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ABSTRACT

Bubble memory is an emerging technology that is only
beginning to realize it's potential. The unique properties
that this memory system possesses provides advantages in
many situations. Bubble memory is non-volatile, solid state,
and very durable. In addition this memory has a high density
and a fast access time. These attributes are excellent for
the non-ideal conditions found in industry and the military.

This thesis presents an implementation of an iSBC 254
Bubble Memory System as a disk resource in a standard
microcomputer environment. An Intel 8086 microprocessor 1is
used as the host executing under Digital Research's CP/M-86
operating system. This implementation is completely
transparent to the user and requires no additional disk

commands.
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I. INTRODUCTION

Magnetic bubble memory is a non-volatile, high density,
reliable memory system. It is superior in many ways to
conventional secondary storage systems. It's resistance to
oppressive environmental conditions is a strong impetus for
bubble memory's continuing growth. In addition, other
characteristics enhance this memory's value to the
marketplace. It's advantages make bubble memory a viable
alternative in many situations.

The objective of the work presented here is to
demonstrate the utility of a bubble memory system in a
conventional operating system (CP/M-86) using a commercially
available microprocessor (Intel 8086).

The stated objective is accomplished in two phases.
First a basic I/0O driver is developed to exercise the iSBC
254 Bubble Memory System. This driver tests critical
operations necessary for additional development. All
functions significant in data transfer operations are tested
for proper operation. The basic driver program also provides
a medium for software development and debugging. The next
step involves the incorporation of the bubble memory into
CP/M-86 as a disk resource. This task requires altering the
BIOS portion of the operating system. A new BIOS was

generated containing the necessary bubble memory subroutines



in a modularized format. The implementation as a disk is
entirely transparent to the user. Procedures for utilizing
the bubble memory do not differ from a typical disk system.

Additionally, chapter 2 discusses in some detail the
theory.of bubble magnetic domains. This section also gives
background on typical bubble memory system development and
status. A thorough description of the hardware utilized in
this thesis is given in chapter 3. The developmental system
is functionally outlined and the iSBC 254 bubble memory

board is described in detail.



ITI. BUBBLE MEMORY THEORY

A. BUBBLE DOMAIN THEORY

Bubble domains are small, magnetized, mobile regions
within sheets or films of certain magnetic materials. This
magnetic ''bubble" is a physical phenomenon not unique to any
one class of chemical compositions. Certain elements and
their alloys, notably iron, cobalt and the rare earth elements,
exhibit the property of ferromagnetism. Presently, nearly
all bubble devices are made with single-crystal films of
multicomponent magnetic rare earth-iron oxides having the
garnet structure [Reference 1]. Ferromagnetism permits the
material's atoms to exhibit a high degree of alignment
despite the natural tendency toward random arrangements.
The rule of opposites attracting comes into play in bubble
memory technology. The domains existing in a substance are
magnetized in either a positive (up) direction or negative
(down) direction. In the absence of an external field the
domains interact with one another, resulting in zero net
magnetism. The more "up' domains you have, the more
strongly they interact with those pointing '"down,' causing
the bubble to grow larger [Reference 2]. An opposite force
to this ballooning effect occurs at the wall of the bubble,
where domains are in various stages of pointing down,

crossways, and up (see Figure 2.1). This area of transition
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bounding the bubble tends to widen and slow the bubble's
growth. The forces never balance and the bubble either
continues to grow or collapses upon itself. Thus the
ferromagnetic substance is a continually changing pattern
of serpentine strips (see Figure 2.2a).

When the magnetic substrate is cut properly into a thin,
flat wafer, the domains jut perpendicularly through the
plane of the chip. Their positive ends pointing up or down
(see Figure 2.Za). Making bubbles stable (and useful) 1is
accomplished by applying an external magnetic field. The
strip domains magnetized in the direction of the magnetic
field will increase in volume while those magnetized in the
opposite direction will shrink (see Figure 2.2b). The
domains will continue to be reduced until they completely
disappear or until they reach a specific size (see Figure 2.2c).
The strength of the external magnetic field is the determining
factor [Reference 2]. In actual bubble memory devices, the
domains shrink until they are approximately .0001 inch wide.
When viewed from above using a microscope they appear round,
hence the bubble designation [Reference 3]. This phenomenon
is the result of the process of energy minimization.

The applied external field, the bias field, is essential
for bubble stability. As long as this field is kept constant,
the bubbles neither expand or contract and are held at an
acceptable size. The strength of the bias field necessary

to maintain stability is of the order of 100-200 Oersteds.
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Small permanent magnets can easily supply the field
strength required. These permanent magnets are immune to
power fluctuations and are the reason that bubble memory is
non-volatile. The stable equilibrium of the bubble domains
is the result of a combination of three forces. The domain
is preserved by its own magnetization acting against that
of the external field. The internal forces produced
counteracts the squeezing forces of the bias field. The
circular shape is preserved by the magnetic surface tension
located at the domain walls [Reference 3].

In order to produce an operational memory system, the
bubble domains had to be moved through the substrate in an
orderly fashion. Moving bubbles requires setting up a
magnetic field gradient within the plane of the chip. This
magnetic gradient unbalances the stability of the bubble.
The domains will then move through the substrate toward any
position that minimizes energy. A permaloy (nickel-iron
alloy) track can be bonded to the surface of the substrate
(see Figure 2.3). The bubbles will move along these tracks
when the magnetic gradient is applied in a specific manner.
At a designated point where a detector is located, the
presence of a bubble can represent a binary 1. The absence
of a bubble represents a binary 0. This magnetic detection
is similar to conventional magnetic devices. The
distinguishing feature is the fact that no mechanical moving

parts are present. This factor allows a bubble memory
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system to be entirely solid state. Bubble memory's
nonvolatility makes it useful for almost any situation in
which data that is being stored must be maintained.
Nonvolatility also makes bubble memory portable. A user
can remove the device from one computer, transport it and
find all data intact. The fact that this memory is not
electromechanical adds to its reliability and durability.
[Reference 2] The next section will describe how bubble

theory has been applied in memory engineering.

B. APPLICATION OF BUBBLE THEORY

This section will describe the general designs of
bubble memory devices. The basic operations necessary to
support a system are, bubble propagation, bubble generation,
and bubble detection [Reference 1]. In addition to these
basic functions, the data must be organized in such a way
as to minimize access time.

1. Bubble Propagation

As previously mentioned, the bubble domains will
move in the presence of a magnetic field gradient. A
rotating bias field set within the plane of the chip
accomplishes this task. The chip is wrapped with two
crossed wire coils and the appropriate current is passed
through them. By rotating this field, known as the drive
field, a magnetic impulse can be generated through the device.
The bubble domains travel with this impulse and thus movement

is created [Reference 4].

16



beginning of the input track. The seed is generated by an
electric current pulse in a hairpin-shaped loop of
conductive material. The pulse is strong enough to reverse
the bias field locally and thus allow a bubble domain to be
created. Once having been created, the seed bubble remains
in existence as long as the external bias field is maintained.
The seed circulates under a permalloy patch, driven by the
rotating field. This bubble is constrained to a kidney
shape by the interaction of the bias and rotating fields
with the metal patch (see Figure 2.4). The seed is split

in two by a current pulse in the hairpin-shaped conductor.
One of them remains under the patch as the seed, and the
other is driven by the rotating field onto the input track
section of the chip. The current pulse that splits the
seed 1s generated to store a binary 1 in memory. To store
a binary 0, the pulse is omitted. This seed bubble process
is extremely temperature sensitive. A memory system must
be able to vary the current pulse over a range large enough
to compensate for large temperature variations.[Reference 4]

3. Bubble Detection

A bubble detector is essentially a magneto-resistive
bridge formed by interconnecting the permalloy chevrons to
make a continuous electrical path of maximum length. As
bubbles pass under the bridge, the resistance changes
slightly, modulating the currents through the bridge and

Ccreating an output voltage of several millivolts. Bubbles
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are stretched at right angles to the direction of
propagation by adding parallel rows of chevrons. These
stretched bubbles generate larger output signals at the
detector. Beyond the detector the bubbles run into the
guard rail and they are annihilated (see Figure 2.5)
[Reference 4].

4. Bubble Architecture

The architectures presented here follow one another
in the historical development of bubble memory systems.
Each improved the data transfer rates critical to acceptance
as a viable memory source.

a. Shift Register Configuration

The shift register architecture suffers from
two fundamental problems: (1) If a single defect exists
in the shift register chain, the entire chip is bad; and,
(2) Data must be cycled through the entire chip in order
for the user to gain access to what is needed. If the
device is a 1M bit chip and the information is stored
halfway down the chain, all the bubbles must move half the
length of the chain, in this case 500,000 steps. A typical
circulating frequency is 200kHz. 1In the above example it
would take over 2 seconds to access the data desired
[Reference 2]. This clearly is unacceptable in modern
computer systems (see Figure 2.6a).

b. Major-Minor Loop Design

The problems of the shift register approach
were alleviated by employing major and minor loop
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architectures (see Figure 2.6b). In this configuration,
data is stored in minor loops. When a read function is
initiated, the data is rotated onto the major loop,
detected, and recycled back onto the minor loop position
where it began. Access times were improved greatly using
this architecture, but improvement was still needed. An
additional advantage of this configuration was in the area
of chip production. Ths manufacturers were now able to
provide redundancy in the number of minor loops. The extra
loops that were added provided a margin of error in chip
defects. If one loop was bad, an extra loop could take its
place. Typically manufacturers provide up to 25 additional
loops to compensate for any defects.
c. Block Replicate Architecture

The major-minor loop design improved accessi-
bility but problems still existed. The fact that the bubble
domains had to be recycled to their positions retarded
access time. The block replicate architecture solved this
problem (see Figure 2.7). This configuration involves
swapping and replicating the bubble domains. When data is
written into the system, bubbles on the input track are
swapped with old data on the minor loops. The old data is
then destroyed. When reading the minor loop, data is
replicated onto the output track. The data remains intact
in the minor loops. Swapping occurs when a current pulse,

in a conductor under the chevrons, causes the bubble to
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jump from the input track to the storage loop and vice
versa. The swap pulse is essentially rectangular,
preserving the bubble without cutting it in two. For
replication, the bubble is propagated under a large
element where it is stretched out. As it passes under a
hairpin shaped conductor loop it is cut by a current pulse
just as in bubble generation. The replicating current pulse
waveshape has a high, narrow leading spike for cutting the
original bubble in two, and a lower, wider trailing portion
during which the new bubble moves under the output track.
This pulse lasts one-quarter of a cycle. In this manner
data is propagated to be read, yet retained in the minor
loops for storage [Reference 4].
d. Odd-Even Loop Architecture

A variation upon the block replicate design
improves access time even further. Due to the properties
involving bubble domain interaction, a domain can exist
only 1in alternate positions. This space in between each
data position means that data can be manipulated only every
second cycle. A way around this problem was found in the
odd-even loop architecture (see Figure 2.8). The minor
loops are divided into even and odd sections. On one cycle
the even bits are read and on the next cycle the odd bits
are read. The positions of these bits are staggered and
they are interleaved on the way to the detector. The write
operation is similarly performed except no interleaving 1is

needed [Reference 6].
25
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As a result of these architectural improvements, access
time has been cut from 2 seconds (shift register) to 40
milliseconds. While this time is 1,000 times slower than
ram memory, it is 2 to 4 times faster than either hard or

floppy disk.

C. PRESENT BUBBLE MEMORY STATUS

The market for bubble memory has never materialized as
anticipated when it was first introduced. Essentially,
pubble memory has been playing catch up for the past 15
years. In the late 1960's bubble technology was seen as
the answer to unwieldy core memories and slow disk systems
then in use. Research continued at Bell Labs as well as at
IBM, National Semiconductor, Motorola, and Texas Instruments.
Mastering bubble technology was no easy task however. As
the companies struggled to get their product out of the
labs and into production, they neglected to develop
supporting electronics. This circuitry, notably bubble
memory controllers, is essential to make bubble memories as
easy to use as disks. This lapse alone cost the industry
two or three years in terms of market acceptance. In
addition the price of semiconductor memories and disk
systems continued to fall. As a result, bubble memory sales
plummeted (Reference 7]. This lack of sales volume
resulted in the price of a bubble system remaining very

high in comparison to its competitors. One by one
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. companies dropped out of the market, until Intel Corporation
was the lone producer in the United States. At one point
there was estimated to be 200 engineers working on bubble
memory compared with 50,000 individuals researching silicon
memories. The 1lull was broken in 1979 with the advent of
Intel's 1 megabit device. The initial price was a stiff
$2,500. Production costs have since been reduced
sufficiently to allow a $300 current pricetag. Although it
is doubtful if bubble memory will ever displace disk systems,
it has found a growing segment in today's marketplace. Its
solid state durability has made it a natural selection for
systems in harsh environments. Bubble systems have also
found their way into a few personal computer systems. With
the coming of Intel's 512k byte chip later this year and a
2-megabyte in 1986, the market should open even further.
Today bubble memory seems to have come back from near
disaster. It is now viewed with enthusiasm as a young
technology with an as yet unknown potential. The following
chapters will describe how a particular bubble memory system,
the Intel i1SBC 254, can operate in a mMiCroprocessor

environment.

28



IIT. HARDWARE SYSTEM DESCRIPTION

A. OVERVIEW

The major components used in the work described here
consist of an iSBC 254 bubble memory system, an iSBC 86/30B
single board computer, an Intellec single density MDS, and
an iSBC 201 single density disk controller. The system
was operated using the CP/M-86 operating system (version 1.0
as modified in Reference 13). The following sections will
describe each component. Particular emphasis will be

placed on the bubble memory system.

B. 1SBC 254 BUBBLE MEMORY BOARD

The iSBC 254 bubble memory board is a fully assembled,
multibus compatible, non-volatile memory. The board 1is
capable of utilizing up to four Intel 7110 bubble memory
modules. The rotating field operates at a frequency of
50Khz. A permanent magnet provides the bias field of 20
oersteds. The operating temperature range is between 0 and
50 degrees centigrade with 100 FPM of airflow. The
iSBC 254 is compatible with 16-bit addressing for 8 bit
microprocessors and 20 bit addressing for 16 bit machines.
There are three modes of data transfer available: polled,

interrupt, and DMA.



The 1SBC 254 configuration used in this work consisted
of two 7110 modules, their support components, one controller,
a DMA controller, and associated Multibus interface I/0
circuitry. This configuration has a maximum data transfer
rate of 25K bytes/sec with an average access time of 48ms.

A storage capacity of 256K bytes of non-volatile read/write
memory 1s availlable. The 7220-1 BMC controller interfaces
the memory modules to the multibus circuitry via I/0
buffers. These buffers then transfer data, address, control,
and status information to the system bus and iSBC 254 board.
No special timing considerations or hardware modifications
were necessary. The 1SBC is fully compatible with any Intel
host computer on a Multibus system. No attempt will be made
here to explain the complex internal timing and operations.
A full explanation can be found in Reference 8. Instead, a
brief outline will be given on the operation of each of the
major board components.

The following devices will be described as to function
and system interface:

1. 7110 Bubble Memory Module
2. 7220-1 Bubble Memory Controller (BMC)

7242 Formatter/Sense Amplifier (FSA)

w

4. 7230 Current Pulse Generator (CPG)
5. 7250 Coil Predriver (CPD)

6. 7254 Quad VMOS Drive Transistor

~1

Power Fail Circuitry



1. Component Functions

The 7110 magnetic bubble module is a high density,
1 megabit solid state memory chip. The MBM holds the
bubble data for storage and transfer. The architecture is
odd-even, block replicate. The 1 megabit storage capacity
is provided by 256 loops of 4,096 bits each. When error
correcting is selected 14 additional loops are incorporated
for the fire code. If error correcting is not implemented
272 loops are used for data. The module itself is divided
into four quads. Each half module consists of an '"odd"
and "even'" quad. 0dd and even refers to the bit position
of the stored data. A half module consists of 160 loops.
Since only 135 are required for data and the ECC code, 25
are left for redundancy. In practice the module is screened
for up to 24 bad loops to allow the user 16 extra bits if
error correcting is not implemented. Each quad has an 8lst
loop called the bootloop. This loop provides a map
indicating the good and bad storage loops. The bootloop 1is
written during production and normally requires no
modification. The bootloop also provides synchronization
data used as a reference for a physical page address. The
data flow, as previously described in chapter 2, is typical
of the odd-even block replicate architecture [Reference 8].

The 7220-1 Bubble Memory Controller provides all the
timing and control functions needed to operate the system.

It is the single point of contact between the host and
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memory. The 7220-1 provides a suitable microprocessor
interface as well as an interface to the support chips on
the 1SBC 254 board [Reference 9]. The method of
communication with the controller will be discussed later
in this chapter.

The 7242 Formatter/Sense Amplifier accepts signals
from the bubble detectors in the MBM. During read
operations, this device buffers the signals and performs
formatting operations. During write operations, the 7242
enables the current pulses of the 7230 that causes the
bubbles to be generated. Automatic error detection and
correction of the data can be performed by the 7242. The
bootloop 1s automatically placed in the 7242 bootloop
register to serve as a data map for the system [Reference 9].

The 7230 Current Pulse Generator supplies the
pulses that produce the magnetic bubbles and transfer them
into and out of the storage loops of the MBM [Reference 9].

The 7250 and two 7254's supply the drive currents
for the inplace rotating magnetic field (X and Y coils)
that move the magnetic bubbles within the MBM [Reference 9].

The bubble memory is accessed by passing currents
of the proper magnitude and phase through two coils within
the MBM. These currents must always be of the proper
amplitude and phase or data can be lost. It is also
critical to avoid any transient pulses that may occur.

The purpose of the power—fail circuitry is to prevent
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these transients and to monitor the system voltages.
Should power fail, the coil currents must stop in the
proper phase [Reference 9].

To better illustrate the interactions between
the various components, the data flow within the system
will now be explained (see Figure 3.1). During the read
operation, bubbles from the storage loops are replicated
onto an output track and then moved to a detector within
the MBM. All movements and current pulses are under the
control of the 7220-1 controller. The magnetic field
rotation and timing are also controlled by the 7220-1.
The bubble detector outputs a differential voltage
according to whether a bubble is present or absent in the
detector. This voltage is fed to the detector input of
the Formatter/Sense Amplifier. The data path between the
7110 MBM and the FSA consists of two channels connected
to the two halves of the MBM. When data is written, the
bit stream 1s divided with half of the data going to each
side of the MBM. During a read operation, data from each
half of the MBM goes to the corresponding channel of the
FSA. In the FSA, the sense amplifier performs a sample-
and-hold function on the detector input data. The sense
amplifier then produces a digital one or zero. The
resulting data bit is then paired with the corresponding
bit in the FSA bootloop register. If an incoming data bit

is found to be from a good loop, it is stored in the FSA
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FIFO buffer. Otherwise the data is ignored. This process
continues until both channel's FIFOs are filled with 256
bits. Error detection and correction, if enabled by the
user, is applied to each block of 256 bits at this point.
If error correction is not enabled, 272 bits are used as
data. As the data leaves the FSA, the bit patterns are
interleaved and sent to the 7220 BMC. The transfer is in
the form of a serial bit stream via a one line bidirectional
data bus. In the 7220 BMC, the data undergoes a serial-to-
parallel conversion and 1s assembled into bytes that are
buffered in the 7220 FIFO. It is from this FIFO that the
data 1s written onto the user interface [Reference 4].

2. Communicating With the 7220-1 BMC

The bubble iniemory controller is the single point
of contact with the host interface. The CPU views the
BMC as two input/output ports on the bus. When the least
significant bit of the address line is active (A0=1), the
command/status port is selected. When the least
significant bit of the address line is inactive, the data
port is selected. For simplicity the BMC can be viewed as
a 40 byte FIFO buffer and 6 eight bit registers. The primary
purpose of the FIFO is to reconcile differences in timing
between the user interface and FSA interface. The six 8 bit
registers internal to the BMC are loaded by the user with
information regarding the operation of the system. Loading

these registers before any commands are sent is similar to
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passing parameters to a subroutine prior to execution.
Hence the registers are referred to as parametric registers.
Data transferred between the 7220 and the CPU takes place
over an 8 bit data bus. The choice as to whether the data
is destined for the FIFO or the parametric registers 1is
made through the command/status port. 1In one case, the
actual commands that cause some operation to take place
(read, write, etc.), are signified by a command byte with
bit 4 set to 1 and the low order nibble containing one of
16 command codes. If bit 4 is zero, the low order nibble
is taken to signify a parametric register pointer. For
user convenilence the 7220-1 contains a register address
counter (RAC). The RAC is self incrementing with each
subsequent byte of data transferred on the data port. This
feature allows the user, after addressing the first
parametric register, to load the register values
sequentially without addressing each one. After the last
register has been loaded the RAC points to the 7220-1 FIFO
for subsequent data transfers. The parametric registers
are listed in Figure 3.2.

All commands given to the BMC are issued through
the command status port to the command register. The
sixteen commands available to the bubble memory are listed

along with the hex code.
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Register Name

0D,

Read/

Write

Utility Register 0 0 0 0 1 0 1 0 R/W
Block Length

Register (LSB) 0 0 0 0 1 0 1 1 w
Block Length

Register (MSB) 0 0 1 1 0 w
Enable Register 0 0 1 1 1 w
Address Register

(LSB) 0 0 0 0 1 1 1 0 R/W
Address Register

(MSB) o~ 0 0 0 1 1 1 1 R/W

Figure 3.2
PARAMETRIC REGISTERS
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Write Bootloop Register Masked 01h

Initialize 11h
Read Bubble Data 12h
Write Bubble Data 13h
Read Seek 14h
Read Bootloop Register 15h
Write Bootloop Register 16h
Write Bootloop 17h
Read FSA Status ’ 18h
Abort 19h
Write Seek 1Ah
Read Bootloop 1Bh
Read Corrected Data 1Ch
Reset FIFO 1Dh
MBM Purge 1Eh
Software Reset 1Fh

Read, write, abort, and initialize are described in chapter
4., The remainder of the commands are seldom used in normal
operation. They are described in detail in Reference 8.

Addressing flexibility is one of the features of the
iSBC 254 bubble memory. In the work described here, two
modules were available for use. Using the addressing
combinations available, the data could be organized into
2,048 pages of 128 bytes each or 4,096 pages of 64 bytes
each. The configuration is determined at run time using
the block length register and address register. Figure 3.3
lists the various combinations available for up to four
modules.

The Block Length Register (BLR) is a 16 bit value
divided into two fields: The 'terminal count" field and
the 'channel'" field (nfc) (see Figure 3.4a). The terminal
count field ranges over the eleven least significant bits

and defines the total number of pages requested for a read
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MBM Select ‘‘Channel Field'’ (BLR MSB Bits 7, 6, 5, 4)
AP, MSB Bits
(6.5, 4, 3) 0000 0001 0010 0100 1000
0000 0 0.1 0,123 * 0to7 OtoF
0001 1 2.3 4,5,6,7 8toF
0010 2 4,5 8.9.A.B
0011 3 6.7 C.D.E.F
0100 4 8.9
0101 5 A.B
0110 6 C.D
0111 7 E.F
1000 8
1001 9
1010 A
1011 B
1100 c
1101 D
1110 E
1111 F
Figure 3.3

MODULE COMBINATIONS FOR FOUR HODULES
*2 Modules in Parallel (128 Bytes/Page, 2,048 Pages)
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(a)

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB

UlslsTeTeTeTo] O ol e
N — X\ S
CN:AMNENEERL(S):NFECA) NUMBER OF PAGES TO BE TRANSFERRED

(b)

ADDRESS REGISTER MSB ADDRESS REGISTER LS8

Lrlelslefojzfrfo] [rlefsfefafafr]o]

MBM SELECT

Figure 3.4

(a) BLOCK LENGTH REGISTER BIT FIELD,
(b) ADDRESS REGISTER BIT FIELD
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or write operation. With the eleven bits it is possible
to request from 1 to 2,048 pages. A field of all zeros
indicates a 2,048 page transfer. The channel field
indicates the width of the page by specifying the number
of channels to be used. A page width of 64, 128, 256, -
or 512 bytes can be selected (see Figure 3.3). The address
register is another 16 bit value containing two fields
(see Figure 3.4b). The 11 bit starting address field
specifies the page address at which the data transfer begins.
If more than one page is transferred the address field 1is
automatically incremented. The second field in the address
register, the MBM select field, consists of bits 11, 12, 13,
and 14 (bit 15 is not used). These four bits select the
particular MBMs to be used in a data transfer. In conjunction
with the channel field of the block length register, the MBM
select field controls the serial selection of bubble modules
or groups of modules operated in parallel.

The final parametric register is the enable register.
While the address and block length registers define the
system configuration, the enable register defines the mode
of operation, interrupt conditions, and error correction
level (see Figure 3.5a). The system is capable of three
modes of transfer, polled, interrupt, and DMA. This work
utilized the polled method which will be explained in
chapter 4. A thorough description of the other modes is

outlined in Reference 8. The error correction feature can
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(a)

ENABLE REGISTER
[rjslsTnlalzrnlo]
I L= INTERAUPT ENABLE (NORMAL)

INTERRUPT ENABLE (ERROR)

DMA ENABLE
LOW FREQUENCY
~—= WRITE BOOTLOOP ENABLE
ENABLE ACO

ENABLE (CO
ENABLE PARITY INTERRUPT

(b)

STATUS REGISTER

F]s'sTal:‘z'xlol
L—b FIFO READY

PARITY ERROR
L UNCORRECTABLE ERROR

L —— = CORRECTABLE ERROR
TIMING ERROR

OP FAIL
opP COMPLETE
BUSY

Figure 3.5
STATUS AND ENABLE REGISTERS
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be implemented on three levels. Level 1 is the minimum
level of error correction. This level is used only when
the host 1s concerned with maintaining bubble integrity.

If an error is detected, a read corrected data command is
automatically given to the FSA. If the error is
correctable, the data transfer continues normally. If the
error is not correctable or a timing error exists, the

data transfer will be terminated at the error page address.
This level is well suited to a go/no-go type of data
transfer, and was chosen for the work in this paper. Level
2 is identical to 1 with the exception that upon an
uncorrectable error no erroneous data is transferred to the
BMC FIFO. Level 3 is the most intensive means of error
handling. Under this setting the data transfer is halted
if any error is detected. It is by far the most demanding
in terms of software requirements [Reference 9].

The final register to be discussed contains the
status of the data transfer. Figure 3.5b illustrates the
bit designations in the status register. As will be
described in chapter 4, this register is extremely important
when using the polled method of data transfer. The status
register contains information concerning error conditions,
command completion (or termination), and the BMC's

readiness to accept new commands [Reference 9].



5. Preparing the iSBC 254 Board For Operation

After the board was visually inspected for flaws,

the following jumpers were connected:

E79 - E80
E67 - E68
E46 - E45
E30 - E29
E27 - E28
E63 - E64

These jumpers established the base address of 00h, an
acknowledge delay period of four clock cycles, serial bus
priority, and 8 bit I/0O addressing [Reference 8].

The 1iSBC 254 requires +5VDC at 2.4A and 12VDC at
0.8A. These power requirements are fully compatible with
the available multibus power supplies. No hardware

modifications are required.

C. DEVELOPMENT SYSTEM

The hardware used in the development of the software,
centered upon the Intellec Microcomputer Development System.
The Intellec MDS is a coordinated, complete computer system
designed around the Intel 8080 microprocessor. The system
modules are contained in an eighteen card chassis which
features Intel's Multibus architecture. The 8080
microprocessor was removed along with its associated memory
modules. The 86/30B was placed in an odd slot to serve as
bus master. No additional memory modules were required as
the 86/30 has 128K of onboard memory. The iSBC 201 disk
controller serviced a dual single density disk drive

[Reference 10].
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The iSBC 86/30 is a single board microcomputer based on
the 16 bit Intel 8086 microprocessor. Included on the board
are 128K of dynamic RAM, three programmable parallel I/0
ports, programmable timers, priority interrupt control,
serial communications interface, and Multibus interface
logic.

The CP/M-86 operating system is a product of Digital
Research and is produced for use with the 8086 microprocessor.
CP/M-86 provides a wide variety of utility built-in commands
and transient programs. In addition the user can produce
and execute additional transient programs. CP/M-86
provide useful programs for software development. DDT86
is a dynamic programming debugger that proved invaluable
for program error correcting. This operating system also
provide facilities for writing and editing programs. ED is
a very primitive text editor that proved to be adequate for
writing the programs used in this work [Reference 11, 12}.
The programming language used was 8086 assembly language due
to the basic register, data, and I/0 port manipulations that
were required to make the hardware operate. All programs
were written and assembled using this system. No outside
resources were required. A printer was available for hard

copy transfers.
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IV. BASIC SOFTWARE DRIVER DEVELOPMENT

A. DRIVER ORGANIZATION

The first step in developing a working bubble memory
system 1s the development of a basic I/0 driver and
operationally testing the program for correctness. This
task was accomplished using a menu driven program with
modular structure and expansion capabilities. The
completed program, BUB.A86, is listed as Appendix A.

At the outset of this project, a decision was made to
use the polled method of communication. This method was
chosen both for its simplicity and reliability. The polled
I1/0 mode is the most simple to implement since no special
or external hardware is required to perform data transfers.
In the polled I/0 mode, the software must determine when to
transfer data to or from the FIFO by continually polling
a status bit in the BMC's Status Register. This status
bit indicates the presence or absence of data in the FIFO
on a byte by byte basis. The polled method places the most
demand on the host system's processing time since the
software continuously must monitor the Status Register
[Reference 9].

The driver program's main menu includes the following

features:
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1. Abort

2. Send Any Command

3. Read Status Register

4. Format Bubble Memory
The sequential development of these features aided in the
understanding of the operation of the memory system. In
addition this method of development honed the programming
skills necessary for subsequent developments. Each

subroutine supported succeeding more complex routines.

B. FUNCTION DESCRIPTION

1. Abort Function

The abort routine was developed initially in
accordance with the manufacturers recommendations. When
powering the iSBC 254 Bubble Memory Board up for the first
time, it is imperative that the board be aborted to insure
proper operation. When power is first applied to the
iSBC 254, a power fail reset circuit provides a delay (at
least 2ms) to allow the 7220-1 bubble memory controller (BMC)
to properly power-up. An abort command must then be issued
to the BMC in order to reset the system into a known state.
After both power supplies have reached 95 percent of their
nominal values, a 50ms delay is needed before the abort
command is issued to the BMC. This delay could be
implemented in software. It was decided however that this

interval would be more than taken care of by the amount of
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time necessary to power-up the system, load the operating
system, and implement the program [Reference 9].

The abort subroutine is a simple example of a non
data transfer command sequence (see Figure 4.1). No
parametric registers have to be written prior to issuing
the command. After the command has been sent, the status
register is checked to see if the command has been accepted.
This acceptance is signified by the setting of bit 7 in
the status register (busy bit). Once the command has
been accepted, the status register is checked to see if
the operation is completed (bit 6 in the status register)
or if it has failed (bit S in the status register). If the
operation fails or the timeout counter terminates, the
routine returns an error message. If the operation 1is
successful a completion message is sent and the routine
returns to the main program. Due to the necessity of
aborting the bubble memory, this routine is performed in
software automatically each time the bubble memory driver
is initiated. It may also be selected for execution from
the menu.

2. Send Any Command Function

The second function in the bubble control driver 1is
one in which commands can be sent to the bubble memory
controller. Each command developed has its own calling
routine which then executes the necessary subroutines. In

the work described here it has not been necessary to
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ENTER

HNITIALIZE TIMEOUT
COUNTER

!

[ ISSUE COMMAND I

4

l READ 7220-1 STATUS I

NO

COMMAND
ACCEPTED
2

DECREMENT
COUNTER

YES

DECREMENT | NO
COUNTER

o

COMMENTS: THIS FLOWCHART CAN BE USED TO ISSUE
ANY NON-DATA TRANSFER BMC COMMAND BY
SUBSTITUTING THE APPROPRIATE COMMAND CODE.

'

l READ 7220-1 STATUS ]

!

COMMAND COMMAND CODE
ABORT 194
MBM™ PURGE 1€EM
WRITE BOOTLOOP REGISTER 16 M
READ BOOTLOOP REGISTER AER,)
WRITE BOOTLOOP REGISTER MASKED O0H

Figure 4.1
NON-DATA TRANSFER FLOW CHART
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develop all of the bubble commands. Abort, initialize,
fifo reset, read, and write were the ones needed to
develop the driver. After successfully aborting the
bubble memory, it is necessary to initialize it for further
operation. This command prepares the bubble system for
subsequent operations and is used when the bubble system is
powered-up. The parametric registers must be loaded prior
to executing this command. The following information is
necessary for successful initialization:

The channel field in the block length register must

be set to 0001 to arrange all bubbles in the system

in a serial configuration. This code allows the

individual bootloops to be read from each bubble and

then written to the bootloop registers of the

corresponding FSA channels.

The MBM select field in the address register must

select the last bubble in the system to inform the

BMC of the number of bubble modules in the configuration.
In the case of the iSBC 254 board that was used in this
work there are two bubble modules. Thus the code of

0001 was entered to satisfy this requirement.

The bits in the enable register selecting error

corrections must be set in accordance with how subsequent
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read and write operations are to be performed. The
bubble system must be initialized each time error
correction is activated or deactivated. Merely changing
error correction levels does not require

re-initialization.

The bubble system can be initialized to any address

within the module.
When an initialization command is received, all internal
registers within the BMC are cleared and the FIFO is reset.
The BMC then reads the bootloop from each bubble and writes
the corresponding bootloop information into the bootloop
registers. The bubble is left positioned according to the
value in the address register [Reference 9].

The subroutine used to initialize the bubble system
follows the same format as the abort routine with the
exception of writing the parametric registers. Since the
values to be sent to the registers are constant, they are
stored in a table in memory. A routine then moves these
values to reserved locations for the parametric register
values. Once these parameters are located properly, they
are then loaded into the appropriate register. After the
initialize command is issued, the polled method then
continually reads the status register to insure that the
command has been accepted and completed. The applicable

messages are printed after the operation.
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The read and write command routines were developed
after the board was verified to be initializing properly.
The read bubble data command causes data to be read from the
MBMs and into the BMC's FIFO. Immediately before the read
command is issued the parametric registers have to be
properly loaded. Since the future plan for the bubble
system was to incorporate it into a CPM-86 operating system,
the bubble memory was configured to read 128 byte blocks.
This arrangement is accomplished by loading the following
code into the parametric registers:

The channel field (4 most significant bits in the

block length register) contains 0010. This code

tells the BMC that both bubble modules are to operate
in parallel. Two modules in parallel contain 2,048 128

byte pages.

The block length was set to one for a one page transfer.

The enable register was set for error correction level

one.

Bits 6, 5, 4, 3 of the address register's most
significant byte were set to 0000. This code addressed
the first two modules in the bubble memory system.
Although the configuration used here has only two bubble

modules, the BMC has the capability of controlling eight.
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For this reason it is necessary to specify the correct
configuration. The page address can be any value up to
2,047. As a result, this routine can write to any page
in the bubble memory system.

The read routine is somewhat more complex than a
non-data transfer command (see Figure 4.2). Since the
register values can vary, a method was devised to enter the
desired numbers from the console. When the read command is
selected from the menu, a series of messages will prompt
the user to enter the values of the various registers.

These values are to be entered in decimal form. A

conversion routine changes the numbers to hex code and stores
them in the proper memory locations. The registers are then
loaded and the read command is issued. Although the routine
1s set up to read one 128 byte page any appropriate numbers
can be entered depending upon how the read command subroutine
is tailored. In this case block length is entered as 0001,
number of channels is 2, enable register is 32 (20h-level 1
error correcting), the page address can vary from 0000-2047
and the bubble number is entered as 0000. Level one error
correcting was chosen to facilitate data transfer in the
event of a correctable error. Only a non-correctable error
would terminate the operation [Reference 8, 9].

Once the read command is issued, the status
register must be checked for command acceptance. When the

command is accepted, bit 0 of the status register is viewed
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INITIALIZE TIMEOUT
COUNTER

!

INITIALIZE BYTE
COUNTER

i

READ 7220-1 STATUS

FIFO
HAS DATA NEEDS DATA
TO BE TRANSFERRED

YES

OUTPUT INPUT ONE
BYTE OF DATA

|

DECREMENT BYTE
COUNTER

TIMEOUT
COUNTER

DECREMENT
TIMEOUT
COUNTER

NO

BYTE
COUNTER
[

NO

RETURN

Figure 4.2
POLLED DATA TRANSFER FLOW CHART
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to determine if the FIFO is ready to accept data. If the
system 1is ready, data is read one byte at a time. This
cycle is repeated for all 128 bytes. If during the transfer
the time-out counters run out or an uncorrectable error
occurs, the operation will terminate. The status register
will signify operation complete (bit 6) when the proper
number of bytes have been transferred. This number 1is
determined from the parametric register values described
above.

The write bubble data command causes data to be
written into the bubble memory modules. A write data
transfer does not occur until at least two bytes of data
has been written into the FIFO. As in the read routine the
parametric registers have to be written with the appropriate
data. In this case, the write routine loads 128 bytes into
memory. The register parameters are identical to those in
the read procedure. The mechanics of the read and write
subroutines are virtually identical.

Although most of the commands available to the bubble
memory are not developed in this controller, those described
above are the most commonly used. Essentially the previously
defined commands are all that is needed to produce an
effective driver routine [Reference 4]. Provisions have been
made in this program for expansion. Any additional command
routines can be inserted with a minimum of programming

difficulty.

55



3. Read Status Register Function

The third function in the main program displays

the contents of the status register. This feature provides
the means of examining the individual bits of the register
as they are displayed in binary form. The read and write
routine also use this function when returning to the main
program. This feature is an excellent diagnostic tool if
problems occur in program execution. This routine converts
the register bits into ascii 1's and 0's. These characters
are then displayed in a message format.

4. Format Function

The last function is used to format the bubble memory
to be used with the CPM-86 operating system. Using the
existing write routine, format loads each bubble byte with
eS5h. This code signifies deleted information when operating
under CPM. It is essential when the bubble system 1is used

as a '""disk" resource.

C. PROBLEMS ENCOUNTERED

The hardware performed in a flawless manner. Everything
functioned as expected. The only problems encountered at
this juncture originated in software. They were relatively
minor, and with the aid of DDT86 the difficulties were
quickly resolved. The source of all error could be
attributed to programmer inexperience regarding 8086 assembly

language programming.
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V. INCORPORATION OF THE BUBBLE MEMORY AS A DISK RESOURCE

A. CP/M-86 STRUCTURE

The CP/M-86 structure consists of three parts: The
console command processor (CCP), the basic disk operating
system (BDOS), and the basic input-output system (BIOS).
The CCP interprets commands entered by the user and issues
responses. This portion of the system examines command
lines typed by the user, performs some simple validation,
and calls the appropriate BDOS and BIOS functions. The BDOS
contains the various utility routines for managing disks.
It makes disk file management transparent to the user. Disk
files are often widely scattered in small blocks throughout
the storage device. BDOS manages these blocks, dynamically
allocating and releasing storage as necessary. The BIOS
contains the various drivers that send data to and from the
devices, and it receives status information about the success
or failure of I/0 operations. The CCP and BDOS occupy
approximately 10k bytes of memory. These portions are
provided on the distribution disk as CPM.H86. The BIOS is
modifiable by the user and occupies a variable amount of
memory. A skeletal BIOS is provided by Digital Research for
operation with disk peripherals [Reference 11]. The next
section deals with the modification of this BIOS to

accept the iSBC 254 Bubble Memory as a '"disk."
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B. BIOS MODIFICATION

The CCP and BDOS communicate with physical devices via
a well-defined interface in the BIOS. This interface is a
set of call and return parameters for the specific functions
used. The BIOS modified for bubble usage was based on the
one outlined in Reference 13. That BIOS was modified to
operate an 1iSBC 201 disk controller vice an iSBC 204 as
provided in the skeletal BIOS. The structure of this
modification was deemed adequate for the needs of the work
presented here. Since the crux of this work is to operate
the Bubble Memory as a ''disk' resource, no major
modifications in structure were attempted.

The first step in the BIOS modification was to modify
the disk parameter table. This table lists the specified
device characteristics.

The CP/M operating systems are designed to utilize a
table-driven specification for the physical characteristics
of each disk device. The modification of this table is
essential for the user to add devices to the system. The
disk definition table is generated using the following
parameters: Logical device number, first and last sector
number on each track, optional skew factor, blocksize, disk
capacity, the number of directory entries, the number of
checked entries, and number of tracks to reserve for the
operating system. The utility program GENDEF will generate

the disk parameter tables and the necessary scratch pad and
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buffer area needed by the operating system for .device
communication. GENDEF uses a file labeled [filename].def
as an input for execution. This input file contains the
disk parameters listed above. GENDEF produces a file
labeled [filename].lib to be used with an ASM86‘include
statement in the system BIOS.

The disk definition parameters used in the BIOS of
reference 13 were used for the Bubble Memory BIOS. The
number of disks was changed to three and the characteristics
of the bubble ''disk' were added. The iSBC 254 system
readily adapted to the CP/M environment. With the
exception of the skew factor no parameters needed to be
changed from the standard disk parameters. The skew factor
was entered as zero due to the fact that there is no
latency time applicable to the bubble memory. In a
sequential access the bubble pages will not rotate as a disk
does. The bubble memory was set as disk number 2. The
first and last sectors were 1 and 26 respectively. The
block size was defined as 1024 with disk sizes equal to 243K.
The bubble has 64 diréctory entries and checked directory
entries. There are two reserved tracks. The object file
for the GENDEF command was named SINGLES.DEF. GENDEF then
produced the file labeled SINGLES.LIB. A listing of these
two files can be found in Appendices B and C.

The next step involved the actual modification of the

BIOS. The name chosen for the bubble BIOS was BUBBIOS and
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will be referred to as such. A complete listing of
BUBBIOS.A86 is in Appendix D. Since the iSBC 254 must be
aborted and initialized prior to operation, a suitable
place for insertion into the BIOS had to be found. It was
decided to place these subroutine calls in the INIT
subroutine. They were located in the '"not loader bios"
portion of this subroutine. This location was chosen to
insure that the code and data segments would be properly
initialized prior to calling the bubble subroutines.

SELDSK was the next subroutine modified. The number of
disks needed to be changed to 3 vice 2. The subroutine
HOME was modified ‘such that after the track was set to zero,
a comparison was made to determine if the bubble had been
chosen. If the bubble memory was selected, a jump was
inserted to skip the disk device operations and return from
the routine. The read and write routines were modified in
a similar fashion. Since the 1SBC 254 uses completely
different routines then a disk device, both READ and WRITE
make a comparison and jump to the appropriate bubble memory
routines.

After the existing BIOS routines were modified, new
routines for the bubble memory had to be added to the
existing code. The following bubble subroutines are
utilized in BUBBIOS: bubrd (bubble read), bubwrt (bubble
write), abort (abort the bubble), wtreg (load the parametric

registers), and initb (initialize the bubble). These routines
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were all developed in the Bubble Memory Driver delineated
in chapter 4. No major modifications were necessary in the
structure.

A problem did exist due to the fact that track and
sector as supplied by the operating system did not translate
into bubble memory page number. As a result a simple
algorithm had to be implemented in the subroutine code.

It was mentioned earlier that the bubble system would be
configured to operate with the two modules in parallel. The
result is a data organization of 2,048 pages of 128 bytes.
Since CP/M operating system defines a sector as 128 bytes,
this translates to a page in bubble memory. CP/M generates
the sector and track values for each device access. Since
there are 26 sector per track, the page address for the
bubble memory can be determined by multiplying the track
value by 26 and adding the sector value. This simple
algorithm requires 6 lines of code and is inserted prior to
calling wtreg in the bubble read and write subroutines.
Another relatively minor modification involved returning to
the operating system with '"1'" or "0" values in the al register.
If an error occurs in the subroutines, a 1 is to be returned.
This action causes an error message to be transmitted by

the system. As a result, the bubble routines were modified

to return the appropriate values.
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C. PROBLEMS ENCOUNTERED AND PERFORMANCE EVALUATION

1. Problems in Implementation

A major difficulty resulted because of confusion in
properly setting the si pointer register. During a write
operation, the data segment is equated to the dma segment
supplied by the operating system. The problem arose when
the si pointer was set to the dma address after the data
segment value was modified. The values for the dma address
and segment are stored in the initial data segment. When
the data segment was equated to the dma segment, the label
of dma address then pointed to an incorrect value. This error
resulted in an incorrect memory location when writing data
to the bubble memory. The problem was resolved by setting
the si pointer prior to changing the data segment value.

After BUBBIOS was transfering data properly, the
data transfer time was observed to be much slower than disk
transfers. Since bubble memory 1is appreciably faster than
floppy disks, an examination of the code for inefficiency
was conducted. The problem was found to be in the read and
write routines. At the beginning of these rougines the
bubble was initialized. Since CP/M reads and writes a 128
byte sector at a time, this condition resulted in extremely
slow multiple page transfers. The overhead for the
initialization process was too great for efficient operation.
After researching the operating manuals, it was determined

that the bubble did not need to be initialized for each
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page transferred. The code was then changed for a single
initialization in the INIT subroutine as described in the
previous section. The bubble performance improved
dramatically and will be outlined in the following section.

2. DPerformance Evaluation

The CP/M-86 utility programs ED, ASM-86, and PIP
were used to evaluate the bubble memory performance. ED.CMD
is an object-oriented editor for files. The ED program and
target files of 17K and 25K bytes were loaded to both an
iSBC 254 "disk'" and iSBC 201 disk. Using the resident ED
program on each device, the target files were written and

read. The results are summarized below.

File Size (Bytes) iSBC-254 (Sec) iSBC 201 (Sec)
Read Write Read Write
17K 4.8 4.8 12.3 15.9
25K 6.7 4.9 15.2 19.2

Three files were used in the tests with the PIP
command. The target files were of 6K, 17K, and 60K bytes
in size. The target files and the PIP.CMD file were
resident on each device. Each file transfer used the resident

PIP program. The results are summarized below.

File Size (Bytes) iSBC 254 (Sec) iSBC 201 (Sec)
6K 8.3 17.6
17K 21.5 38.1
60K 44.9 62.5

The final test utilized the ASM86 utility program.
A 17K byte file was assembled using same-device resident
copies of ASM86, the target file and all of the ASM86

output files. The results follow:
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File Size (Bytes) 1SBC 254 (Sec) 1SBC 201 (Sec)

17k : 63.6 143

From the test results it can be seen that the bubble
memory offers a significant advantage in data transfer rates.
Overall the bubble was approximately 50 percent faster than
the floppy disk. The more I/0 intensive the program is,
the greater the iSBC 254 performance advantage becomes over
the 1SBC 201. The major limiting factor in using the
bubble system was in the area of transportability.
Although you can remove the iSBC board, all power must be
shut down. The floppy disk system has an advantage due
to the fact that disks can be changed without power
interruption. Since the bubble modules cannot be easily
interchanged, the memory capacity is limited. The disk
system essentially has infinite memory due to the

interchangeability.
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VI. CONCLUSIONS

A. IMPLEMENTATION SUMMARY

All the objectives set for this thesis were achieved.
The 1iSBC 254 bubble memory system was successfully implemented
and evaluated as a system resource. A driver routine was
demonstrated and tested using a conventional microprocessor
operating system (CP/M-86) and a commercially available
microprocessor (Intel 8086). This implementation was
accomplished in such a manner that the bubble system appears
as a disk resource. This fact allows the user to exercise
the bubble system with no special procedural requirements.

The success of this implementation establishes the
applicability of the bubble memory in a number of
environments. As a disk resource, the iSBC 254 can now be
interfaced with other disk systems as a shared resource
within the CP/M-86 operating system. The demonstrated
interface with a typical host system suggests the
compatibility of bubble memory with a wide variety of

similar microprocessor systems.

B. FUTURE DEVELOPMENT AND IMPROVEMENT
The iSBC 254 system has intriguing features not employed
in this thesis. The system's DMA capability can be

investigated in future efforts. This capability requires
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additional hardware, but offers an improved data transfer
efficiency. If a host system cannot tolerate the software
requirements of other modes of transfer, DMA may prove to
be the ideal solution.

The interrupt driven data transfer mode requires less
processor overhead than the polled method used here. Since
the interrupts must be hardwired, some hardware modifications
are required. If the interrupt routines are efficient
however, the processor can be freed to perform additional
tasks.

Another improvement for the future would be the
development of Boot Rom and Loader routines using the
bubble memory. This additional software would free the
host system from any dependency on conventional disk

resources.

C. POSSIBLE APPLICATIONS

It is apparent from this implementation that a bubble
memory ''disk'" is superior to conventional floppy disk drives
in the area of data transfer rates. Their solid state
construction and environmental tolerance add to the bubble
system's advantages. This type of memory system can operate
in 100 percent humidity, withstand shocks of up to a
200G force, and withstand temperatures in excess of 65
degrees centigrade. The major drawbacks have historically

been high price and limited memory capacity. Although these
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obstacles still exist, bubble memory system's costs have
decreased significantly in the past three years. In
addition, higher density chips promise to greatly increase
memory capacity. Intel expects to market a 4 Mbit chip
later this year, followed by a 2 Mbyte chip in 1986. Due

to the entrenchment of disk systems in the marketplace and
continuing increases in disk density, it is doubtful that
bubble memory will ever displace the floppy or hard disk.
There appears to be a growing demand for bubble memory in
specialty applications, however. Harsh environments such as
those encountered in heavy industry can be easily tolerated.
This fact has made robotics a primary source of utilization.
Bubble memory's light weight and compactness is invaluable
to portable computer systems where space and weight are at

a premium. It's rugged dependability allows the bubble to
be used where maintenance is infrequent or not possible.

The features mentioned above have drawn a serious interest
from the military. The harsh conditions encountered in the
field preclude many more delicate systems. It is clear that
bubble memory will continue to grow in importance with
future developments. As computer systems find more
applications outside of the ideal environment, the advantages

of bubble memory will present a viable alternative.

67



APPENDIX A
PROGRAM LISTING OF BUB.A86

title ‘Bubble Memory Controller’

cseg ystart of code
org 192h H
]
abvtcmd equ 1Sh ‘tabort command
opcomp’  equ 40h soperation complete mask
cmdsts " eau @fh ycommand/status port
“datreg equ @eh ijdata port
blrpt equ Zbh iblock 1 reg point
intcmd eou 11h sinitialize command
cr equ gdh H
1¢ equ gah ’
etx equ 23h '
; ]
start
call abort +Power-up command
;*=**********::*¢*¢******¢*#******************
;% *
+*¥ This routine displays the function menu *
¥ and executes the chosen function. %
. X
;**********#******:***************#*#*******#*
cmdex:
mov dx,offset msgl Jpoint to menu message
call pritmsg yprint it
call getchar 1get console input
and al,7fh rcheck corsole parity
cmp al,etx scompare input to control
Jnz instil H
call system ’
instl: cmp al, 1’ ;Abort command
Jnz inst2 H
call abortc ’
inst2: cmp al,’2° +Build any command
jnz instd ’
call sencmd ’
inst3: cmp al, '3’ 1Get BMC status
Jnz inst4 ’
call getstat H
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inst4: cmp al, "4- Format Rubbdle

Jnz cmdex ’
call formathdb '
Jmp cmdex ’

R R R R R EN R R R R BRI ERR R RN ERRF LR FRREX

3¢

H
’
o % *
;¥ This is the executive routine to write *
;¥ the parametric registers. *
. % *
;*###**###**####*#********‘**#******#*%#*#*¢**
vtreg:
call getval y2get values from console
.call nmvtble imov the values to proper
call viregl yload the values into the
xor al,al sclear al
ret
’
s RR R IR R FRFRFRRR R R FE R R kR R R AR
;* %
H This routine loads the parametric *
v F registers in preparation for com— *
P ¥ mand execution. *
o* *
9
PEEEEERRRE R R AR FR TR RN RERFFRRRF R TR FRFEER .
wtreel:
mov al,blrpt yset pointer to BLR(LSB)
out cmdsts,al yset RAC
mov bx,blklen t1load block length(termina
’
mov al,bl sthis series of instructio:
out datreg,al ycombines bdlock lenzsth
mov al,nfc sand the nfc value
mov cl,4 yto form a sixteen bit
shl al,cl sword to place in
or al,bh sthe dblock length
out datreg,al yregister
’
mov al,enabdble ysend enable reg
out datreg,al yto bdme
mov bx,pageno +load starting page addres.
’
mov al, bl ythis series of instructio
out datreg,al scombines page address.
mov al,bdlnum sand dubdle numbder
mov cl,3 vto form a sixteen bit
shl al,cl sword to place in
or al,bh sthe address
out datreg,al yregister
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s gk R R ok R R R R AR R Ak ok ok ok ok Aok sk ok
g *
;¥ The routine adorts the dbubble memory *
o % *
;**********:*********************#************
abort:
mov cx,dffffh +init time out cntr
mov bh,opcomp ymove 4¢h to bh
mov al,abtcmd yload abort command
out cmdsts,al ssend abort command
busy:
in al,cmdsts yread status reg
and al,s8dh ymask for bdbusy
Jz poll yif dbusy jump to poll
dec cx yelse decrement time out
Ior ax,ax sclear ax reg
cmp cx,ax ycheck time out count=9
Jjnz busy ytime left,try dusy again
Jmp retl yreturn error
poll:
in al,cmdsts sread status reg
test al,bh ywait for status=40h
Jnz ret2 ;1f operation complete ret
dec cXx yelse decrement time out
10T ax,ax yclear ax reg
cmp cx,ax rcompare timeout to zero
jnz poll ytry again
retl:
in al,cmdsts sreturn with status fail
mov ix,offset msg6 sjabort fail msg
call prtmsg yprint the message
call system yJump to system
ret2:
mov dx,27600 ydelay 1¢@€ms
loop:
Ior ax,ax sclear ax reg
dec dx sydecrement count
cmp dx,ax scompare timeout to zero
jnz loop stry again
in al,cmdsts sget status
ret
;::**x*********¢******************************
R *
e This routine initializes the bubdle *
A *

?
initz:
mov

¢ KA RFFRR R R RRRARFRIRRRERE

cx,8ffffh

AR REREEBRRRRERERR

sset timeout counter



mov
mov
out
busyl:
in
and
Jjz
dec
xor
cmp
Jnz
Jmp
polll:
. in
xor
jz
dec
I0r
cmp
Jnz
retal:
in
mov
call
ret
reta2:
in
mov
call
ret

3

R E R R
(ol
o #

T wv we we e s wo we wo
3t
LLINE ]

- 3
1]

bh, opcomp -

al,intcemd
cmdsts,al

al,cmdsts
al,8¢h
polll

cX

ax,ax
cX,ax
busyl
retal

al,cmdsts
al,bdh
reta?2

(oD ¢

ax,ax
cx,ax
polll

al,cmdsts
dx,offset
pPrimseg

al,cmdsts
dx,offset
prtmsg

bx,0ffset temptdl

1,94
convert
blklen,ax
d1,01
convert
nfc,al
dl,82
convert
enable,al
a1,04

msg4

msg2

3k 33 sk e v ok oK Sl o o o o ok R o o ke ol ek sk o ok ok sk ok ok Rk

This routine converts the console input
to hex values and loads these values
into the proper memory locations.

AR F R R R R RRRRE R ERRERF
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REFRFEERFRRFEREE

ymov 4¢h into bh
1load init command
ssend it

;get status

scheck for dusy

sno—-try again

sdecrement timeout
sclear ax

ycompare timeout to zero
ytry again

ireturn error

yget status

scheck for op comp
yyes—-return op complete
sydecrement timeout
iclear ax

ycompare timeout to zero
stry again

1eet status
sytimeout failure
]

iget status
roperation complete

3+ 3 3 3 3t 3

yset pointer

v# of digits in dlklen
yconvert decimal to hex
ymov hex value to mem add
vy# of digits in nfc
sconvert decimal to hex
ymov, to proper address
y# of digits in enabdle
;convert decimal to hex
ymov to proper address
y# of digits in pageno



mov pageno,ax ymov to proper addr

mov d1l,e1 7# of digits in bdlnum
call convert iconvert decimal to hex
mov bdlnum,al ymove to precper addr
ret

SRR R A B2 5 HT AR A AT A N Mook g A Rk ke e oleR e kR Ak swR kg xsd

"

,
s %
P *
¥ This routine calls the operating system *
3: to print the message pointed to by DX :
L
o o e s sk ook Sk s skl ofe sk sk skt s ok ok S e sk oo o ek sk kel ek ok
prtmsg:

mov cl,0Sh ’

int 224 :

ret

i s o 3o o 3 R o AR o oo 3 0K Ok e o ok ok ok ok e o sk sl R o R K K
* %
*¥ This routine will jump from this program *
* Dback to the operating system *
*
%
Y

-e we W wWe WO we we

system:
mov cl,2%h ’
mov 41,00h '
int 224 H

SRR R AR R RN R A AR R ORI AN A R RO R RN HOR R R MWER K

e wo we WO we

% *
* %
* This routine uses the operating system *
*# to get the character from the console *

*

S R R R R R R R RERERERERRERERRFRE R LR TRER RN

getchar:

mov cl,®1h ’

int 224 ’

mov templ,al ’

ret
;*********************************************
¥ *
¥ This routine calls abort and initializes *
+¥ the bubdle memory. *
M e

§ %0 3 e e e X A e e e o o ofe s ok o o o o o e e o e e ot SR e ko R e o e X KA
abortc:

call abort 7ySend abdort command
mov ix,ds smove ds location to dx
mov es,dx yset es equal to ds
mov si,offset tadblel ;yset source pointer
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mov di,offset blklen yset dest. pointer

mov cx,7 yset 7 iterations
cld yclear direection flag
rep movs al,al yload bytes from table
call wiregl sWrite BMC registers
call initz 7Send initialize command
xor al,al sclear al bvefore return
ret

}***************¢****************************#*

% *

+¥ This rountine executes the send any com—- *

+* mand function. *

1% .. *

sRFERFEEFFRFREFFRERF Rk F X R RRd R R Rk R F R RE

sencmd
call getcmd yget command and execute
I0r al,al sclear @l before return
ret

;**$*¢*¢*¢¢**** A o oo 3 o o e e e SRR S R R A e e s e sk e

M *

+*¥ This routine displays the status byte *

7¥ on the console. *

¥ *

e L Lt L

getstat:

' call stostat H
mov dx,offset status yprint status byte
call prtimsg ’
mov dx,offset msgld sprint status msg
call pPrtmsg :
x0T al,al sclear al bvefore return
ret

H

wblrm:
Ior al,al scommand not implemented
ret ’

’

rdsk:
xor al,al sycommand not implemented
ret

: .

rdblr:
xor al,al ycommand not implemented
ret . -

’

wrtblr:
xor al,al sycommand not implemented
ret
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reset:

@0 we WO wo C9 wo wo

bdmwrt:
call
call
x0T
ret

;**********:*=*

§®

%

;%

Tk

;*

b

3
-
Q.

xor
ret

xor
ret

xor
ret

xor
ret

xor
ret

xor
ret

Ior
ret

xor
ret

AR R R A R e A RoR kK

.al,al

al,al

al,al

al,al

al,al

al,al

al,al

al,al

20 R R AR TR R e e SRR R MRk

REEERR IR ERERRE R RRERERETLXRFRE

abortc

write
al,al

ycommand

scommand

ycommand

ycommand

sycommand

scommand

ycommand

ycommand

This is the calling routine to read a
128 byte page from bubbdle memory.

not

not

not

not

not

not

not

not

e

A A AR R R

*
%*
* This is the calling routine to write a
* 128 byte page into dbudbble memory.
*
*

implemented

implemented

implemented

implemented

implemented

implemented

implemented

implemented

3
3
k-4
*
*

s doon e ok e e e vk e ok

sabort and initialize the dbubbdble

ywrite to the budbdble memory

sclear al before return

R REERRERRE RN RERR TR KRR RF xR
*
*«
%
*
MR RAE R R R RERRERERERERRERRE R RRRERERR kK x



call abortc jabort and initialize the bubbdle
call wtreg yload the parametric registers
call read yread from the bubdle
10T al,al yclear al before return
ret

1]

§ ok sk e Aok ok A A ek R Ak A R ok ek ok Rk R Rk kA kR

. *

7* This routine reads the status register *

¥ bit by bit ard records the bdit value in *

+* memory as an ascii 1 or 9 . *

% *

s sk sk o B sk e e ek sk Ak gl ek AR Rk duk g ek ket ok

stostat:
‘in al,cmdsts
mov bx,offset (status+3) jset pointer in bx
mov cx,8 rset numter of loops

agein:
shl al,l1 yshift msbd to left
Jb skip yJump if carry =1
mov byte ptr [bx],32h ;jstore an ascii @
Jmp next

skip:
mov byte ptr [tx],31h ;store an ascii 1

next: ]
inc bx ymove pointer up one
loop again yloop to beginning
Ior bx,bx sclear bx
ret

1]

¢ xR ddoR Rk ok ok ok ok ek kolek Rk ek Rk Rk ek kR Rk

HE *

¥ This routine gets the values of the para-¥*

+* metric registers from the console and *

i* stores them in memory prior to conversion¥

+* to hex values. *

y ¥ %

¢ st ok ok e sk Xe e oo o e ok sk ok sk ok koo e sk sk st sk e ok ek sk kokok

getval:
mov dx,offset msg? ipoint to msg
call prtmse yprint it
mov dx,offset msgf point to msg
call primsg yprint it
call conin +get input from console
mov temptdbl,al ymov value to temp tabdle
call conin rget input from console
mov temptbl+l,al ymove to memory location
call conin rget input from console
mov temptbl+2,al ymove to memory location
call conin +get input from console
mov temptbl+3,al ymove to memory location
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mov dx,offset msg9 ;print next msg
call prtmsg H
call conin yget input from console
mov temptbl+4,al ymove to memory location
mov dx,offset msgl@® ;print next msg
call primsg ’
call conin yget input from console
mov temptbl+5,al ymove to memory location
call conin ‘' ;get input from console
mov temptbl+6,al ymove to memory location
mov dx,offset msgll ;print next msg
call prtmsg ’
call conin rget input value
mov temptdl+7,al ymov to memory location
call conin yget input from console
mov temptbl+8,al imove to memory location
call conin y2et input from console
mov temptbl+9,al ymove to memory location
call conin yget input from console
mov temptbl+10,al ymove to memory location
mov ix,offset msgl2 isprint next msg
call prtmsg ’
call conin 1get input from console
mov temptbl+11,al ymove to memory location
xor ax,ax yclear ax register '
ret
e b e
HES %
3+¥ This routine converts the decimal values *
+* input from the console to hex values *
. -3
;¢*****¢:*****:****¢*¢**:*#****::****¢¢****¢**
convert:
mov temp2,02¢C@ sclear memory location
cmp a1,85 . isee if there are five digi
Jz conv1gk syes—start at 10K
cmp 1,24 ysee 1f there are four digi-
Jjz conv@lk iyes—-start at 91X
cmp 1,93 yvsee if there are three dig.
Jz convl1god yyes—start at 10¢
cmp 41,082 ysee i1f there are two digit
Jz conv@1l@ yyes-start at 19
cmp 41,01 1see if there is one digit
Jz .conv@el yyes—-start at 1
call system y Jump back to system if zer
convli@k: ‘
mov al, [vx] ;load value at bx pointer
sub al,3%h sconvert it from ascii
mov dx,102¢0 yload dx
mov ah,29 iclear ah
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_ mul ix
mov temp2,ax
inc bx
convdlk:
mov al, [bx]
subdb al,3%h
mov ix,1000
mov ah,e@
mul dx
mov dx,ax
mov ax,temp2
add ax,dx
mov temp2,ax
- dnc bx
convl@dg:
. mov al, [bx]
sub al,3fih
mov dx,1920
mov ah,0@
mul dx
mov dx,ax
mov ax,temp2
add ax,dx
mov temp2,ax
inc bx
convile:
mov al, [bx]
sub al,32h
mev dx,19
mov ah,00@
mul ix
mov dx,ax
mov ax,temp?2
add ax,dx
mov temp2,ax
inc bx
conv@ol:
mov al, [bx]
subdb al,3gh
mov ah,29
mov dx,ax
mov ax,temp2
add ax,dix
inc bx
ret

77

smultiply al by 12200

ystore it

yincrement pointer

yload value at bx pointer
sconvert from asciti

11oad dx
iclear ah

ymultiply al by 10¢¢
sstore result in dx

rget result from previous
yadd the two

ystore the total
yincrement the pointer

+load value at bx pointer
syconvert from ascii

vy1load dx
syclear ah

ymultiply al by 10¢
sstore result in dx

yget total from previous
yadd the two

sstore the total
sincrement the pointer

+load value at bx pointer
sconvert from ascii

yload dx
sclear ah

smultiply al bty 12
sstore result in dx

r2et total from previous
;yadd the two

ystore the total
yincrement the pointer

+load value at bdx pointer
sconvert from ascii

sclear ah

ystore result in dx

yeet total from previous
yadd the two

yincrement the pointer

-



s gk R R ok kR ek Rk R gk Rk Rkt ok ek
o % *
;¥ This routine reads 128 bytes from the *
HES budbdble memory *
S *
sREERFRRR R R R R RRERF R RN Rk RR Ik R KRk %
read:
mov cx,128 1128 byte count
mov bx,cXx ysave count in bx
mov di,0ffset datdbufisset pntr to bdbuffer
mov ax,ds yset es equal to ds
mov es,ax H
mov al,1l2h yload read command
.. out cmdsts,al ysend it _
mov cx,0ffffh yload cx with counter
. readl:
in al,cmdsts 1get status
test al,s@h ytest for dusy
loopz readl swait for bdbusy
jexz errorl ytimeout error
mov cx,bx yload # of bytes in cx
read2:
in al,cmdsts yget status
test al,oZ1n ytest for fifo empty
Jz realdd yyes,check for busy
in al,datreg yno,get data
stos al ystore it
loop reai?2 ytry again
jmp pause ywalt for good status
read3:
mov dx,8ffffh ytimeout in dx reg
test al,8@2h icheck for busy
Jz skipl ’
dec ix ydecrement timeout cnatr
cmp dx,2 scompare timeout to @
Jnz reai? 7still dusy-wait
skipl: subd bx,cx sbytes transferred in bx
mov temp3d, bx ystore byte trans count
Jmp error?d yop fail error
pause:
in al,cmdsts sget status
test al,sdhn scheck for bdusy
Jz contin ynot busy-send status
mov cx,2ffffh yset up timeout cntr
pPollb:
in al,cmdsts y8et status
test al,g8odh scheck for dusy
loopnz polld ywait for dbusy to clear
Jexz errorl ybut not too long
contin:
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mov
call
ret
errorl:
call
mov
call
ret
error2:
call
mov
call
ret

i

W wo 2o we we *0 wo we
9t 3 3t 3¢ 3¢ 3t

ite:
mov
mov
mov
out
push
call
pop
mov
writea:
mov
out
mov
writel:
in
test
loopz
jexz
test
loopz
jexz
mov
write2:
in
test
Jjz
lods
out
loop

Jmp

ix,offset msg2
prtmsg

getstat
ix,0ffset msed
prtmsg

getstat
dx,offset msg3

prtmse

bubdble memory

cx,128
bx,cx
al,1ldh
cmdsts,al
bx

wireg

bx
si,offset

al,13h
cmdsts,al
cx,2ffffh

al,cmdsts
al,gdh
writel
errorll
al,d1n
writel
errorll
cx,bx

al,cmdsts
al,21hn
writed

al
datreg,al
write?2
pausel

79

op complete msg

.
’
.
’

ydisplay status bdyte
stimeout failure
’

+display status bvyte
yop faill msg

’

R R R R R R R R RBRORRE JORPORK R RPRBRRRRINER

*x
&
This routine writes 128 bytes into the *
*
%

R R g R R e R R R R R R AR R RN RN RN e e R AR

+# of bytes to write
ysave in bx

yfifo reset cmd
yissue it

ysave bdx

ywrite registers
yretrieve bx

wrtbufjiset pointer

yload write cmd
tissue it
ytimeout cntr

v2et status

sycheck for busy

ywait for dusy
stimeout error

ycheck for fifo ready
ywait for fifo
stimeout error

yload # of tytes im cx

yget status

scheck for fifo ready
yno—wait

syes—-get data

ysend data to bubdbdle
y2o again

sreturn good status



writed:

mov
test
jz
dec
cmp
jnz
subd

Jmp

skipll:

pausel:
in
test
jz
. mov
pollbl:
in
test
loopnz
jcxz
continl:
call
mov
call
ret
errorll:
call
mov
call
ret
error22:

menu.

M 3t 3 3t 3¢ 3¢ 3t 2% 3t

3¢

cmd:

JQ we we wo we wo wo we wo wo

mov
call
call
and
cnp
Jnz

R RRRERIRRERNRR R RFERRN

dx,2ffffh
al,80h
skipill

dx

ix,?
write2
bx,cx
error22

al,cmdsts
al,2gh
continl
cx,8ffffh

al,cmdsts
al,80h
pollbl
errorll

getstat
dx,offset msg2
pPrtmse

getstat
ix,0ffset msg4
prtmsg

getstat
dx,offset msgd
primsg

ix,0ffset msgl4 'Print menu for commands

prtmsg
getchar
al,7fh
al,etx
cmd@

80

yset timeout cntr

stest for busy
H

ydec timeout cntr

rcompare timeout to 9

ytry again

+# of bytes trans.

yop fail error

yget status
ycheck for busy

yreturn staus/op comp.

1set timeout

rget status
sycheck for busy
ywait

tbut not too long

ydisplay status

yop complete msg

L

ydisplay status

stimeout

status
mseg

sydisplay
vop fail

This routine presents the command menu for
the send—-any-command function in the main
It also calls the appropriate sub-
routines for the chosen commands.

B e et S AR ok e Rk A A SRR R A AT SRR R R RIR AR RAE R RR

¥
yGet console input

’
yCompare with control C

failure

e ok e ok %0 o o e e ek s o o e e ke e sk e e e

P
*®

#*

%
*
s
e



call system +If Control C jmp to system

cmd@: cmp al,’g”’ ;Write bootloop register masl
jnz cmdl '
call wblrm '
cmdl: cmp al, 1’ ;Initialize command
jnz cmd2 H
call abortc H
cmd2: cmp al,’2’ iRead bubdle data
jnz cmd3 '
call bmrd H
cmd3: cmp al, '3’ ;¥rite bubble data
Jnz cmd4 ’
call bmwrt '
cmd4é:  cmp al,’4’ jRead seek
jnz cmdb ’
_ call rdsk '
cmd5: cmp al,’s”’ iRead bootloop register
Jnz cmd6 H
call rdblr ’
cmd6: cmp al,’s’ y¥rite bootloop register
jnz cmd? ’
call wrtblr H
cmd7:  cmp al,’7’ iWrite bvootloop
Jnz cmds8 ’ .
call wrtbl ’
cmde: cmp al,’s’ y3iead FSA status
Jnz cmd9 H
call rdfsa ;
cmdQ: cmp al, 9’ yAbort
" Jnz cmda H
call abortc H
cmda: cmp al,’A’ iWrite seek
jnz cmdbd ’
call wrtsk ’
cmdb: cmp al,’B’ jRead bootloop
jnz cmdc ,
call rdrl H
cmdc: cmp al,’c’ yRead corrected data
Jnz cmdd )
call rici '
cmdad s cmp al,’n’ tReset fifo
Jnz cmde '
call reset?f H
cmde: cmp al, ‘g’ 'MBM purge
jnz cmdf '
call purge '
cmdf: cmp al,’F’ ;Sortware reset
call reset ’
ret

conin:
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mov cl,21h 3
int 224 ’
ret ;
e e Rt T
V¥ *
y¥ This routines writes ¢e5h into each bdyte *
;¥ in the bdubdble memory system. This is *
3*¥ preparatory to using the bdbubble as a *
¥ disk *
;* ¥
e i e b g
1
formatd:
mov 1x,2047 +set counter equal to # of
mov ax,?ecin vyload block length
mov blklen,ax yblock length equal 1
mov al,ez2h syload nfc value
mov nfc,al ynfc equal 2
mov al,2¢h vl1oad enabdble register value
mo v enadble,al yenable equal 2¢h(level 1 E
mov al,eén yclear al
mov bblnum,al yddlnum equal 9
formatl:
mov al,ldh yload reset fifo cmd .
out cmdsts,al ysend it
mov ax,ix ymove value in dx to ax
mov pageno, ax ypage address equal to valu
call wtregl y1load the parametric regist
mov bx,128 ybx ecual bdbyte count
push dx vrsave dx value
mov si,offset frmbuf yset pointer
call writea ywrite a 128 bdyte page
Pop dx yretrieve dx value
dec dx ydecrement dx by one
cmp ix,9 sycompare dx to zero
Jonz formatl 3y1f not zero go again
ret
’
blklen rw 1 H
nfc rb 1 ’
erable rbd 1 H
pageno TIw 1 ’
bblnum rbd 1 ’
’
tablel 4d 99%,00,21 ,20h,03h,8ffh,01
1
tadle2 rbd 7
1
tabled rbd 7

-—
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Eemptbl
éempl
%empz
EempS
éatbuf

frmdbuf

wrtbuf

tempst
1 ]
status

1]
msgl

rd
TW
rw
rd
dd

dv
dbd

. db

db
dd
ddb
dbd
dd
dd
dd
dbd
dbd
dd
dd

dd
dbv
dd
db
db
db
dbv
db
db
dd
dd
dd
db
rbd

dd

dd
dbd
dd
dd
dd
dbd

12
1

1

1
128

Pe5h,2e5h,Ce5h,Be5h,Pesh,%ech,2e5h, Be5h,2e5h
2e5h,e5h, %e5h,Ce5h,%e5h,Ce5h,Ze5h,%e5h,0e5h
¢e5h,2e5h,2e5h,2e5h,2e5h,2e5h,%e5h,8e5k,0e5h
Ze5h,%e5h,2e5h,0e5h ,2e5h,0e5h,0e5h,%e5h,8e5h
¢e5h,2e5h,e5h,%e5h,2e5h,2e5h,7%e5h,%2e5h,2e5h
Pe5h,2e5h,0%e5h,%e5h,2e5h,2e5h,0e5h, 2e5h,8e5h
2e5h,2e5h,2%e5h,2%e5h ,0e5h,8%e5h,Ce5h,2e5h,8e5h
¢eS5h,Ze5h,Z%2e5h,2e5h,2e5h,Ze5h,2e5h, #e5h, 2e5h
#e5h,Be5h,0e5h,0e5h,0e5h,0e5h,2%e5h,2e5h,0e5h
P#eS5h,2e5h,Ze5h,0e5h ,0e5h,2e5h,2e5h,0e5h,0e5h
?e5h,2e5h,2e5h,%e5h ,0e5h,0e5h,2e5h,2e5h,2e5h
@e5h,2e5h,2e5h,08e5h,2e5h,28e5h,0e5h,2e5h,2e5h
@e5h,0e5h,Ce5h,3e5h,2e5h,2e5h,0e5h,08e5h,8e5h
?e5h,Ze5h,2e5h,Z2e5h,%e5h,2e5h,£e5h,Ze5h,Be5h
@eS5h,Beb5h '

¢¢h,¢1h,22h,23h,24h,85h,06h,07h ,28h ,85h
2ah,2bh,2ch,3dh,Ceh,2fh,12h,11h,12h,13h
14h,15h,16h,17h,18h,19%h,12h,1bh,1ch,1dh
ieh,1fh,2¢h,21h,22h,23h,24h,25h,260h,27h
28h,2%h,2ah,2bh,2ch,2dh,2eh,2fh,32h,31N0 ’
32h,33h,34h,35h0,36h,37h,38h,3%h,3ah,3bh
3ch,3dh,3eh,3fh,40h ,41h,42h,43h,44h,45h
46h,47h,48h,45%h,4ah,4bh,4ch,4dh,4eh,4fh
5¢h,51h,52h,53h,54h,55h,56h,57h,58h,5Sh
5ah,5bh,5ch,5dh,5eh,5fh,68h,61h,62h,63h
64h,65h,66h,67h, €8h,69%h,6ah,6bh,6ch,6d4dh
6eh,6fh,72h,71h,72h,73h,74h,75h,76h,77h
78h,7%h,7ah,7bh,7ch,7dh,7eh,7?fh

1

Cr.lf,’ l'lxl"xl'lxl"xl'lxl'lxl'lxl'lxl'lf

cr,lf,” Menu for Bubble Memory Control)
cr,1f,” select one function
cr,1f,1f,” 1 — Abort Command”’

cr,1£,” 2 - Send Any Command”’

cr,1f,” 3 - Get Budbble Memory Status’
cr,1f,” 4 - Format Bubdle Memory’,cr,lif, s’
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TSgZ
ngS
ngé
ngS
ésgs
ész7
ngs
@ng
ngle
%Sgll
ésg12
TszlS

9
msglsa

dd
db
dd
dd
dd
db
dd

dd

db
dd
dbd
ddv

dd
dbd
db
db
dd
db
dd
dv
dd
dbd
dd
dd
dd
dbd
dbv

dd
dd

end

4

cr,1f, Operation Complete”’,”$
cr,1f, Operation Failed”, $”

cr,1f, Time Out Failure’, "$”

cr,1f, No Response”’, %’

cr,1f, Abort Fail”’, "¢’

cr,1f, “Enter Parametric Resister values’,’$
cr,1f, Block Length 9-2047 (enter 4 digits)
cr,1f, Number of Channels ©-4 (enter 1 digi
cr,1f, Set EInadble Register 1-99 (enter 2 di
cr,1f, Page Number g-2047 (enter 4 digits)’
cr,1f, "Budbdble Numdber 2-3 (enter 1 digit)’,”’
cr, “This is the Status Byte’,cr,1f,’$’

cr,1f,° Menu for Command Selection

cr,1f,”’ Select One ‘
cr,1f,1f,” 2 - Write Bootlocp Register Mask
cr,1f,” 1 - Initialize’

cr,1f,” 2 - kFead Budbdble Data’

cr,1f,” 3 - Write Budbdble Data’

cr,1f,” 4 - Read Seek”’

cr,1f,” 5 - Read Bootloop Register”’
cr,1f,” 6 - Write Bootloop Register’
cr,1f,” 7 - Write Bootloop”

cr,1f,” 8 - Read FSE Status”’

cr,1f,” 9 - Adort”

cr,1f,” A - Write Seek”’

cr,1f,” B - Read Bootloop”

cr,1f,” C - Read Corrected Data’
cr,1f,” D - Reset FIFO”

cr,1f,” E - MBM Purge”’

cr,1f,” F - Software Reset’,cr,1f,”$"
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APPENDIX B _
PROGRAM LISTING OF SINGLES.DEF

disks 3

diskdef ©,1,26,6,1024,243,64,64,2
diskdef 1,9

diskdef 2,1,26,0,1024,243,64,€64,2
endef
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APPENDIX C
PROGRAM LISTING OF SINGLES.LIB

H DISKS 3

’
dptase egqu $ iBase of Lisk Parameter Bloc
dred dw x1t0,0000h syTranslate Table
dw 2¢00h,0020h yScratch Area
aw dirtuf,dpb?d 3yDir Buff, Parm Block
dw csv@,alvod yCheck, Alloc Vectlors
drel " dw x1t1,0000h yTranslate Tabdle
dw Peeoh,2e02h yScratch Area
dw dirtuf,dphl yDir Euff, Parm Block
dw csvl,alvl yCheck, Alloc Vectors
dre? dw xl1t2,20¢%h yTranslate Tatle
dw 22¢90h ,0000h yScratch Area
dw dirbuf,dpt2 yDir Buff, Parm Block
dw csvd,alv? yCheck, Alloc Vectors
’ DISKDEF 2,1,26,6,1024,243,64,64,2
dpto equ offset $ yDisk Parameter Block
dw 2€ ySectors Per Track 2
db 3 yBlock Saift
éd 7 yBlock Mask
dr %] yExtnt Mask
dw 242 yDisk Size -1
dw 52 syDirectory Max
dt 192 yAlloc@
db %] yAllocl
dw 16 yCheck Size
dw V4 30ffset
x1t0 equ offset $ ;yTranslate Table
db 1,7,13,15
dt 25,5,11,17
dd 23,3,9,15
dbv 21,2,8,14
de 20,26,6,12
db 18,24,4,19
db 16,22
als? equ 31 yAllccation Vector Size
css? equ 16 yCheck Vector Size
’ CISKDEF 1,2
dpbl equ dpto yEquivalent Parameters
alsl equ als@ ySame Allocation Vector Size
cssl equ css@ ySame Checksum Vector Size
xltl equ x1t0 ySame Translate Tatle
H DISKIEF 2,1,26,0,1024,243,54,64,2
dpt2 equ offset $ ;Disk Farameter Block
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x1t2

31s2
2582

e we we we

tegdat
iirtuf
alv@
csvd
alvi
csvl
alv2
csv2

epddeat
datsiz

dw
db
db
db
dw
dw
db
db
dw
dw
€qu
dr
dbv

. abv

dbv

db

do

dr
equ
equ
ENDEF

26

3

7

%]

242

63

192

2

16

2

offset $
1,2,3,4
5,6,7,8
§,190,11,12
13,14,15,16
17,18,19,20
21,22,23,24
25,25

Z1

16

ySectors Per Track
yBlock Shift
yElock Mask
sExtnt Mask
yDisk Size - 1
yDirectory Max
sAllocP

sAllocl

yCheck Size .
yO0ffset
syTranslate Tabdle

syAllocaticn Vector Size
syCheck Vector Size

Uninitialized Scratch Memory Follcws:

€qu
TS
rs
rs
rs
rs
rs
rs
equ
equ
dbd

offset $
128

alsg
cssP
alsl
cssl
als2
css2
offset i

offset ;-begdet

2
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yStart of Scratch Area
yDirectory Z2uffer
yAlloc Vector

yCheck Vectcer

yAllcc Vector

yCheck Vector

yAlloc Vector

yCheck Vector

yEnd of Scratch Area
1Size of Scratch Aree
sMarks End of Module



APPENDIX D
PROGRAM LISTING OF BUBBIOS.A86

-3
title “Customized Basic I/0 System’

I L T T L r i T

=
This Customized BIOS adapts CP/M-86 to *
the following hardware configuration *
Frocecssor: i1SBC 8612 *
Controller: {SBC 291 *
1SBC 254 Butble Vemory x
Memory model: E028¢ *
Programmer: Gery Theis *

-3

p-3

x

*

Revisions :

# 3 3 3 3 H 3t  3  #

R T e Y L Lt I T LTS

* true equ -1
false equ not true
cr equ Pdbh jcarriage return
1f equ 2ab ;line feed
rax_retries equ 16 ;for disk i/0, tefore perm error
;:**********:****************************¢ xx
y ¥ *
;* Loader tios is true if assemtling the ®
7y*¥ LOADER BIOS, otherwise RIOS is for the *
y * CPM.SYS file. *
HE *
;*##****** 22222332322 ERRRRTL2-22 2333

LOADER_BIOS EQU FAISE

tdos_int equ 224 jreserved BDOS interrupt
IF pot loader_bdlos

e

' |

tios_code equ 2500h

ccp_offset equ ©99802h

tdos_ofst equ 9B86h ;BDOS entry point

ENDIF ynot loader_bios
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IF loader_tilos

L] L}
tios_code equ 1200h jstart of LDRIOS
ccy_offset equ 9003h jbase of CPMLOADER
t§os_ofst equ 94906h j;striprred BIOS entrx
' !

ENDIF i loader_tlos

csts equ Bde 718251 status port

cdata equ 9d4d8h ' data

,

H )

i e b L e

3 ¥ =

;¥ INTEL iSBC 221 Disk Controller Ports =

M *

; R R R R R R R R R RN PRI RN R RER R R R X

tase equ @78h

rtyype equ tase+l

rtyte equ tase+3

reset equ base+7?

dstat equ base

ilow equ tase+1

ibigh equ base+2

; 2 3 3 23S LT 2 e i -]

;: X

y* INTEL iSBC 254 fubble Memory Ports *

) * and Equates #

HES *

PEEFFFERRFERRERER AR ELERXRRRRERR R EEREL K RRKE K
tlrgpt equ @bh i pointer to first
cmdsts equ 2fh ;command/status
datreg equ geh ydata port
nfc equ @<h yourber of chann
enable equ 20h yenable register
ttlnum equ 2%h ysets bubble sel
blklen equ @1b ysets 128 byte bl
attcmd equ 1Sh yatort command
intcmd egqu *11h yinitialize comm
rdcmd equ 12h yread command
wrtcmd equ 1Zh ywrite command
frcmd equ 1dhb yfifo reset comme.
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-e

-e

-e we wo

193 not loader_boios

y This is a EIOS for the CPM.SYS file.
7y Setup all interrupt vectors in low
y memory to address trap

call abort yabort the butbtle
call initt yinitielize the tuttle

rush ds ysave the DS register
rov IOBYTE,? ycleer IOBYTE

mov ax,?

mov ds,ax

mov es,ax yset ES and DS to zero

ysetup interrupt @ to address trap routine

mov int@ offset,offset int_trap
mov int@_ segment,CS

mov di,4
mov si,9 ythen prorpagate
rov ¢x,51¢ ytrap vector to

rep movs ax,ax jall 256 interrupts

YyBDOS offset to proper interrupt

mov tdos_offset,bdos_ofst

pop ds yrestore the DS register ¥

(additional CP/M-86 initialization)

- —— — —— ——————— ————————————— —————— ——— —— ————

ENDIF ynot loader_bios

1¥ loader_bios

yThis is a BIOS for the LOADER

push ds ysave data segment
mov ax,d
mov ds,ax ypoint to segment zero

y EDOS interrupt offset
mov bdos_offset,bdos_ofst

mov tdos_segment,CS j;bdos interrupt segrent
(additicnal LOADER initialization
pop ds yrestore data segment

——— . —————— — ——————— — — ———— ———— —— ————— — — —— - — -

ENDIF yloader_bdbios

mov btx,offcset signon

call pmsg yprint signon message
mov cl,8 ydefault to dr A: on coldstart
Jmp ccp yJurp to cold start entry of CCE
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cseg

erg ccroffset
CCE:

org tios_ccde
;***************************#*****************
. *
y* BIOS Jump Vector for Individual Routines *
.* *
,

e g o Ty

jrep INIT yEnter from BOOT ROM or LOADER
Jrp WROOT yArrive here from BDOS call 2
jrp CONST yreturn console keytoard status
jrep CONIN yreturn console keyboard char
Jep CONOUT ywrite char to corsole device
Jmp LISTOUT ywrite character to 1list device
Jmp PUNCH swrite character to punch device
Jmp READER yreturn char from reader device
jrp EOME ymove to trk 22 on cur sel drive
jmp SELDSK yselect disk for next rd/write
jrp SETTRK ;yset track for next rd/write .
jmp SETSEC ;set sector for next rd/write
Jry SETIMA yset offset for user buff (DMA)
jrr RIAT yread a 128 dyte sector

jry WRITE ywrite a 128 byte sector

Jep LISTST yreturn list status

jmp SECTERAN yxlate logical->physical sector
Jmp SETDMAR jset seg base for buff (DMA)

Jrp GETSEGT yreturn offset of Mem Desc Tatle

Jep GETIOETF sreturn I/0 map bdbyte (IORYTE)
jmp SETIOZF ;yset 1/0 map byte (IOBYTE)

DA RFRAF AR ERERERERRRAREE R KEEERRERRRRXERERRR K
¥ *
7* INIT Entry Foint, Differs for LDBIOS and *
y* BIOS, according to Loader_Blos value *
i *
;***#*******#****#******#****#**#*#***#*#*****

INIT: yprint signon message and initialize hardware

mov ax,cs ywe entered with a JMPF so use
rov ss,ax ;CS: as the initial value of SS:
mov ds,ax y DS,

mov es,ax sand ES: .

syuse local steck during initialization
mev st,offset stktase
cld yset forward direction
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WEOOT: Jmp ccp+€ ydirect entry to CCP at command 1.

IF not loader_tios
8 e e e e T
;| |
int_trep:

cli yblock interrupts

mov &x,Cs

rov ds,ax yeet our data segmrent

mov tx,offset int_trp

call pmsg

bhlt yhardstop

ENDIF ynot loader_bios

e S
;* *
;: CP/V Character I/0 Interface Routines *
; x
X censole is USART (i18251A) on i1SBC 8612 =
] at ports D&/DA *
H 2322323223223 5322322322223 EEIE 24
t
CONST: yconsole status
in al,csts
and al,z2
jz const ret
or al,25% ;jreturn non-zero if rda
const_ret:
ret yrcvr data aveilatle
CONIN: yconsole input
call CONST
jz CONIN ywalt for RDA
in al,cdata
and al,7fh yread data & remove parity bit
ret
CONOUT: yconsole output
in al,csts
and al,1 yget console status
Jz CONOUT
mov al,cl
out cdata,al ytransmitter buffer is empty
ret: ythen return data
LISTOUT: ylist device output

ynot implemented
ret
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LISTST: ypoll 1list status
ynot implemented

ret

FUNCEB: ywrite punch device
ynot implemented

READER:

mov al,lah sreturn eof for now

ret
GETIOIF:

- MOV AL,ICRBYTE y IOBYTE NOT IMPLEMENTED

ret
SETIORF:

MOV IOBYTZ,CL

ret yiotyte not implemented

y Routine to get and echo a console character
’ and <hift it tc upper case

vconechc:

call CONIN yget a console character
rusk ax
mov cl,al ysave and
call CCNOUT
FOF ax 3 yecho to console
cmp al,” a
jb uret yless than “a” is ok
cmp al, 'z’
ja uret sgreater than “z° 1is ok
sub al, ’a’-“A° jelse shift to cars
uret:
ret
Fmsg:
mov al, [BX] jget next char from message
test al,al
Jz return yif zero return
rov CL,AL
call CONOUT yprint it
inc BX
jmps rmsg ynext character and loop
’ R R R R R R X R R R R R R R R R R R R AR E R R R R RRR KX
;# *
P F Disk Input/Output Routines *®
1% =
; E2 3323 322333333 22322222 3 2522222222 222" F
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SELDSK: yselect disk given by register CL

ndisks equ 3 joumbter of disks (ur to 16)
mov disk,cl ysave disk number
mov tx,2¢¢0h yready for error return
cmp cl,ndisks yn beyond max disks?
jnb returno yreturn if so
mov ch, @ sydoutle(n)
mov tx,cx ybx = n
mov cl,4 yready for *16
shl tx,cl yn = n ¥ 16
mov cx,offset drpbase
e¢dd bx,cx ydptase + n * 16
return: ret ybx = .dph
BOVE: ymove selected disk to home position (Track ©)
mov trk,@ yzero the track number
mov al,disk yget disk numbder
cmp al,2 ycheck if its the bubdtle
Jjz ret_hme yskip if so

mov 1o_com,homcom
call execute
ret_hme: ret

SETTRK: jset track address given by CL
mov trk,CL
ret

SETSEC: j;set sector nurber given by cl
mov <ect,CL
ret

SECTRAN: jtranslate sector CX using tatle at [DX]

mov ch,9

mov bx,cx

add tx,dx yadd sector to tran table address
rov tl, [bx] jget logical sector

ret

SETDMA: ;set DMA offset given by CX
mov dma_adr,CX
ret

SETDMAB: j;set DMA segment given by CX
mov dma_seg,CX -
ret ;

[ X

ETSEGT: sreturn address of physical memory tabdle
mov tx,offset seg_tadle
ret
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PRFEREREERE ER X AR R R AR RRRRFRERRRRERAEE R X REEK
s =
7* All disk 1/0 rarameters are setup: *
e DISK is disk nurbder (SELDSK) =
S TRK is track numbder (SETTRK) =*
y® SECT is sector number (SETSEC) =*
¥ DMA_ADR 1is the DMA 1lsb offset *
¥ READ reads the selected sector to the DMA*
y¥ address, and WRITE writes the data from ¥
i* the TMA address to the selected sector *
b - x
;*:**::*:*********:*#********:****:****#******
2EAD: -
mov al,disk yget disk number
cmp al,z2 yis it the bubdbdle
jz skrrd yif so skip to tudbble read
mov cl,4
sal el,cl scortine disk select with opcode
or al,rdcode
mov io_com,al ycreate iopd
jmps execute
skprd: Jjmp tudrd s jump to dudbdble read .
WNRITE:
mov al,disk rget disk nurber
cmp al,2 yis it the bubdble
Jz skpwrt 7if so jumr to budbble write
mov cl,4
sal al,cl ]
or al,wrcode ycreate iopdb for write
mov io_com,al
Jmps execute sexecute disk routine
skpwrt: jmp budbwrt tJump to bubble write
EXECUTE:
outer_retry:
mov rtry_cnt,max_retries
retry:
in al,rtype ;clgar cgntroller
in al,rbdbyte ’
call sendcom
idle: in al,dstat ywait for completion
and al,4 yready
Jz idle

check i.0. completion ok
in al,rtyre
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“weo weo we

wready:

wWerrcr.

z_ret:

wboot _1:

20 unlinked 1/0 complete

19 disk status changed 11 (not used)
must te a 20 in al

test al,1¢@t sready status change?

JNZ WEKEADY

OR AL,@

Jnz werror ysore other error, retry

check i/0 error bdbits
in al,rbdyte

rcl
mov

al,l1
err_code,8¢hb

Jt wready sunit not ready

rcr
mov
and
Jnz

al,l1

err_code,al

al,¢feb yeny other errors?
werror

read or write is ok, &l contains 2

ret

ynot ready, treat as an error for now
in al,rtyte sclear result bdyte

Jmps trycount

sTeturn hardware malfunction
trycount:

dec rtry_cnt
Jnz retry
mov al,err_code
mov ah,9
mov bx,ax ymake error code 16 bits
mov tx,errtbl[FX]
call pmsg yprint appropriate message
in al,cdatsa yflush usart receiver buffer
call uconecho yread upper case console charact
cmp al,’C’
je wboot_1 ycancel
cmp al, R’
Je outer retry ijretry 12 more times
cmp al,’1’
je z_ret yignore error
or al,255 yset code for permanent error
ret
jcan’t make it w/ a short leap
Jmp WEOOT
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DA FFFEEEREEERRER R AR RXEERRLRREFRREF R G RKEREF XK

M

7* sendcom sends the address of the iopd to

A the 15SBC 201
;*

sendcom:
MOV CL,4
MOV AX,DMA_SEG
SAL AX,CL
ADD AX,DMA_ADR
MOV IO0_ADR,AX
MOV CL,4
MOV AX,CS
SAL AX,CL

ADD AX,OFFSET CEANCMD

ouvt {low,al
mov ¢1,8

sar ax,cl
out ihigh,al
ret

R R L L e b L e T T T 1 £

*
%
*®
*
*

yADD SEG & OFFSET FOR 201

%3 % % ok A B o o X R o T AR N o e o e e o e o o o o 3 K Rk OR K

'
;—':
) ¥ x
y* This routine reads a 128 tyte sector from *
i the budbble memory module. *
s % *
;*:*:::#********:*****:*********=**::******$*:**
tubdbrd:
Tov ab,o yclear ah register
mov al,trk yget track number
mul constn ymultiply by 26
xor dx,dx yclear dx
add dl,sect yadd sector numbder
add ax,dx yadd total
mov pageno,ax ythis is the rage number
call vwireg ywrite parametric regist
push es ysave extra segment
mov ax,dma_seg yset the extra segment
mov es,ax sequal to the dma_seeg.
mov bx,128 7128 bytes tc be read
. Mmov di, dma_adr yset pointer -
mov al,rdcmd ygetl read command
out cmdsts,al ysend it :
Tov cx,0ffffh yset timeout counter
treadl:
in al,cmdsts 1get status
test al,8eh ytest for tusy
loopz treadl ywailt for tusy
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tread2:

bread3:

skipl:

rause:

yollb:

contin:

errorl:

error2:

Jexz
mov

test

Jjz
in

stos

lceop
Jmp

mov
test
Jz
dec
cmyp
Jnz
sub
mov

Jmp

in
test
Jz

mov

in
test
loopnz
jexz

Ior

PCcP
ret

mov
call
call
cell
mov

FOP

mov

cell
call
call

mov

Iop
ret

errorl
cx,bx

al,cmdsts
al,?1h
Yreadd
al,datreg
al

tread2
pause

dx,0ffffh
al,80h
skipl

dx

dx,?
bread?
bx,cx
temp3, dbx
error2d

al,cmdsts
al,80h
contin
cx,dffffh

al,cmdsts
al,82h
polld

errorl

al,al
es

tx,offset buterrl

pmsg
atort
initd
al,?1h
es

ret

tx,offset tuberr2

Emsg
abdbort
initt
al,%1lh
es

98

ytimeout error
yload # of bytes to read

yget status

ytest for fifo empty
yyes,check for tusy
yno,get data

ystore it

yg0 again

ywait for good status

y timeout ip dx reg
ycheck for busy

?

ydecrement timeout cntr
ycompare timeout to 9
ystill busy wailt

ybytes trans in bdx
ystore bdyte transfer cnt.

yget status

ycheck for busy

ynot tusy-send status
yset vp tireout cntr.

yget status

ycheck for busy

ywalt for tusy to clear
ytut not too long

yreturn a @ in al
yreturn extra segment

ytimeout error
yrrint the message
yabort the bubdble
yinitialize the bubble
sreturn with a 1 in al
yreturn extra segment

yread op fail -
yprint the message
yabort the bubbdle
yinitialize the budbdle
yreturn with a 1 in al
yreturn extra segment



taritel:
in
test
loopz
Jexz
test
loopz
Jexz
mov
twrite2:
in
test
Jz
lods
out
loop
Jmp
twrited:
rov
test
Jz
dec
cmp
Jnz
sut
Jmp

in

skipll:

rausel:

ah,?
al,trk
copnstn
dx,dx
dl,sect
ar,dx
pageno,ax
wtireg
ax,dma_seg
si,dma_adr
ds

ds,ax
tx,128
al,wrtcmd
cmdsts,al
cx,2ffffh

al,cmdsts
al,8gh
bwritel
errorll
al,d1hnh
bwritel
erroril
cx,bx

al,cmdsts
al,?21ihn
twrited
al
datreg,al
bwrite?

pausel

dx,pffffh

al,8gh
skipll
dzx

dx,? .
twrite?
bx,cx
error22

al,cmdsts

T R L L T 2 s

*

=

* This routine writes a 128 dyte sector
= into the butdle memory

*

B L R T T T T L e g o o P T T P P
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XX

sclear ah register

yget track number
ymultiply by 26

yclear dx

yadd sector number
ycomdbine the total

ythis is the page number
ywrite parametric regist
yset the data segrment
yset pointer

ysave data segment
yegqual to the dma_seg
ynumber of tytes to be
yload write command
ysend it

ytimeout contr

yget status

scheck for tusy
ywalt for busy
ytimeout error
ytest for fifo
sywait for fifo
ytimeout error
vyload # number of bytes

ready

yget status

ycheck for fifo ready
yno-wait

yyes—get data

ysend data to bubbdble
ygo again

yreturn good status

1set timeout cntr

icheck ofr dbusy

!

ydecrement timeout cntr.
ycompare timeout to zero
ytry again

y# of bytes transferred

yop fail error

yeet status



test

Jz

mov
rollbl:

in

test

loopnz

Jexz
continl:
xor
bop
ret
errorll:
rov
call
call
Fop
call
mov
ret
error<<:
mov
call
call
pop
call
mov
ret

i
3t
3t

ey 3t 3¢ 3t 3 3t
1t

U “o woewe wo we

rt:

o

mov
mov
mov
out
tusy:
in
and
Jz
dec
I0r
cmg
jnz
Jmp
Foll:
in
test
Jnz

al,80¢h
contini
cx,dffffh

al,cmdsts
al,8%h
polldbl
errorill

al,al
ds

tx,offset buberrd

Imsg
atort
ds
initd

al,dlh

bx,o0ffset buberrs

Imrsg
atort
ds
initd
al,?1hn

R IR R EFRERFFERREIRRRRIRRERR

cx,2ffffh
th,40h

al,abtcmd
cmdsts,al

al,cmdsts
al,80¢h
Foll

cx

ax,ax
cX,ax
busy

retl

al,cmdsts
al,4oh
ret2

jcheck for busy
yreturn op complete
yset timeout

yget status
ycheck for busy
ybut not too long
ybut not too long

yreturn a € in al
yreturn the data segment

ytimeout failure

yatort the bubble
yreturn the data segment
yinitialize the bubble
yreturn with a 1 in al

yop fall msg

yabort the budble

yreturn the data segment
yinitialize the budble
yreturn with a 1 in al

e M AR R R AR R AR AR K

*

This rcutine atorts the tubdle memory. *

%

R T T P b e e T

yinit timeout cntr
yload op comp bit
syload abort command
yissue it

yget status

ycheck for bdbusy

y1f dbusy jump to poll
yelse decrement cx

yclear ax reggg

rheck timeout count = @
ytime left,try busy again
yreturn with error

yget status
ycheck for status=49h
yreturn with op comp



dec cx yelse decrement timeout cntr

xor ax,ax yClear ax
cmp cx,ax ycompare timeout to &
Jnz poll ytry again
retl:
in al,cmdsts yeet status
mov bx, offset tudberr5 yatort fail msg
call Fmsg
rov al,l yreturn a 1 in al
pop tx Ce
ret yreturn to system
ret2:
- mov dx ,27500 ydelay 10¢€ms
loop:
xor ax,ax yclear ax
dec dx ydecrement count
cmp dzx ,ax yis 1t zero
Jnz loor yno—go again
ret yyes-return
’
; PR 232233332222 2-22 232 2222322 22222220 2 2]
;# xx
y* This routine writes the values into the *
¥ bubble memory jrarametric registers. *
o % x
; o X2 3 30 o0 00 e R R e oK S0 o8 ¥R oK iR 30 ¥R 3 o U e 3R 3 %R 0 %R0 ool e ok Mok ok MK
y
wireg
mov al,blrrt yset register pointer
out cmdsts,al yset pointer in bmc
mov bx,blklen yload block length
y
mov al,bl ythis series of instructions
out datreg,al ycombines tlock length
mov al,nfc yand the nfc value
mov cl,4 yto form a sixteen bit
shl al,cl yword to place in
or al,bh ythe block length
out datreg,al yregister
y
mov al,enabdble yload enable register values
out datreg,al yand send to bmc
y
mov bx,pageno yload pageno
- ‘ .
mov al,bl ythis series of instructions
out datreg,al ycombines page numbder
mov al,bblpum yand butble number
mov cl,3 yto form a sixteen bit
shl al.cl yword to rlace in
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rov
. out
-mov

mov
out
mov
mov
shl
or

out

-e

mov
out

rov

-e

rov
out
mov
mov
shl
or

out

-e

mov
rov
mov
out
tusyl:
in
and
Jz
dec
xor
cmp
jnz
Jmp
Tolll:

al,bh
datreg,al

h-
=
* This routine initializes the buddble memcry *
*x

al,blrpt
cmdsts,al
tx,22¢0h

al,bl
datreg,al
al,2l
cl,s
al,cl
al,th
datreg,al

el ,20h
datreg,al

tx ,pageno

al,bl
datreg,al
al,d1lh
cl,3
al,cl
al,bh
datreg,al

cx,2ffffh
tx,42h
al,intcmd
cmdsts,al

al,cmdsts
al,8¢h
Folll

cx

ax,ax
cx,ax
tusyl
retal
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jthe address
yregister

P T T S T T e Tty

x

*®

g e i R e R T

yset pointer
yset pointer in .bmc
yload init dlock lengtb

ythis series of instructions
ycombines trlock length

yand the nfc value

yto form a sixteen bit

yword to rlace in

ythe tlock length

yregister

yload enadble register values
yand send to bmc

yload init page number

ythis series of instructions
scomtines page number

sand bubdble numbdber

yto form a sixteen bit

yword to place in

sthe address

yregister

et timeouvt contr

ioad op comp status bit
load initialize cmd
S

jget status

ycheck for bdbusy

yif not busy Jump
ydecrement timeout cntr
jclear ax

ycompare timeout to zerd
ytry again if time left
ytimeout failure



in al,cmdsts yget status

I0r al,4oh ycheck if opcomp
Jz retaz yif complete return
dec cx ydecrement timeout cntr
Ior ax,ax yclear ax
cmp cx,ax ycompare timeout to 0
Jnz polll ytry again
retal:
mov bx,offset buberrsd ytimeout failure
call pmsg ’
}OF bx H
ret sreturn to system
reta2:
“.ret yreturn to routine
;::::*4*::*:**4#:::*:**:*:3z***:#:#***:*##****:
y ¥ LTata Areas =
HE *
R i S S S e
data_offset equ offset $
dseg
org data_offset scontiguous with code seg
IOBYTE dbY %)
disk dbv % 3ydisk numbder
chencmd dt 8¢2h yiord channel word
io_com 4db 2
nsec db 1 ynumber sectors to xfer
trk db 2
sect ddb 2 ystart sector
IO_ADR TV 0000H yPEYS ADDR FOR SBC221 USE
dme_edr dw geeeh yDMA adr (default)
dra_seg dw 2 yDMA Base Segment
pegeno 4w 2 ypage nurber for bubble memory
terpl TV 1 ytemporary storage
constn dw PB1lah y2€ sectors per track

BOM_COM EQU 3
RDCODE EQU 4
FRR_CODE DB @OH
WRCOLE QU 6

IF  loader_bios
Lo T
LN ] [}
"signon dd cr,if,cr,1f

ENDIF yloader_bdios
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not loader_tios

rtry_cot 4db @

H |
signon 4db cr,i1f,cr,1f
dv ‘System Generated 2/22/84°
. db cr,1f,0 |
P I
; _____________________________________________
ENDIF yoot loader_tios
int_try db cr,lf
v “Interrupt Trap Balt’
dt cr,lf,0
errtbl dw erd,erl,er2,erd
dw er4,er5,er6,er?
dw er8,er9,erA,erB
dw erC,erD,erE,erF
dw erlC,er20,er40,ertg@
erd dt cr,1f, Null Error ??7,0
erl db cr,1f, Deleted Record :°,0
er2 dt c¢r,1f, CRC Error :°,0
erd dt c¢r,1f, Data Overrun-Ucderrun :°,Q
ers dt c¢r,1f, Seex Error :°,@
ers equ erg
erb equ er@d
Er? equ erg
ereé dv cr,1f, Address Error :’,90
er9 db c¢r,1f, ’Write Protect :7,0
€TA db c¢r,1f2,°ID CRC Error :°,0
erB dd c¢r,1f, Write Error :°,0
erC dv* cr,1f, Sector Not Found :°,9
erD egu erd
erk db cr,1f, No Address Mark :°,9
erF d» c¢r,1f, Data Mark Error :°,0
erig equ erd
er2® equ er9
er4@ equ erB
ercg db» cr,1f, Drive Not Ready :°,0
tuterrl 4t cr,1f, Budbble Read Timeout Error:’,0
tuterr2 d4dbv cr,1f, Bubble Read Failure:’,0
tuterr3d dt cr,1f, "Eubble Write Timeout Error:”’,o
tuterrd4 dd cr,1f, Bubble Write Failure:",@
tuberrS 4t cr,1f, Bubdble Abort Failure:’,0
tuderr6 db cr,1f, Bubble Initialize Failure:’,¢

ydisk error retry counter
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’ System Memory Segment Tabdble

segtable db 1 y1 segmrents
dw tpa_seg 11st seg starts after BIOS
dw tra_len yand extends to 28009

include singles.lid jread in disk definitions

loc_stk rw 32 jlocal stack for initialization
stkbase equ offset $

lastoff equ offset $
tpa_seg equ (lastoff+@4@Qh+15) / 16
tya_len equ GF@C¢h - tpa_seg
db ¢ y£111 last address for GENCMD

; R R R R R R N R R R R R AR R R R REEET RN RX
) ¥ *
y ¥ Dummy Data Section *
o* *
y
e e Ty
dseg 2 yabsolute low memory
org 2 ;y(interrupt vectors)
iptd_offset W 1
int@ segment rv 1
’ rad to system call vector
I'w 2*(bdos_int-1)
tdos_offset TW 1
tdos_segment rv 1
END

rtry_cot 4b 0 ydisk error retry counter
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