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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 summarized.

Magnetic bubble memory technology is reviewed and its potential
as a reliable, dense, low cost, non-volatile recording medium is noted.
It is proposed that the microprocessor be utilized as a flight monitoring
as well as a recording device to detect and report imminent "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 well 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 aircraft.

A crash recorder must utilize a recording medium that is non-volatile,
as the data may not be recovered for weeks or months after being recorded.
Additionally, if the recording medium is reusable, then no service action
is required to install the new recording medium.

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

"~ included the cost, the reliability 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 solid state system.

Reference [1] demonstrated that by ignoring redundant data, or "com-
pressing" the data, one can reduce the size of the required memory by
25%-50%.

Solid state non-volatile data storage using an MNOS (Metal Nitride
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 with the dense memory

12




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 aircraft launch, apprcach, 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 equipment 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
development 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 airfoil, 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 chip controllers implementing
CPU, CLOCK, EPROM/RAM memory and I/0 functions on a single chip, future

size reductions will be significant. Future system design centered

_—




around such devices utilizing a single 400 cycle power supply can

incorporate all required computer functions, except input bus interface,
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" circuit board, with out power supply
and input bus interface, is a realistic expectation within one to three
years. vi

Section II gives an overview of the constructed digital data recording
system, as well 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.

Appendix A discusses bubble memory technology, with notes relating j

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 [Z] goes into greater detail in this

area.) It is housed with a locater beacon to facilitate 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 PP80 MDS/SBC 80/20-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 well as additional

17
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FIGURE 3

SBC 80/20-4
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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 anfi-
cipated that the MIL STD 1553 data bus interface would go on this in the
future.

The Intel 80/20-4 Single Board Computer (SBC) is the heart of the
system. The System 80/20-4 Microcomputer Hardware Reference Manual
(Preliminary) [Reference (3)], and the SBC 80/20-4 Single Board Computer
Hardware Reference Manual [Reference (10)], discuss in detail the many
facets of its operation. Figures 3, 4, and 5 illustrate the boards
within 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 warning 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 portable system
operation. Terminal modification and wiring are indicated in Appendix C.

Field test and software modification is supported by the ICOM PROM
programmer and Texas Instruments Silent 700 portable terminal. Program
verification and alteration are immediately available to allow custom

interface or software alteration, as well as bubble down-load under

22
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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-
sists of two cards, housed together in a separate card cage. A forty-
lead 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 locally built, utilizing first design printed circuit boards and
schematic information from Texas Instruments (TI). These boards interface
the TI TBMO101 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 (BDEN) is input low, producing an enable to the coil

field drives, transfer, replicate, generate, and annihilate gates, and to

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 U1/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. applied to the X and Y coil drives out of phase to produce the 100 KHZ
field as described in Reference [6]. The timing of these field drive
signals is controlled by the controller board. Only level conversion
and shaping are done on the bubble board.

Monitoring of bubble loop position is accomplished by the con-
troller. It assumes the bubble is started from a zero page reference
and as such it 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 ms depending on loop positions at com-
mencement of shut down.

Chips U2A and U2B are the Transfer gate drivers. U2A and U2B
are functionally identical and drive the same gates. Timing differences
in the micro sequence from the controller determine whether the pulse in
the transfer loops will perform a transfer in or a transfer out. Chip
U3A contains the Replicate driver, while U3B contains the Annihilate
driver. Again these two chips are schematically identical and drive a
common gate. The difference in their function is accomplished via timing.

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

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

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, amplified and digitized 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 digital bubble data.

Reference [6] points out that the gates in the bubble memory
chip make excellent fuses due to their small size. Discussion with TI
personnel bears this out as a major failure area For this reason a
resistive equivalent for the bubble chip elements was constructed for the
testing phase, utilizing specification information of Reference [6].

Prior to bubble chip insertion, all signals should be verified for timing.
In particular, the polarity, pulse width, and duty cycle of the gate drive
waveforms should correspond with those of Reference [6]. The five large
wire loops are for final verification of current waveforms prior to bubble
chip insertion, and for verification 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 wire runs to

the bubble chip, for a more compact design. A1l timing waveforms are
referenced with respect to the leading (falling) edge of CXB/, Pin 18.
This signal, input as an external sync, set for negative slope trigger,

will be required for proper test equipment timing.
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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 fhe block diagram. A1l 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 level 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 input to the controller, since all data output to the
master bus of the SBC is referenced to this clock. This TTL signal is

input 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] describes 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 with respect to the transfer gates.
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FIGURE 10
MBM CONTROLLER BOARD
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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 Write Command
(MWRC/) on the master bus. The controller uses this command along with
the other two busses to interpret commands from the microcomputer. Memory
Enable (MEMEN/) is simple a low logic enabling signal acting much 1like 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 (U8, U19, U23, U24), Data Bus Interface (U3, U4), Addressing
(U1, U2, U19), Redundancy (U6, U4, U14), Timing Function Generation (US,
U9, U10, U16, U21) and Bubble Board Interface (U20, 25, 26).

U8 is a conventional clock generator. It provides clock reference
within the control and bubble boards. As mentioned earlier, CPU inter-
face timing is accomplished with BCLK/ and associated ready timing of U23B.
Board sync is generated by clocking the inputs to U23A. U19 provides
timing gates to the Timing Function Generator (TFG) circuitry as well as
clocking the input data. U24 supplies enable timing to the bubble
module for coil start/stop timing.

Data bus interface is accomplished with two Bidirectional Bus
Drivers, U3 and U4. With an enabling input of Ready from U13, the read

or write signals from U19B or Ul determine direction of data flow.
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The controller board is addressed as a memory mapped device
utilizing 15 address lines. SBC address 14 and 15 were "ANDed" 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
(A0-A3), U1 (A4-6) and U2 (A7-A14 & 15). U1 and U2 are fusable 1ink
ROMs (256x4). U2 contains a hex "O" at its address OFFh. Ul contains
a hex "E" at its address "47h" and "8" at address 4F. In addition to the
address bus, Ul utilizes a high level logic memory enable (MEMEN) signal
created from "OR"ing SBC memory read (MRDC/) with SBC memory write (MWRC/)
on the interface board. Finally, the actual address selection (within U1)
is determined by the Data Bus In (DBIN) signal. For DBIN true (high), Ul
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 write and chip select signal to the controller board. The
result up to this point is that for an address of OFFFXh (where X is a
don't care) the controller can differentiate between a read and a write
memory operation.

The lower four address bits are fed directly to the controller.
A11 controller commands are mapped onto these address locations (CFFFOh to
FFFEh) with OFFh not utilized. TMS 9916/5502 controller specifications
[Reference (5)] details the commands. A1l commands 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 allows the data bus to be utilized to pass eight additional commands.

33




T ——————————————————

These commands 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 control commands are transparent to the programmer, in that

once the controller is programmed, the CPU may go on and leave the con-
troller to complete its task. Monitoring may either be done via status
polling or interrupt programming. This will be discussed further in
Section III.

Timing 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 may 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
(U13), U14 counts the gated 50KHZ clock. Its output is fed to the 256X4
bit Schottky fusible link ROM, U11. This ROM contains the redundancy
map for up to four installed MBM chips and is the same type as the pre-
viously discussed Ul and U2. The current application has only one MBM,
so U11 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 fails to post the
DATAEN signal for bad loops, corresponding to the ROM map. This signal
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TABLE I
REDUNDANCY MAP

FINAL MASK
MODULE 89-92-10
0000 0002 01CO 0010 0000 0000 0000 00000000 0007

23 June 77 13:43:35

BAD LOOP ADDRESSES (HEXIDECIMAL)
001E, 0027, 0028, 0029, 0038
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is gated with the controller Data Qut signal to form the Good Data (GDATA)

signal at U25D. The signal is then transferred to the MBM via buffer
U25 to gate out bad loop information.

U6 receives three enable lines, Board Select (BDSEL) A, B, and C.
These are used to indicate which of up to eight bubble board reduiidancy
maps are to be accessed. Currently the select lines are tied to ground to
supply a logic zero to the board address logic. In a larger appligation
with more than four bubble boards, an additional redundancy map ROM
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-
plied to the board select lines.

Precision timing waveforms for all bubble board functions are
generated in the Timing Function Generator group. U10, the Timing Func-
tion Generator (TFG), is another fusible 1ink ROM. The contents of this
ROM are indicated in Table II. Counters U5 and U9, driven by the clock
generator 18 MHZ output, and under control of U12, access the TFG. It
in turn generates output signals on its data lines to sequence a set of
timing pulses to two eight input, "D" flip flop latches, U16 and U21.

U21 utilizes only six of its eight "D" flip flops. This latched sequence
is clocked by the counted down 18 MHZ clock (4.5 MHZ) to generate output
signals to drivers U20, U25 and U26. These three chips are quad, two-
input NOR gates and make up the function drivers. A1l MBM Board com-
mands serve as inputs to these drivers to be timed under micro sequence

control of the TFG.
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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 U1/34 through driver U13A to B2/39. Software is
written for this to go in as interrupt five to the SBC; however, it is not

currently implemented.
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III. CAPABILITY EXPANSION

A. INTERRUPT VERSUS STATUS CHECK

The system designed 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, examine it, store as required, waiting for the mass
memory system fo 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 relatively
slow mass memory, the CPU would spend most of its time "polling" the in-
put or output, waiting for either an input operation, or for the memory
to complete its operation. This is trivial, if the CPU has no other task;
however, if it could be gainfully employed elsewhere, it represents a
great waste of computing power.

An alternative 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. Utilizing 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

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 would be generated at memory completion.
Utilizing this method based on interrupts, the recorder system could

realize a ten-fold increase in computing power. This power could be

well utilized in the present and future monitoring applications.

B. SAFETY PROGRAMMING

A data recorder, by definition, 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 1553 data bus, with other aircraft systems
also on the bus, the state information available is sufficient for many
safety calculations.

Reference [2] discusses the use of discrete parameters to represent
a wealth of aircraft status data in a very compact form. The variable
DP&1 and DP&2 of the RECORD program represent 16 BIT words composed of
discrete data. A suggested implementation is shown in Table IV, where
DP&1 represents pilot input, and DP&2 represents aircraft state. Utiliz-
ing this type of data, the recorder has available to it information on
flight perturbation, pilot response, control response resulting, and
finally the aircraft response resulting from this chain.

With aircraft air speed, fuel load, position, etc., available, cal-

culations of fuel exhaustion time and position, optimum climb, cruise,
and loiter configuration, or constant energy display mapping could be

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

automatically calculated, with no pilot generated input data other than




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 available to it such a wide variety of parameters, and due
to its near instantaneous analysis capability, the microcomputer could be
programmed to recognize certain definable "extremis" situations 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 easily make the difference between successful recovery/ejection
or aircraft and pilot 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 loop calls the Eject Alert procedure if
the parameters evaluated indicate that a critical situation has developed.
In the example there is little doubt that an "extremis" situation exists.

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 input values as a set that
correspond to a critical situation.
The programmed example assumes arbitrarily that discrete data words

DP$1 and DP$2 are implemented as shown in Table IV. Based on this, a
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value of 1E83h would indicate a very dire situation. The aircraft would
have fully split flaps, fully split slats, wide open speed brakes and

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 Alert procedure to provide warning. The
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.




IV. RESULTS AND RECOMMENDATIONS

The complete system was assembled after considerable delay in
obtaining the various 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, until the controller buffer was full, then to transfer
the page to the bubble module. This program was repetitively looped
while signal checks were conducted. It was determined that the test
oscilloscope utilized was not sufficiently fast to syncronize and
display the waveforms of interest. !

Test software was altered to verify operation of the 9916 First In-
First Out (FIFO) buffer, by executive a write of 17 bytes after system
initiation, followed by a read of the FIFO. This was also unsuccessful.

Consultation with Texas Instruments personnel indicated several

changes to be incorporated, as indicated in Appendix C. Additionally,
the 9916 controller performance may possibly be temperature dependent
to a greater degree than listed in its specifications. Cooling 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
the final task. Subsequent work should include correction of deficiencies

1isted in Appendix C, and check out of the address ROMs. The Controller




operation should be verified independent of the NBM board. It is recom-
mended that a status polled program be utilized, as recent discussions
with TI personnel indicate that the interrupt routein from the controller
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.

Finally, the interface design to a data bus which serves to deliver

the status information needs to be completed.




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 align along some axis with their mag-

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

In an artificially 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 aligned

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

s e e

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 selection of the magnetic substrate utilized, and
application of the proper bias, those domains in opposition to the bias
field can be caused to reduce in size until they are arbitrarily small
"bubbles" of polarized material within a "sea" of oppositely polarized
material (Reference [6]). Variation of bias field and material properties
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 resulting

propagation and storage problems.




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 induces 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 chip used in this
thesis employs the "T" 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 bubble
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
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point in the bubble track, can be pulsed in opposition to the static bias
field to produce a bubble. Similarly, annihilation can be accomplished

by bringing the bubble under the same loop and reversing the direction of
current flow. For data handling, the generate and annihilate functions
are usually separate. Bubble 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 bubble passage can be detected
and amplified as the module 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 o the permalloy tracks determine the usefulness

of the memory. A1l 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 the 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 vyector 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

e o "

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 reli-
ability and low cost of these units. The current MBM utilized is a pro-
duction version of approximately 100K bits. Texas Instruments expects
to market a 256K bit chip in the same package by mid-1978. Four of these
larger capacity chips will be mounted, with drive circuitry, on the same
board utilized in the current application, to yield a one megabit
storage system.

One area of concern in bubble chip reliability is bias field variation
susceptibility (Reference [11]). Element differences within 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, with re-
sulting data loss. On the other hand, a weaker field may cause overly
large bubbles, 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 TBM 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 becomes the job of the bubble controller unit to

selectively skip these loops on read/write transfer operations. An
additional caution must be observed with regard to this redundancy mask

in that if not correct, and if bubbles are transferred into the bad minor
loops, recurring problems with erroneous data may result thereafter.

D. 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 magnetic bubble

storage devices. Rockwell is building a 108 bit space qualified 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 Instruments, 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/mincr 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 appliied to
many applications where power consumption is a consideration. By
actively switching all bubble functions, minimal power drain may be
realized.

Magnetic bubble memories will find application 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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i TABLE III

TMS 9916/TBM 0101 PARAMETERS
TOTAL STORAGE 100,637 BITS
USABLE STORAGE 92,160 BITS
NUMBER OF MAJOR LOOPS 1
NUMBER OF MINOR LOOPS 157
GUARANTEED NUMBER OF USABLE MINOR LOOPS 144
MAJOR LOQOP LENGTH 640
MINOR LOOP LENGTH 641
PAGE SIZE 18 BYTES
1 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 AVERAGE ACCESS TIME 6.41 MS
MINIMUM SHUT DOWN TIME 6.41 MS
3




APPENDIX B
COMPUTER PROGRAMS

A. GENERAL

Development support for both hardware and software is available 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 simulated to a great degree. The ICE is currently
incapable of simulating interrupt driven routines for the SBC, as the
interrupt controller cannot be simulated. A modificaticn to allow simu-
lation of SBC interrupt 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 configured for more than 48K of
memory. Dip switches on the board would allow the board to be re-
addressed, but it would then be incompatible 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 with the system on, and the ICOM programmer board inserted.
The system is then rebooted c¢n 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 ICE80.
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With the debugged program compiled, linked 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 transform
into the top 16K of memory, as this will be removed to utilize the pro-
grammer. With the transformed program 1oaded 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/0 ports or to memory map the con-
troller was a difficult one. At the time the available MDS was not
configured with a general purpose I/0 board, so the decision was made to
memory map the controller. Subsequently, the MDS 504 General Purpose I/0
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 signal checking. The required signal comple-
mentation of address and control busses could then be accomplished in
software also.

Programs to accomplish the recording function as well as to test
bubble module operation were developed. The essential elements of the
PROCESS PLM program of Reference [2] 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 dynamically vary the compression.

The MEMORY RECORDING PROCEDURE of Reference [2] was rewritten on
the MDS 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.

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 rewritten to aid documentation.

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 (STACKPTR) 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
call control for the BUBBLE program.

1. Real Time Analysis

With the recording function written as an interrupt activated

procedure, the software is free to perform real time analysis of
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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 with 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 various console calls at the input to the procedures are for the
purpose of program debuging and testing and would be eliminated in the

final version.




D. INTERRUPT CONTROLLED BUBBLE TEST PROGRAM

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 5
as a monitor/recorder.

The basic flow chart is the same as that of Figure 16, with 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 Level® 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 allowing program alterations during operation. To facilitate
this, multiple no-op (NOP) instructions 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 incorpcrated into this program as well. It was
derived from the original 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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/ * rkelURbD FRUGKRAM

/% InPUl LUATLA 1S FLACED Inv AN INFUL BUFPERC(UF TU 24 EYIESC(L1ZH))
SIARIING Al OEUCHs UIILICZING tHE MuNITUR ANLD SILENT T€E.
RIS SImuLkAlesS TnkE mIL S1LU 1955A INlexrrFACE BUFPEKRS vV
ASCII uLeCULE RUUTINE IS UlILIceEy AS tRHE munNnllurk HANLLES
THALe UNCE THE VATA IS IN mAM THE FrRUGRAM 1S EXECUIED.

EACH $1lMe AN InieRRUFL 6 IS tGeEnernAlREb 11 SIMULALES The

1953 InlenbACE INtERRUFITING wWliR A PULL BubFEx UF NEW LiNFUL
InPURMALIUNe IRIS IS PRULESSEL ANUL LunisUL nelunskEDl 1Tu THE
vuilen LeEvelL belthwebiv [NIERRUFPLS. x/

nelUuhbberr:
vui

beCLAReE LUL LITERALLY 'velblAre's LI LITERALLY 'LITERALLY 'S
vlL i1rue LIT ‘GPPH's +#ALSE LIT '¢'s PuUREVER LIT ‘'WRILE 1TmRut's
bl (LimlilecsLImllasbLIMmItosLImIlt?) BYIRS :

vl C(JdomlivPLAGISEGFLAG) BY RS

bl (KlsubLbMmInvsnewmlinonEwSeE(C) ALLKRESSS

LLL C(ALICLALIFIKCASIREAUSUFS]1»LFS2s VGE) ALLRESSS

LCL INFPUILSEASE ALULRESS AL (3ebChR)S3 7% INFUIL BUPFER Al JREER =/
LOL C(InkUlbubrr BASEU InPFUlIDBADE) (c4) ALLURESSS

pCL S1ALL pYle VAIACLISEG)S

DCL bubbLE AuvuredSS Al (llkkn);

LCL VAL1A bY1E Al (Srgkh)s

LCL PLAGI bBYIE AL (Sriglnr)s

blL BUIC LIT ‘cuh's /x EiNU UPFP IiNTERRUFL CUMMAND */

LlL IniIOveCLlur AUURESS AL (Srbon);

Ll IwieveCiun ALDLREDSS ALl (3rPYR)S

vl Icur LIt ‘'wuAn's; /x INlEARUF LT CUMMANL FURL AULRESS =/
LLUL Luwl LI1 Takwk's LuUwe LiL 'lge's

LLL SLuw LI1 ‘lze's vebrdsiruuble LIL "leboR's FAS1SSINk LIT "1E's

/x FAUCGRAM FRULELURES x/

cuivvierd @
FeuCebune (VALUER) AUUKRESSS /* REVERSES EBYIE unueh 1u ACLUMUVALLR
IHE bBBK */

wlL VALUE AUUKRESSS
ReElIUniv: SHL(VALUESB) + RIGCR(OVALUL) S

EivD CUINVERT S

NEALFARAMS
FPRULELURE ALUREDSSS /7% PEICRES ink NeEAl PARAMEIER PRUN 1HE BURFER =/




LCL ITeM ADDLRESSS

ITEM=INFUTBUFF(J);
J=d+13

rETURN CUNVERTCITEM);
END NEXTPAKANS

ReCUKD:
PRUCEDUKRE C(ITEMs> NAME)S
LCL Ilem ADUKESSS
VCL NAME BYTES

IF MINFLAG THEN
LU

BEST AVA

it

VATIA=RIGH(CUNVERTINEWMINI DS /% LAbel INVISIELE(E).
: Wwrlik Tu FIFU =/

CALL bubbLEs

DATTA=LUWCCUNVERT CNEWMIND )3

CALL bUbBLE:;

MINFLAG=FALSES

ENb

IF SECFLAG THEWN
bus

ILAS

h ™~
£ k=
i ke

DATTA=SHIGHC(CUNVERT(NE WSEC+1BBYH) D 5 /% ALL LABELC(1) =/

CALL BubbLLj;

VATTA=LUWCCUNVERT (NEWSEC) ) 3

CALL bBuUbbLEj;

SECFLAG=FALSE

EiNDS

VATTA=RHIGR(CUNVERTCITEM+SHLC(LUUBLE(NAME)»12))) 5
IN HIGH UrbDER 172 BYIlE

CALL bUbbLE3

DATTA=LUWC(CUNVEKTCITEM+SHLC(UDUUBLE(NAME)» 12))) 5

CALL bUbbLE;
RETURING
END KECURDS

ALGU:

FrRUCELDURE (ULUs» THKESH»IVAME) ADLKESSS

LUCL (ULULsNeEwsDIFF) AVDULKESSS
UVCLC(THRRESHsNAME) BYTERS

NEWSNVEXTFARAM S

IF New > ULU THeN DIFF=NEW-ULULS

/* ALUL LAbelL
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BEST Aviliagir CopY

eLSE DIFF=ULL-NEW;

IF DIFF > UDUOUBLECTHRESH) THEN
bus
CALL KECURD(NEW,NAME) 5

RETURN NEW;
ENUS

ELSE RETURN OLUS
END ALGUS

VEKTG:

FrROUCELURE (NAME)
UCL NAME BbYTES

IFPCCVG>3) UR (LFSZ ANL Brkobh))
THEN LIMITe=05 7/x SINK rATE CHECKe CUMPRESSIUN FARAMETEKR
ALJUSTED IF A CAnrxlek UKk FCLP LANUING *x/

eLSE LIMmITz=13 /% DEFAULT VALUE *x/

VGEALGUIVGLIMITzs NAME) 5
RETUKIN
EnND VEKTGs

EJECT SALEKT ¢
PRUCEDUKE 3
/% THIS buiMMY PRUCEDUKE WUULL FURNISH EJEC1T WARNING IN THE FOkDM
; UF A LIGHTs» AURAL TunEs, Uk UTHER LESIRKED FUkMe AN ALTER=-
NATIVE WuULD BE ACIUAL AUTUMAL1IC EJECTIUNS x/

KRETUKIN
eNb EJECTDALERT

InFULL:
PRUCELDUKRE INTERRUFPT 63
ENABLES (* ENABLE INTERRUPTS WITHIN PRUCEDURE *x/

/% SCALE UF ALL INPUTS IS 1:1s, IE '@FFH' FUk VELOCITY(KCAS)
=255K15+ ALTC GUES IN 40@0 F1 STEPS. */

J=@5 /* KESET CUUNTERS */
NEWMIN=NEXTPARAMS

1F ULLMIN <> wEwWMIN THEN
(VIO

i i




3

’ ; VAR
OLDMIN=NEWMINS JAN B
MiNi-L;ib=TkUh;; BES.‘ A‘i Rl b OPY

END3

NEWSEC=NEATPARAMS;
SECFLAG=TRUES

CALL VEK1G(Z2)3
ALTC=ALGUCALTC,653)3

/* ALJUSTMENT OF FINE ALTITULE COMPRESSIUN PARAMETER ACCURUING 10
é LAST ALTITUDEs AIRSFEEDs CEAKk FOSITIUN. x/

IPCCCALTF < 1UBB) Ok (KCAS < (STALL + 9)))
Uk ((LFPS1 AND LETEH) < KLTLH))
TREN LIMIT4a=10s
ELSE LImIlda=16Es

ALTr=ALGUCALTFILIMIT404) 3
CALL VERTG(D);
KCAS=ALGUC(KCASsLIMITes6);
HEAD=ALGOC(HEAD»LI™MIT757)3s
CALL vexl1G(8)3
VFS1=ALLU(LPS1,0,9)3
Urse=ALCUCLPSZs8516) 3
CALL VvERTGC11)3;

vISAbLES /%  UDISABLE INTERRUFPTS AruuinU CALLS 10 INTErRUF1
. CUNTRULLER =/

UUTrUTCICCP) = EUICS / * VUTPUT ThE enNbU ub INTERKRUFT */

2 ENABLE S / * KE-EnNAbLE INTerxkRUF1S */

KETUKRINS
enNb IivnFulls

STACKFiIir=3Fochs; /7/xINIIIALILE PRUGRAM STACK PUINTER X/
* LiIMITesLIMITasblLImIilosbInIli=0ws 7%  INITIALICE LImMIT VALUES =/

JomINFLAG, SECFLAL=GS /7% INITIALIZE FLAGS ANU CUUNTERS =%/
KlsubLumIn=g;

E ALTC,>ALTFIKCAS,HEALSUPD1,LUF225VG6=05 /x INITIALIZE VARIABLES x/

FLAGI=FALSES /% SET UP INITIALIZATIUN PLAG FUK bubblLE CUNIRULLEK %/

VU PUREVEKS
INTO6VECTOR = («INPUT1)5 /%SET UP KkAM INTERRUPT VECIUK T0 CAUSE
INTERRUFPT 6 TU VECIUK Tu INPUT1 PRUCEDURE«*/




BEST AVAILASLE LOPY

IFCCALTC < LUWL) ANU CALTF < LUWKZ) AND (VG > FAS1SSINK)

AND (KCAS < SLUW) Ur (LP$2 ANU LEEPSTRUUBLE)))
THEN CALL EJECTSALEK1;

ENU; /% LUUP, WAITING FUK INTERRUP1Se THIS LUOP IS THE ‘OUIEK LEVEL ',
© ANY NUMBER UF SAFETY Ub FLIGHT ROQUTINES COULD BE ACTIVE IN
THIS AREA> RUNNING UNTIL INTEKKUPTED, AND THEN RESUMED.
UNE EXAMPLE 1S5 INCLULED UF A MACKU CHECAK FuUk AN EATREME
FLIGAT CUNUITIUNe SEE FrRUGKAM NOTES FUR EXPLANATIUN %/

I ENU RECURUERS
*

aalds




L

UkG BCOUBH

5TRACE KUUTINE MAP: x=bUbbLE. Z2=INITIALIZE.
33=bUSY CHECKe 4=FAGEWKITE. S=END CHECK.
39=L0 BYIE CHECKe A=ZERU PAGE.

SMAIN

VRBLS Ewu 3rEuH

LLUPGRGLU EwU GFFFEHR
LUPGRGHI EWU UFFPFILIH
CUNTCUM EGu BFFFZHR
KLBYIE EwU GWFFFPF3H
WrbBYTE EWU BFFF4H
KRUSTATUS EwU WFFFPSH
FPCCNTLU £wU GFPF6H

PULNIRI EWU GFPFPF TR
LLUMINSLLU EGU BFFFBH

LLUMINSZHI EwU UFFFYH
FGFUSLU E&U WOFFFAR

PCPUSHI EGU GFFFEH
LLurGSZRG wu BrRPPCH

RLURUMBYTE EGU CGFFFDH

KWSTADDK EGU GFFFEH

INITIAL E@U 1
KubPG EwU 2

WP G EbU 4
SGLFGMU EwWu B

MULF GMD EwU 12H
TESTMD Ewu 2BH
RESET EwU 4B0H

INTMSK EwU BLH

CUu EWwU WGUFH

bBUbBLE UKRIVER FRUGKAM=STATUS PULLED

RUUTINE MUST INITIALIZE IFLAG 10 ZERO
3 UPUN PRUGRAM KESTART. ALUITIUNALLYS> INPUT

jbubbLE DATA MuST BE PASSEL VIA MEMORY INTU
SLOCATION WrkEUFFe STACK POUINTEr INTENTIUNALY
50Ul INITIALIZED

LA ADIE COD
WAl ARLE COPY
AlLAL L LV

350TAKRT PRUGKRAM UN 4TH EPRUM CHIP

TrACeE rRUUTINES PUK LEBUGe

5 VARIABLE STURAGE AREA

JLUALD PAGE SELECT KEGISTEkRs LU BYITE
5LUAD PAGE SELECT KECISTEks, HI BYIE
sxEAD CONTRUL CUMMANLS FRUM DATA BUSS
sREAD DATA bBY1E FRUM CUNTRULLER PFIFO
sWkITE DATA BYTE 10 CUNTKRULLEKR FIFRQ
snEAD STATUS REGISTEK

JREALU/ WRITE NUMBEK Ur PAGES Fuk MULTI
sPAGE TRANSFERSs LU BYIE

3SAME FUK HI BY1E

3LUAL Luw BYlEs MINUKR LuUP SIZECINIT-
sIALIZATIUN uwivLY)

3S5AME Fun RHI BYIE

SPAGE PUSITIUN CUUNTEK LuWw BYTE. USED
3Tu SHUW CURKRENT FACGCE AT 1RANSFEK
3CAlE IN THE BUEELE

3SAME FOK RI bYlE

JLUALU PACGE SICE ReGISTen
SCINITIALIZATIunN UNLY)

sREAL CukkeENT REDUNDANTY MAF»

3 INCREMENT FUINTEK

JREAU KEDUNLANCY MAP ALLKESS

SINITIALIZE THE CONTKULLER
JKEAD PAGE,SINGLE PAGE MULE

5WrITE PAGEs» SINGLE PAGE ~ULE
3SET SINGLE PACGE MUDE

3SET mMULTI-PACGE MULE

JSET TEST MULE

35UFTWARE KESET

3SET CUNTRULLER INTERRUFT MASK

3 CUNSULE uwul CALL AVDKRESS




BUEBLE:

P Ghxl:

EWNUDCK:

Cl QU vlgh
BUSY kWL 1¢H
MINLFSIZ EwU 641D

PACESILE EWU 18D

CALL INIT

LHLD PACGENUM
ACHG

LAl HoLLPGKGLU
MOV ALE

CMA

MUV MaA

Ina H

MUV AsU

CiuA

MUV MoA

vl Cs "x'
CALL CO ~
CALL BUSYCHK
LAI Hs WkbUkREP
MUV AsM

LXI H,WkbYTE
CnmA

MUV MsA

LALI HoaBYTECNT

INK M
mvl ALPAGESIZE

CHMP ™
Ce PGuKRT

RET

Mvl Cs '4'
CALL (O

CALL BUSYCHK
LXI HeCUNTCUM
Mvl AswWkPG
ChMA

MUV MsA

CALL BUSYCHK
mMmvl C» 'S°
CALL CO ~

LALL FPACENUM

DI AVAILADLD LU

sCUNSULE IN CALL ADLRESS
JUEFINE BUSY CHECK BYIE
sNUMBER UF FOSITIUNS OUN MINUK LOOF

JPAGE SIZE IN BYTES
SINITIALIZE IF K@U

UAD UP DESIKED PAGE NUMEERK

LT

e e e
[ i

VAD uUP CUMMAND

s INVERT DATA FUK BUSS
OUTHFUT LU BYlE UF PAGE

e

LT

3INVERT LATA FUR BUSS
3UUTRPUT HI BYIE CUMMAND

35ET UFP FATH TrRACE
;OUTFUT ITRACE

sSek IF CUNTRUOLLEKR LUNE
H

JPETCH INPUT DATA FUR BUEBLE FIFO

3SET UP WRITE COMMAND

3 INVERT DATA FUR bBUSS

swlile DATA BYTE 11U PIFU

35eT uP BYTE CUUNT INCREMENT

5 INCREMENT BYTEZ CUUNTCINDIRECT)

e

5IF BYTES WKITTEN = FPACGE

3512k, WrITE PACE
SRETURN HAVING WKITTEN DATA 10 FIFu

JSET UP PATH TRACE

E]

3OEE IF CUNTRULLEK BUSY

H

3

3 INVEKT DATA Fur BUSS

JUUTPUT FPAGE WRITE CUmMMAND 10
3CUNTRULLEK

3CHECK FUR DUNE

>

30UTPUT TKACE

3LUAU AULKESS Ur FAGE NUMEER
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LUCHK:

ZERUPG:

IwniTe

INnA R

SHLUD PACGENUN
XCHG

LXI HoMINLFSIZ
MOV Ash

CMP L

CZ LUCHK
LAI HobYTECWN

MVl Asw
MUV MsA

LXI LsPAGENUM
LLDAX Db
LAI HsoLbPGLrRGLU

CMA

MUV MsA
INnK R
INK D
LUAX D
CimA

MUV Ms A
kel

MvI C,'9
CALL Cu
MUV AsL

CuP E
ClL LerUPLG

kel

mvi Cs 'A
CALL CQ

LALI HsyPAGENUM

mvl Aske
MUV MsA
INX H

MUV Mo A
RET

MVvI Cs ‘2’
Cakl CO ~

LUA IFLAG

e

BEST AVAILAZLE COPY

3 INCKEMENT FAGE NUMEBER INDIKECT

SRESTURE INCREMENTED PACE NUMEBEK
s5PUl INCREMENTED PACGE NUMBEKR 1N D/E
sCHECK FUKk ENUD OF MEMUKRY

sHI BYTE INTO ACCuM

5CHECK IF HI BYTE UF PACE NUMEBEK =
3HI BYTE Uk MINUK LUUP SIZE

s3Ik HI bYleES EGUALs, CHECK LU BYTES
;LUAD BYTE CUUN1 LUCATION INITU THE
sH/7L REGISIEK

Ed

3RESE1T THE BYTE COUNT 10 ZERU

3SET UP TU LUAD FAGE SELECT REGISTER
5LUAD ACCUNM FruUM ADLKESS InN L/E
5LUAD Hs/L WITH LUALU FPACE RECGISIEKR LO
3 CUMMAND ALDKRESS

sINVERT DATA Fur BUSS

5UUTFUT Lu BY1E Tu FAGE SELECT REG
3SET UP HI BYIE CUMMANU

5 INCREMENT FPUR HI BYTE

5LUAD IN HI EYIE

5 INVERT DATA FUk BUSS

5LUUTPUT HI BYTE Tu PAGE SELECT REG

.
2

.
2

5UUTPUT TRACE

5

3CHECK LU EBY1ES

sReESET FAGE 1u ZERU

5IF A1 END UF BUBBLEC(LUUF MEMUEY)

.
2

3581 UP TkKACE

.
2

sLUAU H/L WITH AubLRESS Uk PAGE NUMbER
JLERQO ACCUMULAT UK

3ZEROU LU bYlEs, FAGZ NuMBLk

3 INCREMENT

3LERU HI BY1E

-
4

5OE1T UP TkACE

..

JCHECK Ir INITIALIZebL ALKEADLY




CP1
RZ

1

CALL BUSYCHK

VI
LX1

CMA
MmOV
LKL
MUV
LAl

CMA

BUSYCHK

MUV

MUV
INX
CHA
MUV
MV
LXI
CivAa
MOV
MVI
CMA
MUV
LXI
mvi
MUV
LXI
MVl
MUV
LXI
MUV
INK
MUV
KET

mvI

AsFPAGESIZE
HoLDPGSZKG

MasA
BamINLFSIZ
AsC
Ho LDMINSZLU

s A

Asb
H

MasA
A, RESET
Hs CUNTCUM

Mas A
As INITIAL

MsA

R IFLAG
Asul

MsA
HsobY1TECN
AsBB

M2 A

Hs PAGENUM
MsA

H

Mas A

Cs '3’

CALL CuU

mMvi
LXI
MUV
CMA

LRI
MUV

CsBUSY
Hs kRLSTATUS
AsM

H>sSTATSV
MasA

e 4 ah g Abmom—————. 2 e

JSEE IF SE1
3IF SET, 1E INITIALIZEDs KETURN

?

2

3LUAD HsL WITH LUAD PAGE SIZE KEG

3 CUMMAND

3 INVERT DATA FUR BUSS

JLUAL PAGE SIZE INTU PACE SIZE REG

2

sLu BYTE, mINUr LUUF SIZCE, INTIU ACCUM
JLUAD HsL WITH LUAD MINUK LUUF SIZE
sLUW CUMMAND ADLKESS

;s INVERT UATA FUK BUSS

JPUT MINUR SICE Lu BYTe IN MINUK LUOF
sLUUP SILE RECGISIEK

JSET UFP HI BYI1E

Fl

s INVERT DATA Punr BUSS

5LUAU MINUKR LUUF SIZEs, RHI BYTE

3SET UP KRESET COMMAND

sLUAD H/L WITH CuNTRUL CUMMAND
sINVERT DATA FUK BUSS

5ACTIVATE RESET

5Se1 uP INITIALIZE CImMMAND

3 INVERKT DATA ruk BUSS

SACTIVATE INITIALIZE

5LUAD Hs7L WITH IFLAG ADUKESS

2

5SET IFLAG = 1

5LUAL Hs/L WITH ALDKESS uUF BYik CUuUNl

.
2

s3LERU bYIE CuuNld

3LUAD H{L WITH AULUKESS UF FAGE NUMBEK
3LERU LU BYTEs PAGE NUMBEK

;

34brkU RI BYIE

.
2

.
2

.
2

3SET UP BUSY CHECK BYTIE

;SET UP STATUS KEAD ALULKESS

sREADL STATUS

5 CUMPLIMENT ACCUMULATOR DUE TU KREVEKSE
5UDATA LINE LUGIC LEVEL

35ET UP STATUS SAVE

35TUKRE CUkkENT STATUS
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AnI 10RH
CmpP C

J& bUSYCHK
KET

UKkG VhBLS

WrBUFF LB

LFLAG Lb
bYTECNT ULb
FAGENUM LW

STATSV Db

END €CLeH

cec e

©

pfSL Avﬁmp Wil LU’

JMASK ALL BUT bUSY BIT
sCHECK FUR BUSY

sLUUF IF bUSY

selSe RETURN

s VAKIABLE STURAGE AKEA

sWriITE BubFek

SINITIALIZATIUN FLAG

sBYTES CURRENTLY REALU/ZWRITIEN
sNUMBER UF PACES CurkrEMLY KREAD UK
sWRITTEN.

5CURKRENT CONTRULLER STATUS

e




17483+
BEST A AL 7
VIS

s Iy
Py
e

~y
[}
i
Y
no?

Loy
aese
T

8t i ,—)y :
e §

H bubbLk 1ES1 PROGKAM=-INTERKUFT CUNTROLLED

URG 360OBH 51HIS PRUGRAMs THRUUGH INTERRUF1 DRIVEN
5RUUTINESs, UTILIZES THE PUWER UF 1HE BUEBLE CON-
3ThULLER TU UVERCUME bBUBBLE ACCESS TIMke. CUN-
5ThuL PASSES Tu THE UUIEK FRUGRAM LEVEL DURING
5bubbLE ACCESSES 1V RETURN THIS 'LOST' 1IME

310 tRE WMAIN LINE RUUTINE. FRUGRAM IS URGED |
5A1 36EER(SBC KAM) Tu ALLUW EASY MUULIFICATIUN.

VRbLS EWU 3bLEh 5 VAKIAbLE SluxALE AREA

LAL SF,»3rbbhn 3STACK PrUM 3F55H THKRU 3F8@ INCLUSIVE i;
ThuE EwU OFFHR 3

FPALSE bEwu U H

LODPGRCGLU WU EFFFPGH sLUALD FACE SELECT REGISTER» LU EYIE

LUPGRGHRI Ewu GFFFLIH JLUALD PAGE SELECT RECGISITER, HI BYIE

CunNTCuM EwU OFFPZH srREAD CUNTRUL CumMmANDS FPRUM DATA BUSS

kLbBYIE EWU LFFPF3HA srkEAL DATA BYTE FROM BUEBELE

WwibYleE EWU GFFF4R sWrRITE DATA BYTE Tu bBubbLE

rRUSTATUS EwU OFFFOH JREALU STATUS REGISITEK

PGCNTLU cwU @rPPFoH SREAL/WKITe NUMBER UF S FPOK MULTI-PAGE

sFAGE TRANSFERSs LU bYle

3SAME FPUK RHI bYiR

JLUAL LuWw BYTE, mMINUK Luul SICZE
SCINITIALIZATIUN UNLY)

3SAME FUr HI BYIER

FGCNTHI EWu GUFPFPFTH
LumINSLLYU EwU KFFPBH

LuMINSZHI bWy LGFFFIHR

FGFUSLU EGU @F bk FAHR 5PAGE FUSIIIuN CUUNTERs LUW BYiks USEDL
3TU SHUW CURkENT FPAGE AT 1RANSFER GAlE 1
3IN THE BUBBLE 13
4 FGFPUSHI bwU EFFFBH 3SAME FuUk RI bYlk
LUPGSLRG EWU BFFFCH 3LUAL PAGE SIZE KEGISIER
KUKOMBYTE EWU @FFFUH JREAU CUKRKENT REDUNDENCY MAF»

; 3 INCREMENT FUINTEK

3 rRWSTALUUKR EGU @FFFEH JREAD KREDUNDENCY MAF ADDRESS
5INITIALIZE THE TONTRULLEK
SREAL FPAGE»SINGLE FAGE MULE
sWrITE FACGEs, SINGLE FPACE MmULE
3SET SINGLE FAGE MULE

3StT MULTI=-FAGE MUULE

3SET TEST mMuLk

3SUFl WARE KESET

INITIAL EGU 1
KUPG EwU &

wKFG EWU 4
SGLFLMU EQU &
MULPGMU EwU 10H
TeSTmb EwU zuH
RESET EwU 46H
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LUuur:

bubbLE:

INIMSK EWU BWH

MONITOR EWU @bH
LU WU KErH

Cl ewU GlcH

Kl WU U1l5H

FU EGU @1BH
ICCF EGU BLAH
MSKF1 kWU GULBH
IChW]l EwU 1eH
IMASK kWU ©
EVIC EWU 2iH

buSY kWU lH

mINLFSIL ELU 641U
FAGESI¢E EaU lbU

LAI HsIFLAG
mMvi A0
MUV MsA

CALL CI
MUV CsA
CALL (v
mvl bBslbbecH
CMF b

J& PAGERD

BtS"Aw l‘gi.,‘_;‘ i o b i X ::(',- i
¢

o ot B

5OET CUNIRULLEKR INTERKUFT MASK

3SET MUNITUKR CALL ADUKRESS
sCuNSULE LUl CALL AUUKESS
3 CUNSULE IN CALL AUUKESS

sREALER IN CALL ADDLKESS
3PUNCH uwulrul CALL ADULKESS

5 INTERRUFT COMMANDL FUKIT

5 INTERRUFT MASK FUKRI

SUEFINE INIERRUFT INITIALIZATION
3INTERRUFT MASK
SEND=-Ur=-INTERRUPT CUOMMAND wWUKD

SUEFINE BUSY UHECK bYite

sivumbER UF PUSTITIUNS uNn MINUR LULP
SPAGCESICE I~ EBYIERS

3FE1CH IPFLAG
3 ERU ACCUMULAT UK
JLERU PLAGI

2

5Sk1 uP ECHU

;EChU wul

3 CUNSULE INFUl FPur CAF K

sobkE IF x INPUl IMPFLYINC REAU

5IF Sus GU 1U ReALU RUUTINE. ELSE ENiIek

5SIMULATEDL '"UUTER LEVEL ' PUR ACCESS Tu INi-
shERrUFT DRIVEN WRITE ~UULINE.

LAI HsbubbLE

SHLU SFF9R
LALI HorliFI
SHLU 3FFOH

mvl Cso 'L’
CALL CO -~
NUPF

NUPF

1% o

JMF LUUF

CALL SAVE
NUF

551 uwlk LUuUr 1y WALl Purk INI €& bBREFuURE
SALLUWING IwvFUl

SMULIPY INlenrRUPT € VeClun 1IN KAM
35E1 Ul InNIERRUFT S5 VECTUK

swrlle INTU KAM

3
sVUllUl Luur 1KACE

sLUUP PukbBVeke Invit €6 WILL TAKE Us 1vu
sbubblbe PGrEAL ACCESSEDL VIA KeYbUARD

3SOAVE MAIN FRUGKAM STATUS
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NUF
NUr

CALL InlI

LhLD FAGENUM
ACHG

LAl RobLbPGRrRULL
MUV Ask

CimA

MOV bMasA

INA R

MUV AU

CimA

MUV MsA

Mmvl Cs 'x"
CALL Cu
CALL C1

LAL Hs Wrburk
MUV MoA

MUV CaA

CALL Cu

CALL BUSYCHK
LXI Ds» WREUFF
LUAA U

LAI HsWwrbYlk
CMA

MUV MsA

LAI HsobYTECNI
Inx ™M

mMvl AsFACESICLE
CMF M

Ce FGWKI

mvl Cs 's!’
CALL CO -~
NUPF

NUP

NUF

vl

mvl ASEVUIC
vyul ICCF

EI

CALL RESTUKE

BEST AVAIL/S.: (opy

sINTILLIALICE TP mGL

JLUADL UuF LESIKEL PACGE

H

JLVAD ur CutMinb

;

s Invekl Pur LATA BULSS
3VUlFUT LU BYIE UF FACE
3 INCREMENT CuminAND

H

3 SAME

3UUliFUl Al BYlE CultimANbL

.
?

50UirPUl IRACE

slinful LALA PruUm CUNSULE
35l ukF Sluntk

sotune INFUL DALTA IN BURFER
sSe 1 Ul eChu

sEChU Inrul

3SEE IF CUNTRULLER LUNE

3
2

smuve INFULl LDALA BACK Inlu ACCUMULATUR

3SET UP WRITE CuMMAND

3INVER] FUR DATA BUSS

3WRITE DA1A BYTE 10 FIFU

35ET UP BY1E CUUNT INCREMENT

3 INCREMENT BY1E COUNTCINGIKECT)
3

H i
31F BYleS WkIT1EN = FAGE ‘
5514Es Wh1I1E PACGE E

-

5 TKACE bPur KETURN FrUM PACE WrIlE

3LDISABLE INTERRUFPIS ARUUNL 8259
3 CUMMANDLS

3

5UUTPUl ENUL Ur INTERKRUFT 6
SRKE-ENABLE 1HEM

JRESTUKRE MAIN FPRUCGKAM STAILUS

72




TR

FGwiiz

Rilwngkle

EivuCiK e

rel

mvl Co '4°
CALL Cu ™ ~
NUF
NUF
NUP

CALL BUSYCHK
LAl HsoCuUNTCUM
MVI As INTMSK

CMA

MUV MsA
MvI AL WG
CMA

MUV MasA
rE1

CALL SAvVE
mvI Cs 'S
CALL CO
NUF

NUP

NUF

CALL BUSYCHK
mMvl ALl

LXI HoCUNTCOM
CmA

MUV MsA

LHLL PAGENUM
INX H

SHLU PAGRINUM
LAI HsFPAGENUM
MUV Eain

Inx L

MUV bastn

LALI HoMINLFESIZ
MUV AsH

CmP U

C< LUCHK
LAL HsoBYIECNNT

mvl As0
MUV MsA
LALI DsPAGENUM

5CUNTRULLEK WURKS.

seNIRYS,

| - — ,,,,,_Jf

BEST AVAlL L.t COPY

JRETURN PRUM INTERRUF1

3
jUUTFUT 1RACE

.o

-

JUNMASK CUNTRULLEKR INTERRUFT TU ALLUW-
s INVEK]T PUR DATA BUSS

5=INTERRUFITS 10 BE WUlFUl 1U CFuU

F

sInvekl Pur DALTA BUSS .
iPAGE WrIlE CUMAND TU CUNTRULLEKR

SREITURN TU UUlER LEVEL PRUCRAM wWhllce

359AVE MAIN FPRUCGCKAM STATUS uiN SECUND
WHILE CumMrLETING bBubbLE CYCLE.
3SE1 uUP & UUlPlUTl IRACE

P

sENSURE CUNTROLLER DUNE
sLERU ACCUMULAT UK

.
R4

s INVERKT FPUK LDATA BUSS

SRESET INTERRUFT MASK

;LUALD ALDLKESS UF PAGE NUMBEK

s INCREMENT PAGE NUMBEK

SRESITURE INCREMENTED PAGE NUMEBEK

d

sPUl RI BYlkE UF FAGE NUMbBER IN KEG E

5 INCREMENT ALLKESS

3LU BYlE IN D

3

sRI BYIE INTu ACCUM

3CHRECK PUK HI BYITE OF FAGE NUMBER = HI
3BYIE UF MINUK LUUF SIcE

sIr HI BYIES EwWUALs CHECK LU EBYIES
3LUVAL bYile Cuunl STUrRAGE LUCATIUN INTU
3The H/7L

3

JRESET THE BYTE CUUNT Tu <LERU

soel UP Tu LUAL FAGE SELECT KEGISTEKR




LUCHK:

VAN V] JCH

Iwile

LULAA U
LAI HoLLFGRGLY

CMA
MUV s A

INX H
INK D
LUAA L
CMA

MUV MsA

CALL KRESITuURE
kel

mvl C» '9°
CALL Gu™
NUP

NUF

NUP

MUV AsL
CmpP b
Ce cCEnUPG

xel
mvl Co ‘A’
CALL Cu™ ~
NUF
NUPF
UK

LAL HsPAGENUM
MvI Asie

MUV M A

INna n

MUV MsA

RE1

mvl €y '2!’
CALL Cu
NUP

NUP

NUPF

LLA [FLAG
crl |1
RL

BEST AVAILAS.: (CPY

3LUAL ACCLM PhRuM ADLLRESS IN L/E
sLUAD Rs/7L WITH LUAL PACE REGIS1ek LO
3 CUMMAND ADULKESS

3INVERT FPURk DATA BUSS

30UTrPUTl PACE 10 FAGE SELECT KEGIS1EK
3C(LLU BY1E)

3

s INCREMENT FUK HI BYIE

sLUAL InNn HI bYle

3 INVERT FUK DATA BUSS

suUTPUT PACGE 10 PAGE SELECT REGISITEK
3(HI EBYTR)

SRESTukE MAIN FrRUGKRAM STATUS

2
.
2
.
3

uuibPul TRACE

.
>

3CHECK LU BY1ES
SJRESET PFAGE Tu ZERU
3IF AT ENUY Ur BUBBLEC(LUUF MEMURY)

2

>

sUUTPUL TrACE

3LUALU H/L WITh AULDKRESS UF PACE NuMEBER
s LExU ACCUMULAT Uk

34ERU HI EYlEs PAGE NUMBEK

S INCREMEINVT

3LERVU LU BYIE

SRETURN TU LUUP MEMUKRY

3
suuirul IrACE

5okt IF NERL Tu INIIIALLCE
3SEE IF SET
Ik INITIALIZED ALKEAULY, kETURN

{
{



SAVE:

KRESIUKRE S

BUSYCHK S

CALL
Mvi

LXI

CMA
MUV
LAIL
MOV
LXI

CMA
MUV

TORY
Iiva
CMA
MUV
MvI
LAl
CMA
MUV
mvi
CMA
MUV
LAIL
mMvI
MOV
Lal
MVI
MUV
LAIL
MUV
INnA
MUV
KEl

FUSH
FPUSH
FUSH
PUSH
KE1

FUF

Fur
FuF
FuF

rel

mvil
CALL

bUSYCHK
AsFAGESILE
Ho LLP GSLKG

MasA
baMmINLPSIL
A,C
HoLDMINScLU

M2»A

Asb
H

MsA
AsnrESEL
Hs CUNTCUM

MsA
As INITIAL

MsA
HoIFLAG
Asil

MsA
HaBYTECNT
AsB0

MsA
HsoFPAGENUM
MsA

H

MsA

TWwCcIx

FSw

IrTcom

Csr'S"
Cco

R N e T VIR,

BEST AVAIt 127 rony
LR LR
: .

H

5LUALD H/L WITH LUAL FACE SICE KECIS-
31k CUMMAND

3 INVERT FUK DATA BUSS

3LUAD PAGE SIZE INIU FPAGE SILE REG

>

sMOVE MINUR LUUP SICE LO BYTE 1u ACCuiM
3LUAL HsL WITH LUAL MINUR LUUF SIZE LU
3 CUMMANL ADLKRESS

s INVERT Puk DATA BUSS

sLUAL MIivux Luur SIZeE Lu EYle INTUO
smINUR LUUF SIZE RECGISIER

35l uwlP HI BbYlE

H

s InvERT Puk LATA BUSS

3LUAL MINUK LUUF SIZE, RHI bYik

3SET UF RESET CUMMAND

sLUAD RsL WITH Cunirul CumMANb

s INnveERT FPuk LUATA BUSS

5ACTIVAIE RESE]

soel uP INITIALIce CIMMANUL

s INVERT FPUR LATA BUSS

JACTIVAlLE INITIALIZE

3LUALU h/7/7L WwWI1H IrLAG ALULUKESS

2

;51 IFLAG = 1

5LUAD H/7L WITH AULUDRESS UF EYTE COUNT

.
2

LRV BYle Cuunid

3LUAD H/7L WIlH AUURESS UF FALGE NUMBER
3LERU LU BYlEs» FAGE NUMBEK

H

3(ERVU RI bYlE

?

5 SAVE h/L
35AVE L/E
35AVE B/C
35AVE ACCUMULATUKR ANU STATUS FLAGS

SKESTURE ACCUMULATUR ANL STATUS PFLAGS
sreESTUuReE bsC
sRESTunE L/E
sRESTUKE H/L

.
’
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FACEKRL:

FGerU:S

BYlenbs

mvl Cobudy

LAI HsRUSTATUS
MUV Ast

Cma

ANI 10H
Cmpk C

JZ BUSYCHK
KE1

Mmvl Co 'a’
CALL CU

CALL InI1
CALL busYChK
LAI RHoCUNTCUM
mMmvl AsrkLFC
CMA

MUV Mo A

CALL bUSYCHK

LAI HorbLBY1E
MUV AsM

CMA

AVl OUH

mMuv CsA

CALL Cu

LALI HsoBYTECNI
INK ™M

mvl ALFPAGESIZE
CMPF 0

JNZ bYlEkRD
CALL enNUCK
JMFP P GkU
UkG VkbBLS

wWkbUFF LB
IFLAG ub
BY1ECNT Ub
FAGENUM LW

END 3boGh

PADIE OO
BEST AVAARLE (DY

35T UF bUSY CRECK BYI1E

3SET UP ST1ATUS KEAD ADDRESS

3 REAL STATUS

3CUMPLIMENT LATA TU ACCUUNT FUK

JREVERSE LUGIC DA1TA LINES

ssee

3MASK ALL bul buSY BI1
3 CHECK FUkK bUSY

sLUUF Ik BUSY
3ELSE RETURN

3
;UUllPUl TRACE
JINITIALIZE IF Rub

* W e

2

3INVERT RkRuk LATA EUSS

sUUTPUT REAU FPACGE CUMMANLU. A FAGE UF
sbubbLe UATA WILL NUW BE KEAU INTU THE
3FIFO UNDEKR CUNTRUL UF THE CUNTRULLER
JWAIT TILL Dunk

>

3TRANSFER IN A BYIE FPhUM THE FIFU
sInvverl INCUMING UATA

JASCII ENCUVE Puk DLISPLAY
5TRANSFER TUu C Fuk UUTFU1

sUUTPUT CHARACTEK

e

5 INCEMENT BYTE CUUNTEKR

Pl

3CHECK TU SEE IF ALL OF FIFPU ThANS-
3 FERKED

sIF NUT DUNEs, LUUF

3IF DONEs INCREMENT ANUL ZERU

3LUUP UNTIL ENLCK CAUSES HAL1

3 VAKIABLE STUKACGE AkEA

3WrkITE BUFFER

SINITIALIZATIUN FLAG

5YTES CURKENTILY REAL/WRITTEN
sNUMBER UF PAGES CURRENILY KEAL UR
sWwrIliENe

;

e




TABLE 1V

DISCRETE PARAMETERS

BT,
NS % DSLL Fo‘ﬁ_ S
K [E [K] [or kel A+ |0 &
DPS1 eINe|l | Ll s| K P
s (T 3 S{R | 0o:Flaps up
UPD*;?le c?toff a0 Sae géigcg
111=full A/B as . a4 11* Full

flaps flaps

Lb BIT DISCRETE PARAMETER 1
Pilot inputs
EXAMPLE: DP$1 = 000011000011111L1= 0C3Fh is a current pilot
input of geardowna. full flaps and slatess hook downa. no
speeds brakes intermediate throttles with the pilots
mike keyed.

Y. H |SPEEDILEFTRIGHT| | | Ll Ric|uT
z | 0 BRAKE|SL [AT|sL|AT FL(AP |FLIAP
il “g| K 00: up
01*1/3
10:=2/3
. same 00=up 000=all up :
gg-c{osed g up 001* right down 11*Full
10 % 1l down 11-fyll 0lO0>nose doun
11=full open S o " Sdun

111-all down

EXAMPLE: DP%$2 = 0001111010000011 = 1E&3h is a current

aircraft state in which the engine nozzle is full closeds
hook is ups speed brake is fully extendeds the left slat
is full downs the right slat is 1/3 downs all gear indi-

cate ups the left flap is full ups and the right flap is
full downe

- “ﬂﬁﬂﬂ-ﬂNhﬁ-..ﬁﬂﬁﬁﬁﬁﬂﬁﬂﬂﬂﬂhﬂﬂﬂﬂiﬂﬂ“‘




INITIALIZATION

START

ZERO PROGRAN
COUNTERS

4

LOAD PAGE
SIZE REGISTER

l

LOAD MINOR
LOOP SIZE
REGISTER

:

RESET

B!

INITIALIZE

FIGURE 1S




SINGLE PAGE READ OR WRITE

START

LOAD PAGE
SELECT
S REGISTER
READ AD WRITE
OR
JI W
Y
READ PAGE WRITE BYTE
(SINGLE:
INTERRUPT INTO FIFO
ENABLED)
NO
NTERRUP NO
YES YES
WRITE PAGE
(SINGLE:
INTERRUPT
ENABLED)
. |
READ BYTE
‘ NTERRLUP
FROM FIFO NO
YES
DISABLE
INTERRUPT
|
: ‘ K
FIGURE 1k

E—————
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TABLE V

DATA RECORDER MEMORY MAP

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

controller memory usage.

0000-06AE
06AF-=Q7FF
0800-0BFF
0C0O0-QFFF
1000-1FFF

2000-2FFF
3000-3CTF
3C20-3015

3016-3F80
3F81-3FFF
4000-BFFF
C000-DBFF

EPROM system 80/20-4 monitor (chips 0,1)

Remaining usable EPROM (chip 1)
Usable EPROM (chip 2)
Usable EPROM (chip 3)

Not implemented; may be utilized to double Tow EPROM
memory by switching to Intel 2716 (2KX8) EPROMS in
the first four sockets with appropriate adjustments
(Reference [3], pp. 2-15).

Not implemented

User RAM

User RAM: also used by ICOM PROM programmer monitor
when control passed to programmer.

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

SBC 80/20-4 monitor reserved RAM.

Not implemented

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

board, available for program use.
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DCOQ-DFFF

CO00-EFFF
FFFO-FFFE
FFFF

Programmer Monitor. If this last 1K is needed, the

programmer monitor may be removed and another EPROM
put in its place.

Not implemented.

Bubble controller mapped in this area.

Not implemented.

e  — -
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0000-0023
0024-0031
0032-0063
0064-2FFF
3000-5FFF
6000-F6BF

FGCO-F7FF
F8O0-FFFF

TABLE VI
MDS MEMORY MAP UNDER ICE/80

ISIS interrupts (0-2) ICE8O interrupts

ICE8D interrupt (3)

User interrupts (4-7)

ISIS resident area

Ice 80 resident area

User RAM. Note: User symbol table in the top of
user RAM

318 locations for ICE 80 variables

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).
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APPENDIX C
CONSTRUCTION NOTES

A. GENERAL

Pertinent construction details not found in listed references
follow. Wiring diagrams for all cabling 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 disabled 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-
ware error. The timer will furnish this signal, if no other device
does, after 10ms of wait time. The controller utilizes its ready out-
put to control 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
inverted and tied to the Transfer In (SBC P1/23) line to the master bus
controller, furnishing a continuous acknowledge signal. If the con-

troller requires additional time, it pulls its ready 1ine low, which in

turn pulls the CPU ready 1ine low. This is repeated as often as required.




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 E3], 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 [1], pages 2-16. Additionally, interrupts five and
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 “lock" 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: "Multibus 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 implementation is as described in Chapter II and

Reference 7, except as indicated below.
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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 pawer Schottky version of these counters was not sufficiently
fast and must be replaced with the straight Schottky version. TI indi-
cated it will supply these in the near future.
3. ROMS
Ul and U2 may need to be replaced. Validation of ROM contents
to ensure they agree with Section II must be accomplished. Validation of
U11, 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 Fajlure

The power failure circuitry is not connected between the system

80/20 and the controller input.

D. MBM BOARD
Magnetic Bubble Memory Board implementation is as listed in Reference

(8] with the faollowing exceptions:




1. Capacitors

C1-C12 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 M39014/01-1473. These
parts have been ordered.

2. Diodes

The Schottky diodes were unavailable in the part number indicated.

A higher voltage rating unit was substituted.

E. INPUT/QUTPUT

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 CRT inter-
face. For 300 BAUD, switch one is on, with the other four off. Similarly
for 2400 BAUD, switch five must be on alone.

Operation of the SBC with the Silent 700 is slightly different in
that the keyboard is not implemented for lower case ASCII letters. As
such, for automatic BAUD rate selection after SBC reset, the shift key
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is not utilized to obtain an upper case "V". Simply depress the "V"
key six times to receive the monitor sign on message.
Operation of the terminal thrugh the usual acoustic coupler is still

possible, as a jumper pluglwas fabricated. Installed in J1, in place of

the interface cable, it restores the Silent 700 to original configuration.

The jumper is constructed by shorting P1/11 to P1/2, P1/12 to P1/8, and
P1/13 to P1/3.

F. EXTERNAL SUPPLY

Reference [6] indicates the MBM board will operate on +5 VDC and +12
VDC. This was a major factor in the decision to undertake MBM research
in connection with the construction of the data recorder, as the SBC
power bus provides only these voltages. In fact, an additional voltage
of +17 VDC is required. TI indicates this will be designed out in futuee
board designs. For now this requires an external supply.

Analysis of the SBC power supply indicates it might be possible to
tap the unregulated output of the +18 VDC 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

ADDRESS LINE CORRESPONDENCE

SCHEMATIC PIN NO. MASTER BUS
ADDRESS
LINE P2 ADDRESS
1y 2l ]
L3 23 1
le 25 2
1l a7 3
= g y
1 8 S
0 b b
10 9 ?
9 3 8
8 13 3
? ? A
b & B
S 3 &
Y 5 D
3 LS € and F
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43

15
19
20
23
73
74
71
72
&9
70
b?
ba
57
58
55
Sk
53

TR

TAJLE V1is
INTERFACE BOARD SCHEMATIC

- (BLACK)
+5 voc A Vec (RED)
+12VDC (WHITE)
=-5VDC __(GREEN)
BCLK/ (BLUE)
BPRN/ (BLACK)
MRDC/ (WHITE) 4'5 ~Ne
MURC/ : : (BLUE) E%,Ki’
WAIT/ (BROMNL<:] “-7K§'vcc
DATO/ (VIOLET)
DATL/ (GREY)
DAT2/ (ORANGE)
DAT3/ (YELLOW)
DATH4/ (RED)
DATS/ (GREEN)
DATL/ (BLUE)
DAT?/ (BROWN)
ADRO/ 1 (RED)
ADRL/  AY IRY (BROUN)
ADR2/ (uHITE) 1IN0
ADR3/ (ORANGE) vy 13 _JCADR3

ADRY/ & NGB (VIOLET)

L3
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1.2
3.5

13

2y
28
31
Sk
b0
bY4
b8
78
7k
80
20
42
4k
50
5y
26
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54

51
52
49
S
4?
4a
45
4k
43

Yy

INTerRFACE BOARD SCHEMATIC

ADRS/ 1[:3}__ . (BLUE) ADRS

: AY - #
ADRL/ %_LG_REENL ADRG 12

y .
ADR?/ 3 ADR?
Ao E:ig -

SR 1 A
ADRB/1) (BROWN) DR 5o
asras A3 13RS (YELLOW) AYRY 5
ADRA/  (ORANGE) A3 s{:&fﬁ AMA o

" 3
ADRB/ 3 o (RED) AdrB i
ADRC/ e <y\ji (BLUE) ADRC

: o 3 ADRD
ADRD (WHITE) 4{:>°__ o
ADRE / ( VIOLE Ac
ADRF¢( LED 23 (VIOLET) NG  ADREx
lar;le (GREY) Agj__“J‘jz Lz 30

AR
r———-Jr pa —
A3
Al Ac AlY
Pa PLA
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M8M BOARD

PLUG PL
PINe

isA
212LaBaY

3411412413

CaMaNs
44D4P
L

. b

?-8

q

10
Ly=1S
ib

17

L8

L9

20

¢34

< c 42 »”W ar x Mmm
!
.
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FUNCTION
PLUG Pl
PIN®

GROUND 1
*5V 2l
+L2 vD(C 3
+12 VDC 3
+1? vIC D
DAT O0UT 5
X0uT/ b
UNUSED -
ANN/ 9
UNUSED ——-
UNUSED ——-
cyas 1k
XIN/ Ly
94:V 17
CLAMP/ 31
STROBE/ 13
-5 VDC e
BDEN/ 1
UNUSED ——-
REP/ K
UNUSED -
UNUSED -
o 4-V4 S
GEN/ L2
CXas T
UNUSED ——-

CONTROLLER BOARD

CONTROLLER/BUEBLE CAGE 3ACKPLANE

INTERKFACE 80ARD

PLUG

PIN®

£ U1 &

y
EXTERNAL

2&3

Pe

SUPPLY
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TABLE X

INTERFACE BOQARD
PLL:G P=-2/CABLE

SOCKeT J2-A

PIN =

A-2
A-3

A=S
A-b

. A-8
A-9
A-10
A=11
A-i2
A=13
A=1Y4
A=13
A=Lb
A=17?
A-18
A=-19
A=-20
A=2l
A-23
A=-23
A=2Y4
A=25

FUNCTION

SIGNAL GROUND
ADDRESS (B)
ADDRESS (C)
BOARD SELECT(A)
ADDRESS (D)
ADDRESS (k)
ADDRESS(A)
ADDRESS(S)
ADDRESS(?)
ADDRESS (4)
ADDRESS(8)

DBIN

ADDRESS(9)
MEMEN
ADDRESS(E)
BOARD SELECT(C)
HARDWARE RESET
BOARD SELECT(B)
POWER BAD

ADDRESS(2)

COLOR

BROUN
RED
ORANGE
YELLOUW
GREEN
BLUE
VIOLET
GREY
WHITE
BLACK
BROUN
RED
ORANGE
YELLOW
GREEN
BLUE
VIOLET
GREY
WHITE
BLACK
BROWN
RED
ORANGE
YELLOW
GREEN

CABLE-INTERFAC. ©0.RD TO CONTROLLER

.CONTROLLER PLUG
P2 CABLE SOCKET
Je-8

PIN®

M N + _JE N I I ¥ B S VY R 3 VI

n U v v n M &£ E & B FH B e
b £ W VU 2 0O 00 20 b £F WU O




PIN®

A=ch
A=2?
A-28
A-c9
A-30
A-3L

A=3e
A=33
A=-34
A-35
A=-3k
A=37
A-38
A-39
A-40

FUNCT1ON

ADDRESS(3)
DATA(D)
CLOCK (@2)
DATA(L)

READY TO
MICROPROCESSIOR

DATA(2)
DATA(3)
DATA(?)
DATA(Y)
DATA(S)
INTERRUPYT TO CPU

DATA(b)

COLOR

BLUE
VIOLET
GREY
WHITE
BLACK
BROWN

RED
ORANGE
YELLOUW
GREEN
BLUE
VIOLET
GREY
WHITE
BLACK

PIN®

cb
27
28
c9
30
34

e
a3
3y
35
3b
37
38
39
40

CONNECTIONS FROM J2-A/B TO CARDCAGE BACK PLANE

EXTERMAL
SUPPLY

NOTE:

Jé=A IS A 100 PIN EDGE CARD CONNECTION.

GROUND
tsvDC
+svDC
4L2vDC
-3VDC
UNUSED
+L7v

MBM BOARD
PIN =

BLACK
RED 2
RED 22
WHITE 12
GREEN 2
3LUE -—-
BROWUN(PURPLE) 4

J2+B8 IS A 40 PIN A-D PRODUCTS CONNECTOR.
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