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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, undertaken 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 could be implemented when MBM production versions become available
in the near future. Although many companies are engaged in MBM develop-
ment, only three (Rockwell Internationa]f Texas Instruments, Plessy
Memories) have started selling prototype versions at this time. The
detail hardware and software design for the prototype memory evaluation
system was based on the Texas Instrument version because of its
availability and, more importantly, their approach seems to be the most
flexible for general applications. A comprehensive test program was
developed and used to evaluate the memory subsystem with favorable
results. It is our conclusion 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
GENERAL

Magnetic Bubble Memories (MBM) are solid state devices in which informa-
tion is stored in the form of a small cylindrical magnetic domain, or
bubble, of opposite polarity to the thin layer uf 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 othersl, and
there are now numerous companies actively engaged in the development of
bubble memories for applications ranging from mass memory to digital

recording systems.z'3

Two companies, Rockwell Tnternational 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.qg.; 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 characteristics, relatively low
power consumption and solid state construction, MBM's have excellent
potential in field data recording applications. Therefore, this tech-
nology could have a significant impact on the Defense Nuclear Agency's
(and others) field 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 specific
recommendations on data acquisition applications and system designs
that could be implemented when MBM production versions become available
in the near future.
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1.2 MBM CHARACTERISTICS

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 1ike a standard Integrated Circuit (IC) so
is inherently quite rugged if the coils are suitably encapsulated. A1l de-
vices 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 well 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 bit
major/minor loop arrangement, and others. In addition, there may be one
or many chips located within a bias magnet and coil set. Each configqura-
tion has significant 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
described in the literature; see the references and Appendix 1.)

Present manufacturing technology 1imits the capacity of practical in-
divisual chip sizes to about 100k bits, but this is expected to grow
rapidly. Thus, 200k bit chips will be available soon, Megabit sizes
are forecast for the not toodistant future, and 10M bits should be
achieved by 1982. Operating speeds of present devices are primarily
limited by the resistance and inductance in the coil drive circuits
which constrains most practical 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 device 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.




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 this 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
high temperature operations to a 1ittle 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 achieved 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 MBM's could not also be operated at
these levels.

CURRENT MBM ALTERNATIVES

The Rockwell International (Autonetics Group) development work has
emphasized digital recorder subsystems. Their first commercial version,
the P0S/8, is organized as a 100k byte (8 bit word) endless loop re-
corder (Simple Single Shift Register), achieved by using 8 chips within
a common magnetic bias and drive assembly, that can operate at a max-
imum rate of 100k bytes/second. In addition, they are developing a 10°
bit recorder (achieved by large chip arrays) which can operate at a

IMHz to 2MHz rate (achieved by multiplexing) for NASA. 3 Although all
memory functions are self-contained, external digitizing, multiplexing,




and control circuitry is required for use in a data acquisition system.
The P0S/8 is moderately expensive (around $5,000 in small quantities),
but it clearly will find use in some field applications, especially
those that can use its capabilities directly, because of its current
availability and relative simplicity. However, it is unlikely that the
simple serial shift register will be implemented in future higher den-
sity chips so growth potential, except through the series addition of
chips, is limited. Also, the "hybrid" chip packaging approach has
limited flexibility for designing integrated general purpose, low cost
data acquisition systems.

Texas Instruments and Plessy Memories, on the other hand, have empha-
sized the single chip approach that is similar to conventional semi-
conductor memories. That is, each chip has its own bias magnet, drive
coils, and external shield in a relatively small dual-in-line type
Integrated 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 Tong term price advantages
too since this form is more likely to be mass produced, and to have a
family of LSI interface devices. There is an efficiency penalty in
that more space and support circuitry is required, but the advantages
outweigh the problems in many applications.

A more significant problem in data acquisition applications is the fact
that the primary market for the single chip devices is as a replacement
or alternative 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 straight high speed record-
ing, will predominateuntil the projected radically different high speed,
high density future generation versions emerge from the labs of Bell
and IBM. This is further complicated, in the T.I. 92k bit multiloop
device at least, by the fact that 13 out of the 157 minor loops are
allowed to be bad to compensate for manufacturing yield probléems.




(Even when the yield is improved on current low density devices, the
push to higher density will keep the problem around for awhile.) It is
necessary to keep track of and bypass these bad loops in addition to
the normal minor loop transfers, etc. Thus, in straight recording
applications a significant amount of additional control circuitry is
required to deal with the multiloop structure. However, in advanced
data acquisition systems there will be microprocessors, used for auto-
matic data processing and formatting, etc., which 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 lower capacity. However, they will follow this with a
64k bit multiloop 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
likely that the discrete devices will be most useful in the long run
because of their inherent flexibility, e.g.; many applications can get
by with a serial rather than 8 wide organization. Further, the
Rockwel11/NASA work has amply demonstrated the advantages and drawbacks
of the simple shift register architecture in a multiple chip package.3'5
Because the Texas Instrument device was the only "discrete" device
available 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 T.I.
major/minor loop organization (complicated 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 emphasize as a way to minimize access time,

10




1.4

particularly with higher density devices, for their most important
applications (e.g.; disc memory replacement), at least in first
generation devices.

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 timing, and keeps track of the read/
write operations. A direct MBM chip interface section provides the
input drive and output sense functions. T.I. supplies a circuit board
that emulates the functions of coil driver, function driver, sense
amplifier, etc., specifically for prototype evaluation. This circuit
board was used in the evaluation breadboard since these functions should
soon be available as dedicated IC's, and are not terribly 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 dependent on the application requirements,

and was the area of major emphasis on this program. For example, T.I.
makes a CMOS controller, but it only operates with one device at a time,
and cannot be used directly in 8 bit parallel operations. Since high
speed 8 bit (or more) parallel operation represents one important cate-
gory of data acquisition applications, and is the most complex with the
T.I. architecture, the prototype memory controller was designed for

this 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
acquisition 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 way to handle the complex
operational requirements of the MBM itself such as the major/
minor Toop transfers, skipping failed loops, etc.

11
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Figure 1-2. MBM System for data acquisition applications.
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By sophisticated control, we basically mean one that has the power and
flexibility of a Microprocessor Unit (MPU), or similar device. In
order to consider the worst case design problem, a controller that is
directly 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 with a minimum
amount of design and software effort. Even so, the resulting design

is fairly powerful on its own. For example, not only can it perform
the complex MBM control functions for a simple fixed sample rate
acquisition in its present form, it could be made to do responsive data
acquisition with additional software, or to do limited adaptive data
acquisition, event time, and address recording with some additional
hardware and software.

A First-In/First-Out (FIFO) buffer memory was also used on the proto-
type system to provide the required "elasticity" to deal with the bad
minor loop problem characteristic of the T.I. "prototype" MBM devices.
Note that this function can simply be eliminated when T.I. achieves
100% device yield as eventually expected in "production" devices. An
input/output (I/0) section is used to interface with a PDP-11 mini-
computer which serves to provide selected data pattern inputs for test
operations, and to dump data stored in the memory for all operations.
The computer also is very useful for analyzing the data, and as an aid
in trouble shooting 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
extensively in the following sections.)

13




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 conditions, 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 regardiess of whether the application is cash registers or
unattended data recording. MBM technology is radically different, and
in its infancy, so it is reasonable to expect that current technical
problems will be overcome in the near future. However, the ultimate
impact MBM's will have on the market depends to a very great extend

on whether they can be made cost competitive. For example, it is
estimated that 100k byte memory subsystems, based on production versions
of today's devices, could be sold for around $1,500, or about 0.2 cents
per bit, which is higher than most electro-mechanical methods. But,
forecasts show that 10M bit chips, and prices per bit of 0.01 cents are
possible by 1982, 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 competitive 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
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2.1

SECTION 2 - PROTOTYPE MEMORY SYSTEM DESIGN

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, Figure 2-1. The software consists
of micro programs for the MBM controller and PDP-11 programs for communi-
cations with the MBM controller. These items are discussed in more
detail in the following sections.

A Digital Equipment Corporation PDP-11/05 Computer is used as a means

of communicating 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) devices. Also, on the FIFO board is a Programmable

Read Only Memory (PROM) which contains information about the "bad" loops
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-11 sends the first word
containing the command and the two most significant bits of the file ad-
dress. When the controller receives the first word it sends an indication
to the PDP-11 which causes the remaining 8 bits of the file address to be
transmitted to the controller. In the case of a write-into-memory routine,
the PDP-11 sends data to the FIFOs until a FIFO Full signal is received
from the controller. It waits until 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-11 waits until a FIFO not
empty signal is received from the controller and then reads data from

15




the FIFO until the FIFO EMPTY signal is received. The PDP-11 then
waits until it has received 144 bytes of information.

The MBM controller board sends signals to the PDP-11 and other function
controls via 2 latches on the branch control board. After the con-
troller receives the instruction and file address it enables the MBM
boards and shifts the bubbles in the minor loops the number of times
specified by the file address. A Transmit 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
shifted 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 board.
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 the 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.1. devices. The controller then inhibits or resets all necessary
devices and waits for another instruction.

The Magnetic Bubble Memory prototype system is contained in a card
file with 14 card positions as follows:

(5) Controller Boards
(8) MBM Boards
(1) Spare

Each board plugs into a 44 pin wire wrap connector on the back plane
~here power inputs and most interboard signals are wired. However,
some inter-controller board communication is accomplished through
ribbon cables.

16
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2.2 DETAILED HARDWARE DESCRIPTION

|

Controller Board (Figure 2-2)

This section assumes familiarity with workings of the 2901 Four Bit

STice 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 specific
control functions and some having multiple functions.

BITS 0 - Data

BITS 0 - Data of Branch Address

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

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

BITS 10 - 13 "A" Register designation for the Microprocessor
or I1/0 control during an I/0 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 Controller. The 9408 determines the address

of the next instruction based on the instruction in bits 28 - 31
which permit the following types of instruction:

18
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Multiway Branch - The Tower 3 bits of the address are determined
by an external source (branch control board).

Unconditional Branch

Conditional Branch - Any 1 of 4 bits tested for True or False.
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-11 through the I/0 interface board. Selection of which
data are received by the 2901's is a function of other bits in the
word determining the type of instruction. 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.

Qutputs of the three 2901's are as follows:

a) 8 bits for control

b) Results = @ (Z bit)

c) Results = Negative (N bit)

d) Carry out on left shift (C bit)
e) Carry out on right shift (C bit)
f) Arithmetic overflow (V bit)

The V, Z, and N bits go directly to the branch controller which
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




1 Cn+4 of the most significant 2901

n

)

) Rj; of the most significant 2901
) Qs of the most significant 2901
)
)

w

Qo of the least significant 2901
Ro of the least significant 2901

[S2 I =

The R3;, Q3, Ry, and Qo inputs and outputs are also a function
of the word such that arithmetic shifts or rotates can be
accomplished.

Along with the 8 control line outputs two address lines PGM10 and
PGM11 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).

Branch Control Board (Figure 2-4)

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

Output data from the 2901's is clocked into 1 of 2 eight bit latches
as determined by the PGM10 and PGM11 lines also from the controller.
C2B outputs go to the PDP-11 through the I/0 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

D 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




THIS PAGE IS BEST QUALITY PRACTICABLE

FROM COrY FURNISHED TODDC ____—

L4

TL P

=
BRSSO |

| .
‘ - Ké.«li.L
T} OPOEr — e

N85 30

A g O O Y 30 T 5 B DM N U
JULEL.

Sl Ll

0 | aams [ ONMYa0 3105 10N 00 oy
_ TLTIOI-S ST e 6 e _Jroome
f Az on maa |on in3ar 3003 | 3zis —
v i - BON3 108
W t=¢ SNy 43INON3 ﬁ
Worsing omwiL = QiACBadY
v” 2ITTRUNDS Awowsjy 22550g oy | CELEICE) -
Jun .ﬂ.\.T\a L7 mvao
. Jive STviiim
JNI 0J13A3Q T (0#9-0) 7714 s N ¥
I1S3L002 A5 w PMT T4 .<.N~R.\.§k
(704 ST WS S/ AdKexx) DISH N1 ZLINIWIT
A NOLYTIY DIS0r 5,/
e e VIR e e e e
/ 1 [ l [ [P haschld
(SR R e ST SO Pl SN S AN
4 " 1 i
ki _\ A,.. ' ] - ot L (R-FE]
\v & . g |
It (zo01)'a
L = - . s e LTS vt
( [ o, IJ__ el !L‘ = By 7o)
4 1 ~ = A L
St am— — _— SN § VEN— — | I % - —_— ——
\ v — — RN
i ' NIAS
! | Buﬂ#
|
- 1
cr o - \ ~x
e o s e b e T -
g @ Q\Y.L...I i I L e A\R‘.!\h\ﬂu\sﬁ QMOWW
e N | L e 2
| | [ 4. ._\ ] j | sip— j 5¥vEs — axy
e —— = e e %
—— - | . £ -— — » — - A‘uu.q..:\ s/ «uhkyhnvmrmb 2
— ork . ;
n [ n T T )
— —— Or 4 - —t T R
s .\'ﬁ.ﬂﬂ,l. 470K
g oL = N e o i e
o S 4 1 ) ol 7 MR Gy . SCHORE SR § e TR | Tl e
i~
r r r e | 1 P75}
i S B RGE g | 1S T GOSN T SRS SN VS R DO VRN SRSy (R
= 4 - - - o | =
r ) % 1 o 1 1 T 1 1 g
J > \_, _ — e sﬁ - — L L 3 i — ,— _,. \— d.tl.\.m , _.JVII'A 1—l|74 A_r'|l P, r’_lﬁ. o
[ a2

PSR I G S N e NS
s

A




|

ABLE

M COPY FURNISHED TO DDG e

THIS PAGE IS BEST QUALITY PRACTIC

FRO.

(sason
0 133ks | ONiMVEQ 31WOS ION OO | V% NOU Y Y = o o :
ASSY 0N WO QIsh 3 % ,vw.cf& ;
< i TR 1NdIn0/inenNr L
B ©eT901-9 |2000E | D e e ai
[ nau ON M&0 | ON IN3OI 3000 | aDS :
< WON3 1084 Sias
INION R
[ waw - WIINIONI 2l .:l.,....tld.nq i
3 L - 7180
d 9 £ g
3 TONLINOD HONYHG es..ts..a« ahll 2
Y w——d v 189
[ LR SRS s NMYEO e A - e
3ivo SWLW | ;ln » 180
' —e 1
*INI 0213A3a = e
-2 84nbiy 1
L Lol = e — | |
Ti [reesess -
EE R —
WO g
: i — O v
=P
ELL
Rl
LTS
I
Sk T ev.
es.
L Lo (L
" @L
2w g ls
R4 L 28
86
5 E3-18
b e 2981
= W 1994
i S 204L
AS+ pgr bt i
o 1
O e B
. poe S
o,
s . .., A...ﬂr; " o ,
weg - 3 2 ,
s e
tadd | T -
7
Ss4 s 4 = s
NIga 215> “- - 3
s Do 265 “r - - -3
AT BN Jo) E¢> & 3
N ey pEI> o - &
L IR S 890 p - 7] (rwa>
nd yox e3> “< ol ‘4. v
(' @3) ¥ = - o c
13085
= 5
~os g N o T
e ™ >z = 7 or
o > Z TV, Ed Rl
i . k p = = s §972
; > 32 = {» vezo
s s M S92
[ ’ i3 3O - i as
- (N2 MY @ i3 = 94 i
| (3 w2 ¢ "id .
s o/ ’
i — A S A — VRIS, S,
31¥0 [waav [ 0%3 | muo  wouswse | uve s
g 3 g SNOISIA TN




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

up to 8 input commands from external sources which would determine
the function of the MBM controller. Presently only two inputs are
used (Read & Write). However, another device with higher or lower
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 and set control lines. Branch addresses 4 and 5
allow the PDP-11 to indicate when data is ready for the controller,
specifically the 2 portions of the file address.

FIFO Board (Figure 2-5)

The FIFO board mainly consists of eight 9403 64-bit First In/First
Out registers, six 74157 Quad 1 of 2 data selectors for the FIFO
clock and data control, a 1702 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 into the FIFOS via control of Ul and U2. In the
case of write-into-memory, data are entered from the PDP-11 through
the DATP-7 lines. In a read from memory process data are clocked
in from the MBM boards via the MBOP-7 lines.

Data are clocked out of the FIFOS to the FFOP-7 lines (to PDP-11
in read mode), and the GENP-GEN7 gates (in the write mode). The
GEN signal comes from the timing board when enabled.

Four of the 74157's gate the FIFO input and output clocks. During
the read process the input clocks are controlled by the 1702 PROM

Map data, and during the write process the output clocks are a
function of the 1702 PROM Map data. The RCL & WCL clocks are 400ms
pulses generated by the PDP-11. The W/R line controls the switching
of all 74157's. The address clock (FFCL) for the 74161's is generated
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 1's

and 13 @'s in each bit position. The @'s indicate bad minor loops.
For instance WORD @ may consist of minor loop @ on boards 1 - 6,
minor Toop 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
writing 1's into bad lToops which is not allowed.

When the FFCL 1ine goes high, the address counter is clocked and

the appropriate pair of 74157'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
input 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-11 via the I/0 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 PDP-11 in loading or unloading the FIFOS during the
Write and Read processes.

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 TCX0. 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
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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 interleaved
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 .125us increments, and all
signal durations are in multiples of .25us.

The timing board has 8 inputs and 14 outputs. The inputs are as

follows:

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) DATEN - Enables GEN output and FIFO clock
8) GC50 - Enables Strobe and FIFO clock

Inputs 3 - 8 (above) are clocked into a 74174 6-bit latch. The
outputs are as follows:

A) BDEN - MBM board Enable

B) 8MHz clock

C) CXB - 0-90° of the coil drive

D) CYB - 90-180° of the coil drive
E) CXA - 180-270° of the coil drive
F) CYA - 270-0° of the coil drive

G) FFCL - FIFO clock

H) GEN - Enables Generate gates on FIFO board
I) XOUT - Transfer Out

J) XIN - Transfer In

K) REP - Replicate

L) ANN - Annihilate

M) STROBE - Data clock for MBM board
N) CLAMP - Sense amplifier control
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I/0 Interface Board (Figure 2-7)

The 1/0 (Input/Output) interface board interfaces the PDP-11 to
the controller boards. The PDP-11 interfaces to the controller
through a Digital Equipment Corporation DR11-C general device
interface.

A11 Tines on the I/0 board are terminated with 120 ohm resistors to
reduce the rise time of signals, and thus reduce cross coupling
noise over the 25 feet of interface cable to the PDP-11. A1l
inputs to the I/0 board are terminated with diode clamps to @ volts
and +5 volts, as are the inputs to the DR11-C to limit voltage
transients to .6 volts within @ volts and +5 volts. Other in-
dividual signal functions were slowed even more by capacitors if
they were found to be excessively noisy.

The Read Clock (RCL) and Write Clock (WCL) are 400ns pulses
generated by the PDP-11, and correspond respectively to the New
Data Ready and Data Transmitted signals from the DR11-C. These
signals are gated by C2B6 and C2B7 controlled by the MBM controller
board.

The least significant 8 bits of input and output to/from the PDP-11
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 DR11-C. Two other inputs are wired to

the CSRP and CRS1 lines of the DR11-C, but are not used. Another
3 Tines go to the IN8-IN10 1lines 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 DR11-C (OUT8-0UT14) 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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Bubble Memory Board (Figure 2-8)

(Refer to the Timing Diagram, Figure 2-6, and the current MBM
Specification, 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, bubble function
(generate, transfer, etc.) controls, and sensing.

The current in the X and Y coils controls the shifting of the
bubbles in the TBMO101. The currents in these coils are controlled
by the CXB, CYB, CSA, and CYA input signals. The alternating
currents in the coils are produced by two 75325 Field Drivers and
diode matrices at their outputs.

Individual control of bubbles is accomplished by driving three gates
with a specified pulse width and current amplitude. The three
control gates are Transfer, Replicate/Annihilate, and Generate.

The five 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-
mining the amplitude 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 high. During
the Write process the Gen 1ine being low will cause a bubble to be
created. During the Read process the presence of a bubble will
produce a lTow output. '
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2.3

Z.3.1

DETAILED SOFTWARE DESCRIPTION
This section will discuss in detail four items:

1) PDP-11 Programs

2) MBM controller micro programs

3) MBM map programming

4) Timing control program .

Items 1 and 2 are interrelated in that each item relies, in part, on
the other to produce specific signals as a result of the programming,
i.e.; it is a handshaking process. For sections 2.3.1 and 2.3.2 it is
assumed that the reader has a basic knowledge or understanding of soft-
ware. However, it may be helpful to refer to the Digital Equipment
Corporation handbooks, references 7 and 8.

PDP-11 Software

General Description - The programs for testing MBM's and communicating
with the MBM controller were written in two computer languages, 1)
Fortran, and 2) PDP-11 Assembly language. The reason for this is that
direct communications with the MBM controller requires the setting

and clearing of bits which is more easily accomplished in Assembly
language than in Fortran. However, Fortran facilitates easier
analysis of data and implementation of test programs.

A. Fortran Program (Appendix IV)

The Fortran program has four main functions which may be selected
at the start of the program.

1) Write - Writes 144 ASCII characters from the keyboard to a
specified file in memory.
2) Read - Reads 144 ASCII characters from a specified file in
memory and outputs them on the teletype.
3) Dump - Performs 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 all files and then all files 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-
merted, e.g.; on the first and every other write pass the
patiern is as follows:

High byte of address

Low byte of address

Ones compliment of high byte of address
Ones compliment of low byte of address

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

Word 0 = 0, Word 1
CompTliment pf 1

) -1, Word 2 = 0, etc.
)

) A1l words - -86

)

)

W N -

Compliment of 3 (A11 = 85)
A11 words = 0

(2 I =
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6) A1l words = -1
7) File Integrity Pattern
8) Compliment of 7
NOTE: Values are 2's compliment decimal value of
binary pattern, e.g.; -1 = all 1's, etc.

The above patterns were designed to test combinations of all
or alternating bubble patterns in major and minor 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, Test, 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 wili be asked;
What type of test? The answer may be “S" (Specify Pattern), "F"
(File Integrity), or "G" (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
subroutines were not used. Instead, two control words were used
for program control - KNTRL and KNTRLQ.

The common section of the code used by all three test routines is
between 714 and 762. If it is an "S" type test both control words
= 0. If it is an "F" type test, KNTRLP = P. and KNTRL = +1 or -1.
If it is a "G" type test. KNTRL = @, and KNTRLP = 1 - 6 for the
first six patterns. For patterns 7 and 8 KNTRL = -1 or +1 and
KNTRLD = 7.

When a "S" type test is requested the program 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
questions are:

The first and last file numbers to test.

Number of byte patterns and their values.

Number of errors to print.

Number of Write and Reads/Write Pass.
By Tine 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 "F" or "G", lines 2009 - 3002 ask the common questions needed
for both tests,

Number of errors to print.

Number of Write and Reads/Write Passes.
Both tests automatically test all 641 files.

If the type of test is "F" 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




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 will go to
3500 where conditions are set for the read process.

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

If the type of test is "G", program control goes to line 5000.
Lines 5000 - 5006 initialize control values and set up one of six
patterns.

Lines 6000 - 6002 set the values required by the common routine,
print the test pattern and number on the terminal, 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

accumulated, KNTRLP is reset, and control goes to line 9001. This
process is repeated until the specified number of write passes is

performed.

The common routine starting at 714 sets the A array to the values
in the C array modulo NUMPAT (number of patterns), and then calls
the macro subroutine (MACWRT), which writes the data into the
bubble. MACRED routine is then called, the data being sorted in
the A array.
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The A array is then compared against the C array modulo NUMPAT
looking for errors. If errors are found the board number (NUMBRD)
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.

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-11 word. This word is then
moved to address 1677728 which is the DR11-C output register.
ADDXMT then readys the second word which will contain the lower
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8 bits of the file address along with a branch control 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, MACKRT 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 loop 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, only 10
bit values may be accessed from PROM, and only 8 bit values are
available from the I/0 data lines.

The microprocessor 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 1/0) instructions,

it would be an extremely lengthy task to document the full capabilities.
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A functional description of the 32 bit word is as follows:

BIT NO.

0-2 Multiway branch control (will determine bit 0 - 2 of the
branch address).

3=9 Most significant bits of a Multiway Branch Address.

0-9 Absolute Branch Address.

0-7 Absolute Data when the data are from PROM and a shift
instruction is present (B21 set).

0-9 Absolute Data when the data are from PROM and a shift
instruction 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. Table 1 below
shows the lngic for this function.

*10 = 13 “A" Register Address designation if the source code does
not indicate the "A" Register address as a source code
(B23 = p).
10 - 13 I/0 Control if (B23 = 1) in which case the bits are as
follows:

B10, B11 Qutput Register Address
B12 Output Designation
B13 Input Designation
Note: 1I/0 instructions require that the Branch Control Instruction

(B28-B31) not be a conditional branch instruction (e.g.; -8 ).

H

*14 Carry bit - significant only when the Op Code B25-B26 is
Py 1y Or 2.

*15 - 18 "B" register address designation

*19 - 21 Destination Code
*22 - 24 Source Code
*25 - 27 Op Code
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**28 - 31 Branch Control

Appendix VII 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 limitations,
caution should be exercised under certain circumstances.

When using source codes 0, 1, 4, and 5 (Register at A address) there
may not be a read from the I/0 data l1ines. The data may only be read
from PROM.

When Toading 10 bits of data from PROM the destination code may not
be 4, 5, 6, or 7 since these are shift codes, and B8 and B9 double
as shift control bits.

When the instruction consists of a conditional branch, data may nat be
loaded from the I/0 lines. A write into I/0 control registers is 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 bit. Multiple
instructions must be written and each except for the last must not
effect the test bits.

The carry test bit (charted in Table 2-1) will be set or cleared as a
result of the operation if the Op Code is 0, 1, or 2, and the Source
Code is 0, 1, 4, 5, or 6. (Otherwise not effected.)

*See Appendix II (2901 Instruction Set)
**See Appendix IIT (9408 Instruction Set)
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Table 2-1. Table of carry control and shift control logic

INPUTS
Destination
Code (Octal)
(B19-B21)

S w N

> Q&R

6 « Q&R

Shift
Control
(B8, B9)

N = O X

o W

Cn+12
Cn+12
Cn+12
Cn+12
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RESULTS
Qo Ro Qn Ri:
NONE
3 e T
NONE
* # X —%
NONE
*— X * X
NONE
*— X X —X
S S Ro QO
s s R, Cn+12
s s R, N
S S Ro 2
ZS S ZRQ RO
zs & 2R, Cn+12
ZS S ZR, N
1S S ZR, )
Riy Qi 3 S
Riy 011 S S
] Qn S S
p Qi S S
z b, 3 s
z Ry 2 s
z [} 4 S
Z [} YA S




Table 2-1 continued.

S = Signal Source
X = Don't Care
Z = High Impedance State

Therefore, the following shift combinations are available

Dest. Shift

Code Code MNEMONIC
s+ o Ly — - HoTl OCR
s 1 B[R HCa FacH -
s 2 b . . T DASR
s 3 0 R H{ o Hc] DLSR
& iy R PJﬂE CIR
O S T T ROR
s 2 L aHT ASR
5 3 04 Pblel LSR
6 0 or 1 T(J—L_R_L Q k! DCL
6 20r3 Cgkq1 R kiq k— o DASL
7 Oor1 C _;J~{ R____ k- CIL
7 20r3,C%1 R___FO ASL
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The V (overflow bit) will be reset on the next instruction following
the arithmetic operation.

The Z (Results = p) and N (Results = minus) bits will be reset on
the next instruction, but may be set or reset accordingly by testing
the results during any previous condition branch instructions.

Therefore, if V is to be tested following an arithmetic operation, it
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 VIII is the listing of the actual program used in the proto-
type MBM controller. A brief description elaborating on the more
complicated instructions follows.

When the hardware is reset the branch controller sets the Program
Counter (PC) to Address . The instruction is a multiway branch
which will cause the PC to become any of the possibilities between
PP0 and PP7. The results of Op Code 43 and Source Code 35 is @,

Appendix II. The results are stored in both REG P (Destination Code
3 and B Address @) and I/0 control REG 1 (Bits 19 - 13).

When the PDP-11 sends a Read instruction (PC<PP4 ) or a Write instruc-
tion (PC«ﬂﬂZH), the instructions at both addresses clears REG 1 and
CR2. Both instructions are unconditional branch instructions which
will cause the PC<PP8 for Write or P8p, for Read.

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

Ps, Ps 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/0 control is Ou the results of the operation are not
stored.
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The subroutine at P50 receives the file address from the PDP-11,
shifts the minor Toops a number of times equal to the file address,
and determines the number of shifts that will be required at the

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 @50 is a BMW4 (BMW = Branch Multi-Way) instruction
which will cause the PC<P51 when the 2 MSB's of the file address are
present on the data inputs. The bits when received must be multiplied
by 2%. The instruction of @51 loads the data, multiplies R15 by 2 an
additional 7 times, and also signals the PDP-11 - data received.

Line P57 is a No Operation (NOP) instruction which puts the next BMW
instruction at a BMW base address (BO-BZ of address are 9).

The program waits here until the PDP-11 indicates the second portion
of the file address is ready, and then PC<{p53 where the data are '
stored in R14. @5A loads R4 with 641, which is the number of positions
in a minor loop. @5B adds R14 to R15 resulting in a 19 bit file
address. If the address is @ the minor loops are already in a

position to be transferred out, and the PC«p61. If the address # @
then the bubbles must be shifted a number of times equal to the file
address. 05D stores the Value §1 in CR1 which enables the timing and
MBM boards. P5E is a BSRP28 (BSR = Branch to Subroutine) (described

in detail below) which will return after a complete bubble cycle. @5F
decrements the file address. @60 decrements R4 which will become the
shift count after the bubbles have been transferred in at the end of
the operation. @6Q also tests the results of P5F, and if # P branches
to P5D. When the minor loops have been shifted as required, line P61
adds 4Pu to CR1 which enables the Transfer Out (XOUT) pulse from the
timing board. (62 executes a BSRP28H to wait for 1 cycle completion,
and then @63 loads R2 with 67., the number of additional shifts
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required, until the first bubble position is at the Annihilate/
Replicate port. @64 inhibits the XOUT signal. @65 - P67 shifts the
bubbles 67 times. Line @68 returns to the next instruction of the
calling routine either P81 or PP9.

In the case of Write, PP9 stores 42u at CR2 signaling the PDP-11 that
it has received all information and is ready to proceed, and sets the
W/R line to 1. Line PPA stores a 914 at CR1 which keeps the Master
Enable high, enables the FIFQ and the Annihilate gates. Lines P@B -
PPE shifts the bubbles 228 times annihilating bubbles present in the
major loop until the first bubble position is over the Generate port.
Lines PPF to P15 go through 157 cycles (314 bubble cycles) of enabling
the generation of a bubble in every other position of the major loop
while continuing to annihilate any bubbles which appear at the
Annihilate port.

Lines @16 to P1A inhibit the Annihilate and shift the bubbles an
additional 3@ times until they are over the minor loop transfer in
ports at which time @1B branches to common routine P4@ which will end
the operation.

In the case of Read, Subroutine P50 returns to P81 where P3 is stored
at CR1 enabling Replicate. Line P82 - P85 shifts the bubbles 19
more times and signals the PDP-11 that all data have been received
and the read process started.

Line P85 is somewhat confusing in that data to be stored and a
conditional branch address are within 1 of each other. The instruction
is literally interpreted as follows:

Load P83

Decrement by 1 (=P82h)

Store in R1 and CR2

Branch if R2 is # @ to Address P83
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Lines P§86 - 98D enables the FIFQ, keeps the master enable high, and
repeating 157 times (314 bubble cycles) enabling the data strobe every
other bubble cycle.

Instruction P8D loads R2 with 239 which is the number of shifts now
required to position the bubbles over the minor loops. Line P8E
inhibits the Replicate gate. PC<018 where the bubbles will be
shifted 239 times before proceeding to 040H to end the operation.

Instruction line P4P to P44 enables the XIN gate for 1 cycle, and
shifts the bubbles a number of times until R4 becomes @. The value
in R4 was determined by subroutine @50, and is the number ot shift
values required to return all bubbles to the same positions they were
in before the operation proceeded.

Instructions P46 and P47 clear CR1 and CR2 and return to instruction
P99 where the program again waits for a Multiway Branch.

Subroutine P28 consists of 2 Multiway Branch Instructions (@28 and §3@)
again at addresses where BP-B2 = .

The BMW1 instruction at P28 waits for the 270° signal first to insure
that the same P° is not counted twice. PC<P3@ where the BMW instruc-
tion waits for the @° signal and then returns to the calling program.

Magnetic Bubble Memory Maps

When TBMO101 MBM's are received from the Texas Instruments, up to 13
of the 157 minor loops may be marked as unusable. T.I. sends a comp-
uter printout of test data with each unit, which also includes their
map of the good and bad minor loops.
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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
occupies 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 consists of 10
groups of 4 hexadecimal digits with the last "digit" being always a

7 (if good) or F (if bad) since only 157 bits are required. When the
Hex map is converted into a binary map, 1's indicate a bad minor loop
position. 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 total number of bad loops.
Example:

1C04,0000,0000,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, 4,
5, and 13 are bad. (Starting with loop @) In the controller, words
0 - 11 would consist of minor loops O, 1, 2, 6, 7, 8, 9, 10, 11, 12,
14, and 15. Since only 9 loops were bad in this MBM, an additional
4 would be added to make the maps of all memories have 144 loops

marked usable. Therefore, the last group of 4 "digits" would become
007F.
n the 1702 map, bad Toops are marked by the presence of a 0. Ther

fore, the T.I. map must be complimented. Appendix X shows a samp e
System map used to program the PROM. (Rather then complimenting *hs
T.I. map, each position corresponding to bad loops are marked as
and all unmarked positions are interpreted as 1.) The & bit binar,
values are then converted to Hex for PROM programming.
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2.3.4 Timing Control Program

Appendix XI is a sample of the program in the 2 PROMS on the timing
control boards, each PROM having 4 bits of the 8 bit words.

Fourteen controls are contained in the 8 bits. This is accomplished
by interleaving the control bits (see Section 2.2.4, function timing
board):

| Data in even numbered words control 8 functions, and odd number words
control 6 functions. A table follows:

Table 2-2. Control Function

Bit # Even Word 0dd Word

0 Annihilate/FIFO Clock GEN

1 *PROM Address Counter Load XOuT

2 CXA XIN

3 CXB/Enable Latch Clock BRD EN LATCH
4 CYA Replicate

5 CYB *PROM Address

Counter Load

6 Strobe

7 Clamp

*AND Function

The timing controls from Address PP to 51 rotates the current vector
in the shift coils from the origin through 279° to @°. The timing
from 52 to Al is repeated until the B1BP line (BSS) is set to @ by the
controller. The instruction from A2 to FE returns the current vector

to the origin. FF unlatches the BRD Enable, and disables the address
counter clock.
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3.2

SECTION 3 - TEST RESULTS

OBJECTIVES

Since bubble memories have many new and unique 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,
several 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. System related factors
b. Pattern sensitivity
c. Operating specification marginality
d. Manufacturer's Quality Control
3. Determine 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, could
be successfully used for data acquisition purposes as they are.

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
simple software in the PDP-11, in order to locate controller hardware
and software problems. When the basic problems had been overcome the
software capability was increased in the PDP-11 which uncovered further
errors in the controller software and PDP-11/MBM controller communi-
cation noise problems.

As these problems were being solved it became apparent that the final
test software in the PDP-11 would have to provide some degree of
diagnosis on the errors detected. This allowed characterization of the
errors which in turn allowed the possible sources of the errors to be
identified. Because of the unique characteristics of MBM's, a number
of direct conversations 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 believe that writing into "bad" Toops was a "don't care" situa-
tion. The hardware was designed accordingly. During the evaluation
phase it was learned that this was not always so, and bubbles could
get trapped in the bad loops and cause problems. The hardware was
modified by taking the bubble map outputs and gating them with the
data and GEN signals to create the GEN signals for each memory. Also,
a procedure was verbally obtained from T.I. to eliminate any bubbles
trapped in bad loops, as a result of writing bubbles in them, that
might "migrate" or "seed bubbles" causing errors.

Restoration of a device so affected can be accomplished by collapsing
the bias field within the memory which maintains the magnetic bubbles.
The procedure consists of writing all bubbles into memory. A per-
manent magnet with a strength of >40/0e 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 until all
bubbles are permanently annihilated. Note, this procedure should be
used with caution. If the external field becomes to large, it can
reverse the internal field.

The restoration procedure produced only the "relative success" T.I.
suggested it would. For example, it was used on 7 units with error
rates >1 x 10°°, 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 considerably, and no errors were
found in 2.6 x 1077 bits.

Measurements on the control currents of the least improved memories
indicated that some were not within published operating specifications.
Further circuit analysis and conversations with T.I. indicated the

need to change the voltage on the control circuits and/or modify (trim)
the T.I. control circuit designs. The following changes were
necessary:

1. Increase X, Y control voltage to 13.5Vdc. (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 12.5Vdc over the range in values 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
engineering 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 kinds of problems are not unusual
at this stage.

The failure of the current control circuits to meet specifications lead
to scrutinizing the timing control where a conflict between specifi-
cations and the actual requirements were also found. The conflict was

in the leading edge timing of the Replicate pulse, generated by the

PROM Program (Section 2.3.4), which was found to be 4.875us instead of the
5.125us minimum specified in the MBM data sheet. Texas Instruments

could not tell us what was optimum for our units, and short term tests
indicated no effect so the timing was returned to the programmed value
of 4.875us.

It should be noted here that while the specifications were said to be
optimum for the units in our possession, T.I. was respecifying para-
meters for their latest production units. For some parameters these
changes were significant, relative to tolerances. For instance the
nominal Generate amplitude had changed from 250mA to 280mA which was
previously specified as a maximum. The nominal Replicate and Anni-
hilate leading edges had been changed approximately 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, during this period it was determined that the power up/down
sequence was critical. If the correct procedure was not followed it
was discovered that current pulses might occur in the memory causing
bubble annihilation or generation. A sequence, Table 3-1, was
developed 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 bubbles that may have been generated in bad minor loops.
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Table 3-1. Power Down Sequence*

1. 13.5Vdc (X,Y coil down)

2. TN (X,Y control logic)

3. +l2v (Memory control current source)
4. +5V (Memory logic)

5. +12v (Control logic)

6. -12v (Control logic)

7. =5V (Control logic)

8. +5V (Control logic)

*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
13ms dynamic period for a full memory (file) cycle the power peaks to
approximately 80 watts. Table 3-2 summarizes the power supply require-
ment for the present prototype system. It is possible to decrease the
power of the prototype system somewhat by using lower power equivalent
devices in a few limited cases. Lower power consumption is expected

to be possible in future operational system designs through the use of
IC versions of the interface functions, and use of low power devices

in the controller.

After the system and all parameters of the bubble control had been
examined and determined to be operating within the latest requirements
as specified by T.I., five memories were found to have various and
easily detectable problems as follows:

a. Three were found to have bad minor loops, in addition to those
found by T.I., yielding in excess of 13 bad loops.

b. One determined to be pattern sensitive.

c. One random errors 3/5 x 10" ° errors/bit.

In addition, another unit 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
in 25 - 30% of the units.

Also, two of the five units above exhibited decreased errors when the
X and Y 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 marginal
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 Supply Capacity*

Voltage Crain (Amps) Amps

+5 4.2 5

-5 .3 <5

-12%* .04 "

+12 <2 <9

+17 5 =

413, 5%*x 4.0 5

*Design Spec. Recommendation
**Used only by 1702 PROM Map

***May become 12 volts in final T.I. versions.
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3.3

In discussing these problems with T.I. they stated that they had
recently found an inability of their test procedure to detect a
specific type of problem. That is, devices in recent shipments were
founa to have inherent problems when stopping the bubbles in the minor
Toop because some bubbles tended to migrate. Our units may have had
similar problems. They also emphasized how critical three of the
control currents were. In order of priority they were identified as:

A. Transfer Out
B. Generate
C. Replicate

After reevaluating these characteristics, and satisfving T.I. that
their specifications were being adhered to, they suggested that all
units be returned for reevaluation. It was agreed that the above five
units would be returned immediately, and the remainder might be re-
turned pending the results of the final error rate tests. (The five
units were returned with a detailed report shown in Appendix XII.)

At this time it was decided to specify the final error rate tests
based on knowledge gained from previous problems.

ERROR RATE TEST PROCEDURE

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
unit, but to also allow some discrimination as to what caused 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 description follows.

Eight patterns are generated consisting of 4 base patterns and their

compliments. 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 extensive tests were conducted. In each case the memories were
read six times/write cyci=. Error printouts were limited to 5/file/
write cycle. The first test consisted of 2.7 x 10° bits read/system.
A second test was conducted after the highest error rate memory boards
were swapped with the lowest error rate boards. The objective here

was to ascertain that the errors were a function of the memory board
combinations, and not a unique characteristic of the system. This test
consisted of 3.3 x 10° bits read/system.

A report was prepared for T.I. in order to aid them in their reevalua-
tion of the units when returned at the completion of the error rate
testing. This report is contained in Appendix XII.

DATA ANALYSIS

A summary of the computer error printout is contained in Tables 3-4
and 3-5, which were manually prepared in order to characterize the
errors since the computer only prints an instant analysis on each
error and not cumulative 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. Migrating Error - This is a unique error type where an error was
detected within 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 existed.
Approximately 55% of the errors detected occurred during patterns

1 and 2. This indicated a sensitivity to patterns where alternate
minor lToops had a large majority of bubbles interleaved with minor
loops having a large majority of absence of bubbles. Another 30%

of the errors occurred in patterns 7 and 8. Since these patterns are
file address 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 loop
in which the error was found. The remaining 15% of the errors occurred
in patterns 3 - 6. Two other characteristics were immediately obvious
during the data analysis:

A. 90% of the hard errors occurred on the first read pass whi. would
indicate a marginal write operation.
B. 857% 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 high error rate stayed
with the bit position in the system. However, the errors in the latter
case have the same general characteristics as the others. This tends
to decrease the possibility that a unique position related problem
exists in the system, and tends to suggest that there may have been
some slight differences in the tests. These differences might include
ambient temperature, slight 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 5x 10°% errors/bit
Unit Error Rate - High 2 x 10°% errors/bit
- Low 1.6 x 10" ' errors/bit
Soft Error Rate 3x 107 errors/bit
Soft Migrating Error Rate 4.7 x 10°° errors/bit
Hard Error Rate 4.3 x 10°® errors/bit
Percent of Hard Errors
detected on 1st read 87%
Percent of Error due to
bubble gained 85%
It is important to note that although these rates are higher than the
specified soft error rate of 10" ? errors/bit and hard error rate of
107'° to 107! errors/bit, they would be acceptable in data acquisition
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 verbal report was received from Gerald Cox of

the Magnetic Bubble Memory Product Marketing group for T.I. The report
consisted of only general 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 units returned, for approximately 5 minutes, by alternately
writing and reading a "simple shift pattern." Their results and comments
on the results were as follows:

1. One unit had a Tow threshold sense amplifier (Motorola device) on
the memory board. They had previously identified this problem, and
are presently producing their own chip with a minimum guaranteed
sense threshold.
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One unit exhibited no errors.

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.

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

Only a general correlation between Develco's test results and T.I.'s
evaluation and previous inputs is possible since T.I. did not maintain

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

their findings confirm our test results in several areas.

A.
B.

They found 1 unit without problems which confirms our finding.

They found 1 unit in the last 9 returned with 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.
Seven of the units from the final tests exhibited generate problems
which created excess bubbles. This generally correlates with 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.

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 Toops.
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E. During the evaluation, they suggested the possibility that our units
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 confinec to noise and/or signal to noise
margin 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 currently making
and those purchased for evaluation on this program, which are due to
design and manufacturing problems. As a result of their evaluation of
the devices we used, T.I. recalled all the MBM's used in this program.
It is clear that T.I. has some more development work to do before their
MBM's reach production status. However, it is extremely important 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 this stage of development so the
industry could learn to use then.

c) The error rates that resulted from the prototype units used in the
final tests would have been entirely acceptable in many data
acquisition system applications

d) T.I. will undoubtedly solve the device probiems, and it is our

1

opinion that refined devices will be back on the market by the

1st quarter of 1978
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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's prototype versions can be successfully
used in field data acquisition applications. The relatively crude
architecture and lack of a full family of peripheral components for
presently available MBM devices makes design difficult and Timits
flexibility. However, advantages such as nonvolatility, ruggedness, and
relatively low power consumption make these devices useful even in todays
technology. Thus, we recommend that some first generation system designs
be developed now to take advantage of MBM features in special applications,
and gain operational experience. It then appears that the technology will
reach a level of maturity in time to coincide with the development of
second generation systems for broad based general use in the next 1 to 2
years.

As an example of the progress being made, T.I. has already incorporated 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 final, prototype units can now be obtained
(with a 16 to 20 week delivery) that have satisfactorily improved
performance. At present T.I. 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
not appear to be generally useful in data acquisition applications partic-
ularly for 8 bit wide storage. It is conceivable the controller could be
of use in limited applications whether for single channel serial recording
or where a poling arrangement can be tolerated in parallel applications.
Although some consideration has been given to an 8 wide, or byte, memory
controller, it is not expected one will be available in the near future.




However, the development of other support devices is nearing completion, and
it is expected that they will be available by late in the first quarter of
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 control current sources
including temperature compensation (range not specified) and the A
current/Atemperature requirements for the memory.

2. Two 8 pin DIP's with the coil drivers. and two with the diode packs
for the coil drivers.

3. One 8 pin DIP with a sense amnlifier that has guaranteed threshold
detection and the required output logic. This will also be available
in a 14 pin DIP that provides a tri-state output. An additional
8 pin Hybrid containing the sense amplifier RC, etc., components is
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
will have a fanout capacity of 17 T?L loads which will allow it to be
used directly in an 8 wide system.

The system design requirements for 3 cases of first generation data
acquisition systems using MBM's have been considered as discussed in the
following sections. The first 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 reauirements
and the fact that storage in the major loop is not possible in present T.I.
devices, it can certainly be used in a data system with a minimum of
additional development. An alternate configuration, also based on the T.I.
MBM, was considered to achieve a simplified controller design, more
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flexibility for strobed operation at lower data rates, and lower standby
power. Finally, a straight serial recaorder 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 PARALLEL PROTOTYPE MEMORY

The Prototype Magnetic Bubble Memory system was designed (in terms
of both hardware and software) to be easily used in a data acquisi-
tion system. However, several additions will be required to bring
the system from its present status to a field usable piece of hard-

ware. This would include the following steps:

1. Add an A/D converter board which could be the same as a modifica-
tion of the Mighty Epic Underground Telemetry System 2 channel
multiplex input and boards. Of course, other configurations,
such as multiple channel multiplexing, are possible, Figure 4.1.

2. Prepare the additional software required which consists of bubble
controller programs for multiplexer and A/D operation and PDP-11
Fortran programs for data printout operation.

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

4. Add a D/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 further modify the system to also allow variable
data rate input of < 20k bytes/second. To accomplish this each FIFQ
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4.2

register would 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 circuitry would be required, however,
256 bit FIFO's are available that will directly replace the 64 bit
units.

ALTERNATE 8 BIT PARALLEL DIGITAL DATA ACQUISITION DESIGN CONCEPT

A possible alternate design for a data acquisition system is shown in
block diagram 4-2. The concept assumes use of the T.I. MBM and
peripheral devices. The main objectives of an alternate design would
be to produce a data acquisition system with

A) Variable data rates within the limits or constraints imposed by
the T.I. unit, e.g.; data rates of 50k bytes/sec. or < 20k bytes/
second. (The gap between the fixed maximum data rate and lower
variable rates results from the fact that the major Toop 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 control design
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 <100mW (possibly at the expense of chip 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 programming PROMS
with a set of control sequences for each different type of operation
(e.g.; file add-on access, variable data rate acquisition, maximum data
rate, acquisition, etc.).
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4.3

The base address of the PROM is a result of the function input. A
command consisting of Annihilate, Generate Replicate, (etc.) bits,

and count value would be clocked from the PROMS to registers. The
counter would be decremented every 10us bubble cycle. When the counter
was decremented to 0 the next command and count would be loaded. This
process would continue until an entire sequence had 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 would serve two purposes;

1. To access a specific file number, and
2. To count the number of files recorded in field operations for
automatic shut-down.

In a data acquisition mode the entire system would be powered when

144 bytes were stored in the FIFO. The next sequential file in the
minor loops would be transferred out, annihilated, and then recorded
with the 144 bytes. Other data could be strobed into the FIFOS
simultaneously. The new file would then be transferred into the minor
loops, bubbles stopped, and the system would go into standby power mode.
This process would repeat unitl all 641 files were recorded at which
time all power would shut down.

CONTROL CONCEPT FOR A SERIAL ARCHITECTURE MAGNETIC BUBBLE MEMORY

The parallel digital recorders described in Sections 4.1 and 4.2,
although they have important potential applications, lack the
flexibility required for general use because of the limitations of
present major-minor loop devices for data recording use. Although
the major-minor loop configuration 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 several years until the others evolve to a point
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where they are easier to use. (We have just learned that Rockwell has
dropped its serial configuration, 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, considered a simple recorder type design, discussed below,
that sacrafices speed for flexibility and lower cost in an initial
attempt to achieve a general purpose machine.

The concept for a single serially structured bubble memory in a data
storage system is illustrated in the block diagram, Figure 4-3. The
concept assumes that data will be stored in serial units of 8 bit words
(bytes), and as a result of this the integrity of a byte boundry must
be maintained. The concept provides four main functions:

1. Read

2. MWrite

3. Erase

4. Return {(to start point)

An exclusive 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 stimulated from 1 of 7 internal selectable rates ranging
in decade steps from 1 byte/100us to 1 byte/100 sec. A cycle or ~
groups of cycles may also be stimulated from an external 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 control a multiplexer. After
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the number of bytes in a block had been counted the external strobe
would be returned to Togic "0" until the next sample was desired.

If an internal byte rate were selected, all noncritical devices would
be powered down at rates < 1 byte/100ms. This obviously would reduce
standby 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 the system to go into standby power mode when the strobe
cycle had been completed.

The control currents for the memory are provided by the memory drive
circuitry which would provide seven current signals to the memory.

The timing of the signals would be programmed into a 256 x 8 bit PROM.
Sixteen timing channels would be available by interleaving 8 channels
in alternate PROM addresses. Some of the remaining 9 timing channels
would be used for control timing, and some of these would also be
gated depending on the function.

An 8 bit counter, operating at 8mHz, would provide the addressing
control for the PROM yielding 1/4us resolution in the timing controls.
The PROM outputs would be stored in two 8 bit latches, each receiving
data from alternate PROM addresses. Some of the control signals would
be gated to the memory drive circuitry dependent on the function
signals.

A 16 bit counter would be used to count the number of bits processed
allowing end of memory detection. The 3 least significant bits would
be used to cause timing cycles in groups of 8 bits, thus maintaining
byte boundaries.

The system described in the diagram also provides for both digital and
analog I/0 interfaces. This would provide 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
entire memory had been accessed if the power override were turned off
after the system was initialized. The system would also automatically
shut down if the power source dropped below a level where improper
operation might effect data in the memory.

The block diagram may be simplified as follows:

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

B. Eliminating power control circuitry.

Further simplification in the control circuitry could be realized by
producing an 8 bit wide system. This would require the memory drive
circuitry to be produced 8 times which offsets the savings in control
complexity, but the maximum throughput would increase by a factor of 10.
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SCOPE

This specification describes the electrical, mechanical and environmental

characteristics of the TBM 0101 Bubble Memory Device.

GENERAL DESCRIPTION

The TBM 0101 Bubble Memory Device isa 14 pin dual in-line module
containing a 92K bit bubble memory chip, coils for providing a rotating
magnetic field, a permanent magnet structure for providing the required

static magnetic field, and a magnetic shield assembly.

FEATURES

92K bit nonvolatile memory

Occupies less than 0.5 cubic inch

Consumes less than 0.7 watts for continuous operation
Weighs less than 25 grams

Rugged package with self-contained magnetics
Major/minor loop architecture

Average access time (first bit) - 4 ms

100 KHz read/write operation

50 Kb/s data rate
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APPLICABLE DOCUMENTS

92 K chip specification TI Drawing No. SK 2007653
TMS 5502 Bubble Memory Coutroller Specification TI Drawing No. SK 200 7654
Schematic - Bubble Memory Card TI Drawing No. SK 2007655

FUNCTIONAL DESCRIPTION

Bubble Chip Operation

The 92 K bit bubble chip consists of a substrate of gadolinjum gallium

garnet on which is grown an epitaxial film of magnetic garnet material.

This film supports Sym cylindrical bubble domains.

Patterns of permalloy metal are deposited on the epitaxial film to define
the path of the cylindrical bubble domain in the presence of a rotating
magnetic field. As the field rotates, the bubble domains move under the

metallic patterns in shift register fashion.

A static magnetic field (bias field) is provided perpendicular to the plane

of the chip to control the size and shape of the bubble domains.

Control functions (i.e. generate, transfer in, transfer out, replicate and ‘

annihilate) are accomplished by providing current pulses through the

appropriate control elements on the chip. Current flowing through a con-
trol element causes a local alteration in the magnetic field. This field
alteration, in conjunction with the local permalloy pattern, accomplishes

the control function.

After generation, the bubble domains move 22.5ym during each rotation

of the magnetic field. Control functions must be timed to ensure that

the bubble domain has arrived at the proper location on the chip.
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To detect the presence or absence of bubbles, two magneto-resistive
elements are provided. These elements may be used as part of a bridge
circuit configuration which provides a high degree of noise cancellation

when used with an external differential amplifier.

Major/Minor Loop Operation

See Figure 1.

Bubble domains representing bits may be created under the generate loop.

These domains step through the major loop in the indicated direction.

When a data string has been generated, equal in length to the number of
minor loops (a page), and shifted such that the first bit is positioned over
the first minor loop, the transfer gate may be energized. This operation
transfers the page from the major loop into the minor loops. The data
now circulates in the minor loops. New data may be generated, shifted,

and transferred into each of 64l different minor loop page positions.

Data is retrieved by doing a transfer out operation when the desired page
rotates to the top of the minor loops. This moves the page out of the
minor loop structure and puts it back into the major loop. The page now
moves around the major loop in bit serial form until the first bit arrives
at the replicate/annihilate element. One of two control operations may

now be performed:

Replicate

If a replicate pulse is issued each time a bubble domain arrives at the
replicate/annihilate gate, each domain is stretched and cut. One portion

is diverted into the detector area to be read and the other continues
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Major/Minor Loop Architecture

Major Loop

(640 bubble

positions) Replicate/

Anchdite Detectors

| 87

|_— Transfer In/Qut

o
0
y
270°
. \ { Rotating Magnetic
1 S.s[s)0e wielvie 8l eieLe ielee 1 Field Orientation

K iy e A

Bias Magnet

J LJ d Field Orientation

157 ssesoscsoveonon oo 2 i

Numbers on chip are
given in field cycies
corresponding to overall

Minor Loops control timings given in
(Each minor loop contains 71
641 bubble positions

Figure 1
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5.2.

moving in the major loop. It is thus possible to read a page, recirculate the
information around the major loop and put it back into the minor loops for non-

volatile storage. This operation provides a nondestructive read capability.
8 P y

Annihilate

Annihilation is accomplished by applying a current pulse to the replicate/
annihilate gate that transfers the bubble out of the major loop and into the

detector track where it propogates off the chip.

5.3 Redundancy
To enhance production yields and reduce device cost, 144 of the 157 minor loops
are guaranteed to be useful. The user's system must insure that information is
not written into defective loops and it must ignore any information read from
these loops.
Defective minor loops result from manufacturing processes related to the small
geometry of the permalloy patterns. Defective minor loops are identified
during factory testing and in no way relate to a field failure mode. A map of the
defective minor loop location will be written into the device at the factory
before shipment. This map must be read by the user in order to implement data
transfers to the device.
S Device Capacity
Minor loop count (total) 157
Minor loop count (useful) 144
Minor loop count (unused) 13
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5.4 Device Capacity (Continued)
Major loop length 640 periods
Minor loop length 641 periods
Raw data capacity 100,637 bits
Useful data capacity (92 K bits nominal) 92,304 bits
Percent redundant storage 8.28 percent
Redundancy shall be implemented by avoiding the writing of bubbles into any
defective loop and neglecting bubble information read from any defective loop.
5.5 Performance Specifications at 100 KHz Operation
_Min Nom Max Unit
Average access time (first bit) - 4 - ms
Average cycle time (144 bit page) - 9.6 - ms
Hard error rate after N vyears - 1079 Na  errors/bit
residence time with operating duty
cycle 4 **
Soft error rate* ]0'9
Data rate - 50 - Kbits/sec
*Depends upon sense electronics and layout
**This 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.,
for N =1 and d = 1/100, hard error rate = 10711 errors/bit; for N = 0.1 and
d = 1, hard error rate = 10 'loerrors/bit.
5.6 Biag Margin
The chip shall have an operating bias margin of no less than 8 Oe. This
minimum margin shall be achieved under any combination of the parameters
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Bias Margin (continued)

specified herein, i.e., temperature, drive field, control pulse current

amplitude and timing, humidity and vibration.

6.0 ELECTRICAL
I 6.1 Coil Drive
The bubble chip is surrounded by two orthogonal coils which, when driven 90°
I out of phase, 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 permallo#
patterns.
If the two coils are turned on and off in the prescribed manner, bubble domain
l motion can be started and stopped without error. Thus, if continuous duty is
, not required, a power savings can be realized by operating in the start/stop
mode.
Triangular current waveforms are recommended for driving the two coils. This
I approach lends itself to precise digital control of the drive field.
See Figure 2.
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Coil Drive Technique

100 KHz

12v

ROR

;|
6! v coil 'S

l 1
i
l

¥

X oot 1
> l._)_LF_U.Lu_AL_—j
D(

2700 0° o 9 2700 2700
Current ~|/O 0| 9-0 L8 ‘,/ i
Vector - ! ] - ' !
Direction [—-—]Closed S
A n_| e | l
i Closed “ !
i o :
B - : ;
[K
(2
D
IY

Locus of current

vector

Note:

Current vector startsJ
at origin (not 0°) anc
stops at origin for

stop/start operation ]
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6.1, 1 Coil Drive Requirements

Peak field strength for triangular drive

Field rotation frequency

Phase lag(inner coil with respect to

outer coil)

Total coil power

X Coil
Inductance
Resistance (DC)

Resistance (AC at 100 KHz)

Ipx+ (Positive peak current)

Ipx- (Negative peak current)

Y Coil

Inductance

Resistance (DC)

Resistance (AC at 100 KHz)

Tpys (Positive peak current)

Ipy- (Negative peak current)

7.0 CONTROL CURRENT TIMINGS AND AMPLITUDES

M Nom
48 50
99.99 100.00
87 90
0.7
62 04
& 3.9
= 4.8
145 460
445 460
a0 62

- 3.
o 4.3

165 A8

Max Unit

54 Oersteds

100.01 KHz
93 Degrees
1.1 Watts
66 vh
- Ohms
- Ohms
485 ma
185 ma
bd uh
- Ohms
- Ohms
195 ma
495 ma

All timings are based on the direction of the rotating field with respect to the

bubble device orientation.

These timings are delays from the time when the field
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Figure 3  Pin Assignment

90

TR e B 7 f—— ¢y (+)
TR =g 7 b6f—— Cy  (#)
REP (+) —— 10 5 L__ Cq =~}
DET 1 =) — 1! Bl TR )
DET 2 (=) ——1 12 3 GEN  (4)
DET2 (+) —— 13 2 DT, GEN (-)
DET1 (+) =™ 14 O | p—— REP (-)
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7.0 CONTROL CURRENT TIMINGS AND AMPLITUDES (Continued)
is 0°. The current conventions are in accordance with Figure 3.
Y g Control Timings (Overall)
The following timings refer to the first bubble to be read or written 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 edge of the first control pulse to the leading edge of the
second control pulse. These timings are used only to verify the overall control
sequence and should not be used to verify the timings within each drive field
cycle as given in 7.0 . The timings are based on use of a 100 KHz drive fielcd
accurate to 0.01% in frequeacy. If the user's drive field frequency F (KHz)
differs from 100.00 KHz his timings should be multiplied by the factor F/100
before comparison with these values.
Transfer out to replicate 684 £l us
Transfer out to bubble signal peak 872 t]1 us
Transfer out to generate 2962 +l us I
Transfer out to transfer in 6405 £l us |
l
|
|
}
l
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The bubble functions are shown schematically on the following diagram to

show the operations necessary to read (solid lines) or write (dashed lines)
the first bit in a page (the bit from minor loop number 1). The minor loops
are spaced such that one void bit position exists between all data bits after
transfer out operation. Therefore, all major loop functions are repeated at a
50 KHz frequency. The drawing below is arranged so that the functions may be

set up in the proper synchronism. The timings are given in both field cycles and

microseconds.  The field cycle counts corresponds to Figure |.

T =0 1 2
t =0 1 20
—oX*_ _Transfer
T N Out |
T =68 69 70
t = 680 690 700
r 1
| X q I 1“*— Annihilate 1
T =86 Replic/cte 87 88
t =860 870 880
| l_\L ]
T =29 297 Detect Strobe 298
=) -
t=2960 mG/e'gerate 2970 2980
L )
T= 640 641 642
6410 5420

t= ¢
6400  ranster X

L I ey |

Note : t in wus, T in field cycles.
Each field cycle begins ot 0° field
orientation,

Tire1sC

A
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8.0 FUNCTION RESISTANCE

Detector 2 (closest to bar edge)
Detector 1

Detector 2 - Detector 1 mismatch
Generator

Replicator

Transfer

9.0 DETECTOR SIGNAL AND NOISE

950

950
-10

"~

260

DC flowing in each bridge arm as in Figure 4.

» positive peaks and two negative peaks.

field frequency.

See Figure 4 for test set up.

at twice the rotating field frequency.

ponents due to circuit coupling.

Z
o
3

1100
1100

310

Max Unit

1300 Ohms
1300 Ohms

+10 Ohms
5 Ohma
8 Ohms

350 Ohms

Signal Source: A single bubble domain passing under the two magneto-

resistive detectors produces a signal of several millivolts with two

The following information presumes bridge connected detectors with 5.5 ma l

Noise Sources: 1) Since the magnetoresistive elements are surrounded by

a rotating magnetic field, any detector mismatch will produce noise
2) Control pulses can produce high frequency noise com-

3) Incorrect circuit layout can produce noise at the rotating
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24V =

l 5.5 ma l 5.5 ma
3.4 K 3.4 K
Tektronix
o T | 7603 or Equiv.
v with
i 7A 22
14 13 1 Differential
—————— | Plug - In
TBM Q101 I Serich
D1 D2 |
| f1) 50 KHz synchronized with
_}1_ e WY E el 100 KHz coil drive

Read ap alternating pattern of 1's and all 0's for simultaneous scope
display of both bubble and no bubble signals.

V with bubble passing

under detector

V without bubble

passing under detector

CLAMP
STROBE

Center of Bubble Signal Transition

ll VBUBBLE
I
\ : v

T — NOISE
1

‘1 |

/ 11
|1
~+ | |500ns
[
= | je— 500ns

|
|

These signals apply
to use of an ac-counled

sense amp (See 7.0 for
suggested timings)
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VBUBBLE

/

VBUBBLE VNOISE

VNOIsE

a + 500 ns window on either side of the center of the bubble signal transition.

Min

Nom

Max

Units

mv/mv

is defined as the maximum positive transition of the no-bubble signal within

The bubble signo) tronsition time shall not vary more than £0.1 us under all

conditions.

10.0 ENVIRONMENTAL SPECIFICATIONS
Min Nom Max Unit

Weight - 25 - Grams
Operating temperature 0 - 70 %
Nonvolatile* storage temperature -40 - 85 fe
Non-~use storage temperature -40 - 100 %
Non-operating handling shock = - 300 G
Operating vibration up to 500 KHz - - 5 G
Humidity (Up to 70°C) - a 95 Percent
DC magnetic field, ony direction - - 20 Oersteds
*Without memory loss
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11.0

MECHANICAL

See Figure 5.

Plane

Mechanical Outline

- .38

-

-

Seating / —-#—- + %@

Note: a) All dimensio s in inches

b) Lead centerlines are located within
0.005 of true position relative to body

Pin one reference dot

160

Figure 5
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APPENDIX II
MC2901 FOUR-BIT MICROPROCESSOR SLICE
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MC2901

FOUR-BIT TTL MICROPROCESSOR SLICE

DISTINCTIVE CHARACTERISTICS

® Two-address arcHitecture —
Independent simuitaneous access to two working
registers saves machine cycles.

® Eight-function ALU —
Performs addition, two subtraction operations, and
five logic functions on two source operands.

® Flexible data source selection —
ALU data is selected from five source ports for a
total of 203 source operand pairs for every ALU
function.

® Left/right shift independent of ALU —
Add and shift operations take only one cycle.

® Four status flags —
Carry, overtlow, 2ero, and negative.

® Expandable —
Connect any number of MC2301's together for longer
word lengths.

® Microprogrammable —
Three groups of three bits each for source operand,
ALU function, and destination control.

GENERAL DESCRIPTION

The four-bit bipolar microprocessor slice i1s designed as a
high-speed cascadable element intended for use in CPU's,
peripheral controllers, programmable microprocessors and
numerous other applications. The microinstruction flexibi-
lity of the MC2901 will allow efficient emulation of almost
any digital computing machine.

The device, as shown in the block diagram below, consists
of a 16-word by 4-bit two-port RAM, a high-speed ALU,
and the associated shifting, decoding and multipiexing
circuitry. The nine-bit microinstruction word is organized
into three groups of three bits each and selects the ALU
source operands, the ALU function, and the ALU destina-
tion register. The microprocessor s cascadable with full
look-ahead or with ripple carry, has three-state outputs, and
provides various status flag outputs from the ALU. Ad-
vanced low-power Schottky processing is used to fabricate
this 40-lead LS! chip.

MICROPROCESSOR SLICE BLOCK DIAGRAM
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MC2901

ARCHITECTURE

A detailed block diagram of the bipolar microprogrammable
microprocessor structure is shown in Figure 1. The circuit is a
four-bit slice cascadable to any number of bits. Therefore, all
data paths within the circuit are four bits wide. The two key
elements in the gigun 1 block diagram are the 16-word by 4-bit
2-port RAM and the high-speed ALU.

Data in any of the 16 words of the Random Access Memory
(RAM) can be read from the A-port of the RAM as controlled by
the 4-bit A address field input. Likewise, data in any of the 16
words of the RAM as defined by the B address field input can be
simultaneously read from the B-port of the RAM. The same code
can be applied to the A select field and B select field in which case
the identical file data will appear at both the RAM A.port and
B-port outputs simuitaneously.

When enabled by the RAM write enable (RAM EN), new data is
always written into the file (word) defined by the B address field
of the RAM. The RAM data input field is driven by a 3-input
multiplexer. This configuration is used to shift the ALU output
data (F) if desired. This three-input multiplexer scheme allows the
data to be shifted up one bit pasition, shifted down one bit posi-
tion, or not shifted in either direction.

The RAM A-port data outputs and RAM B.port data outputs
drive separate 4-bit latches. These latches hold the RAM data
while the clock input is LOW. This eliminates any possible race
conditions that could occur while new data is being written into
the RAM.

The highspeed Arithmetic Logic Unit (ALU) can perform three
binary arithmetic and five logic operations on the two 4 bit input
words R and S. The R input field is driven from a 2-input multi-
plexer, while the S input field is driven from a 2-input multi-
plexer. Both multiplexers also have an inhibit capability; that is,
no data is passed. This is equivalent 10 3 “zero” soufce operand.

Referring to Figure 1, the ALU R-input multiplexer has the RAM
A-port and the direct data inputs (D) connected as inputs. Like-
wise, the ALU S-input muitiplexer has the RAM A-port, the
RAM B port and the Q register connected as inputs

This multiplexer scheme gives the capability of selecting various
pairs of the A, B, D, Q and "0" inputs as source operands to the
ALU. These five inputs, when taken two at a time, result In ten
possible combinations of source operand pairs. These combin-
ations include AB, AD, AQ, A0, BD, BQ, B0, DQ, DO and QO.
It 15 apparent that AD, AQ and AD are somewhat redundant with
BD, BQ and BO in that it the A address and B address are the
same, the identical function results, Thus, there are only seven
completely non-redundant source operand pairs for the ALU.
The MC2901 microprocessor implements eight of these pairs.
The microinstruction inputs used "o select the ALU source
operands are the lg, I, and 12 inputs. The definition of Ig, Iy,
and 12 for the eight source operand combinations are as shown in
Figure 2 Also shown is the octal code for each selection.

The two source operands not fully described as yet are the D in-
put and Q input. The D input is the four-bit wide direct data
field input. This port is used to insert all data into the working
registers inside the device. Likewise, this input can be used in the
ALU to modity any of the internal data files. The Q register is a
separate 4 bit file intended primarily for multiplication and
division routines but it can also be used as an accumulator or
holding register for some applications.

The ALU itself 13 2 high speed arithmetic/logic operator capable
of performing three binary arithmetic and five logic functions,
The 13, 14, and lg microinstruction inputs are used to select the

ALU function. The definition of these inputs is shown in Figure 3.
The octal code is also shown for reference. The normal techniqus
for cascading the ALU of several devices is in a look-ahead carry
mode. Carry generate, G, and carry propagate, P, are outputs of
the device for use with a carry-look-ahead-generator such as the
MC2902 (“182). A carry-out, Cp 44, is also generated and is avail-
able as an output for use as the carry flag in a status register. Both
carry-in (Cp) and carry-out (C,44) are active HIGH.

The ALU has three other status-oriented outputs. These are F3,
F =0, and overfiow (OVR). The F3 output is the most significant
(sign) bit of the ALU and can be used to determine positive or
negative Tesults without enabling the three-state data outputs.
F3 is non-inverted with respect to the sign bit output Y3. The
F = 0 output is used for zero detect. It is an open-collector out-
put and can be wire OR’ed between microprocessor slices. F =0
is HIGH when all F outputs are LOW. The overfiow output (OVR)
is used to flag arithmetic operations that exceed the available
two’s complement number range. The overflow output (OVR)
is HIGH when overflow exists. That is, when C., 3 and C, 44 are
not the same polasity.

The AU data output is routed to several destinations. It can be a
data output of the device and it can also be stored in the RAM or
the Q register. Eight possible combinations of ALU destination
functions are available as defined by the Ig, |7, and g micro-
instruction inputs. These combinations are shown in Figure 4.

The four-bit data output field (Y) features three-state outputs and
can be directly bus organized. An output control (OE) is used to
enable the three-state outputs. When OE is HIGH, the Y outputs
are in the high-impedance state.

A two-input multiplexar is also used at the data output such that
either the A-port of the RAM or the ALU outputs (F) are selected
at the device Y outputs. This selection is controlled by the Ig, 17,
and '8 microinstruction inputs. Refer to Figure 4 for the selected
autput far each microinstruction code combination.

As was discussed previously, the RAM inputs are driven from a
three-input multiplexer. This allows the ALU outputs to be
entered non-shifted, shifted up one position (X2) or shifted down
one position (+2). The shifter has two ports; one is labeled RAM,
and the other is labeled RAM3. Both of these ports consist of a
buffer-driver with a three-state output and an input to the multi-
plexer. Thus, in the shift up mode, the RAMj butfer is enabled
and the RAMg multiplexer input is enabled. Likewise, in the shift
down mode, the RAMg buffer and RAMj3 input are enabled. In
the no-shift mode, both buffers are in the high-impedance state
and the multiplexer inputs are not selected. This shifter is con-
trolled from the lg, I; and Ig microinstruction inputs as defined
in Figure 4.

Similarly, the Q register is driven from a 3-input multiplexer. In
the no-shift mode, the multiplexer enters the ALU data into the
Q register. In either the shift-up or shift-down mode, the multi-
plexer selects the Q register data appropriately shifted up or
down. The Q shifter also has two ports; one is labeled Qg and the
other is Q3. The operation of these two ports is similar to the
RAM shifter and is also controlled from g, 1;, and 1g as shown
in Figure 4.

The clock input to the MC2901 controls the RAM, the Q register,
and the A and B data latches. When enabled, data is clocked into
the Q register on the LOW-to-HIGH transition of the clock. When
the clock input is HIGH, the A and B latches are open and will
pass whatever data is present at the RAM outputs. When the
clock input is LOW, the latches are closed and will retain the
last data entered. If the RAM-EN is enabled, new data will be
written into the RAM file (word) defined by the B adcress field
when the clock input is LOW.
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ALU SOURCE
MICRO CODE OPERANDS

Pin 14 Pin 13 Pin 12 | Oeed » s
2 Y Code

(IS TR ° A ]

Lot N 1 A .

(ORI 2 ] Q

6 e e 3 ] (]

oL . o A

H L o s o A

oML (] o Q

H oM N ? o o

Figure 2. ALU Source Operand Control.

MICRO CODE AL

Pin27 Pin 28 Pin26 | Oectat Function Semhet
s 4 U3 Code
(S (e [] L Res
L L on 1 S Minus R S-R
[ I 2 R Minue § R-S
L MW M 3 RORS RVS
L] 1 L 4 RANDS RAS
" L H 5 AANDS AAS
oML 3 REXORS AvYsS
H W M 7, REXNORS| AVS

Figure 3. ALU Function Control.

MICRO CobE suneTIon FUNCTION % smeren | swiFren
'i‘ﬂ.. 'l;l,’ ’:;‘ : B Losd Shitt Losd ouTPUT RAMg | RAMy 0o ay
L L L o x NONE NONE F-+Q ¥ x x x x
L L L] 1 x NONE x NONE F x x x x
L L] L 2 NONE Fap x NONE A x x x x
L L L] 3 NONE Fep x NONE F x x x x
L L L 4 DOWN F2+8 DOWN /2 -Q F 'o IN’ 00 IN’
L L L] 1] DOWN F12 +8 x NONE F 'e Ny % x
L L L L] ur 2F -8B ur 20 -Q F |N° ’: lNo 01
L] L] L] 7 ur 2F -8 x NONE ¥ INg " x 03

X=Don’'t care. Electrically, the shift pin is 8 TTL inPut internaily connected to & three state output which (s in the high-
impedence stete.

B = Register Addressed by B Inputs.

Up Is towerd MS8, Down is toward LS8

Figure 4. ALU Destination Control.

210 9CTAL| 0 1 2 3 . 5 . 7

gli ALV
LA & ALY AQ AB 0.0 0.8 0. A D.A D.Q D.O

b 3] function
Cn=L A+Q A Q ® A [N o+Q o

0| RPIS
Ca=H AsQet Asget Qs (8} At D+As D+Qe1 O+1
Ca=L 0-A-1 8-A1 a1 8-t Ay A-D-1 Q-0-1 -0-1

1| SMins R
Cph=H 0-A BA o (] A A-D Q-0 -0
Cn=1 A-Q-1 A-B-1 -q-1 ~8-1 AN O-A-1 0-Q-1 D-1

2 [ RMinus S
Ca=H A-Q A-8 -0 -8 ~A O-A o-a o
3| RORS Ava Ave o [} A OVA ova o

—

4| RANDS AAQ ArS [] o o DAA oAQ o
8| AANDS | Znra Ane o [ A b6aa tr0 °
6 |[REXORS| Ava Ave Q L] A Ova ova o
? IIWI!LA-V'G Avi a L L) ovA ovd ]

¢ = Plus. — = Minus

V=OR A=AND w=EXOR

Figure 5. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

There are eight source operand pairs available to the ALU as
selected by the lg, Iy, and I3 instruction inputs. The ALU can
perform eight functions; five logic and three arithmetic. The
13, 14. and Ig instruction inputs control this function selection.
The carry input, Cp,, also affects the ALU results when in the
arithmetic mode. The Cp, input has no effect in the logic mode.
When 1g through Ig and Cp, are viewed together, the matrix of

MC2901

Figure 5 results. This matrix fully defines the ALU/source
wperand function for each state.

The ALU functions can also be examined on a “‘task™ basis,
1e., add, subtract, AND, OR, etc. In the arithmetic mode, the
carry will affect the function performed while in the logic
mode, the carry will have no bearing on the ALU output.
Figure 6 defines the various logic operations that the MC2901
can perform and Figure 7 shows the arithmetic functions of
the device. Both carry-in LOW (Cn = 0) and carry-in HIGH
(Cpy = 1) are defined in these operations.

Octal
1543, 1210 Group Function
40 AAQ
an Ao AAB
45 DAA
46 oAQ
30 AVQ
31 AVEB
3s o8 DVA
36 ova
60 AvQ
61 AvB
X.OR

65 EX0 DYA
66 ova
70 AvQ
71 AvVE
78 EX NOR 5vA
76 o¥a
72 Q
73 8
S INVERT =
L& [¢]
62 Q
63 [}
& PASS 2
67 D
32 Q
33 8
3% PASS %

| 37 o

+ -
42 0
43 - 0
“ZERO’

aa il 0
a7 (4]
50 ArQ
Sy MASK il
55 DAA
56 0rQ

Figure 6. ALU Logic Mode Functions,
(Cp Irrelevant)

Octal Cn =0 (Low) Cnh = 1 (High)
1542, 1210 Group Function Group Function

00 A+Q A+Q+1

o1 ADD a8 ADD plus ArBH

05 D+A one D+A+1

06 o+Q O+Q#1

02 Q Q+1

03 PASS [} Increment | B+1

04 A A+

07 o] D+1

LU - Q-1 Q

13 Decrement B-1 PASS B8

14 A1 A

27 01 o]

o2 -Q-1 -Q

23 1's Comp. -B-1 2's Comp -8

2 4 -A-1 (Negate) ~A

7 ~0-1 D

- —e

10 Q-A-1 0-A

vy Subtract B-A-1 Subtract B-A

LR (1'sComp) | A-D-1 (2’s Comp) | A-D

16 Q-D-1 Q-0

20 A-Q-1 A-Q

2 ¥ A-B-1 A-B

'8 D-A- O-A

26 0-Q 1 0-a |

Figure 7. ALU Anthmetic Mode Functions.
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9408
MICROPROGRAM SEQUENCER

FAIRCHILD L™ MACROLOGIC

DESCRIPTION - The 9408 Microprogram Sequencer controls the
order in which microinstructions are fetched from the control mem-
ary. It contains a 10 bit program counter, a 4-level last-in first-out T o P L P e o

LOGIC SYMBOL

of 1024 words of memory For larger word capacities external pag-

stack and associated control logic [t can control up to a maximum I i [ i l l l l l l l l l l lil [
s

ing can be used. The 9408 s controlled by a 4-bit instruction input
The instruction set includes Fetch, Conditional and Unconditional -,
Branches, Branch to Subroutine and Return from Subroutine eI

@

lsrrm To Ty Ty Ty MWy My, Bay  Ba, BA, Bag 8
0 Mw, Ba, BAy Bag Ba; Bag

There are seven test inputs - four participate in conditional branch- =1l 9408

es, and three in multiway branches The conditional test lines are 3 —d A
tho-tlop buffered These fhip-flops can be tested individually by

appropriate branch instructions. The three multiway test inputs are =y Muonn A9 By Ay Ay Ay Ag Ag A, Ag Ag ViAg ViIA,
used to form the least significant three bits of the branch address f ] [ { ‘ 1 ‘ ‘ i ‘ ] i ‘ [
for a muluway branch Thus, branching occurs at one of eight ? B NdAVMBsADRZN VB
unique focations depending on the bit pattern present on these
three inputs Ve = Pin 10

GND = Pin 30

The 9408 1s designed to operate in pipeline or non-pipeline mode
as desired by the user The device operates synchronously with the
clock input and can be imitiahized using the Master Reset input

The 9408 is fabricated using Integrated Injection Logic (IPL™) tech-
nology and fully compatible with all TTL tamilies

CONNECTION DIAGRAM
DIP (TOP VIEW)

® CONTROLS 1024 WORDS OF MICROPROGRAM MEMORY o ¢ ““.,:] e
(10-BIT ADDRESS) 1"
® UNRESTRICTED BRANCHING WITHIN 10-BIT ADDRESS SPACE 2 T2 c :’ »
® 16 INSTRUCTIONS ekt - b =
® FOUR FLIP-FLOP BUFFERED TEST INPUTS FOR CONDITIONAL 1 : i
BRANCHES [ ViAg ___] a
® 8 WAY BRANCH CAPABILITY 3 [:‘ o aonlfi] e
® PIPELINE NON-PIPELINE MODE OF OPERATION ]
s(Ju ns | )
r: Vs wwo | ) 4
5 [_j 1 vy [ ]2
PIN NAMES LOADING (Note al .[j o wwy [ 32
HIGH Low )
__._____._L_._g__,— wl I vee Ay J)I
BAQ BAg Branch Address Inputs 05Ul Q23uUL B | H)
" | B 0
To T3 Test Inputs osuL | 023uL = |
MW MW Multiway Branch Inputs osuL | 023Ut 12 Lyme Al
I Instruction Input o5UL 023UL " d 8y a2 ;_] »
o 12 13 Instruction Inputs 10UL 046 UL “ ‘J") SEY
PLS Pipeline Select Input O5UL 023UL 8
MR Master Reset Input osuL | 023UL b e
{Active LOW) * Q BAs L .J s
cpP Clock Pulse lnput 10UL Qa6 UL v d Bag ag [Jae
STRB Strobe Input 05UL 023UL . d o -
Apn Ag Address OQutputs 1uUL 50UL B
VIAS VIA; VIA Outputs 10Ut 50U L "Ll‘ e o [—'”
IN Inhitnt Qutput 10UL 50UL 20 Inay ag r_]n

Note a Y ITLUNA Load (U L) 40 pA HIGH T 6 mA LOW

106




FAIRCHILD = 9408

® w0

BLOCK DIAGRAM

®!

@*

op

viao @)

P T T T | viar @9
! | INSTRUCTION LT
@ ro—+ o aof— DECODER
' |
| To |
| |
' = 1 —
| |
I I |
| |
| |
Q@ n—t o [ ]
| |
1 L 1
1 Lk e 1
I R |
' |
f ) S
1 |
1 I
@r2— o azf—t
| |
[ T2 |
L ol 1S |
1 R |
| 3 |
1 4 |
| |
| |
N 1 e T
| 1 |
3
4 1 1
[
@ stRg—I1- € | 4 WORD X 10 BIT STACK
1 L | LIFO STACK CONTROL
1 |
| | rest _]
e — — — — {4 _ _ _I REGISTER l ||||||
63 Mw 410 L
MWwWo 7
| 43 yaLl 10
@) mw1 | 7 Sy
32 Mmw2 ,l J
@) sa0
@ BA} 7
INPUT
@3 eaz 19 = MULTIPLEXER
® o
b
S5 REMENTER Ny
INC T 0
@ BAg e COUNTER 1 Ao @
@ BAg Ay (29
%@
4 { A1)
A @9
PIPELINE As G9
G @c MULTIPLEXER & @
| 1 A7 §
10
{ Fe A (2
| 7 l >
| 9]
| () mr ag 2
=L
Vee = Pin 10
GND = Pin 30

O-

Pin Number
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FAIRCHILD « 9408

TABLE 1
9408 INSTRUCTION SET
DESCRIPTION OF
MNEMONIC| DEFINITION | 13121110 [T3T2T1To| 090807020100 |VIATVIAg | INH| = e ol o Pl
BRVQo Branch VIAg | LHLL X XXX BAg BAg--BA{ BAg L L H BAQ - BAg —+PC
Unconditional | BRVy Branch VIA; |LHLH | XX XX | BAg BAg--BA1 BAg L H H | BAg - BAg—PC
Beaichy BRV) Branch VIA |[LHHL { XX XX | BAg BAg--BA| BAg &L H BAp - BAg —PC
(EL
BRV3 Branch VIA3 [LHHH | XXX X | BAgBAg--BA1 BAg | H H H | BAp - BAg—PC
| Instructions
; Branch y MW - MW,
i BMW il LLHH | XXXX |BAg BA3--MWa MWp| L L H | Baz BAg—PC
E Branch to n BAQ - BAg—+PC &
.L BSR Subroitine LLLH | XXXX | BAg BAg--BA} BAp ) S H Bustiibe Srack
{ BTHp Branchon TopfHHLL | XXXH | BAg BAg--BAj BAg (S L H If Test Register O 1s HIGH
. BAQ - BAg —~+PC
HIGH XX XL PCHY If Test Register O 1s LOW.
BEHI—>=PC
BTH, Branchon Ty |[HHLH | XXHX BAg BAg--BA| BAQ [ 1581 H If Test Register 1 1s HIGH
BAg - BAg —+PC
HIGH XXLX PCH1 If Test Register 1 1s LOW:
PCtt—PC
BTH2 Branchon T [HHHL | XHXX | BAq BAg--BA1 BAg L € H If Test Register 2 s HIGH
BAQ - BAg —*PC
HIGH XLXX PCH1 If Test Regrster 2 1s LOW:
PC+1—>PC
BTH3 Branchon T3| HH HH HX XX | BAg BAg--BAy BAp Lo ¢ H | i Tes: Register 3 1s HIGH
- i BAQ - BAg —PC
gnitoca HIGH LXXX PC+1 It Test Register 3 is LOW-
PCH+1—
Branch C+ PC
BTLo BranchonTgl HLLL XX XL | BAg BAg--BAy BAp L H If Test Register 0 1s LOW:
Instructions BAQ - BAg—PC
LOowW XXXH PC+1 If Test Register O 1s HIGH
PCET>PC
B8TLy Branchon Ty fHLLH | XXLX BAg BAg--BA) BAg Lt H It Test Register 11s LOW
BAQ - BAg— PC
LOW XXHX PCH+1 If Test Register 1 1s HIGH
PC+1~PC
8TL) Branchon Tl HLHML | XL XX | BAg BAg -BA| BAg e H If Test Register 2 1s LOW
BAp - BAg—=PC
LOW XHXX PC+1 If Test Register 2 18 HIGH
PC+1—>PC
8TL3 Branchon T3] HLHH | LXXX | BAg BAg--BA1 BAg L H | If Test Register 3 1s LOW:
BAQ - BAg ~PC
Low HXXX PCH+1 If Test Reqister 3 1s HIGH:
PCEISFPC
Mrecull RTS Return from [ LLLL | XXXX Contents of the | S L | Pop the Stack
e IEHENUS Subroutine Stack Addressed
by Read Pointer
instructions
FTCH FETCH LUHL | XXXX PGt Lt t PCHISPC
L LOW Level
H - HIGH Level
X = Don't Care




FAIRCHILD « 9408

FUNCTIONAL DESCRIPTION ~ The 9408 Microprogram Sequencer, shown in the block diagram consists ot a 10-bit
Program Counter (PC). a 4-word by 10-bit Last-In First-Out (LIFO) Stack with associated control, an Input Multiplexer, a
Pipeline Multiplexer, an Instruction Decoder, a 10 bit Incrementer, and a 4-bit 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 provides the input port for the pipeline mode. Port selection 1s controlled by the Pipeline Select (PLS)
and Master Reset (MR) inputs A LOW level on the MR input forces the non-pipehine mode of operation and clears the PC.
Thus when the 9408 is initialized by the MR input the AQ through Ag outputs are LOW regardless of the state of the PLS
mnputr A LOW level on the PLS input specifies non-pipeline mode and a HIGH specifies pipeline mode

The Program Counter i1s a 10-bit edge-triggered register The LOW-to-HIGH transition on the Clock (CP) input loads the
Input Multiplexer output into the PC. Because of the edge-triggered nature of the PC register, the PC output remains static
for a full clock cycle. Thus, in the non-pipeline mode, the PC output can be used to address a control memory built with
static devices without storing the memory cutput 10 an external microinstruction register However, in the pipeline mode, the
9408 provides the next address information as soon as available; therefore, execution of a microinstruction can be over-
lapped with the fetching of the next microinstruction To ensure microinstruction stability for a full clock cycle, the con-
trol-memory cutput should be buffered with an external microinstruction register

The Input Multiplexer receives data from four different sources One port is the output of the LIFO Stack. a second is the
output of the 10-bit Incrementer. The Incrementer 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 (BA 3 through
BAg) and-the three Multiway inputs, (MW through MW2)

The 4-word by 10-bit LIFO Stack is a RAM and receives data from the Incrementer output The stack control logic gener-
ates the appropriate control signals, while stack pointers in the Stack Control generate the read and write addresses

The 4-bit Test Register consists of four type-D flip-flops The data inputs, which are the four Test inputs (TQ through T3).
are loaded on the LOW-to-HIGH transition of the Strobe input (STRB)

The Instruction Decoder receives the 4-bit Instruction input (lp through 13) and the Test Register output and generates the
VIAQ. VIA1 and Inhibit (INH) outputs of the 9408 In addition, it generates appropriate legic signals for the Stack Control
and Input Multiplexer

Stack Control — The 9408 has 4 4-level subroutine nesting capabiity as detaded 1 Figure 7 The R and Ry (Read Ad-
dress) inputs to the 4-word by 10-bit LIFO Stack specify the address from which information will be read. The Wo and W1
(Write Address) inputs specify the address into which information will be written, and the 9408 Incrementer output pro-
vides the information to be written into the stack (see block diagram) In addition. writing into the memory 1s controlled
by the Write Enable (WE) and CP inputs

The R, Ry and Wp. Wy inputs of the LIFQ Stack are derived from the outputs of a 3-bit edge-triggered register called the
Stack Pointer (SP) The least significant two bits (SPg and SP1) of this register are the read address inputs to the memory.
The SP outputs are also connected to a Stack-Pointer Incrementer and a Decrementer that generate SP + 1 and SP - 1 re-
spectively The least signiticant two bits of the Incrementer are the write address bits for the memory

The outputs of the Incrementer, Decrementer and the Stack Pointer are fed as inputs to a 3 port Stack -Pointer Multiplexer
which in turn, feeds the Stack Pointer inputs Stack pointer loading always occurs on the LOW-to HIGH transition of the
CP input. The MR input clears the Stack Pointer. The Stack Pointer Control receives two nputs from the 9408 Instruction
Decoder — the BSR input, which is active whenever a Branch-to-Subroutine (BSR) instruction 1s present on the IQ through
13 inputs, and the RTS input, which is active whenever a Return-from-Subroutine (RTS) instruction 1s specified The port
selection of the Stack Pointer Multiplexer is controlled by the outputs of the Stack Pointer Control For all 9408 instruc
tions except BSR and RTS, the Stack Pointer Multiplexer selects the Stack Pomter outputs as the (astruction source

Writing into the memory takes place whenever the WE and CP nputs are LOW. Note that the most significant register bit,
SP2. controls the WE input to prevent writing into the memory when all four locations are filled with return addresses
Thus the 9408 does not store and return addresses beyond four nesting levels
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* APPENDIX IV
: MAGNETIC BUBBLE FORTRAN TEST PROGRAM
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KB :<MBMVOS3. LST

FORTRAN VvO9. a2

OOOO000000000O00000000000O000D0000000000000000nDO00O0000D00000000

a3 a8 6 a4-AUG-77 PAGE 5 2

MAGNETIC BUEELE TEST PROGRAM
L. R BULDUC JULY 1377

THIS PROGRAM HAS 4 MAIN FUNCTIONS
(1OWRITE-WRITES 144 ASCII CHARARCTERS FROM KEYBORRD
INTO THE FILE SFECIFIED
(2)READ-READS 144 RASCII CHARACTERS FROM THE FILE
SPECIFIED TO THE KEYBORRD
(2>DUMP-READS 144 ASCII CHARACTERS FROM EACH FILE
IN BLOCK SPECIFIED AND OUTPUTS ON KB
(4>TEST-THREE MODES
CAMFILE INTEGRITY TEST-WRITES 4 REPETITIVE
EYTES INTO EACH FILE.ERCH FILE HAYING
A CIFFERENT PATTERN WITH THE FILE NUMBER
BEING THE EASE. IN THE FIRST WRITE PRSS
ANC: ALL SUCCEEDING ODD NUMBERED WRITE
FHSZES THE PATTERN IS RS FOLLOWS
HI BYTE OF FILE ADDRESS
L0 BYTE OF FILE RDDRESS
1°S COMPLEMENT OF HI RDDRESS
15 COMPLEMENT OF LO RADDRESS
ALL EVEN NUMBERED WRITE PRSSES HAVE
THE 177 COMPLEMENT OF THE RBOVE
FATTERN
ALL FILES ARE FIRST WRITTEN AND THEN
READ IN SUCCESSION. THE RERD PROCESS IS
REPEATED FOR THE DESIGNATED NUMBER OF
TIMES UNLESS THE MAX NUMBER OF ERRORS
SPECFIED/FILE IS EXCEEDED
THE WRITE FROCESS IS REPEATED THE
SPECIFIED NUMBER OF TIMES COMPLEMENTING
THE PATTERN EACH TIME
(BYFPATTERN TEST-TESTS ERCH FILE SPECIFIED
INCIVIDUALLY BEFUORE PRCEEDING TO THE
NEXT FILE. PATTERNS OF 1@ DIFFERENT BYTE
VALUES MAY BE SPECIFIED. FPRATTERNS RRE TO
EE SPECIFIED AS DECIMAL VALUES BETWEEN THE
RANGE OF -12& TO +127
THE PRTTERN WILL BE WRITTEN INTO THE FILE
RAND READ BRACK THE SPECIFIED NUMBER OF
TIMES UNLESS THE MAX ERROR COUNT
FER FILE IS EXCEEDED THE PROCESS WILL BE
REFEATED FOR THE MNUMBER OF WRITE PRSSES
EEFORE FROCEEDING TO THE NEXT FILE
TEST PROGRAMS WILL PRINT THE FOLLOWING
INFORMAT ION-
FILE NUMEER
WRITE PASS NUMBER
REAC FPASS NUMBER
DATA WRITTEN IN FILE
DATA READ FROM FILE
EOARRD NUMEER IN ERROR
WORD NUMEER ERROR WRS DETECTED
(CO)GENERATE FATTERN-COMEINATION OF R&E
HEQVE. DOES SIX DIFFERENT VARIATIONS
OF SPECIFY PRATERN-
1-WORCH=a. WORD1=~1,ETC
2=-WORDA=~1, WORDL=R, ETC
I-ALL WORDS=-24
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391
3322

333z
39134
s 15 [ b
3395
33arv
3aas3
3333
3818
3311
3912
A1z
9314
a31s
291e
3317

2313
913
3929
2921
2922
3822
aaz4
3azs
3326

%1 Jeirg
vaz3
2823
2433
BIz1
9322
1% ks
vaZ4
3335

G )
f anz7

FORTRAN

Va3 @z

OO0O000000CO00000

OO

L)
=
@

289
241

x50

29:88: 2¢é A4-AUG-77 FRGE

r

4-ALL WORDZ=3%

S-ALL WORDS=a

S-ALL WORDS=-1
THE RBOVE TESTS EVALUATE ALL CONDITIONS
OF ALTERNATING EUBELES IN MARJOR AND
MINOR LOOPS. ALL OR ABSENCE OF BUBBLES
IN MAJOR AND MINOR LOOPS
FATTERNS 7&& ARE THE TWO RDDRESS BRSED
PRATTERNS OF THE FILE INTEGRITY TESTS
PATTERNS ARE REFEARTED MOD 8 UNTIL THE
SFECIFIED WRITE PASSES IS EXCEEDED

EYTE AC145), B3 CAAE) . W. R, T.D.F. S
DATA W R, T.D,F, S G/7W "R, “T7.7D".

INTITIAL COMMAND CETERMINATION

WRITE (€. g@a)

READC(E, S@LINCNT, (BC(J», J=1., NCNT»

FORMAT < @READ. WRITE. TEST QR DUMP 7, /. 7“2
FORMAT <&, £0A1)

IF (BC1). EQ WY GO TOz9a

IF(B(1>. EQ. RY> GO TO Zeo@

IFC(BCLY EQ T> GO TO Zaaa

IFCBdLY. EQ DY GO TO cad

WRITE (&, 9aa)

FORMAT (7 WRONG ANSWER? >

50 TO 1429

WRITE <&, 902>

WRITEC(E, Q81)

30 TO 1@@

FORMAT ¢° LIMIT ADDRESS @-648 INCLUSIVE ./ 7 73

RSCII FILE RERD ROUTINE

WRITE <(6&,81@)

RERD (&, 811>NUM

IF (NUM . GE. 641> GO TQ 499
CALL MACRED CNLIM, ACL))

WRITE (&.812) (ACI). J=1.144)
FORMAT < FILE NLMEBER “../.° 7>
FORMAT CIS)

FORMAT ¢ 7, 4@R1, /, ° 7 .4949RL, /,~
GO TO 1e@

‘.4@R1. /.7 7. 48R1)

ASCII FILE WRITE ROUTINE

WRITE (€, 810

READ (€, 211)NUM

IF (NUM. GE. €41) GO TO 49@
I=a

WRITE (€, &2e)

READCE, SBLONCNT, (BCJ) . J=1, NCNT)
I1=T+NCNT

IF (Il GT 144)I1=144
[2=1+1

I13=1

DO 1@ J=I12, I1
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FORTRAN vas @2 ag - @826 B4-AUG-77 FRGE 3

9a3s ACI=BC12)
3933 218 IZ=]13+1
3949 IF (I1. EQ 144)G0 TO32
2941 I=11
9942 GO TO 2Se
2842 320 CALL MACKWRT (NUM. R(1)>)
23344 GO TO 100
284S 820 FORMAT <(° WRITE IN DRTAR’ /)
C
C RSCII FILE DUMF ROUTINE
4
8846 €0a WRITE(S, 601)
2247 €01 FORMATC(” BEGIN FILE NUMBER?./.” “ )
3943 RERAD (&, 7AS)XNUM
2943 IF(NUM. LE. €64@0>G0TO 610
2259 WRITECE. 900>
3851 WRITE(E, 9@11)
2952 GOTO o
¥RS3 518 WRITEC(E, 611>
2854 511 FORMATC” END FILE NUMEER?’,./.” “J
ass READ (&, 7@% Y NUMMAX
2as5s5 IFCNUMMAX. LE. €40)G0TO é20
88s5? WRITECE, S0@)
3953 WRITECE. 901)
2959 GOTO €1a
2958 20 WRITE(E, 621
B¥s1 &21 FORMAT C7 D7 5 TLQ, 7 Aesbeobestoon b on bt b b ok om s omo ol ko ob bok wokok ok korokokok 7 )
¥962 WRITECE, 622ONUM
8052 622 FORMAT(” MEBM FILE DUMP. /.” FILE NUMBER ~.I3)
2064 CRLL MACREDCNUM, RC1))
8955 WRITECE, 212) - (AWT), J=1, 144>
256 IF CNUM. EQL NUMMAX DY GOTD €3
-] [ g IF(NUM. NE. 640)GOTO &3@
353 NUM=-1
2853 520 NUM=NUM+1
33783 S0T0 &z
2971 534 WRITE(E, €91)
agvz 631 FORMAT(” END OF FILE DUMP’)
3873 GOTO 108
C
c PATTERN TEST STARTS HERE
E SET KNTRL TO @ TO DETERMINE PRTTERN AND
(™ NOT FILE INTEGRITY TEST
[
374 vaa KNTRL=@
21 g WRITE(SE, 681>
1 e RERD(E, 7@S XNLUIM
varz7 IFCNUM LE. £43) GOTO7TAT
¥a73 WRITE (&, 9aa)
33739 WRITEC(E, 991)
CLED GOTO 708
89381 ver WRITE(E, 611
ge=2 RERD (€, 705 ) NUMMAX
29832 IF C(NUMMAX. LE. 640)G0OTO 7@
2924 WRITEC(E, 2@@)
9935 WRITEC(E, 991)
9236 GOTO 7e7
3937 vag NUMBGN=NLIM
2332 Sana WRITECE, Sa1)
8939 Sa1 FORMATC” NUMBER OF FPRTTERNS? ./.” )
FORTRAN vAa9 az a3 22 26 B3-RLIG-77 FRGE 4
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FORTRAN v@9. az

aasa
9091
ees2
2932
8034
8095
¥836
-2 g
3298
2999
3109
9191
2192
9192
9184
9195
9106
91937
9128
2189
9119
9111
9112
9113
9114
9115
21185
2117
2118
9113
9129
Q121
9122
3123
3124
9125
B12¢
8127
9123
3129
9139
2131
9132
3133
9124

9135
8136
9137
2133
9139
9140
0141

515
514

S16

517
S13

721

a8 a8 e @4-AUG-77 FHGE

READCE, 78S INUMPART

IF(NUMPAT. LE. 1@)>GOTOS1@

WRITE(E, SB3>

FORMATC(” PLERSE LIMIT TO 1@ PRTTERNS!'!'7 >
GOTO See

K=1

WRITE(E, S511)K

FORMAT(” ENTER PATTERN NUMBER 7, I12./,7 7
READ(&, 512> IPAT

FORMATCI4)

IFCIPAT. LT. -128)GOTO S1S
IFCIPAT. LE 127)GOTO S16é

WRITE(E, 514)

FORMATC” LIMIT RANGE FROM -4128 TO 4127 '!'7)
GOTO S12

C(K>=IPAT

IF(K. EQ. NUMPAT >GOTO S17

K=K+1

GOTO S1Z2

WRITEC(E, S1&)

FORMAT (" MAX. NUMBER OF ERRORS TO BE FRINTED? .
READCE, TAS)MAXERR

IF(MAXERR. LE. 18@)G0TQ 7a9

WRITECE. 7@E)

GOTO S17

WRITECE, Ta4)

FORMATC(” NUMBER OF WRITE PRASSES? ./.7 7D
READ (&, 7ASINUMWRT

FORMATCIS)

IF(NUMWRY. LE. 18@)GOTO 710

WRITECE, 7@€)

FORMARTC” PLERSE LIMIT TO 19w’ >

GOTO 7a9

WRITECE, 711>

FORMATC(” NUMEER OF RERDS PER WRITE? ./.7 7
RERD (6, T@SINUMRD

IFCNUMRD. LE. 10a>G0TO 728

WRITEC(E, 78&)>

GOTO 710

WRITE(E, 702>

FORMAT (“ QWRITE RERD Goop BAD BOARRD
WRITE(E, 783D

FORMAT(” PASS”. T1@, " PASS’, T18, "DATA’ . T26é. 'DATR" »

KERRAC=0
KNTWRT=1

COMMON ROUTINES FOR PRTTERN AND FILE FOLLOW
REQUIRED INFORMATION SET UP BY FILE TEST
ROUTINE TO CONTROL FOLLOWING ROUTINES
KNTRL=8 FOR FATTERN TEST

=-1 FOR FILE TEST WRITE

=+1 FOR FILE TEST RERD

K=1

DO 721 J=1,144,1
ACI)=C(K)

IFCK. LT. NUMPAT X>GOTO 724
K=a

K=K+1

KNTERR=0
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FORTRAN vas. az a9 a8 ze A4-AUG-7T7 PAGE -
9142 IF(NUMWRT. E@. @) GOTO 1aea
2143 CALL MACKWRTCNUM. ACL )Y Y
3144 1848 KNTRD=1
3145 1981 IF(NUMRD. EQ. &> GOTQ 77a
a14e 720 CALL MACREC CNUM, A1) >
2147 NUMWRD=@
2143 J=1
3143 K=1
3159 738 IFCARCIY. EQ CCKDDOGATO 725
9151 IFCACIY. GT. CCKMGATO 721
3152 MDIFF=C(K)=RCT)
2152 GOTO 732
3154 [ MDIFF=R{J>-C(KD
A1SS 32 NUMERD=a
3156 733 MODIFF=MDIFF /2
157 IF (MDIFF>» 734.7I26, 724
2153 734 NUMERD=NUMERD+1
3153 GOTO 732
3168 736 IF(KNTERR) 2818, 322, 218
3151 zg2@ WRITECE. TA1ONUM
3152 TRl FORMAT (" FILE NUMEER “. 13>
9163 33108 WRITE(E, P2OKNTWRT. KNTRD. CC(K>». ACJT >, NUMBRD . NUMWRD
2154 739 FORMATC” 7, 14, T1@. 4. 718, [4, T26. 14. T34, [3. T42. 14D
2155 KNTERR=KNTERR+1
A156 IF(KNTERR. NE. 1@)G0TO S4@
9167 IF (KNTERR-NUMWRD+1)> S35, 723. S35
21523 729 WRITE(E, SZLOKNTWRT
2163 S31 FORMRTC( 7, 14, T10., * +++x+APFARENT FATAL WRITE ERROR¥¥w¥x’ )
3173 GaTa 745
3171 SZ3S IFCKNTERR. NE. KNTRD> GOTO S4@
172 WRITECE, STEINLMERD, NUMWRD
3172 S36 FORMAT (Y WRITE FAILURE-EBORARD “. 12, ", WORD 7. 12
2174 30TO 74S
2175 540 IFC(KNTERR LT MAXERRIGOTO 72
a17e WRITECA, S41LOKNTWRT, MAXERR
31?7 S41 FORMRARTC” 7, 14, T1@, “ *sorxMAx. NUMBER OF ERRORS (7, [3. 7 d#wkk” )
3178 GOTO 745
2173 35 IF(NUMWRD EQ. 143)G0TQ 735
3138 NUMWRD=NUMWRD+1
9131 J=J+1
3132 K=K+1
3133 IF(K. LE. NUMPAT)GOTO 7I3
3134 K=1
¥18S GOTO 728
A13¢ 7es IFCKNTRD. GE. NUMRD>GOTQ 751
a13? KNTRD=KNTRD+1
¥132 G30TO 7z
21293 751 IF (KNTERR)>74@. 74%. 740
2139 741 WRITECE, T42)KNTWRT
3131 V42 FORMATC(” 7, 14, T10, * *xx+xNO ERRORS#*¥K*’ )
3192 GOTO 74S
2133 749 WRITECE, 743)KNTERR
9134 74z FORMAT ¢ TOTAL ERRORS “, IS)
9195 745 KERRAC=KERRAC+KNTERR
3136 IF(NUMWRT EQ. @> GOTO77a
9137 IFCKNTWRT. GE. NUMWRT >GOTO 77a
3198 KNTWRT=KNTWRT+1
3193 GOTO 714
3289 7Ta IFCNUM. EQ NUMMAX) GOTO 7@
3291 IF(NUM LT e4@)G0T0O 777
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FORTRAN

a2a2
9282
22924
3205
3235
32437

9293
2293
3219
9211
3212

3213
2214

¥215
azis
217
n218
212
3229
B221

a2z

9222
3224
3225
2226
8227
22

3223
3229
3221

222
B233
D234
¥225
A235
3227
8223
9229
3249
B241
B242

9243
B244
B245

vas. a2

a9 @8 z& B4-ALG-77 FRGE

NLUM=-1

NUM=NUM+1
IF(KNTRL@. EQ. @>GOTOFSS
GOTO 714
IFCKNTRL) Z2@@, TEZ, Zeaa
IF(KNTRLA. NE. @) GOTO 2@a@

EXIT HERE IF FILE TEST

WRITE(E, 7TE@IKERRAC

FORMATC(” ACCUMULATED ERRORS=".I5)

WRITE(E, 7ELOXNUMBGN, NUMMAX

FORMATC(” END OF TEST ON FILES 7. I2.° THRU 7, I2)
50 TO 188

INITIAL DETERMINARTION OF TEST TYPE

WRITECE. z@@1)
FORMAT (" TYFE OF TEST-FILE INTEGRITY.

ZEFECIFY PATTERN OR GENEFRTE FATTERN? . /. )

[
@
‘o

RMOOOR

>
[
-
o

3300

OO0

READ (e, 2@1LONCNT, (B(J), J=1. NCNT >
KNTRLG=@

IFCBCLY EQ SHOGOTO 7@a

IFCBCL)Y EQ FHGOTOZa1a

IF(BC1) EQ GOGOTO Zeas

WRITECE, 9@a)

GOTO 2eee

KNTRLA=1

DETERMINE FARAMETERS OF FILE INTEGRITY TEST

WRITECE, S1&)

RERD (€&, TASOMAXERR

WRITECE, 784>

READCE, 7ASONUMFWT

WRITECE, 711>

RERD (&, 7ASOINUMFRD

IFCKNTRLA. NE. @) GOTO Saea

WRITEC(A, Za@1)

FORMATC(” MBM FILE INTEGRITY TEST )

SET INITIAL CONDITIONS FOR TEST

KNTFWT=1
KNTERF=a
KNTRLF=a
KNTWRT=1
IFCNUMFWT. EQ. @)GOTO 2508
KNTRL=-1
NLM=@
NUMWRT =1
NUMRD=@
NUMMAX=NUM
NUMFRT=4

DETERMINE PATTERN VALUES
NUMLQ=NUM

NUMH [ =NUMLQ/ 25
NUMLO=NUMLO=-NUMHI +2S€
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FORTRAN Y89 a2 03 a8 6 A4-AUG-77 PRGE

3246 IF(KNTRLF EQ. @XG0T0 310
9247 CC1>=-1-NUMHI
8243 C(2)==1-NUMLD
8249 C(2)=NUMHI
8259 CC4)>=NUMLO
82S1 GOTO 2220
82352 3219 CC1)=NUMHI
8252 C(2)=NUmMLO
8254 C(3)>==1-NUMHI
825S C(4)==1-NUMLQ
3258 3228 IFCKNTRLY 714, 714, 1001
c
(> RETURN HERE FROM WRITE PROCESS
C
3257 z200 IF(NUM. EQ. €40>G0OT( ZSaa@
8253 NUM=NUM+1
¥253 GOTO XZoe
82€a 35e8 IF(NUMFRD. EQ. €>GOTO 4108
¥251 WRITE(E, 7B2)
9252 WRITE(E, T3
9263 KNTFRD=1
92654 KNTRD=1
8265 2sse NUMWRT=@
8268 NUMRD=1
8267 NUM=@
8268 KNTRL=1
8269 KERRFF=9
8278 GOTO 2Z80
c
c RETURN HERE FROM RERD PROCESS
c
8271 2609 KNTERF=KNTERF+KNTERR
8272 IF(KNTERR. EQ. @)GOTOZ€@1
8273 KERRFF=1
3274 2s081 IF(NUM EQ. €42)> GOTO 4@0a
827s IFCKNTERR. EQ. MAXERR)GOTO 4100
9276 KNTERR=@
82?77 NUM=NUM+1
8273 GOTO XZeea
3273 4290 IF(KERRFF NE. 8>GOTQ 4018
82380 WRITE(E, 4011 )KNTFWT. KNTFRD

9231 4911 FORMATC” 7, 14,710, [4. T13. 7 ®**x*NOQ ERRORS***” )
8232 4010 IF(KNTFRD. EQ. NUMFRD) GOTO 4100

8283 KNTFRO=KNTFRO+1
8234 KNTRD=KNTFRD
8285 GOTO 2SSe
3236 4190 IFCKNTFWT. EQ. NUMFWT>GQTO 42080
3237 IFCKNTRLP. EQ. @>GOTO 4120
8288 KNTRLP=-1
2233 4120 KNTRLP=KNTRLP+1
82350 KNTFWT=KNTFWT+1
3251 KNTURT=KNTFWT
8232 GOTO z222@
3293 4200 WRITE(E, 78A)KNTERF
9294 IFCKNTRLO. NE. 3)G0TUS202
8295 WRITE(E, 4201
3296 4201 FORMATC” END OF MEM FILE INTEGRITY TEST' )
9297 GOTO 108
c
[» GENERATE FATTERN ROUTINE STARTS HERE
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FORTRAN V@S 82 93 :@8 26 @4-AUG-77 PRGE
C SET UP PARAMETERS FOR COMMON ROUTINES
C

8298 S800 NUMGWT=NUMFWT

9293 NUMFWT=2

8398 KNTERG=@

9301 KNTGWT=1

8382 5001 WRITE(E, 782>

9383 WRITE(E, 783>

8304 Cc1>=a

a3es C(2)=-1

3396 GOTO €oed

2397 Sae2 C(1)=-1

8388 C(2>=0

8393 GOTO €oaa

3219 S8z C(1)>=-8¢6

8211 C(2>=-86

B312 GOTO éeoa@

831z S804 C(1>=85

8314 C(2>=8S

9315 GOTO €oe@

8316 S500S C(1>=a

3317 c(2r=a

3318 GOTO €o9e

3319 Seee C(1)=-1

8320 C(2>=-1

9321 6000 NUMPRT=2

8322 KERRAC=@

8323 KNTRL=@

2324 NUM=@

A325 NUMMAX=64@

8226 NLIMRD=NLIMFRD

8327 KNTWRT=KNTGWT

8323 NUMWRT=KNTWRT

9323 WRITE(E, 60Q1)KNTRLA

93308 €001 FORMATC(” PATTERN NUMEER 7, 1)

9331 WRITEC(E, €0@2)C(1), C(2D

9332 6002 FORMATC(” WORDO=’.14.7, WORDL=", 4. . ETC

8333 GOTO 714
[
(> RETURN HERE FROM COMMON PRTTERN RQUTINE
c

8224 S09a IF(KERRAC. NE. @>GOTO22@S

82335 WRITECE, 742)KNTGWT

8136 GOTO 3001

8337 92as WRITE(E, 78@)KERRRAC

9323 KNTERG=KNTERG+KERRRAC

3333 3881 IF CNUMGWT. EQ. KNTGWTHGOTO &dow

9349 KNTGWT=KNTGWT+1

8341 KNTRLO=KNTRLO+1

3342 GOTO(SA01, SQQ2, SAAZR, S804, SV0S, SAE6. SAA7 YKNTRLY

2342 5097 KNTFWT=KNTGWT

8344 NUMFWT=KNTFWT+1

2345 WRITECE, 2001

3246 GOTO Zews
Cc
c RETURN HERE FROM FILE INTEGRITY TEST
[

8347 9900 KNTERG=KNTERG+KNTERF

9243 KNTGWT=KNTGWT+1

3243 KNTRLO=Q

119




*N/L

W211 vaBdeaa

FORTRAN

3250
3351
8352
8352
3254
3355
825

Vas. az a3 az e B4-AUG-77 FARGE

GOTO 9991

eluls ) WRITE(E. SARLOKNTERG

Sa91 FORMATCY TOTAL ACCUMULATED ERROR=". IS)
WRITE(E. 811>

011 FORMATC” ENC OF GENERATE FATTERN TEST
GOTO 1@0
END

ROUTINES CRLLED:
MACRED, MRCWRT

OPTIONS =/0F 1

BLOCK LENGTH

MAIN. avs C(EHLT1a2 0+

*%COMPILER —==-- CORE++
FHASE LISED

DECLARATIVES 0av7az
EXECUTRBLES @118Z
RSSEMELY Qz7TSa asale
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APPENDIX V

MBM SUBROUTINES, MACRO
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KB :<MBM1i. L5T

MBM SUBROUTINES

911090

8009288 912767

311388

80219

19 39886 VB4467

338122

11 @a@al12 vi2val

320374

12 B¥@e1se azavz?

2901899

167774

13 98824 aB1774

14 99825 112437

167772

1S5 99932 @asSzel

15 Aa@zZ4 BB1274

17 989838 912701

P9a124

13 999A42 B32727

808206

167774

13 9AB85S8 B¥Y1374

29 B9asS2 112637

167772

21 3aaSs 3aSialL

22 29263 AB137O

23 BPBEZ ARBZOS
24

25

26 213480

27 9BBBed a127e?
a194a9
Bae124

23 89172 B04467
BaBasze

23 8vavée a1zvol
veBzza

29 BB1e2 pI2737?
281823&
167774

31 99119 221774
32 83112 A32727
102009
167778
32 90120 V01274
34 99122 112720
16777
25 99126 905201
3€ 99136 A21279
37 aB122 @nBzes

MACRO Y@AE-@4RA @7-JUL-77 15:89 PHGE 1

TITLE MEM SUEBROUTINES
GLOEL MACWRT. MACRED
; SUBROUTINE TO WRITE 144, BYTES INTO MEBM

MASKW=@1104¢ ;WRITE MASK FOR UPPER RDDRESS BITS
MACWRT : MOV #MASKW., MASKL

JESR R4, ADDXMT

MOy #€3. . R1 s COUNT FOR FIRST 6@ BYTES
LOOPZ: BIT #1000, E#1LA7774 S TEST READY TO RECIEVE DHTR

BER LOOFZ
LOOF4: MOVE (R@)>+, @#167772 MAVE R BYTE

DEC R1

ENE LOOF4

MY #3534, . R1 i COUNT REST OF DATRA
LOOPS: BEIT RO, BHLETTT s TEST FOR FIFOD FULL

ENE LOOPS

MOVE (REAY+, @HLETTTZ  NOT FULL MOVE BYTE

CEC R1

ENE LOOFPS

RTS RS
; SUBROUTINE TO READ 144 BYTES FROM MEM

MASKR=a1840a i READ MRSK
MACRED : MOV #MASKR, MAZK1

JSR R4, ADC'XMT

MOy #144 ,R1 JBYTE COUNT
LOOFPE: BIT #1000, G#1LE7774 S TEST FOR RERDY

BEQ LOOPE
LOOFP?7: BIT #100000, @#16777a

BNE LOOPT

MOVE P#1E777T4. (RA)+ GET R BYTE

DEC R1

ENE LOOr?

FTS RS i FINISHED
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MBM SUBRDUTINES

33
39
49
41
42
43
44
45
46
47
43
43
s
S1
52
s3

54
SS

89124
28140
29144
aai4ée
va158
28152
83154
9a1c8
aa164
Jai7e
89174
g9292
aaz294
29214

93214
a921¢

26099
a175e0
aavaos
gi12vaz
|eeR10
a100081
a8e201
aesze2
80127

Qee73a1
Boeaze
918127

167772

427088
77408
ae27aa
Bazanag
832737
222400
167774
01774
B100z7
1e?7772
a1é5au0
20v0B4
vlvzo4
o la e Telw)

MEM SUBROUTINES

208801

MBM SUBROUTINES
SYMBOL TRELE

ADDXMT
LOOP2
LOOPS
MACWRT
MASK1

ABS

B0A1Z4R
QBBALER
aaelazr
QBaa0aRc
B0A21ER
2AVHBAY
00229

ERRORS DETECTED

FREE CORE:

MACRO Veé-a4A

ar-JuL-77

; SUBROQUTINE TO SEND 2 PR
MASKZ=A22822

ARCOXMT - MOV
MOV
MOV
LOOP1: RASR
CEC
ENE
RGO
MOV
EIC
ADD
LOOF2 EIT
EBEQ
MOV
MOy

RTS
MASK1 WORC

MACRO VAs-a4A

END

B2(RS)M. R
#2 . R2

R@. R1

R1

RZ

LOOF1L
MASKL, R1

K1, @#167

1S5:@9

PAGE 1-1

RTS OF ADDRESSC1@EITS)

a

772

#177403, R@

#MASKZ. Ra

#4000, EHLETTTH

Loor2
RQ, @#167

4(RS), Ra

R4
a

ar-JuL-77

ve

15: @9

s GET ADDERSS 0O

s SHIFT COUNT

i GET RDDRESS OF DRTR

FRGE 2

MACRQ V@E-84R A7-JUL-77 1S 93 PAGE 2-1

LOOPL
LOOF4
LOOFT
MASKR
MASK2

oo

2a1

a

4712 WUORDS

MEM1, MEM1CMEML, END

QEA146ER

AEAAIER

Haa112R
= 814484
= @zoaae
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LOOF2 aaaiv4r
LOOPS AAAB42R
MACRED @OBBE4RG
MASKW = 11900




KB :<{MBMY@3. MAF

MAP OF MBNY@S3 LDA AT @9:13 ON @S-AUG-77 BY LINK VOZ-82A
*¥x ROOT SEG: MAIN

R/W MEM LIMITS: 84302& @77457 @I4422

IDENTIFICATION @ 82

PRG XFR ADDRESS: @4Xaze

PROGRRAM SECTION RLLOCATION SYNOFPSIS.

{ BLK. > @4Z83& 877457 0Ia422
< HABS > 920893 a0aaaa aaoaad

««« TITLE:X MAIN. FILE: MEMVAS 0OBJ

{. BLK. > 942a2¢ @e21I7 017182
MAIN. 9428z6-R

««x TITLE. MEM FILE. MEM1 uBJ

< BLK > Q€2148 Qc2IS7T aeazza
MACRED @€2224-R MACWRT @ezida-r

MAX VIRTURL ADDRESS 911852, V. M BLOCKS USED Aaaaad
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APPENDIX VI

PROGRAM EXAMPLES
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EXAMPLES OF RSCII WRITE RAND READ ROUTINES
RU MBMVE@3

RERD. WRITE, TEST QR DUMP
W

FILE NUMBER
10

WRITE IN DRTR
12345673890122456789012345€7R901224567899122456739012245678901224567899

WRITE IN DATA
1234567890123456789B1234SETE9Q122456723901224567890

WRITE IN DRATA
123456789012345672901224567890

RERD. WRITE. TEST OR DUMP
R

FILE NUMBER

19

22456722012345672301 2345672301 2345€789A
122456733212245678901234567859212245678
1224567290122456789012245678201224567¢
123456789012345678901234

9
2@
]

RERD. WRITE, TEST OR DUMP
]

BEGIN FILE NUMBER?
19

END FILE NUMEBER?
11

B B R
MBM FILE DUMP
FILE NUMEBER 19
122456789912245678901224567890123456789a
12345672901 22456789012345678901224567832
12245672901224567220122456729A122456782a
123456729012245€7389812324

M e S e e s o b e e e e o o o o o e o o o o o R ok
MEM FILE DUMP
FILE NUMBER 11
AP P PP PP 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 F P P P P PP
~P P PP P PP P P P P P F P P P P P P P P P P F P P P P P P~F P P P P PP P PP
~P~P P P~P~P~P PP P F P P P P F P P P P P P P F F PP P P P P P PP P P P P PP
AP P P~ P PP P PP P P P PP P P P P F P P P PP
END OF FILE DUMP

RERD. WRITE, TEST OR DUMF
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EXRAMPLE OF THE SPECIFY PATTEKN TEST
)

WRONG HANSKWER

READ. WRITE. TEST OR CUMP
T

TYPE OF TEST-FILE INTEGRITY., SPECIFY FATTERN OR GENERATE PATTERN?
S

BEGIN FILE NUMEBER?
2

END FILE NUMBER?
25

NUMBER OF PRATTERNS®
2

ENTER PATTERN NUMEER 1

C)

ENTER PATTERN NUMBER 2

=1

MARX NUMBER OF EFRORS TO BE PRINTED™
3

NUMBER OF WRITE PRZSES™

1

NUMBER OF RERADS PER WRITE®

S

WRITE RERD GOOD ERD EQOARD WORD
PRSS PRSS DRTH DATA
ACCUMULRATED ERRORZ= a

END OF TEST ON FILES a8 THRU 25
RERD. WRITE, TEST OF DUMP
T

TYPE OF TEST-FILE INTEGRITY, SPECIFY PATTERN OR GENERATE PATTERN?
S

BEGIN FILE NUMBER?
19

END FILE NUMEBER?
11

NUMBER OF PRATTERNS?
3

ENTER PATTERN NUMEER 1
1

ENTER PATTERN NUMBER 2
-3

ENTER PATTERN NUMBER 2
4

ENTER PARTTERN NUMEBER 4
=9
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ENTER PATTERN NUMEER
16

4]

ENTER PRTTERN NUMBER
=33

g

=~

ENTER PRTTERN NUMBER
64

ENTER PATTERN NUMBER &

=123

MAX. NUMBER OF ERRORS TO BE PRINTED?
18

NUMBER OF WRITE PRSSES?
9

NUMBER OF REARDS FPEF WRITE™
1

WRITE RERD 5000 EAD BORRD WORD

PRSS PRSS DATH DATH

FILE NUMBER 18
1 1 1 a a a
1 1 -3 ~1 1 1
1 1 4 5] b 2
1 1 =9 =1 2 >
1 1 1€ (] £ <
- 3 1 =33 =3 S S
3 4 &4 2] & &
1 1 =128 =1 & @
1 1 . 4 'a a 8
: 3 =3 o : 3 9
1 *+x*MAX. NUMBER OF ERRORSC( 10)%%*%

FILE NUMEBER 11
1 1 b @ a a
1 1 =3 -1 i i
: | 1 3 a 2 2
1 1 -9 =3 2 3
1 1 1€ a 4 4
1 1 =33 -1 S S
1 1 €4 a & €
1 b 3 -12¢ =3 € 7
1 1 1 ] a &
1 1 == =1 1 =
i | *wxkMAX. NUMBER OF ERRORS( 180 ¢+

ACCUMULRTED ERRORS= za

END OF TEST ON FILES 1@ THRU 11

READ, WRITE. TEST OrR DUMP
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EXAMPLE OF GENERATE PATTERN TESTY
T

TYPE OF TEST-FILE INTEGRITY.SFPECIFY PATTERN OR GENERATE FRTTERN?
[¥]

MAX. NUMBER OF ERRORS TO BE PRINTED?

3
NUMBER OF WRITE FRSSEST
3
NUMBER QF READS FER WRITE?
1
WRITE RERD 5000 ERD EBORRD WQRD
PRSS PRSS DATH DATA
PRATTERN NUMEER 1
WORDB= 3. WORD1= -1, ETC
FILE NUMBER 4838
& 1 =1 =2 a 47
TOTAL ERRORS 1
RCCUMULRTED ERRORS= 1
PRTTERN NUMBER 2
WORDA= -1, WORD1= a,ETC
>

2 *xkkkNQ ERRORS+ ¥
PATTERN NUMEER 2
WORDA= -3, WORD1= -2€, ETC
3 *kxk*ND ERRORS# 4%
PRTTERN NLMEBER 4
WORDA= 25, WORDi= @2S.ETC

4 *xxrweND ERRORS w4
PATTERN NUMEER S
WORDWY= A, WORD1= A, ETC
S *xkkeND ERRORS+##*
PATTERN NUMBER &£
WORDA= -1, WORD1= =-1,ETC
5 ek ND ERRORS ##% ¥

MBM FILE INTEGRITY TEST

WRITE RERD Goaoo ERD BORRD WORD
PR5SS PARZS DATH DATA E
FILE NUMBER 231 |
1 3 2% ir 3 123 |
TOTAL ERRORS 1
WRITE RERD OO0 EHAD EORRD WORD
PRSS PRSS DATH CATH
3 1 *+*¥NO ERRORS++*
ACCUMULATED ERRORS= 3
WRITE RERD [eTulale} BAD EORARD WORD

PRSS PASS CATA DATA
PATTERN NUMEER 1
WORDG= 8, WORD1= ~-1,ETC

9 *x¥k¥ND ERRORS+++¥%
TOTAL ACCUMULATED ERROR= 2
END OF GENERRTE PATTERN TEST

READ. WRITE, TEST QR DUMF




EXAMPLE OF FILE INTEGRITY TEST
T

TYPE OF TEST-FILE INTEGRITY, SPECIFY FATTERN OR GENERARTE PATTERN?
F

MAX. NUMBER OF ERRORS TQ BE FRINTED?
3

NUMBER OF WRITE PASSES?
2

NUMBER OF RERDS PER WRITE?
2

MBM FILE INTEGRITY TEST

WRITE READ GOOD ERD BOARD WORD
PRSS PRSS DATA DATA

1 1 *xkND ERRORS*#%

1 2 +¥4NQ ERRORS #+&
WRITE RERD GOOD BRD BOARD WORC
PASS PARSS DATAH DRTA

2 % *uxNO ERRORS ¥

2 2 *+«NO ERRORS*#*

RCCGHULRTED ERRORS= 0
END OF MBM FILE INTEGRITY TEST

RERD, WRITE. TEST OR CUMP
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APPENDIX IX

EXAMPLE OF TEXAS INSTRUMENTS MBM TEST DATA
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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

PULSE PARAMETERS
FUNCTION LEADING  DURATION  AMPLITUDE

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 NS 30 MA
MODULE 74-36-01 23MAR76 12:38:20 TEMP 1
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APPENDIX X
MBM MAP FOR 1702 PROM
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APPENDIX XI
PROM CODE FOR FUNCTION TIMING GENERATOR
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APPENDIX XII
TEST REPORT MEMOS TO TEXAS INSTRUMENTS
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RD7/1126-M286
16 August 1977

MEMO TO: Gerald Cox cc: J1126
Texas Instruments C.A. Snyder
T.C. Moore
FROM: Larry Bulduc, Develco

SUBJECT: Magnetic Bubble Memories

Under a separate cover, (9) TBMO101 memories - 8 of which are on boards -
are being returned to you for reevaluation.

Our test consists of 8 patterns each of which is repeated every 8 write
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 Word @ Word 1 Reason
1 PPPPPPDD 11111111 Test for Alternate minor loop
interference
2 IRRRRARR! P00PPPPP Complement of Pattern 1
3 10101010 10101010 System noise test
4 01010101 01010101 Complement of Pattern 3
5 00000000 00000000 To discriminate between system

noise and effects of entire
bubble in 1 state
6 1111111 IRRRRRRA Complement of Pattern 5

The above 6 patterns are written and verified a number of times into each

file individually (e.g.; file numbers > the test file contain the last
test pattern).
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RD7/1126-M286
16 August 1977
Page 2

Patterns 7 and 8 are for testing file integrity.

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 - 1's complement of Word §
Word 3 - 1's complement of Word 1

Pattern 8 is the complement of Pattern 7 (e.g.; Word P « Word 2,
Word 1 < Word 3, Word 2 « Word 0 and Word 3 « Word 1).

In patterns 7 and 8 the entire memory 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 approximately 78 times.

The number of bits read calculates to be

8
3.4 x 109/board
or 2.7 x 10 /system.

A total of 112 errors were recorded on 5 of the 8 boards. This does not
include successive errors of the same bit on the same write cycle but only

the first occurrence.

Overall analysis of the test is shown in Table 1.
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RD7/1126-M286
16 August 1977

Page 3

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
within normal probabilities 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.

TBM Fib # Word #
S/N
78-13-15 0 40 & 24
72-63-06 295 11
72-63-06 369 1

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 results were not our system problems, the

(4) Towest error rate boards were exchanged with the highest error rate
boards.
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RD7/1126-M286
16 August 1977
Page 4

The test was repeated for 100 write cycles. A1l errors moved with the
bubbles and bubble boards. No errors were detected in positions pre-
viously in error. It was therefore 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 attenticn 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 Bulduc
Project Engineer

LB:nlh
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TABLE 2
TBM S/N -~ 72-53-11 78-13-15 54-24-02 72-63-06 68-94-00 TOTAL
File #
0-49 0 4 4 1 1 10
50-99 0 0 2 1 0 3
100-149 0 5 0 2 0 7
150-199 1 2 1 0 0 3
200-249 3 5 2 1 0 n {
250-299 0 3 4 2 0 9
300-349 1 2 4 1 0 8
350-399 1 1 Ve 4 0 8
400-449 0 0 4 7 0 6
450-499 1 1 5 0 1 8
500-549 2 4 3 4 0 13
550-599 3 3 6 1 0 ]
600-649 1 3 ) 1 0 10
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MBM
S/N
72-63-06

74-36-08
72-53-11
54-24-02
78-13-15
68-94-00
74-36-01
72-63-04

+470
+460
+465
+455
+460
+455
+465
+465

+480
+475
+480
+475
+485
+480
+475
+485

TABLE 3

CURRENT (mA)

IXO

39
39
39
38
40
40
40
40
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28
28
25
29
30
30
31
25

120
116
120
120
122
124
125
120

55
55
56
55
57
58
55
55

240
245
230
230
235
230
235
240

1
1




RD7/1126-M276
5 August 1977

MEMO TO: Gerald Cox cc: J1126 File
Texas Instruments

FROM: Larry Bulduc, Develco
SUBJECT: Magnetic Bubble Memories

Presently being shipped to T.I. are (5) TBM0103 memories which I believe
are defective.

Qur findings on each are as follows:
S/N 74-19-12
Analysis - Minor Loop #114 defective in addition to original 13 bad loops.

Test Conditions (mA)

IX = +470
IY = +485
IG = 230
W n
L,» 2
I, = 130
IA =Y

Comments - 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 60/.9x16°. This unit previously exhibited 0 ervors in 8.2x107 bits
when writing 2 bytes of the file address and complement in each file.
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RD7/26-M276
5 Aust 1977
Page 2

Example: 0dd write passes ADDH

Even write passes ADD

ADDH

ADDL
Each write was verified 6 times. In failure mode all bubbles were annihilated,
then each file was written,read 10 times before proceeding to the next file.

Another unit was installed in the same board and did not exhibit this problem.

Test Conditions

IX = 480 IXI = i
IY = 490 IR = 120
IG =81230 IA = 5b
Ixo =83

Note: IR pulse width= 5.25 ps.

S/N_74-20-02
Analysis - Minor loops 107, 115, 116, 117, 127 defective plus "random" errors.

Test Conditions

I, = 460 .= 29
1, = 480 1, = 120
I, = 220 3, = 83
IXO= 40

Comments - Collapsing field produced no improvement. Error rate >1/92,000.
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RD7/1126-M276
5 August 1977
Page 3

S/N 74-20-10

Analysis - Random errors. Error rate approx. 25/5x10° before collapsing
field. Error rate = 12/5x10° after collapsing field. Reduced error rate
obtained by increasing X, Y coil drive. At 5% over maximum spec error rate
~3/5x10°.

Test Conditions

Not known precisely but within spec limits for 25°C.

S/N 72-63-15

Fnalysis - loops 124, 140 defective. Originally 12 Toops defective.
Collapsing field reduced error rate from 4/5x10° to 5/2.5x10°.

Test Condition

Not known precisely but within specification limits for 25°C.

For your further information:

The bad loops in thirteen of the fourteen TBMO103‘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 believe that it was allowable to write into
bad loops. (The one exception is S/N 74-19-12 which is being returned to
you. )

As a result I attempted collapsing the fields in the TBM0O103's that were
producing errors. The procedure was per your instructions in our telephone
conversation of 28 July 77.

E.G. using a magnet with a field strength of 40 Oe or greater, introduce
the field perpendicular to the front surface of the 0103 at a distance
that erases the bubbles.

This procedure worked on 3 of 7 units. The remaining 7 units were apparently
not affected by writing in the bad loops as they have error rates of <1/2.6x107.

Digital timing on our system was measured as follows:

A1l leading edges with respect to CXB

SIGNAL LEADING EDGE (us) WIDTH (us)
CXB 0 3.0
CYB 2 3.0
CXA 5.0 3.0
CYA 759 3.0
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RD7/1126-M276
5 August 1977

Page 4

SIGNAL LEADING EDGE (us) WIDTH (us)
Generator .125 i)
Replicate 4.75% 1.50
Annihilate 3.50 4.75
Xout 1.125 1.75
Xin 4.75 2.5
Clamp .15 1. 75
Strobe 1275 745

*Actual test conditions produced by original timing map supplied by TI.
Changed to 5.25 us after these tests.

Your prompt attention to these units will enable us to accurately complete
our report to our customer.

Original Develco P.0. #9786
Returned under TI RMR #DL9190-10

Larry Bulduc
Project Engineer

LB:1c
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