+37 PINS 116 :GHD +5/GND X: 9.60 "1':-3.60
R48+31 PINS 117 :5V +5/GND X:10.ee "1':-3.60
R50+37 PINS 118 :GND +5/0ND X:10.40 "1':-3.60
R52+37 PINS 119 :SV +5/GND X: 111'"80 "1':-3.60
RS4+37 PINS 120 :GND +5/0ND X:l1.20 "1':-3.60
R01+49 PINS 121 :5V +5/GND X: 0. HI "1':-4.80
R03+49 PINS 122 :GND +S/GND X: 0.50 "1':-4.80
R05+49 PINS 123 :5U +5/GND X: B.90 "1':-4.80
R07+49 PINS 124 :GND +S/OND X: 1.30 Y:-4.80
R09+49 PINS 125 :5U +5/0ND X: 1. 70 "1':-4.80
Rl1+49 PINS 126 :GND +S/GND X: 2.113 "1':-4.80
R13+49 PINS 127 :5V +5/01'010 X: 2.50 "1':-4.80
R15+49 PINS 128 :GND +S/OND X: 2.90 "1':-4.80
R17+49 PINS 129 :5U +5/0ND X: 3.30 "1':-4.80
R19+49 PINS 130 :GND +S/GND X: 3.70 Y:-4.80
R21+49 PINS 131 :SU +5/GND X: 4.10 Y:-4.80
R22+49 PINS 132 :GND +S/GNO X: 4.40 Y:-4.80
R24+49 PINS 133 :SU +5/GND X: 4.80 Y:-4.8B
R2S+49 PINS 134 :GND +5/GND X: 5.10 Y:-4.80
R27+49 PINS 13~ :5V +5/GND X: 5.50 Y:-4.80
R28+49 PINS 136 :GND +5/GND X: 5.80 Y:-4.80

Ri
49 PINS 137 : 5V +5/GND X: 6.20 Y:-4.80

R 49 PINS 138 :GHD .... S/GND X: 6.50 Y:-4.80
R3 49 PINS 139 :SU +S/GND X: 6.98 Y:-4.80
R34+49 PINS 140 :GND +5/GND X: 7.20 Y:-4.80
R36+49 PINS 141 :SU +S/GND X: 7.60 Y:-4.80
R3B+49 PINS 142 :GND +5/GND X: 8.00 Y:-4.B0
R40+49 PINS 143 :5V +S/GND X: 8.40 Y:-4.S0
R42+49 PINS 144 :GND +5/GND X: 8.80 Y:-4.80
R44+49 PINS 145 :5U +S/GND X: 9.20 Y:-4.80
R46+49 PINS 146 :GND +S/GND X: 9.60 Y:-4.B0
R4B+49 PINS 147 :5V +5/GND X:10.00 Y:-4.B0
R50+49 PINS 148 :GND +5/GND X:10.40 Y:-4.B0
RS2+49 PINS 149 :5U -t-S/GND X:10.B0 Y:-4.80
RS4+49 PINS 150 : GND +5/GND X: 11.20 Y:-4.80
RB1+0? PINS 151 :GND +5/GNO X: 0.10 Y:-0.60
R03+07 PINS lS2 :SV +5/GND X: 0.50 Y:-0.60
R05+07 PINS 153 :GND +5/GNO X: 0.90 Y:-0.60
R07+07 PINS 154 :5V +5/GND X: 1.30 Y:-0.60
R09+07 PINS lSS :GND +5/GND X: 1. 70 Y:-0.60
Rll+07 PINS 156 :5U +5/GND X: 2.10 Y:-0.60
R13+07 PINS 157 :GND +5/GND X: 2.50 Y:-0.60
R15+07 PINS 158 :5U +5/GND X: 2.90 Y:-0.60
R17+07 PINS 159 :GND +5/GND X: 3.30 Y:-0.60
R19+07 PINS 160 :5U +5/GND X: 3.70 Y:··0.60
R21-t-0~( PINS 161 :GND +5/GND X: 4.10 Y:-0.60
R22+07 PINS 162 :SU +5/GND X: 4.40 Y:-0.60

R*7 PINS 163 :GND +S/GND X: 4.80 v:-0.60
R 7 PINS 164 :5U +5/GND X: 5.10 Y:-0.60
R27+07 PINS 165 :GND +5/GNO X: 5.50 Y:-0.60
R28+07 PINS 166 :5U +5/GND X: 5.89 Y:-0.60
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R3B+07 PINS 167 :GND +5/GHO x: 6.20 V:-0.60

••7 PINS 168 :5V +5/GNO X: 6.SB '(:-0.60
R3 07 PINS 169 :GND +S/GHD X: 6.98 Y:-0.60
R34+07 PINS 178 :sv +5/GNO X: 7.20 Y:-0.60
R36+07 PINS 171 :GND +5/GNO x: 7.60 V:-0.60
R3B+B? PINS 172 :sv +5/GNO X: 8.88 Y:-0.60
R4B-t-B7 PINS 173 :GND +S/GND X: 8.40 Y:-8.68
R4Z+B7 PINS 174 :5U +5/GNO X: 8.80 Y:-0.60
R44+07 PINS 175 :GND +S/GND X: 9.20 Y:-0.60
R46+07 PINS 176 :SV +S/GND X: 9.60 '(:-0.60
R48+B7 PINS 177 :GND +5/GNO X:IB.BB V:-0.60
RSB+B7 PINS 178 :SV +5/GNO X:10.40 Y:-0.60
R52+B7 PINS 179 :GNO +5/GHO X:10.8B Y:-0.60
R54HJ? PINS 188 :SV +S/GND X: 11.20 Y:-0.60
RB1+19 PINS 181 :GND +S/GND X: 0.10 '(:-1.80
RB3+19 PINS 182 :5V +S/GND X: 0.50 '(:-1.80
RB5+19 PINS 183 :GND +5/GNO X: 0.9121 Y:-1.89
RB7+19 PINS 184 :5V +5/GNO X: 1. 30 Y:-1.80
RB9+19 PINS 185 :GND +5/GNO X: 1. 70 Y:-l.80
R11+19 PINS 186 :SV +S/GND X: 2.10 V:-1.BB
R13+19 PINS 187 :GND +5/GND X: 2.50 Y:-1.BB
R1S+19 PINS 188 :SU +S/GND X: 2.98 Y:-l.B0
R17+19 PINS 189 :GND +5/GND X: 3.30 Y:-1.B0
R19+19 PINS 198 :5U +5/GND X: 3.70 Y:-1.B0
R21+19 PINS 191 :GND +S/GND X: 4.10 Y:-l.B0
R22+19 PINS 192 :SV +5/GND X: 4.40 Y:-l.8B

.~19 PINS 193 :GND +5/GND X: 4.88 Y:-1.B0
• 19 PINS 194 :5U +5/GND X: 5.10 V:-1.B0
R2 +19 PINS 19S :GND +5/GND X: 5.50 Y:-1.80
R2B+19 PINS 196 :SU +5/GND X: 5.8B V:-1.80
R3B+19 PINS 197 :GND +5/GHD X: 6.20 Y:-1.B0
R31+19 PINS 198 :5U +5/GND X: 6.50 Y:-1.B0
R33+19 PINS 199 :GND +5/GND X: 6.90 Y:-1.80
R34+19 PINS 288 :5U +5/GND X: 7.20 Y:-1.B0
R36+19 PINS 281 :GND +S/GND X: 7.60 V:-1.80
R38+19 PINS 282 :5U +S/GND X: 8.00 V:-1.80
R40+19 PINS 283 :GND +S/GND X: 8.40 V:-1.B0
R42+19 PINS 284 : SV +5/GND X: 8.88 v:-1.80
R44+19 PINS 28S :GND +5/GHD X: 9.20 V:-1.80
R46+19 PINS 286 :5V +5/GND X: 9.68 Y:-1.88
R48+19 PINS 287 :GND +5/GND X:10.B0 V:-1.80
R50+19 PINS 288 :5V +5/GND X:18.48 Y:-1.80
R52+19 PINS 289 :GND +5/GND X:18.88 V:-1.80
RS4+19 PINS 218 :SV +5/GND x: 11.20 V:-1.80
RB1+31 PINS 211 :GND +5/GND X: 8.18 V:-3.0B
RB3+31 PINS 212 :5U +5/GND X: 8.S8 Y:-3.88
RB5+31 PINS 213 :GND +5/GND X: B.90 Y:-3.00
R07+31 PINS 214 :SV +5/GND X: 1. 3B Y:-3.00
R09+31 PINS 21S :GND +5/GND X: 1. 70 Y:-3.88
R11+31 PINS 216 :5V +5/GND X: 2.10 Y:-3.00
R13+31 PINS 217 :GND +5/GND X: 2.S8 Y:-3.00
R1S+31 PINS 218 :SV +S/GND X: 2.98 Y:-3.88

Rle
31 PINS 219 :GND +5/GND X: 3.30 V:-3.00

• 31 PINS 228 :SV +5/GHD X: 3.78 Y:-3.88
R21+31 PINS 221 :GND +5/GND X: 4.10 Y:-3.00
R22+31 PINS 222 :SU +S/GND X: 4.40 V:-3.00
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R24+31 PINS 223 :GND +5/GND x: 4.8B V:-3.00

R1I3 ! PINS 224 :5U +5/GHO X: 5.10 '(:-3.00
R 31 PINS 225 :GND +S/GND X: 5.50 Y:-3.00
R2B+31 PINS 226 :SV +5/0ND X: 5.88 Y:-3.90
R30+31 PINS 227 :GND +5/GND X: 6.28 '(:-3.00
R31+31 PINS 228 :5U +S/GND X: 6.50 Y:-3.00
R33-+31 PINS 229 :GHD +S/GHD X: 6.'90 V:-3.00
R34+31 PINS 230 :5V +5/GND X: 7.20 V:-3.09
R36+31 PINS 231 :GND +5/GHD X: 7.60 '(:-3.09
R3B+31 PINS 232 :5U +S/GHD X: 8.00 Y:-3.09
R41iH31 PINS 233 :GHD +5/GHD X: 8.40 V:-3.90
R42+31 PINS 234 :SV +5/GHD X: 8.80 '(:-3.09
R44+31 PINS 235 :GND +5/GHD X: 9.20 '(:-3.00
R46+31 PINS 236 :5V +S/GHD X: 9.60 Y:-3.00
R4B+31 PINS 237 :GHD +5/GHD X:10.0B Y:-3.00
RS9+31 PINS 238 :SU +S/GHD X:10.40 '(:-3.90
R52+31 PINS 239 :GND +5/GHD X:19.a0 Y:-3.00
R54+31 PIHS 240 :5U +5/GHO X:l1.29 Y:-3.90
R01+43 PINS 241 :GHD +5/0HD X: 0.10 Y:-4.20
R03+43 PINS 242 :5V +S/GND X: 0.50 Y:-4.20
R05+43 PINS 243 :GHD +5/GND X: 0.90 Y:-4.20
R07+43 PINS 244 :5V +5/GND X: 1.38 Y:-4.Z0
R09+43 PINS 245 :GND +5/GND X: 1. 70 Y:-4.20
Rl1+43 PINS 246 :5V +5/GND X: Z.18 Y:-4.Z0
R13+43 PINS 247 :GND +5/GND X: 2.50 Y:-4.Z0
R15+43 PINS 248 : 5V +5/GND X: 2.90 Y:-4.20
R17+43 PINS 249 :GND +5/GND X: 3.30 Y:-4.20

R1It
43 PINS 250 :5V +5/GND X: 3.70 Y:-4.20

R2 43 PINS 251 :GND +5/GND X: 4.10 Y:-4.Z0
R22+43 PINS 252 :SV +S/GND X: 4.40 Y:-4.20
R24+43 PINS 253 :GND +5/GND X: 4.80 Y:-4.20
R25+43 PINS 254 :5U +5/GND X: 5.10 Y:-4.Z0
R27+43 PINS 255 : GND +5/GND X: 5.58 Y:-4.20
R28+43 PINS 256 :5V +5/GND X: 5.80 Y:-4.20
R30+43 PINS 257 :GND +S/GND X: 6.20 Y:-4.20
R31+43 PINS 258 :5V +5/GND X: 6.50 Y:-4.20
R33+43 PINS 259 :GND +5/GND X: 6.90 Y:-4.20
R34+43 PINS 260 :5U +S/GND X: 7.20 Y:-4.Z0
R36+43 PINS 261 :GND +S/GND X: 7.60 Y:-4.20
R38+43 PINS 262 :5V +S/GND X: 8.00 Y:-4.20
R40+43 PINS 263 :GND +S/GND X: 8.40 Y:-4.20
R42+43 PINS 264 :5U +5/GND X: 8.S0 Y:-4.Z0
R44+43 PINS 26S :GND +S/GND X: 9.20 Y:-4.28
R46+43 PINS 266 :5U +5/GNO X: 9.60 Y:-4.20
R48+43 PINS 267 :GND +S/GHD X:18.0B Y:-4.Z0
RS0+43 PINS 268 :SU +5/GND X:10.40 Y:-4.Z8
RSZ+43 PINS 269 :GND +5/GHD X:10.80 Y:-4.Z0
R54+43 PINS 270 :5U +5/GND X:l1.Z0 Y:-4.20
R03+55 PINS 271 :5V +S/GND X: 8.58 Y:-S.40
R8S+S5 PINS 272 :GND +5/GND X: 8.90 Y:-5.40
R07+55 PINS 273 :SV +5/GND X: 1.30 Y:-S.40
R09+SS PINS 274 :GND +5/GND X: 1. 70 Y:-S.40

Rl.S PINS 275 :5V +S/GND X: 2.10 Y:-S.4B
R! 5 PINS 276 :GHD +5/GHD X: 2.S0 Y:-5.40
R15+5S PINS 277 :5V +5/GND X: 2.90 Y:-S.40
R17+SS PINS 278 :GHD +S/GND X: 3.30 Y:-S.40
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R19+SS PINS 219 :5V +S/GND X: 3.70 V:-S.40

R~S PINS 280 :GND +S/GND X: 4.10 Y:-S.4B
R2 55 PINS 281 :5V +5/GNO X: 4.40 Y:-S.40
RZ4+55 PINS 282 :GND +5/GND X: 4.80 Y:-S.40
RZS+55 PINS 283 :5U +5/GND X: 5.10 Y:-S.40
R27+5S PINS 284 :GND +5/GND x: 5.50 V:-S.40
R28+55 PINS 285 :SV +5/GHO x: 5.80 V:-S.4B
R30+SS PINS 286 :GND +5/GNO X: 6.20 Y:-S.40
R31+SS PINS 281 :5V +5/GND X: 6.50 Y:-S.40
R33+55 PINS 288 :GND +5/GNO X: 6.90 Y:-S.40
R34+S5 PINS 289 :5V +S/GND X: 7.20 V:-5.40
R36+55 PINS 290 :GND +S/GND X: 7.60 Y:-S.40
R38+55 PINS 291 :5U +5/GNO X: 8.00 Y:-5.40
R40+55 PINS 292 :GND +5/GND X: 8.40 V:-S.40
R42+55 PINS 293 :5V +5/GNO X: 8.80 Y:-S.40
R44+5S PINS 294 :GND +5/GND X: 9.20 Y:-S.40
R46+SS PINS 295 :5U +S/GND X: 9.60 Y:-S.40
R48+SS PINS 296 :GND +S/GND X:10.00 V:-S.40
RS0+55 PINS 291 :SV +5/GNO X:10.40 Y:-S.40
RS2+5S PINS 298 :GND +5/GND X:10.ee Y:-5.40

PINS Multibus connector X: 0.00 y: B.BB
RB50FF PINS 1 NC Multibus connector X: B.80 Y: 0.5B
R050FF PINS 2 NC Multibus connector X: 0.80 y: 0.40
R050FF PINS 3 NC Multibus connector X: 0.90 y: 0.50
R050FF PINS 4 NC Multibus connector X: 0.90 Y: 0.40

R0~F PINS 5 NC Multibus connector X: 1.20 y: 0.50
RE F PINS 6 AINIT/ Multibus connector X: 1.20 Y: 0.40
R080FF PINS 1 NC Multibus connector X: 1.40 y: 0.50
R080FF PINS 8 NC Multibus connector X: 1. 40 y: 0.40
R080FF PINS 9 NC Multibus connector X: 1.50 y: 0.50
R0BOFF PINS 10 NC Multibus connector X: 1.50 y: 0.40
R090FF PINS 11 NC MultibuS connector X: 1. 70 y: 0.50
R090FF PINS 12 NC Multibus connector X: 1. 70 y: 0.40
FH00FF PINS 13 NC Multibus connector X: 1.80 y: 0.50
R100FF PINS 14 NC Multibus connector X: 1.80 y: 0.40
R110FF PINS 15 NC Multibus connector X: 2.00 y: 0.50
R110fT PINS 16 NC Multibus connector X: 2.00 y: 0.40
R110FF PINS 11 NC Multibus connector X: 2.10 y: 0.50
R110FF PINS 18 NC Multibu5 connector X: 2.10 y: 0.40
R120FF PINS 19 NC Multibus connector X: 2.30 y: 0.50
R120FF PINS 20 NC Multibus connector X: 2.30 y: 0.40
R130FF PINS 21 NC Multibus connector X: 2.40 y: 0.50
R130fT PINS 22 NC Multibus connector X: 2.40 y: 0.40
R140FF PINS 23 NC Multibu5 connector X: 2.60 y: 0.50
R140FF PINS 24 NC Multibus connector X: 2.60 y: 0.40
R140FF PINS 25 NC Multibus connector X: 2.70 y: 0.50
R140FF PINS 26 NC Multibus connector X: 2.70 y: 0.40
R150FF PINS 21 NC Multibus connector X: 2.90 y: 0.50
R150FF PINS 28 NC Multibus connector X: 2.90 y: 0.40
R160FF PINS 29 NC Multibus connector X: 3.1110 y: 0.50
R160FF PINS 30 NC Multibus connector X: 3.00 y: 0.40
R_FF PINS 31 NC Multibus connector X: 3.20 y: 0.50
R FF PINS 32 NC Multibus connector X: 3.20 Y: 0.40
R180FF PINS 33 NC Multibus connector X: 3.40 y: 0.50
R1BOFF PINS 34 NC Multibus connector X: 3.40 y: 0.40
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R190FF PINS 35 HC Multibus connector X: 3.613 Y: 0.50

R.FF PINS 36 HC Multibus connector x: 3.60 Y: 13.40
R FF PIHS 37 HC Multibus connector X: 3.70 Y: B.50
Ri90rF PINS 38 HC Multibus connector X: 3.70 Y: 0.40
R200F"F PINS 39 HC Multibu5 connector X: 3.90 Y: 0.50
R2BOrr PINS 48 HC Multibus connector X: 3.90 y: 0.40
R21.0F"F" PINS 41 HC Multibus connector X: 4.00 y: 0.50
R210rF" PINS 42 HC Multibus connector X: 4.00 Y: 0.40
R220rr PINS 43 HC Multibus connector X: 4.20 y: 0.50
R220FT PINS 44 HC Multibu5 connector X: 4.20 Y: 0.40
R220FF PINS 45 HC Multibus connector X: 4.30 y: 0.50
R220F, PINS 46 HC Multibu5 connector X: 4.30 Y: 0.40
R2aOrF PINS 47 HC Multibus connector X: 4.50 y: 0.50
R230F'T PINS 48 HC Multibus connector X: 4.50 y: 0.40
R230fT PINS 49 HC Multibus connector X: 4.60 y: 0.50
RZ30rF PINS 58 HC Multibus connector X: 4.60 y: 0.40
R240FF PINS 51 HC Multibus connector X: 4.80 y: 0.50
R240FT PINS 52 HC Multibus connector X: 4.80 y: 0.40
R2S0FT PINS 53 HC Multibu5 connector X: 4.98 y: B.SB
R250FF PINS 54 HC Multibus connector X: 4.90 y: 0.40
R2S0FT PINS 55 HC Multibus connector X: 5.18 y: B.S0
R2S0Fr PINS 56 HC Multibus connector X: 5.18 y: 8.48
R260FF PINS 57 HC Multibus connector X: 5.30 Y: 0.50
R260Fr PINS 58 HC Multibus connector X: 5.3B Y: 0.40
R270rF PINS 59 HC Multibus connector X: 5.58 Y: 0.50
R270rr PINS 68 HC Multibus connector X: 5.50 y: 0.40
R280rr PINS 61 HC Multibus connector X: 5.60 y: 0.SB
R.rr PINS 62 HC Multibus connector X: 5.60 Y: 0.40
R2 FT PINS 63 HC Multibus connector X: :5.80 y: 8.58
R280rr PINS 64 HC Multibus connector X: 5.80 y: 0.40
R290rr PINS 65 HC Multibus connector X: 5.90 y: 0.50
R290rF PINS 66 HC Multibus connector X: 5.90 y: 0.40
R300rr PINS 67 HC Multibus connector X: 6.20 y: 8.58
R380FF PINS 68 HC Multibus connector X: 6.28 y: 0.48
R310rr PINS 69 HC Multibus connector X: 6.30 y: 8.50
R310rr PINS 78 HC Multibus connector X: 6.30 y: 0.413

R06P03 DIP14 7407-0UTPUT MULTI8U5 DRIVER (OPENX: 1. 10 Y:-0.20
R86P83 R86P83 1 RCV 7407-0UTPUT MULTIBUS DRIVER (OPEHX: 1.10 Y:-0.20
R06P04 R06P03 2 *DELAY 7407-0UTPUT MULTI BUS DRIVER (OPEHX: 1. 18 Y:-8.38
R06P05 R06P03 3 -RESET 7487-0UTPUT MULTI8U5 DRIVER <OPENX: 1. 10 Y:-0.48
R06P06 R06P03 4 *INIT/ 7407-0UTPUT MULTI BUS DRIVER <OPENX: 1. 10 Y:-0.50
RBSP07 R06P03 5 HC 7407-0UTPUT MULTIBUS DRIVER <OPENX: 1.10 Y:-8.68
RBSP08 R06P03 6 SHC 7407-0UTPUT MULTI BUS DRIVER (OPENX: 1. 10 Y:-0.70
R06P09 R06P03 7 GHD 7407-0UTPUT MULTI BUS DRIVER (OPENX: 1. 10 Y:-0.80
R0SP09 R06P03 8 SHC 7407-0UTPUT MULTIBUS Dl'IVER (OPEHX: 8.88 Y:-0.80
R05P08 R06P03 9 HC 7407-0UTPUT MULTI BUS DRIVER (OPEHX: 0.B0 Y:-0.70
R05P07 R06PB3 18 SHC 7407-0UTPUT MULTIBU5 DRIVER (OPEHX: 0.80 Y:-0.60
R05P06 R06P03 11 HC 7407-0UTPUT MULTIBU5 DRIVER (OPENX: 8.88 Y:-8.58
R05P05 R06P03 12 SHC 7407-0UTPUT MULTIBUS DRIVER (OPENX: 0.80 Y:-B.40
R05P04 R06P03 13 HC 7407-0UTPUT MULTIBUS DRIVER <OPENX: 0.80 Y:-0.30
R0SP03 R06P03 14 5V 7407-0UTPUT MULTIBUS DRIVER <OPENX: 0.80 Y:-0.20

RleS3 DIP14 7414-LEVEL DETECTOR <74C14 SCHMITX: 1.90 Y:-0.20
R10P03 R10P03 1 DELAY 7414-LEVEL DETECTOR <74C14 SCHMITX: 1. 98 Y:-0.20
R10P04 R10P03 2 S-REsET 7414-LEVEL DETECTOR (74C14 sCHMITX: 1. 90 Y:-0.30
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R10PBS R10PB3 3 -Rev 7414-LEVEL DETECTOR (74C14 SCHMITX: l.Sli1l V:-0.40
R 6 R10P03 4 SRev 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.90 Y:-0.50
R1 07 R10P03 5 HC 7414-LEUEL DETECTOR (74C14 SCHMITX: 1.90 Y:-0.60
R10pe8 R10P03 6 SHC 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.90 Y:-0.70
R10P09 R10P03 7 GHD 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.90 r:-B.B0
R09P09 R10P03 8 SHC 7414-LEVEL DETECTOR <74C14 SCHMITX: 1.60 Y:-0.80
R09P08 R10P03 9 HC 7414-LEUEL DETECTOR <74C14 SCHMITX: 1.60 Y:-0.70
R09P07 R10P03 10 SHC 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.60 V:-0.60
R09P06 R10P03 11 HC 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.60 V:-0.50
R09P05 R10P03 12 SHC 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.60 Y:-0.40
R09P04 R10P03 13 HC 7414-LEVEL DETECTOR <74C14 SCHMITX: 1. 60 V:-0.30
R09P03 R10P03 14 5V 7414-LEVEL DETECTOR (74C14 SCHMITX: 1.60 Y:-0.20

R04P03 DIP14 751B9-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.20
R04P03 R04P03 1 (RCV 751B9-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.20
R04P04 R04P03 2 HC 751B9-INPUT RS232 TO TTL RECEIUERX: 0.70 Y:-0.30
R04P05 R04P03 3 $-RCV 751B9-INPUT RS232 TO TTL RECEIUERX: 0.70 Y:-0.40
R04P06 R04P03 4 HC 75189-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.50
R04P07 R04P03 5 HC 75189-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.60
R04P08 R04P03 6 SHC 75189-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.70
R04P09 R04P03 7 GHD 75189-INPUT RS232 TO TTL RECEIVERX: 0.70 Y:-0.80
R03P09 R04P03 8 SHC 751B9-INPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.80
R03P0B R04P03 9 HC 75189-INPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.70
R03P07 R04P03 10 HC 7S1B9-INPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.60
R03P06 R04P03 11 SHC 751B9-INPUT RS232 TO TTL RECEIUERX: 0.40 Y:-0.50
R03P05 R04P03 12 HC 75189-INPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.40

R:'j:4 R04P03 13 HC 75189-INPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.30
R 3 R04P03 14 5V 75189-IHPUT RS232 TO TTL RECEIVERX: 0.40 Y:-0.20

R04P01 CAP CAP-SV BYPASS x: 0.70 Y: 0.00
R04P01 R04P01 1 iGND CAP-SU BYPASS x: 0.78 Y: 0.00
R03P01 R04P01 2 iSU CAP-SU BYPASS x: 0.40 Y: 0.00

R06P01 CAP CAP-SU BYPASS x: 1.10 y: 0.00
R06P01 R06P01 1 iGND CAP-SU BYPASS x: 1. 10 y: 8.80
R0SP01 R06P01 2 i SU CAP-SV BYPASS x: 0.80 Y: 0.00

R0SP01 CAP CAP-5V BYPASS x: 1.50 y: 0.00
R08P01 R08P01 1 iGND CAP-5V BYPASS x: 1.50 Y: 0.00
R07P01 R0SP01 2 ;SV CAP-5V BYPASS x: 1.20 Y: 0.00

R10P01 CAP CAP-5V BYPASS x: 1.90 Y: 0.00
Ri0pe1 Riepe1 1 iGND CAP-5V BYPASS x: 1.90 Y: 0.00
R09P01 R10P01 2 i 5V CAP-SV BYPASS x: 1. 60 Y: 0.00

R04P12 CAP CAP-SV BYPASS x: 0.70 Y:-1.10
R04P12 R04P12 1 i GND CAP-5V BYPASS x: 0.70 Y:-l.10
R03P12 R04P12 2 i SU CAP-SV BYPASS x: 0.40 Y:-l.10

R06P12 CAP CAP-SU BYPASS x: 1.10 Y:-1.10
R06P12 R06P12 1 i GHD CAP-5U BYPASS x: 1.10 Y:-1.10
R0SP12 R06P12 2 ;5U CAP-SV BYPASS x: 0.80 V:-l.10

R.e12 CAP CAP-5V BYPASS x: 1.50 Y:-1.10
R08P12 R08P12 1 ;GND CAP-5V BYPASS x: 1.50 Y:-1.10
R07P12 R08Pl2. 2 ; SV CAP-SV BVPASS x: 1.20 Y:-1.10
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RII12 CAP CAP-5V BYPASS X: 1. ':30 Y:-1.10
R 12 R10P12 1 ; GND CAP-5V BYPASS X: 1.90 Y:-1.10

I R09Pt2 R10P12 2 ;5V CAP-5V BYPASS X: 1.60 Y: -1. 10

R0BP03 DIP16 COMP-RESET ANALOG X: 1.50 Y:-0.20
R08P03 R0BP03 1 NC COMP-RESET ANALOG X: 1.50 Y:-0.20
R0BP04 R08P03 2 NC COMP-RESET ANALOG X: 1.50 Y:-0.30
R08P05 R08P03 3 NC COMP-RESET ANALOG X: 1.50 Y:-0.40
R08P06 R08P03 4 NC COMP-RESET ANALOG X: 1.50 Y:-0.S0
Re8P07 R08P03 5 !DELAY COMP-RESET ANALOG X: 1.50 Y:-0.60
R08P08 R0BP03 6 NC COMP-RESET ANALOG X: 1.50 Y:-0.70
R08P09 R08P03 7 NC COMP-RESET ANALOG X: 1.50 Y:-0.80
R08P10 ReSP03 8 !DELAY COMP-RESET ANALOG X: 1.50 Y:-0.90
R07P10 R08P03 9 5U COMP-RESET ANALOG X: 1.20 Y:-0.90
R07P09 R08P03 10 NC COMP-RESET ANALOG X: 1.20 Y:-0.B0
R07P08 R0BP03 11 NC COMP-RESET ANALOG X: 1.20 Y:-0.70
R07Pl?l7 R08P03 12 GND COMP-RESET ANALOG X: 1.20 Y:-0.60
R07P06 R0BP03 13 NC COMP-RESET ANALOG X: 1.20 Y:-0.50
R07P05 RBBP03 14 NC COMP-RESET ANALOG X: 1.20 Y:-e.40
R07P04 R08P03 15 NC COMP-RESET ANALOG X: 1.20 Y:-0.30
R07P03 R08P03 16 NC COMP-RESET ANALOG X: 1.20 Y:-0.20

MANUAL RIB26 RIB26 CONNECTOR CHANNEL 3 X: 8.80 Y:-S.B0
R420FF MANUAL 1 GND RIB26 CONNECTOR CHANNEL 3 X: 8.80 Y:-5.80
R420FT MANUAL 2 SNC RID26 CONNECTOR CHANNEL 3 X: 8.80 Y:-5.90
R430FF MANUAL 3 S(RCV RIBZ6 CONNECTOR CHANNEL 3 X: 8.90 Y:-S.80
R.FF MANUAL 4 NC RIBZ6 CONNECTOR CHANNEL 3 X: 8.90 Y:-S.90
R4 FF MANUAL 5 NC RIB26 CONNECTOR CHANNEL 3 X: 9.00 Y:-S.80
R430FT MANUAL 6 NC RID26 CONNECTOR CHANNEL 3 X: 9.00 Y:-S.90
R440FF MANUAL 7 GND RIS26 CONNECTOR CHANNEL 3 X: 9.10 Y:-S.80
R440FF MANUAL 8 NC RIB26 CONNECTOR CHANNEL 3 X: 9.10 Y:-S.90
R440FF MANUAL 9 NC RI826 CONNECTOR CHANNEL 3 X: 9.20 Y:-S.80
R440FF MANUAL 10 NC RIB26 CONNECTOR CHANNEL 3 X: 9.20 Y:-S.90
R4S0FF MANUAL 11 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.30 Y:-S.80
R450FF MANUAL 12 NC RIB26 CONNECTOR CHANNEL 3 X: 9.30 Y:-S.90
R450FF MANUAL 13 NC RIB26 CONNECTOR CHANNEL 3 X: 9.40 Y:-5.80
R4S0FF MANUAL 14 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.40 Y:-5.90
R460FF MANUAL 15 NC RIB26 CONNECTOR CHANNEL 3 X: 9.50 Y:-S.80
R460FF MANUAL 16 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.50 Y:-5.90
R460FF MANUAL 17 NC RIB26 CONNECTOR CHANNEL 3 X: 9.60 Y:-S.80
R460FF MANUAL 18 NC RIB26 CONNECTOR CHANNEL 3 X: 9.60 Y:-S.90
R470FF MANUAL 19 NC RIS26 CONNECTOR CHANNEL 3 X: 9.70 Y:-S.80
R470FF MANUAL 20 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.70 Y:-5.90
R470FF MANUAL 21 NC RISZ6 CONNECTOR CHANNEL 3 X: 9.80 Y:-S.80
R470FF MANUAL 22 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.80 Y:-S.90
R480FT MANUAL 23 NC RIS26 CONNECTOR CHANNEL 3 X: 9.90 Y:-5.80
R480FF MANUAL 24 NC RIBZ6 CONNECTOR CHANNEL 3 X: 9.90 Y:-S.90
R480FF MANUAL 25 NC RIBZ6 CONNECTOR CHANNEL 3 X:10.00 Y:-5.80
R480FF MANUAL 26 NC RIS26 CONNECTOR CHANNEL 3 X:10.00 Y:-S.90

•
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FIB MEMORY MAP

IP32 : TX PIC READ

IP30 : TX PIC WRITE

IP2E

IP24

IP22 : RX PIC READ

IP20 : RX PIC WRITE

IP1E

IPIC

lP1A : fifOS RESET

IPt8 : flf04 RESET

IPt6 : FIF03 RESET

IP14 : FIF02 RESET

IPt2 : FIFOI RESET

IPte : fIfoe RESET

IPOE

IP0C

IP0A : FIFOS DATA

IP08 ; flF04 DATA

IP06 : rlr03 DATA

IP04 : FIF02 DATA

IPe2 : FIF01 DATA

IP00 : FIF00 DATA
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Note: IP is the page in the I/O segment.

: '-.-dr7 : adr6 : adrS : adr4 : adr3 : adr2 : adrl adre :

not used
FIFO and PIC select
FIFO select
FIFO select
DATA/RESET enable
FIFO/PIC enable
not used
not used

10 = -(-iore ~ iowel
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;
;code for the state machine prom~ 745288

; puts:
; ~ 7 6 5 4 3 2 1 e
; -fifoi -fifoo 10 adsr -f ackx -sren nst2 nst1 nstB
;
;inputs:
; 4 3 2 1 e
; -fifos -iore nst2 nst1 nstB
;
; input meanings:
; -fifos -iore
; e e re ad from f Ho
; e 1 write into f Ho
; 1 e not accessed
; 1 1 not accessed
;

fifoi , 128
fifoo , 64
loadsr , 32
f ackx , 16
sren , 8
;

asect e
;

byte 1 + f i foo+f ackx
byte 2 + f i foo+f ackx
byte 3 + f Hoo+f ackx
byte 4 + fifoo+fackx
byte 4 + fifoi+fifoo+sren;assert acknowledge and wait ;or reply

byte 4 + fifOi+fifoo+fackx+sren
byte 4 + fifoi+fifoo+fackx+sren
byte 4 + fifoi+fifoo+fackx+sren

;
byte 1 + fifoi+fifoo+loadsr+fackx
byte 2 + fifoi+sren+fackx
byte 3 + fifoi+fackx
byte 4 + f Ho i +f ackx
byte 5 + f Ho i +f ackx
byte 5 + fifoi+fifoo+sren;assert acknowledge and wait ;or reply

byte 5 + fifoi+fifoo+fackx+sren
byte 5 + fifoi+fifoo+fackx+sren

;
byte e + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+fackx+sren
byte 8 + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+fackx+srcn
byte e + fifoi+fjfoo+fackx+sr~n

byte e + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+faCkx+sren

;
byte e + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+fackx+sren
byte e + fifoi+fifoo+fackx+srcn
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byte
byte
byte
byte
byte

e
e
e
e
e

+
+
+
+
+

fifoi+fifoo+fackx+sren
fifoi+fifoo+fackx+sren
fifoi+fifoo+fackx+sren
fifoi+fifoo+fackx+sren
fifoi+fifoo+fackx+sren
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Research under contract number N00014-79-C-OS97.
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1 Overall Requirements:

The California Institute of Technology (Caltech) Computer Science Department
requires that the current design of Its Homogeneous Machine Processor (HMP) be
constructed on a printed circuit (PC) board and replicated 80 times. The wire-wrapped
version of the HMP has been tested to Caltechls satisfaction and it is required that the PC
version perform equally or better than the wire-wrapped version. Materials supplied by
Caltech will be a set of block diagrams and the wire-wrap lists. Services required by the
contractor(s) win be the following:

1. Transferring of wire-wrap lists to PC masks

2. Fabrication of PC boards from masks

3. Stuffing of PC boards with components.

4. Testing assembled boards.

2 Homogeneous Machine Tutorial:
Que to the uniqueness of the Homogeneous Machine project, the following brief

explanation of the machine is given. The entire Homogeneous Machine is an interconnection
of 64 HMP's configured as e Boolean 6-cube, or In other terms, a 6 dimensional hypercube.
For the uninitiated, this requires that each HMP have a 6 bit binary number that uniquely
determines its location in the hypercube. The 6 bIt binary number represents an ordered
6-tuple where each bit represents the HMP's coordinate in a six dimensional space where
each coordinate may only have the binary value of a or 1. Two HMP's will only be connected
if and only if there 6 bit-numbers differ in exactly one location. For example, where bit 5 is
the most left bit and bit a is the most right:

000000 and 000001 are connected since only bit 0 differ.

000000 and 000011 are not connected since bits 0 and 1 differ.

011111 and 111111 are connected since only bit 7 differ.

101010 and 010101 are not connected since all the bits differ.

Each HMP has 6 interconnections to 6 other HMP's, in addition to these connections,
there is a global control bus which supplies the hypercube with:

1. clock

2. reset

3. sync

4. miscellaneous global communication lines
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3 Design Materials Provided by Caltech:

3.1 Wire lists:
The wire lists are the definitive description of the HMP's. they will be the only

document guaranteed by Caltech as being the correct description of the HMP. The wire lists
describe the interconnection of all components including edge connectors which are
represented as a series of wire-wrap posts. No information on component placement is
avallable from the wire lists. Any instances where It Is desired that logical elements be
re-wired to simplify PC layout while maintaining the functional Integrity of the HMP must have
written approval from Caltech.

3.2 Block Diagrams:
A set of block diagrams will be supplied that show In detail both control and data flow.

4 Design Materials Not Provided by Caltech:
Cal tech is not responsible for the following list of Items:

1. Component placement

2. Placement and construction of connectors

3. Power distribution within the HMP board

5 Homogeneous Machine System Requirements:
The Homogeneous Machine System will consist of the following modules:

1.64HMP's

2. Chassis

3. Dedicated Host Computer

4. Power Supply

5.1 Homogeneous Machine Chassis:
The HMP's will be required to connect to 8 chassis that the contractor will provide.

The contractor is responsible for the design of the edge connector which will mate with the
chassis to provide:

1. power supply voltages

2. control bus interface

3. six interprocessor connections

The chassis will consist of a b3ckplane for wiring all of the edge connector signals for
all 64 boards. In addition is must have provisions for the dedicated host computer.
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6.2 Dedicated Host Computer:
The dedicated host computer will be constructed by Caltech. It will be made available

to the contractor on a limited basis for testing purposes. The dedicated host will consist of
8 12 slot Multibus 1 and a separate power supply. It will be necessary that the contractor
provide sufficient space within the Homogeneous Machine cabinet for the dedicated host. It
will require an easily accessible front panel consisting of six switches. Space must also be
provided for behind the dedicated host to accommodate numerous terminal lines and high
speed data links.

5.3 Power Supply
The entire machine wlll require a power supply of 5 volts at 130 amps. For diagnostic

purposes, the power supply must be adjustable from 4 to 6 volts. The reference voltage for
the power supply will be derived from the dedicated host computer which the power supply
must dynamically track.

5.4 Special HMP's:
The interfacing of the dedicated host with the Homogeneous Machine will be through

HMP's which have 7 connectors instead of 6. The first six connections will interface the
spatial array in the normal manner but the seventh will be connected to the dedicated host.
These special HMP's will be wire-wrapped and will be provided by Caltech. but provisions for
Interfacing to the dedicated host must be made by the contractor.

Although how this Is actually done Is left to the discretion of the contractor, the
following scheme is recommended. The backplane be constructed so that it will accept a
wire-wrap board in any slot, this requires that the spacing between slots be double the
normal b0ard depth. The one additional connection to the dedicated host would be made
through a ribbon cable. It is recommended that the arrangement of connectors on the HMP
boards agree with some standardize format, In particular, the Intel Multibus.

5.5 Further Cabinet Requirements
The HMP's must be air cooled. The dedicated host also requires air flow and is

currently equipped with a fan, this fan may be removed by the contractor.

6 Components of the HMP,

6.1 Integrated Circuit Sockets:
Two types of sockots will be required based on the predicted necessity of replacing

the components, all integr.:lted circuits for the liMP will be classified 8S follows:

frequent:

'IEEE 7g6 bus.

Frequently replaceable components include those that will be replaced
In the normal operation of the system, for example: EPROMS.
Components classified tiS Frequent require an AUGAT socket or
equivalent.



Occasional:

Infrequent:
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Occasionally replaceable components Include those that are expected
to be replaced In the operation of the machine either due to device
failure or an operational modification in the machine. These include the
fifO Inter.ace drivers and RAMs. Components classified as Occasional
require a socket.

Components expected to be replaced infrequently are those that will
only be replaced upon very infrequent failure. These devices will not be
socketed.

6.2 Component testing:
The contractor will be required to supply all components for the HMP's except for the

Intel 8086's and 8087's. The system will initially be constructed with 5 MHz 8086's and no
8087's. The HMP's will be expected to perform at a maximum clock speed of" 10 MHz, to
verify this, a small number of 10 MHz 8086's will be made available to the contractor. When
the 10 MHz 8086's and the 8087·s become available, they will be installed into the
Homogeneous Machine by Caltech.

7 Testing of Assembled Boards:
Caltech requires that the functionality of all components on the assembled HMP's be

verified, To accomplish this, Caltech will provided a testing interface and diagnostic
programs. Proper execution of the diagnostics will be satisfactory verification of the
assembled boards.
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2. Calling Conventions

A convention for calling procedures both in user programs and in the monitor is proposed to

aid in debug and to allow relocation of processes.

There are two operating modes relavant to the procedure calling conventions: user and

monitor. Within each operating mode there are several conventions for procedure calls. In

addition, there is a conventIon for user programs calling procedures in the monitor.

The distinction between user and monitor mode is based upon where the executing code

Is located. When the code segment register has the address of the currently executing

monitor the system is in monitor mode, otherwise it is in user mode.

A procedure that executes from the monitor segment is termed a monitor procedure. Other

procedures are termed user procedures. A call executed from code that is in the monitor

segment is called a monitor call. Other calls are called user calls.

2.1 Conventions for User Procedures

2.1.1 Simple User Procedures

Simple calls pass arguments in the accumulators Clnd do not alter the stack frame.

Simple U:;er Call

addrcall
arguments in accumulators
simple call
return arguments In accumulators

Simple User Procedure
body goes hera

ret return
addr:

2.1.2 Normal User Procedures

Normal calls pass arguments on the stack and cause the establishment of a new stack

frame.

arg 1
oddr
sp,#2"n

Normal User Call
push arg n
push
push
push
push
call
add

arguments in reverse order

first argument
simple call
flxup stue" from pushes
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addr:
Normal User Procedure
push bp save old stack frame
mav bp,sp new stack frame
...code... body goes here. using [bp+41.

[bp+6]. .. as arguments
pop bp restore old stack frame
ret return

2.2 Conventions for Monitor Procedures

2.2.1 Simple Monitor Procedures

Simple calls pass arguments in the accumuletors and do not alter the stack frame.

Simple Monitor Call

call addr
arguments in accumulators
simple call
return arguments ;n accumulators

addr:
Simple Monitor Pmcedure
•..code... body goes here
ret return

2.2.2 Normal1\1onitor Procedures

Normal cans pass arguments on the stack and cause the establishment of a new stack

frame.

erg 1
cs
addr
sp.#2*n

Normal Monitor Call
push arg n
push
push
push
push
push
call
add

arguments in reverse order

first argument
push cs onto stacA
simple caff
fixup stack from pushes

bp

Normal Monitor Procedure
push bp save old stack (rame
mov bp,sp new stack (rame
...code... body goes here. using [bp+6].

[bp+8]... as arguments
restore old stack. (rame
long return

pop
ret!

addr:
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2.2.3 Interrupt Monitor Procedures

Interrupt calls are like normal calls excapt that the flags are pushed. The address of an

interrupt monitor procedure can be put into the interrupt table.

arg 7

cs
addr
sp,#2"n

Interrupt Monitor Call
push arg n
push
push
push
push
pushf
push
call
add

arguments in reverse order

first. argument
push flags
push cs ooto stack
simple call
fixup stack from pushes

addr:
Interrupt Monitor Procedure
push bp save old stack frame
mov bp,sp new slack frame
...code... body goes here, using [bp+8],

[bp+10). .. as arguments
pop bp restore old stack frame
iret long return

Brg 1 first argument
monltr,addr simple call
sp,#2~n fixup stack (rom pushes

2.3 Monitor Entry Techniques

This section discusses techniques whereby user code can invoke monitor procedures.

2.3.1 User Call of a Simple Monitor Procedure

Cannot be done.

2.3.2 User Call of a Normal Monitor Procedure

Use of this is strongly discouraged since It is Inconsistent with a relocation algorithm -- It

depends on a set monitor address.

Direct Normal Monitor Entry
push arg n arguments in reverse order
push
push
push
push
calli
add
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2.3.3 User Call of a Interrupt Monitor Procedure

Use of this is strongly discouraged since It Is Inconsistent with a relocation algorithm -- It

depen~s on a set monitor address.

arg 7 first argument
push flags onto stack

monitr,addr simple call
sp.#2"'n fixup stack from pushes

Direct Interrupt Monitor Entry ~

push erg n arguments in reverse order
push
push
push
push
pushf
cal11
add

2.3.4 Interrupt Call of a Interrupt Monitor Procedure

Monitor interrupt procedures can be invoked by software interrupts. Note that the

interrupt procedure will execute with interrupts masked unless they are enabled.

first argument
numbr is the interrupt number
fixup stack from pushes

erg 1
numbr
sp.#2"n

Interrupt Monitor Entry
push arg n arguments ;n rellersa order
push
push
push
push
Int
add

2.3.5 Interrupt Service Routine

Interrupt service routines are generally straightforward. Two unusual requirements exist,

however:

1. If the routine has a long execution time, It may necessary to enable the
interrupts within the routine. Interrupts may be enabled only after the cs
register is changed to the monitor segment. This assures that the process
will be recognized as in monitor mode If relocation is necesary.

2. I forget the other.

Interrupt Service Routine

xxx:

addr:

mise operations
monitr,xxx jump to monitor area

mise operations
enable interrupts
normal monItor procedure
return from interrupt
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2.3.6 Interrupt Call of a Normal Monitor Procedure

Interrupts provide the most compact manner of Invoking 8 procedure, but they have the

disadvantages of operating under under an interrupt mask, and require an iret return (which

Is slightly longer than a ret). The following code will allow a software interrupt to execute a

normal monitor procedure. Note that the low core interrupt table must point to the address of

the appropriate Interrupt Service Routine.

first argument
numbr is the interrupt number
fixup stack from pushes

arg 1
numbr
sp,#2"'n

Interrupt Monitor Entry
push arg n arguments in reverse order
push
push
push
push
Int
add

Interrupt Service Routine
push bp save old stack frame
mav bp,sp new stack. frame
xchg aX,[bp] ax onto stack
xchg aX,[bp+2] bp onto stack
xchg aX.[bp+4] pc onto stack
xchg aX,[bp+6] cs onto stack
add bp,#2 places arguments correctly
pop ax restore ax
sti won't recognize Interrupts

until after next Instruction
Jmpl monitr,addr jump to normal routine

2.4 Traceback Algorithm
•

If the conventions described above are followed, It Is possible to locate the pc addresses

of all non-simple stacked procedures. A traceback method is described.

A stacked procedure is defined by two items of information:

1. A pointer to the stack frame. Both a segment register and pointer are
required. This pointer will be described as sr:[di] where sr is the segment
register and di is the displacement of the stack frame.

2. A flag that is true if the stacked procedure called a monitor procedure with a
monitor call and false otherwise.

Traceback starts with the most nested procedure. The procedure is defined by the

registers executing in the CPU as follows:

1. ssorbp]

2. flag := (cs = monitr)



"
For each procedure, the next procedure Is defined 8S follows:

If monitor mode:

1. ss,[bp]

2. flag := (ss;[bp+4] =monltr)

If user mode:

1.ss:[bp+4]

2. flag := false :=: (ss:[bp+4] = monitr)

When a process is created the bp register Is set to zero. Termination of the above

algorithm occurrs when the uninitialized bp register is encountered on the stack (Le. when

ss:[bp+2] = a the last procedure has been enountered).

,



)
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DATEI:r IJIO";

ACCEPTANCE TEST DATA
MODEl. 19C- AO I -II

DOC. NO. 005-2J490-001 REV n SHEET ...L OF -l-
.•.•.••.• - --- __•• _- - .. - - •••.-.---. -.--•• --- -.- r SIN ~

.----.---.- .. _ O~T~TI·;l) 5.:'_ @ 20A.==~[~,~_!,2Y @4Arc;)-12V@4AI (:: _~~~I=Ij~.~7r~.===
OUTPUT TESTS SI'EC 1 DATA I SPEC I DATA ~~ SPEC ; DATA SPEC I DATA

Ripple & Nolse (mVpp

~nc Regulntion (mV>'1

I.

2.

J.
4.

5.

I -11.950 I C4.95-
Voltoae Settln. (VOC 1,.950-5.050 :~·ODU u.9~0-22~1C(.aolj -11.050._ ~!l£. . 5.058 -1·9"16
tcod Regu lot Ion (mV' 20 I ~ . ! 46 fJ I ',8 / 20 ii
.'oldbock (AIle' 38-40 331 i 5-6 5'. ~ 5-6 <;'.11 5-6 ,. d

I
20 --3 _.1 __'IR I _~B . I 2Q__ /

100 I" n I 24~ 7~ nn ,)1) 100 4n

7. nVil>' (VIX:)~5 .6. 5

8.

-
iii .1 II lJ-15 I(Y.", I -lJ.15.._I-I/f.Q II----=-hH5 1_-6 .,a'
I

5-10 I '7,j II I. 5A mox. I V-- I I "mA. 1 ""'---11 I. 5A ">UK I ~6. toShort Circuit (Ane) ,.

SPEC VATA

2700VOC I V

900VDC I V

4500VOC I V

< 80VAC

~ a.8VDC

88-90VAC

-
42.
()

-
TEST CONDIl' IONS
1. 115 VAC, simultaneou8 207. loads.
2. 115 VAe, vary each load 20~ 1007-
3. 115 VAe, increase each load until foldback, with maln output Ilt min
4. SV @) OA, others :INo load, vary line 90-132 VAC. loud
5. 90 VAC, 5V @ 20A, others @ 100'1. load one at a time.
6. 90 VAC, apply short to each output.
7.115VAC apply over-voltage with external L\ supply.
8.
9. 5V @ 30A, lower line until output cuta off.

10. 5V @ )OA 60 115 VAC, output to cut off with 0.8 VDC on INIIIBIT.
11. 5V @ 30A, lower line until POWER FAIL goea 5 VDC to ~ 0.4V.
12. Hipot input to output, 1 sec.
13. Il1pot output to case, bec.
14. Hipot input to case, bec.
IS. 230 VAe, Burn-in 5V @ 30A with chassis.
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1. Structure of the Main Procc~:"r,>

The main processors ench cow..,' I If D. m.clI,comput(·r system with six Interfaces to

olher processors. The microcomputf"r consIst" 01 an 8086/8087 with the following bus

IJcriphcrials:

'0

- J\ddl ess
~0008

bus:

Ii 9gFR'.

Ilk bytl'1:i 01 P1Kll·1.

""" - FF""
This memory Is .t address

Address bus: 123k hyt~-. o! dynmll'c rlAf..,. TIlI.s memory is at address

$10DOO-$lrrrF. 0 - , FFFF

10 bus: six inlerlilccs (starlill'! ;1~ 1· .l( ')0):

" 10 Ilddrpss .'1;0000: in!r'r';j("l'l 0 (rl'lCl/wrllC") .

.. 10 address $0002: jill

~ 10 .:Jdclrcss $000·1: illl' f '.'!. It ·1d/writc).

.. /0 address $0006: h,I(·:l.'cl';'] (Ir '(I/write).

.. /0 CldcJrc$s $0008: inlr:rfr.r::c I) (r,'lId/wrile) .

.. 10 address $OOOA: inll·rfflcr. 5 (r"~d/wrilc) .

.. 10 address $OOOC: unl":Oll'lcct~tl,

.. 10 ;)c1t1rc5~ $OOOE; llll{'Pllllf'ctod.

10 bus: master intC'rrurl cunll)1I (~lflttl'lq lit .L0200):

" 10 Address :t'O?OQ: en' 'Illri tHqi \er.

" 10 Address $0202: H~r:/I<;n Iilin

10 bus: sl.:'1vO fntp.rnlllllOlltrull 'I ~:'1t In') nl :l;0400):

~ 10 Address $01102. 1Rr~Il~r./!~~q

10 hus: i1Cccssory output. afJrlr' ., :!>OfJOO.

10 bus; accessory input, acldr(~s", j,OOOO.

- 10 hils: fifo InitiofiznUoll conll,,1 C'ldd, .....
"" '

:&OAOO-$OBFF. Accessing one or
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these <.ldclrcsscs will clom tll~ llf"~.

1.1. A Functional D('scription of the lilt~rl"C'''s

The Interfaces communiCiltc m'::'~.~':HlC5 1:1 t\/ccn processors by means of message

queues. An inlerrlll>l is t!cll.'ullrd \. he'll II (.o'llIICll) nl~s~.. ge has orrived as input, or an

o~llplJt i~, cnpable of acc('pl11l9 .... " 'IlU,n l11"t.S8ClC. Since the communicatioll uses

qUOties. tl1crc is no posslhility or on OI' .... rJ.tll .

.1\11 mczsn9cs nrc 04 bit.,. ("O>ll'C<;( -I "1 Iflllt lG bit words. It is the responsihility of

the proorommer to constrain me"S.1£lC 1r;Il'jths! exactly this length.

Each io intcrfoco hns 0111'" 10 nrldr.- ;~i .llll! t,,·o Int('lIllpts associated with It. When an

interrupl is active, It is pn~·.il)l~ to ;-('1 or wrltr' or,o message lrbm the interface. When

Cl write is pcrtormcd to the 10 .,ddr~o;· ~~tC"'i blls ore written to the output interlace.

When 0 rrwd is pr:rforlllcd. sixtl"!cn Lit:;, Off inpll from tllo inpullnlorface.

1.2. Interrupt Organization

The moln processor U'>O$ two f,2'".lt, IPtr.n:lI't cOlllrullers organized in the stan<lard

moster/slave conflqur"tiOI1 111t5 cOllli'll/mUon nltows 15 assigned inlerrupt chonncls.

These chnnneis ore nl1ocolnd (IS Inll< AI' •

Master $01: receive buHcr full l·~t""rfl';'·( O.

Mo:;ler $02: roccivB bufrf:1 'ul:, 1I11"'rf:u,p 1.

Moster $04: receive tHiffer flol;, inlcl rc\l~t' 2.

Mn:;lcr $08: rpc:eive IwHcl '(Ill. illt~r:" , 3.

r.1os1cr $10: receive 1J1Iff~1 f~:ll. jl lcr"("" 4,

Mnstcr $20: receive'": huffpf '('II. in! Cl I.,{ r: tJ.

Moster $110: 11I10S01ql1cd.

Master $80: :;Iove inlcrH:pl c"Il'r',ller,

Sinve $01: lfi)llsmi! hulfer ""'p' il,trlf .. ",n 0

Siove $02: transmit butlel 0011'1\" il1tNrnce 1.

••
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Sluve $04: trm"smil bullPr CIl1JHI'. Interf C:'~ 7.

Slave $08: Imnsm1t llllffcr empty, IIllplf.1(:Q 3.

Slave $10: lrfttwmll buffer empty, lnlcrl:'!r;c 4.

SlilVC $20: Imll'.,"i! hllfler ~1'1 ') il,tC"lf. cn 5.

SlllVC $40: unassiglled.

Slave $80: NPU excr.ptio,l ir,lr·I!Upt.

1 .3. Accessories

Each processor has a fl'W nr:-::c">:-:ory [ullclic'Il::;. There are fOllr bits of input. and six

bits of output.

The three Input bits arc gCllcrolrt! by Uw dedicated host processor and {III moin

processors rcad the same values.

The five output bits 01 all m.,in processors arc lied toOelher electrically. Any

processor with a 1 On the corrCSl1ondill<l hit will call~e the line to be in (J 1 stole for the

entire array. Useful communications .....111 O'"C.\'I only jf processors leave these bits In a 0

stal£! 1l0rmi3!1y.

- ACC0ssory Ip!' It ( I' U' 'II.! ~j, l{'!i~ 'trI9()'

.. lJit $0100; 'xlC'rn,ll j, I'r

" 131l $0200: .... ytf'rll:ll illplJl 1.

" Bit $0400: C'xtcrllill !;-nll :'.

"Bit $0800: '.(nLe of PffJcr"''S~'·r.5' ih.:h (normally 1).

- Accessory OutPllt (n write. to 10 address $0600):

" Bll $0100: ClpOll collector Qxternal output O.

... Oil $0200: open collector cxtctr1al output 1.

" Bit $0400: open collcc\l"!r {'xlcrno.l output 2.

" Oil $0800 np""n coll"-- "1·, -'I ut 3.

,.
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"Bit $1000: open col1'1ctor C~XtCflhll C'lItput 4.

'" Bit S:?OOO: stnl!' of pro,:" • 'I I r! (1 C(lUS'1S light).

1.4. RAM Refresh i'urj pr, I Ipt": I ~:

The processors employ c1YllflI11ic; r ; S 'filth no 11lrt!wnrc for refresh. There is a

common NMI comillion grnornlcd by tIle d':!rlil.1l1r>c1 1I0$t that will simultaneously Interrupt

011 processors. Il is inlendod thal Uw rroc;r' ,'iinU of lho f.JMI include an accesses of 128

contiguolls locations in RAM.
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ADDRESS SPACE DECODING

Addres~ lJn~ allocations:

f

• -
d
c
b
a
9
8
7
6
S
4
3
2
i
0

thes€ address lines ore .iuMoered to deterMine at which
in space locations this board will respond

on hoard 10 df'codinQ

used by the d(!vices,

not used

On board io SPQC~ derodino:

-100
-101
-102

$00
$10
$20

sio 06.1
Sit) 2&.3
b/lud rQt~'!: bolts

B............. rates:

Msb 1sb

o 0
o 1
1 0
1 1

-
/64 /32 /16

-------
150 300 600
1200 2400 4800
9600 191< 3RK
l"xt ext t~ x 't

--- -_.- _._--- ---_.- ._-- ._--- .. _---

Baud rQl~ select addresses:

$20 lsb ch 0
$22 M<:;b chO
$24 l<b ch 1
$26 ..... sb ch1
$28 lsb cn2
$30 Msb ch2
$32 lsb ch3
$34 Msb ch3

~

Con1ro] onel l)atll reqlster locatlons:
-_. -_.



SOD data chO
$02 control chO
S04 data chi
SI control chi
stu- data ch2
$12 control ch2
S14 datI] ch3
$16 control ch3

- ~.- - ... _---
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- -n!lernory
I 9436 Irondale Ave.n C Chatsworth, California 91311-6098

Telephone: (213) 998-0070

February 16, 1982

Thank you for y~ur inquiry regarding our Multibus Compatible Memory Systems.
We are happy to enclose the literature you requested. Pricing for the
syste~s is listed below:

Quantity

~;ode1 rio. Description 1-4 5-9 10-24

/oIM-8086 32K Bytes Core $1275.00 $1200.00 $1125.00

MM-8086/16 16K Bytes Cere 875.00 835.00 795.00

1~"1-8080B 8K Bytes COI-e & EROI·l 790.00 760.00 730.00
:,'11-8080/16 16K Bytes Core 849.00 820.00 785.00
!"~~-S,)30AL 8K Bytes Core 725.00 700.00 675.00

I·V~-8086 /512 512K Bytes Dynamic RAH 1425.00 1350.00 1250.00

1o.~-808cJ/256 256K Bytes Dyn~~ic RM~ 1050.00 980.00 910.00
1':1-00560/128 128K Bytes Dynamic R~~ 575.00 540.00 500.00
ii:~-3086D/64 64K Bytes O)~amic Rh!~ 425.00 600.00 3R5.00

~;M-80S6D/32 32K Bytes Dynamic RM1 400.00 380.00 355.00

The above price includes a Technical Manual. TerfT's are Net 30 d3.ys, f.o.b.
Chatsworth, California and includes our 12 month rctuf-:-tc-factory warranty.

All units are tb.,perature cycled and burned in before ship:nent.

~'e are anxious to assist you in satisfying your memory requirements. Should
you desire additional inforwJtion or a quotation on larger quantities, please
contact us at this office.

Sincerely.

I-HeRO MOlORY, INC.



MM-8086
• MICROPROCESSOR CORE MEMORY

•

•
•
•
•
•
•
•

COMPATIBLE WITH INTEL'S INTELLECII

iSBC 86/12 AND iSBC 80/05, 10, 20, 30
FEATURES,

32K Bytes of Core Read/Write Add-in Memory

Non-Volatile - Requires No Back-up Battery

Pin-to-Pin Compatibility with the MultibusO

Power Monitoring for Data Protection

Write-Protect Control in 4K Bytes Increments

Warranty· One Year on Parts and Labor

Temperature Cycled and Burned-in During Memory Diagnostics

The MM-8086 can be switch selectable on any 4K
boundries in the one Megabyte address field. The
memory contains data/address registers and bidi
rectional drivers_

~o

- -n!lernory
I 9436 Irondale Ave.n C Chatsworth, California 91311

Telephone: (213) 998-0070

•

The MM-8086 Microprocessor Core Memory is
32K Bytes non-volatile storage. It was designed
as a 16·data bits wide memory, plug compatible
with iSBC 86/12 single board computer. The
memory can be accessed in both bytes or words,
which also makes it compatible with the B·bit
processors.

The memory has internal power monitoring cir
CUits to detect power failure or turn-on/off con-

8T,ademark of Intel Corpo,atoon

ditions.
for data
quired.

These circuits provide memory-lockout
retention. No power sequencing is re-
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Write-Protect Switch
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CHARACTERISTICS

Capacity

Cycle Time

Access Time

Address

Data-in/Data-out

Modes of Operation

Expansion

Partitioning

Interface Signals
Inputs
Outputs

Operating Temperature

Storage Temperature

Relative Humidity

Power Requirements
Operate
Standby

Data Save Trip-Points

Dimensions

Connector

MM·8086 SPECIFICATIONS
SPECI FICATlONS

32K Bytes organized as 32Kx8
or 16Kx16

1.2 micro seconds

375 nano seconds from MRDC/

20 bits (random access)

8/16 bits bidirectional with three
state

Read, Write and Read Only

4K Memory Blocks up to one megabyte

Write·Protect with 4K increments
up to 32K bytes

TTL Compatible
Three-state TTL Voltage Compatible

o to 55°C (32° to 131°F)

-40 to +80°C

To 90% without condensation

+5 @ 3.75A, +12V @ 1.0A
+5 @ 2.75A, +12V @ 350m.

±6% of nominal power supply voltages

6.75" x 12.0" x 1.00"

Dual 43-Pin on 0.156 in Centers

•



MM-8080B
• MICROPROCESSOR EROM/CORE MEMORY

COMPATIBLE WITH INTEL'S INTELLEC
MDS 800 AND SBC 80/05, 10, 20, 30

•

•
•
•
•
•

FEATURES:

8K/16K Bytes of ROM/PROM and 8K Bytes Core

Non-Volatile - Requires No Back-up Banery

Pin-ta·Pin Compatibility with the Multibus

Power Monitoring for Data Protection in Core

Write·Protect Control in 1K Increments for the Core

•

The Microprocessor Memory MM-8080B is a non
volatile, BK/16K Bytes of Read/Only/Memory, using
2708's or 2716's and BK Bytes of ReadfINrite Core
Memory. It was designed and developed to be plug
compatible with Intel's Multibus, and direct replace
ment for the SBC-406, 416 and 016. The memory
module has internal power monitoring circuits to pro
teet data in core from power failure or during turn
on/off conditions. No battery back-up or special

circuits are required for power supply sequencing. A
power status signal is ayailable as a power interrupt
yector or as a power reset signal.

The memory module provides a separate module
selection switch for both the 16K Bytes of ROMI
PROM and the 8K Bytes of core portion in 4K incre
ments. The memory contains Data/Address registers
and bidirectional driyers.

~o

- -n!lernory
I 9436 Irondale AYe.nc Chatsworth, California 913'1

Telephone: (213) 998-0070



T
6.75"

1

12.0" ----~..
~~--

Core Module Select

Write·Protect Select

Prom Module Select

MM-BOBOB SPECIFICATIONS

1 0"

H

CHARACTERISTICS

Capacity

Cycle Time

Access Time

Address

Data-in/Data-out

Modes of Operation

Expansion

Partitioning

Interface Signals

Inputs
Outputs

Operating Temperature

Storage Temperature

Power Requirements including
eight 2708/2716

Operate
Standby

Data Save Trip-Points

Dimensions

Connector

SPECI FICATlONS

8K/16K Bytes of EROM using 2708/2716
and 8K Bytes of Read/Write Core Memory

1.0 micro second

325 nano seconds from MRDe!

14 Bits (random access)

8 bits bidirectional with three-state

Read Only with 2708/2716, Read/Write
with core

4K Memory Blocks up to 64K (switch
selectable) for each of EROM and core

Write-Protect with 1K Increments up to
8K (switch selectable) for core

TTL Compatible
Three-state TTL Voltage Compatible

o to +550 C

-40 to +800 C

+5 @ 2.0A, +12V @ 1.0A, ·12V @ 260m'
+5 @ 1.4A, +12V @ 350ma, ·12V @ 260ma

.±6% of nominal power supply voltages

6.75" x 12.0" x 1.00"

Dual 43·Pin on 0.156 in Centers



MM·8080/16
• MICROPROCESSOR MEMORY

COMPATIBLE WITH INTEL'S INTELLEC"
MDS 800 AND SBC 80/05, 10, 20

Features:
• 16K Words x 8 Bit RAM

• Non-Volatile - Requires No Back-up Battery

• Pin-ta-Pin Compatibility

• Power Monitoring for Data Protection

• Write-Protect Control in 2K Increments

• No Wait States or Refresh Delays

•

l
sequencing. A power status signal is available
as a power interrupt vector or as a power-reset
signal for the microprocessor.

The memory module will occupy only one
location in the Intel SBC-604/614 module
backplane and card cage, when plugged into
the fourth slot. The other three slots will
be available for the CPU Board and other
Modules.

~ro

- -n!lernory
I 9436 Irondale Ave.nc Chatsworth, California 91311

Telephone: (213) 998-0070

The Microprocessor Memory MM-8080/16, is
a non-volatile 16,384 word, 8 bit per word
RAM core memory. It was designed and
developed to enhance or replace the memory
in Intel Corporation's Intellec® MDS 800
and sac 80/05, 10,20. The memory module
has internal power monitoring circuits to pro
tect data from power failure or during tum
an/off conditions. No battery back-up or
special circuits are required for power supply•



SINGLE SLOT USED
WHEN IN FOURTH POSITION ONLY

wr~_ct_S_W_it_C_h 12.0"-

6.75"

Write-Protect Select
Module Select

MM·8080/16 SPECIFICATIONS

1°.8°"

•CHARACTERISTICS

Capacity

Cycle Time

Access Time

Address

Data-infData-out

Modes of Operation

Expansion

Partitioning

Interface Signals

Inputs
Outputs

Operating Temperature

Storage Temperature

Power Requirements

Operate
Standby

Data Save Trip·Points

Dimensions

Connector

SPECIFICATIONS

16,384 Bytes

1.0 micro second

325 nana seconds from MRDel

14 bits (random access)

8 bits bidirectional with three-state

Clear/Write, Read/Restore

4K Memory Blocks up to 64K
(switch selectable)

Write-Protect with 2K Increments
up to ,6K (switch selectable)

TTL Compatible
Three-state TTL Voltage Compatible

o to +60oC

-40 to +80ac

+5 @ 2.0A, +12V @ 1.0A
+5 @ 1.4A. +12V @ 350ma

±.6% of nominal power supply voltages

6.75" x 12.0" x 0.80"

Dual 43·Pin on 0.156 in Centers



MM-8081/l1
• MICROPROCESSOR CORE MEMORY

COMPATIBLE WITH INTEL'S INTELLEC.
ISBC 86/12A and ISBC 80/05, 10, 20, 30

FEATURES:

• Single Card Slot 16K Bytss of Read/Write Memory

• Compatible with 8 and 18 Bits Processors

• NonNolatile - Requires no Back-up Battery

• AC/DC Power Monitoring for Data Protection

• Write-Protect Control In 4K Bytes Increments

• Warranty - One Year on Parts and Labor

• Temperature Cycled and Burned-In during Memory Diagnostics

•

•

The MM-8086/16K MicroprocessorCore Memory
is 16K Bytes non-volatile storage, requires no
battery back-up. It was designed asa l6-data bits
wide memory, plug compatible with iSBC 86/12A
single board computer. The memory can be
accessed in both bytes or words, which also
makes it compatible with the a-bit processors.

The memory has internal power monitoring
circuits to detect DC-power failure or turn-on/off

-- @Trademark 01 Intel Corporation

conditions. A Power-Fail Interrupt is generated to
the Multibus which works in conjunction with the
AC low signal from iSSC 660 power supply.
These circuits prOVide memory-lockout for data
retention. No power sequence is required.

The MM-8086/16 can be switch selectable on
any 16K boundaries inthe one Megabyteaddress
field. The memorycontains data/address registers
and bidirectional drivers.

~o

- -n!1Iernory
I 9436 Irondale Ave.ne Chatsworth, California 91311

Telephone: (213) 998-0070



Write-Protect Enable

~,....- --12.00"--------~~

Module-Select &
Write Protect

MM-8086/16 SPECIFICATIONS
CHARACTERISTICS

Capacity

Cycle Time Read or Write

Access Time

Address

Data-In1Data-out

Modes of Operation

Expansion

Partitioning

Interface Signals
Inputs
Outputs

Operating Temperature

Storage Temperature

Relative Humidity

Power Requirements
Operate
Standby

Data Save Trip-Points

Dimensions

Connector

SPECIFICATIONS

16K Bytes organized as 16Kx8 or 8Kx16

800 nano seconds

280 nano seconds from MRDCI

20 bits (random access)

8/16 bits bidirectional with three state

Read, Write and Read Only

16K Memory Blocks up to one megabyte

Write-Protect with 4K Increments up to
16K Bytes

TTL Compatible
Three-state TTL Voltage Compatible

0" to 6O"C 132" to 140"Fj

_40 0 to +80·C

to 95 % without condensation

+5@3.0A, +12V@800ma
+5@2.3A, +12V@250ma

.±.6% of nominal power supply voltages

6.75" x 12.0" x .50"

Dual 43-Pln on 0.156 in Centers



MM·8086D
MICROPROCESSOR DYNAMIC RAM MEMORY

• Compatible with Intel's Intellec'" Series Microcomputer,
iSBC 86/12A, and iSBC 80/05, 10, 24, 30

Features:
• 32K to 512K Bytes on a Single Board
• Multibusl!l Compatible with 8 and 16 bits processors
• Even Parity with output selectable to any of the Bus Interrupts
• Module Select on 4K byte Boundaries in the One Mega bytes address field
• Available In 32KB, 64KB, 96KB, 128KB, 256KB and 512KB configurations
• Warranty· One year on parts and labor
• Temperature cycled and burned-in during memory diagnostics

•

•

The MM-8086D Microprocessor memory Is a high
density memory utilizing 16K or 64K MMOS
Dynamic RAMS. It was designed as a 16 bits wide
memory module, compatible with Isse 86/12A
single board computer. The memory can be
accessed in both bytes and words, which also
makes It compalible with 8 bits processors without
any hardware changes required.

The memory has a cycle time of 400ns and an

• Trademark of Intel Corporation

access of 250ns. An even parity Is provided with an
output selectable to any of the interrupts. Module
selection is on 4K byte boundaries switch select
able in the one megabytes address field.

Modules with density greater than 128K bytes
require only a single +5Volts supply. All modules
are temperature cycled between O·C and 55·C
during burn-In while running memory diagnostics
for insured reliability.



MM·8086D SPECIFICATIONS
•

CHARACTERISTICS SPECIFICATIONS

6.75" x 12.0"

Dual 43·pins on 0.15610 centers.

TTL compatible

Three states TTL Voltage Compatible

O·55°C

·40°C to 80°C

to 95% without condensation

32K to 512K Bytes

400 nanoseconds

250 nanoseconds

20 bits (random access)

8/16 bits bidirectional with

three state output

Even parity for each 8 bits with output

selectable to any of the Interrupts

Read, write

On board one cycle every 15 microseconds

4K memory blocks up to one megabytes

Capacity

Cycle Time

Access Time

Address

Data·inJData·Out

Parity

Modes 01 Operations

Refresh

Expansion

Interlace Signals

Inputs:

Outputs:

Operating Temp.

Storage Temp.

Relative Humidity

Power Requirements:

+ 5 Volts:

+ 12 Volts:

Dimensions

Connector

Standby

1.4A

100ma

Operate

1.4

450ma

•

•





Multibus*-Compatible Memory Boards

MM-8086D

• Dynamic semiconductor AAM
• Capacity: 32K ·512K bytes
• Compatible with 8· and 16-bit processors
• Module selection in 4Kbyte boundaries in a 16 Mbyte address field
• Cycle Time: 400 nsec
• Access Time: 250 nsec from MADCI

• Non-volatile core memory
• Capacity: 32Kbytes
• Compatible with 8- and 16-bit processors
• Module selection in 4Kbyte boundaries in a 1 Mbyle address field
• Write protect control in 4Kbyte increments
• Cycle Time: 1.2 J.LSec
• Access Time: 375 nsec from MADCI
• Power monitoring for data protection

'Trademark of Intet Corp.

MM-8086/16
• Non-volatile core memory (single card slot)
• Capacity: 16 Kbytes
• Compatible with 8- and 16-bit processors
• Write protect control in 4Kbyte increments
• Cycle Time: 800nsec
• Access Time: 280 nsec from MADCI
• Power monitoring for data protection

MM-8080/16

• Non-volatile core memory
• Capacity: 16Kbytes
• Module selection in 4Kbyte increments
• Write protect control in 2Kbyte increments
• Cycle Time: 1.0 IJ,sec
• Access Time: 325 nsec from MADCI
• Power monitoring lor data protection

MM-8080B

• Non-volatile core memory and EPAOM
• Capacity: 8Kbytes core memory and 8K/16K bytes EPAOM
• Write protect control in 1 Kbyte increments for core memory
• Cycle Time: 1.0 IlseC (core memory)
• Access Time: 325 nsec from MADCI
• Power monitoring for data protection in core memory



6800 EXORciser*-Compatible Memory Boards

MM-6800/16

• Non·volatile core memory
• Capacity: 16Kbytes

_ Operates with 1- or 2-MHz processors

• Module selection in 4Kbyte increments using VUA or VXA
• Write protect control in 2Kbyte increments

• Cycle Time: 1.0 ,:Lsec
• Access Time: 350 nsec from Memory Clock
• Power monitoring lor data protection

MM-6800

• Non-volatile core memory
• Capacity: 8 Kbyles

• Cycle Time: 1.0 Jlsec
• Access Time:,350 nsec from Memory Clock
• Power monitoring for data protection

'Trademark of Motorola Inc.

"M-6800C

• Non-volatile CMOS RAM
• Two years data retention with on-board, non-chargeable batteries
• Three months data retention with on-board chargeable batteries
• Module selection in 4Kbyte increments up to 1 Mbyle
• Capacity: 16K - 32K bytes

• Cycle Time: 250 nsec
• Access Time: 200 nsec from Memory Clock
• Power monitoring for data protection

MM-6800D

• Dynamic semiconductor RAM
• Capacity: 16K - 64K bytes
• Module selection in 4Kbyte increments
• Switch-selectable. hidden or cycle-stealing refresh

• Cycle Time: 450 nsec
• Access Time: 220 nsec from Memory Clock
• Even parity with jumper-selectable output to NMI or parity error

MM-6800S

• Static semiconductor RAM
__ Capacity: 32Kbytes

• Module selection in 4Kbyte increments
• Software write protect control in 8Kbyte increments
• Cycle Time: 330 nsec
• Access Time: 210 nsec from Memory Clock
• Even parity with jumper-selectable output to NMI, IRQ or parity error



DEC L51-11*Compatible Memory Boards

•

•

'Trademark of
Digital Equipment Corp.

• Non-volatile core memory
• Capacity: 16Kbytes
• Module selection in 4Kbyte increments

• Cycle Time: 1.2 llsec
• Access Time: 400 nsec from BSYNCL

MM-ll03

• Non-volatile core memory
• Capacity: 32Kbytes
• Module selection in 4Kbyte increments up 10 256Kbytes

• Write protect conlrol in 4Kbyte increments
• Cycle Time: 1.2 JoLsec
• Access Time: 400 nsec from BSYNCL

~o. 'TR.emory
nc

• Non-volatile core memory
• Capacity: BKbytes
• Module selection in 8Kbyte increments

• Cycle Time: 1.0 Jlsec
• Access Time: 350 nsec
• Power monitoring for dala protection

• Dynamic semiconductor RAM
• Capacity: 32K - 256K bytes on dual-wide board
• Module selection in 4Kbyte increments up 10 4Mbytes

• Cycle Time: 400 nsec
• Access Time: 275 nsec
• Even parity generation and checking

MM-l103D

5-100 Bus Compatible Memory Boards

MM-1103/2

9436 Irondale Ave
Chatsworth. California 91311
Telephone: (213) 998-0070

MM-Sl00



•

•
A Commitment to Reliability _

•

Reliable memory boards are a direct result of
Micro Memory Inc:s years of experience with
both core and semiconductor memories. This
experience has. led to a carefully-controlled
reliability plan that covers all phases of design,
production, and test.

From the outset, reliability is designed in at the
circuit level by using proven, worst-case design
techniques. Printed circuit board layout takes into
account the design rules required for reliable
memory system design, such as minimum power
bus noise. High-quality components, from printed
circuit board material to semiconductors, are
selected to meet stringent MTBF criteria.

Prior to the start of board assembly, incoming
parts are inspected to make sure they meet Micro
Memory lnc.'s speciflcations. The boards are
monitored by a number of Quality Assurance
inspections during assembly.

When assembly is complete, 48 hours of dynamic
burn-in and temperature cycling are performed
on each board. This involves 9Q-minute intervals
at alternate high and low temperatures. during
which the board is exercised by memory
diagnostics for worst-case pattern conditions.
While the 48-hour test is in progress, a CAT
terminal provides a constant record of memory
board performance. The test employs the
intended processor (Multibus, EXORciser, or
LSI-ll) in the test fixture. which gives added
assurance that each board will operate reliably in
its actual environment.

Backing up Micro Memory Inc. 's commitment to
reliability is a one-year warranty on parts
and labor.

You can count on Micro Memory Inc. for
reliable microprocessor memory boards.



Micro Memory Inc. _
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Founded in 1976, Micro Memory Inc. was the first
independent supplier of non-volatile, add-in
memory boards for microprocessor systems.
Later, the original line of non-volatile memories
(employing core) was expanded to include static,
dynamic, and CMOS semiconductor RAM.

The add-in memories are direct replacements for
their counterparts used in Multibus,
6800-EXORciser, and DEC's LSI-11 microprocessor
systems.

The Micro Memory boards merely plug into the
backplane of the microprocessor system and use

~o. "IT!l.emory
nc

9436 Irondale Ave· Chatsworth, California 91311
Telephone: (213) 998-0070

already-existing power and signal buses ...
no system modifications are necessary.

To assist the memory board user, a complete
manual of instructions and schematics is
provided.

Design, production and testing of the memory
boards are accomplished in the Chatsworth, CA
headquarters of Micro Memory Inc. Sales are
handled direct and through a nationwide network
of sales representatives. There is also
representation in Canada and Europe.

o
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MSM3764AS 65,536 X 1 BIT DYNAMIC RAM

GENERAL DESCRIPTION FEATURES
The ml '-!SJ,!37~ .. a tu~ decoded. dynamic NMOS random • 65.536 x 1 RAM, 16111n package
acceM memOfy organlze<! ... 65536 one-bll wo'''' The cl&&ign is • S~~.te. Double Poly NMOS, single lranalslDf cell
opIimiad Ill< h!glHpeed, h~ perlormatlCa applications IlUCIl

• Row l'Ccess time.n mainlrame memotY. bulle, memory. petlp/>e<al.torage and
12(1 ns max (10151,13164·12)arwifonments wiler....... _., disolJ>8too.. and comP;OCl
lSI) ns "'u (M5M3764-15)layout is requneG.
200 fl. rn.. (1,151013764.20)

MUIIJple~ row and column ada"," ",puts pe,m~ the
• Cycle W"'.,MSM3164 to be housed .... standard 16 pin Olf' Pin..,UII

C()M()rm 10 1J>e JEOEC .W_ pin 01'1. 240 ns min ("'51>13764·12)
270 ne min (M5MJ764.15l

11M1 MSM37601 is rab<icllte<llt$inll oIllcon gal' NMOS arid Old" 330 ns min (M5M316-1-20)
lId\oanced OoubIH.aYlII PoIysilicon ~ss, TM, PfOC....

• Low IlOW'9< 2.8 mW toC~.QOYpIe<! wIth $lOgie-transistor memory S1orag.e celli, p."mils
28 mW rna. standby (MSM3764'12)........,um cirCUlllle<lsity and minimum cllip sl••. DynamIC

circuitry Is employed In IIIe lIeSlgn, Inclvdlnll the MrISe 23 mW m"" standby (MSM3764·15/20)

lIII\lllifiers • Sing'" +5V Supply, '" 10% toletanee
Clock liming reQUire"""tl I,e "OO<:,~ictl, Ind _ wppIy • All ;"pulS TTL compatitlkt,lOw CC1paciliv91O.c1
lOIeI'ance Is~ wlde. All Inpulll and "'" OUlpul a,. TIL • Thr_lale TIl. compatible output
compal'tlle.

• "Galed'""CAS

• 128 ,e""" eye.... /2m.
• Common I/O capabOli1Y""'9 "Ea,1y Writ." <>pIl,alion.

• OulPUt unla1Cf>ed 8t cycle 8nClaUOWlle~l_ page
boutIclary and lWO-<l,,,,,,,,,",,,,,,ai chip ...l8cl

• Ae8<l-Mo<lity·Wrlte, RXS-o<>ty ,","", and Pagt-IolD<l8
c.spatll!ily

• Qr1-chip ItICI\8$ to< "'(\(Ire_ 8nd 081a';"

• On-cl\lp substral. blIIs ll""""ato< to< high Il"rlo<mancs

FUNCTIONAL BLOCK DIAGRAM

AA' TIMING
GENERArOO

T'MING I I'" GENERATOR

jI WR'TE I ".CLOCK

~ COLUMN COLUIolN GENERATOR I
AOORESS

OECOOERS

IBuFFERS

I I
.... ~ A, .t:::I " OUTPUT

~,$€NSE AMPS SELECTION BUFFER

~'='~
1 I 1 1

BUfFERS f... f-
"'" "~O

IolE",ORY I DATA
~. DAIV· .~, , ~

CODERS '"'
CELLS REGISTER

f... f-
'~~'"-

ON C/iIP v_I
GENERAroo

en
U1•
U1
Co>en
X...



PIN ASSIGNMENT

NCG: •
~v.

Pin Names Func::lion

AD_AI Address Inputs

""[! ~'" ... Row Address Strobe

wtl! ~~ "'" Column Address Strobe

.... c; ~ MO ""' Wole Enable

0- D.... Inpul

-l! ~ A>" ""'" Dall Output

N' [! ~ ~. Voc Power ( +5\1)

.,' [! ~ M"

Vu Ground (OVj

V<;t; [! ~4f ----
ABSOLUTE MAXIMUM RATINGS (See NOTE)

Rating Srmbol Value UnU
_ Plt.......-t deYice doam-sre may

OCC:... WABSOLUTE MAXIMUM

Voltage on any pin relative 10 Vsa VIM, VOUt 110 +1 V
AAnNGS_....-.Func_
_-,Ion t/loukl r:. _trio::*, to the

VoIlage on Vee supply relative 10 Vsa Voc 1 to +1 V
_ ...... detailed in Ihe _____ '*'_otlJlil datI_.

Opeflilion temperalure ,~ o to 70 ·c ~ 10 __maomum tMing

~ ........_~....,.
SIOfage temperature ,~ -5510 +150 'C ---Pooorter dIssopation Po " W

Short cirCUlI outpUt C\lmtfll 50 mA

CAPACITANCE
(T. 2S"C. I '" 1 MHZ)

Parameter Symbol ,,,,. loll... u"n
Input Capacitance Ao _ AI. 0... C., ,., ,

'"Input Capacitance RAS, "C"AS. wr;: CN • " '"Qulptll Capacitance OQuT Co.n , 7 '"
RECOMMENDED OPERATING CONDITIONS
(Reterlloced to Vas)

Par.meter Symbol .". Typ. loll... Unll
Ope••llng

Temperalure

SuP9/y Voltage
voc OS 5.0 55 V
Vu 0 0 0 V

Inpul High V'*IIll8. aI inputs V. " Vcc+l0V V QOC 10 +1O"C

Input Low Voltage. •• inputs V. " 08 V

•

•
•

••



•

••

DC CHARACTERISTICS
(Recommetlded operatlO9 conditlOOS unless otherwtse noted)

P.arnet« s"".... .... ".s. """ N""
OPERATING CURRENT"
AveriJllII power suppty current O<x' .. rnA
CW,~ c:ycli'lg. lAC = nm)

STAND6Y CURRENT ,
MSMJ1~-12

Powe< suppty current '= rnA
CRA'S=W V.) • MSM37&t.15/20

REfRESH CURRENT
Average power aupply turren! ,= " rnA
eRAS cycling. CAS '" v~: tRC '" min)

PAGE MODE CURRENT·
Average power supply current 100< " rnA
(m = v...~ cycling; tP<: '" min) , >2
CAS ONLY CYCLE Outputs
PoweI' supply cu«ent O<x rnA temain
("AAS = "IN) H Z

• -15/20

INPUT lEAKAGE CURRENT
Input leakage cUfren!. any input •• -" " '"(OV:s V.. S 5 5'1,'. other pins
no! undef lest OV)

OUTPUT LEAKAGE CURRENT
(Oata out is dlSllbled. 'co " " '"r:N ~ VOUI S 5.5'1)

OUTPUT lEVELS
Output tligh vonage (101< = -SmA) V~ ,.. V
OutPUt low voltage (1Ol = '.2mA) V~ " V

_ ICC.~ onoulpUl~ _ cycle._ SrJe<;1Iie<l._ ...ot>_ wit/llhe OU1llUl_

AC CHARACTERISTICS
Undef Recommended~tng Conditions

M5..3154.12 M5..3764.15 M5M3164-20,........ s"".... u.... .... ..,.. .... Max. .... Mu. N".
Relfesh penod - rn, , , ,
Random lead Of wnt.
eyele tome ,~ ~ ,.. '" 330

Read-wrrte CYCle lime ,~ ~ ,.. '" 33'

Page mode cycle lime ,~ ", 'SO 01' '25

AccllSS lime Irom~ ,~ ", >2, 05' 200 '.6
Access lime Irom C""M;; ,,~ ", 60 '" OJ, '.6
Output buller lum-otl delay ,~. ", , 35 ,

"
, SO

Transition lime " ~ 3 " 3 35 3 SO

~ prechalge lime w M 90 "" >2,

RAS: pulse Wldlto .... M ,,. 10,000 '50 10.000 200 10.000RAS__ - ~ 60 "" OJ,

CAS preeharge tJme .. ~ 50 60 60

~pulseMdlto ... ~ 60 10.000 "" 10.000 OJ, 10,000

~hokll_ ... ~
.,. 'SO 200



AC CHARACTERISTICS con't
Under Recommef1ded Operating Conditions

M$M3164.12 MSM3164.15 MSM3764-20
Ps,smeler Srmbol Units Min. Mu. Min. Mu. Min. Ma.. N~.

~ to "CAs: delay lime '.ro "' 20 00 20 5<l " 65 7

"CAS to~AS pre<;harge time tCIIP 0' 0 0 0

Row Address sel-up lime ..... 0' 0 0 0

Row Address hold time ,- 0' 20 20 "Column Address sel-up lime "'" 0. 0 0 0

Column Address hold time ,~ 0' 00 " 55

COlumn Address hold time
Isferellced to~ .... 0' " 95 '20

Read command set-up time
'"~ 0' 0 0 0

Read command h.old lime ,~ 0' 0 0 0

Write command set-up lime "'" 0' " " "
,

Write command hold time ,~ 0' 00 " 55

Write command hold time
relerenced to~ """ "' 80 95 <20

Write command pulse width <w, 0' 00 " "Write command to J!fAS lead l,me "'" 0' 00 " "Write command to CAS lead time ,~, 0' 00 " "Data·ln set-up time ,~ 0' 0 0 0

Oata·in hold lime ,~ 0' 00 " 55

Data·in hold time
relerenced to RAS ,- 0' 80 95 <20

~'OWEdalay ,~. 0' 5<l 60 80 ,
RAS 10 WI:: oolay - "' 80 "0 '" ,
Read command hold lime
reference to~ '"~ 0' 20 20 "

flo.: 1 An inih.1 pa""" ot 100,.s is required otle< pow.....,p tollOWild by any 8 RAS c!,<,"" (hample. RAS only) bel"'" prope,
""lficfI ope.allon is 1lC'''e-ed

2. AC me"''',e_ a"*""", 11 ,. Sno.
3 V,.. (~in).ndV'l (M"".) .,e ,."••nc. levels !of measu''''9',m'''ll 01 mpul sllln.ls Also. u.ns,llon limes .r. m....u"'d

t:>elween Viti ar>d V'L

Assumes ,"aIIACO"; lRCD(mh.l.
"'ACO il g,eale< III.., lhe ",u",imum 'a<:ommen<le<l val"" aIIown in tillS lable. ,....e willlr.c'"ase by Ihe amount lhallllCO
..XC_lRee (mh)

5 Assumes thaI IRQ) '" IRQ) (max.l
6 ~..asu'e<I willi' lOad ci'cuil equiv..ent to 2 TTL loads and 100 pF

7 Operallon within lI>e lACO (max }llmil ."W," thlt IRA(; (mh.) can t:>e mel. tRCO (m....) Ie SQ&Cllied" ••eleumee PQiont
only; ~ tACO is II'....... ",'''' lhe SQ&Cib..d lReO (mlUl ) IIm,t. then access t,me is controlled ...cluSIVely by 1e.t.C.

8 lWCS. \CWO ar>d ,,'wo a,e no! .esl,ictive Ope'.ling pa.amel.... They a,a included in tile dala sheel " al8Ct.k:al cMU'c'
lerlslics only· It 1WCS '" 1WCS (min ~ IheC!'<'le is an early wrlla c1cle and Ina d81a oul p,n wi••emain open cl.cult (hill"
il'npe<lance) lh'oughOUI lhe enllfe CjlCle. ~!CWO '" ICWO (m"'.land IRWO '" IRWO (m,n )lh"cjlCl" ill '"ad-.... ,II" c1cle and
lhe d.ta out ....m conlain data '''''''t'om 1"" _"," cell; ~ neil...... 01 the at>Qve ...is ot con,hllons ia salistie<l the cOnd,lIon
oIt"" dala oul (81 ""OIlS lime};' indetermonat"

•

I
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?lAS ,.
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AOQREsses ,.
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READ-WRITE/READ-MODIFY-WRITE CYCLE

• ,~ ,
, -- , w ,

,- ,
~~~;;.:
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-~ ~

, ...
~

,- - ,~-
~

'i:M ROW """ COLUMN '1(111IIIIIIII, '1111111, fl,~ADORESS~ ADDRESS

~~-.~-i I- .~ ,--
!j//I, '////(1}

,~-
I-""..j - -~,

"." VALID DrHA
IMPEDANCE

, M ~- 1:-
//////////////////////////III,(j} VALID DATA 'fI111111111111111/

rn '"H", "L" Oon', care

RAS ONLY REFRESH TIMING (CAS.' VIH, WE & Din: Don't care)

'"
AOORESSES

,~

-----i HIGH
TMPEDAi'lCE

f:.Z] "H'", "L" Don', care

PAGE MODE READ CYCLE

I---------.~-------

,.
'" ,.

,.
c" ,.

.~

ADDRESSES ,.

I,
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PAGE MODE. READ·MODfFY-WRfTE CYCLE
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HIDDEN REFRESH

1-----READ CVa.E'-----f RAs ONI.V CVa.E--~
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TYPICAL CHARACTERISTICS
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TYPICAL SUPPLY CURRENT WAVE FORMS

RAS/CAS CYCLE LONG RAS/CAS CYCLE RAS ONLY CYCLE PAGE MODE CYCLE

'" h

'"

M

M
~

ImAI

'"
IJ It 1\

ro rv
5O<l5fd...

FUNCTIONAL DESCRIPTION

ADORESS INPUTS' A tOlal 01 slo''''''' binary input _'HS bits mil t><oughllOw In a 'ea<! cy<:le. o. read·w,lla cy<:le. the
life reQUired 10 oecode any 1 0165,536 Slorage Uillocations oulpu1ls valid aller lIlAC from If.nsiIion or l'l~ """'" 1lOCD
wirtIin the MSM37l>' Eight ,,,,,,·&(I<!1'lISS bits a" established on (.......) is Nlislieo:l. or .11... 'CAe lrom IransmOh of CAS ",II.., !he
the input pins (AO Ih'OU9h AT) Mel lalched w,lh lh" Row "~tlon~u~ "ler IOICO(mlllC). 0"11 ramain .,tld ",nUl CXS
Md'fllI StrObe (J'lAS). rlMl e;ghl colum...a<ldHl'S' bits 'r' ls ,atu'ned 10. high "'.... , In a "'file cycle !tie lclenIical
established on the input pins and lalcl>ed with the CoItJmn """lue""e aceu,,". but data is "'" ••Iid
Add,... s,,_ (CAS). AlIlnpul _'flHll must l>I slabla on Of PAGE ,",OOE: Page-<'O<l<le OPeration PGrmlll.I'obln~In.
before Il>e '.~ e<loe Of Jl1iS.~ is internally ;"hitH,"'" (Of row·address Into the MSM3764 while maornaining 'I'f~., _logic
"lIated") by 10 JI'I,m'luogg.erlng oI"CAS "" soon as 1M Row low (0) l!>'OugOOul 1OIlwccessi-e memory OPlI,etio'" "' W~IC~
AOdfess HOld TIme\\R.OH) spocih<:.lion ~as bHn ... t..h.d.nd !he 'ow·;odd' .... doesn't C~""II' T~u. tntl JIOW'" d""lI'Ited by
Ihe add,_ ..puts 1ItI-e befll c~anged ',om tQw-ed(l,easetllO tntl nega'r-e OQinlllldge o.I!iAS Is sa_ed. FUr\~"••ccass .nd
COIumn-&d<l'as-. cycle limes a"lIeC,aase<! ber;au... 1he tlma norm.11y ''''lul'ed
WRITE Eru.8lE: The ,eed mooe or write n'\Odoe Is &e1eC'ed wlt~ to .'rObe • new ,OW·;odd,ea, is ..im...ted
the WE ",pul. A logIC 1>i(I~ (1)"" WE dicl"'" ,.ad mo<IIt: lo(IIc: REFRESH: Ret'...... oll~. dynamic memotjl calla is """om·
low (0) dictates write n'\Odoe. O.t. ;"put is d,sabled when read pliatIea by pertor......lI. memory Cycle.1 eac~ ot!he 128
mode is ... lecled. 'ow..dd'....... (Ao _ -'8) .1 teast e.lItY two m~llsacond•. O""ng
DATA INPIJT: Oal. is W,;1Ien into the MS"'J764 during. Wflla reI,I'$~. elt~.. V'l or V'H is pe,mltlad lor AI A"AS",,1y ,ar,est>
or "ad-write cycle. Th40 'asl t.llinll ed(Ie ot WI; or l::AS Is • ....,;0" .ny ""tput during ,••_~ beea..... IIItI ""tput bulle' Is",
strObe tor 1M O.ta In (OIN) '''9''* In. w"l. cycle. It WE • the 1Ii(I~ Impedanca .tate un"". ~A!i Is btW\l~1 low SI'_11
btoulIllllow (write mode) be'ore tAS. OIN is .I,ooed bytAS. aacll 01128 'ow-add'l'$_ wiI~ IU<S wm ClIO......" t:>IlIln eacll
and !tie ...t-<lO .nd t>oId t1""" &fa ramr.n<:ed 10"CAS In. row 10 be ,.,.-, Furtller. JVi'S.onty rat'...... ,eautl....
,ead-wme CYCle. WE w~1 be del.yed unl" tJ:$ "as made jts subslllnlial ,eductIOn Kt DOWe' dlulpat",n
""lIatl.... tranalllon Tllul 0ifI is .trooed by Wl!.•nd ..,1-<10 .nd "IDOEN REFRESH: JlA."S ONLY REFRESH CYCLE m.y take
hOld limes .,e ,eta,enced 10 WE. plac8 wM.. ma"talninll "a1;cl output data, This "'a,ura Is
DATA OUTPUT: The output b<l/!e' '" tllt....,ate nL compatible ,aterred 10 as H>d:len Retres~. HI(lden Retres/lls pertormad by
wilh. t.1H>U1 oItw<>.,ltndard TTL load. oara..,ut Is lhe sa"", hQklOng CAS as \lit. trom a pra_ious memory ,..ad qcte
POlarity as ""ta-ln. TM OUIPUt is in a Il'lih Impedance .tal.. unlJI

OKI SEMICONDUCTOR, INC. 1333 LAWRENCE EXPRESSWAY, SANTA CLARA, CALIF. 95051

TELEPHONE: (408) 984·4842 TELEX (25) 910-3380508

OKI SernI(;Of>(\UCIQr 'eM........ II>e "OIllIO mak.. c~an9llS In spec~lCab"'" at any I'''''' and WIthOut notICe. The Intorrner",n tu,nisl>ed by OK'5e'ml·
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(MB82~~
MB8264E

CASE DIP 16C·AOl
CERAMIC PACKAGE

pin DIP. Pin-outs conform to the
JEDEC approved pin out.

The MB8264 Is fabricated using
silicon-gate NMOS and Fujitsu's
advanced Double-Layer Poly
silicon process. This process,
coupled with single-transistor
memory storage cells, permits
maximum circuit density and
minimal chip size. Dynamic cir·
cultry is employed in the design,
Including the sense amplifiers.

Clock timing requirements are
noncritical, and power supply
tolerance is ± 10%. All inputs/
outputs are TTL compatible.

DESCRIPTION
The Fujitsu MB8264 is a fully
decoded, dynamic NMOS ran·
dom access memory organized
as 65536 one·bit words. The
design Is optimized for high.
speed, high performance ap·
plications such as mainframe
memory, buffer memory,
peripheral storage and en·
vironments where low power
dissipation and compact layout
is required.

Multiplexed row and column ad
dress inputs permit the MB8264
to be housed in a standard 16

FUJITSU
MICROELECTRONICSj
NMOS 65,536·BIT DYNAMIC

.~RANDOMACCESS MEMOR
I

MB8264 BLOCK DIAGRAM

PIN ASSIGNMENT

16 v"
0" 2 15 CAS

WE 3 " DOUT

AAS • ~I: 13 ..
... 5 ~~ 12 A,;:
A, • " A.

A, 1
,. A,

Vo< • • A•

• All Inputs/outputs TTL
compatible, low capacitive
load

• Output three·state
• "Gated" CAS
• 128 refresh cycles
• Common I/O capability

using "Early Wrlte"
operation

• Output unlatched at cycle
end allows extended page
boundary and two·
dimensional chip select
Read·Modify·Wrlte, RAS·
only refresh, and
Page·Mode capability

• On·chlp latches for
Addresses and Data·ln

• Hidden Refresh Capability

FEATURESi •65,536 x 1 RAM, 16 pin
package

• Silicon-gate, Double Poly
NMOS. single transistor cell

• Row access time,
1511ns Max (MB8264E)
200ns Max (MB8264N)

• Cycle time,
27005 Min MB8264E
3300$ Min MB8264N

• Low power: 28 mW
MAX standby

248 mW Max Active (MB8264N) •
303 mW Max Active (MB8264E)

• :t 10% tolerance on + 5
volt supply

• On chip substrate bias
generator

I

•

This device contains circuitry to protecl the
Inputs agaInst damage due 10 high Sialic
voltages or eleclric fields. However, II is ad·
vised that normal precautions be taken 10
avoid application of any vollage higher Ihan
maximum rated voltages to this high Im
pedance circuit.

CUICKOEN._.

IINSl ."I'S
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~--r--,
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,£s264N I Mll8264E

I~OLUTE MAXIMUM RATINGS (See NOTE)

) j Rating Symbol Value Unit

Voltage on any Pin Relative to Vss VIN, Vour -1 to +7.0 V

I Voltage on Vee Supply relative to Vss Vee -1 10 +7.0 V

operating Temperature TOp o to +70 'C
Storage Temperature TSTG -55 to +150 'C
Power Dissipatlon Po 1.0 W

Short Circuit Output Current loS 50 mA

NOT(; ~____ ....y occ..- II A8S0t.un IUJUMUM RAnNGS .., '0,"""", Funclionel_~ _ e. ...lrio;telllO I'" conoilionl ..OtUileO ill ..,.
opwa'-l MCtiont t:A 1:IIiI Gallo ....-t. This.-...c. oonlaons orcuiIry 10 prol..,;1 Il\itlnpvlf~I Cl.atNQe dlHIlO IlIgh alUJI; ooIIagu ...,,*I~I~~. II b
a<MMll _. norm-' ~1oftI, llit ....... 10 1¥Oicl ~t1on 01 WIy '0011-0- rwv"" IIWl .............. IIlt1l1 ,.gI1~ 10 I.... "'Il" impKIat..:e clrcu/l,

RECOMMENDED OPERATING CONDmONS
(Referenced to VSS)

Valu.

Parameler Symbol Min Typ Mox Unit Temperature

Supply Voltage Vcc 4.5 5.0 5.5 V

Vss 0 0 0 V
O·C to +70·C

Input High Voltage, alllnpulS V,H 2.4 - 6.5 V

Input Low Vortage, all inputs V" -1.0 - 0.8 V

CAPACITANCE (fA = 2S·C)

I Value

- Parameter Symbol Min Typ Mox Unit

Input Capacitance Ao - A71 DIN GIN1 5 pF

Input Capacitance RAS,~,~ ClN2 8 pF

Output Capacitance Dour CoUT - - 7 pF

STATIC CHARACTERISTICS
(Recommended operating conditions unless otherwise noted.)

Parameter Symbol Min Max Units

OPERATING CURRENP (MB8264N) ICCI 45 mA
Average power supply current (RAS, CAS cycling; tAC = min) (MB8264E) 'CC, - 55 mA
STANDBY CURRENP

Power supply current (RAS = CAS = VIH) ,= - 5 mA
REFRESH CURRENT (MB8264N) IccJ 36 mA
Average power supply current (RAS cycling, CAS = VIH; tRC = min) (MB8264E) ,= - 42 mA
PAGE MODE CURRENT

Average power supply current (RAS = V,L, CAS cycling, tpc = min) ,= - 34 mA
INPUT LEAKAGE CURRENT

Input leakage current, any Input (OV s VIN s 5.5V) IlL -10 10 ,.A

all pins not under test = OV)

OUTPUT LEAKAGE CURRENT

(Data oot Is disabled. OV s Vour s 5.5V) laL -10 10 ,.A

OUTPUT LEVEL

'Output low voltage {10L = 4.2mA} VOL - 0.4 V

OUTPUT LEVEL

Output high voltage (IOH = -5mA) VOH 2.4 - V

Nol.": Icc is dependent on output loading and cycle rates. Specilled values are obtained with the output open.

FUJITSU
~MICROELECTRONICS
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MB8264N/MB8264E

~AMlC CHARACTERISTICS Noles p,31
1~8cornmendedoperating condllions unless otherwise notes.)

MB8264N M88264E
Parameter Notes Symbol Min Typ Max Min Typ MIX Unit

Time between Refresh tREF - - 2 - - 2 ms,
Random Read!Wri1e Cycle Time IRC 330 - - 270 - - ns
Read-Write Cycle Time IRwe 375 - - 300 - - ns
Page Mode Cycle Time Ipc 225 - - 170 - ns
Access Time from~ I!l lID tRAC - - 200 - - '50 ns
Access Time from CAS lID lID teAc - - '35 - - 100 ns
Output Buffer Turn 011 Delay tOFF 0 - 50 0 - 40 ns
Transition Time IT 3 - 50 3 - 35 ns
RAS Precharge Time IRP 120 - - '00 - - ns
RAS Pulse Width tRAS 200 - 10000 150 - 10000 ns
Jti:S Hold Time IRSH 135 - - 100 - - ns
CAS Precharge Time lep 80 - - 60 - ns
eM; Pulse Width tCAS 135 - '0000 '00 - 10000 ns
CAS Hold TIme lcsH 200 - - '50 - - ns
RAS to CAS Delay Time IZl IBl IRCD 30 - 65 25 - 50 ns
CAS to RAS Precharge Time leRP 0 - - 0 - - ns
Row Address set Up Time IASA 0 - - 0 - - ns
Row Address Hold Time 1AAH 20 - - 15 - ns
Column Address Set Up Time lAse 0 - - 0 - - ns
Column Address Hold TIme leAH 55 - - 45 - ns
Column Address Hold Time Referenced to RAS tAR 120 - - 95 - - ns
Read Command Sel Up Time lACS 0 0 ns
Read Command Hold Time tRCH 0 - - 0 - ns
Write Command Set Up Time I9l Iwcs -10 -10 ns
Write Command Hold Time tWCH 55 - - 45 - - ns
Write Command Hold Time Referenced to RAS tWCR 120 - - 95 - - ns
Write Command Pulse Width Iwp 55 45 ns
Write Command to RAS lead Time tRWL 80 60 ns
Write Command to CAS lead Time lewL 80 - - 60 - ns
Data In Set Up Time 'OS 0 - - 0 - - ns
Data In Hold Time IOH 55 - - 45 - ns
Data In Hold Time Referenced to RAS tOHR 120 95 - ns
CAS to WE Delay I9l lewo 95 - - 70 - - ns
RAS to WE Delay I9l tRWO 160 - - 120 - - ns
Read Command Hold Time Referenced to AA""S" tRRH 25 - 20 - ns

\...

FUJITSU
MICROELECTRONICS;:;
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. An Inlflal pause 01 2oo"s is required after power-up
followed by any 8 RAS cycles before proper device
operation is achieved.

2. Dynamic measurements assume IT = 5ns.

3. VIH(minl and Vldmaxl are reference levels for
measuring timing of Input signals. Also, transition
limes are measured between VIH(minj and V,dmax).

4. Assumes that tRCD :S tRco(maxl. If tRCO is greater
than the maximum recommended value shown in this
table, tRAC will increase by Ihe amount that tRCO ex
ceeds the value shown.

5. Assumes thattRco 'O!: IACo(max).

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

TIMING DIAGRAMS

7, Operation within the tRCO(max) limit insures that
tRAC(max) can be met. tRcolmax) is specified as a
reference point only; if tRCo is greater than the
specified tRCO(max) limit, then access time Is can·
trolled exclusively by tCAC.

a. tRCo{mlnl = tRAH(min) + 2tT(tT = 5ns) +
tAsclmin).

9. twcs, tCWD and tRWo are not restrictive operating
parameters. They are included in the data sheet as
electrIcal characteristics only. If twcs 'O!: twcS(min),
the cycle Is an early write cycle and the data out pin
will remain open cIrcuit (high impedancelthroughout
the entire cycle.
If tcwo 'O!: Icwo(minj and tRwe 'O!: tRwO(min), Ihe cy·
cle is a read-write cycle and data out will contain
data read from the selected cell. If neither of the
above sets of condillons is satisfied the condition of
the data oul is indeterminate.

()

READ CYCLE TIMING DIAGRAM

AOORESSES

DOVT

'.,
1,,~S

'..
I

'es ..
,

f---'R"-I
'RCD I

'RSH I--'CIlI .. -

I
'CAS

f\-
~.

'AS" ,~.. ,C- 1-_ 'eAH
I ..SC

~ ROW b COLUMN X- XADDRESS ADORESS

,.,,~ I I- 'RCH I---

1--"., f-- 11'11'1_

'iliAC - 1---'00.
VALID

OPE
DATA

•
"

o Don'f C.r~
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MB8264N/MB8264E

WRITE CYCLE (EARLY WRITE)

'A'''''AS'AA If\ IIr lRCO~
; 'CS"

'RS"
L.-'R~_,

'CAS r'CRP-
\1 I 1/1-,,,

,

I

ACDRESSES

0,.

'ASA ,"'..... 'e .....I 'l'ASClr....:..---
ROW "'"\.r-\/ COLUMIII

I ADDRESS~ ADDRESS

I I ''wC-----1

~:~~ -----~,w.f-'W'N}~ +-------

I : 'R~l

t
'WCflt
- r---'OS~lDH=:j

~:~--------- ---~X "o:;'~ X
c

_

'0.... I
001.11

\/0.. - ""0 --:==- _
~l- D Oon't c..e

• READ-WRlTE/READ-MODIFY-WRITE CYCLE

----,RA<-----L>5, ~'DN
I VALlO Xr ----------

DATA . c. -==- _
o Don'1 CoI,e

'Rwe ,

!L'A'D

''''AS
,

'AA , Y 1'-I

I 'ASH I 'A'--
'CAS

, r 'CAP"",

I
, ,
(I i'-

'ASA 1"' ...... Ie..... I r--'C"-
f--- '.5C-' r-

= .x
ROW COLUMN I X

~
ADDRESS

,~
ADDRESS ,, ,

F'W'~
'RWO

tRCS~ I 'cwo ! 'I'lWl_

/ L,,", _IWF~

- j'OFF
oPEN VAl.ID }O...T....

v
ADDRESSES \/'"

"

... .V, .. _
VOL -

"'"
V, .. _

V'l-

I WI: "'H-
I V'l-

"'004-
DOUl

"OL-

V· D,. ",..-
VOL -

•
FUJITSU
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ADDRESSES

"RAS-ONLY" REFRESH CYCLE
NOTE. CAS = VnL WE = Don't CaIe

'R'

I IIU,S

1 f'-!--'"A>i 'R'
'ASFI_

...0 ..-_____________ _ _
OPEN

VOL -

o Don',C&••

•

R",
V, .._

V,~ •

",Ol-
e",

V'l -

v,.._
AOO'USSU

II'l-

V, .._

"' V'l-

'OH'
DOUI

VOL-

IIIDDEN REFRESH

,~

'....._ 1--'... -

V I
I---."'co-

'-- bt\· II;h.~
''''5''- ~'''''''' I

~'V ) K I II '"'OW COlli.... ROW
JArxr"E, ...oo~ns t\ ADOfIESS

'~LI ue1/ '''JII ..
~t .....c r- -II~"~

1)1'[111 "'ALID DATA

o aon't c.••

•

•
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Ifv

-r='A"-l

' .....S

l\-
ICS" ; I 'ASH -1,.,.-
I '''C

r-'C"'1"""" -IC"'S1~IC"1'I--'''CO~'C'''S- ~IC"

~"AHr-- 'eA" ~IC"''' - Ie.....'"-, 1--1« I~ ;- lAse
~ ,-

X~!?~k)! COL )( CDC
~ )( CDC

ADO ~ ADD ADD

UI---'CA<- II-'cAc- ~IC"'C-

'RAe :r -'OFF -10Ff

- 0""--<-1.. e- el'---'
f-IRCS - '"A

ACDRESSES

'A

DOUl

MB8264N/MB8264E

PAGE MODE READ CYCLE

DDon'lCII't!

'--• PAGE MODE WRITE CYCLE

''''''5
''''A)

~'".-f\-'CS" ; I _lAS" --I 'PC

-'FlCO l,c.o.5-~ 1--'(11.5- -1(.0.5- if-'CRP-,
,

~"AH j:CAH lAse
I--- 'CAH

'~~
'eA..

SA- I --1 I':r ,
~,RO"'" :~ CO\)( )l CDC CDC

ADD ADD ADD---JA~

'wc..~ 'WCH~ I 'we.. I

r-'c~'-
,'CWC- ----'CW.l-

.!!-'w.--j t w.- -IW"","",:,"

r-;-~i lost- '0..- ,'os r-- _'....~Wl-'os 1--'0.. .....:.. 'DH
....... LID

r----",-
"""LlD VALID X'OATA X DATA )l OATA

~'o .... -

'A
V, .. 

ADDRESSES V,,,

•
DDon'l~,e

FUJITSU
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MB8264N/MB8264E

DESCRIPTION

Address Inputs:
A total of sixteen binary input address bits are required to
decode any 1 of 65536 storage cell locations within the
MB 8264. Eight row-address bits are established on the
input pins lAo through A, I and latched with the Row
Address Strobe fRASl. The eight column-address bits are
established on the input pins and latched with the Column
Address Strobe (CAS). All input addresses must be stable
on or before the falling edge of "RAS. tAS is internally
inhibited (or "gated") by RAS to permit triggering of
CAS as soon as the Row Address Hold Time ItR AH I
specification has been satisfied and the address inputs
have been changed from row-addresses to column
addresses.

Write Enable:
The read mode or write mode is selected with the WE
input. A logic high (1) on WE dictates read mode; logic
low{D) dictates write mode. Data input is disabled when
read mode is selected.

Data Input:
Data is written into the MB 8264 during a write or
read·write cycle. The last fatling edge of WE or CAS is a
strobe for the Data In (DIN I register. In a write cycle, if
wt is brought low {write model before CAS, DIN is
strobed by CAS. and the set·up and hold times are
referenced to CAS. In a read'write cycle, WE will be
delayed until CAS has made its negative transition. Thus
DIN is strobed by wr, and set·up and hold times are
referenced to WE.

Data Output:
The output buffer is three·state TTL compatible with a
fan·out of two standard TTL loads. Data·out is the same
polarity as data·in. The output is in a high impedance
state until CAS is brought low. In a read cycle. or

read-write cycle, the output is valid after tRAe from
transition of RAS when tACO (max) is satisfied, or alter
tCAC from transition of CAS when the transition occurs
after tACO (max). Data remain valid untit~ is returned
to a high level. In a write cycle the identical sequence
occurs, but data is not valid.

Page Mode:
Page·mode operation permits strobing the row·address
into the MB 8264 while maintaining RAS at a logic
low (0) throughout all successive memory operations in
which the row·address doesn't change. Thus the power
dissipated by the negative going edge of RAS is saved.
Further, access and cycle times are decreased because the
time normally required to strobe a new row·address is
eliminated.

Refresh:
Refresh of the dynamic memory cells is accomplished by
performing a memory cycle at each of the 128 row
addresses (Ao-A.!) at least every two milliseconds. During
refresh, either V' L or V1H is permitted for AT. RAS
only refresh avoids any output during refresh because the
output buffer is in the high impedance state unless CAS is
brought low. Strobing each of 128 row-addresses with
RAS will cause all bits in each row to be refreshed.
Further RAS'only refresh results in a substantial reduc·
tion in power dissipation.

Hidden Refresh:

RAS ONLY REFRESH CYCLE may take place while
maintaining valid output data. This feature is referred to
as Hidden Refresh.
Hidden Refresh is performed by holding CAS as V' L

from a previous memory read cycle. (see Figure below)

FIG. 2 - HIDDEN REFRESH

-{," R_'_AJO;,:-C-'-'----t ... ON" ~R"H cy"'=t
,,'--------_/

DOUl -OI'EN'--_(, Y_A_'_'O_O_A_'_A ~»----

FUJITSU
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MB8264N 1MB8264E

TYPICAL CHARACTERISTICS CURVES

nG. 3 - SUPPLY CURRENT
vs Vee DURING POWER UP

nG. 4 - RAS ACCESS TIME
vs SUPPLY VOLTAGE

1.2 TYPICAL

64.5 5 5.5
Vee (V)

4

0.8

o
w
~ 1.0
~«
"'"~ 0.9

RAS AND
CAS'" Vee

5

oL4~~--J234 5
Vee (V)

TYPICAL

u
u

«
E

• nG. 5 - CAS ACCESS TIME
vs SUPPLY VOLTAGE

nG. 6 - SUPPLY CURRENT
vs FREQlJENCY

1.2

o
W
N
...J 1.0
«

"<r
oz 0.9

TYPICAL

40

< 30
E

u
..Y 20

10

TYPICAL

Vcc ·S.5V
TA -2SoC

0.8

4 4.5 5 5.5
Vee (V)

6 1 2
f (MHz)

3

•
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.00810.201

.012(0.301

1-"'_9'
'----!,----.r-""f'~I'
,

.291 .29017.371

.591 .310n.811

.800120.321

16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE
DIP-16C-A02

.~

~
I

.28717

~
.29917

~,

~ .760119.301

264N /MB8264E

INDEX AA

A.05011.17JR

'fACKAGE DIMENSIONS Dimensions In inches (millimeters)

.-

1201J.OSI
lS013.811

17714.50JMAX

.02310.581.06211.511

-.05011.27IMAX

-'-
-l.H r- H I- H H H

.09012.291 1 I - -- .03210.811

.11012.791
,

REF .02010.511
.04311.09)

.700117.781AEF
.04211.01i - .01510.381

,
...... J

Circuli dl.gr.ml5 ullllzing Fujlt.u product, .re included as I means 0' lIIustr.Ung lyplCllllmleonduClot appllc.llons; eon..qu.nll~, complelelnlorma·
lion $ulUcl.ntlot conslrucllon purposes Is not necessarily given. The Inform.tlon has been carelully checked and Is believed 10 be enUrely "U.bl•.
However, no fltSllOl"Slbi'ity i••ssll1flfld lor lnilccuflcl.s. FunhellT'l(lf'. sueh inform.lIon does not convey to the puf~serollhe semleonduelor devices
desetibecll'leteln Iny lleenM unOer the Pltent rlght5 01 FuJlt5U Umlt~ or other5. Fujlt5u Umlled reserves the right to en.nge deYk:e apeclllc.ltions.
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Trpinll
m• .llmum
CUtt.nl

(mAJ

lolulmum
clock

frequ,ncy
{MHz}

Segm,nlillon
(Nol' 3)

ClpICllr
(brt••):

word length
(bill)

(NOli 2)

T,po
(Not. 1)

f

I
Ad....nced Oi9itlll Technologr DRAM &IoKI096K. S(32K~ B, E ,.• ".,,"""

8116 ~ 6ECC

DRAM 128KI01M: S(t6K~B,E 2.' "00/"00
8116., 6 ECC

Bubbl.TK "''''''' 112K: 8 '001500

C'""111 011111 Corp. PROM 128K,81160 '001500

SRAM 32K.81160 S(16K}. E 41005800

DRAM 128K:81160 S(16K~ E """"
COlMlk Colp. DRAM 64K 10 512t(: SI 128J<), 8, E 22·1184 2000

ll/160,P

H<wtlkon Corp. SRAM 16K 10 32t(: III B,' 2.'

DRAM &10K '0 512K: B,' 2.' """""ll/160

Inlfl Corp. DRAM 4K;8116 .."" 800{1700

"'- 128K or 512K: """00

•
DRAM 16K:8116D S(4K). E " 2700'3300

DRAM 32K:8116 S(4K), E " 32004000
D,P

DRAM 64K.8116 S{4K),E " """"'"0
DRAM &IoK,8116 S(4K~ E " :l2OO/'ooo

D,P
DRAM 128K:8116 S(4K),E " """....D,P
DRAM 256K,8116 S(4K),E " """'500

D,P... DRAM 512K.8I16 S{4K),E " 35(1),4800
D,P

DRAM EPROM 8K.32K. S(4K), E '00"3'12'
8D

DRAM/EPROM 16K,32K,8 S{4Kj. E """""
EPROM 16K: 8 S{4K) 2Hl0t'2700

EPROM 641(:8116 S(4),E

M'CIO ",morr.lnc. c... 32K.8I16 S(41(: L' 100013750

~ DRAM 512K 8116 St4K) 2.' "00

C~. 8K 10 16K. 1 S\4K).8 ". '000'2000

Core & PROM 32K.1II S(4K). 8 •• '000'2000

C~. 16K 816 S(16K).8 L" ...-
Pol.HOIlll Semiconduclor DRAM \28K,8" lPI S(4K), E 2,'

16 4 2P

~ DRAM 512K. 8 ~ lPI S{4K). E 25 320013600
16., 2P

DRAM 16K to 641<: S(16K). 8. E .., '000/3000
81160

I
DRAM 16Kl0641<.8 S(16K). 8. E 2.' '000

i
EPRQM,PROM.ROM 321(10 128K: S(161<).8,E .. 17007700

6"60

'" "'JNI·MICRO SYSTEMSlNovembe, \961



IIf<:mo.y chip chlrlcllrlslles Prle. Ind dlllvl'y I
r Moilel O'lllnlntion AcceSS fully Unpopuilled Oenvery Oele fo.mo.e Inumbe.1 (n. m blls) lime Issembled unit lime Il'5t Into,metron

'''pe (nsec.) unil pric:e p.lce (we-ks A.AO) shipped cl,c:llno.
,

~ II (0 .. 1;0",1001 (0"'1;0,,1001

'---" (Note 4) (Nole 5)

161<. I 'SO $ 1850 to 52050; olIOS '"' '"
$11251051350

M. T

."" 64K. I 'SO 52350 to $8650; .~. W., ,,,
$ I 425 to 55300

M. T

T1B0203 SlZK.' 2,.. $240C1;$15OO "179 '"M.T

2158.27641 It< .a. $185.5120 $185.$120 , ~., '"PROM "'.. M. T ,
6104.'SRAM 41< .. 1 200 $1«5. $925 S815.$S20 , .., '"M.T ,
411610RAM 16K. I 'SO $1775.$1135 5100.$'50 , .., ".

M. T ,
4116 161<a I Of 'SO $940(641<). • .., "...... 5H5O(1281<).

M. T

41<.1 $59510 $a9S. .~, ""M. T

32K.I. 200 $183310 .~, =
641<. I 56115"1. T

5101 128.1 $1150. T - 1976 ",

l11C)-1 1"1., .... $1600 10 56250; • ,~.,
,,,

$121510$4360
T

2110 OK. , ,,. 'TO' - ~" ".
T.M

2110 81< al ,,. 5955 """
.., ,,,

T.M

2117 161< Il I ,,. $1150 ,,"" "" '"T.M

2118 16K. I ,,. $1310 """ ~" '"T.M

".. 604K. 1 200 $\810 .- ~" ".
T.M

2164 S4Kal 200 $3195 stock ~" '"M.T

2164 64K.1 200 $3995 • ~" "" ~

M.T

2111 16K. I ,,. "., 'lock ""
,,,

T.M

2111 16K. I ,,. $1185 ,to<:k "., 3"
M.T

2108 2K .8 $360 slock 1916 333
M.T

211812732: 4K.8 $510 """ '"' 3"
M.T

$1215: 5915 • "179 335
T

4164 'SO $2000: $ I 500 3 ~" 336 ~
T

$12S 10 5849; • 1(7810 33'
$59210$680 "'.

T
$190;5690 • '179 '"T

5815:5690 • ,~., 33.
T

5290 161< .. 1 200 '''30 • ~"
,..

M.r

4164 641< a I 200 $36<5 • ~" '" ..-
M.r

MMS290. 18K .. 1. 200 $1210;$910 • "'. '"5298 "'.. M.T

.M5290 16K .. 1 200 "300 $9101051211 • ,~"
,.,

to 51130 M. T

2758.2116. 11< ... 1, <00 $570: $421S • 6/8, ,.,
2132.2164. 21< .. 1

,
2316.2332 41< .8"'..

IiI,
MlNI·MICAO SYSTEMSlNov.mbe. 1981 ,<5



~"UI.TI.U5 ' ..... ~ ... ' ... -~-- .':' .---: .. :~ .- ,,-,.,_ • ..--...--. - - - •. _.: - - - - :-
.... •• .' • u ~

Trpicall
maIlmum
current
(m")

Mulmum
cloc:k

frequency
(101Hz)

Segmenlallon
INole J}

80ard characlerislicl

Capacltr
(b)'1es):

word length
{bltl}

(Nole?)

''''(NOll' 1)
Manulaclule'

DRAM/PROM/ROM .Kl0 16K. S{.KI. 8. E ,., 4too;.600

8/160

EPROM/PROM/ROM 161<10321<; S(.I< or 8K}, 8. E ... 100{1400

8/160

Plenr Mlclosrslems SRAM 6.1<; 8116 S(16KJ. e, E '.0 "'00
-+ DRAM 5121<;8116 S(16K), e, E 2.0 '500l200O

.6ECC

ORA" ~K;8 S{16K), 8. E 2.0 />'"

Relational Memory Srstems, lne. ORA" 256K;8/16 S(~K), 8,E '.0 300

$RA" 16K. 8/160 S(.K), B, E '.0 "Xl

DRAM ~K.8/t6 0 S(16K), e. E '.0 "0

S)'$COfIt, Ine. PRO" ~K:8/16 S(.K),e "00
Teus In,'rumenll .., DRAM (6.1<. 128K. S(.K).E

2561<. 512K)/I6
of 6ECC

lllndu Corp. SRAM 16K:8J160 S(~K).e,E '.0 1200/1500

DRAM 128K;8116 128K.E '.0 900{1000

Applied Mkt'o Technolo5lY. Inc;:. 'RA" t6K.a S{16K), 8. E '0 2SOO

DRAM ~K:8 S{16K), e. E '.0 200

EPROM,RAM 32K:8 S(8K. 16K. or 32K). 8. E '.0 "0

Desert Mil;rosyltems, Inc. ORA" 64K;8 S(~K). E ., /80010870

PROM 64K:8 5(161<. 32K. or 6<lI1<). E '.0 "0

DiUllsl Drn.mlc•. Inc. DRAM 2K:8 SIlK) 2.' 3601~

PROM 32K;8 S(8K). B. E '.0 3801600

Ente'prlM Systems Co,p. SRAM 8K,8 S,-'K). B. E • 3OOIH""

Mat,b Co,p. RAM EPROM 32K.8 S(.K}

Mostek DRAM 16K to 32K. 8 S{6K. 16K, 32KI '.0 315/600

'PROM 16K.8 S{41( or 81<) '.0 8001'200

""e 32K.8 S'4K. 6K, or 16K) '0 8001'200

'RAM 4KtoBK.a Sl4K or SK) '.0 """H""

'RA" 21<104K;8 S(2K or 4t<) '0 7~1000

DRAM 1281<, \6 ... tP S(16K). 8. E '000

DRAM 256.16+5 S(16K), e. E ""Of 6 ECC

DRAM 2M.32.7ECC S(64I<I. E "00

Tr.nsweve Co,p. SRAM at<.: a • 900

", MINt.MICRO SYSTEMS/Novembllr lS8l



Memory chip cha'acterisllcs P,ice and delive,y

--Model OrganiUllon Accus fully Unpopulaled Delivery Date form""e
numberl Cn ~ m bits) lime assembled unit lime li'51 Inrormatlon

Iype (nsec.) unll prIce price {.....eeks ARO) shipped circle no,

r ''fole I) (0_1; 0 .. 1001 COE1;0,,\CCj

'- (Nole 4) (NOle 5)

ROM. MM2J.08. ROM'IK~8, ",) $7801051077; • ~" 3<5

2316E,2708, lK ~ 16. (RAM), $58510$808
2716 RAM.4K~ I, .00 M.'

RAM MM4027, 16K ~ I (ROM)
4116

MM2308,2316E, 11<"'8, .00 $34310 $377; srOCk .,." '"
2708,2716 lK ... 16 $25810$283

5

HM 61l6LP 2K ... 8 '" $2200 " '"80 3"

•
HM4S64 64K ... I m $4750 " ~" '" Eo-

•
4716 16K ... 1 m "00 " .m '"•

'" $2600. $2160 , 9/81 3SO
M••

'SO $145. $460 , ~80 3"
M••

'SO $995. $560
, )/80 352

M.'
2116,2132. 2K~ 8. $495, $380 • l11SO 3sa

,sa, 41< ... 8 M.•

4$32,4154 M.' 4106 4/81 35' f-

MK4118·2 11< ... 8 'SO $1504;$1203 • ~" 355

•
4116 16K ... 1 300 $1280;$825 , ~80 35<

,I

'"

366

'"

357

36'

359

358

3"

"0

36'
366

36'

36'

363

".

~80

~"

1/81

)/80

,om

V"

,~

'~80

6

,

,

,

,,,

,
,

,,---

",----"_'80'+--352

---,

$120;$965

$225;$1805

$125:$1005

$195;$1375

$550;$395
M.T

$110105490
M.T

$235105275
M.T.'"$)80

$24510 $295
M.T

$39910$450
M.T

$3145
M.T

$518010 $5280
M.T

$7995
M.T

$262: $222
M••

$325; $260
M.•

$700;$560

M.'
$200;$160

M.'
$750 to $950;
$52510$665

M.T

$295
M.T

'"
'"

'"

300

25'

'SO

'SO

'SO

2000'
3SO

'"'"'SO

'SOID
<0,

'SO

450,250

11( ... 4

21< ... 8.
41< .0.8
IKt4

11<.0. 4

II< x 4

16K.o. I

16K.o. I

16K xl

16K x I

16K.o. I

16K xl

512 x 8

2114

HM6514

27\6

..,

4116

MK4116

MK4118

MK2716
MK2132
MK4\18

1.41<4116

2118,4116

2718.2132

2718.2132,

""6514

MINI·MICRO 5Y5TEM51N0vembe, 1981
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