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ABSTRACT

The design and preliminary testing of a microcomputer based flight

monitor and data recorder, utilizing magnetic bubble memory, is reported.

Component selection , software design and magnetic bubble storage system

construction and testing are discussed . Difficulties encountered, both

in software and bubble testing are reviewed , with results and remaining

work sumarized.

Magnetic bubble memory technology is reviewed and its potential

as a reliabl e, dense, low cost, non-vol atile recording medium is noted.

It is proposed that the microprocessor be utilized as a flight monitoring

as wel l as a recording device to detect and report inininent “extremis”

situations. This research is continuing at the Naval Postgraduate School .
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I. INTRODUCTION

A. BACKGROUND

The need for a light, crash survivable , compact data recorder for

Naval aircraft is wel l established . Information which identifies the

cause of the loss of one aircraft can often point to a weakness that may

affect several others. Recognizing this formally, the Chief of Naval

Operations has required the inclusion of crash recorders in all new

Navy ai rcraft .

A crash recorder must utilize a recording medi um that is non-volatile ,

as the data may not be recovered for weeks or months after being recorded.

Additionally, if the recording med i um is reusable , then no service action

is required to ins tall the new recording medium.

In the past, obstacles to the solution of the recording problem have

inclu ded the cost, the rel iability of mechanical recorders, the size and

weight of any system proposed for a small aircraft , and the mass memory

size required when implemented by a so lid state system .

Reference El] demonstrated that by ignoring redundant data , or “com-

press ing” the data, one can reduce the size of the required memory by

25%—5O%.

Solid state non—volatile data storage using an MNOS (Metal Nitr ide

Oxide Semiconductor) module was demonstrated in Reference [2]. Until

recently solid state non—volatile memories have been too bulky . Solid

state Magnetic Bubble Memory (MBM) overcomes these problems by offering

a quantum step forward in size, weight, cost/bit and reliability . By

combining the processing power of the microcomputer wi th the dense memory

12
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capacity of the MBM, a low cost, small size, highly reliable recording

system becomes available for multipurpose use.

Because the processing speed of the microcomputer exceeds what is

needed for recording data, and because system status data is available,

the system can also be used as a flight monitor to aid the pilot in

making critical decisions.

During an ai rcraft launch , app~~ach , or combat engagement , decision

time is critical . Analysis of pertinent factors relating to take—off

abort, wave off, or ejection may require split second pilot decisions.

The speed and power of the microcomputer can be used to monitor the air-

craft state and greatly assist the pilot in such situations. Utilizing

the same equi pment and data as the recorder, no additional cost other

than software is incurred for a substantial increase in capability .

B. THE MONITOR/RECORDER SYSTEM

This thesis consists of the system design and construction of a

devel opment prototype microcomputer monitor and data recorder. A non-

volatile MBM module is constructed to function as a remote mass memory

through appropriate interface circuitry . The memory module is designed

so that it can be located in a survivable ai rfoil , and thus the system

can function as a crash recorder.

The present system utilizes current production equipment for all

components. With the advent of single ch ip controllers imp l ementing

CPU, CLOCK, EPROM/RAM memory and I/O functions on a single chip, future

size reductions will be significant. Future system design centered

13



around such devices utilizing a single 400 cycle power supply can

incorporate all required computer functions , except input  bus i nterfa ce,

within 2-3 chips . Replacement of the current controller board and MBM

prototype board with 3—5 LSI chips as these modules come into greater use

will similarly reduce the size of this part of the system. Implementation

of the complete unit on a 5” x 7” circui t board , with out power supply

and input bus interface , is a realistic expectation within one to three

years .

Section II gives an overview of the constructed digital data recording

system, as wel l as the peripheral equipment interfaced to it for field.test

and modification .

Section III discusses interrupt versus status checks for software con-

trol. Important additional capabilities of the system, with recommendations

for future implementation are also discussed .

Appen dix A discusses bubble memory technology , wi th notes relating

to some of its critical parameters. The developed programs are listed

in Appendix B. Appendix C contains detailed hardware information , sche—

matics and peripheral systems interface information.

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
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II. SYSTEM DESCRIPTION

A. GENERAL

The microcomputer monitor and data recording system is illustrated

in Figure 1 and is comprised of two major assemblies ; a general purpose

microcomputer system and a remote magnetic bubble memory module. Figure

2 depicts the system at a block level .

As depicted in Figure 2, the system is designed to receive aircraft

status data that is assumed to be received on a MIL STD 1553 data bus.

This Information is buffered and sent to the general purpose microcomputer.

The microcomputer analyzes the data, compresses it , and sends the com-

pacted data to storage in the magnetic bubble module.

The MBM controller receives the data from the computer. Here it is

converted to serial data and stored in the bubble memory. The MBM module

is part of an escape .capsule that is designed to be survivable in the

event of aircraft crash. (Reference ~J goes into greater detail in this

area.) It is housed with a locater beacon to facil itate its recovery.

B. MICROCOMPUTER SYSTEM

The general purpose microcomputer system consists of an Intel 80/20-4

Single Board Computer (SBC) mounted in a rack suitable for a total of

four boards. An integral DC supply provides all required power with the

exception of +17 volts . This deficiency will be discussed in Appendix C.

An ICOM model PP8O MDS/SBC 80/2O—R PROM programmer board with resident

software and 7K of expansion EPROM has been added in the card case to

provide resident program modification capability , as wel l as addit ional

17
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program storage. The third board in the cage is an interface board to

accomplish all electrical interface to the remote magnetic bubble memory

module. There is room for one more board in the card cage. It is anti-

cipated that the Mu STD 1553 data bus interface would go on this in the

future. 
S

The Intel 80/20—4 Single Board Computer (SBC) is the heart of the

system. The System 80/20—4 Microcomputer Hardware Reference Manual

(Prelimi nary ) [Reference (3)], and the SBC 80/20—4 Single Board Computer

Hardware Reference Manual [Reference (10)], discuss in detail the many S

facets of its operation . Figures 3, 4, and 5 i llus trate the boards

wi thin the computing system. Figure 6 depicts the system in a detailed

• block diagram , as configured for this project.

The System 80/20 was chosen due to its flexible interrupt structure,

its power failure warn ing circuitry , and its multi—master bus configuration .

With 4K bytes of resident EPROM, (2K of which is system monitor), 7-8K

bytes of expansion EPROM on the ICOM board , as well as 4K bytes of resi-

dent RAM , there are no effective memory limitations imposed .

The system is set up to operate on its monitor utilizing automatic

baud rate selection to an RS—232 serial interface. A Texas Instruments

Silent 700 Terminal was obtained and modified to allow portabl e system

operation . Terminal modification and wfr’ing are indicated in Appendix C.

Field test and software modif ication is supported by the ICOM PROM

programmer and Texas Instruments Silent 700 portable terminal . Program

t veri fication and alteration are immediately availabl e to allow custom S

j interface or software altera t ion , as we ll as bubble down-load under

S
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program control in the flight or post flight environment. ICOM PROM

programmer operation is detailed in the PROM Programmer Operations Manual

[Reference (4)]. Terminal operation is outlined in the Silent 700 Model

745 Terminal Operating Instructions [Reference (9)].

C. MAGNETIC BUBBLE MODULE

The magnetic bubble memory module is illustrated in Figure 7 and con-

s i sts of two car ds , housed together in a separate card cage. A forty—

l ead flat ribbon signal connector and a five—lead power cable connect

to the interface board. The module consists of a magnetic bubble controller

card and a magnetic bubble driver/sense amplifier card . Back—plane connec-

tions in the card cage transfer all required signals between the two boards.

Figures 9 and 11 are detailed block diagrams of the boards . The cards

were local ly built , utilizing fi rs t design pri nted circuit boards and

schematic information from Texas Instruments (TI). These boards interface

the TI TBMO1O1 magnetic bubble chip to the microcomputer as a TTL compatible

interface. References [5] and [6] are the controller and bubble board

detailed specification. References [7] and [8] are the electrical sche-

matics and parts lists for each board .

1. Magnetic Bubble Memory Board

The Magnetic Bubble Memory (MBM) board is illustrated in Figure 8

and detailed at the block level in Figure 9. Detailed operation is out-

lined in Magnetic Bubble Memory and System Interface Circuits (Reference

[6]). An overview of MBM board operation follows .

Board enable (BOEN) is Input low , producing an enable to the coil
5 

field drives , transfer , replicate , generate , and annih ilate gates, and to

5 24
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the output data driver. U7 and U8 are indirectly controlled via U4 enable.

Field drive signals (CXA, CXB , CYA , CYB) are input to Ui /BE from

the controller board coil drive output circuitry . These precisely timed

square wave pulses are applied to the appropriate coil drives and cause

triangular current output pulses from the field drivers . These outputs

are. ~pp1ied to the X and V coil dri ves out of phase to produce the 100 KHZ

field as descri bed in Reference [6]. The timing of these field drive

signals is controlled by the controller board . Only level conversion

and shap ing are done on the bubble board.

Moni toring of bubble loop position is accomplished by the con-

troller. It assumes the bubble is started from a zero page reference

and as such i t must be allowed to return to this zero reference prior to

shutdown or powerdown . The time involved to return the loops to the zero

reference can vary from 0 to 6.4 ins depending on loop positions ~t com-

mencement of shut down .

Chips U2A and U2B are the Transfer gate drivers . U2A and U2B j
are functionally identical and dri ve the same gates . Timing differences

in the micro sequence from the controller determine whether the pulse in

the transfe r loops will perform a transfer in or a transfer out . Ch ip

U3A conta ins the Replica te driver , while U3B contains the Ann ihilate

driver. Again these two chips are schematically identica l and drive a

common gate. The difference in their function is accomplished via timing.

Along with U4A , the combination of Replicate, Ann ihilate and Generate accom-

plish the bubble read/write function. The chips themselves are i dentical

as are the output drive transistors . Control signals for the MBM board
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are received as inputs from the Controller board . The Timing Function

Generator sequences the chips to accomplish all required functions .

Output data sensing is accomplished via U4B, U7 , U8 and the

R/C network. When an analog bubble signal is sensed in the detectors

it is coupled to the sense amplifiers , amplif ied and di gi tized via the

clamp signal . The sense amplifier output is applied to latch U7 where

it is strobed to the output driver , U4B. The output of this driver is

then transferred to the controller as di gital bubble data.

Reference [6] points out that the gates in the bubble memory 
5

chip make excellen t fuses due to their small size. Discussion wi th TI

personnel bears this out as a major failure area For this reason a

resistive equiva l ent for the bubble chip elements was constructed ~or the

testing phase , utilizing specification information of Reference [6].

Prior to bubble chip insertion , all si gnals should be verified for tiMng .

In particular , the polari ty, pulse width , and duty cycle of the gate drive

waveforms shoul d correspond wi th those of Reference [6]. The five large

wire loops are for fina l verifica tion of current waveforms prior to bubble

chip insertion , and for veri fication with the bubble installed . Utiliz-

ing a current probe , the circuit waveforms may be verified at the bubble.

At test completion these loops may be reduced to straight wi re runs to

the bubble chip, for a more compact design . All timing waveforms are

referenced with respect to the leading (fall ing ) edge of CXB/ , Pin 18.

This signal , Input as an external sync, set for negative slope trigger ,

wi ll be required for proper test equipment timing .

28
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2. Controller Board

No written information on the controller board was available.

Reference [6] suggests a design and it appears the board was modeled

after this. The board is centered around a TMS 9916 Magnetic Bubble

Memory Controller. Figure 9 illustrates the board itself, while Figure

11 is the block diagram . All three busses , data , address and control ,

are used as inputs . The control bus is made up of five signals: reset,

clock (BCLK/), power fail (PFWP/), data bus in (DBIN), memory enable

(MEMEN) and Interrupt. Hardware reset is a low l evel signal that is

tapped directly from the SBC reset signal . It performs a full reset

of the controller board via hardware. SBC BCLK/ was selected as the

external clock inpu t to the controller , since all data output to the

master bus of the SBC is referenced to this clock. This TTL. signal is

in put to U23 and U19 to properly sync the ready and read/write operations

between the CPU and controller.

Power fail (PFWP/) is a low level input signal from the system

80/20. Reference [3] descri bes its operation . It is currently tied to

+5V on the card cage backplane. To utilize It , PFWP/ would be brought

from the system 80/20 to the power bad Input of the controller board ,

P1/19, as a low logic signal. This circuit is designed in the controller

to allow an immediate orderly shutdown of the bubble memory in the event

of power failure , because major loop data loss is possible if data is

left in It at shutdown . Additionally, to keep track of zero page refer-

ence , the bubble must shut down with the minor loops positioned at a

known point wi th respect to the transfer gates ..
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The system 80/20 guarantees 5.3 ms of warning prior to the loss of , 
-

+5V. The MBM chip requires 6.41 ms for a worst case return of all minor

loops to zero. A storage capacitor may be required to meet this 1.31 ms

time difference. Data Bus In (DBIN) is the controller device Read/Write

command and is derived from Memory Read (MRDC/) or Memory Wri te Command

(MWRC /) on the master bus. The controller uses this command along wi th

the other two busses to interpret commands from the microcomputer. Memory

Enable (MEMEN/) is simple a low logic enabling signal acting much like a

chip select. It is discussed in the board addressing scheme.

The primary job of the controller board is Read/Write loop

control . Major functions of the board, and the associated components ,

are: Timing (118, 1119, U23 , U24), Data Bus Interface (U3, U4) , Addressing

(Ui , 112 , 1119), Redundancy (116 , 114, Ul4), Timing Function Generation (115,

U9, 1110, (.116, 1121) and Bubble Board Interface (1120, 25 , 26).

118 is a conventional clock generator. It provides clock reference

within the control and bubbl e boards. As mentioned earlier , CPU inter-

face timing is accompl ished with BCLK/ and associated ready timing of 11238.

Board sync Is generated by clocking the inputs to U23A . 1119 provides

timing gates to the Timing Function Generator (TFG) circuitry as well as

clocking the inpu t data. U24 supplies enable timing to the bubble

module for coil start/stop timing.

Data bus interface is accomplished with two Bidirectiona l Bus

Drivers , 113 and (.14. Wi th an enabling inpu t of Ready from Ul3 , the read

or write signals from U19B or Ui determine direction of data flow.

32
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The controller board is addressed as a memory mapped device

utilizing 15 address lines. SBC address 14 and 15 were HANDed ” together

on the interface board to reduce the number of SBC address lines to 15

to conform to the controller address bus , mapping the controller into

high memory. The memory mapped address is determined by the controller

(AO—A3), Ui (A4—6) and 112 (A7—Al4 & 15). Ul and U2 are fusable link

ROMs (256x 4). U2 contains a hex “0” at its address OFFh. Ul contains

a hex “E” at its address “47h” and ~I8hI at address 4F. In addition to the

address bus , 111 utilizes a high level logic memory enable (MEMEN) signal

created from “OR”ing SBC memory read (MRDC /) wi th SBC memory wri te (MWRC/ )

on the interface board . Finally, the actual address selection (within 111 )

(s determined by the Data Bus In (DBIN) signal . For DBIN true (high), 111

address 4Fh is accessed, which generates a chip select and read signal to

the controller board . For DBIN false, address 47h is accessed , which

generates a wri te and chip select signal to the controller board . The

result up to this point is that for an address of OFFFXh (where X is d

don ’t care) the controller can differentiate between a read and a write

memory operation .

The lower four address bits are fed di rectly to the controller .

All controller commands are mapped onto these address locations (OFFFOh to

FFFEh) wi th OFFh not utilized . IMS 9916/5502 controller specifi cations 
S 

-

[Reference (5)] details the commands . All comands with the exception

of OFFF2h utilize the data bus to pass required data associated with the

command. The OFFF2h command (Control Command) is an expansion command

that a llows the data bus to be utilized to pass eight additional commands.
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These comands have no data associated with them, so no conflict occurs.

For example , OFFF2h on the address bus , with 02h on the data bus causes

the controller to execute Its microprogram to read a page of bubble data

into the controller buffer, reposition required loops, etc. It.should

be noted that cont rol commands are transparent to the programmer, in that

once the controller is programed , the CPU may go on and leave the con-

troller to complete its task. Monitori ng may either be done via status

polling or interrupt programming . This will be discussed further in

Section III.

T iming interface for read/write control timing is accomplished

via the CPU ready circuit. If the controller required additional time

in accessing its buffers to the bus , it ma~ pull the ready line low ,

causing the CPU to enter a wait state until the controller is once again

ready.

Redundancy circuit discussion follows . Starting after a reset

generated by the read Counter Clear (RDCTRCL) signal from the controller

(1113), 1114 counts the gated 50KHZ clock. Its outpu t is fed to the 256X4

bi t  Schottky fusible link  RON , 1111. ThIs RON contains the redundancy

map for up to four installed MBM chips and is the same type as the pre-

viously discussed 111 and 112. The current application has only one MBM,

so 1111 contains only one of a possible four maps . Table I is the re-

dundancy map for the MBM employed in this report. The counted clock

input causes the redundancy map to be output to U6, which generates a Data

Enable (DATAEN) signal for each valid minor loop, and fai ls to post the

DATAEN signal for bad loops, corresponding to the RON map. This signal

34
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TABLE I

REDUNDANCY MAP

FINAL MASK

MODULE 89-92-10 23 June 77 13:43:35 TEMP 0 CENTIGRADE

0000 0002 O1CO 0010 0000 0000 0000 00000000 0007

BAD LOOP ADDRESSES (HEXIDECIMAL )

OO1E, 0027, 0028, 0029, 0038
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is gated with the controller Data Out signal to form the Good Data (GDATA) -

~~

signal at U25D. The signal is then transferred to the MBM via buffer

1125 to gate out bad loop information . - 
I

116 receives three enable lines , Board Selec t (BDSEL) A , B, and C.

These are used to indicate which of up to eight bubbl e board redurrdancy

maps are to be accessed. Currently the select lines are tied to ground to

supply a log ic zero to the board address logic. In a larger application

wi th more than four bubble boards , an addi tional redundancy map RON

would be added , generating inputs to U6 (D4-7), and would contain the maps

for boards 4—7. Additionally, active board address would have to be sup-

p1 led to the board select lines .

Precision timi ng waveforms for a l l  bubble  board funct ions are

generated in the Timing Function Generator group . 1110, the Timing Func- I

tion Generator (TFG) , is another fusible link ROM . The contents of this -

RON are indicated in Table II. Counters 115 and U9, driven by the clock 1

generator 18 MHZ output , and under control of 1112, access the TFG . It I
in turn generates output signals on its data lines to sequence a set of 

C1

timing pulses to two eight input, “0” flip flop latches , 1116 and 1121. -~~

1121 utilizes only six of its eight “0” flip flops . This la tched sequence

is clocked by the counted down 18 MHZ clock (4.5 MHZ) to generate output -~
signals to drivers U20, U25 and 1126. These three chips are quad, two-

input NOR gates and make up the function drivers . All MBM Board corn-

mends serve as inpu ts to these dri vers to be timed under micro sequence

control of the TFG.

36
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The interrupt output from the controller allows for a powerful

interface to the microcomputer. When enabled via its mask register, inter-

rupt is generated from 111/34 through driver U13A to B2/39. SOftware is

written for this to go In as in terrupt five to the SBC; however, it is not
currently implemented.
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I I I .  CAPABILITY EXPANS ION

A. INTERRUPT VERSUS STATUS CHECK

The system des igned in this thesis can be operated in one of two

ways. One is for the Central Processing Unit (CPU) to obtain input data

when available , exam ine it , store as required , waitin g for the mass

memory system ~~complete its operation (a significant amount of time),

and then wait for the next input cycle (an even more significant delay).

Due to the speed of the microprocessor , the relatively infrequent occur-

rence of input  data , and the additional delay involved with a rela tively

slow mass memory, the CPU would spend most of its time “polling” the in-

put or output, wa iti ng for ei ther an input operation , or for the memory

to complete its operation . This is trivial , i f the CPU has no other task;

however , If it could be gainfully employed el sewhere, it represents a

great waste of computing power.

An al ternative way of accomplishing the same task would be for the

computer to be working continuously. When the input data bus brought

information to the system , it would interrupt it. The microcomputer

could then accept data from the 1553 bus buffer, operate on it , and store

as required . Utiliz ing an MBM controller that can be told to take the

data, store it and generate an interrupt when complete , the MBM module

could be left to its work, and the microcomputer returned to the task

interrupted .

For a Metal Nitride Oxide Semiconductor (NNOS) nonvolatile mass

memory, or other type of slow mass memory without a separate intelligent S -

controller , the same capability may be realized through software, utilizing
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the programmable interrupt timer of the SBC. By setting this timer to the

required memory delay , an interrupt wou ld be generated at memory completion.

Uti li z i n g  this  method ba sed on interrupts, the recorder system could

realize a ten-fold increase in computing power. This power c~uid be

wel l utilized In the present and future monitoring applications.

B. SAFETY PROGRAMMING

A data recorder, by defini tion , has considerable information available

to it. In the case of an aircraft crash data recorder, a wealth of air-

craft status data is sent each second to the recorder. For a microcomputer

based system linked to a MIL STD 1 553 data bus , with other aircraft systems

also on the bus , the state information available is sufficient for many

S 
safety calculat ions.

Reference [2~ discusses the use of discrete parameters to represent

a wealth of aircraft status data in a very compact form. The variable

DP&l , and DP&2 of the RECORD program represent 16 BIT words composed of

discrete data. A suggested implementation is shown In Table IV , where

OP&l represents pilot input , and DP&2 represents aircraft state. Utili z—

Ing this type of data , the recorder has available to it information on

fl ight perturbation , pilot response, control response resulting, and

finally the aircraft response resulting from this chain.

W ith aircraft air speed , fue l load , pos i tion, etc., available , cal-

culations of fuel exhaustion time and position , optimum climb , cruise,

and loite r conf igurat ion , or constant energy display mapping could be

S supported. Real time calculation of take—off time and distance could be

automatically calculated , wi th no pilo t generated input data other than

40 
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field length. Real time warnings could be output , If the field length

Is insufficient for take—off, as a function of real time sensing of confi-

guration and ambient conditions.

These are examples of applications for all aviation . A potentially

more important task is related to the Navy carrier mission . By continu-

ously having availabl e to it such a wi de variety of parameters, and due S

to i ts near instantaneous analysis capabili ty, the microcomputer could be

programmed to recognize certain definable “extremis ” situa tions at the

very earliest stages of their onset. Through this recognition algorithm

an “eject alert ” could be generated, allowing for immediate pilot correc-

tion and/or additional time to analyse the critical eject decision. In

the familiar dark night launch , which is a time—critical situation , this

could very easi ly make the difference between successful recovery/ejection

or aircraft and p i lo t  loss.

The RECORD program of Appendix B is interrupt driven at its outer level .

The loop that comprises the main body of this program simulates a calcula-

tion of the type described . This l oop calls the Eject Alert procedure if

the parameters eval uated indicate that a critical situation has developed.

In the example there is little doubt that an “ex tremis ” situation exists .
S An extreme example was chosen to demonstrate that a computer can recognize

specific situations if:

1. it has sufficient status data ;

2. It Is programmed to recognize these inpu t values as a set that

correspond to a critical situation .

The programmed example assumes arbitraril y that discrete data words

DP$1 and DP$2 are implemented as shown in Tab le IV . Based on this , a

41
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value of 1E83h would Indicate a very di re situation . The aircraft would

have fully split flaps, fully split slats , wide open speed brakes and

S hung gear. Simultaneous checks of altitude through the program indicate

that the aircraft is below 100 feet and falling. This is an example of an

easily defined “extremis” situation .

The program calls the Eject Al ert procedure to provide warning. The 
S

significance is that the microcomputer can analyse the parameter each

second, detect a situation such as this , and furnish a warning long be—

fore reaching this point. Placing the routines in the main body of the pro—

gram insures that the parameters examined are at most one second old, since

the 1553 bus would give new data each second .

42
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IV. RESULTS AND RECOMMENDATIONS

The complete system was as sembled after considerable delay in

obtaining the vari ous component parts. Some difficulty was experienced

with the CPU coming loose from its socket on one side due to board

flexure. Consideration might be given to soldering the CPU into the

socket prior to flight testing .

Test software was designed initially to repetitively read or write

to the controller , unti l the controller buffer was full , then to transfer

the page to the bubble module. This program was repetitively l ooped

while signal checks were conducted. It was determined that the test

oscilloscope utilized was not sufficiently fast to syncronize and

displ ay the waveforms of in terest.

Test software was altered to verify operation of the 9916 First In-

First Out (FIFO) buffer, by executive a wri te of 17 bytes after system

initiation, followed by a read of the FIFO. This was also unsuccessful .

Consultation wi th Texas Instruments personnel indicated several

changes to be incorporated, as indicated in Appendix C. Additi onally,

the 9916 controller performance may possibly be temperature dependent

to a greater degree than listed in its specifications . Cool ing air was

supplied for future tests, but testing was not resumed in time to see

if this solved the temperature problem .

Due to changes required , testing was not completed and remains as

L the final task. Subsequent work should include correction of deficiencies

listed In Appendix C, and check out of the address ROMs . The Controller

_ _ _ _ _ _
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S operation should be verified independent 0f the MBM board. It is recom-

mended that a status polled program be utilized , as recent discussions
S 

wi th TI personnel indicate that the interrupt routein from the control ler

may operate in variance with the specifications (Reference [5]).

Research should continue with the MBM. It is the best medium for the

mission , and future technology growth will only accentuate this. Consi-

deration should be given to simultaneous development of an MNOS based

system utilizing the same computer , as discussed in the thesis. The

technology risk here is low ; however, the storage density is also con-

siderably lower.

Final ly, the interface design to a data bus which serves to deliver

the status information needs to be completed.
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APPENDIX A

BUBBLE TECHNOLOGY

A. INTRODUCTION
In many materials there exist “domains ” of magnetization. These

domains are usually randomly aligned , such that the net magnetization

(magnetic energy) of the material Is near zero. In certain materials,

a large number of these domains al ign along some axis with their mag-

netic poles in the same direction. This is a naturally magnetic material .

In an artificiall y induced magnetic material the same result occurs;

however , the alignment is forced by an outside electromagnetic (H) field.

If a naturally magnetic material is placed in an H field ali gned

with Its principal magnetic axis , all domains will tend to align with this

field. Those domains that were aligned opposite to the field will be

reduced in size as a function of their magnetic dipole moment, their ini-

tial polar direction , and the strength of the external magnetic field

(bias). By careful sel ection of the magnetic substrate uti1iz3d , and

application of the proper bias , those domains In opposition to the bias

field can be caused to reduce in size unti l they are arbitrarily small

“bubbles” 0f polarized material within a “sea ” of oppositely polari zed

material (Reference [6]). Variation of bias field and material properties

S of the substrate will determine bubble size. If the bias field is allowed

to become too strong, they will be annihilated , i.e., caused to collapse

‘Into the “sea .” If too weak, the bubbles will be too large , with resulti ng

propagation and storage problems .

_ _ _  ~~s.. - . s.
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As a first step toward usability , the bubble must be caused to move

under control. For this purpose a combination of “tracks” is laid down

in the substrate, usually from permalloy material. An external electro-

magnetic field is applied (two periodic signals , 90° out of phase),

such that it i nduces a magnetic field within the plane of the substrate.

The moving force is caused by variations in flux density , due to the per-

meability of the permalloy pattern , that causes the tracks to develop

magnetic poles , resulting in the bubbles being moved along the track

in the direction determined by the external rotating field. The bubble

moves in the direction of reduced bias , at a speed proportional to the

difference between the non—uniform bias across the bubble diameter and

the coercivity (Reference [6]). The bubble movement is accomplished by

realignment of the magnetic vectors at successive locations within the

substrate.

The shape of the permalloy track elements have a distinct effect on

propagation speed and reliability . Patterns used in the past have in-

cluded a chevron, a “T” bar , and a crescent. The bubble chi p used in this

thesis employs the “1” bar pattern . Current research in higher density

chips Is employing an asymetrical chevron to achieve higher packing

densities and greater field rotation rates.

Three other basic functions are required to make up a useful bubbl e
S storage device. Information must be written Into the device (bubble

generation). The information must be read from the device (bubble detec-

tion ) and bubbles must be deleted from the device (annihilation). Genera-

tion can be accomplished via a fine current loop which , at a specific

46
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point in the bubble track, can be pulsed in opposition to the static bias

field to produce a bubble. Similarly, annihilat ion can be accomplished

by bringing the bubble under the same loop and reversing the direction of

current flow. For data handl i ng , the generate and annihilate functions

are usually separate. Bubbl e detection can be accomplished in several

ways. One Is to cause the bubble to be stretched out, and then run under

~ permalloy magnetorestive detector. The change in the resistance of the

detector due to the field change induced at bubb le passage can be detected

and amplified as the m odule output. Interaction of the rotating field and

the detector is handled by putting the sense element In one leg of a

balanced bridge network, with the other legs in the rotating field but

not exposed to bubble passage.

Physical arrangement f the permalloy tracks determine the usefulness

of the memory. All bubble positions and functions could be arranged around

a loop; however, as total storage increased , access time would go up lin-

early, just as in serial magnetic tape systems. A more practical ap-

proach for systems that require random access is to model the system

after a fixed head disc , in which information is fed to several heads

simultaneously, transferred to the disc tracks, and then the disc rotated

to the next data position . This is tne model for the major/minor loop

MBM chip layout.

This design requires the additional bubble function of “transfer,”

which moves a bubble from/to the major and minor loops. This propagation

directionality is obtained by application of very carefully timed signals

to the transfer gates themselves to cause the propagation vector to move
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toward the minor loops, via specially shaped permalloy track elements,

at the instant the bubble is positioned at the gates. In all bubble

functions, element size, placement , and spacing are critical .

B. CONSTRUCTION

Solid state construction techniques very similar to that used in

the fabrication of other microelectronic components are utilized in the

construction of the bubble memory. This contributes greatly to the rel i-

abili ty and low cost of these units. The current MBM utilized is a pro-

duction version of approximately lOOK bits . Texas Instruments expects

to market a 256K bit chi p In the same package by mid— 1 978. Four of these

larger capacity chips will be mounted, with drive circuitry, on the same

board uti lized in the current application , to yie ld a one megabit

stora ge system.
One area of concern in bubble chip reliability is bias field variation

susceptibili ty (Reference [11]). Element differences wi thin the device,

as well as variations of the field strength of the bias magnets , may

cause the bias margin to be unacceptably small. In this case relatively

small increases in flux density may cause bubble annihilation , wi th re-

sulting data loss. On the other hand , a weaker field may cause overly

large bubbl es, with attendant strip out problems. Bias field margin is

computer tested. A final test is a go/no—go check for the completed module.
• As the bubble chip capacity is increased by reducing the bubble size and

spacing , this will be an area to watch. Research into permalloy track

element shape Is producing patterns that require less precise manufacturing

technique while yielding a wider bias margin (Reference [12]).
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Another area of possible problems arises with the major/minor loop

architecture. To obtain an acceptable yield with a chip employing ex-

tremely close manufacturing tolerances for the function elements , a

failure margin must be allowed . Keenan and Naden (Reference [14]) re-

port that for the IBM 0101 chIp, up to 13 of the 157 minor loops are

allowed to be defective to obtain desired yields. The actual map of the

assembled chip is obtained In final assembly testing, with bad minor

loops noted. It then become the job of the bubble controller unit to

selectively ski p these loops on read/write transfer operations . An

additional caution must be observed wi th regard to this redundancy mask

in that if not correct , and if bubbles are transferred Into the bad mi nor

loops, recurring probl ems with erroneous data may result thereafter.

0. M. Lee (Reference [6]) outlines the method of employing the mask in-

formation to gate out bad loops . He further outlines the entire controller

circuitry required for MBM control .

C. APPLICATIONS

NASA and DOD are both currently funding research into magneti c bubble

storage devices . Rockwell is building a 108 bit space qualifi ed recording

system for NASA (Reference [13]) employing signle loop architecture. It

is hoped to replace three mechanically oriented systems with the one bubble

system in future applications to decrease weight , improve reliability and

reduce power consumption .

Texas Ins truments, under contract to the Air Force Avionics Laboratory
(AFAL), is developing second generation MBM modules in 256K-1M bits/chip
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range, utilizing the major/minor loop architecture. Specific applications

of the AFAL work are not yet indicated .

Bubble drive circuitry is passive, except during actual memory

access. Function circuitry is similarly inactive, except when actually

performing the intended function. There are no quiescent bias currents

needed in a stand—by mode. For this reason, MBM will be applied to

many applications where power consumption is a consideration. By

actively switching all bubble functions , minima l power drain may be

S realized.

Magnetic bubble memories will find applicati on wherever the low

cose/bit and non—volatile nature are important, and wbere the relatively

longer access time required can be tolerated .
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TABLE III

TMS 9916/IBM 0101 PARAMETERS

TOTAL STORAGE 100,637 BITS

USABLE STORAGE 92,160 BITS

NUMBER OF MAJOR L OOPS 1

NUMBER OF MINOR LOOPS 157

GUARANTEED NUMBER OF USABLE MINOR LOOPS 144

MAJOR LOOP LENGTH 640

MINOR LOOP LENGTH 641

S 
PAGE SI Z E 18 BYTES

NUMBER OF PAGES 641

SINGLE PAGE MODE MAXIMUM PAGE WRITE TIME 12.82 MS

MULTI—PAGE MODE AVERAGE WRITE TIME 3.22 MS

FIRST BYTE AVE RAGE ACCESS TIME 6.41 MS

MINIMUM SHUT DOWN TIME 6.41 MS
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AP PENDIX B

COMPUTER PROGRAMS

A. GENERAL

Development support for both hardware and software is availabl e in

the Intel MDS 800 Microcomputer Develop-System. Figure 14 illustrates

the entire development system. Utilizing the In Circuit Emulator (ICE),

SBC hardware can be simula ted to a great degree. The ICE is currently

incapable of simulatin g interrupt driven routines for the SBC, as the

interrupt controller cannot be simulated . A modiflcatlc~ to allow simu-

lation of SBC in terrupt structure is available and Intel has been contacted

to obtain it.

Due to the memory mapping of the ICOM PROM programmer board , PROM

programming within the ISIS operating system is not straight forward .

The ICOM PROM programmer is mapped into the top 16K of memory and as

such is not compatible with a system configu red for more than 48K of

memory. Dip switches on the board would allow the board to be re-

addressed , but it would then be incom patible with its own monitor.

For 62K CPM , the debugged program Is loaded into a user RAM area

below 48K and run. Upon exit to the monitor the top 16K RAM board is

removed wi th the system on , and the ICOM programmer board inserted .

The system is then rebooted on the monitor and program control trans-

ferred to the programmer (Reference [4]). For PLM-80, and other lan-

guages run under the 64K Intel System Implementation Supervisor (ISIS),

another problem arises. Due to SBC EPROM memory mapping , the SBC Is mapped

in ISIS resident area , and as such must have its operating load map trans-

formed utilizing the ICE8O .
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Wi th the debugged program comp il ed, lin ked and located on disc , the —

ICE 80 is utilized to transform the program load map into user accessible

RAM under the MDS/ ICE 80 64K memory map. Care is taken not to transfo rm

‘Into the top 16K of memory, as this will be removed to utilize the pro-

grammer. With the transformed program loaded under ICE 80, the disc door

is opened and the system booted on the monitor. The remaining proce-

dures are the same as for CP/M.

The decision on whether to use I/O ports or to memory map the con—

troller was a di fficult one. At the time the available MDS was not

configured with a general purpose I/O board , so the decision was made to

memory map the controller. Subsequently, the MDS 504 Genera l Purpose I/ O

Module has been obtained and is installed on the MDS. For the testing phase,

consideration might be given to utilizing the controller , port mapped ,

due to the greater ease of si gnal checking . The required si gnal comple—

mentation of address and control busses could then be accomplished in

software also .

Programs to accomplish the recording function as wel l as to test

bubble module operation were developed . The essential el ements of the

PROCESS PLM program of Reference [
~
] were rewritten in PLM—80 as the

RECORD program. The RECORD program incorporates interrupt initiation ,

MBM Interface , and examples of real time analysis of input parameters

to dynamica l ly vary the compression.

The MEMORY RECORDING PROCEDURE of Reference [23 was rewritten on

the MOS and designed to record Into MNOS. If this program were adapted

for the SBC port numbers , and expanded to handle a larger number of
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MNOS chips , it could provide a demonstration data recorder while the

bubble technology matures. The programs were not included , but are

available if this route is chosen. -

S PLM—80 bubble driver routines were originally developed on the

MDS; however, they could not be located at SBC EPROM addresses without

ICE 80. The status—polled MBM drivers were written in assembly language ,

utilizing the Digital Research CP/M operating system . This allowed pro-

gramming of EPROMS for testing . This requirement was removed when the

ICE 80 was obtained , but time did not allow for program rewrite. This

program translates directly into PLM—80, and if used in further work

should be rewri tten to aid documentation .

S 
Development of the Interrupt driven MBM Driver was accomplished

in assembly language as well , to facilitate register and stack operations

associated with interrupts. Translation Of this program into PLM-80 is

not as direct. Utilizing the PLM Stack pointer (STACKP~R) functions ,

a based variable would be utilized to store the return point stack

pointers of each routine , and appropriate stack operations would allow

movement back and forth between the “Outer Level” and the page write and

end check routines as required .

B. RECORD PROGRAM

The RECORD program is the executive program . It performs three

functions : real time analysis , parameter analysis and compression , and
S call control for the BUBBLE program.

1. Real Time Analysis

W ith the recording function written as an interrupt activated

procedure, the software is free to perform real time analysis of

A ~SS 
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desired parameters as discussed in Section III. The sample calcula-

tion consisting of the IF statement in the “Outer Level ” infinite loop

is an example of this.

2. Parameter Analysis and Compression

The INPUT 1 procedure is interrupt driven . It in turn calls

all other procedures wi th the exception of Eject Alert . Two examples

of how to dynamically vary the data compression rate are included in the

VERTG procedure and the ALTF analysis. In each case, the compression

parameter, i.e., the allowable difference between old and new values ,

• is adjusted dynamically as a function of data from one second ago.

3 MBM Call

After data has been analysed for changes and labeled , it is

stored in an output buffer (one byte) and control is passed to the

MBM driver.

C. BUBBLE DRIVER PROGRAM

This assembly language program is the MBM driver. It follows the

flow chart of Figures 15 and 16. Figure 15 shows the sequence (Reference

[5]) to initialize the controller at power up. Figure 16 is the single

page read/write flow chart (Reference [5]). It does not use interrupts

to control operations as It was developed from a version used for testing.

The var ious conso le c a l l s  at the input to the procedures are for the

purpose of program debuging and testing and would be eliminated In the

fina l version .

- - - 
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0. INTERRUPT CONTROLLED BUBBLE TEST PR OGRAM

This program was developed from an original status polled test pro-

gram to make the recording process more efficient. Translated to PLM-80

and linked to the RECORD program , it would allow the system to be used

as a monitor/recorder.

The basic flow chart is the same as that of Figure 16, wi th the ex-

ception that the process does not wait for the controller to finish.

Once the controller is told to write a page , the program returns di-

rectly to the “Outer Level” while the controller completes its task.

When the controller ‘iS done, the generated interrupt five causes the

program to leave the “Outer LeveP and return to the End Check (ENDCK)

routine via the Return Point (RTNPT). At completion , execution once

again returns to the outer level .

The program was located in EPROM , but transferred into SBC

RAM thus allowi ng program alterations during operation. To facilitate

th is , multipl e no—op (NOP) ins tructions were inserted in each procedure ,

which permitted patching modifications . The trace routines are similar

in both MBM programs . The program is relocated on the SBC to its 3000h

start address using the SBC monitor move (M) command prior to execution .

A read routine was incorporated into this program as well. It was

derived from the origina l version of the test program , and as such is not

interrupt controlled . This program is the main test program. In the

testing mode, keyboard control of read/write operation is available and

selection of the number of pages read/written is accomplished via pro-

gram modification .

Tables V and VI are the memory maps of the SBC and MDS utilized .
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LAS1 A L 1 I TU L E ,  AIhSI -EEL LEAk F t ) S IT I u i ’~. *1

1 1 ( ( ( M L i F  c ~~~~~~ tih (t ~CAS c ( S iALL + s ) ) )
Uk ((t . , x - s l  Mi ’~i L.i ~~~ 7~ , ).j ) c

t t -tEt ~ L I t i I i ’i = 1 L i;
EL~~E L h i L ’ i = I L k ~;

A L l a ~~ ALLu ( AL i r  a L D~Il  sq ,.’i);

CALL ‘vEh ’I L ( S ) J
~tCAS A L i .~o ( K G MS, Lh i I l  e~’ ~~) ;
h~~~~~=ALc,O ( hEALi~~LI ~~ii  7 7 ) ;
CULL ~~ b l L ( b ) ;

tIr~~~~~AL C U ( r S k,~~ , i t ) ) ;
GULL ‘dEa~lL (11);

UISAbLE ;  1+ U I S M b L E  I N T E h h U L ~iS  AZcU UNLI CALLS l u  Ii’~i Esm~~&l
Cuc~i l k u LL E k  *1

u U u j - u T ( I C C a ~ ) = E u I C ;  1* uU1PU’t T n E  Et~ Li u1 I i ’i~~EhkUk’~l */
/ *  kE c.~’~AbLE I N l c . rchu1-~lS  */

c.i’~LJ i N r u  t i  ;

5tMC j~ b~ah; /*Ii’~It1A LI~~E u L r~Mi ’~ S I M C P c  ~ u i t ’i lErc  *1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,* I P d i l I M L I~~.t. L I i ~i i t  vALuc. S */
J ,t ’t I I ~l t L M L, 5EC~~LML =~~; / $  II~IlII4LI1..t. iLA ~ S AI’M1J CUUL ’d ’l t .A.S

S M L l G s A L i k a K C A 5 , H E A L i a L i t , L 2,~.iL ~~j ; / ~“ I N I 1 I A L I I . E  ~M hj MbLES *1

k L M L 1 ~~~ML SE ; 1* SE1 UI1 INITIAL I~ Ai Iu~ I LAL & L i k  bUbb LE CUt’~’ucULLEt% *1

Lu I~t)kE~idE kJ
= ( . I ~~P U i I ) ;  / *SET UI1 kAt ~i I I ’l lEbk uPl  ~.. E C i U k  it )  CAUSE

Li ~l EhhUI1T o l u  ~i E G i U k  l u  INI1U1 I & b U L E u u N ~~.*/

*
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BEST ~V~-~- ~~

i k ( ( A L I C  c LWi.1 ) At~ttI  (AL 1~ LLt~.k) ANLi (~ ,L I~ASl $SIN~( )  S

ANt.~ (t CAS SLU ~~) Uk ( L i P $~ ANtI LiEE& $l l ’c U U b L E ) ) )
THEi’~ CALL EJE CT$ALEj t l ;

ENLi; /* LOUF, ~M I l I L ’ s G ~ Uk I N l E k b U F l S .  1H I S  LuUP IS ThE ‘ UU l E H  LE\ ’EL ’.- 
ANY t’iU~ibEt ’c UF S A k E 1Y  uk k L I IJHT h O U T I N E S  COULD bE A C 1 I v E  IN -

T H I S  AhEA, S U N N I N G  U N T I L  I N I E H H U P T E L i ,  At~~ THEN R E S U M E L i .
UNE EXA~’ZI1LE IS INCLUtIc. b ul’ A L~IAG HU CHE Ck k u k  Mi’4 £ A i h E i~,Lk L I & *~1 GUPsILI[ juN. SEE P I’tU LkAM t~.OTES t~uh EX P L A N A 1 I U N  *1 

t

Ei’iL kct.LUAUEH;
*

1~
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. r r *  r ~~~~BEST ~~~~~
bubbLE DkI~iEb PR U t)icAt.’i-ST ATUS PULLED

UhL k3C~ (Oh iSiAt’~i Prc u LkAM UN ~I lH EPh UM CHI P
;TkAGE HUt)TINE MAP: *=bUbbLE . k=Ii’~iIiIAL I~~E.
; 3 = buSY CHt.Ch. ~=k-A LE~.kIlE. S=Et’W CHECK .
;9=LO bYTE CHECK . A=ZEHU PALE .

It’~aAI Pi hUUT INE MUST INI1IAL I~~E I k L A L  it)  ~ EhO
;UPUN I1kULE~MLi ~E SiA t~i. ALLLTIUNALLY, INPUT
ibUbbLE LiMIA MUST bE PASSED ~ IA MEL~UkY I N l u
;LDCATIUN ~kEt)kk. STACK PUINTEI~ i~’~iENlIUNALY
;l’dUi INITIMLIi.c.L). i r%AGC. tc L JU l h t E S  r u k  Lic .bULi .

\~hbLS E~ u ~Pt)t)h ;~vARIAbLE STUkALE IAhEM

LLiP LEsLLU E~ u LkFkL h ;LuAu PALE SELECT hELiISi Et~
, LU b Y T E

L~~PLh LH I t.~~u ~~~~~ 1H ;LUAD PALE SELECT HELISTEH, HI bYTE
GUN

5
L LUM E~~U t ) k k k k A  t~EMLi C U N T H U L  G U M M A N D S  i~ht )M DMA bUSS S

k L ib Y l E  EI~ U E J k k 1 3 H  j h E A Ij  D A T A  b Y T E  FhUM Ct)i~ ih uL L E h  ~ I~~O
t~,~~Y T E  ~~~ ø k k r 4 H  ;~~h I l E  D A T A  b Y T E  i t )  CUNThULLEk kI~~U
t~Lt S 1A lu S  E~iu ;r ~ .AU STA T uS K E L I S T E R
fr (Gi’.iLu c.~~U t)H r- bH ;bEAtI/~~rc1iE i’iUMbE~c Uk r~hLE~ F u r ~ M U L i I

;rAC2 . i h A N S k E k S,  LU bYtE
k~~ic Hi bYTE

LLMINS~.Lu ~~~~ ~I bhi ;LUALi LUW SYI-i., MINUR LuUl~ SI~~.(INIi-
- ;IMLl~~A iIutN ~i’~LY)Lt.iMIN5~.HI ~~~U ~J k i ~k9H ;SAME k Urt HI bYTE

PLI1US LU E~~U k k k I ~Mh ;I~M LE P U S I T I U N  C U U N 1 E H  L u t s  b’r l E .  USE D 
-

S

;T u  SF1u I,. LURkENT PALE Al i kANS&E~
;LMTt. hi lt iE .  b ub b L E

PLPt) Sh I EC U t ) k F F b H  I SAME k O R  HI  b r i E
L S ~.z~ L Ei~ U ~) I k k G H  LUAL PALE SI~~E ~~ LIS1E~

; C I N I T  IAL I~~MI Iui’.i ui’~t LY )kLlhu Mb’r l E  t.~~U ø h k k LiH ;RE ML Cut~~c.C’i i R E L i U N L A N C Y  NA P ,
;I i ’i ChEMENT P u i N i c . h

ht ’~S 1ALibh E(~U ~ k k 1 ~EH ;HEALt kEDLJNLi ANCY MAP ADIJhESS

I N I T I A L  £~ U 1 ;INITIALI1E THE CON1HULLER
kuP L E~~u ;kcEA Li P R D E , S IN L L E PA LE MOLE

~kI1L E~~tj ;‘*RITE I~ADE, SINLLE PALEsLLP~~u EI~U b ;SET S IN U L E PA LE NODE
NULP LM Li E~~U 1~~H ;SET MU L T I PA LE M U L E

S T E S T N D  E~ u kØH ;SET T E S T  MuLE
rcESE1 E~~u ‘i~~h ;Suh’ i~~MkE tcESEl
1i~ iMSK EI~U ~t)H ;SET CuNTHOLLER I~~1EhkuPi MASK

Cu ~~ U ~~~~ ;CUNSULE uui CALL ALLiNESS
*
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Li E~ u ~ 1kH .CUNSULE Ii’~ GALL AIJLihESS
bUS Y E~~U 1~~H ;D E F I N E  bU SY Ci~ECK b Y T E
MINLI1SI~ EuU b~I1Li JNUNbE,~ Uk i-USITIUN S UN MINUR LOOP
PALES1ZE E~ U l b L )  J P A L E  SI ZE  IN bY TE S

bUbb LE : CALL I N IT ; I N I T I A L I Z E  I F  k~~L

LHLD PM LENUiM ;LuIW UP DESI ~~ELi PALE N U M b E R
XGH L
LXI  H ,LUP Lh LLu ;LUAD UP CUMM AN D
N 0¼I Usc.
CNA ;It’i~iEbT DAT A kUk buSS
&~iU ~i M ,A  ; u U l P u i  LU B Y T E .  Uk PA GE .

H
MU~i A ,Lt

;INVEhT D A T A  k u k  buSs
NsA ;U U T~~uT H I  B Y T E  CuMNMi ~ L

i~g~~I C, ‘*- ‘ ;SET UP P A T H  T H A G E
CALL GO ;t )Ui~~U I L h A C E
CALL bU SY C HK ;SEE 1k CU N T R U L L E k  LuNE
LXI Hs ’~i~bUPk
N o~ A ,M ; F E T C H  I N P U T  D A T A  F U R  BuBBLE F i k O

LXI HstthbYTE ;SET UP ~kITE CONMANLi
CMM ; I N ~vERi  DATA FOR BU SS

;~~~ i i E  DA T A B Y T t .  •t u  k i k u
LA 1 h , B Y T E C N T  ;Sc.i uP B Y I E  C U U N T  Ir~GHEMEN1
iN k  N ; INCkEMEt’iT BYTE . CUUNT (INDIHECT
M~iI MsPALES1ZE
CNP N
(.Z. r Ltsrci ; l k  B Y T E S  L’. R I I T E N  = P A L E

;S IZE s  ~~~I 1E P A L E
;t ~E T U k N  hA~iI N L  ~.k1T1EN D A T A  i t)  k i k u

P L ~~~l :  N V I  Cs ‘4 ’ ;SET UP PAT H TRACE
CMLL GO

GALL b U S Y L H K  ;SEE I h ~ G u N l R u L L E s ~ BUSY
LXI H , C U N T L U M
N~~I As~~~~I 1b 1
CMA ;I ,~~ Ekl D A T A  r uts BUSS
Nu~ m ,A  ;U U 1 P U I  PA LE ~‘. i c I l E  COMM AN D i t )

;Cui ’iThUL LER
CALL BU SYCHK ;GHEGK F U R  DUNE

E~’.itILK : M v I  L~ ‘ a- ’
CALL CO 

- 

J U D T P U T  ThACE

LnLU P A LEN U M I LU A D  Auuk t .SS  uk  P A L E  N U M B E R
*
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BEST AVX-L~ COPY
IN X H ; I N C R E M E N I  PA LE N U M B E R  I N D I R E C T
SHLIJ PALE N U N ;RESTURE. INCREMENTED PALE NUMBER
X CHL ;Pu .L I N C R E M E N T E D  PAGE NUM BE R li’t L i /E
LXI H,NINLPSIZ ;CHECK FUR ENL) OF ME~M U R Y
MOLd As h ml BYTE INTU ACCUN
GNP U ;CHECK IF HI BYTE Uk PALE NUMBER =

sF1 1 B YTE Uk M I N U R  LUuP  SIZE.
CZ LU CHK I I I ’  HI  B Y T E S  Et)LiAL , CHECK Lu bYTES
LXI H s b Y i E . C i ’~i ;LUAD B Y T E  COUNT LU C A 1 I ’J N  I N T U  THE

;H/L  R E G I S T E R
N V I A ,t )  ;
Nu~i NsA ;kESET T H E  B Y T E  COuN T 10 ZEH U
LX I  L ,PMLt .NuM ;SET UP l u  LuAU PALE SELECT k E L i S i E~LDMX Li ;LuAD MCCLi M Fr ~UM A DD RE S S  IN t I / E
LA I H LDP Lzs LLU SL uAD H / L  ~ 11H LoA D P A L E .  R E G I S T E R  LU

;CUMN AN D AIJDRESS
CNM ;I i ’~~E,-~

5i DAT A k U t ~ BU SS
NU ~d M s M  ; U U T P U T  LU B Y T E  T o  PA LE SELE CT r 5 E L
INX H ;SET UP H I  B Y t E  CUMMANU
iN c U ; I N C t ~E.N Et’d F U r s  HI  b Y T E  -

LuAX U ;LuAL) It’~ HI B Y T E
GMM ; I N ~~E .Ri D ATA F u R  BUSS
N U ~ M , A  ; U U T P U T  H I  B Y T E  T o  PA GE SELECT kEG
RET

LUCHK : M ’iI Cs ‘9 ‘
CULL Cu ;uUlPui ThACE

NU~s As L
;CHE.CK Lu ~YTES

L~ ZE~cUP L ;kE.SEi  PALE i t )  ZER o
I l k  M L  END u k  B U B B L E ( L U U P  ME.t~aur - ’t

ZE.r~UPL :  M V 1  C ‘A ’  ;sc.i UP T K A C E .
CALL GO

LX I H ,PMLEi ’tU i~i ;LuMu h /L  ~.sI i~ t At IU àsESS u k  PA Uc. t ’ttIN~~c.zs

~~~I A ,kt ~ ;~ .EhU AC CU~iU LM T uR
i~iU~ N s M  ;i E . R t)  LU b Y T E ,  I-ALE t~ U Mb E.b
INX H I I N C R E M E t ’J T
MU \i  M ,A ;ZE.RL ) h i  B Y T E

FtEI 3

1& ’i I l :  M~J I  Ga ‘ k ’  J SSET UP UsAGE
CALL CU 1

LUA IFLA G J GHECK IF INI1IALIZ~.L ALREADY
*
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BEST A~I~i_~~ ~
yy

C?l 1 iSEE IF  SET
I l k  SET , lE I N I T I A L I Z E D s  R E T U R N

GALL BUSY CHK 1
N~~I A s P A L E S I Z E  1
LXI H LUPLSZIs L ;LUAI) H/ L  ~ I 1H LUAU PALE S IZE  kE G

I LUNNA N L)
GMA ;i N ~iE.hT LAT A F U R  bUS S
NU ~ NsA LUMLJ P A L E  S IL E  I N T O  PALE S IZ E  kEG
LXI B 5 M I N L P S I Z  1
MU~ MaC LO BYTE, MINUR LUOP SI~~E, INtO ACCUM
LXI  H a LU N 1 N SZ L U  ;LuALi  h / L  ~I t H  LOAD M INU.s  L OUP S IZE

;LU ~ GUNMANLi  AUDkES S
GNA ; I N v E . r s i  LI A TA F U R  BUSS
NU~v N s A  I P U T  M I N O t s  S IZ E .  Lu B Y T E .  IN M I N U R  LuOP

;Lu U P  SI Z E  R E G I S T E R
MU\ ,  M a b  ;SET UP HI  B Y T E
I N X H  I
GMM ;I N V E R T  L I A T A  i~uR BUSS
MU ~ M ,A ;Lu A L i  M I N O R  LOOP S I Z E . ,  H I  B Y T E
N~iI A ,r sESEl  ;SE1 UP RESET COi~iMAN D
LXI H s G U N T C U N  ;LU A U  H/L  L s I T H  G U N T R U L  CuNi ~AND
CL’tA ;It’~~E~ T DMA F u R  BU SS
MU ¼~ ~i , M  ;MCT I~~AiE. acESET
N’iI A, INITIAL ;SE1 uP INITIALIZE CIMNAi~DCtIA ;I N ~iEk1 b A lM  F u R  bUSS
NU’~I NsA ;ACT I vATE INITIALIZE

S LXI hsIFLAL ;LuAU H/L ~ITH IFLA G AtIDFcE.S5
NVI Ast)1 I
PIU~~ NsA ISET I F L A G  = 1
LXI HsBYTELN L sLuAU h/L ~sITH ADDRESS oF BYTE COUNT
M~t#I M s L ~J 1
N,U’Q NsA I Z E R U  B Y t E  C u U N T
LXI H,PAGENUM ;LOMU H/L ~.I ih AuDRESS OF I-ALE. NUMBER
Nu~ NsA ;ZE isu  LU B Y T E ,  I -AGE I ’tu Mb Ek

H I
M U t d  NsA ;ZE~cu h i  B Y T E

B U S Y C H i c :M v I  C, ’3’
CALL CU

N’iI Cs BUSY ;SET UP BUSY CHECK BYTE
LXI  H s r s D S T A T U S  ;SET UP ST A T U S  READ ADDRESS
Nu ~ A s M  ; tsEALi STATUS

;CUMPLINEN T ACCuMULATOR DuE TO R’E~ EkSE;DA1A L I I ’4E  L O G I C  LE.~~EL
LX I  H s S T A T S V  ;5E.i UP S T A T U S  5A~~E.
MU~ NsA ;SlukE CURRENT 51A1 U5

*
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L

1~~h IMASK ALL BUT BUSY BIT
CM,1 C ;CHE CK F U R  BUSY
JL BU SY CHK ;LUUP IF  BU SY
RET I ELSE R E T u R N

U R L  W’~BLS ;~iAhIAbLE STuRA LE AREA

~zsbukk Lib I t s k I i E  BUFFER
1I’LAL Lib ;li’i I T I A L I Z A T I uN F L A G
bYiECi~T Lib ;BYTES CuRRENTLY hE.AU/~ARI iTEN

L~ . ;N U M b E ~~ oF PALES CLi SRENTLY READ Oh
;~~R I i T E N .

ST ATS~ Ub 0 ;CURRENT CUNTRULLEi~ S T A T U S

END ~C~~~H
*
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BES1 ~~~~~~~~~~~~~~~~~ e-’~ 
~~~~~~~~~~~~~

3 bUBBL E TES T P R U G R A N - I N T E R R U P T  CUNTRU LL E L J

u~~G 3~~~BH ;T h I S  P1~U G R A M s i H h U U L h  I N T E R R U P T  DhI~dEN
;R u U T IN E S ,  U T I L I Z E S  T H E  P o W E R  U F T H E  BUBBLE. CON-
;T R U L L E R  T O U~~EtsC U ME BU BB LE ACCESS T I M E .  GUN
;T R u L  PASSES T o  THE OUTER PROGRAM LE V E L t I U R I N G
I BuBBLE ACCESSES lu  kElU ssN T H I S  ‘LUST • L I N E
;i u  t h E  MAIN LINE RUOI INE. I-Ru L~AM I~ uRGED
;A t  30t) ~~H ( S b C  tsMN ) T o  A L L U W  EASY N U t I I F I C A T I U N .

\~RBLS E.i~iu 3 r L E H  I V A R I M b L E  S t u r c A L E  AssEA

LXI S & s3 r b B h  ; S t A C h (  F R o M  3k~~bh i h~~u 3 & b ø  IiNCLUSI’vE

T R u E  El~eU k~F r h  I
rM L SE E~aU ti
LUP GR LL U E~~u k i F F I I O H  J L U A D  I-A LE. SELECT l c E G I S 1 E . t s , Lu EY1 E.
LU&LR~*tL Ei~u t )&F&IH LUAU PALE SELECT rsELIST ER Hi bYTE
GUNTCOtVi E~ u ~FFFkH ;,~EAD CONTRoL COMMANDS FRUN DATA BUSS
R D B Y T E  Et~U t ) F F F~~rt ;REAU D A T A  b Y T E .  F R U N  BU B BLE
W~~b Y t E  EI~U B k & k 4 H  ; W ~~i T E  D A T A  b T T E  lu  BU B bL E
r~Li51A1U S t.~ U ØFF ~~~H I R E A t I  STA T US ~ E L I S i E R
r LGL ’4 i Lu ~~ U ~i k k F ~~h I~~t A D / W h I i E  N U M B E R  u k  S F U r s  MULtI-PA GE

;PALE L RAI’i S F E R S ,  Lu B Y T E
I- GCN T H 1  EUU k J F k k 7 H  ;SANE F U R  h i  B Y T E
LUM INSZLu Et~u aF r k b h  . LuMU L oW b Y 1 E  M I N U R  LooP S I Z E

; ( I N I T I A L I Z A T I UI’J O N L Y )
LuM I i’iSZH I E(~iu B k F F 9 h  ;SMNE Furs  N I  B Y T E
PuPuS LU Et~u ~ k k k u H  l I -A L E  P o S i t i o N  C u U N T E k ~ L U W  B Y I t . .  US ED

I T o  SH oW LU RREN1 I -A L E  A T t isMt~i S F E h  L A T E
I I N  T H E  BUB B LE

PLPUSH I E~ u ~FkFbH ISANt. FuR hi b YTE.
LLiP L5~~rsG E~~U Ø F F F C H  3LUML PALE S I Z E .  R E G I S T E R
rsURONBYTE t.i~u 0Fk& LiH Jl~EAD CURRENT REDUNDENCY MUP~I I N C R E M E N T  P O I N T  ER
rsWSTAULss EI~U ~FFFE H ;REMU hEDUNtIENGY NAP ADDRE.S5

IN ITIAL E.(~U 1 JIN ITIALI ZE THE tt)NTrsULLErc
tcLiP G E~~U k ;rct.ALi PA LE. , SI i ’i LLc. P A L E  t’~uLi E
v~~PL Et~tu ~i 1 W h i l E  I -AL E s  S I N L L E  P A L E  N 0 D C .
SGLP LtIU E(~U ~ ~I 5c.i SIt~GLE PALE NUDE

S NULP LN Li Ei~U 1 011 i S E T  M U L T I - I - A L E  M ODE.
55 i t.Sii’iLi EI~iU k~IPi J SEi T E S t  MU LE

rct.SE.1 L~~u 4~i.3H I S O F T  W A R E  RE SET

L 
* 
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I N L N S K  ~~ U b~ H ;SE1 CONTROLLER INtERRUPT MASK

M O N I T O R  EI~U 0bH ISET M O N I T O R  CALL AUDRESS
LU ~~U ~k3Fh ICUNSULE OUT CALL AULiRESS
LI E~~U ~~1~~H ;CuNSuLE IN GALL ALLiR ES S
R I  E(~U ~~1~~H flsEALE.R IN CALL ADDRE SS 

S

PU E.~~U O t b H  I P U N C H  uu i t -u T  GALL AD DRE SS S

ICC& E.~~u kiU MH ; I N T E R R U I - i  GOMM ANU PORT
MSK P L  E~ U ~LibM 3 INTERRuPT MASK PoRT
I G W 1  E.~~O I b M  I D E F 1 N E  I N t E R R u P T  I N I T I A L I Z A T I ON
LMA SK E.I~iU ~J ;iN 5

t LhhUPi MASK
E u l C  E~aU ~ ôH ;C . N U - u F - I N t E R z - S U P I  CUPit ’t hND W ORD

BUSY E.t~u It~H ;DEF1NE bUSY LL-IE CK B Y l ~ .

~~1i~L~-SL~ . ~~~u b q I L i  ;Nut ~,bEk o F PuS h IONS ON N1i’-iurs LooP
i-ML E.SI~.E E~~u L o U  ;t -ML ~.S1~ .k. L i ’i B Y T E S

LAI H IFLUL ;FETCH IFLA L
N~~i A a k )  ;~~.ERU M LC U M UL A L UR
MU~ N . M  ;Z ERu F L A L I

CALL LI  I
MU~ CsM ;SEt UI1 ECHo
LULL LU ;ELHO OUT
MV I b~ ldD~~H ;CuN SU LE.  I N P U T  F u r s  LAP is
GtIP B ;SE.E I F  ss I N P u t  I MPLY I N G bEA U
JZ PUL -Ersu  ; l k  Su~ Go ‘to rsc.MD ROuT INE . ELSE. ENTc.rs

;SIMULATED ‘UUTEJs LE VEL ’ FUR ACCESS To Ii’~T-
;E.RRUPT UrsIcEN W R I T E .  rc ui.t t IN c . .

LooP: LXI ktsbUbbLE ;SE.A Ut- LUUt~ it) WAI T Furs  t N t  b
55 ;MLLUWIIN G 1i~ib- Ut

SHLU 4kF9 h ;~‘iuL I k Y  IN ~~Es~RUI- i  t ~ c . C i urs Lc ~i rc AM
LXI  h s r s i N P t  ; S E . T  uP I N t E R R U P T  S ~E L i u r s
SIIL LJ S F F SM ;W r s i t ~ . I N T U  RAM
Pi~~l Ga L ’  3
GALL CO - ; u U L I - u l  Luur  T R A C E .
Nu t-

JNP Luot- ;LuUP ku~~~~ E.R. It’~i b W I L L  L u K E  US To
55 ;BuBBLE. PL~EMLi ACCE SSED ~IA K~~YB UA,sLi

bubb LE : GALL SAVE ; S M V E  N A I i ~i P RU L - RMM S T A T u S
N UI-
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BEST AVAL?:~ LC,PY
NUr

LULL h i’U ’L J I N I L L M L I L E  I F  -rs~~D

S LHLU PA GEN u M I L U A D  UI- D E S I R E D  PALE
A L H L -  3
LXI F1 ,LDr L-R LL O ;LuAD UP CUMPiN D
NOV Ms ~~ 1
LNM IINVERL FOR DAT A BUSS S

NOV N,M b UTt-Ui Lu BYTE. OF PALE. 
S

Ft I I N L i s E N E N T  CoMM AND
N O V  M a L l  1
CMM
M u V N , M  ;u u n- o T  h I  b : t E .  CuNMAt ~D

NV!  La I
GALL Cu J u o t P u 1  t R A C E .
GA LL Li  J ii’~r UT L i M t A  F rvo i ~& LU N S U L E
LXI h a  W g s b u r k  ISEL o~ b t u r s t
N OV 19aM S t o t sE I N P U t  D A t A  IN B U F F E r s
MUV L ,M .St t UP
CALL. Lu b E C H u  INrLJ L

GALL Bu SYC HFc J S E .~. I F  C O N T R o L L E r s  ouNE.
LXI  Li , W R BOF F .1
LL~AX Li ;N U V t .  I N P u t  D A t A  BACK I~’~io  A L L U M u L M I o t s

LA S! H s W r s b Y l E  S~.i OP W R I T E  COMM A N D
LMA 3I I ’~V ER t  F oss D M A  bUSS
N O V  N sA  3 W R I T E .  D A T A  b Y T E  i t )  F I F U
LX I  F t a b T T E C N L ;SE T uP B Y t E  L u o N i  I N C R E M E N T

N 3 L N L R E P ~~N i  B Y T E  C O U N T ( I N D I R E C T )
N V I A a P A L E S I L . t .  I
CNP N I

~~~F b Y i c .~ W R I T T E N  = PA LE
i S i Z E .,  W R I t E  PA LE

NVI  Gs ’ b ’ 1
CALL CO .1RACE Fob RETURN FisuM PALE. Wi-s ITE.
Nu t-
N ut -
N OP
U I  IDI SAB LE.  I N T E R r s U P T S  AROUN D b~~S9

; C U NM A N
N V !  M , E U I C  I
ou t ILCt- JUUTPUT END U~ Ii’~iERRUfri b
E l  I R E - E N A B L E  T H E N
GULL R E S T U i s E  R E . S i U R E  M A I N  P r s U G s s AN  S T A t U S

*
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3 1%ET UI%N FrsuM ll~lERaso&l

I- L -Wb L : N V I  C, 4 ’ 3
CALL CU 

- b U t t - U T  TRUCE
N OP
NUt- ’
NU P

CALL B U SYC HK I
LXI  H a C O N T C O N  I S

N V !  A a I N T N S K  ;LINMASK CON T RO LL ER li~i E h R U P T  T O  ALL oW-
GrIM ; I P I V E R T  Fois D A T A  BuSS
NU ’d N s A  I N T E R R U I - T S  T U  BE U U T I - U T  i o  Cl- u
N V !  M s WRt - L-
LFIM Iii’iVER t Foss DATA buSS
N O V  N s A  I t - A L E  W e s I L E  COMM AN D l u  C ON T R U L L E R
RET ; R E h U R N  T o  O U T E R  LEVE L P~~UGhAt ’i Wh ILE

CU NTI - sULL ER WUi KS.

hsit ’~F’L: CALL SUVE I S A V E .  M A I N  PRO GR A M S T A T US oN SE CUNU
3 t.N L r c Ya  WHILE COMPLETiNG BubbLE CYCLE..

ENU Ct-c : M V I  Cs ’ s ’ ;SE.1 U I-’ t. UuiPol LisALE.
GAL.L CG 1
NUt-’
Not-

GALL EUSY CHK 3 EN SuRE CONTRO LLER DUNE
MV I M ,Ø I~~ERO A C C U M U L A T O R
LXI N s C U N T C U N  I
CP~M ; I N V E R L  F U R  DAT A BUSS
N O V  N s A  I r sE SET I N T E R R U P T  MASK
LHLLJ PML E L ’duM I L U A D  ADUrsE SS oF I -ALE N U M B E R
IN X H ; I N C R E M E N T  PA GE N U M b E R
SMLu PA L E N u M  ; r s E S i U r s E  I N C R E M E N T E D  PALE N U M B E R
LX I  h ,P A L E N U N  I
NOV E s M  ;PUT h i  b Y i~ . OF I-AGE. NUMbER IN IstU
INSc L I IN C RE.MEt~l ADDssE.S S
N O V D ,N ILO B Y T E  IN LI
LXI H st i l N L I - S I L  3
M U V  A sh  flil B Y T E  I N T O  ALCU N
GrIt- U ;LHE GK F O R  HI  BYTE .  OF PAGE N U M b E R  = H i

3~~Y 1 E  OF M I N O R  LOUt - SILk.
CZ LUCMK ilk HI BYTES EL~UALs CHECK LU b Y t E S
LA ! h . b Y t ~ .La’~i ;LoALi b Y t e .  Cuui~i ST ORAGE LUC AT I Ui~ I~~1u

ITh~ H / L
N V I  MO I
M U V N s A  flSE.SE1 I R E .  B Y T E .  COUN T To  ZE RO

-: L XI  L i a t - A G E N U N  ;s~.i UI- lu LOAD I-AGE SELECT scE.I,ISTER
*
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BEST AV AL La~~ copy 
-

S

LUMA Li - LUALI ACCUi ~, FRoM ADDisES S IN D/E
LXI  H,Lbl- L- LLU . LUAU N / L  W I T H  LOAD PAGE. R E G I S T E R  LU

3 COMMAN D ADDRE SS
I I N V E R T  F u R  DAT A buSS S

- NOV t - t ,A  J O U I I - U 1  I - A LE 10 I-AGE SELECT R E G I S T E R
; (L U  B Y T E )  

S

IPIA M I
INX U J I N C REME N T F O R  H I  b Y T E .
LUAX U ILUAD IN HI BYTE

3 i N V E R T  F U R  DAT A BU SS
N OV N s A  ;u u l I -U I  I -ALE TO I -AGE SELECT R E G I S T E R

J ( H I  B Y T E . )
GALL RE S T o R E  ;r s E S i o R E  M A I N  Pss0GR A M S T A T U S
R E t

LuCH K : N V I  Cs 9 ’  .

GALL Lu ;uoIPuT IrsALE.
N UP
N OP
N OP

N O V  M L  I
GMP E . CHECK Lu BYTES
CL LEAUP L I t - sE SET r M L E  T o  Z E RU

- I l k  Al END OF bUbbLE (LUO& MEMORY )
rsE. T I

L Ej cut -L - :  t” a V I  Ga ‘A ’ 3
CALL CU - 

JUUTP UT irsAGb
Nut-
N Ok-’
Nor

LX I  H~~r A L -E N U M  I LuAD R/ L  W I T H  ADDRE S S OF P A L E .  N U M B E R
M V I  A s k 3~ I Z E r s O  ACCU M ULA T OR
N O V  N a A  IZER0 HI BYTE., PA LE NUMBER
1NA h
N O V  M a M  LERO Lu b Y T E

1-SET I s s E L U R N  T o  Lout -  N E N U s s Y

I N I L :  M V !  Ca ‘2’ 3
CALL G~ 

- 
soUtrUl T RACE

P4 UI-
N Ut-
Nut-

LUM L F L M L -  I F  NEED 10 I N t l  I A L I L E
Cr1 1 JSEE .  I F  SE t

I l k  I N I T I A L I Z E D  A L R E A D Y ,

*
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BEST~AVA!1:~ 
‘~

CALL B U S Y C H K  I
MV! A a t - A L - E S L Z E
LA ! H a L D t - GSZbL - ;LuAD H/L  W I T H  LUAU I-ALE SILE REGIS-

; IE R  COM MAND
Ct-iA ; I N V E . r c l Fob DAT A BuSS
NOV N s A  ILOAD PAGE SIZE INTu I-AGE SIZE. bEG
L xi  Ba P L I N L I - S I Z  3
N O V A a C  J t IOVE.  M I N O R  Lout- SIZE LU BYTE To ACCUM
LXI HsLDNIIiSLLU LUAD N/L WITH LOAD MINoR Loot- SIZE LU

I C OMM AND A D DR ESS
GrIM ; I N V E R T  Fob  DATA BUSS
N O V  N s A  I LUAu M I N O r s  LO Or ~~~~~ Lu B Y T E .  I N T I J

I M I N U r s  LOOP SI L E  s c E G I S l E R
N O V  M s b  SET UP Hi  B Y T E
IPSA H I
Ct-aM I I N V E k c i Fob  D A T A  BUSS
No~ r I s u  ILuAD M i N O R  LOOP SIZE, HI b Yt E
M V !  M s s s E S E t  I S E T  UP RESET CoMMAND
LXI NsCUP4IGUI’I ;LUAD tilL W ITH CUIairsOL CUi’aNAi”aD
GrIM I I N V E R T  F ob  DAT A BUS S

55 

N O V  N sA  JA C1 I V M I E  RESET
N V I  M s 1 N I T I A L  Si-..T Ut- I N I T I M L I~ .E L I MMAt ~aD
GrIM ; I N V E R t Fob  D A T M  BuSS
N O V  N ,A  A C T I V A T E I N I T I A L I Z E
LXI HsIFLA G LUAL ) h/L WI Th IFLAL ADDRESS
t - IVI  A s k ~1 1
N O V  N s A  ;SE 1 I F L A L- =

LXI  H a b Y T E G N I  .;LOAD N / L  W I T H  AD DRESS Uk bY1~ . COUNT
N V I  AsUC
NOV NsA I 4Eisu bYTc. CUuNT
LXI H s P A G E N O N  IL U AD t i lL W I T h  ADDRESS uk  I -A L E.  N U M BER
NOV N s A  ;I.ERU Lu bYTE , PALE N U M B E R
INA H 1
i~uV NsA I LEisO MI bYTE.
RET

SAVE : PUSH H I S A V E  h / L
PUSH Li ISAVE . D/E
PUS h ~ ; SAV E b /C

55 

I-USFt rSW iSAVE ACCUMULATOR AND StA TUS FLAGS

RESIUrsE:1-ut- P5W ;kE.SToRE ACCUMULATOR AND SIATUS FLAGS
I -u t -  B J t sESTORE b / C
Put- Li 3 s s E . S l u .~~ D I E
I-ut- H rsE.S10RE a- i/L

3

b U S Y C P I p c :N V 1  Ca ’ .I ’
S CMLL CO 3

*
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BEST AVt,!~PT~: 
rr~~~~~Sy

N V !  G sbU SY 35E1 UP BUSY CHECK B Y T E
LXI  H s R U S T A T U S  I SET UP S T A T U S  READ ADDRE SS
NO V M aP ,  REAU S TA T U S
GNU IGUNPLINEN1 DAT A To ACCOUNT FOR

i R E V E s s S E .  L O G I C  D A t A  L I N E S  S

MN! l ION ;t-aASK ALL BUT BU SY B I T
Ct-It- C J CHE CK F U R  bU SY 

S

JZ BU SYC Hk ( JLO OP I F  BUSY
RET JE LSE.  r s E I U R N

I -A L E R D  M V !  Cs ’ s ’ I
CALL CU - ;o u lPu T  T R A C E
CALL Ii~Il ;I NITIALIZE IF Rl~b 

S

I- Li-sD: GALL bu~~Y C h K  3
LXI h~~CuN l CON 3
N V !  Astc D&G 3
Ct-iA 3 I N V E R T  )tuR DATA BuSS 

S

N OV NsA J U U T & U 1  rsEA D I -ALE COMMAND.  A PA GE O~
i bubbL~ DATA WILL 1NOW BE READ It~1o THE
I F I F U  UND ER C O N T R O L  OF T H E .  C ON T R O LL ER

CALL B U S Y G H K  IWA IT TILL DUNE

b Y l E i s U :  LXI HsbDbYlE. 3
N O V  M ,t -t  ;1ssMt~ SF E .h IN A B Y T E  F R o M  T H E  F I F U
LIl A I I N V E s s T  INCOMING DATA
Mu! ~IOH ;MSCII ENCUDE FuR LISrLAY
N O V Cs A I I R M N S r E s s  T o  C F u R  O U T P U T
CALL CU JUUTPUT CHARACTER

LXI HaBYTECNI I
IN k N I I N C E M E . N 1  B Y T E  C O U N T E R
PiVi A s t - A G E S I Z E .  3
GM- N 3 G1-hECK T o  SEE. I F  ALL OF F I F u  I RANS -

JN~ B Y T E R U  I l k  NU T DUN E , LOUt-
CALL EN D GK I l k  DONE , INCkEt -~EN1 AND ZERO
JNP &GRLi 3 L U uI -  U N T I L  ENDGK GAUS ~~5 HA LT

S 
ukG VRBLS IVAR1A B LE ST ORA GE AREA

WRB U F F  LIB 0 ; W R I T E  B U F F E . R
S I~~LA G  Db 0 J I P i I I I A L I Z A T I UN F L A G

B Y T E G N T  Li b ; b Y l E S  C U R R E N T L Y  H E A D / W s s I T I E . N
I -M GENUM U W  IN UPa b Esc oF PAGE S C U R R E N T L Y  rsEAD Oh

55 - J W r s I T T E N .

END I
*
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TABLE Iv

DISCRETE PAR A METERS

_ _ _ _ _ _ _ _ _  _ _ _ _

J A ID I I

DP$1 
•L
~ ~ i i  IM s-i’ I

1 K  ~E I t (

L J J _j~ s K L~ J~_I ~~~14 IE 
______000’idle cutoff _____  ____________ _______ 01:1/3Sa e Sa L0’2/3as as 11’Full S111 full A/B flaps flaps

16 BIT DISCRETE PARAMETER I

Pilo t inputs
EX AMPLE : DP$1~ 0000 00001 IU.- OC3Fh is a current pilot
input of geardown~ full flaps and slates, hook down , no

speed1 brake , intermediate throttle, with the pilots
mike keyed.

‘N S~JED LE.jFT 
IC.J~+T 1 1 ‘R ~ 

L1
ErtR~Gt1f

T1

I I I 00? up
______  ~~~4_J 0I’1/3

10~ 2/3I same 00~ up 000~ all up I1’Full0C~cl~osed a up 001’ right down01 1 down 11—full 010’nose down10 100?jeft down11~.full open 111~ all down

EXAMPLE : DP$2 0001111010000011 ~ 1E83h is a current
aircraft state in which the engine nozzle is full closed,

S 

hook is up, speed brake is fully extended , the left slat

Is full down, the right slat is 1/3 down, all gear indi-
ca te up~ the left flap Is full up, and the ri ght flap is

55 full down.

I - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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INITIALIZATION 
55

CSTAR ~D

1’

Z ER O PR OGR~~1[ COUNTERS

—

[

.OA D PAG
EJ

LOAD
LOOP SIZE
REGISTER

‘If[ RESET 
jS 

1~
INITI AL I~~

J

H C~~D
FIGURE 15

78
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SINGLE PAGE READ OR WRITE

START

LOAD PAGE
SELECT

REGISTER

READ AD WRITE
f OR

RIT

F~~~EAD PAGE WRITE BYTE
J (SINGLE :
I INTE R RUPT INTO FIF O
LENA BLED)

NJ 
NO

YES YES

WRITE PAGE
( S I N G L E :
INTERRUPT
E N A BL E D

READ BYTE
NTERR~PPROI1 PIFO NO

• YES

~?Y TE~ DISABLE
SA 1zE~ NO I N T E R R U P T

YES

END

FIGURE 16

~~~~~— I 
- - S

~~~~~~~~~ - 5 - 
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TABLE V

DATA RECORDER MEMORY MAP

NOTE : Includes ICOM PROM programmer board with resident monitor , and

controller memory usage .

0000—O6AE EPROM system 80/20-4 monitor (chi ps 0,1)

O6AF—O 7FF Remaining usable EPROM (chip 1)

S 0800—OBFF Usable EPROM (chip 2)

OCOO—OFF’F Usable EPROM (chip 3)

S 1000—1FFF Not implemented; may be utilized to double low EPROM

memory by sw itching to Intel 2716 (2KX8 ) EPROMS I n

the first four sockets with appropriate adjustments

(Reference [3], pp. 2—15).

2000—2FFF Not Implemented 
S

3000—3CTF User RAM

3C20—3015 User RAM: also used by ICOM PROM programmer monitor

when control passed to programmer.

3Dl6—3F80 User RAM . Stack must start at 3F80 (push down).

3F81-3FFF SBC 80/20—4 monitor reserved RAM.

4000—BFFF Not Impl emented

C000—DBFF 7K BYTES of EPROM (2708) memory on ICOM PROM programmer

board, available for program use.

80
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DCOO—DFFF Programmer Monitor. If this last 1K is needed, the

programmer monitor may be removed and another EPROM

put in Its place.

C000—EFFF Not implemented.

FFFO—FFFE Bubble controller mapped In this area .

FFFF Not Implemented .

~~~~~~ 
81-5- - - - -—-- 55 -

-
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TABLE VI

MDS MEMOR Y MAP UNDER ICE/80

0000—0023 ISIS interrupts (0—2) ICE8O interrupts

0024—0031 ICE8O interrupt (3)

0032—0063 User Interrupts (4—7)

0064—2FFF ISIS resident area

3000—5FFF Ice 80 resident area

6000—F6BF User RAM . Note: User symbol table in the top of

user RAM

FGCO—F7FF 318 locations for ICE 80 variables

F800—FFFF MDS monitor (64K contiguous RAM )

Based on this map, the only MDS memory available to

the ICE 80 X Form Memory Commands are blocks 6-E inclusive (36K).

82
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APPENDIX C

CONSTRUCTION NOTES

A. GENERAL

Pertinent construction details not found in listed references

follow. Wiring diagrams for all cabl ing and special circuitry are

included. Component placement on the prototype board is indicated .

Specific hardware related problems unsolved at this time are reviewed .

B. MICROCOMPUTER

The system 80/20 was utilized essentially as shipped . The following

changes were incorporated to facilitate MBM module interface .

1. Fail Safe Timer

The Fail Safe Timer input to the Ready Circuit was disabl ed by

removal of the jumper between taps 137-138. The function of the Fail

Safe~ Timer is to supply, in default , the acknowledgement signal when

an off board memory access is made, to prevent CPU hang-ups due to soft-

55 

ware error. The timer will furnish this signal , if no other device

does, after l Oms of wait time. The controller utilizes its ready out-

put to contro l this circuit. The ready signal is output high to the

interface board , to a 4.7K pull up resistor tied to ±5V. This is then

55 

inverted and tied to the Transfer In (SBC P1/23) line to the master bus

controller , furnishing a continuous acknowledge signal . I-f the con—

troller requires additional time , it pul ls Its ready line low , which in

turn pulls the CPU ready line low. This is repeated as often as required.

83
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Removal of jumper 137—138 is not required for system operation after the

test phase, and should be re—installed to return full capability to the

SBC.

2. EIA Interface

Pins eight and ten of SBC plug J 3 were jumper shorted on the

SBC card back to provide EIA Clear To Send to the Terminal output

(Reference [3], pp. 2—20).

3. Interrupt Implementation

Taps 31 and 36—39 were jumped together to allow use of inter-

rupts, without utilizing all of interrupt seven ’s inputs . This is des-

cribed In Reference El], pages 2-16. Additionally, interrupts five and

S six were implemented by jumping taps 21 to 48, and 30 to 49 respectively.

4. Master Bus

Once the system 80/20 mother board , J5/15 was ,jumpered to J4/15

to provide an interface board ground to ‘tlock~ the SBC onto the bus as bus

master whenever the interface board is inserted. This supplies a ground

to the SBC Bus Priority In (BPRN/ ) signal and saves bus access time every

time the controller is accessed. This same gain may be realized by out-

putting the Bus Overide signal to the Master Bus Controller via Software

(Reference [10], pp. 4-7: “Mul tibus Overide”).

5. System Reset

Reset was jumped from J5A/38 to J4A/38 to provide System Reset

to the interface board and magnetic bubble module.

C. CONTROLLER BOARD

Controller board Imp lementation is as described in Chapter II and

Reference 7, except as Indicated below .

84 
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1. Interrupt

The low level interrupt from the controller Is not carried across

the board to the master bus . This should be wired across to interrupt 5/.

2. Counters

U9 and U5 are SN74LS163A and need to be replaced with SN74S163A.

The lower power Schottky version of these counters was not sufficiently

fast and must be replaced wi th the straight Schottky version . TI indi-

cated It will supply these in the near future.

3. ROMS

Ui and U2 may need to be replaced . Validation of ROM contents

to ensure they agree with Section II must be accomplished . Validation of

Ull , the redundancy mask might also be checked .

4. Addressing

Address Lines listed on Reference 7 are implemented differently.

Table VII Indicates the correspondence .

5. Wiring

Jumper Pad 14 is connected to Pad 15. This is omitted on the

schematic (Reference [7]).

6. Power Failure

The power failure circuitry Is not connected between the system

80/20 and the controller input .

0. MBM BOARD

Magnetic Bubble Memory Board implementation is as listed in Reference

[8] with the following exceptions:

_ _ _ _  - - S 55.~~~~~~~~~~~ —~~~~~~~~ - 
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1. Capacitors 
S

Cl—C 12 are incorrect. This was discovered quite late in the re-

search. The incorrect milspec part was supplied . The current capacitors

are much too small. The correct part number is M39O14/Ol-l473. These

parts have been ordered.

2. Diodes

The Schottky diodes were unavailable in the part number indicated.

A higher vol tage rating unit was substituted .

E. INPUT/OUTPUT 
S

A Texas Instruments Silent 700 model 745 was obtained for a field

test terminal . As shipped it is not configured for this purpose and was

modified to Interface to the SBC. Internal jumpers were removed to dis-

able the acoustic coupler inputs for TX Data, RX Data, and Data Carrier

Detect. This is required to prevent external noise input during operation.

An interface cable was then constructed to operate the unit.

This cable is equally compatible with the Intel MDS 800 to allow for

maximum peripheral Interchangability during development. Operation of

the MDS with the Silent 700 is implemented at 300 BAUD . The Monitor

Module has been modified to allow switch selection of 300 or 2400 Baud

rate for the CRT interface, as the silent 700 printer is an EIA CR1 Inter-

face. For 300 BAUD, switch one is on, with the other four off. Similarly

S 
for 2400 BAUD, switch five must be on alone .

Operat~on of the SBC with the Silent 700 Is slightly different in
S that the keyboard Is not implemented for lower case ASCII letters . As

5 

such, -for automatic BAUD rate selection after SBC reset, the shift key

86 
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is not utilized to obtain an upper case “V” . Simply depress the “V”

key. six times to recei ve the monitor sign on message.

Operation of the terminal thrugh the usual acoustic coupler is still

possible, as a jumper plug was fabricated . Installed in Ji, in place of

the interface cable, ft restores the Silent 700 to original confi guration .

The jumper is constructed by shorting P1/li to P1/2, P1/12 to P1/B , and

P1/13 to P1/3.

F. EXTERNAL SUPPLY

Refer~ace [6] indicates the MBM board will operate on ±5 VOC and ±12

VDC. This was a major factor in the decision to undertake MBM research

in connection wi th the construction of the data recorder, as the SBC

power bus provides only these vol tages. In fact, an additi onal voltage

of +17 VDC is required. TI indicates this will be designed out in future

board designs . For now this requires an external supply.

Analysis of the SBC power supply indicates it might be possibl e to

tap the unregulated output of the +18 VOC winding and construct a regu-

lated +17 VDC supply within the System 80/20 frame. Schematics were

obtained but this has not yet been carried out.
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- TABLE VII 
S

ADDRESS LINE COi~RESPONDENCE

S SCHEMATIC PIN NO. MASTER BUS
A DDRESS
LINE P2 ADDRESS

14 21 0

1~3 23 1

12 25 2

11 27 3

2 10 4
S 

~, 8 5

0 6 6

10 9 7

9 11 8

— 8 13 9

7 7 A

6 2 B

5 3 C 
S

4 5 D

3 15 E and F
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TM~3LL VIj.j.

INTEr ~FA C E 8OJ~~D SCHE M.~TI C

P 1 P2
S (BLACK)

55 

1.,2 — 1,2

46 +5 VDC 4~ 
V~~ (RED)

i-],2VDC (WHITE) 
7

—5VDC (GREEN) 
9

BCLK/ (BLUE) 
13

BPRN/ (BLACK)15
IIRDC/ (wHITE) 5 6

19 1Lj ~j  Al I’

20 
IIWRC/ 2 (BL UE) 

28

23 
WAIT/ (BROWN)< 4.?K~~~

V
~~~

55 

DATO / (VIOLET) 
56

DATI/ (GREY) 
60

71 
DA T 2/  (ORANGE) 

64

72 
DAT3/ (YELLOw) 

68

69 
DAT4/ (RED) 

72

70 
DATS/ (GREEN) 

76

6? 
DAT6/ (BLUE) 

80

68 
DAT7/ (BROWN) 

70

5 
ADRO /~~~~~~ (RED) A DR O 42
A D R I / A4 (BROWN) ADR I 

46
ADR2/ (WHITE) ~~~~~ ADR 2

56 
ADR3/ (ORANG E ) A4 13~~~~2ADR 3 54
ADR4/ CVIOLET) A4 ADR4 

26
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IN T F~ C~ 
(
~O ARD SCHErL~f IC

A D1~5/ _ _(!Ly..~)______ _____- 16

ADR6 / 1~~~~~ jGREEN1 — ~ Di-~6 12

52 
A D~~7/ — 

______________  _____- 
Ai )?~~

Ai 8/l1
t::~~ 

(BROWN) ~ T) 1?A 22
A .

~~
9/ A3 13~~~ (YELL OW ) A ’~~~9 26

A~~ A/ (ORANGE) 5~~ 
A) .L\ 

14

48 ~~~~~~~~~~~~~~~~ (RED) A~~B

A t ~~C/ A3 
~~~~~~~(BLuE) 

A1)RC 
6

~— Ad

46 
(WHITE) ADt < D 

10

:: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
( VIOLET )~~~..~ ~~~~ 30

P2

] i PIA I

90
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T~ ULL IX

CONTROLLE~/2U&OLE CAGE 3ACKPL ANE 
S

MBM 8OAt ~D FUNCTION CO~ T~ OLLER 3OAR D INTEt~FAC E 9OAi ~D
PLUG P1 PLUG P1 PLUG P2
PIN~ PINS PINE —

1~ A GROUND I
2,21,B,Y 45 V 21 5
3~11~ 12,13 #12 VDC 4

C1111N, #12 VDC 3 4
4,D,P 41? V DC D EXTEt ’~N A L  S U P P L Y

5 D A T OUT S

XOUT/ 6
7—8 UNUSED
9 ANN / 9
10 UNUSED
14—15 UNUSED
16 CYA / 16
17 XIN/ 

- 

14
18 CXB/ 17

19 CL~MP/ 11
20 STROBE! 13
r~2,Z 5 VDC 22 2&3
E BDEN/ I
F— J UNUSED
K REP/ K

S 
L UNUSED —— —
R UNUSED ———
$ CYB/ S

I GEN/ 12
U CXA/ I

~ V— X UNUSED — — —
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TABLE X

CA B L E—I tJ T E~~FAC.  ~~~~~ TO CONT i~OLL~ R

INTE~<F.~C~ BOAND •C O NTROLL tR PLUG
PUG P 2/CABL E P2 CABLE LOCKET
SOCKc.T J 2 A  J2—B

1.

PIN • FUNCTION COLOR PINE
S 

- A— I SIGNAL GROUND Bt~0W N 3.
A—2 ADDRESS (B) RED 2

A — 3  ADDRESS (C) ORANGE 3

A— 4 BOARD SELECT(A) YELLOW 4

A—S ADDRESS (D) GREEN 5
ADDRESS (6) BLUE 6

A—? ADDRESS(A) VIOLET 7
• A— S ADDRESS(S)  GREY S

A— 9 ADD R ESS( ? )  WH ITE 9
A—ID A D DRESS(4 )  BLACK 10
A—Il 

• 

A DDRES S(S) BR OWN 11
A— i2 DBIN RED 12
A—I 3 ADDRESS (9) 

• 
ORA NGE 13

A— .L4 IIEMEN YELLOW 14
A— J. 3 AD DR ESS ( E)  GREEN IS
A— 16 BOARD S ELECT(C) BLUE 16

5 A—i? HARDWARE RESET VIOLET I?
A—IS BO~~ D SELECT(B) GREY 18

A—1 9 POWER BAD WHITE 19

A— dO BLACK 20
A— 2]. - ADDRESS(0) BROWN 21
A—2 2 RED 22
A—2 3 ADDRESS (1) ORANGE 23
A—24 YELLOW 24
A—25 ADDRESS (2) GREEN 25

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -5- - 5 — 
-

~~~~~~~~~~

- 

9~~ 

— - S



55 

—~~~~~ 
- -

5555 
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PINS FUNCTiON COLOR PIN*

A—26 BLUE 26
A—a ? ADDRESS (3) VIOLET 2?

A—28 DATA(O) GREY 28

A—~9 CLOCK (~~2) WHITE

A—3 0 DAIA( ].) BLACK 30

A—3 1 READY TO BROui N 31
NIC~ O PROCES ~ OR

A—3 d DATA(2) RED 32

A— 3 3  ORANGE 33

A—3 4 DATA (3) YELLOW 34

A—3 .5 DATA(?) GREEN 35

A— 36 DATA (4) BLUE 36

A— 37 VIOLET 37

A—38 D.41A(5) GREY 38

A—39 INTERRUPT TO CPU WHITE 39

A— 40 DATA(6) BLACK 40

CONNECTIONS FROM J2—A /B TO CARDCAG E BACK PLANE

• flB( 1 B O A R D
PIN E

B—I GROUND BLACK I
9—2 4~~VD C R E D 22

8—3 ~SV DC RED 22
8—4 4I2VDC WHITE 12
B—S —SVDC GREEN 2

UNUSED 3LUE

EXTEFC~ AL +J.?V BROUN(PURPLE) 4
SUPPLY

NOTE : J2—A IS A 100 PIN EDGE CARD CONNECTION. 55 - 
S

J248 IS A 40 PIN A—D PRODUCTS CONNECTOR. S

S
. 
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