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The characteristics of the new solid state , nonvolatile Magnetic Bubble
Memories (MPM) were investi gated to define their potential for field data
acquisition application s. A prototype model of a memory subsystem (hardware
and software) was desi gned and tested to demonstrate one concept. Other
memory and acquisition system design alternatives were also considered .
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SUMMARY

The relatively new solid state , nonvolatile Magnetic Bubble Memory (MBM)

devices have excellent potential in field data recording applications.

This program was , therefore , un dertaken to develop and evaluate a

prototype subsystem model in order to assess the applicability in using

MBM ’s for DNA event recording, and make system design recommendations

that coul d be implemented when MBF’l production versions become available

in the near future. Although many companies are engaged in MBM develop-

ment, onl y three (Rockwell Internat ional~ Texas Instruments , Plessy
Memories ) have started selling prototype versions at this time . The

deta il hardware and software design for the prototype memory evaluation

system was based on the Texas Instrument version because of its

availability and , more importantly, the i r app roach seems to be the most
flex ible for general applications. A comprehens i ve test program was
developed and used to evaluate the memory subsystem with favorable

results. It is our conclus ion that instrumentation can and should be

developed to take advantage of the unique benefits possible with

MBM devices , especially in rigorous field applications. 
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SECTION 1 - INTRODUCTION

1.1 GENERAL

Magnetic Bubble Memories (MBM) are soli d state devices in which informa-

tion is stored in the form of a small cylindr ical magnetic domain , or
bubble , of opposite polarity to the thin layer ~f magnetic material in

which it is located. These devices were first developed at Bell

Telephone Laboratories in the 1960’s by A .H . Bobeck and others1, and
there are now numerous companies actively engaged in the development of

bubbl e memories for applications ranging from mass memory to di gi tal
recording systems.2’3 Two companies , Rockwell International and Texas
Instruments , have just started to sell prototype versions within the

last year or so, and one, Plessy Memories , plans to offer sample quan-

tities by the end of 1977. Other organizations engaged in MBM develop-
ment (e.g.; Bell , IBM , Hewlett-Packard , Intel , other semiconductor
manufacturers , and various foreign sources) are either doing so for
their own use , or have not made any decision to market them , or have
not reached the prototype production stage.

Because of their non-volatile storage characterist ics , relatively low
power consumption and solid state construction , MBM ’s have excellent
potential in fiel d data recording applications. Therefore, this tech-
nology coul d have a significant impact on the Defense Nuclear Agency ’s

(and others) fiel d experiment programs by offering a way to achieve a

reliable , secure , compact, and cost efficient alternative to tape
recorders and recording oscilloscopes in many applications . The work

described in this report was, therefore, undertaken to develop and

evaluate a prototype memory subsystem model in order to make spec i fic

recommendati ons on data acquis ition application s and system designs

that could be implemented when MBM production vers ions become available
in the near future.
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1 .2 MBM CHA RACTERISTICS

MBM’ s consist of a wafer, or chip, on which the magnetic bubble circuits

are constructed , and external magnets and coils which provide bias , and
a rotating magnetic field to move the bubbles . The resulting component,

Figure 1-1 , is very compact and much likeas tandard Integrated Circuit (IC) so

is inherently quite ruggedifthe coils are suitably encapsulated . All de-

vi ces have a self-contained magnetic shield to protect them from external

fields less than about 20 to 40 Oersteds , which is roughly 50 to 100
times the earth ’s field. Peripheral circuits are required for bubble

generation , annihilation , control , and sense , as wel l as to generate ro-

tating magnetic fields. A family of Large Scale Integration (LSI) devices

is evolving from several manufacturers for direct MBM interface. There

are many ways to organize a MBM chip ranging from a simple endless loop

shift register to many parallel shift registers , such as T.I .’ s 92K b it
major/minor loop arra ngement , and others . In addition , there may be one
or many chi ps located within a bias magnet and coil set. Each configura-

tion has sign ificant advantages and disadvantages so it is likely there

will be considerable evolution in the industry before some “standard ” is
settled on. (The theory and operating details of MBM ’s are extensively

descri bed in the literature ; see the references and Appendix 1.)

Present manufacturin g technology limits the capacity of practical in-

divisual chi p sizes to about lOOk bits , but this is expected to grow

rap idl y. Thus , 200k bit chips will be available soon , Megab it sizes

are forecast for the not toodistant future , and lOM bi ts should be

achieve d by 1982. Operating speeds of present devices are primarily

lim ited by the resistance and inductance in the coil drive circuits

which constrains most pract ical devices to operate below about 200kHz

to 400kHz. The components now on the market all operate at a basic

rate of 100kHz , but T.I .’s dev ice is limited to a “data rate” of less
than 50kHz by a “branching ” operation . However , the mobility of even

the relatively large bubbles in present devices is much better than

that , and ways may yet be found to operate at speeds of up to 1MHz .

L --



It is projected that eventually self biasing versions will be developed

which will be capable of much higher speeds (optimistic forecasts

suggest 10’s of MHz).

One key advantage of some MBM ’s is that they can start and stop on a

bit so power can be removed between operations in long term recording.

However , some manufacturer ’ s devices do not permit storage in the major

loop which partially defeats this advantage.

Current devices are typically specified over an operating temperature

range of 0°C to 70°C although th is span can be readily shifted so a

-30°C to +40°C range is covered , e.g ., which would be more useful for

field applications. The magnetic materials used will probably limit

hi gh temperature operations to a little over 100°C. But , operating

ranges of -50°C to +100°C have been achieved in the laboratory , and it
is reasonable to expect production versions with similar performance

can be achieve d in the future . The devices are also potentially cap-

able of withstanding fairly severe mechanical shock if appropriate

packaging methods are used. T.I. currently has a nonoperating speci-

fication of 300g, and has done very limited testing to 3000g. There

does not seem to be any reason why M8t’l’ s coul d not also be operated at
these l evels.

1.3 CURRENT MBM ALTERNATIVES

The Rockwell Internat ional (Autonetics Group) development work has

emphasized digital recorder subsystems . Their first commercial version ,

the POS/8, is organized as a 100k byte (3 bit word) endless loop re-

corder (Simple Single Shift Register), ach ieved by using 8 chips within

a comon magnetic bias and drive assembly, that can operate at a max-
i mum rate of 100k bytes/second. In addition , they are develo ping a 108

bit recorder (achieved by large chip arrays) which can operate at a

1MHz to 2MHz rate (achieved by multiplexing) for NASA .3 Although all
memory functions are self-contained , external digit izing, mult i plexing,

8 
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and contro l circuitry is required for use in a data acquisition system.

The POS/8 is moderately expensive (around $5,000 in small quantities),

but it clearly wi~ l find use in some field applications , es pecially
those that can use its capabilities directly, because of its current

ava ilability and relative simplicity . However , i t is unlikel y that the
s imple serial sh i ft regi ster will be implemented in fu ture h ig her den-
sity ch i ps so grow th potential , except through the ser ies ad di tion of
chips , is lim ited. Also , the “hybrid” ch ip packaging approach has

limited flexibility for designing integrated general purpose , low cost
data acquisition systems .

Texas Instrumen ts and Plessy Memories , on the other hand , have empha-
sized the sing le c hip app roach that i s sim i lar to convent i onal sem i-
con ductor memories. That is , each chi p has it s own bi as magne t , drive
co i ls , an d external shield in a relatively small dual -in-line type

In tegrated Circuit (IC) package. This allows considerable flexibility

in system design which has obvious advantages in using the devices for

diverse applications. There may be some long term price advantages

too s i nce th i s fo rm i s more li kely to be mass produce d , an d to have a

fam i ly of LSI interface devices. There is an efficiency penalty in

that more space and su pport circuitr y is required , but the advanta ges
outwei gh the problems in many applications.

A more si gnificant problem in data acquisition applications is the fact

that the prima ry market for the single chip devices is as a replacement

or alte rnative to disc and other mass memory forms where random access

time is important. This means that some form of major/minor loop

architecture , which is difficult to use in straig ht hi gh speed record-
ing, will predominate until the projected radically different hig h speed ,
hi gh density future generation versions emerge from the labs of Bell

and IBM. This is further complicated , in the T.I. 92k bit multi loop

device at least, by the fact that 13 out of the 157 mi nor loops are

allowed to be bad to compensate for manufacturing yield problems .

9
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(E ven when the yield is improved on curren t low density devices , the

push to higher density will keep the problem around for awhile.) It i s
necessary to keep track of and by pass these bad loops in addition to

the normal minor loop transfers , etc. Thus , in strai ght recording
applications a si gnificant amount of additional control circuitry is

required to deal wi th the multi loop structure . However, in advanced

data acquisit ion systems there will be microprocessors , used for auto-
matic data processing and formattiny, etc., wh ich can also be used for
recording control so the penalty may not be serious.

It is worth noting that Plessy ’s first device will be a 64k bit serial

shift register type that will be useful in simpler applications even

though it is of l ower capacity . However , they w i ll follow thi s w i th a
64k bit multiloo p organized device , and it is not clear whether they
would continue the simpler serial version for long.

Since the objective of this program was to investigate utilizing MBM ’s

for integrated general purpose low cost data acquisition systems , we
chose to base our development work on the single chip devices. It is

likel y that the discrete devices will be most usefu l in the long run

because of their inherent flexibility , e .g.; many app l ica tions can get
by with a serial rather than 8 wide organization . Further , the
Rockwell/NASA work has amply demonstrated the advantages and drawbacks

of the simple shift register architecture in a multi ple chip package.3’5

Because the Texas Instrument dev ice was the only “discrete ” dev ice
ava ilable to us at the start of this program , prototype versions were

purchased for use in the prototype memory model . (The Plessy devices

will not be available in sample quantities until late in the fourth

quarter of this year.) Also , having to work with the more complex 1.1.

major/minor loop organization (compl i cated by the bad loop problem) now

is really an advantage since it not only represents a worst case design

problem , but this , or similar forms , is probably the organization other
manufacturers will emphas ize as a way to minimize access time ,

10 
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particularly wi th higher density devices , for their most important
applications (e.g. ; disc memory replacement), at least in firs t
generation devices.

1.4 SYSTEM DESIGN CONSIDERATIONS

There are two major classes of interface functions required for MBM

operation as shown in Figure 1-2. The logic control section formats

data (if required), sets up the timin g, and keeps track of the read!

write operations. A direct MBM chip interface section provides the

input drive and output sense functions. 1.1. supplies a circuit board

that emulates the functions of coil driver , function dri ver , sense
amplifier , etc., specificall y for prototype evaluation. This circuit

board was used in the evaluation breadboard since these functions should

soon be ava ilable as dedicated IC’ s, and are not terr ibly important to
the general system problem. The T.I. design for a function timing

generator circuit was used for a similar reason. The logic control

section , however , is very dependen t on the application requirements ,
and was the area of major emphasis on this program. For example , 1.1.

makes a CMOS controller , but it only operates with one device at a time ,

and canno t be used directly in 8 bit parallel operations. Since high

speed 8 bit (or more) parallel operation represents one i mportant cate-

gory of data acquisition applications , and is the most comp lex with the
T.I. architecture , the prototype memory controller was designed for

th is case. The design of the controller for the prototype MBM model is

governed by two major factors :

a. Sophisticated control should be incorporated in advanced data

acqu isition systems to handle such functions as automatic cali-

bration , gain setting, adaptive data sampling, and such house-
keeping functions as address, event timing , etc., data .

b. Sophisticated control is the easiest Wd~ to handle the comp lex
operati onal requirements of the MBM itself such as the major/

minor loop transfers , skipping failed loops , etc.

11 
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2) Provides data dump for all operations

Figure 1-2 . MBM System for data acquisition applications.
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By sophisticated control , we basicall y mean one that has the power and

flexi bility of a Microprocessor Unit (MPU), or similar device . In

order to consider the worst case design problem , a controller that i s
directl y involved in the data handling was chosen , although this may

not be the most generally useful way to do it. (See Section 4.2).

Since this requires an operating speed greater than that of the Motorola

6800 MPU, for example, the Advanced Micro Devices AM2901 four bit slice
bipolar cascadable microprocessor was chosen to achieve the speed and

computational power required . This achieved , in effect , a “nano-
processor ” with considerable add-on capability . It is also needed to

interface with more complex functions , e.g.; the MPU in a complete data

acquisition system. A further advantage of this approach was that it

permitted getting the memory system up and running wi th a minimum

amount of design and software effort. Even so, the result i ng design
is fairly powerfu l on its own . For example , not only can i t perform
the complex MBM control functions for a simple fixed sample rate

acquisition in its present form, i t could be made to do responsive data

acquisition with additional software , or to do limited adaptive data

acquisition , event time , and add ress recor d ing with some additional
hardware and software.

A First-In/First-Out (FlEa ) buffer memory was also used on the proto-

type system to provide the required “elastic i ty” to deal with the bad

minor loop problem characteristic of the 1.1. “prototype” MBM devices .

Note that this function can simply be eliminated when T.I. achieves

100% device yield as eventually expected in “product ion ” devices . An

input/ou tput (I/O) section is used to interface with a PDP-ll mini-

computer which serves to provide selected data pattern inputs for test

operat ions , and to dump data stored in the memory for all operations.

The computer also is very useful for analyzing the data , and as an ai d

in trouble shootin g for test work. For use in a data acquisition

system , an A/D converter and multiplexer function would simply be

inserted in place of the computer for acquisition , and disconnected for
dump. (The details of the system design and test results are discussed

extensivel y in the following sections.)

13
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1 .5 FUTURE POTENTIAL

The long term technical potential for MBM devices appears to be very
good. They are capable of being operated under fairly extreme

environmental condit ions , and appear destined to fill a gap in the

speed/cost spectrum between existing forms of solid state memories

and large mass memory systems. The advantages of non-volatility are

obvious regardless of whether the appl i cation is cash registers or

unattended data recordin g. MBM technology is radically different , and
in i ts infancy , so it is reasonable to expect that current technical

problems will be overcome in the near future . However , the ultimate
im pact MBM ’s will have on the market depends to a very great extend

on whether they can be made cost compet i t i ve . For example , it is
estimated that 100k byte memory subsystems , based on production version s

of today ’s devices , could be sold for around $1 ,500 , or about 0.2 cents

per bit , which is hi gher than most electro-mechanical methods. But,

forecasts show that lOM bit chips , and prices per bit of 0.01 cents are

possible by 1 982, which is competitive with most other methods ; so the

overall prospects do appear to be good. Therefore , it is our con-

clusion that MBM technology will survive , in a compet i t i ve sense , and
that instrumentation should be developed to take advantage of the

unique cost and performance benefits that are possible with MBM

devices , especially in rigorous field applications.

14



SECTION 2 - PROTOTYPE MEMORY SYSTEM DESIGN

2.1 SYSTEM DESCRIPTION

The prototype Magnetic Bubble Memory system consists of both hardware

and software. The hardware consists of 8 MBM boards and 5 control

boards as shown in the block diagram , Fi gure 2-1 . The software consists

of micro programs for the MBM controller and PDP-ll programs for communi-

cations with the MBM controller. These items are discussed in more

detail in the follow ing sections.

A Di gital Equipment Corporation PDP-ll/05 Computer is used as a means

of communicatin g with the MBM controller for tests and data dump opera-

tions . It instructs the controller to read or write a particular file

from the MBM . Data is transmitted to or from the memory through 8 First

In-First Out (FIFO ) dev ices . Also , on the FIFO board is a Programmable

Read On ly Memory (PROM) which contains information about the “bad ” loo ps
in the MBMs . This map prevents the generation of data in bad loops or

the reading of data from bad loops . Commands from the PDP-11 are received

by the controller through a branch control board which causes the control-

ler to branch to a Read or Write routine . The PDP-ll sends the first word
contain ing the comand and the two most si gnificant bits of the file ad-

dress. When the con troller receives the first word it sends an indication

to the PDP-ll which causes the remaining 8 bits of the file address to be

transmit ted to the controller. In the case of a write-into-memo ry routine ,

the PDP—l l sends data to the FIFOs until a FIFO Full signal is received

from the controller. It wa i ts unti l the FIFO is not full and then sends

more data. This process is repeated until 144 bytes of information are

transferred to the FIFOs .

In the case of a read-from-memory the PDP-ll waits until a FIFO not

empty signal is received from the controller and then reads data from

15



the FIFO until the FIFO EMPTY si gnal is received . The PDP-ll then

waits until it has received 144 bytes of information.

The MBM controller board sends signals to the PDP-ll and other function

controls via 2 latches on the branch control board . After the con-

trolle r receives the instruction and file address it enables the MBM

boards and shifts the bubbles in the minor loops the number of times

spec ified by the file address. A Transmi t Out enable signal is sent

to the function timing board which transmits the file (1 bit from each

minor loon) into the major loop. The bubbles in the loops are then

sh i fted a number of times (68) then the controller either enables the

replicate (read) or annihilate (write ) signals from the timing board.

The controller shifts the bubbles either 19 times in the read mode or

228 times in the write mode before enabling the FIFO clock and the

Detect Strobe (read) or Generate Signal (write) from the timing boa rd .

These signals are enabled every other cycle (data occurs every other

position ) of the bubbles until 157 bits (including zeros in the bad

loop positions) are transferred. The bubbles are then shifted until

they are again over the minor loops and then transferred in . The

bubbles are then shifted until they are back in t~e same position in

the minor loop as they were prior to the start of the operation. Note

that data storage in the major loop is not permissible with current

T.I. devices . The controller then inhibits or resets all necessary

devices and waits for another instruction.

The Magnetic Bubble Memory prototype systen is contained in a card

fi le with 14 car d pos i t i ons as fol lows :

(5) Controller Boards

(8) MBM Boards

(1) Spare

Eac h board plugs into a 44 pin wire wrap connector on the back plane
.“tere power inputs and most interboard signals are wired . However ,
somc~ inter-controller board communicat ion is accomplished through
ribbon cables .

16
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2.2 DETAILED HARDWARE DESCRIPTION

1 . Controller Board (Figure 2-2)

This section assumes familiarity with workings of the 2901 Four Bit
Sl ice Microprocessor and the 9408 Microprogram Sequencer, Appen-
dices II and III . This board is designed around three 2901 Four

Bit Slice Microprocessors . The micro programs are stored in four

2708 Erasable PROMS , each PROM having a capacity of 1k x 8 bits .

The instruction words are 32 bits long, some bits having specifi c

control functions and some having multiple functions .

BITS 0 - 7 Data
BITS 0 - 9 Data of Branch Address

BITS 8 - 9 Shift control of the carry bit during shift
instructions .

BITS 0 - 2 Branch control during Multiway Branch instruc-
tions (bi ts 3 - 9 contain the most significant
bits of the Branch Address).

BITS 10 - 13 “A” Register designati on for the Microprocessor
or I/O control during an I/O instruction.

BIT 14 Carry Control

BITS 15 - 18 “B” Register designation for the 2901

BITS 19 - 21 Destination code for 2901

BITS 22 - 24 Source code for 2901

BITS 25 - 27 Operation code for 2901

BITS 28 - 31 Branch Control for 9408

Usage of these bits will be discussed in more detail in the soft-

ware description.

Program control is accomplished through the 9408 Microprogram

Sequencer , i .e.; Branch Control l er. The 9408 determi nes the address

of the next instruction based on the instruction in bits 28 - 31

wh ich permit the following types of instruction :

18
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M u l t i w ay  Branch - The l ower 3 bits of the address are determined
by an external source (branch control board).

Uncondi tional Branch
Conditional Branch - Any 1 of 4 bits tested for True or Fa lse.
Branch to Subroutine
Return from Subroutine

The 9408 controls the 10 address lines of the 2708 PROM directly.

Data from the PROMS are clocked into four 8 bit latches (74273).

The lower 8 bits of the word go to 2 quad 1 of 2 data selectors
(74157). The other 8 inputs to the 74157’s are data lines from

the PDP-ll throu gh the I/O interface board . Selection of which

data are received by the 2901 ’s is a functi on of other bits in the

word determining the type of instructi on. Bits 8 and 9 are also

gated to the 2901 to load a 10 bit value to the processor.

Eighteen other bits go directly to the 2901 which determine the

operation .

Ou tputs of the three 2901 ’ s are as fol l ows :

a) 8 bits for control

b) Results = 0 (Z bit)
c) Results = Negative (N bit)

d) Carry out on left shift (C bit)

e) Carry out on ri ght shift (C bit)

f) Ar ithmetic overflow (V bit)

The V , Z, an d N bi ts go d i rectly to the b ranch control ler  wh i ch
may be tested. The carry (C) bit tested by the branch controller

is a function of the instruction. It may be the results of any

of the following:

20
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1) C+4 of the most signif icant 2901

2) R3 of the most significant 2901
3) Q~ of the most significant 2901
4) Qo of the least si gnificant 2901
5) R0 of the least si gnificant 2901

The R3, Q~
, R0, and Q~ inputs and outputs are also a function

of the word such that arithmetic shifts or rotates can be
accomplished.

Along with the 8 contro l line outputs two address lines PGM1 O and
PGM1 1 and a clock are generated for steering and clocking data on

the branch control board .

Also generated on the controller board are the 4 clocks required
for operation (See Timing Diagram , Figure 2-3).

2. Branch Control Board (Figure 2-4)

The branch control consists of 2 output latches for data from the
control l er board and branch control circuitry .

Output data from the 2901 ’s is clocked into 1 of 2 eig ht bit latches
as determined by the PGM1 O and PGM1 1 lines also from the controller.
C2B outputs go to the PDP-ll through the I/O board and C2B6 (Write!
Read) also goes to the FIFO board . C1B outputs go to the function
timing board and are enables for timing signals.

The branch control circuitry consists of three 74151 , one of eight
data selectors , one 74148 priority encoder , and one 74L5175 Quad
0 latch . When the controller executes a multiway branch ,
instruction bits 0 - 2 determine the gate selection of the 74151 ’s.
The 3 outputs then determine the 3 least significant bits of the

21
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branch address . The priority encoder (branch address 0) allows

u p to 8 in put comma nds from external sources wh i ch would de term ine
the function of the MBM controller. Presently only two inputs are

used (Read & Write). However , another device w it h h ig her or l ower
priority could command another task. Branch addresses 1 and 2 are

the CXB and CYA signals from the function timing board. These allow

the controller to wait for specific points in the bubble cycle in

order to count an d set control l ines . Branc h add resses 4 and 5
allow the POP-li to ind icate when data is ready for the controller ,

s peci ficall y the 2 portion s of the f i le add ress .

3. FIFO Board (Figure 2-5)

The FIFO board ma inly consists of eight 9403 64-bit First In/First

Out reg i sters , s ix  741 57 Qua d 1 of 2 data selec tors for the FIFO
clock an d data con trol , a 1 702 PROM (256 x 8 bits ) containing the

bubble map, and two 74161 4-bit counters for the 1702 address

control . (Refer to Section 2.3.3 for a discussion of the map.)

Data are clocked in to the FIFOS via control of Ui and U2. In the

case of wri te-into-memory , data are entered from the POP-il through

the DATØ-7 lines. In a read from memory process data are clocked

in from the MBM boards via the MBOO-7 lines.

Data are clocked out of the FIFOS to the FFOØ-7 lines (to POP-li

in read mode), and the GENØ-GEN7 gates (in the write mode). The

GEN signal comes from the timing board when enabled .

Four of the 74 157 ’ s gate the FIFO input and output clocks. During
the read process the input  clocks are control led by the 1702 PROM
Ma p data , an d dur i ng the wri te  process the ou tpu t clocks are a
function of the 1702 PROM Map data . The RCL & WCL clocks are 400ms

pulses generated by the POP-li. The W/R line controls the switching

of all 74157’s. The address clock (FFCL) for the 74161 ’ s i s generate d

on the timing board . The FIFO enable / reset (CRFF) is set or cleared
by the controller.
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Addresses 0 - 157 of the 1702 are programmed with a map of the minor
loop status of each MBM. Of the 157 locations there are 144 l’ s
and 13 0’ s in each bit position. The 0’ s indicate bad minor loops .
For instance WORD 0 may consist of minor 1oop 0 on boards 1 - 6,

minor loop 1 on board 7 and minor loop 2 on board 8. The output

from the PROM also enables or inhibits the GEN gates to prevent

w r i t i n g  l ’s into bad loops which is not allowed.

When the FFCL line goes high , the address counter is clocked and

the appropriate pair of 741 57’ s is ungated causing any high outputs

produced by the 1702 to go low which will clock the FIFOS if
outputs were previously high . This in essence says the data at the
in put is good or the data at the output was written into the bubble ,

so advance the FIFO .

Two FIFO status signals are sent  to the PDP-ll via the I/O boards.

These signals are FIFO Empty and FIFO Full. The lines are true if

the status is true for any one of the FIFOS. These signals are

used by the POP-il in loading or unloading the FIFOS during the

Wr i te an d Rea d processes .

4. Function Timing Board (Figure 2-6)

This board produces the required accurate timing signals for the

MBM control , FIFO clock , and 8MHz clock for the controller board .
The function timing code , described in Section 2.3.4 , is stored
in two 3601 PROMS . Note that the Function Timing Generator Circuit
is basically the T.I. design adapted to suit the requirements of
this system . The oscillator is a 4MHz TCXO . The timing circuit
requires 8MHz , to achieve the desired resolution , thus a frequency
doubler circuit was incorporated on the board .

The two 74161 Counters provide the address for the two 3601 PROMS
(256 x 4 bits). The outputs of the PROMS are clocked into two

26 
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74273 8-bit latches. In order to obtain 14 different clock signals

from the 8 bits of PROM , the data for the 74273’s are interleave d

and each 74273 is clocked from a different phase of the 4MHz 2

phase clock produced by the 7474. Therefore , the outputs from U4

and U5 are relative to each other in .l25us increments , and all
signal durations are ir~ multi ples of .25jis.

The timin g board has 8 inputs and 14 outputs. The inputs are as

fol tows:

1) Reset

2) BSS - Enables timing and the MBM board

3) REPEN - Enables replicate

4) ANNEN - Annihilate Enable

5) XINEN - Transfer in Enable

6) XOUTEN - Transfer out Enable

7) OATEN - Enables GEN output and FIFO clock

8) GC5O - Enables Strobe and FIFO clock

In puts 3 - 8 (above) are clocked into a 74174 6-bit latch. The

ou tputs are as fol lows :

A) BDEN - MBM board Enable
B) 8MHz clock

C) ~~ - 0_900 of the co i l d r ive
0) CYB - 90-180° of the coil dr i ve
E) CXA - l 80_2700 of the coil drive

F) ~~ - 270-0° of the coil dr i ve
G) FFCL - FIFO clock

H) GEN - Enables Generate gates on FIFO board

I) XOUT - Transfer  Ou t
J)  XIN - Transfer In

K) ~ V - Re p l ica te
L) AN~I - Ann i h i l a te
M) STROBE - Data clock for MBM board
N) CLAMP - Sense amplifier control

28
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5. 1/0 Interface Board (Figure 2-7)

The I/O (Input/Output) interface board interfaces the POP-li to
the controller boards. The PDP-ll interfaces to the controller

through a Di gital Equipment Corporation DR1 1-C genera l device

interface .

All lines on the I/O board are terminated with 120 ohm resistors to
reduce the rise time of si gnals , an d thus reduce cross coupl i ng
noise over the 25 feet of interface cable to the POP-li. Al l

in puts to the I/O boar d are term i nated wi th d io de clam ps to 0 vol ts
and +5 volts , as are the in puts to the DR11-C to limit vo l tage

transients to .6 volts within 0 volts and +5 volts . Other in-

dividual signal functions were slowed even more by capacitors if

they were foun d to be excess i vely noisy .

The Read Clock (RCL) and Write Clock (WCL) are 400ns pulses

generated by the POP-il , and correspond respectively to the New

Data Ready and Data Transmi tted signals from the DR11-C. These

signals are gated by C2B6 and C2B7 controlled by the MBM controller

board .

The least s i gni ficant 8 bits of i nput and output to/from the PDP-ll

are used for Data Transfer. The FIFO Output Empty (OUTE ) and FIFO
Input Full (INF) signals from the FIFO board go to the REQA ,
and REQB inputs to the DRI1-C . Two other inputs are wired to
the CSRØ and CRS1 lines of the DRll-C , but are not used. Another

3 l ines go to the 1N8-IN1O lines of the DR11-C , but only two are
presently used for the controller to signal the receipt of each of

the 2 address portions.

Six other outputs from the DRll-C (0UT8-OUT14) go to the branch

control board , four of which are used. (Two for the Read or Write

Instruction , and two for branch control when each of the 2 portions
of the address are ready.)
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6. Bubble Memory Board (Figure 2—8)

(Refer to the Timi ng Diagram , Figure 2-6, and the current MBM

Specif ication , Appendix I.)

The MBM Boards (8) were designed by Texas Instruments specifically
for prototype evaluation purposes. The board may be discussed in
three parts , i.e .; bubble shifting control , bub b le funct ion
(generate , transfer , etc.) controls , and sens ing .

The current in the X and Y coils controls the shifting of the

bu bbles in the TBMO1O1. The currents in these coils are controlled

by the CXB , CY B , CSA , and CVA in put signals. The alternating

currents in the coils are produced by two 75325 Field Drivers and

d iode ma trices a t the i r ou tputs .

Ind iv i dual con trol of bub b les is accom p l i shed by dr i v i ng three gates
with a specified p~ilse width and current ampl i tude. The three

control gates are Transfer , Replicate/Annihilate , and Generate .

The fi ve board input signals are XIN , XOUT , REP , ANN , and GEN
each received by 1/2 of a 75463 Dual Peripheral Driver. The output

of each 1/2 of the 75463 controls a constant current source deter-

min ing the ampl i tude of the signals to the three control gates.

The width and timing relationship of the control signals are

determined by the function timing board .

During the Read process , the output of the MBM is detected by a
MC1444 sense amplifier. The output of the sense amplifier is
clocked into 1/2 7474 as determined by the strobe input from the
timing board . The output of the 7474 is buffered through 1/2 of
the 75463 peripheral driver. The Clamp input from the timing board
to the MC1444 enables the input to be detected when hi gh. During
the Write process the Gen line being low wil l cause a bubble to be

• created . During the Read process the presence of a bubble will
produce a low output. -
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2.3 DETAILEO SOFTWARE DESCRIPTION

This section will discuss in detail four i tems :

1) POP-li Programs

2) MBM controller micro programs

3) MBM map programing

4) Tim ing contro l program

Items 1 and 2 are interrelated in that each i tem relies , in part , on
the other to produce specific signals as a result of the programing,

i.e.; it is a handshaking process. For sections 2.3.1 and 2.3.2 it is

assumed that the reader has a bas ic knowledge or understanding of soft-

ware. However , it may be helpful to refer to the Di g i tal Equi pmen t
Corpora t ion han dbooks , references 7 and 8.

2.3.1 POP-il Softwa re

General Descript ion - The programs for testing MBM ’ s and commun i catin g

wi th the MBM control ler  were wri tten in two com puter langua ges , 1)
Fortran , and 2) POP-li Assembl y language. The reason for this is that

direct commun ications with the MBM controller requires the setting

and clearing of bits which is more easily accomplished in Assembly

lan guage than in Fortran. However , For tran fac i l i tates eas ier
analysis of data and implementation of test programs .

A. Fortran Program (Appendix IV )

The Fortran program has four ma i n funct i ons wh i ch may be sel ected
at the start of the program.

1 ) Wri te  - Writes 144 ASCI I characters from the keyboard to a
specified file in memory .

2) Read - Reads 144 ASCII characters from a specified file in

memo ry and out puts them on the telety pe .

3) Dump - Perform s the same function as Read , but for all files
from the specified start to end .
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4) Test - Has 3 modes that  may be requested as follows : (Refer
to Section 3 for additional information on the use of

these tests.)

a. Specify Pattern - Allows a pattern of up to 10 byte values
to be specified . This pattern will be written into the

file (5) specified and read back the specified number of

times . This process can also be repeated a specified

number of times on each file before proceeding to the next
file (if more than 1 file is specified).

b. File Integrity Test - This test writes a file number based

pattern into a l l  f i l e s  and then a l l  f i les  are read in
succession . The number of write passes and number of read

passes/write pass are specified by the operator. On every

other write pass the file address based pattern is compli-

me~ted , e.g.; on the first and every other wri te pass the
pattern is as follows :

- High byte of ad dress
Low byte of address
Ones compl iment of high byte of address

Ones compl imen t of low byte of address

On the second and every other write pass the pattern is the

one ’s compliment of the above pattern.

c. Generated Pattern Test - Combination of both the Specify

Pattern and File Integrity Test. Eight different patterns

are written into the memories . Each pattern being repeated

every 8 write passes. The patterns are as follows :

1) W o r d 0 = 0 , Word 1 = - l , W o r d 2 = O , etc .
2) Comp1i~ent of 1
3) All words - -86
4) Complimen t of 3 (Al l = 85)

5) All words = 0

34 
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6) All words = —1
7) File Integrity Pattern
8) Compliment of 7

NOTE: Values are 2’s compliment decimal value of

binary pattern , e.g.; -l = all l’ s , etc .

The above patterns were desi gned to test combinations of all

or alternatin g bubble patterns in major and mi nor loops and

to evaluate system noise conditions.

Detailed description of Fortran software is as follows :

Three single dimension byte arrays are defined as:

A) Data to/from MBM (145 bytes)

B) Data from keyboard

C) Pattern array

The ASCII character definitions are expected inputs from the

keyboard to the various questions as follows :

Lines 100 - 901 ask for and analyze the answer to the question

of what type of operation , (Read , Write , Tes t, or
Dump). Single character responses are sufficient.

Lines 200 - 812 perform the single file ASCII read routine and

write to keyboard .

Lines 300 - 820 perform the single file ASCII write routine

getting the data from the keyboard .

Lines 600 - 601 perform the Dump routine (multiple file ASCII
read).

If the answer to the programs first question is ‘T” (test) the

program will jump to line 2000 where the question wil l be asked ;

Wha t type of test? The answer may be “S” (Specify pattern), “F11

(File Integrity), or “6” (Generate Pattern).
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In any case, all three routines use common sections of the program.

In order to decrease the run time and increase test throughput

su b routines were not used . Ins tead , two con trol wor d s were use d
for program control - KNTRL and KNTRLO .

The common section’ of the code used by all three test routines is

between 714 an d 762 . If i t i s an “S’ type test both control words
= 0. If it is an “F’1 type test , KNTRL0 = 0. and KNTRL = +1 or -1.
If it is a Gh tyoe test. KNTRL = 0~ and KNTRLO 

= 1 - 6 for the

first six patterns. For patterns 7 and 8 KNTRL = -l or +1 and

KNTRLØ = 7.

When a ‘1S type test is requested the prograrll will go to 700

where it begins to ask and analyze the answers to a series of

questions which determine the parameters of the test. These

ques tions are :
The first and last file numbers to test.

Number of byte patterns and their values.

Num ber of errors to print.

Num ber of Wr ite an d Reads /Wr ite Pass .
By l ine 720 these questions have been answered.

Lines 720 through 703 print the header for error analysis. The

program then enters the common routine. If the type of test

is I IFI I  or I I G I I
, l i nes 2009 - 3002 ask the common questi ons nee ded

for both tes ts ,
Number of errors to print.

Num ber of Write and Reads/Write Passes.

Both tests automat ically test all 641 files .

If the type of test is IF the program will continue at 3002, and

set up values required by the common routine to perform the File

Integrity test. Lines 3300 to 3320 set up the file number based
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11
pattern and then go to the common routine. Since each file must
be written in succession or read in succession the common routine
will return to 3200 (Write) or 3600 (Read) based upon the state
of KNTRL . After 641 files are written , the program w i l l  go to
3500 where conditi ons are set for the read process.

Lines 4000 - 4201 analyze the results of the test and determine
if any more read or wri te passes are to be executed .

If the type of test is “G” , program control goes to line 5000.
L ines 5000 - 5006 in i t i a l i z e  control values an d se t up one of s i x
pat terns .

Lines 6000 - 6002 set the values required by the common routine ,
p r in t the test pat tern  an d num ber on the term i nal , and go to
the common routine.

The common routine returns to line 9000. Until the first six
patterns are generated the program will go to the next pattern
generator. Otherwise initial values will be set for generating
the 2 file integrity test patterns and program control will then
go to line 3005.

The file integrity test returns to line 9900 where any errors are
accumula ted , KNIRLO is reset , an d control goes to line 9001 . This
process is repeated un til the specified number of write passes is
performed .

The common routine start iny at 714 sets the A array to the values
in the C array modulo NUMPAT (number of patterns), and then cal ls
the macro subroutine (MACWRT). wh ich writes the data into the
bubble. MACRED routine is then called , the da ta be i ng sor ted i n
the A array .
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The A array is then compared against the C array modulo NUMPAT
look ing for errors . If errors are found the board number (N (JMBRD)

on which the error was found is calculated and then the following

information is printed.

Write Pass Number (KNTWRT)

Read Pass Number (KNTRD)

Good Data [C(K)]

Bad Data [A(J)]

Board Number (NUMBRD)

Word Number (NUMWRD)

This process is repeated for all 144 words in the file (NUMWRD),

until the specified number of Read (NUMRD) passes and Write

(NUMWRT ) passes have been executed.

In all of the above test modes the operator may specify the

maximum number of errors to be printed to the keyboard before

terminating that portion of the test. In such a case the program

would advance to the next file or write pass.

B. Assembly Language Programs (Appendix V)

The two subroutines called by the Fortran program are MACRED and
MACWRT (Read and Write respectively). They in turn call another

subroutine called ADDXMT which performs the task of sending the

file address to the controller. MACRED and MACWRT initially set

location MASKI with a value which will indicate to the controller

to either read or write. They then call ADDXMT.

ADDXMT adds to MASKI the two most significant bits of the address

in the two LSB of the 16 bit PDP-ll word . This word is then

moved to address 1677728 which is the DRii-C output register .

AODXMT then readys the second word which will contain the l ower
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8 b i t s  of the file address along with a branch contro l bit
(020000). ADDXMT then waits in loop 2 until the controller

signals it has received the first word before sending the second

word . ADDXMT then points to the core address of the data block

and returns to MACRED or MACWRT . In each case both will then

wait for the controller to indicate it has received the second
byte of information and is ready to proceed with the data transfer.

In the case of Write , HACWRT will send the first 60 bytes of data

to the eight 64 x 1 FIFO ’s (Loop 4). It will then go to loop 5

and move another byte of data only when it has an indication that

the FIFO is not full . MACWRT will remain in loop 5 until 144

bytes have been transmitted and then return to the Fortran program .

In the case of Read , MACRED will go to ioop 7 after it has received

a ready indication from the controller. In loop 7 MACRED will

remove data from the FIFO ’s as long as it receives a FIFO not empty
indication . It will wait until it has 144 bytes of information
before returning to the Fortran program.

2.3.2 MBM Controller Micro Programs

The heart of the MBM controller consists of three 2901 4 Bit Slice

Microprocessors. This allows 12 bit data words . However , onl y 10
bit values may be accessed from PRO M , and only 8 bit va l ues are
available from the I/O data lines .

The mi croprocessor and peripheral functions are controlled by a
32 bit word programmed in 2708 PROMS. The purpose of this section
is to provide some insight into writing programs for this controller.
However, due to the ability of a single word to produce double operand ,
double source , and double destinations (including I/O) Instructions ,
it would be an extremely lengthy task to document the full capabilities .
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A functional descri ption of the 32 bit word is as follows :

BIT NO.

0 - 2 Multiway branch contro l (will determine bit 0 - 2 of the

branch address).

3 - 9 Most significant bits of a Muitiway Branch Address.

O - 9 Absolute Branch Address.

O - 7 Absolute Data when the data are from PROM and a shift

ins truction is present (B2l set).
O - 9 Absolute Data when the data are from PROM and a shift

ins truction is not present.

8 - 9 Shift control . Will set the input to the LSB or MSB of

the Q or R bidirectional ports to a value determined by

the above outputs. The bit of the word will be set to

that value during a shift instruction . Tabl e 1 below

shows t i e l ng ic for thi s function .
*10 - 13 “A” Register Address designation if the source code does

not i nd ic ate the “A” Register address as a source code

(823 = 0 ).

10 — 13 I/O Contro l if (B23 = 1) in which case the bits are as

fo l lows :
BlO, Bil Ou tput Register Address

812 Output  Desi gna tion
813 Input Designation -

Note: I/O instructions require that the Branch Control Instruction

(B28-B3i ) not be a conditional branch instruction (e.g.; ‘8 1T ).
*14 Carry bit - significant only when the Op Code B25-B26 is

0~ 1, or 2.
*15  - 18 “B” reg ister address des i gnat ion
*19 - 21 Destination Code
*22 - 24 Source Code
*25 - 27 Op Code
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**28 - 31 Branch Contro l

Append ix V II contains a list of some of the more common simple instruc-

tions along with a few of the more complicated possibilities. Refer

to appendix II which shows the operation source and destination codes

for the 2901 . However , due to the 2901 and hardware design limi tations ,

caution shoul d be exercised under certain circumstances .

When us ing  source codes 0 , 1 , 4, and 5 (Register at A address) there
may not be a read from the I/O data lines . The data may only be read

from PROM.

When loa d in g 10 b it s of da ta from PROM the des t ina t i on code may no t
be 4 , 5, 6, or 7 since these are shift codes , and B8 and B9 double
as shif t control bits.

When the instruction consists of a conditional branch , data may not be

loa ded from the I/O l ines . A write into I/O contro l reg is ters i s not
allowed 1) On conditional branch instruction , or 2) When ‘A” Address

Register is called for in the source code . Conditional branches do

not have the capability of testing more than one b-it. Multiple

instructions must be written and each except for the last must not
effect the test bits .

The carry test bit (charted in Table 2-i) will be set or cleared as a

resul t of the opera t ion i f the Op Code i s 0, 1 , or 2, an d the Source
Code is 0, 1 , 4, 5, or 6. (Otherwise not effected.)

*See Appendix II (2901 Instruction Set)

**See Appendix III (9408 Instruction Set)
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Table 2-1. Table of carry control and shift control logic

INPUTS RESULTS

Destination Shift

Code (Octal ) Control

(Bl9-B2l ) (B8, B9) C Qo R0 Q xi R 11

NONE
O X Cn+l2

NONE - :

1 X Cn+l2
NONE

2 X Cn+l2
NONE

3 X Cn+l2

4 -* Q&R 0 Q0 S S R 0 Qo

1 Q0 S S R~ Cn+12

2 S S R 0 N

3 S S R 0 0
5 -~- 0 R 0 ZS S ZR 0 R0

1 R 0 ZS S ZR 0 Cn+l2

2 R0 ZS S ZR 0 N

3 R 0 ZS S ZR 0 0

6 +—~
- Q&R 0 R 11 R 11 Q 11 S 5

- 1 R 11 R11 ~) 11 S S

2 R 11 0 Q~ S S

3 R 11 0 Q11 S S

7 +—,. 0 R 11 Z R 11 Z S

1 R 11 Z R 11 Z S

2 R 11 Z 0 Z S

3 R 11 Z 0 Z S
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Table 2-1 continued.

S = Sig nal Source

X = Don ’ t Care

Z = Hi gh Im pedance State

Therefore , the following shift combinations are available

Dest. Shi ft
Code Code MNEMONIC

4 0 
~
--—

~~ Q f—1--)(Ti OCR

4 L~~~~~ R 
- 

~~~~~ DRR

4 2 ~~[
L

R  FH~~Q j )ftj

4 3 0 )1 R Q~~~lII jT~4I~ J DLSR

5 0 R j-~-~çJ CIR 

5 1 ‘—
~{ R !- -~LJ ROR

5 2 
~—4iL R }—

~LL.j ASR

5 3 0 -- ->1 ~
—
~_c___ . LSR

6 0 or 1 C 41 R }-~- Q ~~ 
l DCL

6 2 or 3 
~~~~ 

-
~ 

R ~: j _ Q~~— 0 DASL

7 0 or 1 - C~~) ~~~~~~~~~~ CIL

7 2 or 3 j
~~ 

R ~-O ASL
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The V (overflow bit) will be reset on the next instruction following

the ari thmetic operation.

The Z (Results = 0) and N (Results minus) bits will be reset on
the next i nstruct i on , but may be set or reset accordingly by testing

the results dur ing any previous condition branch instructions.

Therefore , if V is to be tested following an arithmetic operation , i t
should be tested first along with a test results instruction. (The

Z, V . N , and C bits are a result of the previous instruction. )

Appendix VI II is the listing of the actual program used in the proto-

type MBM controller. A brief description elaborating on the more

complicate d instructions follows .

When the hardware i s reset the branc h con tro l l e r  sets the Pro gram
Counter (PC) to Address 0. The instruction is a muitiway branch

which will cause the PC to become any of the possibilities between

000 and 007. The results of Op Code 4-. and Source Code 3~ is 0,

Appendix II. The results are stored in both REG 0 (Destination Code

3 and B Address 0) and I/O control REG 1 (Bits 10 - 13).

When the PDP-ll sends a Read instruction (PC
~
-O04

~
) or a Wr ite instruc-

tion (P C
~
-OO2H), the instructions at both addresses clears REG 1 and

CR2 . Both instructions are unconditional branch instructions which

will cause the PC±ØO8H for Wr i te or 080H for Read.

The first instruction at both locations is simply branch to sub-
routine 050H • Though the OP and SRC codes in this instruction

~ call for A+Q function , the destination code only outputs the
results and does not affect the values in any internal registers .
Since the I/O control is OH the results of the operation are not
stored.
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The subrout ine at 050 receives the file address from the POP-li ,
shifts the minor loops a number of times equa l to the file address ,

and determines the number of shifts that will be required at tha
end of the operation , transfers the bubbles to the major loop, shifts
the bubbles until the first bubble is at the Replicate /Annihilate

port , and returns to the calling routine.

The instruction at Ø5Ø is a BMW4 (BMW = Branch Multi-Way ) instruction

which will cause the PC~05l when the 2 MSB ’s of the f i l e address are
present on the data inputs . The bits when received must be multiplied
by 28. The instruction of 051 loads the data , multiplies Rl5 by 2 an

addi t iona l  7 times , and also si gnals the POP-il - data received.

Line 057 is a No Operation (NOP) instruction which puts the next BMW

instruction at a BMW base address (BO-BZ of address are 0).

The program wa i ts here unti l the PDP-li indicates the second portion

of the file address is ready , and then PC~-Ø59 where the data are
stored in Rl4. 05A loads R4 wi th 641 , which is the number of positions

in a minor  loo p. ~5B ad ds R l4 to R l 5 resu l t i n g i n a l~ bi t  f i le
address. If the address is 0 the minor loops are already in a

position to be transferred out , and the PC-’-Ø61. If the address ~ 0
then the bubbles must be shifted a number of times equal to the file

address . 05D stores the Value -01 in CR1 which enables the timing and
MBM boards . 05E is a BSRØ28 (BSR = Branch to Subroutine) (described
in detail below ) which will return after a complete bubble cycle. ~5F

decrements the file address. 060 decrements R4 which will become the

sh ift count after the bubbles have been transferred in at the end of

the operation. 060 also tests the results of 05F , an d if  ~ 0 branches
to 050. When the minor loops have been shifted as required , l ine 061

adds 4ØH to CR1 which enables the Transfer Out (XOUT) pulse from the

timin g board . 062 executes a BSRØ28H to wait for 1 cycle completion ,

and then 063 loads R2 wi th 67. , the number of additional shifts
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required , until the firs t bubble position is at the Annihilate/
Replicate port. 064 inhibits the XOUT signal. 065 - 067 shifts the
bubbles 67 tines. Line 068 returns to the next instruction of the
calling routine either 081 or 009 .

In the case of Write , 009 stores 42i-i at CR2 signaling the POP-li that

it has received all information and is ready to proceed , and sets the
W/R line to 1. Line ØØA stores a 9lH at CR1 which keeps the Master

Enable  h igh , enables the FIFO and the Annih ilate gates . Lines 00B -

OOE shifts the bubbles 228 times annihilating bubbles present in the

major loop un t i l  the f i rst bubble posi t ion i s over the Generate port .
Lines ØOF to 015 go through 157 cycles (314 bubble cycles) of enabling
the generation of a bubble in every other position of the major loo p

while con tinuing to annihilate any bubbles which appear at the

Ann ihilate port.

Lines 016 to O1A inhibit the Annihilate and shift the bubbles an

additional 30 times until they are over the minor loop transfer in

ports at which time 018 branches to common routine 040 which wil l  end
the operat i on .

In the case of Rea d , Subroutine 050 returns to 081 where 03 is stored
at CR1 enabling Replicate . Line 082 - 085 shifts the bubbles 19
more times and signals the PDP-li that all da ta have been received
and the read process started.

Line 085 is somewhat con fusing i n tha t da ta to be stored an d a
conditional branch address are within 1 of each other . The instruction

is literally interpreted as follows :
Load 083
Decremen t by 1 ( 082H )
Store in Rl and CR2
Branch if R2 is � 0 to Address 083
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Lines 086 - 08D enables the FIFO , keeps the maste r enable high , and
repeating 157 times (314 bubble cycles) enabling th€~ data strobe every
other bubble cycle.

Ins truction 080 loads R2 with 239 which is the number of shifts now

requ i red to position the bubbles over the minor loops . Line 08E

inhi bits the Replicate gate. PC-’-018 where the bubbles will be

shifted 239 time s before proceeding to 040H to end the operation.

Instruction line 040 to 044 enables the XIN gate for 1 cycle , and
sh ifts the bubbles a number of times until R4 becomes 0. The value

in R4 was determined by subroutine 050, and is the number ot sh i ft
values  requ i red to return a l l  bubbles to the same posit ions they were
in before the operation proceeded.

Instruc tions 046 and 047 clear CR1 and CR2 and return to instruction

000 where the program again wa i ts for a Multiway Branch.

Subroutine 028 consists of 2 Multiway Branch Instructions (028 and 030)
again at addresses where B~-B2 = 0.

The BMW 1 instruction at 028 wa i ts for the 270° si gral first to insure

that the same 0° is not counted twice. PC~Ø3Ø where the BMW instruc-

tion wa i ts for the 0° si gnal and then returns to the c a l l i n g  program .

2.3.3 Magnetic Bubble Memory Maps

When TBMO1O1 MBM’ s are received from the Texas Instruments , up to 13
of the 157 m i nor loops may be marke d as unusa b le . T.I .  sen ds a comp-
uter printout of test data wi th each unit , wh ich also includes their

map of the good and bad minor 1oops .
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In the Prototype MBM controller , the maps of the 8 memories used are

programmed into a 1702 (256 x 8 bit) PROM . The map for each memory
occup i es 1 bit position in the PROM .

Appendix IX is a sample of the T.I. computer printout of the MBM test

data . The T.I. map is located below the date , and consis ts  of 10

grou ps of 4 hexadecimal di gi ts  w i th the last  “di git ” being alwa ys a
7 (if good ) or F (if bad) since only 157 bits are required . When the

Hex ma p is converted into a binary map, l ’ s indicate a bad minor loop

posit ion. The left or MSB represents minor loop #0 (assuming loops

are numbered 0 - 156) and is the one closest to the detector. The

value NB1T on the T.I . map indicates the tota l number of bad loops.

Exam p le :

lCO4 ,0000 ,0000 ,B600,0000 ,0000 ,0000 ,0000 ,0000,0007 NBIT 9

~— 0001 110000000100 (Binary Equivalent)

In the above example of the first 16 bit binary value , loops 3. - ,

5, and 13 are bad. (Starting with loop 0) In the ~ortro lier , words

0 - 11 would consist of minor loops 0, 1 , 2, 6. 7. 8. 9. 10-. 11 , 12 .

14 , and 15. Since onl y 9 loops were bad in this ‘ii~ - . an addi ’ -~~ r i 1

4 would be added to make the maps of all I::eI~~~r- i l ~s 
h 1~~ ,- 1~:.:. loops

marked usable. Therefore , the last group of -~ dig its w(~uld :1,

oo:- ,~.

~n ~ie 1702 map, bad loops are I I ~ r k e d  by ~m ~r ”~ence ~ i 0. ‘
~~~~~- ‘

fore, the T.I. map must be complimented. Appendi k ~~~~~~~~ a s t r - : l~
System map used to program the PROM . (Rather the r  coinpi i~~~t - ’  iry ~~

T.I . map, each position corresponding to bad loops art- markec ‘; I.

and all unmarked positions are interpreted as 1 .) Th~ ~ b i t  hi~ lr v
values are then converted to Hex for PROM programming.
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2.3.4 Timing Control Program

A ppendix XI is a sample of the proqram in the 2 PROMS on the timing

control boards , each PROM having 4 bits of the 8 bit words.

Fourteen controls are containe d in the 8 bits. This is accomplished

by in terleaving the control bits (see Section 2.2.4, funct i on t imin g

board)

Data in even numbered words control 8 functions , an d odd num ber wor ds
control 6 functions. A table follows :

Table 2-2. Control Function

Bi t Even Word Odd Wor d

0 Annihilate /FIFO Clock GEM

*PROM Add ress Counter  Loa d XOUT
2 CXA XIII
3 CXB/Enab le Latch Clock BRD EN LATCH
4 CYA Replicate

5 CYB *PRO?1 Address
Coun ter Loa d

6 Stro be
7 Clamp

A ’~ Func ion

The t iming controls from Address 00 to 51 rotates the current vector
in the shift coils from the origin through 270° to 0°. The timing

~ror 52 to Al is repeated until the B1BØ line (BSS) is set to 0 by the

~c’troller. The instruction from A2 to FE returns the current vector

to the ori qin . FF unlatches the BRO Enable , and disables the address

coun ter cloc k.
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SECTION 3 - TEST RESULTS

3.1 OBJECTIVES

Since bubble memories have many new and uni que characteristics (and

problems ), it was not obvious at the outset , what the test methods and.,
objectives should be. However, as a result of several weeks of inten-

sive effort in learning the problems and characteristics of the device ,

severa l specific objectives emerged.

1 . Determine and characterize the errors of the prototype system.

2. Determine the nature or source of the errors as being due to

a. Sys tem related factors
b. Pattern sensitivity

c. Operating specification marginality
d. Manufacturer ’s Quality Control

3. Determ i ne the correct operating parameters and requirements as
they relate to the system and the device performance.

It must be emphasized when interpreting the test results , that the
tests were conducted on prototype versions of a new technology memory ,
and the problems encountered will be solved before the devices reach

production status. What is important is that a comprenensive test

has been developed which can detect failure modes unique to MBM ’s, and

that the tests show present prototype devices , although imperfect , coul d
be successfully used for data acquis ition purposes as they are .

3.2 BACKGROUND

The final tests conducted on the system , though the basis for the

majority of conclusions in this report, only represented a small portion
of the actual energy spent during the evaluation of the system.

The process from the beginning of the evaluation to the point of
defining objectives , and conducting the final error rate tests can be
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characterized as a “round-robin bootstrapping process.” This process

consisted of initially exercising the system , through the use of very
sim ple software in the POP-il , in order to locate controller hardware

and software probiems . When the basic problems had been overcome the

software capability was increased in the POP-li which uncovered further

errors in the control ler software and PDP-ll/MBM controller communi-

cation noise problems . 
-

As these problems were being solved it became apparent that the final 
-

test software in the POP-il would have to provide some degree of

diagnosis on the errors detected. This allowed cha racterization of the

errors wh ich in turn allowed the possible sources of the errors to be

identified. Because of the unique characteristics of MBM ’ s, a number
of direct conversat ions with T.I. engineers were also found to be

necessary when interpreting various problems encountered with the

memories .

One example is that information received during the design phase led

us to bel i eve that w r i t i n g  into “ba d ” loops was a “don ’t care ” s i tua-
tion. The hardware was designed accordingly. During the evaluation

phase it was learned that this was not always so, an d bubb i es could
get trapped in the bad loops and cause problems . The hardware was

modified by taking the bubble r~a p outpu ts an d gating them with the
data and GEN signals to create the ~ !N signals for - each memory. Also ,

a procedure was verbally obtained from 1.1. to eliminate any bubbles
trapped in bad loops , as a resul t of writing bubbles in them , that
might “migrate ” or “seed bub bles ” causing errors.

Restoration of a device so affected can be accomplished by collapsing

the bias fiel d within the memory which maintains the magnetic bubbles .
The procedure consists of writing all bubbl es into memory. A per-

manent magnet with a strength of >40/Oe is moved towards the MBM
while reading the memory. With the field perpendicular to the top
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surface of the memory case , the magnet is slowly moved closer unti l all

bubbles are permanently annihilated . Note , th is procedure should be

used wi th caution . If the external field becomes to lar ge, i t  can
reverse the internal field.

The restoration procedure produced only the “relative success ” T.I.
suggested it would. For example , i t was use d on 7 units with error
rates >1 x lO 6 , and produced error rate decreases in all units.

However , the error rates of 4 units only decreased by a factor of 2-5,

where the remaining 3 units improved considerabl y, an d no errors were
found in 2.6 x iO~~ bits.

Measurements on the control currents of the least improved memories

in dicated that some were not within published operating specifications.

Further circu it analysis and conversations with T.I. indicated the

need to change the voltage on the control circuits and/or modi fy (trim)

the T.I . control circuit designs. The following changes were

necessary :

1. Increase X , V control vol tage to l3.5Vdc . (Required an additional

power supply voltage.)

2. Adjust Transfer Out (and in some cases Transfer In) currents for

each memory. It was found that the XOUT circuit could not be a

constant current source at l2. 5Vdc over the range in va l ues of the

Transfer coil resistance.

3. Change the current resistor in the Replicate current source to
36 ohms .

It must be pointed out that T.I. ’s MBM circuit board is a preliminary
engineer ’ng design intended for prototype evaluation only, and is not
intended to reflect the performance they plan to achieve in production

IC versions of the interface functions. Further , there is insufficient
statistical data on the MBM ’ s to be able to precisely define nominal
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values and tolerances , etc., so these k i n ds of p ro b l ems are not u n u s u a l
at th i s  stage .

The failure of the current control circuits to meet specifications lead

to scrutiniz ing the timing control where a conflict between specifi-

cations and the actual requiremen ts were also found. The conflict was

i n the lea d ing edge t im i ng of the Re p l ica te pulse , generated by the

PROM Program (Section 2.3.4), which was found to be 4.875.s instead of the

5.125jis minimum specified in the MBM data sheet. Texas Instruments

coul d not tell  us wha t was opt imum for our un i t s , and short term tests

indicate d no effec t so the t im i ng was returned to th e programme d value
of 4.875i~s.

It shoul d be noted here that while the specifications were said to be

optimum for the un i ts in  our possession , T.I. was respecifying para-

meters for their latest producti on un its. For some parameters these

changes were si gn i f i cant , relat ive to tolerances . For instance the

nom inal Generate amplitude had changed from 2SOmA to 280mA which was

p reviousl y specified as a maxir ium. The nominal Replicate and Anni-

hilate l eading edges had been changed approximatel y to what had been

the previous max values. The nominal XOUT and XIN leading edges were

increased by an amount 2 to 3 times the previous tolerance value.

Again , this variation is not unusual at the present stage of develop-

ment , but it does require a constant awareness of the factors involved.

Also , dur i ng t h i s  per i od i t  was determ i ned that  the power u p/down
sequence was critical. If the correct procedure was not followed it

was discovered that current pulses might occur in the memory causing
bu bble annihilation or generation. A sequence , Table 3-1 , was
develo ped which allowed system power control without affecting the data

in memory. If an error was made in the procedure , the memory fields

were collapsed by the procedure mentioned above to prevent possible

effects from bu bbles tha t may have been generate d i n bad m i nor loo ps .

53  

- - - - ----



Table 3-1 . Power Down Sequence*

1 . l3.5Vdc (X,Y coil down )

2. 17V (X,Y control logic)

3. +1 2V (Memory control current source)

4. +5V (Memory logic)

5. +12V (Control logic )

6. -l2V (Control logic)

7. -5V (Control logic)

8. +5V (Control log ic)

*Reverse the sequence for power up.
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For reference , the power requirements of the prototype memory sub-
system are approximately 27 watts in the quiescent state . During the
l 3ms dynamic period for a full memory (file) cycle the power peaks to

approximately 80 watts.  Table 3-2 summarizes the power supply requ i re-
men t for the present prototype system. It is possible to decrease the

power of the prototype system somewhat by using lower power equiva l ent

devices in a few limited cases . Lower power consumption is expected

to be poss ib le in fu ture  opera ti onal system des igns through the use of
IC versions of the i nterface funct i ons , an d use of low power dev ices
in the controller.

Af ter the sys tem an d a l l  parameters of the bu bb le control had been
examine d and determined to be operating within the latest requirements

as specified by T.I., five memories were found to have various and

easil y detectable problems as follows :

a. Three were found to have bad minor loops , i n add i t ion to those
found by 1.1., yielding in excess of 13 bad loops .

b. One determined to be pattern sensitive.

c. One random errors 3/5 x iO~~ errors/bit.

In addition , another un it was determined to have 1 more bad loop than

was indicated by the map supplied with it. This would suggest that

the T.I. testing process was failing to identify all of the bad loops

i n 25 - 3O~ of the un i ts .

Also , two of the fi ve units above exhibited decreased errors when the

X and V coil currents were increased above the maximum tolerance.

Since the improvement in error rate was less than a factor of 10 it is

difficult to conclude from this that there was a definite marg ina l
operating condition . But, it does illustrate the sensitivity and

complex relationships of the various factors involved .
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Table 3-2. Power supply requirements

Peak Current Su ppl y Ca pac i ty*
Voltage Drain (Amps) Amps

+5 4.2 5

-5 .3 .5

.04 .1

+12 .2 .5

+17 .5 .75

4.0 5

*Oesign Spec. Recommen da ti on

**Used only by 1 702 PROM Map

***May become 12 volts in final T.I . versions.

56



In di scuss i ng these problems with T.I. they stated that they had

recentl y foun d an i na b i l ity of thei r test procedure to dete ct a
specific type of problem. That is , dev i ces in recen t sh ip ments were
found to have inherent problems when stopping the bubbles in the minor

loop because some bubbles tended to migrate. Our units ~~ have had
sim ilar problems . They also emphasized how critical three of the

con trol currents were . In order of priority they were identified as:

A. Transfer Out

B. Genera te

C. Replicate

After reevalua ting these characteristics , and satisf ying T.I. that

their specifications were being adhered to, they suggested that all

uni ts be re turne d for reevalua ti on . It  was agreed tha t the above f i ve
units would be returned immediately, and the remainder might be re-

turned pending the results of the final error rate tests . (The fi ve

units were returned with a detailed report shown in Appendix X II. )
At this time it was decided to specify the final error rate tests

base d on knowle dge gained from previous problems .

3.3 ERROR RATE TEST PROCE DURE

A set of test patterns was developed for conducting extensive error

rate testing. The basic concept of the pattern designs is not only
to test for pattern sensitivity , which was previously exhibited in a

un i t , but to also a l l o w  some di scr im i na ti on as to wha t cause d the
errors , and identify where (major or minor loops) the sensitivity

occured . A short description of the patterns is contained in

Section 2.3. A more detailed descrip tion follows.

Eight patterns are generated consisting of 4 base patterns and their

compl iments . It is necessary to generate the compliment of a pattern

to test each bubble position in each state for a given pattern. Each
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pattern consists of 1 , 2 , or 4 words repetitively written into the
8 wide memory. Table 3-3 shows the patterns , and the test effect.

Two extens ive tests were conducted. In each case the memories were
read six time s/write cyc i ” . Error printouts were limited to 5/fi le/
write cycle. The first test consisted of 2.7 x lO~ bits read/system .

A second test was conducted afte r the highest error rate memory boards

were swapped with the lowest error rate boards. The obj ective here
was to ascerta i n that  the errors were a func t ion  of the memory boar d
c o m b i n a t i o n s , and not a unique characteristic of the system. This test
consisted of 3.3 x l0~ bits read/system.

A report was prepared for T.I. in order to aid them in their reeva l ua-

tion of the units when returned at the completion of the error rate

testing. This report is contained in Appendix XII.

3.4 DATA ANA LYSIS

A summary of the computer error printout is con tained in Tables 3-4

and 3-5, wh ich were manually prepared in order to characterize the

errors since the computer only prints an instant analysis on each

error and not cumula tive error analysis. Three types of errors were

characterized :

1. Soft Errors - Error detected on a read pass , but not detected on
a successive read pass.

2. Hard Errors - The same error detected on two or more successive

read passes.
3. Mi grating Error - This is a unique error type where an error was

detected wi thin the first 8 words , and would migrate towards the
first word of a file on successive read passes . The error would
then disappear after appearing in word ~ or 1. The exact migration
characteristic appeared to be pattern related .
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By determining the frequency of errors in each pattern it could be
shown that a definite pattern sensitivity characteristic exis ted .

Approximately 55% of the errors detected occurre d dur i ng pat terns
1 and 2. This indicated a sensitivity to patterns where alternate

minor loops had a large majori ty of bubbles interleaved with minor

loops having a large majority of absence of bubbles . Another 3O~
of the errors occurred in patterns 7 and 8. Since these pattern s are
f i l e  add ress based , it was necessary to determine the minor loop status
in the area of the errors . It was found that patterns similar to those

produced by patterns 1 and 2 existed in the minor loops around the loo p

in which the error was found. The remaining i5~ of the errors occurre d

in patterns 3 - 6. Two other characteristics were imediately obvious

during the data analysis:

A. 9QT of the hard errors occurred on the first read pass wh iP would

indicate a marginal write operation.

B. 85’- of the errors were the result of gaining a bubble.

Comparing the results from the two tests separately it can be seen that

in 3 of 4 cases where the boards were swapped that the high error rates

followed the boards. In the fourth case the h i g h  error rate stayed

wi th the b i t  position in the system. However , the errors i n the la tter
case have the same genera l character i stics as the others . Thi s tends
to decrease the poss ibi l i ty tha t a un iq ue pos i t i on related proble m

exis ts i n the sys tem , and tends to sug ges t that there may have been
some sl ig ht differences in the tests. These differences might include

am bi ent tem pera ture , sl ight voltage change , or negative effects from

collapsing the memory fields.

Table 3-6 is a composite of Tables 3-4 and 3-5 . The overall results of
the two tests are summarized on the following page.
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System Error Rate 5 x i0 8 errors /bit

Uni t  Error Rate - High  2 x 10 8 errors / b i t

- Low 1.6 x 10 10  errors /b i t

Soft Error Rate 3 x i0~ errors/ bit

Soft Migrating Error Rate 4.7 x io~ errors /bi t
Hard Error Rate 4.3 x 10 8 errors /b i t

Percent of Hard Errors
detected on 1st read 87%

Percent of Error due to
bubble ga i ned 85~

It is important to note that although these rates are higher than the

specif ie d soft error ra te of iO~ errors/bit and hard error rate of

10 1 0  to 10 11 e r rors/b i t , they woul d be acce pta b le i n data acqu i s i t ion
system applications. There did not appear to be any failure modes
(other than those that could be controlled such as the power on

sequence) that would cause random data scrambling.

3.5 TEXAS INSTRUMENT REEVALUATION OF BUBBLE MEMORIES

On 19 September 1977 a verba l report was received from Gerald Cox of
the Magnetic Bubble Memory Product Marketing group for T.I. The re port
consisted of only genera l statements and not specific error rates ,

error characterization or errors relative to specific units by serial
number. Their reevaluation test consisted of individually testing 11
of the 14 un i ts returned , for approximately 5 minutes , by al ternate ly
writ ing and reading a “sim ple s h i f t  pattern .” Their results and coni-nents

on the results were as follows :

1. One unit had a low threshold sense amplifier (Motorola device) on
the memory board . They had previously identified this  prob lem , and

are presently producing their own chip with a minimum guaranteed
sense threshold.
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2. One unit exhibited no errors.
3. The remaining 7 memories , mounted on boards , and 2 of the orig-

inal 5 units returned exhibited problems due to the generate
process. The characteristic of the error was that extra bubbles
were being generated , an effect they had only recently discovered.
This problem can be reduced or eliminated by reducing the generate
current pulse In both width and amplitude since only 50 nano-

seconds are required to reliably generate a bubble. (Note that
the present T.I. timing design only allows 250 micro-second
resolution , and this would require some design changes.) They
stated , however , that the real solutions to eliminate the problem
were 1) more stringent material control , and 2) a redesign of the
generate method .

4. No explanation was given for not testing the remaining 3 units .

Only a genera l correlation between Develco ’ s test results and T.I. ’s

evaluation and previous inputs is poss ible since 1.1. did not maintain

records as to the error rate relative to unit serial number. However ,

their findings confirm our test resul ts in several areas.

A. They found 1 uni t without problems which confirms our finding.

B. They found 1 unit in the last 9 returned wi th a sense amplifier

problem. This agrees with our results in that the errors on 1 unit
not used in the final tests could not be easily characterized.

C. Seven of the units from the fina l tests exhibited generate problems
which created excess bubbles. This generally correlates wi th the

test data in that 85% of all errors were hard , and 87% of those
errors resulted in a gained bubble , and occurred on the 1st read
pass.

D. They found 2 units with suspected additional bad loops. Our tests
indicated a total of 4 units . However , they did not test 3 of the
first 5 units returned of which we had found 3 that had additional
bad loops .
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E. During the evaluation , they suggested the possibility that our un i t s
might have problems related to stopping the bubble cycle. This
may explain the remainder of the hard errors which occurred after
the 1st read pass.

F. No explanation or correlation has been determined for the migrating
errors.

G. Possible explanations of the soft error could be many in number , but

in most cases would be conf ine c to no i se and /or si gnal to no i se
marg in of the sensing circuitry . Another possibility is that some

errors may result if nominal timing values are not optimum.

After completing their tests , T .I. agreed that there are performance
problems in the prototype devices , both those they are current ly making
and those purchased for evaluation on this program , wh i ch are due to
design and manufacturing problems . As a result of their evaluation of

the dev i ces we used , T .I . recal le d a l l  the MBM ’ s used i n th i s program .

It i s clear tha t T .I . has some more develo pmen t work to do before the i r
MBM ’s reach production status. However , it i s extremel y i mportant  to
recognize that:

a) This is a new and radically different technology , so a longer
learning curve can be expected.

b) T.I. took a calculated risk , but we believe a worthwhile one , in

releasing prototype versions at thi s staoe of development so the
industry could learn t use ~~h~~~’ -

c )  The error ra tes  tha t resulted frorr the rototype units used in the
final te’ - ts would ‘-ave h~-~ r • -n ’ t r .  l~ a (ce ptab ie in many data

acqui 5~ t i  cr s ~ ci1~ 1 i
d) T . I .  w i l l  undc a r * ed ’~ so lve .he device rnblems m d  it is our

Op inion t r a ‘~~ flned -i~- -. ces ,.i~~l he r.~ • ‘~~ - ~ hs riarket by the
1st quarter -~~~ 1Q~ -
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SECTION 4 - DATA ACQUISITION SYSTEM DESIGN RECOMMENDATIONS

It is clear from our investigations that MBM technology is progressing

rapidly, and that even today 1 s prototype versions can be successfully

used in field data acquisition applications. The relatively crude

arch itec ture and lac k of a full fam i ly of per ip heral components for
presently available MBM devices makes design difficult and limi ts

flexibility . However , advantages such as nonvolatility , ruggedness , and

rela ti vel y low power consum pti on make these dev i ces use ful even i n todays
technology . Thus , we recommend that some first generation system designs

be develo ped now to take advan tage of MBM fea tures i n special app l i ca ti ons ,
and gain operational experience. It then appears that the technology will

reach a level of maturity in time to coincide w it h the develo pmen t of
second genera ti on system s for broa d base d general use in the next 1 to 2
years.

As an example of the progress being made , T.I. has alrea dy i ncor pora ted MBM
material and generate pulse specification changes to eliminate the major

error source problem we encountered as described in Section 3. Although

the changes are probably not fina l , prototype units can now be obta i ned

(with a 16 to 20 week delivery ) that have satisfactorily improved

performance. At present 1.1. expects to be in production within the year ,

however , details on price and delivery are not yet available.

There is also considerable progress in the area of support chips. T.I. has

had an I.C . version of a controller available for some time , but it does

no t a ppear to be genera l l y use ful i n data ac q u i s i t i on a pp l i ca t ions  partic-
ularly for 8 bit wide storage. it is conceivable the controller could be

of use in limited appl ication s whetherfor single channel serial recording
or where a pol i n g arran gemen t can be tolerated i n pa ra l l e l  a pp l i ca tions .
Although some consideration has been given to an 8 wide , or byte , memory
con troller , it i s not ex pecte d one w i l l  be ava i la b le i n the near fu ture .
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However , the development of other support devices is nearing completion , and

it is expected that they will be available by ldte in the first quarter f
1978. The custom IC’ s that are now undergoing family tests include seven

IC’ s for use with each MBM and one IC for each system as follows :

1. One 16 pin DIP (Dual-Inline Package) with the 5 contro l current sources

including temperature compensation (range not specified) and the ~
curren t/\temperature requirements for the memory .

2 . Two 8 p i n DIP ’s with the coil drivers , and two with the diode packs

for the co il drivers .

3. One 8 pin DIP with a sense amplifier that has guaranteed thresh old

detection and the required output logic. This will also be available

in a 14 pin DIP that provides a tn -state output . An additional

8 pin Hybrid containing the sense amplifier RC , etc., com ponen ts i s
also required .

4. A single 22 pin DIP is being developed to replace all of the function

timing circuitry with the exception of an external oscillator. This

w ill have a fanout capacity of 17 T2L loads which will allow it to be

used directly in an 8 wide system .

The system des i gn requirements for 3 cases of first generation data

acquis ition systems using MBM’ s have been considere d as d iscussed i n the
follow ing sections. The fi rst is based on utilizing the prototype memory

model which was designed to explore the advantages of doing the control

operations in real time . Although the expected benefits did not materialize,

because of the complexities of the major-minor loop operating reouirements

and the fact that storage in the major loop is not poss ible in present T.I.

dev i ces , i t can certainly be used in a data system with a minimum of

additional development. An alternate confi guration , also based on the T.I.
MBM , was consi dered to achieve a simplified controller desi gn , more
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flexibility for strobed operation at l ower data rates , and l ower standby

power . Finally, a straight serial recorder was considered that would take

advantage of the simplicity possible with the single loop memory such as

that available form Plessey .

4.1 DATA ACQUISITION SYSTEM USING 8 BIT PAR .ALLEL PROTOTYPE MEtIORY

The Prototype Magnet ic Bubble Memory system was des i gned (in terms

of both .‘~ardware and software ) to be easily used in a data acquisi-

tion system. However , severa l additions will be required to bring

the system from its presen t status to a field usable piece of hard-

ware . This would include the following steps:

1. Add an A/B converter board which could be the same as a modifica-

tion of the Mighty Epic Underground Telemetry System 2 channel

u ltiplex input and boards. Of course , other confi gurations,

such as multiple channel multiplexing, are possible , Figure 4.1.

2. Prepa re the additional software required which consists of bubble

controller programs for multiplexer and A/D operation and POP-li

Fortran programs for data printout operation.

3. Add the necessary battery power supplies for field use.

4. Add a 0/A converter for field checkout and quick look capability .

These steps would yield a data acquisition system with a fixed data

rate of 50k bytes/sec. with a 92k byte capacity , allowing a 12.5kHz

response (@- 3dB). The system would require a constant power source,

though provision will be made for power up/down control prior to and

after all data has been recorded.

It would be possible to furthe r modify the system to also allow variable

data rate input of ‘. 20k bytes/second. To accomplish this each FIFO

69



THIS PAGE IS REST ~J’L iT~ i L 1 ~~.~LE

F O ~t C~)r~ ~~~~~~~~~~~~~~~~~

C ”  
- _

r
1

~~~~~~~~~~~
~~~~o ~~~~~~~~~~~~~

~~IM -~ -~~

> ~~~ \
I~’0

-~~ 1

~~~- . 
-
~~~~~~~

-

14 -~ 
.\  C~,

-

~ L~~~~-1~ - 
-

~ 
..
~t I

J-

~

-

~~~

——

- - 
- I

~ _
__
i~~~~~~~~

- - —- -

- - -- - - _ i
- - - 

~
- -

1 I - . -

~~~~
—

~~~~~~~~~~ 

~

-
-
~ ~-Hi 

-

.

~~~~ H J i 1H~ T~Jfl hI L

70



THIS FACE IS FF~~T ~~‘ .~L 1 TY i~I A ~~II~ L.~iLZ

FROM COFi ~~~~~~~~~ ~~U ~~~~~~ _.—

_  

-

~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ ~3 
_ _ _ _  • ~~

_ _ _  

~j ~ C’s-I -

- _ _ _ _  
~- 0_

~~~~~~~~~~~~~L~~~~~~~~~ •0

~~ ~~ I ~~~~~~~~~~~~~~ ~~-

~~~ I I

~~~~~
Th_ 

- 

I~

- 

H
- . —. 

- _.
~

—.--~ -~~~~~~
-
.
‘ .—_——— 

- 
I

- :  - - 
~~ 

I

— - -i - I L± ii
- - - --

~ I i  I 
-

- I I~
j

—4
_ 

r~~~~~~~~T 
-

~~~~~~~,

‘- 

_ _

r
/\ -~~~~~~ . .

~~~~~

H _ _ _

71

- -- ----~~~~



F-

register woul d require 256 bits of storage (64 presently) allowing the

data to be buffered until a full files worth of data were ready for

storage. Some additional control circui try would be required , however ,

256 bit FIFO ’ s are ava ilable that will directly replace the 64 bit

uni ts.

4.2 ALTERNATE 8 BIT PARALLEL DIGITAL DATA ACQUISITION DESIGN CONCEPT

A poss ib le a l te rna te desi gn for a da ta acqu i s i t i on system i s shown i n
block diagram 4-2. The concept assumes use of the T .I. MB M and
peri pheral devices. The main objectives of an alternate desi gn woul d
be to produce a data acquisition system with

A) Variable data rates within the limits or constraints imposed by

the T.I. unit , e.a .; data rates of 50k bytes/sec . or < 20k bytes!

second. (The iap between the fixed maximum data rate and lower

variable rate s results from the fact that the major loop must be

cleared before powering down between samples. The possibility

of permitting such storage under some conditions is being investi-

gated , and if it turns out to be possible , the contro l desi gn

problem will be greatly simplified.)

B) Minimum power consumption by means of powering down unnecessary

devices during periods of not recording data at low data rates.

By properly selecting devices , it is believed standby power can be

reduced to 1 00mW (possibly at the expense of chin count).

C) Simplified control logic.

The function timing would be the same as for the existing system .

The FIFO control would remain the same expect for the expansion of

the FIFO memory size to implement variable data rates. The remainder

of the system concept changes. The basic control concept would consist

of using direct PROM control . This is implemented by progran’Eiing PROMS

with a set of contro l sequences for each different type of operation

(e.g.; file add-on access , variable data rate acquisition , maximum da ta
rate , acquisition , etc.).
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The base address of the PROM is a result of the function input. A

command cons isting of Annihilate , Generate Replicate , (etc.) bits ,

and count value would be clocked from the PROMS to registers . The

counter would be decremented every lOps bubble cycle. When the counter

was decremen ted to 0 the next command and count would be loaded. This
process woul d con tinue un t i l  an ent ire  sequence ha d been executed .

The controller could be commanded by a computer for test and data

retrieval or commanded manually for field operation. A file number

counter woul d serve two purposes;

1. To access a specific file number , and
2. To count the number of f i les recorded in field operations for

automatic shut-down.

In a data ac qu i s i t ion mode the en t i re  system woul d be powered when
144 bytes were stored in the FIFO . The next sequential file in the

minor  loo ps woul d be transferre d ou t, a n n i h i la ted , and then recorde d

with the 144 bytes. Other data could be strobed into the FIFOS

simultaneously. The new file would then be transferred into the minor

loo ps , bubbles stopped , and the system would go into standby power mode .

Th i s process woul d re peat un it l a l l  641 fi les were recorded a t wh i ch
time all power would shut down .

4.3 CONTROL CONCEPT FOR A SERIAL ARCHITECTURE MAGNETIC BUBBLE MEMORY

The parallel digital recorders described in Sections 4.1 and 4.2,

al though they have important potential applications , lack the
flexi bility required for genera l use because of the limitations of

present major-minor loop devices for data recording use. Although

the major-minor loop confi guration will continue to receive the

most emphasis because it has the widest application , there may be
sufficient demand for the simplicity of Plessey ’s single loop device

to keep it alive for severa l years until the others evolve to a point
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where they are easier to use. (We have just learne d that Rockwell has
dropped its serial confi guration , at least in commercial versions. So
far , Plessey is advertizing plans to offer both kinds , but more

inquiries are necessary to confirm their long range goals.) We have ,

therefore , consi dered a simple recorder type design , di scussed below ,

that sacrafices speed for fl exibility and l ower cost in an initial

attempt to achieve a genera l purpose machine.

The concept for a single serially structured bubble memory in a date

storage system is illustrated in the block diagram , Figure 4-3. The

concept assumes tha t data will be stored in serial units of 8 bit words

(bytes), and as a resul t of this the integrity of a byte boundry must

be mainta ined. The concept provides four main functions:

1 . Read
2. Write

3. Erase
4.  Return (to start point)

An exclus ive function is latched into memory by a go command which

executes the command. A command will be terminated at the end of the

memory or when an external stop is commanded (recognized on byte

boundaries).

In the read or write mode the data (byte) rate is variable. A byte

cycle  may be s ti mula te d from 1 of 7 in terna l  selecta b le rates ran gi ng
in decade steps from 1 byte/lOOps to 1 byte/100 sec. A cycle or

groups of cycles may also be stimulated from an externa l strobe source.

The fastest byte cycle rate is obtained by maintaining a logic 1 on the

strobe control circuitry .

If it were desirable to store blocks of data consisting of more than 1

byte , the END BYTE signal could be used to contro l a multiplexer. After

_ _  ~~~ - _
~~~~~  - - - ~~~
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the number of bytes in a block had been counted the external strobe

would be returned to lo gic “0” until the next sample was desired.

If an i nternal byte rate were selected , all noncrit ical devices would

be powered down at rates < 1 byte/lOOms . This obviously would reduce

stand by power and allow extended field operations on a battery power

source .

When in the external strobe mode an external input would be required

to cause t he sys tem to go into  stan dby powe r mode when the stro be
cycle had been completed.

The con trol cu rren ts for the memor y are prov id ed by the memory drive

circuitry which would provide seven current si gnals to the memory .

The timing of the signals would be programmed into a 256 x 8 bit PROM.

Si x teen timi ng chan nels  woul d be ava i la b le by i nte r leav i n g 8 channe l s
in al ternate PROM addresses . Some of the remaining 9 timing channels

woul d be used for control timing, and some of these would also be
gated depending on the function.

An 8 bi t counter , operating at 8mHz , would provide the addressing

control for the PROM yielding l/4ps resolution in the timing controls.

The PROM outputs would be stored in two 8 bit latches , each receiv i ng
da ta fro m a l t e rna te PROM add resses . Some of the cont rol s ig n a l s  woul d

be gate d to the memo ry dr i ve c i rcu it ry dependent on the fun ct i on
si gn a 1 s.

A 16 bit counter would be used to count the number of bits processed

allowing en d of memory detect ion. The 3 least si g n i f i c a n t  b i ts  woul d
be used to cause timing cycles in groups of S bits , thus ma intain i ng
byte boundaries .

The system described in the diagram also provides for both digital and

analo g I/O interfaces . This would provid e for either mode of operation
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or both where it might be desirable to interleave both types of data .
The main power control would shut down the entire unit after the
en tire memory had been accessed if the power override were turned off
after the system was initialized . The system would also automa tically
shu t down if the power source dropped below a level where improper
operat ion m i ght effect data in the memory .

The block diagram may be s i mp l i f i ed as fol lows :

A. Limit the data rate to an external source eliminating approximately
10 IC’s.

B. Eliminating power control circuitry .

Further simplification in the contro l circuitry could be realized by
producing an 8 bit wide system. This would require the memory drive
c i rcu i tr y to be produced 8 time s whi ch offsets the savings irs control
complexity , but the maximum throughp ut would increase by a factor of 10.
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1.0 SCOPE

This  sp e c i f i c a ti o n  d e s c r i b e s  the e l e c t r i c a l , m e c h a n i c a l  and e n v i r o n m e n t a l

choract er i s t ics  of the IBM 01 01 Bubb le  Memory Device.

2 . 0  G E N E R A L  D E S C R I P T I O N

The IBM 0101 Bubble Memory Device  i s o  14 p in  dua l i n — l i n e  module

c o nt a i n i n g  a 92K bi t  b u b b l e  m e m o r y  chip ,  coi ls f o r  p r o v i d i n g  a r o t a t i n g

m a g n e t i c  f i e l d , a p e r m a n e n t  m ag n e t  s t r u c t u r e  fo r  p r o v i d i n g  the  r e q u i r e d

sta t ic  i g n e t i c  f i e l d , and a m ag n e t i c  s h i e l d  a s s e m b l y.

3 . 0  F E A T U R E S

92 K bi t  n o n v o l a t i l e  n~ .m o r - ,- 4
O c c u p i e s  less  than  C- 5 c jb i c  i nch

Consumes  l e s s  t h a n  0. 7 w a t t s  f o r  c o n t i n u o u s  op e r a t i o n

W e i g h s  l e s s  t h a n  25 g r ars~s

R u g g e d  p a c k a g e  with  5 e l f  - c ~n t a i n e - i  O i ag f l e~~ ic

M aj o r / min o r  loop a r c h i t e ct u r e

A v e r a g e  a c c e s s  t ime  ( f i r s t  b i t i  . 4 me

100 KHz read / ‘ar i t e  o p e ra t i o n

50 K b/ s  data r a t e

I -~~~I IE  OF~~.’ ‘~O I R S A  - - - -

A 96214
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4 . 0  A P P L I C A B L E  D O C U M E N T S

92 K chip specif icat ion TI Dr awing N o .  SR 2 C 0 7 6 53

TMS 5502 Bubble Memor y C o u t r o l l e r  Spec i f ica t io n  TI Drawing  No.  SR 200 76 4

Schematic Bubble Memory Card TI Drawing No.  SR 2 0 0 7 n 5 5

5 . 0  F U N C T I O N A L  D E S C R I P TI O N

5. 1 Bubble Chin Qp era tio n

The 92 K bit bubble chip c o n s i s t s  of a subs t ra te  of gadolinium gal l ium

garnet on which is gr own an epi t axial  f i lm of magnet ic  garnet  mater ia l .

This film supports  5~~m cy l ind r i ca l  bubble domains .

Patterns of pe rma l lov  metal  are  d e p o s i t e d  on the ep i t ax i a l  f i lm  to def ine

the path of the cy l indr ica l  bubble domain in the p r e s e n c e  of a rotat ing

magnetic f i e ld .  As  the f i e l d  r o t a t e s ,  the bubble domains move under the

metalli c patterns in sh i f t  reg ie t e r  f a s h i o n .

A s ta t ic  magnetic f i e ld  b ias  f i e l d )  is p r o v i d e d  pe rpend icu l a r  to the plane

of the ch ip to con t ro l  the si : e  and shape of the bubble domains .

Control funct ions I i .  e .  g e n e r a t e . t r a n s f e r  i n ,  t r a n s f e r  out , r e p l i c a t e  and

annihi late)  are accompl i shed  b y p r o v i d i n g  c u r r e n t  pu l s e s  throug h the

appropriate control  e l e m e n t ,  on the ch ip .  Cu r r en t  f lowing throug h a con-

tr o l ~1ement causes  a loca l  a l t e r a t i o n  in the magne t i c  f i e l d . This f i e ld

alteration , in con !u nc t i on  with the local  p e r m a l l oy  p a t t e r n ,  accomp l is h e s

the control  func t ion .

Af te r  genera t ion , the bubble domains move 22 . S M m dur ing  each rotation

of the magnetic f i e ld . Control  functions must be t imed to ensure  th a t

the bubb le doma in has a r r ived  at the proper locat ion on the ch ip .
S’ZI COD E DEN’ ‘.0 CIPAW’NI , 4.0
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To de tec t  the presence  or absence of bubbles ,  two magne to- re s i s t ive

e lement s  are provided . The se e lements  may be u a ed a s part of a brid ge

circui t  configurat ion which provides  hig h degree  of noise cancellation

when used with an external d ifferential  ampl i f i e r .

( 5. 2 Major /Minor  Loop Operat ion

See Fi gure 1 .

Bubble domains represent ing  bits may be created under the generate  loop.

These doma ins s tep throug h the major looF in the indicated d i r e c t i o n .

When  a data s t r ing  has been generated , equal in length to the number of

minor loops (a page ) , and shif ted such that the f i r s t  bit is posi t ioned ove r

the f i r s t  minor loop,  the t r ans fe r  gate may be ene rg ized . This operation

t rans fe r s  the page f rom the major loop into the minor loop s. The data

now c i r cu l a t e s  in the minor loops .  New data may be generated , shifted ,

and t r a n s f e r r e d  into each of 41 d i f f e r e n t  minor loop page pos i t i ons .

Data is r e t r i eved  b y doing a t r ans fe r  out operat ion when the desired pa ge

rotates  to the top of the minor loops .  This moves the page out of the

minor loop , t r uc tu re  and puts it back into the maj or loop. The pa ge now

moves around the major loop in bit se r ia l  form un til  the f i r s t  bit a r r ives

at the r e p l i c a t e / a n n i h i l a t e  e lement . One of two con t ro l  operat ions may

now be performed :

5. 2 . 1  Rep licate

if a repl icate  pulse is i s s u e d  each time a bubble domain a r r i ve s  at the

replicate/annihilate ga te .  each domain is stretched and cut. One portion

is d ive r ted  into the de t ec to r  area to be read and the other Continues

SI Z E  ~ OOE OEN~ NO D~~A*’SG NO
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Major/Minor Loop Architecture

Major Loop
c640 bubble
pos i t ions )  Rep licor e/

An ri h i l a t e  Detecto r s88

G~ ner ote

297 ______ 

87

69 

~~~~ T~~ n sfer In , Out

64i ~~o 
o

‘ “

~

“

~ 

. 270°

Roto t inq Magne t i c
H e l d  Or ien t at ion  

Bi as Magnet
F ie ld  Orien t atio n

157 2 1 

g iv en  n fi e ld  cycles
correspond ing to overall

Minor  Loops control t imings g ive n n
- E a c h  minor loop containS 7 . 1
641 bubble pos it ions

Fi gur e 1
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moving in the m a j o r  loop . It is thu s possible to read a page , rec i rcu late the

information around the major loop and put it back into the minor Loops for non-

volatile storage . This operation provides -i nondestru ctive read capability.

5.2.2 Annihilate

Annihilation is accompli shed by app lviuii .i current pulse to the rep licate/

annihilate .ate that trjn si~’rS the bubbl e - -o r .o ~he maj or loop and into the

detect or track where it propagates off the chi p.

5.3 Redundancy

To enhance production yields and reliuce d~~vi.-e cost , l . a  of the 15? minor loops

are guaranteed to be usetul. The user ’s system must insure that information is

not written into Ie ect iv,’ ‘.cc ps -sad it must ignore any informati on read f roni

these Loops.

0

Defecti ve minor l o I p s  r e s u l t  f r o m  -jclnut. , t ,l r 1n ~ processes related to the small

geometry ~f the permall v p 5ttCt fl t . D e I e ~~~ iVe  minor loops are identified

during factory testin g and in no way relate to a field failure mode. A ma p of the

d e f e c t i v e  minor ioop location will be written tnt - - the device at the factor y

be fo re  sh ipmen t .  This  map must be read hV  the user in order to implement data

trans fers to the device.

5... DevIce C a p a c i t y

Minor loop count (t o tal ) 157

Minor loop count (useful)

Minor loop count (unused) 13

SIZE CODE OE4.~ NO Om~~*NG NO
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I

5. 4 Devic e Capaci ty  (Co n t inued )

Major loop length 640 pe r iod s

Minor loop Length 64 1 periods

Raw data capacity lOO.b37 bits

Useful data capacity (92 K bits nominal) 92 , 104 bits

Percent redundant storage 8.28 percent

Redundancy shall be implemented by avoiding the writing of bubbles rnto any

defective loop and neglecting bubb le information read rots any defective loop.

5.5 Performance Specific ations at LOU KHz Opera tion

Mm Norn M3x Unit

Average access time (first bit) — 4 - ma

Average cycle time (144 bit page ) — 9. 6 — US

Rard error rate after N years — L0~~ Na errors/bit

residence t ime with operating duty
cycle d

Soft error rote 1O~~
Da ta ra te - 50 - Kbits/sec

5Depends upon sense electronics and ‘layout

**T’fljs maximum error rate shall be sustained on reading data that has been

resident in the device for Nd years of continuous READ/WRITE operation, e.g.,

tor N 1 and d • 1/100. hard error rate — i0’~~ errors/bit; for N —0.1 and

d — 1, hard error rate — 10 ‘10errors/bi t .

5.6 Bias Margin

The chi p shall have an operating bias marg in of no less than 8 Oe. Ibis

mi n i m u m  margin shall be achieved under any combination of the parameter s

S.ZE C OOE D E N’  NO O~~*w NO NO

A 96214 ~ 200765 1
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I 5.6 Bias Ma r’in (continued)

specified herein , i.e., temperature , drive field , control pulse current

ampli tude and t i mi n g ,  humidity and v ib ra t ion .

6.0 ELECTR ICAL

I 6 . 1  Coil Drive

The bubble chip is surrounded by two orthogonal coils which , whets driven 90~

out of phaae , produce a rotating magnetic field in the plane of the bubble chip

I 
It is this rotating field that causes bubble domains to move under the per mallo

patterns .

If the two coils are turned on and off in the prescribed manner , bubble domain

motion cart be started and stopped without error. Thus, if continuous duty is

I not required , a power savings can be realized by operating in the start/atop

mode . 

*

Triangular current waveform s are recommended for driving the two coils. This

approach lends itself to precise digita l control of the drive field .

See Figure 2.

I 5~ZE ~ OOE QEN F NO ~~~~A w N O  NO
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Coil Drive Techni que
100 KHz 

1
0 ’ ‘1 Coi l  ~5

CHJ

) I
UAA)

~~
—1 1 TBM 0lO 1~X i  I

- .  .~~~ 7 ~8
B / D (’ I

- IZ V ~‘

270° 0° 90° 180° 2700 2,70°
Current i I I

Vector
Direct ion ~~~j..—.-—jClosed 

____________f 1__________

Closed
r — i  Open , 

______ ________

t x~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

• Closed 
*

_ _ _  
Open~~~~~~~____

C1os~ed
I I  _ _ _ _

0
1

10u~~~~ ~
0°

,/ \,~ ~ N o t e :  Current vector star ts,)
Locus of c u r r e n t  , at or ig in  (n ot 0 )  anc

vec to r  ,-
~~°. 

N stops at o r ig in  fo r
190 stop s t ar t  operation 1

180 °

F I gure  2

S~~E ODE DENt N C  luAW NO NO
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6.1.1 Coil Drive Requirements

Mm N om Max U n i t

Pe ak f i e l d  s t r e n g t h  f o r  t r i a n g u l a r  dr ive  -.8 50 54 Oers teds

I 
Field r o t a t i o n  f r equency  9 9 . 9 9  100.00 100.01 KBz

Phase lag(mnner coil with respect to 87 90 93 Degrees —

I outer coil)

Total coil power 0.7 1.1 W a t t s

I 
X C o il

Inductance ~~

I R e s i s t a n c e  (DC )  - 
~~. 9 - Ohms

R e s i s t a n c e  AC at 100 K H c )  — 4 3  — Ohms

1PX+ ( P o s i t iv e  pe~~ c u r r e n t )  -145 1 4~~5 ‘Ia

I 1 PX— Ne~~a t iv e  peak c u r r e n t )  445 ~~ as

4

Inductance ~

Resistance (DC) — - I -

I 
Re s i st a n i ;~ at  100 K(~ - —

1PY+ )P- ,S~~t tve oai~ a rren t) I 5 i~ -

I ‘PY— I l~eg.1 t i . e  t e a k  c u r r e n t )  - ..- - . ma

7 . 0  CONT t~OL CURRENT 7IMINGS AND A~~~L l  n : t :

All timings are based on the d i r e - t I n of the rot.,t~ n~ t l e . I  w i t t I  respect t o  t h e

bubble device orientation. These rioin ~is ire dcliv .. t :  .u, the t ime when the t t , i j

ZE -COOl 0€ ’. .  u.,. ,~ , N

A 96214 ~
a t :  1’
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Fi gure 3 P in Ass gnmen t

C~ ~~~~ 
8 7 C.< (1- )

T R  (+1 ‘1 6 C~~ (+)

R E P  (+ )  10 5 C y (-I

DET I (—) I l  4 T R  ( - )

‘0 
DET 2 (—) 12 3 GEN (+)

D E T Z  (~) 
13 2 GEN ( - )

DEl l ( + 1  14 0 1 R E P  ( : )
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7 .0  CONTROL CURRENT TIMINGS AND AMPL ITU DE S (Con t inued)

is 0~~. The current conventions are in accordance wi th  F igu re  3.

7 . 1  Control  Timings (Overal l)

The fo l lowing  t imings  r e f e r  to the  f i r s t  bubb le  to be read or w r i t t en  in a page

of bubble data . A page ” is the block of information obtained from the transfer

operation , i.e., one bit from each of the 157 loops. The timings are taken

from the leading e d e  of the tirst contr ol pulse to the leading ed ge o f the

second control pulse. These tialogs are used only to verify the overall control

sequence and should ot t be used to verify the timings within each drive field

cycle as given in 7 .0 . The tinings are based on use of a 100 Kflz drive fiel d

accurate to 0.01% in frequency , r the user ’s irive f i e l d  frequency F KHz)

dirfers from 100.00 KHz his tirnin.~s should be multiplied by the factor F. 100

before comparison with these values.

T r a n s f e r  o u t  to repli~~ate 6i4 ±1 _s

Transfer out to bubble signal peak 372 ±1 .~s

Transfer nit to generate 2962 ±1 —~

Transfer Out to tra ns f er in ~4O5 ~1 — s

‘~ ZE ~1t -I€ DENT ‘NC j R A* NQ NO

A 96214 Sl 200765 1
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7 . 1 . 1

The bubble functions a r e  shown schematicall y an the following diagram to

show the operations n e ce s s a r y  to read (solid l ines) or write aashec lines)

the first bit in a page (the hit from minor loop number 1). The minor loops

are spaced such that one voi d  ~t it position exists between all data bits after

t r a n s f e r  ou t  o p e r a t io n .  Ther elo ri , all major loop functions are repeated at a

50 Kliz frequency. The I r w ~ nc be low is arranged so that the ~~t n I t 1 o n s  n a y  be

set up in the proper synchronism. The t i m i n g s  are  g iven in both f i e l d  o - v d e s  and

microseconds. The F ie ld  cycle counts corresponds to Fi gure I

1 — 0  1 2

_ _ _ _  

let ::
t~~~ 680 690 700

I 1~1 [1”s__ Ann hi l a t e
1 = 86 Rep l i i ~ate 87 88
=860 870 880 *

I I
I = 296 297 “D e t e c t  S t robe  298
t~~ 2 I ) 6O 2 ) 7 0  20 80

Ce~~era te -

_ _ _ _ _ _ _ _ _ _ _ _p

1= 640 641 642
b400 Tra ns fer ’~j 

6410

L F -~-~T~ I

N o n e  t in .,s, i in f Ie ld  cyc l e s .
Each Field cycle beg ins a t  0° Fie ld
Orientation .

v Z F  - O I l  of’.’  ‘.‘ IlOAW NO NO

A 96214 sx 2007 65 1
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‘p
8.0 FUNCTION RESISTANCE

Mm Norn Max Unit

Detacto r 2 (closest to bar ed ge) 950 1100 1300 Ohms
Detector 1 950 1100 1300 Ohms

Detector 2 - Detector 1 mismatch -lfl - +10 Ohms
Generator 2 3 ~
Replicator S 6 8 Ohms
Transfer 260 310 350 Ohms

9.0 DETECTOR SIGNA L AND NOISE

The following inIorrua.tto n presume s bridge connected detectors with 5.5 ma

DC flowing in each brid ge ar m as in Figure 4.

Signal Source: A sin gle bubble do main passin g under the two magneto-

resistive detec tors produces a si gnal of several m i l l volts wit h two

• positive peaks and two negat ive peaks.

Noi.e Sources: 1) Since the magnetoresis~ive ele ments are surrounded by

a r otating magnet ic  field , any detector mismatch will produce noise

at twice the rotati ng field frequency.

2) Control pulses can produce high frequency noise com-

pone nts due to circuit coupling.

3) Incor rect  c i r c u i t  l ayou t  can p r oduce noise at the rotat ing

f ie ld  f requency .

See Figure  4 for test set up.

cooe o€~~r NO ORAW~NG NO
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5.5 ma 5.5 ma

Read an alternating pat tern  of l ’ s and all 0’ s for  s imultaneous icope
disp lay of both bubble and no bubble s ignals .

Center  of Bubble Signal Transition

V with bubble passing 
______________________

under detec tor

V without bubble 

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

pass ing under detector 
)..4 

~~~~~

J I These signals app ly
STROBE ~~~~~~~~~~~~~~ to use of an ac—couo led

Figure 4 
~~~~ amp (See 7 .0 For
euggested timings)

5.15 ~~ NO NO

A 96214
SM 20076 5 1

I~~T 15 of 17
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Mm Nom Max Units

V BUBBLE 2 — 7.5 my

V BUBBLE / V NOISE 4 - - mv/mv

V NOISE is defined as the maximum positive transition of the no—bubble signa l within

~ + ~~~ ns w indow on either side of the center ~f the bubble si gna l transition.

The bthbi. signa l tronsDiontime s h a l l  not vary more than ± 0 . 1  p~s un der all

conditions.

10.0 ENVIRONMENTAL SPECIFICATIONS

Mm Nom Max Unit
•0 

— — — —
Weig ht - 25 — Grams

Operating temperature 0 - 70

Nonvolat i le ’ storage temperature —60 — 85

Non—use storage temperature -40 - 100 °C

Non—operat ing  handl ing shock — — G

Operat i ng vibrat ion up to 500 KHz - - 5 G

Humidity (Up to 70°C) — — 95 Percent

DC magnetic field , any direction - — 20 Oersteds

W ithout memory l oss

SIZE COO€ O€N~ NO O W ~NO NO
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11.0  ME CHANICAL

See Figure 5.

Mechanical Outline

Ii I Pin one r e f e r e n c e  dot

1 .20~~~~~~~~~~ 1 .10

L_J~ t _ _ _ _ _ _

~~. 6 O O J  
. .i~a

Seatin g —

. 035

Note : a) All dimensic’ in inches

b) Lead c e n t e r lin e s  a re  located  wi th in
0. 005 of t rue posi t ion re la t ive  to body

Fig ure 5

SIZE .~~~ fl€ OEN~ ‘~O ~O~~*’NO ‘~O
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MC2901 FOUR-BIT MICROPROCESS OR SLICE
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MC2901
FOUR-BIT TTL MICROPROCESSOR SLICE

DISTINCTIVE CHARACTERIS TIcS GENERAL DESCRIPTION

• Two-address a,ctlil.ctur, — The tour-bit bipolar microprocessor slice is detigned as a
Independen t sim’ult an.ous access to two working high-speed cascadable element intended for use in CPU’s.
registers saves machine cycles. peripheral controllers , programmable microprocessors and

• Eight- function ALU — numerous other applications. The microinstruction f lexibi-
Performs addition, two subtraction operations, and lity of the MC290 1 will allow effic ient emulation of almos t
five logic functions on two source operands. any digital computing machine.

• Flexi bl a data source s.lection — The device , as shown in (he block diagram below , cOns stsALU data is selected from five source ports for a of a 16-wor d by 4-bit two-port RAM , a high-speed ALU,
total of 203 source operand pairs for every A L U  and the associated shifting, decoding and multiplexingfunction, circuitry . The nine-bit microinstruction word is organized

• Left/ right shift indepe ndent of ALU — into three groups of three bits each and selects the ALIJ
Add and shift operations take only one cy cle, source operands , the A LU function , and the ALU destine

• Four status flags — tion register . The microprocessor is cascadable w ith f ul l
Carry, overflow , zero , and negative, look-ahead or with ripple carry, has three -state outputs , and

• Expandable — provides various status flag ou lputs from the ALU. Ad -
Connect any number of MC2901’x together for longer wanc ed ow-pow e r Sc hottk y proc essing is used to fabric ate
w ord lengths. t h is 40-lead 1St chip.

• Micropr og rammable —

Three groups of thre, bits each for source operand ,
ALU function , and destination control .

MZCRCP ROCE SSOR SLICE BLOCK DIAGRAM

100 



MC2901

ARCHITECTURE At,U function. The definition of these inputs is shown in Figure 3.
The octal code is also Shown for reference. Th. normal technique

A detailed block diagram of the bipolar m icroprogrammable l’~ cascading t ire ALU of several devices is in a look-ahead carry
mode, Carry generate , ~~, and carry propagate, ~~, ar e outputs ofmicroprocessor structure is shown in Figure 1, The circuit is a the device for use with a carry’looisalseadgen.rasor such as thefour-bit slice cascadable to any number of bits. Therefore , all MC2902 1 1821. A carry-out , 

~-n~4. is also generated and is ava il-data paths within the circuit are four bits wide. The two key able as an output fo, us. as the carry flag in a status register. Bothele ments in the ?igure 1 block diagram are the 16’wor d by 4-bit ca r ry•in lC~) and carry -out (Cn+4 1 are act ive HIGH.2-port RAM and the high-speed ALU.

Data irs any of the 16 words of the Random Access Memory The ALU has three other status’oriented outputS. Thete are F3,
(RAM) can be read from the A-port of the RAM as controlled by ~ — 0,and overflow (OVR) . The F3 output is the most significant
the 4 bit A address field input . Likewise, data in any of th. 16 (sign) bit of the ALU and can be used to determin. positive or
words of the RAM as defined by the B address field input can be negative result wsthosat enabling ti-iC Three’state data outputs.
simult.sneously read from the B-port of the RAM, The same code F3 is non-inverted with respect to the sign bit output V3. TI-se
can be applied to the A select field and B select field in which case F 0 output is used for zero detect. It is an open-collector out-
the identical file data will appear at both the RAM A-port and put and can be wire OR’ed between microprocessor slices, F — 0
B’port outputs simultaneously. is HIGH when all F outputs are LOW . The overilow output IOV RI

is used to flag arithmetic operations that excised the available
When enabled by the RAM write enable (RAM EN), new data a two ’s complement number range. The overflow output (OVR)
always wr it te n into the file (word) defined by the B addres s field is HIGH when overflow ex ists . That is , when C~÷3 and C~~.4 are
of the RAM , The RAM data input field is driven by a 3’input not the same poterit’~,
m u l t i plexer . This configuration is used to shift the ALU outpu t
data (F) if desired. This three-input multiplexer scheme allows the The ALU data Output is routed to several destinations. it can be a
data to be shifted up one bit position , shifted down one bit posi’ data output of the device and it can also be stored in the RAM or
t o n , or not shifted irs either direction, the 0 register . Eight possible combinations of ALU destination

functions are available as defined by the 16. I,, an d 1 9 micro-
The RAM A.port data outputs and RAM B.port data outputs instruction inputs . These combinations are shown in Figure 4.
drive separate 4’bit latches. These latches hold the RAM data
while the clock input is LOW . This elimi nates any possible ra~~ 

The four-bit data output field (VI features three -state outputs and
conditions SI-itt could occur white new data is being written into can be directly bus organized , An output control (OE) is used to
the RAM , enable the th ree-state outputs . When OE is HIGH, the V Outputs

are in the high-impedance state .
The high’s peed Arithmetic Logic Unit IALU) can perform three
binary arithmetic and five logic opefations on the two 4 bit input A two-input mult.: Irstr is also used vt the data OutPut such that
wor ds R and S. The A input field is driven from a 2 input multi. either the A-port of the RAM or the ALU outputs (F) are selected
plexer , while the S input field is driven from a 3’input multi . at the device V outpu ts. This selection is controlled by the 16. f~ .
pleser . Both n’iultiplevers also have an inhibi t capability; that is, and 18 microinstruction inputs. Refer to Figure 4 for the selected

no data is passad. Tint is e~uisstent to s “set o” sousce operand . output for each microinstruction code combination.

Refz rrir-ig to Figure 1, the ALU R.input multi plexe r has the RAM As was discussed previousl y,  the RAM inputs are driven from a
A port and the direct data inputs (0) connected as inputs. Like- three input multiplexer , This allows the ALIJ outputs to be
wise , the ALt) S-input multiplexer has the RAM A-port , the entered non’shifted, shifted up one position (X2 ) or shifted down
RAM B port and the 0 register connected as inputs one position (-i- 2). The shifter has two ports; one is labeled R AM 0

and the other is labeled RAM 3 Both of these port s consist of a
h i t  multiplexer scheme gives the capability of selecting various buffer.drieer with a three-state output and an input to the multi-
pairs of the A , B, 0, 0 and “0” inputs as source operands to the pleiier , Thus, in the shift UP mode, the RAM 3 buffer is enabled
M.D These f ive inputs , when taken two at a time , result in ten and the RAM0 multiplexer input is enabled. Likewise , in th e thi ft
poisib le Combinations of source operand pa rs These combiri - down mode, the RAM 0 buffer and RAM 3 inp ut are enebled. In
d ons include A B, AD , AD, AD . 80 . 80 . 80, 00. DO srid 00 the no.thitt mode, both buffer s ate in the high.impedance state
It is appar ent that AD, AD and AD are somewhat redundant with and the multiplexer inputs are not selected. This shifter is con-
80 . 80 a rid BO in that if the A address and B address a re the trolted from the l~ , l~ and I~ microinstruction inp uts aidef in.d
same , the idenrical function results Thus, there are only sesen in Figure 4.
cornt .? etel y non-redundant source operand pairs for (he ALU .
‘Ti-i- ~.‘C290 1 microprocessor irnplern irnts eight of these palm Similarly, the 0 register is driven from a 3’input multiplexer . In
‘The mictoinsVuction inputs used ‘to select the ALt ) Source the no shift mode, the multiplexer enters the AID data into th e
operands are the t a I I. and 12 inpu ts. The definition of ‘~~. ~l. 

0 register . In either the shift-up or shift -down mode. th, multi’

F and 2 for the eight source operand combination. are as shown ,~ 
pleser select s tI-re 0 register data appropriatel y Shifted up or

Figur e 2 Also shown is the octal code fo, each selection , down . The 0 shifter alto has two ports; one is labeled 0o arid the
other ix 0~ . The opetation of these two port s is similar to the

The two source operands not fully described as yet are the 0 in. RAM shifter and is also controlled from t~ . l~ , arid I~ as shown
put and 0 input . The 1) input is the four-bit wide direct data in Figure 4.
f iel d input . This port is used to insert all data into the working
regis ters  inside the device. Likewi se , (hit input can be uxed in the The cloc k input to the Mc2901 controls the RA M , t ireD reg ister ,
A LU to modify any of the internal data fi les . The a (egister i s a  an d the A and B data latc hes . When enabled , data is clockpd into
se par ate 4 bit fi le intended primarily for multiplication and the 0 register on the LOW’to -HIGH transition of the tlo ck. When
disision routi nes but it can also be used as an accumulator or the clock input it HIGH. the A and B latch es are open and will
holding register for so me appli cation s pass w hat ever data is present at the RAM outputs, W hen th e

cloc k input is LOW , th e latches are closed and will retain the
Ti- ic ALt) itself is e hig h speed arithmetic/logic op e rator capab le last dat a enter ed. If th e RAM-EN is enabled , new data will be
of performing thre, binary arithmetic and t iv~ logic funct ions, written into the R AM file (word) defined by Ifs. B addre ss field
The 13. 14. ari d l~ inicr o ins lr uct ioei inputs are used to s,l~ct the when the cloc k input is LOW .
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Figure 2, *1.0 Source Operand Control. Figure 3. ALU Function Control.

coo. RAM O’REG. RAM 0Micco -toe FUNCTION V SHI FTEM SHIFTIM
Pi;I 1~;

7 ~~~~ ai,ii i, a  avis s ..d OUTPUT NAM~ CAM3 0~ 03

5. 5 5, 0 5 Ni)N~ SONS e.a e 5 5 5

I, I. H I a SoNS A Non e C S C 5 5

I. is i. 7 NoNe p — p  nose a 5 5 5 0

H H SONS P . C  S 50111 F 5 5 5 5

ii L 5 4 DOWN F/2 ’. I 00*’. 0/2 .0 F F5 in 3 o~ iN~

00*15 5/2 • I ,J_ - ,,,,,~
,,,,,, 5055 P~ Sr Oo a

H H S J,-, ,,!~,,, 
up ,r .a uP 20.0 P iN

~ 
f~ iN~ 03

Ii ii is 7 up ~r 
.. p s SONS P I~l5 C 3 5 03

5. Oxn ’ i C., . Ci.cnic&iy. H.. ,IsilS pin is .  i’lL inp,,t iCIS,,i.iiy .Srin.x i.d 50~ 55... x.,Wu i PiI cii i. ,, 51. ri,2ii
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Figure 4. ALU D.itination Control.
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FigureS. Source Operand end A L U  Function Matrix.
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MC2901

SOURCE OPERANDS AND ALU FUNCTIONS Figuie S results This matr ix full y defines the ALU/source
Operand function for each state .

The ALU tunct ,ons cars also be examined on a “tas k” bai-is,
There are eight source operand pairs available to the ALU as i e - add, subtract , AND, OR, etc . In the arithmetic mode, the
selected by the I~ , I~ , and 12 instruction inputs The ALU can carry wil l  af fect  tire function performed white in the logic
perform eight functions; five logic and three arithmetic. The mode, the carry w,II have no bearing on the ALU output.
13, 14. and 15 instruction inputs control this funct.on selection Figure 6 defines the various logic operations that the MC290 1
The carry  .nput , C0, also affects the ALU results when in the can perform and Figure 7 shows the arithmetic functions of
arit hmetic mode. The C0 inpu t has no ef fect  in the logic mode. the device Both car ry - in  LOW (C0 . 01 and carry-in HIGH
When l~ through 1 5 and Cn are viewed together , the matrix of (C1, I) ar e defined in these operations.

Ortal
15$3, lzt o 

Group Fonst,on

4 0  AA O
4 5  AA S

A N O  OP’ A
4 6  OAO

30  A .’O
3 5  AV B
3 5  O V A
3 6  DVQ

6 0  As’ 0
6 1  ( tO ri A V G  

______ ______________ _____________

6 5  O V A  Ortaf Cn ‘0 ILow( C~ = 1 tHigh )
6 6  OVO

1545. p 210 Group biinc? ,on Geoup Funct .ofl

t o  0 Q  
- 

A.O A.Or t

CX 5.055 ~~~~~ 0 5 ADO 0.16 ADt) Pius A . t lvt

7 6  os, rj 0 5 OvA one Ot A v1
—______ ~~~~~~~~~ — 0 6 0*0 0.0.1

~ 9 ~‘‘~“ a o.t
INV ERT 0 3 PASS B tncn,inniont 6.1

7 7  0 4  A A c t
— 0 ? 0 Oat

6 2  0 1 2  0—1 0
6 3 

PASS 1 3 Oeci.ment 8 - I PASS B

6 7  0 1 4  A - I  A
- — - _. __ __.. _. — - 2 7 0 - 5  0

3 2 0 7 2 - 0 -5  ‘ ‘ -

~~
PASS B 2 3 l’ s Conip . 6 I 7. C’c”p - - B

3 o 2 4 - A  .1 Iheqari’ l A
1 7 1) I 0

4 2  0 O - A - t  0 - A
~ /1(1 0 I 1 Subinac, F- A - I Svbiiac, B - A
4 

I S f t ’ s Connp5 A — O - 1  I2’xConr,p t A P
I 6 0 -0 - I 0-0

50  A u )  2 0  A - a _ I  a n

VAS A A R  2 1  A - B - I  A B
5 5  D~~A 7 5 0 - A - - I  0 A
5 6  b~~0 2 6  o o l J  T i n

Figure 6. ALU Logic Mod. Func t ions . Fsg ure 7 AL. U Ar ithm etic Mode Funct,on,.
(C~ Irre l.vtnt(
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9408
MICROPROGRAM SEQUENCER

F A I R C H I L D  13 Li’M MACROLOG I C

DESCRIPTION - The 9408 Micrc iprogram Sequencer controls the
order in which microinstructions are fetched from the control mem LOGIC SYMBOL

ory. It Contains a 10 bit program counter , a 4-level last-in f i rst-out z n us ,~ i i  u , .  it ii is ii ii r~ /0
sl ick and associated control logic It can control up to a massrnum I I
of 1024 words of memory For larger word capacit ies esternal pag~ I I I I I I I I I
ing can be used The 9408 is controlled by a 4’bit instruction input — ~~~ r0 r , n~ r 3 on0 Mi2 B.*Q 1A7 BA~ ‘A0 PA5

The inStruction set includeg Fetch . Conditional and Unconditional °‘ p~ ev 3 SC5 IC, e2~

Branches. Branch to Subroutine and Rotur ri from Subroutine n —

There are,seven test inputs - f o u r  part icipate in conditional branch- — 3 1A00

e’., and three  in multiway branches The condit ional test lines are ~ri — s/s

Ili ~ flop buffered These flip-fl op s can be tested individually by 
~, c.

approp riate branch instructions The three multiway test inputs are Civ iris Do L i A p C 3 C~ A. A s •~ Do , ~~~ ~~~~

used to form the least significant three bits of the branch address I 1 1 1
fur a multiway branch Thus . branching occurs at one of eight , ~ ~~ 75 ~~ �~ /5 73 /2 3i ~‘
unique foca tions depending on the bit pattern present on these

three inputs VCC ‘Pin 10

The 9408 is d~ sign~ d to operate in pipeline or non-pipeline mode GNO. Pin 30

as desired by the /i~~r’r The device operates synchronously with th~
clock input and can Li’ initiatiied using the Master Reset input

The 9408 is fabr icated using Integ rated Injection Logic )l3Lrru l tech-
nology and full y Co i l / p i t  tnI’~ w ith all TTL fami lies 

__________________________________________________________ -

C O N N E C T I O N  D I A G R A M
DIP (TOP V IEW)

• CONTR OLS 1024 WORDS OF MICROPROGRAM MEMORY
Ito-BIT ADDRESS) ~~~ ° •0

• UNRESTRI CTED BRANCHING WITHIN 10 - BIT ADDRESS SPA CE C r2 c. J ,o
• 56 INSTRUCTIONS 

S I

• FOUR FLIP-FLOP BUFFERED TEST INPUTS FOR CONDITIONAL I ‘

B R A N C H E S  0 [Jj r~ SiC5 ~~~~

• 8 WAY BRANCH CAPABILITY ‘...

• PIPELINE NON-PIPELINE MODE OF OPERATION
sL~i, t-i s

n- -i
L,1 OIl y j i.i

5 i3 0* 1 J 31

PIN NAMES LOADING Note .0 -

HIGH 
~~~~~~ io~~~~~:: :: ~:EtA0 BA 9 Hiaiicl’i A ii Jnr -- .. rip/ itS 05  U I 1) 23 U L

To T 3 T i - .t Inputs 05  U 1 0 23 U I H ~‘.°

MV,-
~-i MW 2 Mi i l t iwtv  Bra nch InputS 05  UI 023 U L / so 1 a 1 j 

~
I I rrslr io lion tnnpiii 0 5  U L 0 23 U I  ii SC / C5 75

0 1~
, 13 I nn 3 nni i i  I / r i  i c / i t - . I 0 U I 046 UI no s~ J ii

~‘c t. Pipel ine Seln ’ct l, iiiir 05 U I 023 U I

MR Mi - / i -n Flr”,.’i Input O S  U L 073 U I 
A 0 J

fA ct ivs ’  L0W 1 iS ii,’-. . A~ J /5
CP C u ,  k Puke 1111101 1 OU 1 046 Uk n, 5C5 C5 J,is

Strobe nrpiir 05  UI 073 U I . r
A~t A g A i i m . - .- . O ’ ~

n ,  I - , S O U l  S O U l  
/ /

V I A  , VIA VIA (ii i t3 Iii . tO U t  TI 0 UI n. oo~ t r J
ii i 1 i~I u u l  P/i l l ic it IOU 1 S O U l  ?OH IC, 5~

I Iii h u n  1 , - i ’ ’ i/I L I 1. 1 ~.\ i i / . . i ,  ii, ‘‘ .5 L i i .’,

106



- - — -. ~~~~~~~—- ~~ - - ~~~- -~~~~~~~~~

F A I R C H I L D  • 9408

BLOCK D I A G R A M

® iO
® i n
® i2

® 13 — V1A O

~~‘~1 ViA l

® no—4————~~~~~~~ o~~
.
~4-—~~ 

INSTRUCT iON 

— 

INN

- 0 01 

I
TI

- c I

—

L__ ~~ _ _ i~~~~srFR ~minIrir~
_____ 

I - -—~~~.. /1’15

___  ____— l
b .~~~~~~~~

INPUT2 MULT 1PLEOCS
5*3~~~~~~~~~

1A5

SAN—

sA7 —~~~~~ ‘
~~~ PROG RAM

~~ BC o — - ” -—-’-’ 
I5CREMi~NTER 

. counirra 10 
—Ap  (ii)

~~ ea5~~~~~~ _______________ _______________

/ I 0H

@PLS ~
______________J

~~~~~~~~~
0 ,,- -~~~ MIJLTIPLISIR 

—

— - - -.-- _ ——--- A9~~~
_ _ _ _ _ _ _ _ _ _ _ _  _____—_______

V cc - P i n t O

GNU P.~i 30

(‘3 — p n  hurnit en
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FAIR C H I L D  • 9408

TABLE 1
9408 INSTRUCTION SET

MNEMONIC DEFINITION I~~2 t t IO T 3T 211T0 090807’ - ’O2OIO O VIA 1VIA0 INII OE :TI (

BRV0 fjn .irnc h V~Ap LHI I ,  >1 X X X BA9 BA 8 -84 t BA 0 I I H BA0 - BAg PC

U -c , ,u ~,l.tioiraI 88V 1 Rn ,innch V IA 1 L H L H  X X X  X BA 9 8A~ -’ BA t BA~ I H H 840-  BA9 —.PC

~~~ e N  
BRV 2 Bia rnc nn VI A 2 III H I  X X  X X  BAg 8A 8-- 8A 1 840 H I H 840 - BA 9-’aPC

BRV3 bnin nn c ’n V IA 3 I H H H X X X X BA g 848 --BA t 840 H H H 840 - BA 9 -.PC

BMW ~~~~~~~~ L I H H  X X X X BAg 8A 3--MW 2 MW0 I. L H ~%~O 
~~~~

BSR 
Branch to 

I L L  H X X X X BA 9 8A 8--BA 1 BA0 I L H 840 - BA9 PC &
Subroutine Push the Slack

8TH0 Branch on T0 H H IL X S X H BA9 I3A8~-BA 1 BA~ I I H If TOSS Reg.ster Ons  HIGH
BA0 - B A9 — P C

HIGH X X X L  PC’l It lest Register 015 10W
PC~ -‘a PC

BTH t Bnanch PT T 1 H HI H X X  H S BA g 8A 8- - 8A 1 840 I I H If Test Register I is HIGH
840 -  BAg -niPC

HIGH X X I, X PC Vi It Test Register 1 is LOW’
PC t —. PC

BrH2 Branch urn T 2 H H H I X H X S BA g 840--8A s 840 L I H If Test Register 2 rs HIGH
840 - BA 9 - ‘PC

HIGH X L  X X  PC -1 II Test Register 2 S lOW-
PC, 1 —. PC

8TH3 Branch on T 3 H H H~ I H X X X  849 648.841 840 1 1 H Ii lest Register 3 i s  HIGH

C ‘~~i~~~~~i I BA i j- BAg-’a PC
HIGH L X X X  PC’l If Test Regisier 3 s LOW

PCV 1  —. PCBr .,ncl’n —

8110 Branch on T0 H I I I X X X L 84 9 BA R - -BA t 840 I I H If Test Register O s  LOW
Instructions BA~ - BAg -‘a PC

LOW X X X H PC II Test Begi~ ter O s  HIGH
PC ‘ 1 PC

BTL 1 Branch on l
~ H II H X X I X  849 8A~ --BA t BA 0 I I H II ‘lest Register I is LOW

840. BAg-A PC
[OW X X H X PC- I If test Register I .s HIGH

PC~ 5’- PC

BR 2 Branch or, 12 H L HI X I X  X BA g BA 8 - B At  BA 0 I I H II Test Reg ister 2 is LOW
840 -  BA9- PC

LOW X H S S PC’ S If TesS Register 2 is HIGH
PCeS —.PC

BTL 3 Branch on 13 H L H H L S X X BAg 8A 8- BAt 840 1 1 H If test Regist er 3 is LOW’
BA~’j  

. BAg —‘PC
LOW H X X X  PC’l If Test Register 3 is HIGH’

PC~~t- ’a PC

81’S 1Relurn from L I I I S X X S Contents of the I I I Pop the Stack
M - ii,elianeous Subroutine Slack Addressed

by Read Pointert ons ~~~~~~~~~~ —

-— — 
f - t C H FETCH L I HL  X X X X PCV I I I I PCcI~~tPC

LOW I.
H V i i C r r I v a y i

x oonnc~ n..
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FA%RCHU..D • 9408

FUNCTIONAL DESCRIPTION - - T h e  9408 Microprogram Sequencer , shown in the block diagr,inri consists of a ‘SO - bit
Program Counter (PC), a 4 - word by 10-bit Last-In Fn rs t - Ou t  (LIFO) Stock with associated control , aci Inpu t Multup lexen , a
Pipeline Multiplexer , an Instruction Decoder , a 10 bit lncremeniter , and a 4-b .t Test Register comprised of four edge-trig-
gered D flip-flops

The Pipeline Multiplexer has two ports the PC Output provides the input port for the non-pipeline mode and the Input
Multiplexer output prov ides the input port for th~ pipeline mode Port select ion is controlled by the Pipeline Select (PLS)
and Master Reset (MR) inputs A LOW level on the M’~ Input forces the non-pipeline mode of operation and clears the PC,
Thus when the 9408 is initialized by the MR input the AO through Ag outputs are LOW regardless of the state of the PLS
input’ A LOW level on the PLS Input specifies non-pipeline mode and a HIGH specifies pipeline mode

TIn’ Program Counter is a 10-bit edge-trnggered regi ster The LOW-to-HIGH transit ion on the Clock )CPI input toads the
Input Multiplexer output into the PC Because of the edge-triggered nature of the PC register , the PC output remaIns stat ic
for a full clock cycle. Thus , in the non-pipeline mode, the PC output can be i,si’d to address a control memory built with
StiltS’ devices without storing the memory output in an eaterna l mic roinstruction register However . In the pipeline mode , the
9408 prOvides the neat address information as soon as available , th erefore , cr.n’cut lOn of a rnncroinstruct ion~ can be over-
lapped with the fetching of the next microinst ruction To ensure microinstruction stabil ity for a full clock cycle , the con-
tr ol memory c’utpul should be buffered with an eaterna l microinstruct ion register

The Input Multiplexer receives data from four different sources One port is the output of the IWO Stack , a second is the
output of the 10’bit Incrementer . The Increinenter always adds one to the PC contents The third and fourth ports are  the
branch and multiway-branch ports , the latter comprised of the seven most significant Branch Address inputs (843 through
BAg) and-the three Multiway inputs. )MWO through MW2)

The 4 wcird by 10-bit LIFO Stack is a RAM and receives data from the Incrementer ciutput t h u  stack control logic goner-
Ot I s the appropriate control signals , while stack poInters in the Stack Control genn’n i’r’ hi, read and wri te addresses

The 4-bit Test Register consists of four type-D fl ip-flops The data inputs , which are ;hn’ four lest  inputs fT 0 through T3l.
i’iri’ loaded on the LOW-to-HIGH transit ion of the Strobe input ISTRB)

The lnstructnon Decoder receives the 4’bit Instruction Input (10 through 13) and the 1, - s t  Register out put and generates t h e
VIA0, VIA l  and Inhibit llNH) outputs of the 9408 In addition, it geni~n ,n t ~i’i .Ippr ’pr .Itn’ I - ‘ii,: ~~gnals for tIre St ac k Control
and Input Multipleser

Stack Control -- The 9409 has a 4’)eyel sobcputin~ oseslirrg capab I ty is ,h~ 1,ii” u- rl i/S Fi,Ii,r& I lii~ P0 dod 
~~I 

(i~eisd Ad-
iI- ess)  np/ it s to thp 4-word by 10-bit LIFO Stack spec if y the address from wh ich inlor io- ,itinn will be toad T In e WO and W i
(W r ite  Acfdress l inputs specify the address into which information w ill be w n i t t r ’ n  ,iind ~~‘- 9408 lncn.-in~ ntis r output pro.
s dps the information to be wr i t ten into the stark (see block ds i tjn ,iml In ,iili’Iitiofl, wr i t ing into the memory is c0nIrOll~d
by Sb, ’ Wr i te  Enable (~V~I and C~ inputs

Th~ ~~ 
RI and WO, W 1 inputs of the LW O Stack are derived from the outputs i i )  a 3-h i t  r i lge-tr igge rn’d register called the

St.ick Pointer ISP) The least significant two bits (5P0 and SP 1 I of th ry  register are the re a d  address inpuls to th~ memory
The SP outputs are also connected to a Stack - Pointer Incrennenter and a Decr rrmenter that qener ,itn’ SP ~‘ 1 and SP - 1 re
opectively The leas t significant two bits of the lnCrementer are the wri te address f,i its for t he memory

The outputs of the Incrementer , Decrementer and the Stack Pointer are fed is inputs t O o  3 port Stack Pointer Mult iplvoer
which in tu r n , feeds the Stack Pointer inputs Stack pointer loading alw ,3ys occurs on the LOW - to -HI Ci~ transit ion of the
CP input The ~~~ input Clear s the Stack Ponnter The Stack Pointer Control receives two inputs Porn the 9408 Instr uct ion
(in~coder — the BSR Input , which is active whenever a Branch-to-Subroutine IBSR) instruct ion is present on the 10 throug h
13 np/ its , and the RTS input , which is active whenever a Return-from -Subroutine (RTS) instruction .s specif.ed The port
selection of the Stack Pointpr Muttiplece r is ccintrolled by the Outputs of the Stack Pointer Control For all 9408 irrstruc-
lions ~‘/ce pt BSR and RTS , th e Stack Pointer Multiplean-’ r selects (he Stack Pointer outputs as the instruction source

Wri t ing into the memory t.ikes place wfi i-n~ iner the WE and CP inputs are LOW NoIe that the most signif icant reg Is ter  bit.
5P2. control s the WE input to prevent wri t ing into the memory when ,lll four locations are filled with return addresses
T h us the 9408 does not store and return addresses beyond four nesting levels
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KB = <MBMVOt3 LST

FORTRA N V09. 02 09. 08 : 36 04—AU G—77 PAGE

C MAGNETIC BUBBLE TEST PROGRAM
C L R BULDUC JULY 1977
C
C THIS PROGRAM HAS 4 MAIN FUNCTIONS
C ( 1)W RITE—W PITES 144 ASC II  CHA RACTERS FROM KE Y BOARD
C INTO THE FILE SF’ECIFIED
C (2)RERD_ REIRC1S 144 ASCI I  CHARACTERS FROM THE FILE
C S P E CI F I E D  TO THE KE1r’BiJARD
C (3)DUMP—REAC’S 144 ASCII CHARACTERS FROM EACH FILE
C IN BLOCK SPECIFIED AND OUTPUTS ON KB
C i,4)TEST—THREE MODES
C A )FILE INTEGR I TY TEST-WR ITES 4 REPETITIVE
C BYTES INTO EACH FILE.. EACH FILE HAVING
C A DIFFERENT PATTERN WITH THE FILE NUMBER
C BEING THE E:RSE, IN THE FIRST WRITE PASS
C AND ALL SUCC:EEDING (IDO NUMBERED WRITE

F’ASSES THE PATTERN IS AS FOLLOWS
HI BYTE OF FILE ADDRESS

C LU BYTE OF F I L E  A DD R ES S
C I’S COMPLEMENT OF HI ADDRESS
C I’S COMPLEMENT OF LO ADDRESS
C ALL EVEN NUMBERED W R I T E  PASSES HAVE

THE 1-’ ‘~ COMPLEMENT OF THE ABOVE
C PATT ERN

AL~ FILES ARE FIRST WRITTEN AND THEN
C READ IN SUCCESSION, THE READ PROCESS IS
C REPEATE D FOR THE DESIGNATED NUMBER OF
C TIMES LINLESS THE MAX NUMBER OF ERRORS
C SPECFIED,”FILE IS EXCEEDED.

THE WRITE PRCICESS IS REPEATED THE
C SPECIFIED NUMBER OF TIMES COMPLEMENTING
C THE PATTERN EACH TIME
C <B)PATTER N TEST-TE STS EACH FILE SPECIFIED
C INDIVIDUALLY BEFORE PRCEEDING TO THE
C NE:~:T F ILE. PATTERNS OF 10 DIFFERENT BYTE
C VALUES MAY BE SPECIFIED PATTERNS ARE TO
C BE SPECIFIED AS DEC IMAL VALUES BETWEEN THE
C RANGE OF —128 TO +j 77

THE PATTERN WILL BE WRITTEN INTO THE FILE
C AND READ BACK THE SPECIFIED NUMBER OF
C TIMES UNLESS THE MAX ERROR COUNT
C PER FILE IS EXCEEDED THE PROCESS WILL BE
C REPEATED FOR THE NUMBER OF WRITE PASSES
C BEFORE F’POCEEDING TO THE NEXT FILE
C TEST PROGRAMS WILL PRINT THE FOLLOWING
C INFORMATION—
C FILE NUMBER

WRITE PASS NUMBER
READ PASS NUMBER

C DATA WR ITTEN IN FILE
C DATA READ FROM FILE
C BOARD NUMBER IN ERROR
C WORD NUMEtER ERROR WAS DETECTED

(C)GE NERATE PATTERN—COMBINATION OF AS~BC AE:ciVE, DOES SIX DIFFERENT VAR IATIONS
C OF SPECIFY PATER N—
C 1—W O RD€I=0 ,WOR DI—— 1,ETC

ETC
C ‘—ALL WO RDS~ —:~6
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FORTRAN V@9 02 09 08 6. 04—AUG— 77 PAGE 2

C 4—ALL WO RDS~ 85
C 5-ALL WORDS=0
C 5—ALL WORDS=—i
C THE ABOVE TESTS EVALUATE ALL CONDITIONS
C OF ALTERNATING BUBBLES IN MAJOR AND
C M INOR LOOPS.. ALL OR ABSENCE OF BUBBLES
C IN MA JOR AN D M I N OR L OOPS

PATTER NS ?&S ARE THE TWO ADDRESS BASED
C PATTERNS OF THE FILE INTEGR ITY TESTS,
C PATTERNS ARE REPEATED MOD 8 UNTIL THE
C SPECIFIED WRITE PASSES IS EXCEEDED
C

‘3001 
- 

E:Y TE A 145), B(813~i , Ci,10 i ., H.. R’~ T.. D. F. S.. 6
i313’33 

- 
DATA W I R ~~T I D . F , SI G/’ W’ ’P “ T -’ ’D’ ’F ’ ..-’S ’ .’ - ’G’ .-’

INTITIAL COMMAND DETERMINATION

‘313/32 11313 WRITE I~6. 5.1313)
00134 READ (6.. 801)NCNT.. i. B i J ’  - J =i .  NC-NT)
i3005 5~3/3 FORMAT (‘OREAD,. WRITE.. TEST OR DUMP ‘,/ . .  ‘

01306 301 FORMAT (0.. BOAt)
01307 IF i-E ( 1) EQ. W) GO T0300
‘3808 IFi,Bi.1) EQ. R’~ GO TO 2130
‘31309 IF S(1) EQ T~ GO TO 2000
13010 IF(B’~i) EQ. D” GO TO 600
13811 WRITE (6.900)
‘30-12 913/3 Fi:IRMAT (‘  WRONG ANSWER’
‘3131: 130 T O 1130
13014 4130 lulp IrE 6 , 900 )
81315 WR IT E’ .6.- 901)
01316 130 TO 100
‘3i3j7 901 FORMAT (‘ LIMIT ADDRESS 13—640 INCLUSIVE ’...’’ ‘ )

C ASCII FILE READ ROUTINE
C

81313 2130 WRITE (6,810)
81319 READ i.6, 811)NUM
‘3020 IF NUM - GE, 641) GO TO 400
0021 CALL MACRED (NUM., A (1))
0022 WRITE 6- $I2~ ( A ( J ) . . ,T = 1 . j 4 4 )
‘3023 :310 F O R MA T  (‘ F I L E  NUM B ER ‘, / .  ‘

131324 81t FORMAT (15)
‘3 1325 313 Fi:IRMAT (- ‘ ‘~~40AI.. ..“, - ‘ , 413A1, .~~ ,‘ ‘.. 48A1.. / .  ‘
‘31326 GO TO 1813

C
C A SC I I  F I L E W R I T E  ROUT IN E
C

0027 3013 WRITE (6 , 810
0023 READ (6..811)NUM
‘3029 IF (NUM. GE. 641) GO TO 4013
38313 I~~0
01331 350 WR ITE (6,6120)
0832 READ(6..801’iNCNT, (B J).J~~i,NCNT)
‘31333 I1~~I +N CNT
0s334 IF (Ii OT i44) I1~~144
‘31335 I2~ 1+I
13836 13=1
01327 00 310 J 12, II
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FORTRAN V139 02 09- 138. 26 04—AUG—77 PAGE 3

13038 R~ J)=B(I3)
i31339 310 13 13+t
81340 IF 11, EQ. 144)60 10320
0041 1=11
13042 GO TO 350
0043 320 CALL MACWRT ( N U M . . A ( i ) )
31344 GO TO 100
0~345 820 FORMAT (~ WRITE IN DA TA ’/ )

C
C ASCII FILE DUMP ROUTINE
C

0046 600 W RIT E 6. 601)
0047 601 FORMATV BEGIN FILE NUMBER?’ , /,‘ ‘)
0048 READ(6.. 705)NUM
01349 IF NUM. LE. 640)GOTO 610
0050 WR ITE(E... 900)
8051 WRITE (6.. 901)
13052 6010 600
131353 610 WRITE(6, 611)
0854 611 FCiRMRT’~’ END FILE NUMBER” .. / ..‘ “ )

0055 READ~~5. 705)NLIMMAX
0056 IF(NUMMAX . LE. E.4 13>GOTO 620
0057 W RIT E(6.. 988)
‘3058 W RITE <6 901)
0059 GOTO 610
0060 620 WR ITE(6.. 621)
13061 621 FORr1AT (’O .. 110.. ‘***iS~**i~~** * * *** * * * **+* ** * ** * *$* *4 ,****** ’

01362 WRITE (6~ 622)NUM
0063 622 FORr1AT (-’ MEIM FILE cUMP’../.. - FILE NUMBER ‘ 13)
13064 CALL MRCRED (NUM.A (I))
0065 WRITE (6.. 6112) - (A(J).. J1.. 144)
0066 IF(NUM EQ. HUMMAX) GOTO 6913
0067 IF (NUM . NE. 640)6010 630

~30661 NUM -t
0069 630 NUM*NUI’l+l
13070 GOTO 620
0071 690 WRITE (61 E91)
i3072 691 FORMAT I,’ END OF FILE DUMP’ )
0073 GOTO 100

C
C PATTERN TEST STARTS HERE
12 SET KNTRL TO 0 TO DETERMINE PATTERN AND
C NOT FILE INTEGR ITY TEST
C

~30?4 7130 KNTRL=I3
01375 WRI TE(5 , 601)
‘3076 READ(6.. 705)NUM
0077 IF NUM LE. 640) GC1TO?07

WRITE 6. 900)
13079 WRITE (6.. 9131)
0888 6010 7013
53081 707 WR ITE ( 6.. 611)
13082 READ(6.. 705)NUMMAX
0083 IF (NUMMAX LE. 640)GOTO 708
0034 WRITE (6, 900)
0085 W RITE(6 , 901)
0086 6010 707
S3087 7061 NUPIBGN~ NUM
0098 5013 WRITE (6, 5131)
531389 501 FORMAT (’ NUMBER OF PATTERNS?’ - /.. ‘ ‘)

FORTRAN V09. 132 09-08 . 36 04—AIJG—77 PAGE 4
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0090 READ (6.. 7135)NUMF’AT
53091 IF(NUPIPAT. LE. 10)GOTOSI@
0092 W RITE 6.. 503)
0093 503 FORMAT(’ PLEASE LIMIT TO 10 PATTERNS ’ i ! )
13094 6010 500
0095 510 K 1
‘3096 517 WR IT E(6. . 511)K
0097 511 FORMAT(’ ENTER PATTERN NUMBER ‘.. 12..”..’ - )

8098 READ(5.. 512) IPAT
0099 512 FCIRPIAT(I4)
01013 IF’. IPAT LT. —128)6010 515
0101 IF( IPAT. LE 127)6010 516
0182 515 W RITE(6 .  514)
01133 514 FORMAT ’ LIMIT RANGE FROM —128 TO +127 !“)
0104 0010 513
0105 516 C(X ) = I P A T
‘3106 IF(K EQ. NUMPAT)GOTO 517
0107 K=K+1
0108 GOTO 517
8109 517 WRITE (6.. 518)
81113 518 FORMAT (’ MAX. NUMBER’ (IF ERRORS TO BE PRINTEV’ - -. ,‘, -

0111 READ 6.. 705)MAXERR
0112 IF MAXERR LE. 100)GOTO 789
8113 WR ITE(6. 706)
‘3114 13010 517
0115 7%39 W RIT E(6 1 7134)
0116 704 FORMAT (’ NUMBER OF WRITE PASSES? ’ . !.. -
0117 READ (6. 705)NUMWRT
0118 705 FORMAT.I5)
0119 IF (NUMWRT LE. 100>GOTO 7113
‘3120 WRITE <6.. 706)
8121 706 FORMAI’(’ PLEASE LIMIT TO 11313’)
0122 130T0 709
‘3123 710 WRITE’.6, 711)
13124 711 FORMAI’ (’ NUMBER OF READS PER W RITE~~’, /.. ‘ ‘)

0125 READ(6, ?6i5)NUMRCt1
8126 IF NUMRD. LE 1013)0010 720
0127 IIRITE’.6.. 706>
0128 0010 710
0129 7213 WRITE(6.. 702)
0130 702 FORMRT (’OWRITE READ GOOD BAD BOARD WORD’)
0131 WRITE (6.. 703)
0132 703 FOPMAT(’ PASS’, 1101 ‘PASS’1 T161, ‘DATR- ’..T26.. ‘DATA’ )
‘3133 KERRAC O
53134 799 KNTW RT I

C
C COMMON ROLITINES FOR PATTERN AND FILE FOLLOW
C REQUIRED INFORMATION SET UP BY FILE TEST
C ROUTINE TO CONTROL FOLLOWING ROUTINES
C KNTRL=0 FOR PATTERN TEST
C ——1 FOR FILE TEST WRITE
C —+1 FOR FILE TEST READ
C

0135 714 K~~j8136 715 DO 721 J—i..144..1
0137
‘3138 1F K . LI. NUMPAT GOTO 721
0139 K—0
0140 721 K—K+1
0141 KNTERR.0
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13143 IF(NUMWRT EQ. 0) GOTCI 1000
0143 CALL MACWRTi~NUM., A (1))
13144 1000 KNTRD=1
0145 1001 IF NUMRD EQ. 8) GOTO 770
0146 7 1 3  CALL MF4CREC’(NUM, A i. t) >
13147 NUMWRD=0
‘3148 J=1
0149
0150 738 IF(A (J~ EQ C K))GOT O 735
0-151 IF(A (J ) , GT. C ’ .K) ) GOTO 771
0152 MC) I FF—C ( K)—A (J )
0153 GO TO 7 2
‘3154 7 1  MD I FF=A ( J )—C i~ .)
‘3155 ‘~ 2 NUMBPD=0
0156 MDIFF~ MDIFF/2
13157 IF ~MDIFF~ 724- 7:6.. 7:4
0153 ‘ 4  NUMBRD=NUP1E:RD+1
‘3159 6010 73:
016’3 7~~ IF’1KNT ERR)381O -. 25.213. 810
0161 29213 W R I T E (6 . -  701)NUM
‘3162 701 FORMAT (’ FILE NUMBER ‘.. 13>
‘316.3 8113 WR I TE(6. 739 KNTWRT.KNTRD . I:~~II. - ..A J . ,NUMBRD .NLIMWRD
‘3164 29 FORMAT’.’ ‘, 14.. 110.. 14- TIS. 14.. T36. 14.. 134. 13. 142.- 14)
‘3165 KNTERR=K:NTERR+1
0166 IF(KNTERR NE. 1O ;IGOTO 540
0167 IF (KNTERR—NUMWRD+i) 535, 739.575
‘3-168 729 WRITE’.6..57i)KNTWRT

‘3169 531 FORMAT’.’ ‘ . I4,Ti@.’****APPARENT FATAL WRITE ERROR****’
131713 6010 745
‘3171 535 IF KNTERR. NE K,NTPD) 601(1 540
13172 WPITE 5, 536)NLIME:RD.. NUMWRD
‘3173 536 FORMAT (’ WRITE FAILLIR’E—E:OAPD -‘ .. 12. -‘ ..WOR D ‘ - 12)
‘3174 0010 745
‘3175 541) IF(KNTERR LT MAXERR)GOTO 7 5

WRI T E~~6.. 54 1)KNTWP T.. MRXERP
‘3177 541 FORMAT’.’ ‘.. 14, T10.. ‘****MAX. NUMBER OF ERRORS’.’ .. 13. ’ >.s*** ’
‘3178 GOTO 745
0179 7 5  IF(NUMWPD EQ 143)GOTO 785
13180 NUMWR D NUMW RD+t
01-91
01:32 K~ K+1
‘3133 IF(K LE. NLIMPAT)GOTIJ 7:5
01:34
0185 13010 72’S.
0186 735 IF’.KNTPD. GE. NUMRD)GOTO 751
/31:37 KNTRD.KNTRD+1
‘3188 130TO 730
0189 751 IF (KNTERR ) 74@.. 745.. 7413
0190 741 WRITE (6.742)KNTWRT
‘3191 742 FORMAT (’ ‘, I4,T10,’*****NO ERRORS**** ’ )
0192 GOTO 745
13193 740 WR ITE <6 , 743 KNTERR
0194 743 FORMAT <’ TOTAL ERRORS ‘ , 15
13195 745 K E RRA C~ KERRAC+KNTERR
0196 IF’.NUMWRT EQ. 0) 0010770
0197 IF (KNTWRT GE. NUMWRT)GOTO 7713
‘3195 KNTWRT—KNTWRT+1
0199 GOT0 714
0200 77k:’ IF(NUM EQ NUMMAX) GOT : 760
132 131 1F(NUM. LT 640)6010 777
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~3202 NLIM -i
0203 777 NUM NUM+1
0204 IF(KNTRLO. EQ. 0)GOTO799
0205 6010 714
‘32136 76.0 IF(KNTRL)3200.. 762. 76013
02137 762 IF(KNTRLO NE 0) 3010 9013€I

C
C EX I T  HERE IF FILE TEST
C

0208 WR ITE’.6.. 780)KERRAC
13209 780 FORMAT’.’ ACCUMULATED ERRORS=’ .. IS>
13210 WRI TE (6 ..  761)NUMSGN. NLIMMAX
0211 76.1 FORMAT ( ’  END OF TEST ON FILES ‘.. 13.. -’ THRU ‘ . 13 >
‘3212 ‘30 TO 100

C INITIAL DETERMINATION (IF TEST TYPE

1321 0013 WRITE (6. 21301)
‘3~~14 2/301 FORMAT’ ’ TYF’E (IF T EST—FILE INTEG RITY..

25F’EC IFY PATTERN OR GENERATE PATTERN-’- ’ ..,‘,‘
13215 REA D ’6 . . 5 1 3 1 ” NC N T . . ’ . B ’ .J ) . .J = 1- NC N T >
‘32-16 KNTRL€1=$
‘3217 IF’ .P~~1’ EQ S)GOTO 7130
‘3218 IF..El’.i) EQ F)G0T0201’3
13219 IFI9~~1) ES GI G OTO 20139
‘32213 WRIT E’~6 .90 0’
‘3321 6010 21300
‘3222 2@’39 KNTRL0=1

C
C DET ER M I N E  PARA MET ERS OF F I L E  INTEGRITY TEST

‘3233 213 1.i) W T E’~€.. 5LE:)
‘1224 READ (6. 7OS MAX ERR
‘3225 WP ITE ’.5. 704 1

~3226 READ’. 6. 705)NUMFWT
‘3227 WR I TE 6, 711)
‘3228 READ (6. 705>NLIMFRD
‘3229 IF(KNTRLO NE 0) 6010 50130
‘32:0 2002 WRITE (6. 7001>
‘3321 “301 FO RMATV MEM FILE INTEGRITY TEST- ’

C SET I N IT I AL C:ONDITIONS FOR TEST

‘322.2 
- 

KN T FWT ~ 1
‘33~~L 3~3135 KNTERF=@
‘3234 KNTRLP=0
0235 ~NTWR T i.
0236 IF’.NUIIFWT EQ 0)6010 3500
‘3237 3220 KNTPL — 1
0238 NUM 0
13239 NLlMWRT~ 1
02413 NUMRD @
13241 3300 NUMMAX—NUM
0242 NUMPAT—4

C
C DETERMINE PATTERN VALUES

‘3243 NUMLO NUM
‘3244 NUMHI NUMLO/256
024S NUMLO=NUMLO—NLIMH 19256

117

- - , . - .-_- - -  -—-- —--~~~~~~~~~~~~~~
. S 

~~~~~~~~~~~~~~~



- 
.-~~~~~~~~~~~~~~~~~ 

-. , 
~~~~~~

, -.

FORTRAN V09 02 09 - @8 36 04—AUG -77 PAGE 7

‘3246 IF’.KHTRLP EQ. O>GOTO 33113
53247 C( 1>=— 1— NUMHI
024$ C(2) —1--NUMLO
53249 C(3) NUMHI
132513 C <4 ) NUMLO
13251 ~30T0 3320
0252 3310 C(1)=NUMHI
0253 C (2>=NUMLO
0254 C (3)-—1-NUMHI
13255 C (4>-—i-NUMLO
‘3256 1320 IF(KHTRL)7t4 ..7t4..i~00t

C
C RETURN HERE FROM WR ITE PROCESS
C

13257 2200 IF (NUM , EQ. 640)GOTO 35130
025:3 NUM=NUM+1
0259 I3OTO 7300
02613 3500 IF(NUMFRD. EQ 13)6010 41061
‘3261 WR ITE (6 . .  702)
0262 W RITE (6 . .  703)
13263 KNTFRD=1
0264 KNTRD= 1
53265 3550 NUMW RT=13
‘3266 NUIIRD=t
e267 NUM=0
8268 KNTRL=1
0269 KERRFF.0
0270 GOTO 3300

C
C RETURN HERE FROM READ PROCESS
C

0271 3600 KNTERF—KNTERF+~ NTERR
0272 IF (KNTERR. EQ. 0)G0TO3601
‘3273 KERRFF—1
53274 3601 IF(NUM EQ. 640) 13010 40013
%3275 IF(KNTERR EQ. MAXERR)GOT0 4100
53276 KNTE RR—0
0277 NUM NUM +1
8278 GOTO 3300
0279 48530 IF(KERRFF NE 0)6010 4010
0280 WRITE (S..4011~~~NTFWT.KNTFRD
0281 4011 FO RMAT(’ ‘ .. 14. T1ø.. 14.. T18. ’- ’~*+NO ERRORS+**’
0282 4010 IF(KNTFRD. EQ. NUMFRD) 0010 4100
0283 KNTFPC.—KNIFRD+’l
0284 KNTRD KNTFRD
0285 6010 3550
‘3286 4100 IF(KNTFWT. EQ. NUMFWT>GOTO 4208
0287 IF(KNTRLP. EQ. 0>GOTO 4128
0288 KNTRLP —1
0289 4120 KNTRLP—KNTRLP+i
0290 KNT FWT —K NT FWT+ i
13291 KNTWR T— K NTFW T
0292 0010 3220
0293 4200 WRITE (6.. 788>KNTERF
0294 IF XNTRLO. NE 0)00109900
0295 WRI TE ( 6 . .  4201>
0296 42131 FORMAT( ’ END OF MBM FILE INTEGRITY T E S T ’
0297 GOTO 100

C
C GENERATE PATTERN ROUTINE STRRTS HERE
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C SET UP PARAMETERS FOR COMMON ROUTINES
C

0298 5000 NUMGWT — NUMFWT
0299 NUMF WT 2
0300 KNTERG O
0301 KNIGWT— 1
0302 5001 WRITE (6.. 702>
0303 W RITE(6 .. 703)
0304 C(1).’3
0305 C(2).— 1
0306 6010 6080
0307 5002 C( 1)— — 1
0308 C(2) 0
0309 GOTO 6000
‘3310 

- 
5003 C( 1>—— 86

0311 C 2)=—86
0312 6010 60610
0313 5004 C’.1)— 85
0314 C( 2>—$5
0315 0010 60130
0316 500Z C(i).0
‘3317
0318 GOTO 6000
13319 5006 C(1)=— 1
0320 C(2> —1
0321 6000 NUMPAT=2
0322 KERRAC=0
‘3323 KNTRL=0
0324 NUM 0
0325 NUMMAX=640
0326 NUMRD=NUMFRc
0327 KNTW RT— K’NT GWT
0328 NUMWRT KNTWRT
0329 WRITE (6. 6081>KNTRL@
0330 6001 FORMAT(’ PATTERN NUMBER ‘ , I i)
0331 WR ITE( .6. 6002)C(t ) . .C(2)
0332 6002 FORMAT(’ W0RC)0~ ’, I4 . ‘..WORDI= ’.. 14. ‘..ETC -‘ )

0333 60T0 714
C
C RETURN HERE FROM COMMON PATTERN ROUTINE
C

0334 9000 IF<KERRAC NE. 0)GOTO900S
8335 W R IT E ( 6 . . 742)~~NT6WT
0’? 36 6010 9801
‘333 7 900S W RIT E(6 , 780>KERRAC
0338 KNTERG—KNTER0+~ ERRAC
0339 9001 IF(NUPiGWT. EQ. KNTGWT )00T0 80061
0340 KNTGWT.KNTGWT.1
8341 KNTRL ’3 KNTRLO+l
0342 GOTO(5001.. 5002.. 50133.. S0@4 .SOOZ.. S006 . 5007)KNTRL O
0343 5007 KNTFWT .KNTGWT
0344 NUMFWT KNTFWT+ 1
034$ W R ITE(6. .  3001)
0346 - GOTO 3005

C RETURN HERE FROM FILE INTEGRITY TEST
C

13347 9900 KNTERG-KNTERG+~ NTERF
‘3348 KNTGWT—KNTGWT+j
‘3349 I(NTRL0 0
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‘3350 6010 9001
13351 :3000 WRITE’.6.813/31>l~NTER’G
‘3352 -91301 F(IRMAT (-’ T OTAL FsI:CLIMULATED ERR’OR=- , 15)
‘3:5: WRI T E 6 . .  8011)
‘3354 :3011 FORMAT’. END OF GENERATE PATTERN TEST
‘ 3 5 5  601(1 100
~3356 END

R O U T I N ES CALLED
MACRED. MA CW RT

O P T I O N S = . UP I

BLOC) LENGTH
rIA IN 87 ~ 017’ 1C12

~ ~COri P I LEF- i:c’RE. +
PHASE I.ISED FR EE

DECLA RATIV ES /30782 022: E: 1)
EX ECUTA BLES /31133 01.E:50
A SSEMBLY 132 ’5’0 050213
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MBM SUBROUTINES MACRO V86—04A 8~ —J UL—77 15.09 PAGE 1

I
‘

TITLE MEIM SUBROUTINES
4
5
6 GLOBL MACWRT .. MACRED
7 ~SUBROUTINE TO WRITE 144 , BYTES INTO MEIM
8 011000 MASKW=81i000 ~WR 1TE MASK FOR UPPER ADDRESS BITS
9 000800 012767 MACWRT: MOV *MASKW..MASKI

011000
000210

113 ‘313006 004467 JSR R4,ADDXMT
‘3130122

11 80012 022701 MOV *60. ,RI - COUNT FO R F IR ST 60 BYTE S
‘300074

12 00016 0 2 7 ~~ LUUP ’ BIT *113138.. 0*16.7774 .. TEST READY TO RECIEVE DATA
13810013
1.57774

1 00024 001774 BEQ LOOP3
14 ‘30026 11213 7 LOOF’4 - MOVE (R8>+ .. 0*167772 MOVE A BYTE

167772
15 ‘313032 005301 DEC RI
16 1301334 13131374 BNE LOOP4
17 130036 0127131 MCIV *84 . ~RI ; COUNT REST OF DATA

000124
18 001342 032737 LOOPS BIT *208.. 0*16.77713 TEST FOR FIFO FULL

000200
167770

19 ‘30050 1301374 E:NE LOOPS
28 00052 112027 MOVE (R0)+ .- 0*167772 NOT FULL MOVE BYTE

157772
21 ‘3’3’356 ‘305301 DEC RI
22 0006 0 001370 BNE LOOPS
23 00062 130020S RTS R5
24
25 SUBROUTINE TO READ 144. BYTES FROM MEM
26 010400 MASKR=010400 ~READ MI SK
27 00064 012767 MACRED - MOV *MASKR.. MASKI

010400
000124

28 80072 004467 JSR R4.. ADC’XMT
000036

29 00076 012701 MOY *144. RI BYT E C OUNT
000220

20 00102 032737 LOOP6 BIT *I000..0*167774 ~TEST FOR READY
130113013
167774

31 ‘313110 1301774 BEQ LOOP5
32 013112 032737 LOOP7. BIT *100000.. @*i67770

108000
167770

33 00120 001374 BNE LOOP?
34 00122 113720 MOVE @* 167774 .’ .R0)+  GET A BYTE

167774
35 00126 00.5301 DEC RI
36 00130 ‘301370 BNE LOOP?
37 00132 80020S F-IS R5 ;FINISHED
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38 ;SUBRCIUTINE TO SEND 2 PARTS OF ADDRESS~ 10BITS:’
39 020000 MA SK =0200130
40 08134 817500 ADDXMT MOV 02 R5> . . RO ;GET ADDERSS 0

0013002
41 00140 012782 MCIV *3 . .R2 ISHIFT COUNT

008010
4 2 1313144 810001 MOV R61.. RI
43 053146 006201 LOOPI . ASP RI
44 80150 530S302 DEC R2
4S 00152 001375 BNE LUOPI
46 00154 13667611 ADD MASKI, RI

000036
47 00160 0113127 MCIV Ri.. 0*167772

16.7772
4-3 00164 042700 E:IC *I774861,R8

1774013
49 00170 0627013 ADD *MASK2.. RO

020000
50 130174 032737 LOOP2 BIT *4 1313.0*167774

000400
167774

51 013202 001774 BEQ LOOP2
52 08204 01002-7 MCIV P0, 0*167772

157772
53 00210 016500 MOY 4 R5) . .R8 ~0ET ADDRESS OF DATA

1300004
54 013214 000284 RTS P4
5S 00216 0000013 MASKI WORD 0

MBM SUBROUTINES MACRO VO6—04R 07—J UL-7 ’ 15 09 PAGE 2

1 ‘300001 END

MBM SUBROUTINES MACRO V@6—84A 07—JUL—77 IS - OS PAGE 2-1
SY MBOL TABLE

A DDXMT 000134R LUOF’l 000146R LOOP2 8061i74R
LOOP3 8061016R LOOP4 O€10026.R LOOPS 1300042R
LOOPS 0001132R LOOP7 c1001i2R MACRED 8130864RG
FIACURT 00130013RII MA SKR 010400 MASKW = 011000
MAS KI 1300216R MASK2 021313813

ABS 000800 8610
000220 001

ERRORS DETECTED 0
FR EE C’JRE 4712 WORDS
MEMI. MBM1(ME:F11, END

*
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KB . <MBMV0’ MAP

MAP OF MBI’IVO8 LDA AT 09 1  ON 05—A UG—77 BY LINK V0 -13 13

.ss ROOT SEG : MAIN.

R.- ’W MEM LIMITS : 043036 077457 024422
IDENTIFICATION 02
PRG XFR ADDRESS . 134 026

PROGRAM SECTION ALLOCATION SYNOPSIS.

SLK >: 043026 077457 0 4422
< ABS 2. - 000000 0000 00 0013000

.~~s TITLE MAIN.  FIL E. ME:MV@ (Ip.J

EL1: ‘ ‘34 ’I 6. 062127 /31 ’102
MA IN. 043 132- 6—P

s * - ~ T ITLE MB-M FILE . IIBMI LIBJ

<~ BLI< 2. 06.2140 062357 008220
MACRED @52224-P MACWRT 8521461-R

MAX V iRTUAL ADDRESS 011053.. V . M. BLIJC:KS USED 0130’380

a
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E~<AMPLES OF ASCII WRITE AND READ ROUTIN E S
R U N B M V O 8

REAO.WRITE ,TEST OR DUMP
W -

F I L E  NUMBER
10

WRITE IN DATA
12345678901234567890I234567890i22456789ø1234557 913i23456789012345678913

WRITE IN DATA
i23456?890122-45~~7890i234S678901234567890i23456?899

W R I T E  IN DATA
12 45678901234~~~78981234567890

REA D.. W RITE .  TEST OR DUMP
R

F ILE N U M B ER
10

1224567890123456789012345678S0I234567$961
123456789131234567890123456789@i2 4567890
12345678901234567890i2345678901224567890
123456799012345678901234

READ. WR ITE.. TEST OR DUMP
D

BEGIN FILE NUMBER-’
1’3

END FILE NUMBER?
11

P$**”**. .*9~ P* *$* *** *** * ** ***** l’ * * * * * * * *4
MOM FILE DUMP
F I L E NUM BER 10
123456789012345678901234567$90i.234567$9@
1234567890123456789012345678901234567$ 913
1234567890123456789012 456789012 456.75913
12 34567890 12 2  455 78901234

$‘~~I.$***9~*’P**4 4 ** .1’-9’.*4*-* ** -4 *-******4.***
MOM FILE DUMP
FILE NUMBER 11
“P P P ’ P P P  • P”P~ P P P P ” P P P P P ” P  P”P P~ p - p~ p”p P - p”p~ p p”p”p”p”p p- p”p p”p- p
“P_ p_ p - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

P,.P_ P”P”P”P”P”P_ P_ P P” P
“P- P_P.- P P”P”P”P P P” P ” P P P ~ P P P ” P P”P”P P’ P”F” ‘P”P P P”P”P’ P”P” P P’P P ” P P P  P
- P- P_ P_ P— P— P— p_ P— P_ P._ p-- P” P_ P”P—P_ P—P_P.-P,•P_ P--P.-P
END OF FILE DUMP

R E A D .W P IT E .T E S T  OR DUMP
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E X A M P L E  OF THE S P E C I F Y  P A T T E ~~N TEST

WRONG ANSWER

READ.. WR ITE. TEST OR DUMP
I

TYPE OF TEST—FILE INTEGRITY.  SFE~~IF’~ PATTERN SR GENERATE PATTERN’
S

BEGIN FILE NUMBER’
0

END FILE NUMBER’
25

NUMBER OF PATTERNS~

ENTER PATTERN NUMBER I
‘3

ENT ER PATTERN NUMBER 2
—1

MA:~. NUMBER OF EF’RUR TO BE PRINTED
3

NUMBER OF W R ITE PASSES ’
1

NUMBER OF READS PEP W RIT E~
5

W R I T E READ GOOD BAD BOARD WORD
PASS PASS DATA DATA
A CCu MuLATED ERRORS— 0
END OF TEST (IN FILES 0 THRU 2S

READ . WRITE. .  TEST OF’ DUMP’
I
TY P E OF TEST-FILE INTEGRITY , SPECIFY PATTERN OR GENERATE PATTER ”
S

BEGIN FILE NUMBER’
10
END F ILE NUMBER’
11

NUM BER OF PATTERN S’
.3

ENTER PATT ERN NUMBER I
1

EN EP PATTERN NUMBER 2

ENTER PATTERN NUMBER 2
4

ENTER PATTERN NUMBER 4
—9
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ENT ER PATT ERN NUM B ER 5
16

ENT ER PATTERN NUMBER 6.
—33

ENTER PATTERN NUMBER 7
64

ENTER PATTERN NUMBER 8
-123

MAX. NUMBER OF ERRORS TO BE PR INTED?
113

NUMBER OF WRIT E PASSES’
‘3

NUMBER OF READS PEP W R’1T E~
1

WRITE READ GOOD BAD BOARD WORD
PA5S PASS DATA DATA
F ILE NUMB ER 10

1 1 3. 8 0 13
1 1 —3 —1 1 1
I I 4 0 2 2
1 1 —9 —I
1 1 16 0 4 4
1 1 -2: -iS 5 5
1 I 64 61 6 6
1 1 —128 —1 6 7
I 1 1 13 8 8
I I — 3 —i 1 9
-1 ~-+.**f’~~x NUMBER OF ERPORS i0 *i~**

FIL E NUMBER 11
1 .1. 3. ‘3 0 0
1 I —3 —i 1 1
1 1 4 0 2 2
1 1 — 9 — 1 2 2
1 1 is ‘3 4 4
1 1 -

~~~~ —l 5 5
1 1 64 0 6 6.
I I — 129 —1 6 7
1 1 1 0 13 S
1 1 —3 —1 1 9
1 ****MAX NUMBER (IF ERRORS( I 0 )+s~ -+

A CCUMULATED ERRORS— 20
END OF TEST ON FILES 10 THRU II

READ ..WR ITE.TEST OP DUMP
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EXAMPLE OF GENERATE PATTERN TEST

I

TYPE OF TEST—FILE INTEGR ITY. SPECIFY PATTERN OR GENERATE PATTERN’
13

MAX NUMBER OF ERRORS TO BE PRINTED ’
3

N U M BE R OF W R I T E F’A25E5
9

NUMBER OF READS PER WRITE ’
1

W RITE R E A D  I300c, BAD BOARD WORD
P458 PASS (‘AIR DATA
PATTERN NUMBER 1
WORD’3= ‘3. L.JORDI= —1.. ET:
FIL E NUMBER 488
I 1 — 1 —2 ‘3 47

TOTAL ERRO RS 1
ACCUMULATED ERRORS— I
PATTERN NUMBER 2
WO R D’3— -1 WORDI= 0-ETC

2 ~ ++** N O ERR0RSs~ -++
PATTERN NUMBER 3
WOR D’3 = — :36. ,  WORD1= —86, ETC

3 * + * ~~4N(’ ER P O R S +* ~ .*
PATTERN NUMBER 4
WO RD0— 85-W0Rt ’~~= - 8 5 - ETC.

4 ~
$
~~~~NU ERRORSI’~~’9

PA T T E R N  NUMBER 5
WIJPDO= ~i, L.1’: Rc l=  ‘3. ETC

5 P~~~~NO E R R O R S + + . 4
PA TTE RN NUMBER 6.
W O RO0- -1. WORC’l= -1. E T C

5 ** -* * *NO ERROPS*~~’-~
~1BM FILE INTEGRITY TEST

W R I T E  READ GOOD B--A D BOARD 14/3RD
P455 PASS DATA DATA
FILE NUMBER 231

1 1 25 17 1619
TOTAL ER R O R S  1

W R I T E  R E A D  GCII:ID B-AD E:UAR[’ WOP C’
PASS PASS DATA DAT A

.3 1 ***N’3 ERRQRS*~~*ACCUMULAT ED ER RORS— I

WR ITE READ GOOD BAD E. :rARC . WORD
PASS PA S DATA DA T A
PATTERN NUMBER 1
W O R DO— 0. WORDI~ — 1. ElI:

9 * * $ 4 SN I )  ERR OR S9-++s
T O T A L  ACC IJM IJLAT ED EPPI:IP- = 2
END OF GENERATE PATTERN TEST

READ . WR ITE, TEST OR DUMP
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EXA M P L E OF F ILE I N T E GR I T Y  T ES T

I

TY PE OF TEST—FILE INTEGRITY.. SPECIFY PATTERN OR GENERATE PATTERN?
F

MAX NUMBER OF ERRORS TO BE PRiNTED?
3

NUMBER OF WRITE PASSES”
2

NUMBER OF READS PER WRITE ?
2

MBM FILE INTEGR ITY TEST

WRITE READ GOOD BAD BOARD WORD
PASS PASS DATA DATA

1 1 ***NO ERRORS***
I 2 -~~ *NO ERRORS -4’I’+-

W R I T E  READ GOOD BAD BCIARC’ WORD
PASS PASS DATA DATA

2 1 ***NO ERRORS**#
2 2 i.+#N0 ERRORS***

AC CUMULATED ERRORS 0
END OF MOM FILE INTEGRITY TEST

READ, WRI TE . TEST OR DUMP
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FINAL MASK
MODULE 74-36-01 23MAR76 12:38:17 TEMP 1

0080 0200 0200 0000 0000 0200 000C 0000 0008 0007 NBIT 7

PULSE PARAMETERS

FUNCTION LEADING DURATION AMPLITUD E
EDGE

REPLICATE 5148 NS 1560 NS 132 MA
ANNIHILATE 3432 NS 4680 NS 60 MA
GENERATE 312 NS 468 NS 265 MA
TRANS OUT 1092 NS 1716 NS 43 MA
TRANS IN 4680 NS 2496 MS 30 MA

MODULE 74-36-01 23MAR76 12:38:20 TEMP 1

- 
- 

142

1
_ _-



APPENDIX X
MBM MAP FOR 1702 PROM

143

. -



- -

_ _ _ _  

- + 

~~~~~~~ACT I CABLE

_ 1
_______  _______  4; ~ I -• I

T~~~~~~~ 
+

H~ 
4~~H ~~ -;:±t~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
- F’ ~~ ~~~~~~~ - ~~~ -~. ~~~~~~ 

- $ r
if - 

0 -. -~ - I .i-~1~_- ~P I -

~ ~~~~
t -

~~~~~ ~~~~~~~~~~~~ kL.4
- 

F~Y’ 
~ 

-
~~ 

- ~~~~ I ~1t. - .-~ ~ U
:~‘ T~ I ~~~TT ~ :. ~~~ ~~I ~

.- -1
F’? — 0 ~~ ~ I 2?rr ~“8ft/ 5/,V

J~. _ 4~ ~~ ~~, -. I -, 
~~~~~~~~ 

-
~~

-
~~~~

- a 
~~~~ L u.

~~~~ l e  1’l ’l.”t”T. ~
‘ ‘1,”.~, I

- I 
~~~~~~~~ ~~~ 

‘‘t ’ 
-~~~~~ I 3 7Ø-~~~Ø~

- 4.-’ - - - Wt~~ .24. ~~~~ . ..S’ 4 ~~ ~~ -o4 —
— - ~. -~ -~ - P(4.. , 4  ~~ 4 0 5 ~8.~?i-CO3~1L ‘0 I L:. ~ ~

IJ,~ 
,? 1~~ ~~~~~~ -

. 
- ~~~~~

fi F~ .1 1 . 4
.

4 —

~~~~~~~~~~~~~ ~~~~~~
0

~~~~~~
- J

~ ~ 1 ~ ~~~~~~~~ .

1- 
~
‘ ‘

i “
~~~~ ~~~

‘ ‘ I i  I l l  ~.j~~~ ~~ t- -~ -~i~ ~~; ~~~~~~~
., ~L’~

~~~ 
I~~~ I

I ot~~~~~~~~ ~tj ~~~~
t
~~’ _ _ _ _ _

~ 1”r o f ~t0- 

~~~~~~~~ 
~~~~~~ 

-~ . T I 
- — : -

* .
~~~~~~~4~~~~~E: ~~~I

-
~ 

— -t-4 
~~~~ - 

F74 3 , 2~

4 4  4 1 . -~ I I
~~~~ 

‘

~~~~~ ,:~: 
~~~ ‘,~~j . :r:;O

i~ - -~k- * 
O~ - - -~

- . - - .

‘~~r ~.5_IP.4 _ 1 L . . j i. ,,.i ~~~
-
~~.:-:./ ‘~~~~~~~~~~~~~~~

-
~~
‘

- — - - — r~ ‘.-~~- :4~. -~---~ ~~ mw&w?v C~ ’~ —/
~~~~~~~~~ 

° -
.
~~ ii:.

I : . . T  t’H.
-
~~ ~~~~~~~ ~ -

~~ ~ T1 ~ ~f r ’  -
a , ,~~~~

~~ ô t t f -
~ 741 o i I ~ o

-

~~~ ~‘ ~~~‘ 0t’ó 011 0
0 ~~l 4 TA Y~~ 0t~~o I~
~ ~ .~~~ ,‘ ~~~ o

. 1 :~ it . L
I 

~~~ I - OTO

.
~ ± _ ~~

‘ ‘ - - t ’ i ~i.

144

- - - . 5 .  .5. ‘— - - .5 —- .5- --- - -



APPENDI X XI

PROM CODE FOR FUNCTION TIMING GENERATOR

145



U)

cc cc cc cc cc -~~ cc 0 cc cc cc cc cc cc cc 0
0 0 0  0 0 0 0 -~~ C) C’4 0 0 0 0 0 0

0 0 ~~ -~
- C cc — “I tI~ C) cc 0 —? -~~ 0 0

0 00  .- .-~ cc (-.i 0 .-4 —4 C) (‘4 0 0 0 0

cc cc cc cc cc 0 cc cc cc cc cc cc cc cc
C 00  0 0 0 0 ‘-4 0 0 C C) 0 0 0 0
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RD7/ 1 1 26-M286
16 August 1977

MEMO TO: Gerald Cox cc: J1126
Texas Instruments C.A. Snyder

T .C. Moore
FROM: Larry Bulduc , Develco

SUBJECT: Magneti c Bubble Memories

Under a separate cover , (9) TBMOJO1 memories - 8 of which ~re on boards -

are being returned to you for reevaluation.

Our tes t cons i sts of 8 patterns each of which i s repea ted every 8 wri te
cycles. The pattern values consist of 1 or 2 8 bit words which are re-

peated in a file (8 bit wide system).

The patterns are as follows :

Pattern Wor d ~ Word 1 Reason

1 ØØ~ØØØØ~ 1111 11 1 1 Test for Al ternate minor loop

interference

2 11111111 Ø~ØØØ~,øØ Complement of Pattern 1

3 1010101 0 101 01010 System noise test

4 01010101 01010101 Complement of Pattern 3
5 00000000 00000000 To discriminate between system

noise and e ffects of enti re
bubble  in  ‘I s tate

6 1111 1 1 11 11111111 Complement of Pattern 5

The above 6 patterns are wri tten and veri fied a number of times into each

file individually (e.g.; file numbers > the test file contain the last

test pattern).
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Patterns 7 and 8 are for testing file integri ty.

Pattern 7 writes 4 bytes (to the 8 wide memory) which are repeated for

the 144 bytes/file.

The four bytes are file address based

Word 0 - High byte of Address

Word 1 - Low byte of Address

Word 2 - l’ s complement of Word k~
Word 3 - l’ s compl ement of Word 1

Pattern 8 is the complement of Pattern 7 (e.g.; Word 0 ~- Word 2,

Word 1 ~~
- Word 3, Word 2 — Word 0 and Word 3 ~- Word 1).

In patterns 7 and 8 the entire memo ry is written first. Then each file
is read 1 time in succession. The entire memory is read a specified

number of times.

On August 5 - August 7 a test was conducted writing into the entire memory
610 times and reading the entire memory six times for every write . This
would test each pattern approxima tely 78 times.

The number of bits read calculates to be

8
3.4 x 10 /board

9

or 2.7 x 10 /system.

A total of 112 errors were recorded on 5 of the 8 boards. This does not
incl ude successive errors of the same bit on the same write cycle but only
the fi rst occurrence .

Overall analysis of the test is shown in Table 1.
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Repetitive errors occurred at the following word numbers (0 - 143)

TBM Word # # Frequency
S/N

72-63-06 11 10

54 -24-04 32 2

54-24-04 96 2
54 -24-04 116 2
54-24-04 124 2

78-13 -15 97 2

78-13-15 69 2

It is believed that the reoccurring Word errors on boards 4 and 5 are
wi thin normal probabilit ies for the number of failures. However it is
also believed that Word 11 on Board 5 is bad.

Only 3 instances of file reoccurrences were found , each having a frequency

of 2.

IBM Fib # Word #
S/N

78-13 - 15 0 40 & 24

72 -63-06 295 11

72-63 -06 369 11

However the frequency of errors did tend to increase with the file number
as shown in Table 2.

Our current measurements on these boards are shown in Table 3. x and y

coil currents were measured at 12.5 V . all other currents are at 12.0 volts.

In order to insure the above result s were not our system problems , the
(4) lowest error rate boards were exchanged with the highest error rate
boards.
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The test was repeated for 100 write cycles. All errors moved wi th the
bubbles and bubbl e boards. No errors were detected in positions pre-
viously in error. It was there fore concluded that the cause of errors
were not related to components or wiring in our system which are unique
to each bit position.

If you have any questions please call me at (408) 734-5700.

Again I would like to repeat that your expedient attention to this matter
is of the utmost importance to us in completing our report, in that we
wish the report to be as complete and accurate as possible.

Larry Buld uc
Project Engineer

LB:n lh
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TABLE 3

CURRENT (mA)

MBM I I I I I I I
X Y XO XO R A

S/ N
72-63 -06 -i47 Q .t480 39 28 120 55 240

74-36 -08 ‘460 ~475 39 28 116 55 245

72-53-li ~465 ±480 39 25 120 56 230

54-24-02 ±455 ±475 38 29 120 55 230

78-13-15 ~46O p485 40 30 122 57 235

68-94-00 ±455 ±480 40 30 124 58 230

74-36—01 ~465 ~475 40 31 125 55 235

72-63-04 ~ 465 ~485 40 25 120 55 240
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RD7/l 1 26-M276
5 August 1977

MEMO TO: Gerald Cox cc: Jl126 File
Texas Instruments

FROM: Larry Bulduc , Develco

SUBJECT : Magnetic Bubb le Memories

Presently being shipped to T.I. are (5) TBMO1O3 memories which I believe
are defective.

Our findings on each are as follows :

S/N 74-19-12

Anal ysis - Minor Loop #114 defective in addition to original 13 bad loops .

Test Cond itions (mA)

~~ 47O

= ±485

230

I = 41xo

29

= 130

= 55

Coments - This mode of failure in the loop would not maintain a bubble.

S/N 74-24-07

Analysis - When writing all bubbles into a file exhibits soft errors at a
rate of 6O/.9x16’. This unit previously exhibited 0 errors in 8.2x10’ bits
when writin g 2 bytes of the file address and complement in each file.
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Example: Odd write passes ADDH
ADD

L

ADD
H

ADD
L

Even ‘rite passes ADDH
ADD L
ADD H
ADD J

Each wr i te was verif ied 6 times. In failure mode all bubbles were annihi lated ,
then each f i le was wri t ten ,read 10 times be fore proceeding to the next f i le.
Another unit was instal led in the same board and did not exhib i t  this problem.

Test Conditions

1 = 4 8 0  I = 30x X I

I
~ 

= 490 = 120

= 230 ‘A

Note : ‘R 
pulse width = 5.25 ~s.

S/ N_ 74 -20 -02

Analysis — Minor loops 107 , 115 , 116 , 117 , 127 defective plus “random errors.

Test Conditions

= 460 I
~~~~

= 29

= 480 I~ = 120

I = 220 I = 53
C A

40

Comments - Collapsing field produc ”d no improvement. Error rate >1/92 ,000.
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S/N 74-20- 10

Analysis — Random errors . Error rate approx. 25/5x105 before collapsing
field. Error rate = 12/5xl0 5 after collapsing field. Reduced error rate
obtained by increasing X , V coil drive. At 5~ over maximum spec error rate
‘315x10 5.

Test Conditions

Not known precisely but wi thin spec l i m i t s  for  25°C.

S/N 72-63 - 15

b n a ly s i s  - loops 124 , 140 defective. Ori ginally 12 loops defective .
Collapsing field reduced error rate f rom 4/5xl05 to 5/2.5x106 .

Test Condition

Not known p rec ise ly  but within specification limits for 25°C.

For your f u r t he r  i n f o r m a t i o n :

The bad loops in  t h i r t een  of the four teen TB~iO1031 s in our possession had
been written into. This was the result of an earlier discussion with TI
which at that time lead us to beli eve that it was allowable to write into
bad loops. (The one exception is S/ N 74-19-12 wh ich is being returned to
you .)

As a result I attempted c o l l a p s i n g  the fields in the TBF’10103’s that were
producing errors. The procedure was per your instructions in our telephone
conversa t ion  of 28 J u l y  77.

E.G. us ing  a magnet  w i t h  a f i eld s t rength  of 40 Oe or greater , in t roduce
the field pe rpend icu l a r  to the f ron t  surface of the  0103 at a d is tance
that  erases the bubbles.

This procedure worked on 3 of 7 units. The remaining 7 units were apparently
not affected by w r i t i n g  in  the bad loops as they have error rates of <l/2.6xl07.

Di gital t i m i n g  on our system was measured as fo l lows :

A l l  leading edges wi th respect to CXB

SIGNAL LEADIN G EDGE (;s) WIDTH (~is)

CXB 0 3.0

CYB 2 .5  3.0

CXA 5.0 3.0

CYA 7 .5  3.0
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SIGNAL LEADING EDGE (ps) WIDTH (u s )

Generator .125 .25

Replicate 4~75* 1.50
Annihilate 3.50 4.75

X0~~ 1.125 1.75

~~~ 4.75 2.5

Clamp .75 1.75
Strobe 1.75 .25

*Actual test conditions produced by original timing map supplied by TI.
Changed to 5.25 us afte r these tests .

Your prompt attention to these units wil l  enable us to accura tely complete
our report to our customer.

Original Develco P.O. #9786
Returned under TI RMR #DL 9190- lO

Larry Bulduc
Project Engineer

LB:lc
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