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A PRIMER ON w
MAGNETIC BUBBLE MEMORY

Magnetic bubble memory is a solid-state technology with high reliability, \ruggedness, small size, light weight, and limited
power dissipation. It has applications in telecommunications, data acquisition, industrial control, terminals, and small busi-
ness computers. Yet many potential users remain unsure of the nature of a bubble memory. This primer is intended to
introduce these users to the technology.

What a Magnetic Bubble Memory Is

A magnetic bubble memory stores data in the form of cylindrical magnetic domains in a thin film of magnetic material. The
presence of adomain (a bubble) is interpreted as a binary 1, and absence of adomainisa 0. Bubbles are created from electrical
signals by a bubble generator within the memory, and reconverted to electrical signals by an internal detector. Externally the
memory is TTL-compatible.

Anexternal rotating magnetic field propels these cylindrical domain bubbles through the film. Metallic patterns or chevrons
deposited on the film steer the domains in the desired directions. Transfer rates, once started, are in the tens of thousands of
bits per second, but because the data circulates past a pickup point at which it becomes available to the outside world, there is
alatencyaveraging tens of milliseconds before data transfer can begin. In these respects, magnetic bubble memories are serial
high-density storage devices like electromechanical disk memories. However, in a disk, the stored bits are stationary on a
moving medium, whereas in the magnetic bubble memory the medium is stationary and the bits move.

Advantages of Magnetic Bubble Memories

The principal advantage of magnetic bubble memories are their non-volatility—that is, if power fails, the stored data is
retained. Products incorporating bubble memories therefore do not require battery backups. Magnetic bubble memories
share this feature with read only memories (ROMs), erasable PROMs (EPROMS), and electrically erasable PROMs
(E?PROMS): However, unlike any of these technologies, magnetic bubble memories can have data written into them at any
time, at speeds comparable to those at which data is read. Furthermore, unlike disk memories, bubble memories are quiet
and very reliable, because they have no moving parts. They are compact, and they dissipate very little power. Their support
circuits are compatible with microprocessor systems. With a million or more bits per device, a bubble memory can store 16 to
64 times the amount of data of alternative semiconductor memories, providing very high storage capability in a compact
space. Bubble memory has a wide variety of applications, some of which are listed in Table 1.
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Table 1. Bubble Memory Applications

Numerical control ‘ Robotics

Process control Oil exploration
* Aircraft navigation . Data acquisition

Cable television Portable instruments
Telecommunications terminals Avionics

Point-of-sale terminals Gasoline pumps

Private branch telephone exchanges Personal computers
Word processors Office equipment
Flight-line test equipment Automatic test equipment

Data encryption

How Bubbles are Formed

Magnetic domains are found in all kinds of magnetic materials—iron bars, the coating on magnetic tape, ferrite toroids (the
most common form of computer memory in the 1960s). Each domain is a group of atoms with parallel magnetic orientations.
When the material in bulk is unmagnetized, the domains are oriented at random in three dimensions. When the material is
magnetically saturated, most of the domains have the same orientation. Magnetization to a level less than saturation orients
some of the domains to a common direction, but leaves many of them randomly oriented. When a domain orientation
changes, usually by imposing an external magnetic field, the domain itself does not physically move, but boundaries between
domains that have different orientations move or disappear altogether. )

Inanextremely thin film, less than 0.001 inch thick, the domain orientations may be constrained to two dimensions. In some
kinds of material (orthoferrites and garnets), with proper crystallographic orientation, the domain orientations are always
perpendicular to the film. When these materials are not in a magnetic field, some domains are oriented upward and some
downward (north magnetic poles of some domains are on top of the film, and those of other domains are on the bottom). In
these materials, the magnetic domains tend to be long and snakelike in the absence of an external field (Figure 1). When a
weak magnetic field is applied perpendicular to the film, the domains that are oriented opposite to the applied field become
substantially narrower. As the applied field, called a bias field, is made stronger, the length continues to decrease, until it
becomes approximately the same as the width. Each domain is now cylindrical, magnetized oppositely to the applied field,
and immersed in a much larger domain that is magnetized in the same direction as the field.

NO EXTERNAL SMALL EXTERNAL )N LARGER EXTERNAL
MAGNETIC FIELD MAGNETIC FIELD MAGNETIC FIELD

Figure 1. Magnetic Domains in Thin Film Under Increasing Magnetic Bias Field.
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These small domains are the bubbles, generally less than 3 micrometers (1/ 10,000 inch) in diameter (Figure 2). When they
are viewed fromabove, only the round shape isapparent, giving the domains theappearance of bubbles. If the biasfield were to
be made still stronger, all the bubbles would shrink and then disappear altogether; the entire film would be magnetized in the
same direction as the bias field. The effect is reversible—that is, if the bias is removed, the domains return to a snakelike form.

Figure 2. Magnetic Bubbles in a Thin Film
Why a Bubble Moves

Magnetic bubbles will move if they are in a magnetic field gradient. For instance, it will move from a region of lesser
magnetic field strength to a region of greater strength. This is similar to the way a nail is pulled to the end of a bar magnet
when it gets close the magnet.

Ina bubble memory a magnetic film pattern is overlaid on the layer of bubbles. When this layer is magnetized it pulls the
bubbles to the points of greatest field strength (or poles) as in Figure 3. The bubbles could then be moved if the pattern
elements were moved.

A more easily controlled magnetic field is generated by two coils wrapped around the bubble layer and magnetic film pat-
tern. With appropriate specification of the current in two coils positioned at right angles, the direction of the poles on the
stationary elements can be changed in a controlled manner.
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Figure 3. Bubble Propagation Under Asymmetric Chevrons
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Various shapes for these metallic patterns have been used by different manufacturers to control the movement of the
bubbles. At Intel asymmetric chevrons are used (Figure 3).

>

Photo 1. Asymmetric Chevrons Deposited on a Thin Film

Why Magnetic Bubbles are Non-Volatile

In a magnetic bubble memory system, the bias field in which the bubbles exist is generated by a pair of permanent mag-
nets. The substrate bearing the thin film and its bubbles is mounted between these magnets and is therefore continuously
subject to the bias field.

The rotating field that propels the bubbles through the film is generated by currents in two coils wrapped around the sub-
strate at right angles to each other. These currents are generated by electronic circuits that are part of the magnetic bubble
memory system. No mechanical motion is involved.

If power fails, the circuits stop operating, the rotating field disappears, and the bubbles stop moving. But the bias field,
generated by the permanent magnet, is not affected. Therefore the bubbles and the data that they represent are maintained
in the film. When power is restored the data is again accesible.
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BUBBLE MEMORY MANUFACTURING TECHNOLOGY

Bubble memories are produced in a process that resembles semiconductor manufacturing in many ways (Figure 4).
Manufacturing begins with a nonmagnetic garnet wafer on which a magnetic film is deposited, using conventional tech-
niques. Anionimplantation process alters the magnetization of the top surface of the film, discouraging the formation of
abnormal bubbles with undesirable dynamic properties. Then nonmagnetic conductors, bubble-steering patterns of
magnetic metal, insulation, passivation, and bonding pads are deposited in much the same way as successive layers on
semiconductor integrated circuits. Patterns in each layer are defined photolithographically, just as with semiconductors.

Magnetic bubble technology differs from semiconductor technology in the materials used and in the complexity of the
process. Semiconductor circuits use eight or more layers of silicon doped with various materials that affect its electrical
characteristics, compared to about three layers of essentially pure metallic and insulating material in bubble technology.
These materials are chosen for their magnetic rather than their electrical properties.

EXTERNAL
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Figure 4. Magnetic Bubble Chip Cross Section

Bubble Memory Functional Description

The Intel 7110 magnetic bubble memory unit contains the bubble chip, the coils that generate the rotating field, two per-
manent magnets for the bias field, and a magnetic shield that prevents disturbances by external fields and forms a return
path for the bias field around the bubble chip (Figure 5).
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Figure 5. Magnetic Bubble Unit Assembly—Exploded View
Bubble Memory Architecture

Data is stored in the bubble memory unit with a block-replicate architecture (Figure 6). This architecture consists of a
number of endless storage loops around which corresponding bits of successive pages continuously circulate, and two
tracks, designated input and output, through which the controller writes and reads data in the storage loops. Exchange or
replication of data between the tracks and the loops occurs in all loops simultaneously—the key idea in this architecture.

{]
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Figure 6. Block-Replicate Architecture
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WRITING DATA INTO THE BUBBLE MEMORY

Seed Bubble

The seed bubble, at the beginning of the input track, is generated by an electric current pulse in a hairpin-shaped loop of con-
ductive 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 that propagates bubbles elsewhere in the memory.
This bubble is constrained to a kidney shape by interaction of the bias and rotating field with the metal patch (Figure 7).
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,
quickly regaining its original size; the other one, driven by the rotating field, is transferred to the input track section of the
chip. The current pulse that splits the seed is generated to store a binary 1 in the memory; to store a 0, the pulse is omitted, and
no bubble is generated.
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Figure 7. Seed Bubble and Bubble Generation

A seed bubble is maintained at one end of the input track. Bubbles corresponding to binary 1’s in the input word are split
fromthe seed and propagate along the input track. When the input track contains exactly one page (64 bytes) then the bubbles
exchange places with old bubbles previously circulating in the loops. This is accomplished by an operation called swapping.
Thereafter the new bubbles circulate, while the old bubbles now in the track propagate to the end and are destroyed.
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Swapping

Transfer of data from the input track to a storage loop involves a swap, bringing the old data onto the input track for destruc-
tionat the end of the line, while the new data takes its place in the loop. Thisisdone whena current pulse inanassociated con-
ductor under the chevrons causes a bubble to 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.

° INPUT
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REPLICATE
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Figure 8. Swapping and Replication Confjguration in Bubble Memory

READING DATA STORED IN THE BUBBLE MEMOR\Y

Toread the stored data, thecirculating bubbles are replicated, one bubble or one unoccupied bubblesite fromeach loop, onto
the output track, after which they propagate to a bubble detector at its far end. After detection, these output bubbles are also
destroyed. Meanwhile, the data in the loops continues to circulate, permitting a particular page to be read out repeatedly
without regeneration, and protecting the stored data if power fails.

Replication

Data is transferred from the storage loop to the output track by replication, continuing to circulate in the loop after having
been read out.

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 orlgmdl bubble intwo, and a lower and
wider trailing portion during which the new bubble moves under the output track. Theentire pulsclastsabout one-quarter of a
cycle of the rotating field. In this manner the data in the storage loops is replicated onto the output track, and yet rctained in the
storage loops in case of a sudden power failure.

Near the end of the output track is a bubble detector—essentially a magnetoresistive bridge formed by interconnecting the
permalloy chevrons to make a continuous electrical path of maximum length (Figure 9). As bubbles pass under the bridge, the
resistance changes slightly, modulating the currents through the bridge and creating an output voltage of several millivoits.
Bubbles 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 output track runs the bubbles into the guard rail and
destroys them. ’
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Figure 9. Bubble Detection

Redundancy

The Intel magnetic bubble memory unit physically stores data in 320 storage loops, with capacities of 4,096 bits each. Of the
320 loops, 272 are actually used (active) and 48 are spares (inactive); the boot loop records which loops are used.

Boot Loop

Some of the loops of an individual memory are set aside as spares. The decision as to which loops are to be used (active) and
which are not to be used (inactive) is made after the memory unit has been assembled and is undergoing tests at the factory.
The outcome of this decision is stored in an extra loop included in each memory chip, in the form of a 12 bit code for each
“active” and “inactive” loop.

Whenever power is turned on in the memory system, the system must be initialized before it can be used. Part of the initializa-
tion process includes reading the contents of this extra loop, called the boot loop, and placing this information in a bootloop
register in the formatter/ sense amplifier. From then on, as long as power is on, this register identifies the “active” loops for
both reading and writing; “inactive”loops are ignored. The formatter does not attempt to store data in “inactive”loops, and
the sense amplifier ignores any data that appears from these loops.

Data Stomée—External Appearance

Data is stored logically as 2,048 pages of 512 data bits each. 256 data bits plus 14 error-correction check bits and 2 unused bits
are stored in each half of the bubble chip. If automatic error correction is not used, these 16 bits are available for data storage.

Error Correction

Error detection and correction can be performed in the formatter/ sense amplifier, which includes a 14-bit cyclic redundancy
code that corrects a single burst error of up to five bits in each 270-bit block including the code itself. These code bits are
appended to the end of each 256-bit data block when writing into the cell, and checked when the block is read. The error cor-
rection feature can be used or not at the user’s discretion, by properly setting a register in the bubble memory controller chip.
If it is not used, the loops occupied by the code bits become available for additional data.
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Access Time and Data Rate

Bubbles circulate at a rate of 50 kilohertz (the rotating field makes 50,000 complete revolutions per second). Average access
time to the first bit of the first page is about 41 milliseconds—half the length of time required for a bubble to make one com-
plete circuit of the loop, plus the time to shift a bubble along the length of the output track.

The 320 active and spare loops are actually in four “quads” of 80 loops each (Figure 10). This arrangement shortens the
input and output tracks and thus reduces the read and write cycle times. The quads are separately addressable in pairs; in each
pair the quads store odd-numbered and even-numbered bits of a word respectively. There are four seed bubbles and four
input tracks, and four output tracks. The four output tracks share two detector bridges in such a way that there can never be
bubbles from two tracks in a single detector simultaneously. By this means the four streams of output bubbles are interleaved
into two bit streams that are stored in two registers in the sense amplifier. The data in these registers is interleaved againintoa
single stream transmitted serially to the controller.

DUMMY BRIDGE OUTPUT +12v
DETECTOR (EVEN) =7
«—DETECTOR (ODD)
OUTPUT TRACK OUTPUT TRACK
[ | | s RN | 1/
ERA 7o) 1\ CAT TR yaM| ~_
v 7 %4 77 %9 REPLICATE
A B W 4 4 /é
K RN 7 HEK 4
B H % BB N
//
. 5*%31%?:“ in e
%%/ | wwesitsioor /] 5 7 ) _ . asssitsiLoop
. /é sl 1 .
%/ % /% o ) /¢ ]
- . sl L o
- o W/% i
. ] swap W/% o
- / % - .
. ] catE M// )
. 2/ | . ] / SWAP

[ a] IR

1. %,
d L
é‘ INPUT TRACK (ODD QUAD) é INPUT TRACK (EVEN QUAD)

<]
>C

Figure 10. Organization of Bubble Memory (One-Half Chip)

SPECIFIC STRUCTURES OF A MAGNETIC BUBBLE MEMORY

A magnetic bubble memory system consists of a controller and up to eight 1-megabit magnetic bubble subsystems. A min-
imum system has a controller and one subsystem. The subsystem comprises one magnetic bubble unit in which the data is

actually stored, and the peripheral units listed in Table 2 and diagrammed in Figure 11. These circuits are described later
in this primer.
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Table2. Components of Intel Bubble Memory System

CONTROLLER SUBSYSTEM
7220-1 Bubble Memory Controller Memory
(for 1 to 8 subsystems) 7110 Magnetic Bubble Unit

Peripheral Units
7242 Formatter/ Sense Amplifier
7230 Current Pulse Generator
7250 Coil Predriver
7254 Drive Transistor Assembly
(2 required per subsystem)

ek

BUBBLE
MEMORY
CONTROLLER
(BMC)

44

TO
ADDITIONAL
BPK70’s

Figure 11. Minimum Magnetic Bubble Memory System, Shaded Portion is Bubble Subsystem

SUPPORT CHIPS

Five semiconductor integrated circuits are necessary to support each bubble chip. These components are described in some
detail in the following paragraphs. In addition, each bubble memory system requires a controller, a separate integrated circuit
described later.

Formatter/Sense Ampilifier (FSA)

Serial data to be stored in or read from the bubble memory passes through the FSA. The FSA keeps track of which loops in
the bubble memory are spares, executes the error correction coding and decoding if it is implemented, and shifts data to the
bubble memory input tracks or from the output tracks, amplifying the output signals from the memory.
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The FSA has a chip-select input, which is normally grounded (permanently enabled). However, each FSA drives the chip-
select input of other circuits associated with the same bubble chip, so they are all enabled at the proper time.

Current Pulse Generator (CPQG)

All signals except those that control the rotating field originate in the CPG. This device is the source of a current pulse that
cuts a new bubble from the seed bubble whenever the FSA has a binary 1 to be stored. Later, when this bubble reaches the
. loop in which it is to reside, the CPG issues the signal that swaps it with the bubble or non-bubble previously stored in that
location of the loop. When data is to be read, the bubble is replicated on the output track by still another signal from the CPG.

Coil Predriver (CPD)

Four digital signals (positive and negative versions of both X and Y waveforms) are sent to the CPD from the controller with
appropriate durations and phases to control the rotating field that moves the bubbles in the memory. The CPD combines and
inverts these to form eight pulsed outputs that are amplified in a separate transistor package to drive the coils surrounding the
bubble chip with a triangular current waveform.

Photo 2. The Minimum Magnetic Bubble Memory System
- Including Controller

CONTROLLER

The bubble memory controller is the interface between the mémory system and the equipment it serves. It converts serial data
to parallel and parallel data to serial, and generates all timing signals required by the other support circuits in the bubble
memory system. It can control up to eight bubble subsystems, for a total of a megabyte of memory.

Internal storage on the controller includes a first-in-first-out buffer with a capacity of 40 bytes. This buffer stores data to be
sent serially to the FSA or just received from the FSA on one side, and data to or from the parallel bus served by the bubble
memory on the other. It also serves as a speed matching device between the user at the parallel bus and the FSA which must
transfer data to and from the bubble device at exactly the rotating field ratio in each channnel.
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GLOSSARY

Bias field—a magnetic field perpendicular to a magnetic thin film that maintains conditions necessary to support formation
of magnetic bubbles in the film.

Boot loop—in a magnetic bubble memory with serial/ parallel/ serial architecture and redundant loops, a special loop con-
taining information that identifies which loops are active and which are inactive, as determined by factory test. This loop also
contains the information necessary to synchronize the bubble memory page locations with the controller after power up.

Bubble, magnetic—a cylindrical magnetic domain in a thin film of orthoferrite or garnet. When viewed from above, the cylin-
drical shape appears spherical, hence the name “bubble.” A bubble represents a binary 1 in most magnetic bubble memories.

Chevron—one of many possible shapes for a magnetic pattern deposited on a thin film to steer bubbles ina desired direction.
Asymmetric chevrons are used in Intel memories.

Detector—a means of distinguishing bubbles from non-bubbles (1s from 0s) when a word is read from the bubble memory.

Domain, magnetic—a small region of a ferromagnetic substance that contains many similarly oriented atoms, so that the
region as a whole is magnetized in that direction.

E?PROM-—an acronym for electrically erasable programmable read-only memory, which is a memory component that,
though nominally read-only, can accept changes to any work stored in it by electrical means, but at substantially slower speed
than that at which stored words are read.

EPROM-—an acronym for erasable programmable read-only memory, which is a memory component that, though nomin-
ally read-only, can be completely erased, usually by exposure to ultraviolet light, and then reloaded with new information, but

at substantially slower speed than that at which stored words are read.

Ferrite—any of several compounds of iron, oxygen, and another metal, with magnetic properties that are useful in certain
microwave applications and in computer memories.

Field, magnetic—a region of space in which a magnetic force exists and can be measured.
Garnet—a naturally occurring silicate mineral sometimes used in jewelry. Synthetic garnets with the same crystal structure
can be made of oxides of iron and yttrium or one of the rare earths. Garnet is the preferred material for the thin magnetic film

in a bubble memory. ‘

Input track—a series of magnetic metal patterns that control the movement of bubbles in a thin film, and thereby lead them
from a bubble generator toward one or more storage patterns.

Ion implantation—a process involving accelerators, similar to the machines used by nuclear physicists, for depositing dopants
on and just below the surface of an electronic component; used to alter the physical properties of the material.

Latency—a delay between a request to read or write data in a memory and the actual beginning of the operation, imposed by
a requirement for the address to move physically (but not necessarily mechanically) to a point where the data transfer can
take place.

Magnetization vector—an expression of the magnitude and direction of a magnetic field at a point in space.

Magnetoresistance—a change in electrical resistance due to the presence of a magnetic field.
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Major loop—in a magnetic bubble memory, an endless loop containing a bubble éenerator, a bubble detector, and/or a
bubble annihilator, through which data is read or written, and which transfers bubbles to or from one or more minor loops
(q.v.) in which they are stored. In some designs the major loop is not endless, and all bubbles not transferred out of it collapse
when they reach the end. In these cases the major loop becomes an input or output track (q.v.).

Minor loop—in a magnetic bubble memory, an endless loop in which bubbles are stored, having been transferred into it from
amajor loop or input track (q.v.) and accessible by transfer into a major loop or output track (q.v.).

Non-Volatility—a property of some memory technologies that retains the integrity of stored data when power is turned off.

Orthoferrite—one of several oxides of iron and either yttrium or a rare earth. The molecular structure is simpler than that of
garnet (q.v.). Orthoferrites were the first materials used for the thin magnetic film in experimental bubble memories, but have
yielded to garnets, which have more desirable properties—notably ease of preparation as thin films with the necessary
magnetic characteristics.

Output track—a series of magnetic metal patterns that control the movement of bubbles in a thin film, and thereby lead them
from one or more storage patterns toward a bubble detector.

i

Permalloy—an easily magnetized and demagnetized alloy of nickel and iron.

PROM—acronym for programmable read-only memory—a read-only memory whose content is loaded by the user after
delivery, as opposed to read-only memories whose content is fixed during manufacture. Once loaded, the data ina PROM is
not alterable.

Pseudo-random access—a property of some memory technologies in which the time of access to blocks of stored data is
largely (but not necessarily entirely) independent of the position of the block in the storage medium, but in which the time of
access to bits, words or other entities depends on the position of that entity within the block.

Random access—a property of some memory technologies in which the time of access to any stored bit, word, or other entity
is wholly independent of that entity’s position in the storage medium.

Saturation—a state of magnetization of a material by a field such that, if the field is increased, the magnetization of the mater-
ialdoes not increase and the magnetic flux density increases in proportion to the field (having increased much more rapidly in
weaker fields).

‘Seed—a permanent bubble in a magnetic bubble memory, from which other bubbles are cut to represent stored binary 1s.

Serial access—a property of some memory technologies in which the time of access to any stored bit, word, or other entity
depends strongly on that entity’s position in the storage medium.

Thin film—any film of material deposited on a suitable substrate to take advantage of the material’s special properties when
dispersed as a film. Thickness ranges usually from about 10-9 to 10-6 meter, and occasionally to 10-5 meter or more, as in
bubble memories.

T-I bar—one of several possible shapes for a magnetic pattern deposited on a thin film to steer bubbles in a desired direction,

consisting of shapes like the letter T and the letter I alternately along a track. This pattern was used extensively in early bubble
memory designs, but is no longer generally employed.

6-14



intel APPLICATION AP-119

NOTE
Q
)
{(b
\0
O ,\’lo
3
QQ Q{.
oe?@@
| Q*o.{& ’
’\O*o \0 \‘\0\\1&&@

6-15,



‘ AP-119

INTRODUCTION -

To date, a major obstacle in the implementation of
bubble memories in systems has been the in-
herently complex control requirements imposed
by the bubble memory devices themselves. With
the advent of Intel’s BPK 72 bubble memory pro-
totype kit, a design engineer can immediately
realize the benefits of non-volatility, form factor,
density and reliability without the complex control
concerns. This application note provides
additional background on the operating

characteristics of the BPK 72 and is intended to
further ease the design effort required in the im-
plementation of bubble memory systems.

OVERVIEW

This application note provides an example of Bub-
ble Memory system implementation using the
BPK 72 and an Intel 8086 microprocessor. Before
looking at this example, some explanation is
necessary as to how this implementation was at-
tained and how a user can take advantage of the
principles involved.
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As an introduction, the basic architecture of the
BPK 72 is reviewed followed by an explanation of
the operating characteristics of the BPK 72 kit as
a whole and of the 7220 Bubble Memory Con-
troller. Once the building blocks are in place, a
detailed account of the implementation of a bub-
ble memory kit is offered. The final section, which
involves the actual implementation of the BPK 72
and an SDK-86, completes the application note.

BUBBLE SYSTEM OVERVIEW

A block diagram of the Intel Magnetics 128K-byte
system is shown in Figure 1. The support circuitry
used with one 7110 magnetic bubble memory
(MBM) in the BPK 72 kit consists of the following
integrated cifcuit components: one 7250 Coil
Predriver, two 7254 Quad VMOS Drive Transistor
packs, one 7230 Current Pulse Generator, and one
7242 Formatter/Sense Amplifier. The 7220 Bubble
Memory Controller (BMC) completes the basic
system. )

The 7250 and the two 7254s supply the drive cur-
rents for the in-plane rotating magnetic field (X
and Y coils) that move the magnetic bubbles
within the MBM. The 7230 supplies the current
pulses that generate the magnetic bubbles and
transfer the bubbles into and out of the storage
loops of the MBM.

The 7242 accepts signals from the bubble detec-
tors in the MBM during read operations, buffers
the signals and performs data formatting tasks
that include the transparent handling of bootloop
information. During write operations, the 7242
enables the current pulses of the 7230 that cause
the bubbles to be generated in the 7110 MBM.
Automatic error detection and correction of the
data can be performed by the 7242,

The 7220 provides the user interface, performs
serial-to-parallel and paraliel-to-serial data conver-
sions, and-generates all timing signals necessary
for the proper operation of the MBM support cir-
cuitry.

8086 BUS

7220
BUBBLE MEMORY CONTROLLER

P

FORMATTER/
SENSE AMP

h 4

COIL PREBRIVER
7250

1| 1|

DRIVE
TRANSISTORS

1| 1|

DRIVE
TRANSISTORS

7242 _

INTEL MAGNETICS

BUBBLE
MEMORY

7110

i

7230
CURRENT PULSE
GENERATOR

Figure 1. Block Diagram of the 128K Byte Magnetic Bubble Memory System
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Figure 2. Bubble Memory System Expansion up to One Megabyte

Figure 2 shows how larger systems can be built
from the basic components. A Bubble Storage
Unit consists of one 128K-byte MBM and the five
support chips shown. The components needed for
one MBM cell are available as the BPK 70 kit.
Larger systems can be constructed from the com-
ponents supplied with one BPK 72 kit (which in-
cludes the 7220 controller) and one or more BPK
70 kits. For example, a one megabyte system can
be assembled from one BPK 72 kit and seven BPK
70 kits. No additional TTL parts are required when
building multibubble. systems with up to eight
MBMs.

One 7220 is capable of controlling up to eight Bub-
ble Storage Units simultaneously. Larger systems
can be configured with multiple 7220’s and addi-
tional Bubble Storage Units.

Functional Organization of the
7110 Bubble Memory

The Intel Magnetics 7110 Bubble Memory utilizes
a “major track/minor loop” architecture. With this
architecture, if a binary 1 is to be written, a “seed
bubble,” always present in the 7110, is split in
two. One bubble remains at the generator as the
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seed, and the other is propagated down the input
(major) track. If a 0 is to be written, the seed bub-
ble is not duplicated. The data generated is sent
down the input track, in serial, until it is aligned
with the “swap” gates at the minor loops of the
device. The new data is then swapped into the
minor loops in parallel at the same time the old
data is swapped out to the major track.

To read data from the 7110, data is rotated in the
minor loops until it is positioned at the ‘“‘replicate”
gates opposite the output track. On receipt of a
replicate signal, the data in the minor loops is
duplicated by splitting the bubbles. The original
data remains in the minor loops, and the duplicate
data is clocked down the output track where the
detector elements of the bubble memory operate
to transform the presence or absence of a bubble
into small electrical signals that are converted in-
to digital ‘1’ and ‘0’ signals in the 7242 FSA.

With the 7110, the process of reading data from
the minor loops by simultaneously splitting all of
the bubbles in a page is known as ‘“block
replicate.” The advantage of the block replicate ar-
chitecture is that the data currently stored in the
minor loops is not compromised during a read
operation; the data to be read never leaves the
minor loops. This architecture can be contrasted
with earlier architectures that required the data to
leave the minor loops, be detected and then
returned to the minor loops. In the event of a
power failure, bubble systems not utilizing the
block replicate architecture could suffer a loss of
data during a read operation; the data being sens-
ed would not be returned from the major loop to
the minor loops.

With the 7110 MBM, there are 2048 positions for
the data within a minor loop. To move the bubbles
in the MBM, a magnetic field is induced and
rotated in the plane of the 7110. As the field is
rotated 360 degrees, every bubble is moved ahead
one position, and all of the bubbles maintain the
same position relative to one another. All of the
bubbles in similar positions in the loops are refer-
red to as a ‘‘page.”

By way of illustration, suppose the bubble is made _

of five minor loops (a,b,c,d,e) capable of holding
nine pages of data (Table 1). During four 360
degree “rotations” of the in-plane magnetic field,
the nine pages of data shift four positions
(1.1,1.2,1.3,1.4).
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Table 1. 7110 Loop Operation

abcde abcde abcde abcde
00000 00011 00000 00000
00011 00000 00000 11111
00000 00000 - 11111 00000
00000 11111 00000 00000
11111 00000 00000 00000
00000 00000 00000 10110*
00000 00000 10110* 00000
00000 10110* 00000 00011
10110 00000 00011 00000
1.1 1.2 1.3 1.4
* = page zero

The 7110 MBM actually contains 320 minor loops,
of which 272 must be good. The additional 48
loops provide 15% redundancy. This redundancy
factor allows some of the loops in the 7110 to be
bad while maintaining a completely functional
one megabit device. A map of the good and bad
loops is placed on the label of the 7110 and is also

= LOOP 272 <)-»| BUBBLE
DETECTOR
- LOOP 271 )
H
.
INPUT OUTPUT
TRACK TRACK
.
H
< LOOP 3 )
[ < LooP 2 )=
=< ( LOOP 1 -
BUBBLE
GENERATOR

Figure 3. Functional Organization of the 7110
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encoded and placedin the boot loop of the device
as it is tested. This map, the bootloop, consists of
forty bytes of data. Each good loop in the 7110 is
represented by a one, each bad loop by a zero.
When the system is initialized, the 7220 BMC
reads the bootloop from the 7110 and decodes it.

The bootloop is then automatically placed in the -

bootloop register of the 7242. The bootloop
register serves as a working ‘map’ of the 7110 for
read and write operations. \

With the pages of data rotating around the minor
loops, there must be a mechanism to orient the
device and to assign a starting address to a page.
The mechanism used to identify page zero in-
volves the bootloop that resides on the 7110. Page
zero (or address zero) is defined as the position of
the 7110 after the bootloop has been read by the
7220 controller. Thus, each time the host CPU
sends an ‘“‘initialize” command, the bootloop is
read by the 7220, and the 7110 is queued at page
zero. From this point, any desired page in the bub-
ble can be obtained by the controlier.

Data Flow Within the Bubble Memory
System

To better understand the relationship between the
7110 MBM and its support circuitry, the data flow
within the bubble system during a read operation
is examined. During the read operation, bubbles
from the storage loops are replicated onto an out-
put track and then moved to a detector within the
MBM. All movements within the MBM occur under
the influence of a rotating magnetic field; the
number of rotations and the rotation timing are
under the control of the 7220 BMC. The detector
outputs a differential voltage according to
whether a bubble is present or absent in the
detector at any given time. This voltage is fed to
the detector input of the 7242 Formatter/Sense
Amplifier (FSA).

The data path between the 7110 MBM and the
7242 FSA consists of two channels (channel A and
channel B) connected to the two halves of the
MBM. When data is written, the bit stream is divid-
ed 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, and produces a digital 0 or 1. 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 (a corresponding “1”” in the FSA bootloop
register), it is stored in the FSA FIFO; otherwise, it
is ignored. This process continues until both FSA

FIFOs (channels A and B) 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 of
data can be buffered in each FIFO.

' As data leaves the 7242 FSA, the bit patterns buf-

fered in each of the FSA FIFOs is interleaved and
sent to the 7220 BMC in the -form of a serial bit
stream via a one-line bidirectional data bus (DIO
line). In the 7220 BMC, the data undergoes a serial-
to-parallel conversion and is assembled into bytes
that are buffered in the 7220 FIFO. It is from this
FIFO that the data is written onto the user inter- -
face.

COMMUNICATING WITH THE 7220

The CPU views the 7220 BMC as two input/output
ports on the bus. When the least-significant bit of
the address line is active (AO=1), the com-
mand/status port is selected. When the least-
significant bit of the address line is inactive
(A0 =0), the bidirectional data port is selected. In
order to define the operations on these ports, it is
necessary to understand something of the inter-
nal organization of the 7220 Bubble Memory Con-
troller.

For simplicity, the user need only view the 7220 as
containing a 40-byte FIFO and a collection of 8-bit
registers. The FIFO is a buffer through which data
passes on its way from the 7242 Formatter/Sense
Amplifier (FSA) to the user, or from the user to the
FSAs. The primary purpose of the FIFO is to
reconcile differences in timing requirements bet-
ween the user interface to the 7220 controller and
the controller interface to the FSAs.

The six 8-bit registers internal to the 7220 are load-
ed by the user prior to any operation of the bubble
system and contain information regarding the
operating mode of the 7220. Loading the 7220
registers before any commands are sent is similar
to passing parameters to a subroutine prior to in-
vocation, hence, the registers are often referred to
as ‘“‘parametric registers.”

Data transferred between the CPU and the 7220
FIFO and parametric registers takes place over an
8-bit data port. The choice as to whether the data
is destined for the FIFO or the parametric
registers, however, is made through the com-
mand/status port. In one case, the actual com-
mands that cause some operation to take place,
such as a read or write, consist of a 4-bit code sent
by the CPU to select one of 16 possible com-
mands. This 4-bit code occupies the low-order nib-
ble (bits 0, 1, 2, and 3) of the command byte. The
command byte must also have bit 4 set to indicate
to the 7220 that a command is being sent. In the
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second case, another 4-bit code on the command
port (bits 0, 1, 2, and 3) is used to select either one
of the parametric registers or the 7220 FIFO. As
shown in Table 2, if bit 4 of the command byte is
set to zero, the value of the low-order nibble is
taken to be a pointer value that specifies a
parametric register or the 7220 FIFO. This pointer
is referred to as the ‘“Register Address Counter”
(RAC).

Table 2. Command Port Function

FUNCTION| D7 Dg D5 D4 D3 Dy Dy Do
Command 0 0 0 1 cC C C ¢C
RAC 0 0 0 0 R R R R

RAC values that may be sent out on the command
port and the corresponding register names are il-
lustrated in Table 3. The RAC points to, or selects,
six unique registers and the 7220 FIFO. Once a
RAC value is sent by the CPU to the 7220 via the
command port, the next read or write operation to
the data port transmits data to or receives data
from the register addressed. Notice that the six
registers have values that are in ascending order
starting at 0AH and that the FIFO has a value of 0.

The reason for this ordering is due to the auto-
incrementing feature of the RAC; once the first
register is selected, each subsequent byte of data
on the data port causes the RAC to be
automatically incremented and to point to the
next register in the sequence. Once the most-
significant byte of the Address Register has been
loaded, the RAC value automatically rolls over
from OFH to 0 and points to the 7220 FIFO. The
system is now in position to transfer data to or
from the FIFO without the user code explicitly
pointing to the FIFO.
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Table 3. Register Address Counter Assignments

Register Name | D7 Dg D5 D4 D3 D2 D1 Dg | Read/
write

Utility Register 0 0 0 01 0 1 O0}]RW
Block Length

Register (LSB) 0o 0 0 01 0 1 1 W
Block Length

Register (MSB) 0o 0 0 0 1 1 0 O W
Enable Register 0o 0 0 0 t 1 0 1 w
Address Register

(LSB) 0O 0 0 0 1 1 1 O0]|RW
Address Register

(MSB) o 0 0 0 1 1 1 1]|RW
7220 FIFO 0 0 0 0O 00 O O0f|RW

Once the FIFO has been selected, the RAC stops
incrementing and continues to point to the FIFO
until changed by the user software. This sequence
minimizes the number of instructions necessary
for a given transaction and aids in establishing a
protocol to ensure that all of the necessary infor-
mation is sent to the controller. The user,
however, is not bound to follow this automatic se-
quence. Each parametric register may be selected
and loaded in any order; specific registers may be
updated where needed, but in each case, the host
software must explicitly name the register to be
loaded. Until a user is familiar with the bubble
system, it is recommended that the auto-
incrementing feature be used.

It is important to remember that once a command
has been given to the 7220 BMC, the parametric
registers must not be updated until the Status
byte indicates that the operation is complete. The
parametric registers are, in effect, working
registers for the controller during the execution of
a command. For example, during a Read or Write
operation, the Block Length Register, which con-
tains the terminal page count for the operation, is
decremented by the 7220. Similarly, the Starting
Address Register, ‘which initially contains the
starting page for an operation, is incremented by
the controller as each page is transferred. Attemp-
ting to modify these registers during the operation
of a command causes the block count and ad-
dress to be incorrect.

Addressing the Bubble Memory System

One of the interesting aspects of the Intel Bubble
Memory System is its inherent addressing flex-
ibility. The user may treat a 7220 BMC with eight
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bubbles as a collection of 16K pages of 64 bytes
each (addressing each bubble in turn) or as collec-
tion of 2K pages of 512 bytes each (addressing
eight bubbles’ in parallel). Of course, there are a
variety of configurations in between these two ex-
tremes, each dictated by the user’'s need for
speed, power consumption, address space, and
cost. Control over the configuration is achieved at
run time via two of the parametric registers: the
Block Length Register and the Starting Address
Register. '

The Block Length Register (BLR) is a 16-bit value
divided into two fields: the “‘terminal count” field
and the “channel” field. The bit configuration for
the BLR is as follows:

Table 4. Block Length Register

cha[\nel terminal count
‘cccCcXTTT TITTITTTIT
MSB LSB

The “terminal count” field ranges over eleven bits
and defines the total number of pages requested
- for a read or write operation. With eleven bits in
the field, a user may request from one to 2048
pages be transferred (eleven bits of zero'indicate a
2048-page transfer). The width of the page is ef-
fectively defined in the “channel” field. This field
specifies the number of FSA channels that are to
be addressed. Recalling that each 7242 FSA has
two channels to communicate with one 7110 bub-
ble memory, the legal combinations in this field
address one channel (one half of a 7110), two, four,
eight, or 16 channels. These combinations
translate into page sizes of 32, 64, 128, 256, or 512
bytes, respectively. (The one-channel mode of
operation is usually reserved for diagnostic pur-
poses, and examples of its use will be illustrated
later.)

Table 5 shows the relationship between the
‘“‘channel” field and the number of FSA channels
selected. Notice that the channel field bits are en-
coded. A value of “0001” binary selects two FSA
channels: 0 and 1. /
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Table 5. FSA Channel Select

Channel field (BLR MSB bits 7, 6, 5,4)

0000{ 0001| 0010 | 0100 | 1000
Number of
channels 0 0,110,123|0to7|0toF
selected:

Thus, a BLR value of “0001” in the high-order four
bits selects one bubble through channels 0 and 1

Similarly, a BLR value of “0010” selects two bub-
bles in paraliel with a page size of 128 bytes. This,
however, is not the complete story. For example, a
value of “0100” in the BLR selects four bubbles in
parallel through channels 0 to 7. Suppose, that
there are eight bubbles in the system and that the
user desires to arrange the eight bubbles as two
sets of four. The mechanism to communicate
through channels 0 to 7 and channels 8 to F
resides with the Address Register (AR).

The Addres's Register contains a 16-bit value divid-
ed into two fields: a “starting address” field of

eleven bits and a ‘“magnetic bubble memory
(MBM) select” field of four bits.

Table 6. Starting Address Register

starting address

MBM Select
XMMMMAAA AAAAAAAR
MSB LSB

The eleven bits in the starting address field of the
AR are set by the user to indicate to the 7220 BMC
on which page of a bubble’s 2048 pages the
transfer is to start. For example, if a read opera-
tion is to start at page 1125 and is to continue for
16 pages, the starting address field contains
1125, and a value of 16 is placed in the terminal
count field of the BLR. After each page is transfer-
red, the starting address field is incremented and
the terminal count is decremented by the con-
troller.

Continuing with the example of two banks of four
bubbles, notice in Table 7 that the MBM select
field is needed to switch between the two banks.
A value of “0000” in bits 3, 4, 5, and 6 of the high-
order byte of the address register selects bank 0
or FSA channels 0 through 7; a value of “0001”
selects bank 1 or FSA channels 8 through F. Each
bank contains 2048 pages of 256 bytes.
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To operate eight bubbles serially, a user needs on-
ly to specify a value of “0001” once in the channel
field of the BLR and to begin with a value of
“0000” in the MBM select field. As page 2048 is
written in the first bubble, the AR, managed by the
7220 controller, rolls over to 0 and updates the
MBM select field with no additional bit manipula-
tion. In this case, the bubble system appears as
16K pages of 64 bytes each. Power consumption
is one-eighth of that consumed by operating eight
bubbles in parallel. However, the data rate is
limited to the data rate of one bubble.

Table 7. FSA Channel Select/MBM Select

rates, respectively. (If the error correction mode is
changed, the CPU must issue an Initialize com-
mand to the 7220 controller).

ENABLE REGISTER

Lrfefelelofefefe]

INTERRUPT ENABLE (NORMAL)
INTERRUPT ENABLE (ERROR)
DMA ENABLE

MFBTR

WRITE BOOTLOOP ENABLE
t———————————» ENABLE RCD

ENABLE ICD

ENABLE PARITY INTERRUPT

MBM SELECT | « ”

WSS arvg | ‘CHANNEL FIELD” (BLR MSB bits 7,6, 5, 4)
6,5.4,3 0000 | 0001 | 0010 | 0100 | 1000
0000 0 01 | 0123 [0to7[0toF
000 1 1 23 | 4567 | 8toF
0010 2 45 | 89AB
0011 3 6,7 | CDEF
0100 4 8.9
0101 5 AB
0110 6 c,b
0111 7 EF
1000 8
1001 9
1010 A
1011 B
1100 c
1101 D
1110 E
1111 F

The Enable Register

The Enable register is the parametric register that
defines the various modes of operation of the
7220 controller. The data transfer mode (polied, in-
terrupt driven, or DMA operation) is selected by
setting the appropriate bit in this register.
Likewise, the type of error correction to be applied
to the data is selected, based on the bits selected
in this register.

While the function of-each of the enable register
fields is described in the BPK 72 manual, some of
the finer points and implications are detailed here.

Note that it is possible to completely change the
operating characteristics of the bubble system
through software control. A system can go from
the DMA mode with error correction enabled to a
system operating in polled I/O with no error cor-
rection enabled by altering the value of the Enable
register. Though most implementations will not
take advantage of this degree of flexibility, there
are cases where the Enable register is modified
during system operation. For example, the normal
interrupt and MFBTR bits can be modified bet-
ween operations to change interrupt and read data
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Figure 4. Enable Register Definition

The interrupt capabilties of the 7220 are reflected
in the NORMAL, PARITY and ERROR INTERRUPT
bits of the ENABLE register byte. The 7220 con-
troller is capable of issuing interrupts to a CPU at
the normal completion of an operation, if a parity
error is encountered between the 7220 controller
and the CPU, or if a data transfer error is found by
the 7242 FSA. Any (or all) of these conditions are
selected via the Enable register byte, and any
resultant interrupts are sent to the CPU via a
single INT line. At this point, the software must
examine the status register to determine the
cause of the interrupt. (An additional interrupt, the
FIFO half-full interrupt, is issued on the DRQ pin
and is not controlled by the Enable byte).

One of the more difficult aspects of the ENABLE
register byte to understand is the operation of the
ERROR INTERRUPT bit (bit 2). This bit normally is
not used alone, but in conjunction with the
ENABLE RCD and ENABLE ICD bits of this
register. These three bits form combinations that
gate selected 7242 error conditions to the CPU.
For example, if, while operating under error cor-
rection, a user does not wish to be bothered by an
interrupt that indicates an error has been cor-
rected automatically by the system, a specific pat-
tern of these three bits would be selected (100 or
010 from Table 8). If the user wishes to be notified
of all errors, another pattern would be selected
(011 or 101). '
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Table 8. Error Correction Combinations

Interrupt
Enable | Enabie | Enable !
ICD RCD | (ERROR)| Interrupt Action
0 0 0 No interrupts due to errors
0 0 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 Interrupt on UCE, CE or TE
1 0 0 Interrupt on UCE or TE
1 0 1 Interrupt on UCE, CE or TE
1 1 0 Not used
1 1 1 Not used

The purpose of the ERROR INTERRUPT bit is not
to enable or disable error interrupts, but rather to
aid in selecting the type of error interrupt received
by the CPU. If any type of error correction is
selected, interrupts are enabled automatically.

The ENABLE RCD (read corrected data) bit causes
the error correction algorithm to be applied to the
data being transferred from the 7110 MBM in an
almost transparent manner. The RCD bit allows
the 7220 controller to send its own commands to
the 7242 FSA. These commands cause the FSA to
automatically correct and transfer to the con-
troller, any data that is found to be in error and
that is considered correctable.

With only the RCD bit on, no interrupt is generated
if a correctable erroris found. However, the user is
informed that a correctable error was encountered
and corrected during the data transfer via the 7220
status byte at the end of the operation. Uncorrec-
table and timing errors cause an interrupt to
. which the CPU must respond. With both the RCD
bit and ERROR INTERRUPT bit on, the CPU is
notified via an interrupt whenever a correctable,
uncorrectable or timing error is encountered.

The RCD mode of operation is suitable for
transfers where a GO/NO GO termination is suffi-
cient. For example, when loading executable code
from the bubble to RAM, it is necessary to know
that the transfer was good (with errors corrected)
or aborted due to an uncorrectable error.

A retry of an uncorrectable page of data is ac-
complished by sending another Read command
without modifying the parametric registers. It may
be the case that the errors encountered were soft
(read) errors that may not be present on a retry.
Thus, what may have been detected as an uncor-
rectable error, may become a correctable error (or
simply vanish ) on a subsequent read of the offen-
ding page. In this case, the error correction ability
of the system corrects the errors automatically
without additional user intervention.

The advantage of the RCD mode of operation is
that error correction can be applied transparently
to the CPU except for uncorrectable conditions.
The disadvantage is that a page of uncorrectable
data is passed to the controller before the inter-
rupt is sent. The software must have the ability to
clear the 7220 FIFO prior to rergading the offen-
ding page from the bubble.

If a given page continues to show up as having a
correctable error after a number of retrys, it is up
to the user’s protocol to determine the action to
be taken. One protocol suitable for handling er-
rors involves “scrubbing” the data. Suppose a
page appears with an error and, on retry, the error
is still present. If the error is correctable, the data
should be corrected and written back to the bub-
ble and then read back into RAM. The probability
of encountering an uncorrectable error after the
first retry is 1 in 10'%. Data scrubbing after one
retry maintains this level of reliability.

The ENABLE ICD (internally correct data) bit also
enables the error correction capability of the bub-
ble system, but allows a slightly different interac-
tion between the 7220 controller and the 7242 FSA
than defined for the RCD mode. Error interrupt
conditions are the same as defined for RCD opera-
tion. With the ICD bit on, correctable errors are
handled automatically, but the operation halts for
uncorrectable or timing errors. With both the ICD
and ERROR INTERRUPT bits on, the operation
halts for correctable, uncorrectable or timing er-
rors. The ICD mode differs from the RCD mode in
that when an operation halts due to an error, the
offending page is held in the 7242 FSA and is not
automatically transferred to the 7220 FIFO.
Though the difference is subtle, the ICD mode of
operation allows more flexibility in error logging
and recovery. With data held in the 7242, the
number of the bad page can be read for logging
purposes, and the data can be recycled through
the error correction network or reread from the
bubble repeatedly. When the CPU is interrupted
due to an error in the ICD mode, the user must
look at the 7220 status byte to determine the type
of error encountered. If the error is correctable,
the user's software sends a Read Corrected Data
command (OCH) to the controller. This command
causes the controller to issue it’s own commands
to the 7242 to correct the error and to transfer the
data to the 7220 FIFO. (Recall this action is done
automatically when the RCD mode is selected; un-
correctable errors can be handled as described
above).

As an example of how the ICD mode can be utiliz-
ed, suppose that during.a data transfer in the RCD
mode, a correctable error consistently occurs. The
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error, of course, is automatically handled by the
7242, and the only indication that an error had
been corrected is through the status byte at the
end of the transfer. There is no information as to
how many or in what page the error or errors ap-
pear. One way to diagnose the problem is to
reread the entire data block in the ICD mode with
the ERROR INTERRUPT bit on. The transfer stops
at the appearance of any error, and the data re-
mains in the 7242. The page number of the error
can be found by reading the Address Register
since this register is jncremented automatically
after each page is read if no error is detected.

The user should then issue an RCD command to
the 7220 to allow the page to be corrected and
transferred to the 7220. Once the transfer is com-
plete, the enable register again is changed to
disable all error correction, and the 7220 is
reinitialized. The entire block is read again and
compared with the corrected version. (Error cor-
rection bits are appended to the data and can be
ignored.) If a bad loop is suspected, the bad loop
location could be calculated and the bootloop
modified.

It is unlikely that repeated correctable errors are
sufficient motivation to modify the bootloop.
Repeated uncorrectable errors, however, at the
same location, might be sufficient reason. Note
that modifying the bootloop is an extreme
measure and should only be performed as a last
resort and only if justified by test data.

The Status Register

The 7220’s 8-bit Status register is accessed by
reading the Command port (A0 = 1). This register
provides information regarding error conditions,
the termination of commands, and the readiness
of the controller to transfer data or accept new
‘commands.

STATUS REGISTER

Lrlefefefofz]]e]
PARITY ERROR

l—> UNCORRECTABLE ERROR

‘3 CORRECTABLE ERROR
tsme———————> TIMING ERROR

OP FAIL

OP COMPLETE

BUSY

FIFO AVAILABLE

Figure 5. Status Register Definition
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Values for the Uncorrectable Error and Correc-
table Error fields are generated when error correc-
tion is utilized as previously defined. The PARITY
ERROR bit is set when a parity error is en-
countered on data sent to the controller on the
Dg-D7 lines. The TIMING ERROR bit is set for a
number of conditions. The most frequent cause of
a timing error is when the CPU fails to keep up
with the rate at which the controller is fiiling or
emptying the FIFO (an overflow or underflow con-
dition). With one bubble in the system and the
MFBTR bit of the Enable byte set to one, the con-
troller moves data to or from the FIFO at a rate of
about one byte every 80 microseconds. With eight
bubbles operating in parallel, the rate is about one
byte every 10 microseconds. (With the MFBTR bit
set to 0, the data rate on a one page transfer or the
last page of a multipage transfer is four times
these rates.) Once a Read or Write command is
issued, if the CPU cannot meet these transfer re-
quirements, a timing error results.

Another way in which a timing error occurs is
when the proper number of bits is not set in the
bootloop register of the 7242 FSA. The 7242 must
have 272 loops active to operate properly (270 with
error correction enabled). If a mistake is made
either when the bootloop of the 7110 is written or
if the bootloop register is loaded incorrectly from
RAM by the user, a timing error results. A timing
error also occurs if the Write Bootloop command
is issued to the 7220 controller and the WRITE
BOOTLOOP ENABLE bit of the Enable byte is not
on. Finally, a timing error is generated if the
bootloop synch code is not found when a Read
Bootloop or Initialize command is issued.

The OP FAIL and OP COMPLETE bits of the status
register simply indicate the state of an operation
after a command is executed. If an operation fails
(OP FAIL = 1), the cause can be determined by
looking at the other error bits of the status byte.
When an operation (command) terminates suc-
cessfully, the OP COMPLETE bit is set, and the
status register shows a 40H.

The FIFO AVAILABLE bit of the status byte is
more complex than the other bits since its mean-
ing can change depending on the type of opera-
tion being performed as outlined below.

From an operational point of view, the FIFO
AVAILABLE bit acts as a gate for the FIFO handi-
ing software. During a write operation, if the FIFO
bit is set (1), there is room for more data; if the
FIFO bit is clear (0), the FIFO is full. During a read
operation, if the FIFO bit is set, data has been
placed in the FIFO by the controller; if it is clear,
the FIFO is empty. .
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Table 9. FIFO Available Bit Semantics

FIFO AVAIL BUSY = 1 BUSY =1 BUSY =0
BIT & writing & reading & reading
1 room for data | 'data avail. data avail.
0 no room no data no data
for data

Note that it is possible to complete an operation
with data still remaining in the FIFO (indicated by
a 41H status value). This condition is quite legal; it
is up to the software to remove the data or to issue
a FIFO RESET command.

The BUSY bit indicates when the controller is in
the process of executing a command. When a
command is sent, the BUSY bit goes active within
a few microseconds after the command is receiv-
ed and remains active until the operation either
completes or fails. It is important to note that the
BUSY bit remains active until all other bits in the
status byte have been set. Thus it is possible to
see logically-exclusive conditions such as BUSY
and OP COMPLETE at the same time. The key to
interpreting the status byte is to consider the
status byte valid only after the BUSY bit returns to
an inactive level. The single exception to this rule
is the FIFO AVAILABLE bit.

The action of the controller during a write opera-
tion is one of the more complex sequences and
serves as a good illustration of the behavior of the
BUSY and FIFO AVAILABLE bits. Suppose a Write
command is sent to transfer an arbitrary number
of pages. Table 10 shows the activity of the con-
troller at various steps in the sequence.

Table 10. Stages of a Write Command

wait for

2 bytes
overhead of FIFO generate swap overhead FIFO
seek data reset

[ I | \ | l |

(time line is not to scale)

Before the Write command is sent, the FIFO isina
general-purpose mode and remains in this mode
until T2. When the command is sent at Tp,
the BUSY bit is low and, in fact, the BUSY bit must
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be low in order for the controller to accept a new
command (except Abort). Sometime between Tg
and T1, the BUSY bit goes high. Thus, between T+
and To, the status byte will be 80H.

At To, the FIFO is internally placed in the “write
mode,” and FIFO AVAILABLE changes meaning
from “FIFO has data” to “FIFO has room”. For
proper operation, the FIFO must be empty prior to
issuing the WRITE command. This condition can
be guaranteed by using the FIFO Reset command.
Assuming the FIFO is empty, at T2 the status byte
changes from 80H to 81H. The status byte remains
at 81H until Tg (unless the CPU is able to fill the
FIFO in which case, the FIFO AVAILABLE bit tog-
gles between 0 and 1).

At T7 (the completion of the command), the status
byte should be 40H if the CPU did not load data
between Tg and T7. If data was loaded during this
interval, the status value is 41H.

Notice that if the FIFO contains data when the
Write command is sent, the CPU can, by mistake,
overflow the FIFO during the “seek” portion of the
command. This condition results from the FIFO
AVAILABLE bit being a 1"’ due to data present in
the FIFO, not because there is room in the FIFO.
While the following diagnostic routines take ad-
vantage of the ‘“preloading” ability of the FIFO,
the examples of operational software at the end of
this application note do not preload the FIFO.

7220 Commands

The 7220 command set consists of 16 commands
identified by a 4-bit command code. The function
of most of the commands is obvious from the
command name (e.g., Initialize, Abort, Read,
Write). These commands are' adequately describ-
ed in the BPK 72 manual. There are, however,
some commands and protocols that merit addi-
tional discussion (specific examples are covered
later in this document).

Table 11. 7220 Commands

o
@
o
X
(=4
N
o
-

Command Name

Write Bootloop Register Masked
Initialize

Read Bubble Data

Write Bubble Data

Read Seek .
Read Bootloop Register
Write Bootloop Register
Write Bootloop

Read FSA Status

Abort

Write Seek

Read Bootloop

Read Corrected Data
Reset FIFO

MBM Purge

Software Reset

ddMAaa 4N A00000000
—_- A2 w0000 A=A A2 0000
100214002 —=00 2100
L1 O0—2O0ONMO0O40=204040a0
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In general, all commands sent to the 7220 con-
troller must be preceded by the setting of the
parametric registers. While there are some excep-
tions as with the Abort command, it is usually
necessary to supply operating information to the
controller via the parametric registers prior to is-
suing any command. Since many initial problems
stem from failing to load the registers prior to is-
suing commands, the user software should never
assume that the regsiters contain valid data.

After the bubble system has been powered up, the
7220 controller inhibits (or ignores) all commands
except an Initialize or Abort command. One of
these commands must be sent prior to issuing
any other command. Normally, the first command
issued after loading the parametric registers is
the Initialize command. This complex command
reads and decodes the bootloop information from
each bubble in the system and places this infor-
mation in the bootloop register of the correspon-
ding 7242 FSA. Pointers internal to the 7220
automatically are prepared for normal operation.
As described later, the combination of the Abort,
MBM Purge and Write Bootloop Register com-
mands is functionally similar to the Initialize com-
mand. (The only time the MBM Purge command is
used is in conjunction with the Abort command).

Once the system has been initialized, the re-
mainder of the command set can be selected.
Assuming, for example, that a Read command is
to be executed, the user selects the page number
and length of the transfer via the parametric
regisiters and then issues the Read command. |f
the system uses the polled mode, the CPU reads
the status register and waits for the BUSY bit to
go active and then for the FIFO READY bit to in-
dicate that data is being sent to the FIFO. Data
can be taken from the FIFO until the FIFO READY
- bit goes inactive.

If the page selected for the read operation is not in
position to be read (i.e., the page is not at the
replicate gates), additional time is required to ex-
ecute the Read command as the proper page is
rotated into position. In systems where faster
response is desired, the Read Seek command can
be used to place the page into position in order to
free the CPU to perform other tasks. Once the
page is in position, approximately eight
milliseconds are required before the data is
available to the CPU. This latency only occurs on
the first page of a multipage transfer. Similarly,
when a page is not in a position to be written,
Write Seek can be used to position the page at the
swap gates.

If there is any doubt regarding the state of the
FIFO prior to a read or write operation, the user
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should issue a FIFO Reset command in order to
‘clear the 7220’s FIFO counter before initiating the
data transfer. If a prior transfer is stopped with
data remaining in the FIFO or if the FIFO is partial-
ly filled, the 7220’s internal FIFO counter is not
zero, and there is a danger that the subsequent
transfer count may be incorrect. If the FIFO is
reset properly, execution of a FIFO Reset com-
mand is redundant.

Although the 7220 FIFO may be treated as a
40-byte RAM buffer, the temptation to “pre-load”
the FIFO with 40 bytes of data and then to issue a
Write command should be avoided due to the
danger of overflowing the FIFO. Prior to issuing a
Write command, a FIFO Reset command shoutd
be sent, and the parametric registers should be
loaded. Following the Write command, the CPU
should monitor the status byte and wait for the
BUSY and FIFO AVAILABLE bits to go active.
When this status condition occurs, the user soft-
ware should then send the proper number of bytes
to the 7220. The FIFO AVAILABLE bit of the status
byte should be polled prior to sending each byte.

An exception to not preloading the FIFO is when a
Write Bootloop, Write Bootloop Register, or Write
Bootloop Register Masked command is used.
Prior to issuing any of these commands, a FIFO
Reset command must be sent before preloading
the bootloop data into the FIFO. When one of the
bootloop-related commands is issued, the 7220
controller immediately begins taking data from
the FIFO. If the FIFO is not preloaded, incorrect
data may be transferred. The operation of the nor-
mal Write command differs from the bootloop-
related commands in that, after a Write command
is issued, the 7220 waits for at least two bytes to
be present in the FIFO before beginning to
transfer data to the bubble.

If the FSA encounters an error condition during a
read or write operation, the status of the FSA is
reflected in the 7220 status byte. If the user
system decodes the error and decides to con-
tinue, the error flags in the 7220 controller and
FSA first must be cleared. To clear the status
bytes, the software can issue an Initialize com-
mand. However, this command resets all of the
current operating parameters in the 7220 con-
troller. To continue processing without resetting
the system, the software can use the Software
Reset command. This command resets any error
flags and clears the FIFO, but does not affect the
parametric register fields that define the system
configuration (e.g., number of FSA channels
selected).
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INSTALLING THE BPK 72 BUBBLE
MEMORY KIT

This section examines the individual components
of the Bubble Memory System and how each com-
ponent can be analyzed. All elements of the bub-
ble system need not be working before any mean-
ingful diagnostics can be effected. In general, a
user first establishes communication between the
host CPU and the 7220 controller. Next, com-
munication with the 7242 formatter/sense-
amplifier is verified via the 7220 controller. Finally,
the operation of the 7110 Bubble Memory is
checked. The software that exercises each of
these phases of implementation should be small,
well-defined device drivers that can be controlled
through a system monitor.

The procedures that follow are applicable to most
startup problems. The procedures are organized in
chronological fashion and address each step of
the installation process as it would normally oc-
cur. Software drivers in 8086 assembly language
are provided to illustrate the basic functions sup-
ported by the device drivers..

Powering Up for the First Time

With power removed from the IMB-72 board, insert
all of the supporting integrated circuits with the
exception of the 7110 Bubble Memory Module. In-
sert the “dummy module” included in the BPK 72
kit in place of the 7110. The dummy module is
electrically equivalent to the 7110 module and
allows the circuits of the BPK 72 kit to be tested
without the possibility of damaging the bubble.
With both the +5V and + 12V power supplies
turned off, insert the IMB 72 with the dummy
module into the edge connector. As power is ap-
plied to the system, monitor the RESET.OUT/pin
of the 7220 controller and verify that the signal
goes from low to high after power is applied. The
low-to-high transition indicates that the power-up
sequence has been completed successfully.

Communicating With the 7220 Bubble
Memory Controller

The first step in communicating with the 7220 is
to write initial values to the parametric registers
using the code sequence in Table 15. When the
registers have been set, the code shown in Table
12 can be used to examine the 7220 status byte.

The status value returned in Table 12 should be
40H. The user should not continue until the proper
status value can be obtained repeatedly after per-
forming the power-up sequence. Reading back the
correct status indicates that the host CPU and the

\

7220 are communicating and that the power-up se-
quence is being performed by the 7220.

Table 12. Reading 7220 Controller Status

RDSTAT:
: THIS PROGRAM READS THE 7220
. STATUS BYTE
! TO READ STATUS, THE HOST CPU MUST
- READ FROM THE 7220 WITH A0 = 1.

IN AL, 49H ; COMMANDS/STATUS
; PORT ADDRESS OF
; 7220

MOV STATUS, AL ; MOVE AL REGISTER
; TO STATUS

RET

Once the power-up sequence is complete and the
7220 status register has been read, the 7220 FIFO
can be accessed. The software drivers that write
and read the FIFO are shown in Tables 13 and 14.
Notice that these code sequences do not send
commmands to the 7220; only data is transferred
to and from the controller. The purpose here is to
test the bus interface and timing between the CPU
and the 7220 controller. In this case, the 7220
FIFO is used as a general purpose RAM. Any data
can be written to the FIFO, but it is best to use an
easily indentifiable sequence (e.g., an incremen-
ting pattern) for easy recognition.

Table 13. Writing the 7220 FIFO

WTFIFO:
; THIS PROGRAM WRITES 40 BYTES FOR
; MEMORY TO THE 7220 FIFO.
; DATA IS ASSUMED TO BE ATBUFADR.

MOVE SI,BUFADR ; LOAD BUFFER

; POINTER

MOV  CX,40 ; LOAD COUNT

WRT1:

LODSB ; PUT BYTE AT SI
; INTO AL, AUTO INCR
; S

ouT 48H, AL ; OUTPUT BYTE TO
; DATA PORT

LOOP WRT1 ; DECREMENT COUNT,
; LOOP IF NOT 0

RET
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Once forty bytes have been written to the FIFO, .

the 7220 status byte should be read. The status
value should be “41H” (indicating that data is in
the FIFO). Other status values such as “parity
error” can be ignored. While status values give
some indication of the CPU-7220 interaction, the
integrity of the data is more important here. If the
data read back is not the same as the data sent, a
fundamental timing and/or interface problem bet-
ween the CPU and the 7220 is indicated.

To verify that data is being transmitted to the
7220, the code sequence shown in Table 14 can be
used to read back the FIFO data into user RAM
space for direct comparison with the original
pattern.

Table 14. Reading the 7220 FIFO

RDFIFO:
; THE PROGRAM READS 40 BYTES FROM
; THE 7220 FIFO INTO MEMORY.

MOV DI, BUFADR ; LOAD BUFFER AD-
: DRESS INTO DI
MOV  CX,40 ; LOAD COUNT INTO
; CX
RD1:
IN AL,48H ; INPUT FROM DATA
. PORT
STOSB : STORE AL AT ADDR
; IN DI, AUTO INCR. DI
LOOP RD1 . DECREMENT COUNT
: IN CX, LOOP IF NOT 0
RET

After reading the FIFO, the status byte should be
read (a value of “40H” or “42H,” indicating that
the FIFO has no data, should be obtained). The
user should not proceed until the FIFO can be
written and read correctly and until the FIFO
status indicates the amount of data in the FIFO
(not empty or empty). These steps verify that the
CPU can communicate with the 7220. Note that no
data has been transferred to or from the 7242 For-
matter/Sense Amplifier or the 7110 bubble device
(or dummy module).

Communicating With the 7242
Formatter/Sense Amplifier

The next step in verifying the BPK 72 is to ensure
that the 7220 is driving the 7242 Formatter/Sense
Amplifier properly by first setting up the 7220 for
interaction with the 7242 and then sending com-
mands to the 7220 to exercise the 7242 functions
that can be verified easily.
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Under normal operating conditions an Initialize
command is the second command sent to the
system. However, the Initialize command
assumes that the 7110 Bubble Memory is installed
and attempts to read bootloop information. Since
the dummy module is installed at this time, timing
errors result from the attempted Initialize com-
mand. Although no harm results from using the In-
itialize command, an Abort command followed by
an MBM-Purge command can be used in place of
the Initialize command to eliminate timing errors.
The Abort command is sent by executing the code
sequence at label “CMND9” in Table 16. When
Abort command execution is complete, the user
should read the status byte and check for an op-
complete indication (40H).
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Table 15. Write Register Sequence for Two FSA Channels

WRITE REGISTERS

: SELECT 2 CHANNELS (WHOLE BUBBLE)

; SELECT B REGISTER

; ONE PAGE TRANSFERS

; WHOLE BUBBLE (2 FSA CHANNELS)
; LOW FREQ

; START ADDRESS = 0000H

; FIRST BUBBLE

WTREG2:;
; 2 FSA CHANNELS SELECTED.
; THIS IS USED FOR DEBUG TO WRITE/READ THE
; BOOTLOOP REGISTERS AND CHECK FOR MISSING SEEDS, ETC.
; THE FOLLOWING VALUES INTO THE 7220 REGISTERS
; B = O1H : 1 PAGE TRANSFER
; C = 10H
; D = 08H : STANDARD TRANSFER RATE
; E = O0H : PAGE 0
; F = 00H : FIRST BUBBLE
MOV AL, 0BH
ouT 49H, AL
MoV AL, 01H
out 48H, AL
MOV AL, 10H
ouT 48H, AL
MOV AL, 08H
ouT 48H, AL
MOV AL, 00H
ouT 48H, AL
MOV AL, 00H
ouT 48H, AL
RET

Once the op-complete status is received, the
MBM-Purge command is issued by executing the
routine labeled “CMNDE” in Table 16. This com-
mand, as described in the BPK 72 manual, clears
all of the controller registers, counters and ad-
dress RAM (except the block length register), the
NFC bits, the FSA present counter and the high-
order four bits of the address register. After the
command is complete, the user again should
receive an operation complete indication on
reading the status byte.

After the Abort and MBM-Purge commands are ex-
ecuted and is status verified, additional com-
mands may be sent to the 7220 BMC. Since the
purpose of this section is to verify the interaction
of the 7242 and 7220, manually loading and
reading the 7242 bootloop registers can be used
for the verification. Two additional commands are
required to load and read the bootloop registers:
the Write Bootloop Register command and the
Read Bootloop Register command. These com-
mands transfer data between the 7242 bootloop
registers and the 7220 FIFO. Since the ability to
transfer data between user RAM and the 7220
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Table 16. 7220 Controller Commands

CMNDS: " ;7220 COMMANDS
: THESE 16 ROUTINES EACH SEND A SINGLE COMMAND TO THE 7220.
: FOR EXAMPLE, THE “INITIALIZE COMMAND” WILL WRITE 11H
: TO THE 7220 WITH A0 = 1. THESE ARE THE 7220 COMMANDS LISTED
: IN THE BPK-72 USERS MANUAL.

CMNDO:
MoV AL, 10H ; WRITE BOOTLOOP REGISTER MASKED COMMAND
ouT 49H, AL
RET
CMND1:
MOV AL, 11H ; INITIALIZE COMMAND
ouT 49H, AL
RET
CMND2:
MOV AL, 12H ; READ COMMAND
ouT 49H, AL
RET
CMND3:
MOV AL, 13H ; WRITE COMMAND
ouT 49H, AL
RET
CMND4:
MOV AL, 14H ; READ SEEK COMMAND.
ouT 49H, AL
RET
CMNDS5:
MOV AL, 15H ; READ BOOTLOOP REGISTER COMMAND
ouT 49H, AL
RET
CMNDS:
MoV AL, 16H ; WRITE BOOTLOOP REGISTER COMMAND
ouT 49H, AL
RET
CMND7:
MOV AL, 17H ; WRITE BOOTLOOP COMMAND
ouT 49H, AL
RET
CMND8: ‘
MOV AL, 18H ; READ FSA STATUS COMMAND
ouT 49H, AL
RET
CMNDS9:
MOV AL, 19H ; ABORT COMMAND
ouT 49H, AL
RET ‘
CMNDA:
MOV AL, 1AH : WRITE SEEK COMMAND.
ouT 49H, AL
RET
CMNDB:
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Tabie 16. 7220 Controller Commands {(cont.)

MOV AL, 1BH
ouT 49H, AL
RET

CMNDC
MOV AL, 1CH
ouT 49H, AL
RET

CMNDD:
MOV AL, 1DH
ouT 49H, AL
RET

CMNDE:
MOV AL, 1EH
ouT 49H, AL
RET

CMNDF:
MOV AL, 1FH
ouT 49K, AL
RET

; READ BOOTLOOP COM’MAND

; READ CORRECTED DATA COMMAND
; FIFO RESET COMMAND

; MBM PURGE COMMAND

; SOFTWARE RESET COMMAND

FIFO has been verified previously, these two addi-
tional commands verify the system’s ability to
transfer between user RAM and the 7242 FSA.

The 7220 parametric registers must be loaded
prior to sending the Write Bootloop Register com-
mand. The sequence of operations is important;

loading the parametric registers destroys the first’

byte of data in the 7220 FIFO. If valid bootloop in-
formation is placed in the FIFO before the
parametric registers are loaded, the first byte of
bootloop register information is invalid. Accor-
dingly, the sequence of operations must be as
follows:

(1) load the 7220 parametric registers
(2) load bootloop data into the 7220 FIFO
- (3) send the Write Bootloop Register command.

As a point of interest, if a user wishes to maintain
the system bootloop in EPROM rather than to
allow automatic handling by the system, the In-
itialize command would not be used and would be
replaced by a sequence similar to the one describ-
ed.

After the 7220 parametric registers are loaded, the
CPU next must load the 7220 FIFO with 40 bytes
of bootloop register data using the “write FIFO”
sequence from Table 13. This sequence then is
followed by the code sequence to issue the Write
Bootloop Register command. The data pattern

written to the bootloop register should be an easi-
ly identified sequence of bytes such as an in-
crementing pattern. Under operational conditions,
the data written to the bootloop registers
represents “‘loop map” information that is written
on the label of the 7110 device. Under these test
conditions, it only is necessary to ensure that the
40 bytes sent out are the same 40 bytes read back.

Once the Write Bootloop Register command has
been sent, the status byte is read (when the BUSY
bit goes low) and an operation-complete status is
verified. Any parity error indication may be ig-
nored. Valid status at this point indicates that
communication with the 7242 has been establish-
ed. To verify that the data has been transferred
properly, the contents of the bootloop register are
read into the 7220’s FIFO. The CPU then must
transfer the data to user RAM in order to compare
the data with the original pattern. To read the
bootloop register, it only is necessary to issue the
Read Bootioop Register command. This com-
mand places the contents of the 7242’s bootloop
register into the 7220’s FIFO. The user then must
execute the “read FIFO” sequence from Table 14
in order to transfer the data from the 7220 FIFO to
RAM. Comparing the loop map written into the
bootloop register and the loop map read from the
bootioop register should show the loop maps to
be equal.
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Installing the 7110 MBM

Reading and writing the 7110 bubble memory re-
quires the application of specific controt signals
at the appropriate times within the read or write
cycles. These control signals originate from the
7254 and 7230 integrated circuits and are
generated under the control of the 7220 BMC.
Prior to installing the 7110, the presence of the
control signals should be verified. While it is
unlikely that the 7110 can be seriously damaged, it
is possible for the ‘“seeds” and bootloop
established at the factory to be lost if there are
problems with the 7254 or 7330 control signals
and, if lost, would require additional steps on the
part of the user to regenerate the seeds and
bootloop data. With the dummy module installed,
the required control signals can be verified direct-
ly on the bubble socket, and the possibility of
damaging the bubble can be avoided.

The first control signal waveform to check is the
coil drive on pins 9, 10, 11, and 12 of the 7110
socket. The drive current can be verified by ensur-
ing that the voltage waveform on these pins (or on
pins 1 and 7 of the 7254) conforms to Figure 6A
when the drive field is being rotated. To rotate the
drive field, the following code sequence can be
used:

1. Write the parametric registers.
2. Send the Read command.

Next, the “‘cut and transfer” pulses generated dur-
ing a read operation should be checked. The
waveforms on pins 2 and 3 of the 7110 socket
(REPLICATE.A and REPLICATE.B), should appear
as shown in Figure 6B.

The cut and transfer pulses that occur during a
write operation should now be verified. The
waveforms on pins 7 and 8 of the 7110 socket
(GENERATE. A and GENERATE. B) should appear
as shown in Figure 6C. Since a write operation is
required, a new code sequence must be used for
this test:

1. Write the parametric registers.
2. Write data (any patten) to the FIFO.
3. Send the Write command.

bootloop register of the 7242 first must be loaded
to allow data to be written. A Write Bootloop
Register Masked command can be used to write a
bootloop register pattern of all ones; it is only
necessary to write the bootloop register once.

Finally, the SWAP pin is tested for proper opera-
tion during a write operation. The waveforms on
pins 13 and 14 of the 7110 (SWAP.A and SWAP.B)
should appear as shown in Figure 6D. The code
sequence described for a write operation may be
used.

One additional check of the system should be
made prior to installing the 7110 device to deter-
mine if valid status values are received after a
Read or Write command is issued to the 7220
BMC. Since the bubble is not yet installed, no data
actually is transferred; the system should,
however, execute the Read or Write command,
and valid status should be received. Since a new
command cannot be issued to the 7220 while a
command is in progress, an Abort command is
sent to cancel any command that may be pending
from the last test performed. Next, a FIFO Reset
command is sent to clear any data remaining in
the FIFO. The status byte received should in-
dicate an OP-COMPLETE and FIFO AVAILABLE
status condition. The 7220 now is ready to ex-
ecute a Read or Write command.

First, the 7220 parametric registers are loaded us-
ing the modified “diagnostic” driver shown in
Table 17. This routine selects one FSA channel
(half of a bubble) and, with ECC disabled, requires
the loading of only 34 bytes in the 7220 FIFO. By
limiting the FIFO to less than 40 bytes, FIFO
underflow/overflow conditions are eliminated, and
timing errors are avoided in the status byte. After,
the 7220 FIFO is preloaded with 34 bytes of data
(any pattern), a Write command'is issued to the
7220 BMC. The 7220 status value received follow-
ing command execution should reflect OP-
COMPLETE since the 7220 transferred the data
from its FIFO to the 7242 and executed the Write
command as though the bubble were in place.
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Figure 6. Control Signal Waveforms

To test the system in the read mode, the 7220
parametric registers are reloaded and a Read com-
mand is issued to the 7220. The user software
must now read 34 bytes of “data” from the 7220’s
FIFO. Note that the data read will consist of all
zeroes since no bubble is in place.

When the system completes all of the previous
tests successfully, the 7110 bubble memory
device may be inserted. Before proceeding,
REMOVE POWER FROM THE SYSTEM.
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Installing the 7110 is no different from installing
any other device. Remove the dummy module in
the 7110 socket and insert the 7110 Bubble
Memory. Note that the 7110 is keyed to prevent
the device from being inserted incorrectly. When
power is applied, the system should execute its
power-up sequence as described for the dummy
module, and the 7220 status byte should return
OP-COMPLETE after the parametric registers
have been loaded.
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Table 17. Write Register Sequence for One FSA Channel

WTREG1:; WRITE REGISTERS (ONE HALF BUBBLE)
; THIS PROGRAM WRITES THE 7220 REGISTERS “B” THROUGH “F”.
; DIAGNOSTIC ROUTINE WITH ONE FSA CHANNEL SELECTED
' THE FOLLOWING VALUES ARE WRITTEN TO THE 7220 REGISTERS.

; B = 01H 1 PAGE TRANSFER

; C = O0H SELECT 1'CHANNEL (HALF BUBBLE)

: D = 08H LOW FREQ

; E = OOH PAGE 0

; F = OOH FIRST BUBBLE
MoV AL, 0BH ; SET REGISTER ADDRESS COUNTER (RAC) TO B REGISTER
ouT 49H, AL ; PROT ADDRESS OF 7220 WITH A0 = 1
MoV AL, 0TH ; SET B REGISTER TO 01H (ONE PAGE TRANSFER)
ouT 48H, AL ; PORT ADDRESS OF 7220 WITH A0 =0
MOV AL, OH ; SELECT HALF BUBBLE (1 FSA CHANNEL)
ouT 48H, AL
MoV AL, 08H ; SELECT LOW FREQ (NO ERROR CORRECTION)
ouT 48H, AL
MOV AL, OH ; START ADDRESS = 000H
out 48H, AL
MoV AL, OH ; SELECT THE FIRST BUBBLE
ouTt 48H, AL
RET

Normal Read and Write Operations

Under normal operating conditions, a user sends
an Initialize command and then proceeds to ac-
cess the bubble. The Initialize command
automatically purges the RAM area of the 7220,
reads and decodes the bootloop on the 7110, fills
the 7242 bootloop registers, and places the 7110
at page 0. This very important command is the
next command to be tested before reading and
writing data.

To verify the Initialize command, load the 7220
parametric registers to select both FSA channels
for one bubble and then send the Initialize com-
mand. Status following execution of this com-
mand should be 40H, OP-COMPLETE. Once the
7220 is initialized, data can be transferred to and
from the bubble. For a first attempt, it is recom-
meded that the operations be kept simple. That is,
avoid error correction, DMA, or interrupts and only
attempt single page transactions until reasonably
familiar with the basic operations.

Prior to issuing the Write command, a FIFO Reset
command is sent and then the parametric
registers are loaded to select the page address
and number of FSA channels. After the Write com-
mand is sent, the data should be output to the
7220 FIFO. When the proper number of bytes have
been transferred, the 7220 status byte should
reflect OP-COMPLETE and FIFO AVAILABLE to
indicate that the data has been written into the
7110 bubble memory and can now be read. To read
back the data written, issue a FIFO Reset com-
mand and reload the parametric registers to select
the same page address in which the data was writ-
ten. Issue the Read command to move the data
from the 7110 to the 7220 FIFO and then use the
“read FIFO” routine to transfer the data to user
RAM. As always, the 7220 status byte should be
checked after the operation.
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AN IMPLEMENTATION EXAMPLE

To illustrate the ease with which Intel's bubgle
memory solution may be implemented, an MCS-86
'System Design Kit (SDK-86) is used as a vehicle to
control a single BPK 72 bubble memory kit.

The bus interface between the 8086 CPU and the
7220 bubble memory controller requires seven in-
tegrated circuits and consists of four sections: ad-
dress decode, data bus decode and buffering, a
clock circuit, and miscellaneous control logic.
The system requires power supply voltages of
+ 12V, +5V, and, if a CRT is used, — 12V.

The 8086 bus is expanded through two 50-pin,
wirewrap connectors, and the BPK 72 is con-

nected to the SDK-86 by a flat cable into a 40-pin -

connector located on the SDK-86. The following
interface diagram shows how the signals required
by the bubble system are derived from the 8086.
Detailed diagrams of the address, data, clock and
control logic are in the appendix.

Either the SDK-86's Keypad or Serial monitor may
be used to write and debug the necessary soft-
ware drivers to control the BPK 72. There is,
however, an EPROM-based monitor (BMDSDK) ex-
plicity designed for the BPK 72 and is available
from the Intel Insite Library. Some of the bubble-
specific portions of this monitor are discussed in
the following text.

Monitor Software

The BMDSDK Bubble Monitor is a highly-modular
program that is written in 8086 assembly language
and that resides in two 2716 EPROMs. This
monitor implements, at the console level, most of
the standard SDK-86 monitor functions
(display/change memory, etc.) and all of the 7220

commands. The current version of the monitor’

utilizes only polled I/O protocol; implementing an
interrupt-driven system on the SDK-86 is possible

using the principles outlined in this application
note. The DMA mode of operation is not available
with the hardware described.

The BPK 72 driver routines are confined to one
module; a listing of this module is included in the
appendix. To provide some feeling for the
elements of “operational’”’ software as opposed to
the test drivers discussed earlier, the write func-
tion implemented in BMDSDK monitor is examin-
ed. The flow chart in Figure 9 shows how the
routine is constructed on a functional basis. Note
that the subroutine reflects a very ‘“safe” ap-
proach in that the FIFO Reset command always is
sent prior to issuing the Write command. While
the FIFO Reset command is not mandatory, if
there is any a doubt regarding the state of the
FIFO prior to a read or write operation, resetting
the FIFO is a good idea. Note also that a running
byte count is maintained and that the routine exits
when the count goes to zero. Such a counter is not
actually necessary; the FIFO AVAILABLE bit
alone can be used to gate the data to the 7220.

The calling program supplies the BMWRIT routine
with the total number of bytes to be transferred in
the CX register. The total number of bytes written
is sent to the console at the end of the operation
as a monitor function. BMWRIT also returns the
value of the status byte to the calling program.

Note that at label WRITO01, the routine does not
progress after the Write command is sent unless
both the BUSY and FIFO AVAILABLE bits are set
by the controller. Once these values are set, the
code issues a byte of data to the controller only if
the FIFO AVAILABLE bit indicates there is room.
The remainder of the code in BMWRIT is concern-
ed with processing special write requests for the
bootloop and bootloop register commands.
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Figure 7. SDK-86/BPK 72 Implementation
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Table 18. BMWRIT Procedure for the SDK-86

)
)
)
’
)
)
i
’
)
)
’
B
3

FUNCTION: BMWRIT - WRITE BUBBLE MEMORY DATA.

INPUTS: CX =

# OF BYTES TO WRITE.

OUTPUTS: A = STATUS: F/F(C=1: ERROR OCCURED) BX =# OF BYTES WRITTEN.
CALLS: SNDREG, BMWAIT.
DESTROYS: ALL.

DESCRIPTION:

BMWRIT:

XOR
MOV
MOV
MoV
ouT
CALL
MOV
MOV
ouT

WRITO1:

)
’
'
)

THIS PROCEDURE PERFORMS A BUBBLE MEMORY WRITE OPERATION.
AN ERROR WILL OCCUR IF THE NUMBER OF BYTES GIVEN FOR THE
WRITE OPERATION EXCEED THE NUMBER THAT THE BMC EXPECTS
(DERIVED FROM COMMAND, BLOCK LENGTH AND NUMBER OF FSA
CHANNELS), OR IF THE NUMBER OF BYTES IS LESS THAN THAT
WHICH THE BMC EXPECTS.

AL, AL ;A=0

STATUS, AL ; CLEAR STATUS

BX, CX

AL, CFR

BMSTAT, AL ; FIFO RESET

SNDREG ; SEND REGISTERS TO BMC.

Sl, BUFADR ; SET UP SRC BFR PTR (IN DATA SEG)

AL, BMCMD ; GET COMMAND

BMSTAT, AL ; ISSUE IT.

AL, BMSTAT

AL, BUSYBT ; WAIT FOR BUSY. ..

WRITO1

AL, FIFOBT ; AND FIFO READY

WRITO1

KEEP STUFFING DATA INTO FIFO UNTIL DONE OR AN ERROR OCCURS.
(NOTE: BMC GOING NOT BUSY IS AN ERROR).

WRITO3:

)

JMP
SPECIAL WRIT

BMWRTB:

XOR
MOV
MOV
MoV
ouTt
CALL
MOV

AL, BMSTAT ; GET STATUS

AL, FIFOBT ; FIFO READY?
WRIT04 ; NO, WAIT FOR IT
; YES, GET DATA FOR IT
BMDATA, AL ; GIVE IT TO BMC
WRITO3 ; LOOP UNTIL DONE.
BMWAIT ; XFER DONE, WAIT FOR A GOOD STATUS
AL, BUSYBT
WRIT03 ; OK IF STILL BUSY
BX, CX ; BX:# OF BYTES XFERED
CTRL99 ; ERROR IF NOT BUSY AND CX NOT ZERO
E FOR BOOTLOOP AND BOOTLOOP REG CMNDS
AL, AL ;A=0
STATUS, AL ; CLEAR STATUS
BX, CX
AL, CFR
BMSTAT, AL | ; FIFO RESET
SNDREG ; SEND REGISTERS TO BMC.
SI, BUFADR ; SET UP SRC BFR PTR (IN DATA SEG)

; FILL FIFO WITH 20/40/41 BYTES
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Table 19. BMWRIT Procedure for the SDK-86 (cont.)

WRTBO1:
LODSB
out BMDATA, AL
LOOP WRTB01
IN AL, BMSTAT
TEST AL, BUSYBT
Jz SHORT WAITEX
MOV CX, OFFFFH
WAITPO:
IN AL, BMSTAT
TEST AL, BUSYBT
LOOPNZ WAITPO
JCXZ CTRL99
WAITE:
MOV STATUS, AL
RET

; STICK IN FIFO.

; LOOP UNTIL FILL COUNT=0.
; GET BMC STATUS

; CHECK BUSY BIT.

; NOT BUSY, ALREADY DONE.
; JUST IN CASE. ..

; POLLED WAIT MODE

; GET STATUS

; CHECK BUSY BIT

; LOOP IF STILL BUSY

; PROBABLY AN ERROR IF CX=0

; A = STATUS

SUMMARY

The purpose of this application note is to provide
a more clear understanding of the functions and
characteristics of the BPK 72 one-megabit bubble
memory kit. This kit has been designed specifical-
ly to relieve the user of the design effort that
historically is associated with implementing a
bubble memory system, and to provide a simple
interface that is compatible with a broad range of
microprocessor systems.

6-41

The BPK 72 is a subsystem in itself that should be
viewed as simply one more component on the
system bus. This component-level approach, plus
the inherent flexibility of the kit, provides the user
with maximum utility and functionality. By
understanding how each of the subsystem parts
fits together and by approaching the implementa-
tion of the kit in a methodical fashion as describ-
ed in this note, the development of a working
system is facilitated.
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APPENDIX A

SDK-86/BPK 72
HARDWARE INTERFACE
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Table 20. SDK-86 Pinout

Table 21. SDK-86/BPK 72 Cable Wiring

J1J2 J31J4 J5 J6
BDO BHE/ P2C1 —
BD1 A0 P2C2 P1B3
BD2 A1l P2C3 P1B4
BD3 A2 P2B7 P1B2
BD4 A3 P2B0 P1B5
BD5 A4 P2B6 P1B1
BD6 A5 P2B3 P1B6
BD7 A6 P2B4 P1B0
BD8 A7 P2B2 P1B7
BD9 A8 P2B5 P1C3
BD10 A9 P2B1 P1C2
BD11 A10 P2C0 P1C1
BD12 A1 P2C4 P1C0O
BD13 A12 P2C5 P1C4
BD14 A13 P2Cé P1C5
BD15 Al4 P2C7 P1C6

RESET OUT A15 P2A0 P1C7

PCLKI = A16 P2A7 P1A0
INTR A17 P2A1 P1A7

TEST A18 P2A6 P1A1

HOLD A19 P2A2 P1A6

BHLDA  BM/IO/ P2A5 ©  P1A2

BDEN/ BRD/ P2A3 P1A5

BDT/R/ BWR/ P2A4 P1A3

BALE BINTA/ — P1A4

Odd Pins are Ground except as follows:
J2
CSX/ (FDOOO-FDFFF)
CSY/ (FCO00-FCFFF)
BS3
BS4
BS5

Signal
+12v
+5v
Ground
DO
D1
D2
D3
D4
D5
D6

D7
CS/ (7220)
A0

RD/
WR/
INT
RESET/
CSl (7242)
WAIT/
CLK
DACK/

J8 P1
2,38 B, X
8 F
1,3,27,37,39 1,A P 22,2
22 11
24 12
26 13
28 14
30 15
32 16
34 17
36 18
40 Y
18 10
12 J
16 K
20 N
10 H
5 E
14 8
4 4
6 L

Cable is standard 40 conductor Flat Cable. ‘
All Odd Conductors are grounded at J8.

Table 22. SDK-86/BPK 72 Parts List

g

OCONOOO D WN -

Description

1C-8205 - Bindry Decoder
1C-8286 - Octal Bus Tranciever
1C-746525 - Dual 4 Input M
IC-74H04 - Inverter

Resistor 510Q 1/4w

Capacitor, 56pF 25V
Capacitor, .1pF 25V R
Crystal, 8.000MHz Serie Res.
Connector, 50 pin wirewrap
Connector, 40 pin wirewrap
Connector, 40 pin

Connector, 44 pin Edge wiw
IC Socket, 20 pin wiw

IC Socket, 16 pin wiw

IC Socket, 14 pin wiw

Adapter Plug Assembly, 16 pin
Flat Cable, 40 Conductor, 1 Ft.
IC-74LS74 - Dual D Flip-Flop
Resistor 5.1K 1/4W +5%

IC-74L.832 - OR Gate

Ref

2 Ut L2
2 U4 U5
1 U3

1 us
2 Ri,R2
2 ci1e2
4 C3C6
1 Y1

2 41,48
1 J8 (M)
1 J8(F)
1 P1

2

3

3

1

1

1

3

07
R3, R4, RS
R5

| us

Intel (TI-74LS13)
Intel

Any

Any

Any

Any

Any

Any

3M # 3433

3M # 3432

3M # 3417

Any

Any (Augat)
Any

Any

Augat# 616-CE1
3M # 3365

Any’

Any

Any
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APPENDIX B

SDK-86/BPK 72
SOFTWARE DRIVER
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M S-86 MACRO ASSEMBLER BPK-T2 DRIVER ROUTINES. PAGE

ISIS-II MCS-86 MACRO ASSEMBLER V2.1 ASSEMBLY OF MODULE DRIVER
OBJECT MODULE PLACED IN :F1:DRIVER.OBJ
ASSEMBLER INVOKED BY: asm86 :f1:DRIVER.a86 xref print(:f1:DRIVER.1lst) debug WORKFILES(:FO0:,:F0:)

LOC OBJ LINE SOURCE
1 $TITLE( BPK-72 DRIVER ROUTINES.)
2 NAME DRIVER
3 +1  $INCLUDE(:F1:RAMDEF.EXT)
= y H
= 5 H publics from module RAMDEF, file RAMDEF.A86
= 6 L3
- = 7 STACK  SEGMENT STACK
= 8 EXTRN  BMSTAK:NEAR
-——— = 9 STACK  ENDS
= 10 . :
———- = 1 DATA SEGMENT PUBLIC
=1 12 EXTRN  RAM:BYTE,SCRBUF :BYTE,MYBUE:BYTE
=1 13 EXTRN  DEFADR:WORD,DEFBUB:BYTE,DEFNFC:BYTE,DEFENA:BYTE
=1 14 EXTRN  DEFMOD:BYTE,DEFPAG:WORD,DEFBLK:WORD
=1 15 EXTRN  BUFADR:WORD,BLKLEN:WORD,ENABLE:BYTE,PAGENO:WORD
=1 16 EXTRN  BBLNUM:BYTE,NFC:BYTE,MODE:BYTE,STATUS:BYTE,BMCMD:BYTE
=1 17 EXTRN INBUF :BYTE,INBUFP:WORD,INBUFC:BYTE
=1 18 EXTRN INBUFA:WORD, INBUFL:BYTE
=1 19 EXTRN  OUTBUF:BYTE,OUTBFP:WORD,OUTBFC:BYTE
=1 20 EXTRN  OUTBFA:WORD,OUTBFL:BYTE
=1 21 EXTRN  RDLEN:WORD,WRLEN:WORD
=1 22 EXTRN  PROMPT:BYTE,LEVMSK:BYTE
=1 23 EXTRN  BPADR:WORD,USERRG:WORD
= 24 EXTRN  POPREGS:WORD,PUSHREGS:WORD
=1 25 EXTRN  USERBX:WORD,USERDS:WORD,USERBP:WORD,USERSS:WORD
= 26 EXTRN  USERSP:WORD,USERIP:WORD,USERCS:WORD,USERFL:WORD
=1 217 EXTRN USERPC:WORD
-——— =1 28 DATA ENDS
=1 29 H
30 +1 $INCLUDE(:F1:BMC.EQU)
=1 31 H
=1 32 ; THESE ARE THE COMMAND EQUATES FOR BMDS
=1 33 H
0010 =1 34 CWBRM  EQU 10H ; WRITE BOOTLOOP WITH MASK.
0011 =1 35 c1z EQU 11H 3INITIALIZE
0012 =1 36 CRD EQU 12H sREAD
0013 =1 37 CWD_ EQU 13H ;WRITE
0014 =1 38 CRS EQU 14H sREAD SEEK
0015 =1 39 CRBR EQU 15H ;READ BOOTLOOP REGISTER
0016 = 40 CWBR EQU 16H ;WRITE BOOTLOOP REGISTER
0017 =1 41 CWB EQU 17H - sWRITE BOOTLOOP
0018 =1 42 CRFS EQU 18H sREAD FIFO STATUS
0019 =1 43 CAB EQU 19H ;ABORT
0014 =1 4y CWRS EQU 1AH ; WRITE SEEK.
001B =1 45 CRB EQU 1BH sREAD BOOTLOOP
001C =1 46 CRCD EQU 1CH ;READ CORRECTED DATA
001D =1 47 CFR EQU 1DH ;FIFO RESET
001E - =z 48 CPURG  EQU 1EH ; MBM PURGE COMMAND.
001F =1 49 CSR EQU 1FH ;SOFTWARE RESET

=1 50 H

1
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MCS-86 MACRO ASSEMBLER BPK-72 DRIVER ROUTINES. PAGE

LOC OBJ LINE SOURCE
=1 51 3 I/0 PORT ADDRESSES.
=1 52 H
00E1 =1 53 BMSTAT EQU OE1H ; BUBBLE MEMORY DEVICE STATUS PORT.
00EO =1 54 BMDATA EQU OEOH ; BUBBLE MEMORY DEVICE DATA PORT.
=1 55 -~
=1 56 3 STATUS WORD BITS
. =1 57 H
0001 =1 58 FIFOBT EQU 01H — 3 FIRST BIT IS FIFO STATUS
0002 =1 59 PARERR EQU 02H ;3 SECOND BIT IS PARITY ERROR.
0004 =1 60 UNCERR EQU O4H ;s THIRD BIT IS UNCORRECTABLE ERROR BIT.
0008 =1 61 CORERR EQU 08H ; FOURTH BIT IS CORRECTABLE ERROR BIT.
0010 =1 62 TIMERR EQU 10H ; FIFTH BIT IS TIMING ERROR BIT.
0020 =1 63 OPFAIL EQU 20H ;5 OPERATION FAIL BIT.
0040 =1 64 OPDONE EQU 40H ; OPERATION COMPLETE BIT.
0080 = 65 BUSYBT EQU 80H ; BUSY BIT.
=1 66 H
=1 67 ;3 ENABLE REG BITS
=1 68 ;
0001 =1 69 INTENA EQU 01H 3 INTERRUPT NORMAL
0002 =1 70 IERENA EQU 02H ;5 INTERRUPT ERROR
0004 = 71 DMAENA EQU 04H ; DMA
0008 =1 T2 RSVD1 EQU 08H
0010 =1 73 WBLENA EQU 10H ;3 WRITE BOOTLOOP
0020 =1 T4 RCDENA EQU 20H ;5 READ CORRECTED DATA
0040 =1 75 ICDENA EQU 4oH 5 INTERNALLY CORRECTED DATA
0080 =1 76 RSVD2 EQU 80H

77 +1 $EJECT
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M S-86 MACRO ASSEMBLER

LOoC OBJ LINE

126 +1

SOURCE

BPK-72 DRIVER ROUTINES.

CODE SEGMENT PUBLIC
ASSUME DS:DATA,CS:CODE,SS:STACK

BMCTRL
BMREAD
BMWRIT

ZAPREG

BUFADR
ENABLE

PAGENO

BLKLEN

BBLNUM

NFC

;'.'h'l’.Cl.‘lIl.‘..lIIIllilllﬂﬁl".'.......I..‘l"lllllllll

$EJECT

The routines in this module constitute the routines
needed to directly drive the BPK72 bubble memory
development board. This module is designed to be self
contained, and may be called by ANY user procedures.

The procedures in this module are

All parameters are passed to the BMC driver routines via
common (PUBLIC) variables. These variables are

For a detailed definition of the ENABLE,PAGENO.BLKLEN,
BBLNUM.
or the Bubble Memory Design Handbook.

R R R R R R R R R R R R R R R RN R R R RN R RN RN R AN AR R R R RN R NNE

BPK72 DRIVER routines

Perform non-data transfer BMC operations.
Perform data read BMC operations.
Perform data write BMC operations.

Set internal registers to an acceptable value

The memory address of the input/output buffer
to be used for data transfer operations.

The enable byte to be passed to the BMC before
every operation.

The starting block number to be passed to the
BMC before every operation. (NOTE: This field
has no meaning for control operations).

The number of pages to be transfered by the BMC.
(NOTE: This field has no meaning for control
operations).

The bubble select to be transfered to the BMC
before everv operation.(NOTE: This field has

no meaning for SOME control operations).

The number of FSA channels passed to the BMC
before every operation. (NOTE: This field has
no meaning for SOME of the control operatioNs).

and NFC fields, refer to the BPK-72 USER MANUAL

RN EEE R ERE RN NI I A A N I A NN A A BRI A BN N I N N Y

PAGE

3

6Li-dV



2s9

M S-86 MACRO ASSEMBLER

LOC OBJ

000B
003C

LINE

127
128
129
130
131
132
133
134
135
136
137
138
139
140 +1

BPK-72 DRIVER ROUTINES. ’ PAGE
>

SOURCE
FEREE RS UR B RN R RN RN NN RN RN
ENTRY POINTS
PUBLIC ZAPREG,BMCTRL,BMWAIT,BMREAD,BMWRIT,BMWRTB
(RS 22222 2222222222222}
MISC EQUATES
i
REG1 EQU OBH ;5 FIRST BMC REGISTER TO USE IS BLOCK LENGTh
STATER EQU 3CH STATUS WORD ERROR MASK

IGNORE PARITY ERR, REV D OF BMC
$EJECT

4
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M S-86 MACRO ASSEMBLER

LOC OBJ LINE

141
142
143
144
145
146
147
148
149
150
0001 151
0002 152
0080 153
154 +1

€5-9

SOURCE

H
INTMOD
DMAMOD
DBGMOD
$EJECT

EQU
EQU
EQU

I X R R R R R RSS2SR 2]

01H
024
80H

i
H
H

BPK-72 DRIVER ROUTINES. PAGE

The bits in the MODE BYTE specify the type of the data transmission
TO USE, AND WHETHER TO PRINT STATUS AFTER EACH OPERATION.

1f interrupts are enabled in the MODE BYTE, they must also be selected
in the ENABLE BYTE for desired operation to occur.

FIRST BIT IN MODE WORD IT INTERRUPT SELECT.
SECOND BIT IN MODE WORD IS DMA SELECT.
DEBUG BIT OF MODE WORD

6L1-dV
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M S-86 MACRO ASSEMBLER

LoC

0000
0000
0003
0006
0008
000B
000D
0010
0012
0013

0014
0014
0017
0018

0019

0019
001B
001D
001F
0022
0022
0024
0026
0028
002A
002a
002D

0BJ

E8D700

A00000 E
E6E1

ES80E00 -

243¢C

A00000 E
7502

F8

c3

A20000 E
F$
c3

E4E1
ABS8O
T40B
BYFFFF

E4E1
A880
EOFA
E3EA

420000 E
c3

LINE

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
19%
195
196
197
196
199
200
201
202
203
204
205
206
207
208
209 +1

BPK-72 DRIVER ROUTINES. ’ PAGE

SOURCE

R X222 222222222 2 2 )

H
’ .
; FUNCTION: BMCTRL - PERFORM BMC CONTROL OPERATIONS (NON-DATA TRANSFER).
;5 INPUTS: NONE

; OUTPUTS: A=STATUS;F/F(C=1: AN ERROR OCCURED).

3 CALLS: SNDREG,BMWAIT

; DESTROYS: ALL

; DESCRIPTION: THIS PROCEDURE IS USED TO PERFORM NON-DATA TRANSFER

H BMC OPERATIONS.

H

B

CALL SNDREG ; LOAD BMC REGISTERS.
MOV AL, BMCMD 3 GET COMMAND.
ouT BMSTAT, AL ; INITIATE COMMAND.
CALL BMWAIT ; WAIT FOR COMPLETION.
AND AL,STATER ; DO WE HAVE AN ERROR?
MOV AL,STATUS ;5 LOAD STATUS INTO 'A' FOR EXIT
JNZ SHORT CTRLY99 ;3 ERROR, RETURN WITH FLAG SET,.
CLC ; CLEAR CARRY(ERROR FLAG)
RET ;3 AND RETURN
H
;s WE HAD AN ERROR, RETURN WITH ERROR FLAG(CARRY FLAG) SET.
3 THIS IS THE GENERAL ERROR EXIT
;
CTRL99:
MoV STATUS, AL
STC ; SET ERROR FLAG (CARRY FLAG)

; AND RETURN.
X3122222 2222222222322 2222]

FUNCTION: BMWAIT

INPUTS: NONE

QUTPUTS: STATUS IN A

CALLS: NOTHING

DESTROYS: A,F/F

DESCRIPTION: THIS PROCEDURE WILL WAIT UNTIL THE CURRENT BMC
OPERATION COMPLETES. R

MWAIT:

H
3
H
i
H
H
H
H
H
H
H
i
H

CHECK CURRENT STATUS (GOOD ONLY IF RAC=0 AND BSY=0)

IN AL, BMSTAT ; GET BMC STATUS

TEST AL,BUSYBT ; CHECK BUSY BIT.

Jz SHORT WAITEX ; NOT BUSY, ALREADY DONE.

MOV CX,O0FFFFH ; JUST IN CASE...
WAITPO: ; POLLED WAIT MODE

IN _ AL,BMSTAT 3 GET STATUS

TEST AL ,BUSYBT ;5 CHECK BUSY BIT

LOOPNZ WAITPO ; LOOP IF STILL BUSY

Jcxz CTRL99 ;5 PROBABLY AN ERROR IF CX=0
WAITEX: ; CORRECT STATUS AND RETURN.
. MOV STATUS, AL 3 A = STATUS

RET

$EJECT
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LocC

002E
002E
0030
0033
0035
0038
003C
003E
0040
o043

oous
0048
oous
0044
004c
004E
0050

0052
0052
0054
0056
0058
005A
005B
005D
005F
005F
0061
0063
0065

OBJ

32c0
A20000
8BDY
E8A200
8B3E0000
8CD8
8ECO
A00000
E6E 1

B9FFFF

E4E1
4880
E1FA
E3C4_
8BCB

E4E1
A801
7407
EUEO
AA

E2F5
EBBA

A880
T5EF
2BD9
EBAD

LINE

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
2217
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
24y
245
246
247
248
249
250
251
252
253
254
255
256 +1

BPK-72 DRIVER ROUTINES. PAGE

SOURCE

AR IS RS R R 2222222222222}

H
i

; FUNCTION: BMREAD

;5 INPUTS: CX = NUMBER OF BYTES TO READ, ES SET TO DS

; OUTPUTS: A = STATUS; F/F(C=1: ERROR OCCURED)

H BX = NUMBER OF BYTES READ

3 CALLS: SNDREG

; DESTROYS: ALL

; DESCRIPTION: ALL PARAMETERS ARE PASSED THROUGH COMMON(PUBLIC)
H VARIABLES( SEE MODULE HEADER).

3
B

TEST AL,BUSYBT CHECK BUSY BIT

MREAD:
XOR AL, AL ; A =0 .
MOV STATUS, AL ; CLEAR STATUS,
MOV BX,CX ;5 SAVE BYTE COUNT FOR LOOP
CALL SNDREG ;s SEND REGISTERS TO BMC.
MOV DI,BUFADR ; SET UP DEST BFR PTR (IN EXTRA SEG)
MOV AX,DS
MOV ES,AX ; SET EXTRA SEG FOR BYTE MOVE DEST
MOV AL,BMCMD ;3 GET COMMAND
ouTt BMSTAT, AL ; ISSUE IT.
i
MOV CX,0FFFFH
BMRD1:
IN AL ,BMSTAT
TEST AL,BUSYBT
LoorzZ BMRD1 ; WALT FOR BUSY, BUT NOT FOREVER
JCXZ CTRL99 ;3 CX=0 PROBABLY AN ERROR
MOV CX.BX
H
H READ LOOP
H
H
BMRD2:
IN AL,BMSTAT - 5 GET STATUS
TEST AL,FIFOBT 3 FIFO EMPTY?
Jz SHORT BMRD3 ;s YEP, GO CHECK FOR BUSY.
iN AL,BMDATA ;s NOPE, GET DATA
STOSB ; STORE IT
LOOP BMRD2 ;5 AND GO FOR MORE,
JMP BMWAIT ; XFER DONE, WAIT FOR A GOOD STATUS
BMRD3: ; NOTHING IN FIFO, IS OP COMPLETE?
H
JNZ BMRD2 - ; STILL BUSY, WAIT.
SUB BX.CX 3 BX <- # OF BYTES XFERED
JMP CTRL99

$EJECT

611-dv



959

M S-86 MACRO ASSEMBLER

Loc

0067
0067
0069
006C
006E
0070
0072
0075
0079
007C
007E
007E
0080
0082
o084
0086

0088
0088
008A
008C
008E
008F
0091
0093
0095
0095
0097
0099
009B

009E
009E
00A0
00A3
0045

OBJ

32C0
A20000
8BD9
BO1D
E6E1
E86500
88360000
A00000
E6E1

E4E1
A880
T4FA
4801
TUF6

EU4E1
A801
7407
AC

E6EOQ
E2F5
EB8Y4

A880
T5EF
2BD9
E976FF

32c0
A20000
8BDY
BO1D

LINE

257
258
259
260
261
262
263
264
265
266
267
268
269

270°

271
272
273
274
275
276
2717
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311

BPK-72 DRIVER ROUTINES.

SOURCE

I Xz 2 2222222222222 222 222}

H
H
; FUNCTION: BMWRIT - WRITE BUBBLE MEMORY DATA.

;3 INPUTS: CX = # OF BYTES TO WRITE.

; OUTPUTS: A = STATUS; F/F(C=1:ERROR OCCURED), BX=# OF BYTES WRITTEN.

; CALLS: SNDREG,BMWAIT.

: DESTROYS: ALL.

; DESCRIPTION: THIS PROCEDURE PERFORMS A BUBBLE MEMORY WRITE OPERATION.
H AN ERROR WILL OCCUR IF THE NUMBER OF BYTES GIVEN FOR THE
H WRITE OPERATION EXCEED THE NUMBER THAT THE BMC EXPECTS

H (DERIVED FROM COMMAND, BLOCK LENGTH AND NUMBER OF FSA

H CHANNELS), OR IF THE NUMBER OF BYTES IS LESS THAN THAT
H WHICH THE BMC EXPECTS.

H
B

MWRIT:
XOR AL, AL ;A =0
MOV STATUS,AL ; CLEAR STATUS
MOV BX,CX
MOV AL,CFR
ouT BMSTAT. AL ; FIFO RESET
CALL SNDREG ; SEND REGISTERS TO BMC.
MOV SE.BUFADR ; SET UP SRC BFR PTR (IN DATA SEG)
MOV AL, BMCMD ; GET COMMAND
ouT BMSTAT, AL ; ISSUE IT.
WRITO1:
IN AL,BMSTAT
TEST AL,BUSYBT ; WAIT FOR BUSY...
Jz WRITO1
TEST AL,FIFOBT ; AND FIFO READY
Jz WRITO1

KEEP STUFFING DATA INTO FIFO UNTIL DONE OR AN ERROR OCCURS.
(NOTE: BMC GOING NOT BUSY IS AN ERROK).

WRITO3:
IN AL, BMSTAT 3 GET STATUS
TEST AL,FIFOBT ;3 FIFO READY?
Jz WRITO4 ; NO. WAIT FOR IT
LODSB ; YES, GET DATA FOR IT
ouT BMDATA ,AL s GIVE IT TO BMC
Loop WRITO3 ; LOOP UNTIL DONE.
JMP BMWAIT ; XFER DONE, WAIT FOR A GOOD STATUS
WRITOU4:
TEST AL,BUSYBT N
JNZ WRITO3 OK IF STILL BUSY

H
SUB BX,CX 5 BX <~ # OF BYTES XFERED
JMP CTRL99 ; ERROR IF NOT BUSY AND CX NOT ZERO

H
5 SPECIAL WRITE FOR BOOTLOOP AND BOOTLOOP REG CMNDS

5
BMWRTB: B
XOR AL, AL ; A =0
MOV STATUS, AL ;3 CLEAR STATUS
MOV BX,CX
MOV AL,CFR

PAGE

8
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LocC

00AT7
00A9
00AC

00BO
00BO
00B1
00B3
00B5
00B8
00BA

0BJ

E6E1
E82E00
8B360000 E

AC

E6EO

E2FB

A00000 E
E6E1

E95CFF

LINE

312
313
314
315
316
317
318
,319
320
321
322
323
324
325 +1

BPK-72 DRIVER ROUTINES.

SOURCE
ouT BMSTAT.AL
CALL SNDREG
MOV SI1.BUFADR
H
; FILL FIFO WITH 20/40/41 BYTES
;
WRTBO1:
LODSEB
out BMDATA, AL
LOOP WRTBO1
MOV AL,BMCMD
ouT BMSTAT,AL
JMP BMWAIT
$EJECT

PAGE

F1FO0 RESET
SEND REGISTERS TO BMC.
SET UP SRC BFR PTR (IN DATA SEG)

STICK IN FIFO.
LOOP UNTIL FILL COUNT=0.

SEND CHND

9
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Loc

00BD
00BD
00BE
00BF
00Co
00C3
00C7
00c8
oocc
00CE
00D1
00D3
00D6
00D7
00D8
00D9

OBJ

9C

50

53
BB000O
891E0000
43
891E0000
32¢0
A20000
FECO
A20000
5B

58

9D

c3

LINE

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353 +1

BPK-72 DRIVER ROUTINES. PAGE

SOURCE

XX 2222222222222 22 )

H
H

;s FUNCTION: ZAPREG - ZAP ALL INTERNAL REGISTERS.

;3 INPUTS: NONE

; OUTPUTS: NONE

3 CALLS: NOTHING

; DESTROYS: NOTHING.

; DESCRIPTION: SET ALL INTERNAL REGISTERS EXCEPT 'ENABLE' TO AN
H ACCEPTABLE VALUE. NOTE: AN ACCEPTABLE VALUE MAY
H OR MAY NOT BE THE ONE DESIRED AS A DEFAULT. '
H

Z

APREG:
PUSHF ; SAVE FLAGS
PUSH AX ; SAVE REGISTERS
PUSH BX
MOV BX,0
MOV PAGENO, BX ;5 STARTING PAGE NUMBER = 0
INC BX
MOV BLKLEN, BX 3 BLOCK LENGTH = 1
XOR AL, AL
MOV BBLNUM. AL ; BUBBLE NUMBER = 0
INC AL
MOV NFC.AL ; # OF FSA CHANNELS = 1 (2 CHANNELS)
POP BX ; RESTORE REGISTERS.
POP AX
POPF
RET

$EJECT
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LoC o0BJ

00DA

00DA 9C
00DB 50
00DC 53
00DD 51
0ODE BOOB
O0EO0 E6E1

00E2 8B1E0000 E
00E6 8AC3
00E8 E6EO
00EA A00000 E
OO0ED B104
00EF D2EO
00F1 OACT7
00F3 E6EOQ

00F5 A00000 E
00F8 E6E0Q

OOFA 8B1E0000 E
OOFE 8AC3
0100 E6EOQ
0102 A00000 E
0105 B103
0107 D2EO
0109 OACT
010B E6EO

010D 59
010E 5B
010F 58
0110 9D
0111 C3

LINE

354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
4o4 +1

BPK~-72 DRIVER ROUTINES.

SOURCE

I R R R S22

PAGE

FUNCTION: SNDREG - FORMAT AND SEND INTERNAL REGISTERS TO BMC.

INPUTS: NONE
OUTPUTS: NONE
DESTROYS: NOTHING.

NDREG:
PUSHF
PUSH AX
PUSH BX
PUSH CcX
MOV AL,REG1
ouT BMSTAT, AL

H
;3 CONSTRUCT AND SEND BLOCK LENGTH.

MOV BX,BLKLEN
MOV AL,BL

our BMDATA, AL
MOV AL.NFC
MOV CL, 4

SHL AL,CL

OR ‘AL, BH

our BMDATA, AL

SEND ENABLE BYTE.

MOV AL,ENABLE
out BMDATA, AL

H
; CONSTRUCT AND SEND ADDRESS REGISTER.

MOV BX,PAGENO
MOV AL,BL
ouT BMDATA, AL
MOV AL, BBLNUM
MOV cL,3
SHL AL.CL
OR AL,BH
ouT BMDATA, AL

; RESTORE REGISTERS AND RETURN.

POP cX
POP BX
POP AX
POPF
RET

$EJECT

H
3
i
H
)
H
; DESCRIPT1ON: FORMAT AND SEND ALL INTERNAL REGISTERS TO THE BMC.
S

SAVE REGISTERS

GET FIRST REGISTER ADDRESS.
SELECT IT.

HL = BLOCK LENGTH

A = BLOCK LENGTH LSB
GIVE IT TO BMC.

A = NUMBER OF FSA CHANNELS.

MERGE INTO BLOCK MSB
GIVE IT TO BMC.

GET ENABLE BYTE
GIVE IT TO BMC

= STARTING PAGE NUMBER
= ADDRESS REGISTER LSB
GIVE IT TO BMC.
= BUBBLE NUMBER

MERGE INTO PAGE NUMBER MSB.
GIVE IT TO BMC.

11
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Loc

0BJ

LINE

405
406

BPK-72 DRIVER ROUTINES.

~

SOURCE

CODE ENDS
END

PAGE

12
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M S-86 MACRO ASSEMBLER BPK-72 DRIVER ROUTINES. PAGE 13

XREF SYMBOL TABLE LISTING

NAME TYPE VALUE ATTRIBUTES, XREFS

??SEG . . SEGMENT S1ZE=0000H PARA PUBLIC

BBLNUM. . V BYTE 0000H EXTRN 16# 346 391

BLKLEN. . V WORD 0000H EXTRN 15# 344 372

BMCMD . . V BYTE 0000H EXTRN 16# 167 229 279 322

BMCTRL. . L NEAR 0000H CODE PUBLIC 131 165# -
BMDATA. . NUMBER 00EOH 54# 247 296 320 374 379 384 390 395
BMRD1 . . L NEAR O048H CODE 233# 236

BMRD2 . . L NEAR 0052H CODE 243# 249 253

BMRD3 . . L NEAR 005FH CODE 246 251#

BMREAD. . L NEAR 002EH CODE PUBLIC 131 221#

BMSTAK. . L NEAR 0000H EXTRN 8#

BMSTAT. . NUMBER 00E 1R 53# 168 197 202 230 234 244 276 280 282 292 312 323 368

BMWAIT. . L NEAR 0019H CODE PUBLIC 131 169 193# 250 298 324

BMWRIT. . L NEAR 0067H CODE PUBLIC 131 271#

BMWRTB. . L NEAR 009EH CODE PUBLIC 131 307#

BPADR . . V WORD 0000H EXTRN 23#

BUFADR. . V WORD 0000H EXTRN 15# 226 278 314

BUSYBT. . NUMBER 0080H 65# 198 203 235 252 283 300

CAB . . . NUMBER 0019H 43#

CFR . . NUMBER 001DH 47# 275 31

CIZ . . . NUMBER 0011H 35#

CODE. . . SEGMENT SIZE=0112H PARA PUBLIC 784 79 405

CORERR. . NUMBER 0008H 61#

CPURG . NUMBER 001EH 48#

CRB . . . NUMBER 001BH 4s¢

CRBR. . . NUMBER 0015H 39#

CRCD. . . NUMBER 001CH 46#

CRD . . . NUMBER 0012H 36#

CRFS. . . NUMBER 0013H 42#

CRS . . . NUMBER 0014H 38#

CSR . . NUMBER 001FH 49#

CTRL99. . L NEAR 0014H CODE 172 179# 205 237 255 303

CWB . . . NUMBER 0017RH 41¢#

CWBR. . . NUMBER 0016H 4o#

CWBRM . . NUMBER 0010H 34

CWD_. . . NUMBER 0013H 37#

CWRS. . . NUMBER 001AH 4u# R
DATA. . . SEGMENT SIZE=0000H PARA PUBLIC 11# 28 79 N
DBGMOD. . NUMBER 0080H 1534

DEFADR. . V WORD 0000H EXTRN 13# -
DEFBLK. . V WORD 0000H EXTRN 14#

DEFBUB. . V BYTE 0000H EXTRN 13#

DEFENA. . V BYTE 0000H EXTRN 13#

DEFMOD. . V BYTE 0000H EXTRN 144

DEFNFC. . V BYTE 0000H EXTRN 13#

DEFPAG.-. V WORD 0000H EXTRN 14# .
DMAENA. . NUMBER 0004H T1#

DMAMOD. . NUMBER 0002H 152¢

ENABLE. . V BYTE 0000H EXTRN 15# 383

FIFOBT. . NUMBER 0001H 58# 245 285 293

ICDENA. . NUMBER 004O0H 75#

6Li-dV
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MCS-86 MACRO ASSEMBLER

NAME

IERENA.
INBUF .
INBUFA.
INBUFC.
INBUFL.
INBUFP.
INTENA.
INTMOD.
LEVMSK.
MODE. .
MYBUF .
NFC . .
OPDONE.
OPFAIL.
OUTBFA.
OUTBFC.
OUTBFL.
OUTBFP.
OUTBUF.
PAGENO.
PARERR.
POPREGS
PROMPT .,
PUSHREGS
RAM . .
RCDENA.
RDLEN .
REG1. ..
RSVD1 .
RSVD2 .
SCRBUF.
SNDREG.
STACK .
STATER.
STATUS.
TIMERR.
UNCERR.
USERBP.
USERBX.
USERCS.
USERDS.
USERFL.
USERIP.
USERPC.
USERRG.
USERSP.
USERSS.
WAITEX.
WAITPO.
WBLENA.
WRITO1.
WRITO3.
WRITO4,
WRLEN .
WRTBO1.

S e et 4 et e e s e e s e s e e e e ey s e e e

TYPE

NUMBER
V BYTE
V WORD
V BYTE
V BYTE
V WORD
NUMBER
NUMBER
V BYTE
V BYTE
V BYTE
V BYTE
NUMBER
NUMBER
WORD
BYTE
BYTE
WORD
BYTE
WORD
NUMBER
V WORD
V BYTE
V WORD
V BYTE
NUMBER
V WORD
NUMBER
NUMBER
NUMBER
V BYTE
L NEAR
SEGMENT
NUMBER
V BYTE
NUMBER
NUMBER
V WORD
V WORD
V WORD
V WORD
V WORD
v
v

<<<<<<

WORD

VALUE

0002H
0000H
0000H
0000H
0000H
0000H
00018
0001H
0000H
0000H
0000H
0000H
0040H
0020H
0000H
0000H
0000H
0000H
0000H
0000H
0002H
0000H
0000H

. 0000H

0000H
0020H
0000H
000BH
0008H
0080H
0000H
00DAH

003CH
0000H
0010H
0004H
0000H
0000H
0000H
0000H
0000H
0000H
0000H
0000H
0000H
0000H
002AB
0022H
0010H
O007EH
0088H
0095H
0000H
00BOH

ATTRIB

70#
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN

69#

1514
EXTRN
EXTRN
EXTRN
EXTRN

6u#

63#
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN

59#
EXTRN
EXTRN
EXTRN
EXTRN

The
EXTRN

1374

724

76#
EXTRN
CODE
SIZE=0

1384
EXTRN

624

60#
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
CODE
CODE

734
CODE
CODE
CODE
EXTRN
CODE

BPK-72 DRIVER ROUTINES.

UTES, XREFS

174
184
174
184
174

22#
16#
12#
16# 348 375

20#
194
20¢#
194
194
15# 342 388

24#
22+
244
124

21#
367

12¢#
166 225 277 313 362#
000H PARA STACK
170
16# 171 180 207 223 273 309

25#

25¢#

26#

25¢#

26#

26#

27#

23¢#

26#

25¢#

199 206#
201# 204

2814 284 286
291# 297 301
294 299+#
21#

318# 321

PAGE

14
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NAME TYPE VALUE ATTRIBUTES, XREFS

ZAPREG. . L NEAR 00BDH CODE PUBLIC 131 337#

ASSEMBLY COMPLETE. NO ERRORS FOUND

BPK-72 DRJVER ROUTINES.

PAGE
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Il'ltel . AP-127

INTRODUCTION

Intel has developed a new, comprehensive power-fail circuit that is incorporated into all Intel Bubble Board Memory pro-
ducts: BPK 72 Bubble Memory Prototype Kit, iSBX " 251 MULTIMODULE™ board, and the iSBC® 254
MULTIBUS® compatible board. The use of this circuit also is recommended for all customer-designed bubble memory
boards. The overall performance enhancements offered by this circuit include improved noise immunity and a factor-of-
four reduction in the time required to shut down the bubble system.

Scope and Organization

In an effort to focus on implementation details, this application note is organized so that a reader can obtain sufficient in-
formation to implement a bubble design without an intimate working knowledge of the powerfail circuitry. However, for
those interested, a complete detailed explanation of the integrated powerfail circuitry and the additional external circuitry is
included. Appendix A contains a technical discussion of the effects of power loss on a Magnetic Bubble Chip. In addition,
the previous circuit versions (Revision 0 and Revision 1), along with the present circuit, are completely documented and
compared in Appendix B.

Bubble Memory Operation and the Powerfail Function

The power-fail circuitry is partially integrated into two of the five MBM support components, and additional required cir-
cuitry is provided by external components. Historically, several evolutionary improvements have been made in the external
circuitry (see Table 1) to further reduce the risk of data loss following an abrupt power failure.

An essential feature of the bubble memory (MBM) is non-volatile data storage. This non-volatility results from two perma-
nent magnets within the bubble device that produce a magnetic field (bias field) that maintain the magnetic domains, or
bubbles (representing data) in the chip even when power is removed. The bubbles remain stationary in fixed positions until
the data is accessed. To move the bubbles, an in-plane rotating magnetic field is induced by pulsing two mutually-
perpendicular coils surrounding the bubble chip. Special conductor lines on the bubble chips provide all the current related
functions for reading and writing to the bubble device. A special support IC produces current pulses (swap, relicate, and
generate) to perform these functions. A complete set of support circuits provides the necessary timing and waveforms to
precisely maneuver the bubbles to their desired positions. To prevent bubbles from moving to undesired positions, certain
precautions must be observed.

As power is applied or removed, the system must prevent any current transients in the coils or bubble function conductors.
If power is removed with the coils operating, the system must ensure that the coil currents are shut down in an orderly
fashion to guarantee that the magnetic bubbles come to rest in stable, known positions. The powerfail reset circuit ensures
that the system is powered up in an orderly manner and serves to alert the system should power fail. Both the power-up and

Table 1. Powerfail Reéet Circuit Product History

/ Powerfail Circuit Revision Level
Product 0 1 2

BPK 72 July 1979 thru
August 1982 N/A September 1982

Rev. A thru Rev. G

isBX™.251 Board N/A September 1981 November 1982
thru October 1982

iSBX-251C Board N/A N/A July 1982
iSBC® -254 Board December 1980 thru July 1982 thru
July 1982 November 1982 November 1982
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power-down sequences require a finite period of time to complete their functions until the sequence is complete. To allow
proper execution of a power down sequence, the system voltages (+5V DC, +12V DC) must not decay to a level that
prevents operation of the powerfail circuitry and critical bubble memory functions. In most power supply designs, adequate
energy storage is available to provide enough ‘‘hold time”” to complete an orderly shutdown. However, if dc power decays
too rapidly sufficient time may not exist for a proper shutdown and may cause data to be lost within the MBM. ‘

System Description

The basic Intel Bubble Memory system consists of one 7110 magnetic bubble memory and five integrated support com-
ponents: a 7220-1 Bubble Memory Controller (BMC), a 7230 Current Pulse Generator (CPG), a 7242 Formatter-Sense
Amplifier (FSA), a 7250 Coil Predriver (CPD), and two 7254 quad drive transistor packages. These support circuits are in-
terfaced to the MBM as shown in Figure 1 to form the basic one megabit (128K byte) system. The support components pro-
vide all of the functions necessary for the storage and retrieval of data within the MBM. In addition, two of the support
components, the 7220-1 BMC and the 7230 CPG, contain the integrated powerfail circuitry that facilitates proper power-up
and power-down operations.

OVERVIEW — POWER UP/DOWN OPERATION

A block diagram of the bower fail circuitry for the bubble memory system is shown in Figure 2. The following paragraphs
provide an operational overview of the integrated powerfail circuit and the external circuit requirements.

During a power up sequence, the 7230 holds PWR.FAIL/* active (low) until both supplies are above the minimum required
level. The 7230 contains power supply monitors (+ 5V and + 12V) that determine when either supply falls below threshold
level and activate PWR.FAIL/ signal accordingly. On power-up, the PWR.FAIL/ signal is delayed an additional 2 msec by
an external RC network (time delay 1) to allow the 7220-1 substrate bias generator to fully charge. Following this delay, the
positive-going transition on the 7220-1 PWR.FAIL/ input initiates a 7220-1 power-up sequence.

The RESET.OUT/ signal was designed to remain active during the power-up sequence and then to go inactive at the con-
clusion of the 50 us power-up sequence. However, the RESET.OUTY/ signal is indeterminate during execution of the 7220-1
power-up sequence. A second external RC network (time delay 2) derived from PWR.FAIL/ ensures that RESET.OUT/ is

1

7220-1
BUBBLE MEMORY CONTROLLER

A 4

COIL PREDRIVER
7250

T —
DRIVE DRIVE
FORMATTER/ TRANSISTORS TRANSISTORS
SENSE AMP l
— INTEL MAGNETICS
202 14 BUBBLE
Al ‘ MEMORY
D
v 7110
'y
b 4
A 7230
|  CURRENT puLSE
GENERATOR
*”/" denotes an inactive signal. Figure 1. System Block Diagram
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'__—J_Q 7254
; RESET/| 7250
> cPD
RESET
72201 ouT/ | TIME , ,
DELAY 7110
BMC 2 - 7 KA
r ——=1 4} -
POWER | cs/ 7230
up/oown
_Jco RESET/| 754 A
L_CEE_U_H _4' Fsa | Voo—sr- powen l PWR. FAIL/ TIME
! Voo—»-} -IMONITORS| T DELAY 1
] L |
I |
| |
| |
L Resew N _ _ _ — J
PWR. FAIL/

Figure 2. Block Diagram of Powerfail

held active (>50.8V) during this time. The RESET.OUTY/ signal’ occassionally will remain in its active state following a «
power-up sequence; accordingly the first command issued to the BMC during an initialization sequence must be an Abort
command to ensure that RESET.OUT/ is deactivated.

The power-up sequence is designed to power the system up in an orderly fashion and to prevent any current transients from
reaching the bubble device. The power-down sequence ensures that-the coil drivers are shut down in the proper phase and
that the support circuits are reset. When power fails, the 7230 notifies the 7220-1 by asserting the PWR.FAIL/ signal. The
7220-1 responds to a negative transition on either the PWR.FAIL/ input or the RESET/ input (external circuit revision
level dependent) and initiates a power-down sequence. If the coils are active (i.e., bubbles propagating), the 7220-1 first ter-
minates the coil drive control signals during the appropriate phase and then resets the support circuits by asserting the
RESET.OUTY/ signal. The two system supply voltages must not decay faster than the specified rates to ensure the RESET/
input to all the support circuits (excluding the 7220-1) reaches an active level (less than 0.8 volts).

Powerfail Reset Circuit Solution

The external circuitry shown in Figure 3, in conjunction with the integrated circuitry contained in the 7230 and 7220-1, com-
prises the powerfail circuit (revision 2). This design contains six additional components compared to previous powerfail cir-
cuits and includes an 8-pin DIP IC (TI 75463).

This revised circuit has been fully developed and tested by Intel and currently is incorporated in many bubble products.
Operational details are not required for the user to implement a custom design using the circuit in Figure 3. However, for
any bubble memory designs that cannot conform to the recommended powerfail circuit, a reader must understand the
system characteristics and requirements prior to choosing an alternative design.
~

The software implementation details to ensure correct powerfail circuit operation are shown in Figure 4. This routine
should be implemented as a routine for cold start operation (application of power) and warm start operation (a RESET/
pulse applied to the 7220-1 BMC). The voltage decay rates shown in Table 2 also cannot be exceeded.

The power-up routine is based on the typical power-up timing shown in Figure 5. This timing does not assume that a system
reset has been incorporated into the powerfail circuit. If the hardware reset line is used, the user must ensure that the 7220-1
RESETY/ input is inactive before issuing the first Abort command. In addition, user software always must issue an Abort
command every time the system ‘is reset.
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Figure 3. External Powerfail Circuit Solution

Table 2. Power Supply Decay Rate Specifications During Power-down or Power Failure

Power Down/Powerfail Decay Rate

Vee

(volts/msec)

Vbp
(volts/msec)

Min.

Max.

Max.

None

0.45

1.1
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Figure 4. Power-up Flowchart
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The worst case power-down timing sequence is also included in Figure 6. The total system power-down time varies accor-
ding to whether the coils are active (i.e., rotating magnetic field is on) or inactive. The worst case power-down sequence is

guaranteed to be completed provided that the above voltage decay rates are met.

INTEGRATED POWERFAIL CIRCUIT CHARACTERISTICS

Introduction

The following section provides an in-depth look at the input and output characteristics of the support circuits that contain
the integrated powerfail circuitry. A complete understanding of these characteristics establishes the groundwork necessary

for the detailed description of the overall powerfail circuit operation that follows.

Vece/Voo

7220-1 RESET/
INPUT
(POWERFAIL/ BUS)

7220-1
RESET.OUT
PIN

72201
PWR.FAIL/
PIN

RESET/
SIGNAL
BUS

7230 POWERFAIL
,\/ TRIP THRESHOLD

SEE MAXIMUM Vcc/Vpp
DECAY RATE SPECIFICATION
TABLE 2.

1108
(MAXIMUM)

\$;_\m__o.av

Figure 6. Power-down Timing for Powerfail Reset Circuit (Revision 2)
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7230 PWR.FAIL/ OUTPUT

The 7230 Current Pulse Generator PWR.FAIL/ output is responsible for indicating when the system supply voltages
(+5V, +12V) reach correct operating levels. During power up, normal operation, and power down, an internal zener
reference comparator circuit within the 7230 senses both V¢c and Vpp and indicates when both levels are above approx-
imately 92 percent of their nominal values. An active state on PWR.FAIL/ indicates one or both dc voltages are below this
threshold. The PWR.FAIL/ output is an active-low, open-collector output requiring an external pullup resistor.

The PWR.FAIL/ output is asserted (active low) as power is applied until the + 5V and + 12V supplies both reach approx-
imately their 92 percent levels at which point the 7230 output transistor switches off to allow the PWR.FAIL/ signal to rise
to an inactive level governed by an external RC network. The RC networks on the PWR.FAIL/ line must hold the
PWR.FAIL/ signal at an active level for at least 2.0 milliseconds to guarantee adequate time for the BMC to power up. The
7230 PWR.FAIL/ output then will remain inactive until one or both system voltages fall below the threshold.

The PWR.FAIL/ output is not an internally latched signal. In other words, the output responds immediately to any transi-
tion through the threshold (trip point). The disadvantage to this excellent response capability is that the output will toggle
on transitions through the threshold. Systems should be designed to avoid an extremely noisy power supply or temporary
power loss that could cause the PWR.FAIL/ signal to pulse for a very short duration.

During temporary power loss in Revision 0 and Revision 1 circuits, the PWR.FAIL/ input to the 7220-1 could pulse below
Vg (2.5 volts) and initiate a power down sequence. The 7220-1 PWR.FAIL/ input should remain active until the entire
power down sequence is completed (maximum 110 pusec). As detailed later in the 7220-1 PWR.FAIL/ input description, if
the 7220-1 PWR.FAIL/ input goes inactive during execution of a power down sequence, the sequence is immediately ter-
minated. This type of termination can stop the drive field in the wrong phase and compromise bubble data. The solution is
to use the 7220-1 RESET/ input to initiate a power down sequence rather than the 7220-1 PWR.FAIL/ input.

Two important considerations in properly designing a powerfail circuit are 1) the accuracy of threshold trip point of
the 7230 PWR.FAIL/ output and 2) the behavior of this output at low voltages (below 2 volts).

The worst case threshold level that the 7230 PWR.FAIL/ output will trip must be above the worst case operating
limits of the support circuits with an additional margin to allow for an adequate period of time to complete a power
down sequence (worst case 110 microseconds for revision level 1 and 2 powerfail reset circuits). In the case of the 7230
CPG and the 7110 MBM, which both have a +5% voltage specification for Voc and/or Vpp, special powerfail
characteristics are applicable. As shown below, (Table 3) only critical bubble memory functions are guaranteed at
these supply values and not full memory operation.

Table 3. Powerfail Characteristics for 7230 Threshold Trip Point*

Symbol Min. Typ. Max.
Vee TH 4.43V 4.60V 4.70V
Vpp TH 10.75V 11.10V 11.28V

*Powerfail characteristics apply to 7110 bubble memory data integrity only and not to full memory operation

Second, the 7230 PWR.FAIL/ output cannot be guaranteed active (low) until V¢ reaches about 2.0 volts since the
output transistor is not operational until that point. As V¢ is applied, the output is not active and will track (féllow
within a few tenths of a volt) Vo until Ve reaches approximately 2.0 volts. At this point, the output transistor turns
on and the output goes active (low) and remains low until the system voltages both reach the threshold trip point as
described earlier. A similar response occurs as power is removed. The output transistor turns on and pulls the output
active (low) at the threshold point and remains turned on until V¢ reaches approximately 2.0 volts where the output
goes inactive (transistor not operating). This operation must be controlled on power-up and depends on the rate of rise
of system voltages. This is because the PWR.FAIL/ output is indirectly connected to the RESET/ input of the support
circuits (7250 and 7242 and Q1 reference current switch) through two RC networks in Rev. 0 and Rev. 1 power-fail cir-
cuits. These inputs can rise to as much as 1.5V before the 7230 PWR.FAIL/ output turns on, which is above Vi max-
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imum (0.8V) thus potentially enabling these circuits: This could result in current transients reaching the drive coils or
bubble function conductors and move bubbles from their rest position resulting in data loss. Observing the rate of rise
specifications protects against this possibility . The revision 2 powerfail circuit eliminates this problem and has no rate
of rise limitation.

7220-1 PWR.FAIL/ INPUT

The 7220-1 PWR.FAIL/ input serves a dual function; a positive transition initiates a power-up sequence while a
negative transition initiates a power-down sequence of the bubble memory system. In order for the 7220-1 to become
fully functional an on chip back-bias generator must fully charge the 7220-1 substrate. Therefore, before any sequence
can be executed, including the power-up sequence a time delay is required. An external RC delay on the PWR.FAIL/
input ensures this input is held low (<0.8V) at least 2.0 milliseconds after Voc has reached the 7220-1 voltage
specification range.

The power-up sequence is initiated once the RC network charges to a point where the 7220-1 recognizes a positive tran-
sition on the PWR.FAIL/ input. From a cold start (application of power), a positive transition must occur or the con-
troller will not power-up correctly. Once the power-up sequence is completed, the RESET.OUT/ is designed to be
released, however, two possible exceptions exist. First, if the 7220-1 RESETY/ is held low during power-up, the 7220-1
internal power-up sequence will be completed however RESET.OUTY/ will not be released until RESET/ is inactive.
Second, the 7220-1’s internal RESET.OUT/ output transistor may remain turned on dependent upon the power-up
status of certain internal 7220-1 flip-flops. Because of this an ABORT command is always necessary to internally reset
these flip-flops, in turn ensuring release of the RESET.OUT/ output.

If the 7220-1 BMC does not receive a positive transition on PWR.FAIL/ during power-up, a power-up sequence is not
initiated. This leaves the controller in an unknown state. In this unknown state the controller cannot communicate
properly with the data and control inputs. This can only occur as a result of:

1. “Brown out’> — short duration of power failure in which power drops below specified levels.
2. Power-up circuit failure — The PWR.FAIL/ pin never reaches Vg (minimum) of 2.5 volts.

The above conditions are resolved by ensuring a positive transition occurs on the PWR.FAIL/ input during power-up
and after brownout. It is necessary to execute a power-up sequence even though power to the system is only inter-
. rupted momentarily in order to restore the 7220-1 to the required internal state.

Once the PWR.FAIL/ positive transition has occured, this input should remain in the inactive state (Vg > 2.5V) as
long as power is applied to the system. If power is removed, it is the negative transition of this input which intitiates
the second function, power down. The function can also be initiated with the RESET/ input of the 7220-1.

An important consideration is how the 7220-1 PWR.FAIL/ input distinguishes between positive and negative transi-
tions. On power up (positive transition), crossing the input threshold (typically 1.6V to 1.9V) a pulse is generated in-
ternally which resets the 7220-1 to a known state and initiates a power-up sequence. On power down (negative transi-
tion), crossing the input threshold (typically 1.35V to 1.6V with the designed- in hysteresis) the signal initiates a power-
down sequence. If a power-down sequence has been initiated, a positive transition must not inadvertently occur on the
7220-1 PWR.FAIL/ input prior to the power-down sequence completion. A positive transition internally generates a
reset pulse (to halt any current BMC activity) and initiates a power-up sequence effectively terminating a power down
sequence. The result is a possibility of shutting the coil drives down in the improper phase resulting in data loss in the
MBM. :

The PWR.FAIL/ input has built in hysteresis to reduce the susceptibility to multiple threshold crossings or glitching.
However, the values of hysteresis range from 50 mV to 400 mV. To improve noise and power fluctuation immunity,
the use of PWR.FAIL/ input for initiating a power down sequence was abandoned in Revision 1 and Revision 2 cir-
cuit designs. The 7220-1 RESET/ input is used instead to initiate power down (see next section.)
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7220-1 RESET/ INPUT

The 7220-1 RESET/ input, when asserted, will terminate any current BMC activity and initiate a RESET sequence
(identical to the sequence initiated by the PWR.FAIL/ input going active). After the sequence is concluded, the
RESET.OUT/ is activated to reset the MBM support circuitry. RESET.OUT/ will remain active until RESET/ is in-
active.

The RESET/ input is a level sensitive latched input. This is a distinct advantage over the PWR.FAIL/ input; where
any fluctuations of the input once the signal was recognized could possibly terminate the power down sequence. The
RESETY/ input is latched on the negative edge of the BMC clock and must be active low (< .8V) for at least one clock
period (250ns) to guarantee recognition.

7220-1 RESET.OUT/

The RESET.OUT/ output has two functions: 1) to guarantee the bubble memory system is disabled during power-up
and after power down of the bubble memory system and 2) to provide a pulse (reset) to the support circuits during nor-
mal operation. Since the RESET.OUT/ output is an active low open drain, it requires an external pullup resistor to
Vce.

The support circuits controlled by RESET.OUT/ are the 7250 Coil Predriver, the 7242 Formatter Sense Amplifier,
and a VMOS transistor switch which enables a reference current for the 7230. These circuits must be disabled during
the entire power-up sequence and immediately following the conclusion of a power-down sequence to prevent any cur-
rent transients or extraneous enable pulses. Data loss is a possible consequence should the support circuits not remain
disabled during power cycling.

During power up the RESET.OUTY/ signal can not be guaranteed active (low) until the 7220-1 power-up sequence has
executed. Therefore, external circuitry must assure RESET.OUT/ does not rise above Vi maximum (.8V) until 50 us
after initiation of the power-up sequence. By ensuring the RESET.OUTY/ is active during power-up it guarantees the
support circuits are reset to a known state. The 7220-1 BMC is designed with the capability to reset the support circuits
during normal operations by pulsing the RESET.OUT/ 750 us (3 clock periods). This pulse can occur as the result of
two user issued commands to the BMC: an INITIALIZE command and an MBM PURGE command.

The external RC network on the RESET.OUT/ signal prevents the RESET.OUT/ pulse from going active during its
750 us duration. In spite of an inability to reset the support circuits by issuing the proper command, correct operation
is guaranteed since the support circuits only require a one time reset signal at power-on.

Additional Bubble Memory Controller Inputs

The 7220-1 has several additional inputs that could indirectly affect power up operation. It is important that the user
exercise caution and adhere to all requirements to ensure proper power-up operations. The following outlines those re-
quirements. (
CLK (CLOCK)

The CLK input of the 7220-1 must be present when the positive power up transition occurs at the 7220;1 PWR.FAIL/
input. This requirement allows the BMC to properly execute a power-up sequence. The input requirements are a
precise 4MHz (+.1%) with a 50 percent duty cycle (+5%).

DACK/ (DATA ACKNOWLEDGE)

The DACK/ input is normally used in conjunction with an INTEL DMA controller chip (8257 or 8237) which
automatically provides drive for this input. However, if DMA is not used a 5.1K pullup resistor to V¢c is required.

This requirement prevents erratic BMC operation.
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WAIT/

1

The WAIT/ input must also be guaranteed inactive through an external 5.1K pullup resistor. It is designed to be used
in parallel controller applications to maintain synchronization between controllers should an error be detected in one
during a data transfer.

CS/, RD/, WRI, A0, DO-D8

These inputs require no special considerations other than to observe the Vi minimum specification. This specifica-
tion prevents an incorrect power-up sequence execution.

ENERGY STORAGE REQUIREMENTS

The data integrity and non-volatility of the MBM during power down operations is guaranteed by design provided the
voltage decay rates specifications for both Vcc and Vpp are observed. Most commercially available power supplies
provide enough energy storage to fulfill these requirements. However, some applications may exist where the bubble
memory could suddenly become disconnected from the dc supply; a case where the power supply energy storage is not
of value. In these special applications, the local onboard capacitance must meet the hold up time requirement.

The worst case onboard capacitance values can be determined according to the following equation:

Q max _ _I'max AT max
V min AV min

C =

A worst case calculation must include the following considerations: 1) If any additional circuitry exists on the pc board
that uses the same power supplies, the additional current drain must be accounted for and 2) the worst case (minimum)
threshold trip point of the 7230 is used.

The capacitance required on a pc board containing one / megabit bubble memory system is calculated as follows:

-3 —6
66 x 1
Coy = 366 x 10 “ampx (110x 10" " sec) 805 uF
0.01 X 5 volts

-3 ~6
381 x 10
Cav = X amp x (110x 10 "sec) _ 350 uF
0.01 x 12 volts

Supplemental Powerfail Sensing

In many systems, additional signals are available that provide advanced warning of an imminent power failure or the
existence of an abnormal condition prior to actual loss of dc power (e.g., AC powerfail sensing, AC or DC over-
voltage, ambient over/under temperature). These signals are easily incorporated into the powerfail c1rcu1t design via
an open-collector gate or inverter connected to the PWR.FAIL/ signal bus.

The advantage of utilizing these signals is the bubble memory system can complete a power down sequence’ prior to
losing dc power. However, local dc powerfail sensing is always required due to the possibility of local dc power loss
without the loss of AC power.

Noise Effects of Powerfail Circuit Operation

The 7230’s powerfail voltage monitoring function is implemented internally with two independent, logically-O'R’ed

voltage comparators. The comparators respond quickly to a sudden loss of V¢ or Vpp and therefore can respond to
noise transients on the power supply lines that cross the comparator switching threshold. As much as 100 mV of noise
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from coil drive switching is not uncommon. Note that the operating power supply tolerance for all INTEL Bubble
Memory products is + 5% including up to 50 mV of noise on the power supply lines. This tolerance should not be con-
fused with the operation of the powerfail circuit beyond the normal operating range during power-down operation.

To minimize ‘“nuisance’’ activation of the PWR.FAIL/ signal bus, ample high frequency decoupling on the 7230’s
Vee and Vpp pins should be provided. Typically, 0.01 u4F to 0.1 uF ceramic disk or mica capacitors are sufficient.
Another source of unwanted powerfail circuit activation is noise that is coupled directly onto the PWR.FAIL/ signal
bus. This noise is minimized through good printed circuit layout practices and, if required, by the inclusion of a small
capacitor directly on the PWR.FAIL/ bus. This capacitor slightly increases the power-down time and should be kept
as small as possible (0.01 F maximum).

APPENDIX A

TECHNICAL DISCUSSION OF POWER LOSS EFFECT ON 7110

The effects of power loss on an MBM are best understood by describing the way in which the device functions and the
way in which it can lose data.

A magnetic bubble memory device (See Figure 7) consists of a bubble memory chip, two mutually-perpendicular coils,
two permanent magnets, and a shield to provide protection from interference by external magnetic fields. The two .
permanent magnets produce an external magnetic field (bias field) that maintains the magnetic domains, or bubbles,
in the chip even when power is removed. To move the bubbles, an in-plane rotating magnetic field is induced by puls-
ing the two mutually-perpendicular coils.

UPPER
BIAS
MAGNET

BUBBLE CHIP-CARRIER

MUMETALTUBE ) owen
BIAS

Sy

MAGNET

Figure 7. Device Break-down
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The bubble memory chip itself consists of a thin magnetic garnet crystal film grown on a non-magnetic gadolinium-
gallium-garnet substrate. This thin film possesses a property that magnetic moments associated with each atom in the
single crystal structure have only two possible directions: an upward or downward direction perpendicular to the plane
of the film. This constraint in direction results in only two conditions of magnetization (see Figure 8). These magnetic
moments tend to group themselves together into magnetic domains. The size and shape of the domains are determined
primarily by a balancing of several forces that minimize the sum of magnetic energy.

Without an external field, the film surface area of upward domains is equal to that of downward domains and there is no
net magnetic field within the plane of film. Application of an external magnetic field perpendicular to the film causes do-
mains to line up in the direction of the field. As the external field is increased, the downward domains enlarge while the op-
posing (upward) domains shrink until they finally are reduced to a cylindrical shape. This microscopic magnetized cylinder
opposing the externally applied field is a magnetic bubble. Within the magnetic film, the presence of a magnetic bubble
represents a binary one and the absence of a magnetic bubble represents a binary zero.

The memory function is provided by the bubble. However, an organized means is needed to propagate the bubbles
along certain paths and to provide storage sites. A soft ferromagnetic material (permalloy) is deposited on the thin
garnet film in C-shaped patterns. These patterns are arranged to form shift-register like loops that provide the means
to store and move bubbles. Each pattern is magnetized according to the rotating magnetic field, and the polarity of
each pattern changes instantaneously as the rotating magnetic field vector changes. The rotating field is generated by
driving the X and Y coils with triangular-waveform currents, one lagging the other by 90° in phase. A magnetic bubble
propagates from one storage sité (permalloy pattern) to the next for every 360° of rotation of the rotating field. Each
storage site has a preferred position (home) for the bubble to reside corresponding to zero degrees of the rotating
magnetic field. All bubbles start, stop and are stored in this position.

In the event of power failure, it is important that the rotating magnetic field is shut down in the proper phase (i.e., 0°).
If an orderly shut down is not complete, the rotating field may be shut down in an improper phase that causes bubbles
to stop in an unstable position within the storage loops. When this type of stoppage occurs, the bubbles either will
come to rest in another, but incorrect, stable position or will leave their original storage loop (possibly contaminating
valid data in another storage loop). ,

As power is applied, it also is important that the rotating magnetic field does not move (i.e., current transients must be
prevented from reaching the coils). This function also is provided via the powerfail circuitry. Thus, the purpose of the
powerfail circuitry is twofold 1) to prevent any current transients from reaching the X-Y coils or bubble function
generators and 2) to halt the coils in proper phase should power fail.
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Figure 8. Device Magnetization
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APPENDIX B

DETAIL POWER CIRCUIT DESCRIPTION

As discussed in the Introduction, the powerfail reset circuit actually consists of two portions — an integrated section
and several additional external components. The degree to which external disturbances (noise, power fluctuations) in-
fluence system performance depends heavily on the system environment and configuration. Consequently, the reliable
analysis of their effect on system performance is difficult and generally is best accomplished by measurement. In this
Appendix, each revision level of the powerfail reset circuit is detailed. Several timing diagrams based on measurement
and computer simulation also are included.

Powerfail Reset Circuit — Revision 0
Summary

The overall performance of the powerfail reset circuit (revision 0) is adequate provided that a specific set of conditions
is observed. The requirements are summarized below (Table 4). Noise is also a concern. System generated noise is
typically low level and can usually be neglected in portions of the circuit where the signal levels are high. Often,
however, bubble systems generate significant levels of noise in a system where signal levels are low. Even low-level
noise can degrade overall bubble memory system performance. .

Table 4. Power Supply Requirements for Powerfail Reset Circuit (Revision 0)

Ve Vop
(volts/msec) (volts/imsec)

Min. Max. Min. Max.
Power-Up Voltage 0.1 None None None
Rate of Rise
Power-Down/Power Failure None 0.70 None .15
Decay Rate

Y

Noise, power fluctuations, and a rapid decay of voltage are the primary contributors to the incorrect operation of the
first powerfail reset circuit (revision level 0). Since noise and power fluctuations are unavoidable in most practical
systems, techniques for minimizing these effects were developed for subsequent circuits. Note that no bubble memory
is immune to extremely abrupt removal of dc power. All bubble memory systems require a minimal amount of time to
effect an orderly shutdown in order to maintain data integrity.

Subsequent circuit designs have been implemented to minimize system requirements by reducing the overhead re-
quired to power-down the bubble system.

The most serious fault of any powerfail reset circuit is where bubble memory data integrity is jeopardized. The first
powerfail reset circuit design (revision 0) could not prevent data loss when:

1) Power was removed too rapidly for the system to ensure proper power-down.

2) Power was applied too slowly.

3) Multiple threshold crossings or *‘glitches’’ occured on the 7220-1 PWR.FAIL/ input while the coils were active.

The first two conditions can be easily prevented by following the requirements shown in Table 4. The third condition
was difficult to reliably prevent and was the motivation for the revision of the circuit.
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Power-up

When power initially is applied to the system (Figure 9), the PWR.FAIL/ signal is designed to be asserted by the 7230
CPG until both V¢ and Vpp reach approximately 92 percent of their nominal values. Referring to Figures 9 and 10,

* the 7230 internal PWR.FAIL/ output transistor cannot be guaranteed operational until V¢c reaches approximately
2.0 volts. During this indeterminate state of the output transistor, the floating output lags Vcc by approximately 0.7
volts. Therefore, the RC networks on the PWR.FAIL/ signal line (R1/C1 and R2/C2) begin charging immediately
after power is applied. They continue to charge until the 7230 PWR.FAIL/ output transistor turns on. The 7230
PWR.FAIL/ output goes inactive (transistor off) when both supplies have reached the power-fail trip point. Since the
RESET/ input of the 7242 FSA and the 7250 CPD are tied via the R1C1/R2C2 network to 7230 PWR.FAIL/ output,
these support circuits potentially could be enabled if the 7230 PWR.FAIL/ output were allowed to rise above Vi (0.8
volts). A current transient then could activate the MBM coils or bubble function conductors and cause bubbles to
move to an unstable position. Note that a slow power-on ramp would be the only condition that could prematurely
enable the support circuits. ’

Once V¢ reaches approximately 2.0 volts, the PWR.FAIL/ output transistor turns on to pull the PWR.FAIL/ signal
low until both V¢ and Vpp reach the powerfail trip point. When the trip point is reached, the output transistor is
turned-off and the PWR.FAIL/ signal is allowed to rise to the inactive level. The RC networks continue to hold the
PWR.FAIL/ signal at an active level for at least 2.0 milliseconds after V¢ and Vpp have reached the trip point level.
The RC delay ensures adequate time for the 7220-1 BMC'’s substrate bias generator to become fully operational and
fully charge the 7220-1 substrate to its operational bias voltage. At some time before the PWR.FAIL/ signal reaches
the 7220-1 Vyy (maximum) of 2.5 volts, the 7220-1 power-on initialization sequence starts. Up to this point, the 7220-1
is in an indeterminate state and the RESET.OUT/ signal, which is derived from the PWR.FAIL/ signal should be ac-
tive. The behavior of the RESET.OUT/ signal, however, is similar to the 7230 PWR.FAIL/ output at low V¢ (below
approximately 2.0 volts). As V¢ is slowly applied to the system, the RESET.OUT/ output transistor initially is inac-
tive and the pullup resistor forces this output to follow 7220-1 PWR.FAIL input. Once V¢ reaches approximately 1.8
volts, the output transistor should turn on (RESET.OUT/ active) and remain active until completion of the power up
sequence. During the inactive period, the RESET.OUTY/ signal is capable of reaching the inactive level and potentially
enabling the support circuits prematurely.

Vee
Vee - Voo Vee
12K
PWR FAIL/ ! ‘ Y PWRFAIL/
J_ c1 |
7230 I“#F b 7220-1
REFR, 2] ReseT out/
cs/
= 2
R3 1.04F
3.48K
Im
| : Voo
RESET/
cs/ 7202 7250
ENABLE.A/ cs/

Figure 9. Revision 0 Circuit
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Figure 10. Power-up/Power-down Timing (Revision 0)
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At the completion of the power-on initialization sequence, the 7220-1’s internal RESET.OUT/ output transistor
should be allowed to turn off. However, depending on the power-up state of certain internal 7220-1 flip-flops, this
output may remain active. An Abort command is capable of internally resetting these flip-flops and releasing the
RESET.OUT/ output to allow it to rise to the inactive level as determined by the R2/C2 delay network. When
RESET.OUTY/ reaches its inactive level, the 7242 FSA and 7250 CPD RESETY lines are deactivated and 7230 current
reference switch Q1 is turned on. The 7242 ENABLE.A/ line, which is controlled by the 7220-1, may now be ac-
tivated; when active, this line enables the 7230 CS/ and 7250 CS/ (chip select) lines. The system now is fully opera-
tional and ready to execute an Initialize command (provided the Abort command had been issued).

Power-down Operation

If either V¢ or Vpp falls below the 7230 powerfail trip level, the internal PWR.FAIL/ signal in the 7230 is asserted
immediately. However, due to the charge on capacitor C1 in the power-up delay network, the PWR.FAIL/ signal is
prevented from reaching the active low level until C1 discharges to Vi (maximum 0.8V).

When the PWR.FAIL/ signal level reaches the logic low-level threshold of the 7220-1’s PWR.FAIL/ input, an inter-
nal power-down sequence is initiated within the 7220-1. As discussed earlier in the 7220-1 PWR.FAIL/ input descrip-
tion, the 7220-1 PWR.FAIL/ input cannot tolerate any positive threshold crossings during the power-down sequence.
If a positive transition should occur; a power-up sequence will be initiated taking precedence over the power-down se-
quence currently in progress, and this unorderly shutdown could result in the loss of data.

The execution time of 7220-1 power-down sequence varies according to whether the coils are active (i.e., rotating
magnetic field is on) or inactive. If the rotating field is off, the power down sequence is completed in approximately 10
microseconds. If the rotating field is on and a swap operation has not been initiated, the worst-case power-down time
is increased to 26 microseconds; if a swap operation has been initiated, the power-down time sequence requires a max-
imum of 110 microsecorids. The power-down time is shown in Figure 10. Note that the total system power-down time,
since the operation is not complete until the RESET.OUTY/ signal line is asserted, is the sum of the 7220-1’s internal
power-down sequence time and the discharge times for capacitors C1 and C2. To ensure proper operation of the
bubble system for data integrity during power-down operations, the power supply maximum decay rates must be
observed.

Powerfail Reset Circuit — Revision 1
Summary

The powerfail reset circuit (revision 1) was designed to reduce the requirements placed on the revision 0 powerfail reset
circuit and to further reduce the risk of data loss during power-up/down operation. Specifically, the improvements
realized were:

1. The possibility of data loss was eliminated provided that the circuit was operated within voltage decay rates
specifications.
2. Power-down time was shortened to reduce the energy storage requirements.

) .
The power supply requirements (shown in Table 5) were relaxed with this implementation, which reduces the system
requirements and the possibility of data loss.

Power-up

The power-up operation of the circuit shown in Figure 11 is unchanged from the power-up operation of the revision 0
circuit. The characteristics associated with the operation of the powerfail reset circuit below approximately 2.0 volts
were not resolved with this circuit solution. If the voltage rise time specifications were not observed, the support cir-
cuits could have been enabled prematurely and would allow current transients to reach the drive coils or bubble func-
tion conductors (resulting in data loss). ‘
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Table 5. Power Supply Requirements for Powerfail Reset Circuit (Revision 1)

Vee Voo
(volts/msec) (volts/msec)
Min. Max. Min. Max.
Power-Up Voltage 0.12 None None None
Rate of Rise
Power-Down/Power Failure None 0.45 None 11
Decay Rate
1] pwR.FAIL/
V
v ;: c1 She
2.2,F ;: 100K
a1 A nona 7220-1
5.1K
PWR.FAIL/ *+ A RESET/
i
-1 0.01,F
SN (OP)ﬂONAL) 2 R
7230 E b3 ::K
._.I._.
- RESET.OUT/ . 2] reser.out/
J. c2
I 1.04F :
Figure 11. Revision 1 Circuit
Power-down

The simple modifications implemented in the external powerfail circuit (revision 1) greatly reduced the overall power-
down operation timing (See Figure 12). This modification made use of the 7220-1 RESET/ input to initiate a power-
down sequence instead of the 7220-1 PWR.FAIL/ input by effectively isolating the 7230 PWR.FAIL/ signal from
delay capacitor C1 during power-down operations (eliminating an initial capacitor discharge delay). The 7220-1 BMC
initiates an internal power-down sequence whenever its RESET/ input goes active, identical to the negative transition
of the 7220-1 PWR.FAIL/ input. The difference between these two 7220-1 input signals is that the RESET/ input is
latched and does not recognize a low-to-high transition and power-up therefore must be initiated by the positive tran-
sition of the 7220-1 PWR.FAIL/ input. With this circuit, the power-up operation timing was unaltered, and the
power-down operation timing was reduced from approximately 500 microseconds in the revision 0 powerfail circuit to

approximately 200 microseconds in the revision 1 powerfail circuit.
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The primary reason for further refining this approach was the increased possibility for a ‘‘communication lockout’’
by the 7220-1. ‘““‘Communication lockout’’ resulted when power was temporarily lost from the system. Specifically, the
following two conditions were responsible for the ‘‘communication lockout’’:

1) The 7220-1 RESET/ input was activated low due to power loss (minimum pulse width must be 250 nanoseconds to
ensure that it is latched) and initiated a power-down sequence.

2) The 7220-1 PWR.FAIL/ discharged but not below the inactive state (0.8 to 2.5 volts, typically 1.5  volts), before
power was restored. A power-up sequence could not be initiated to reset the BMC to a known state and communica-
tion is ‘“locked out.”

7230 POWERFAIL

— TAIP THRESHOLD

—— SEE MAXIMUM Vcc/Vpp
DECAY RATE SPECIFICATION
TABLE 5

g

VecVop ww o

7220-1 RESET/

INPUT
(POWERFAIL/ BUS)

72201
INTERNAL
RESET.OUT/
SWITCH

110us
- (MAXIMUM)
7220-1
PWR.FAIL/
PIN

RESET/
SIGNAL
BUS

0.8v

—>] 95,8 le————

20048 »

f

Figure 12. Power-down Timing (Revision 1)
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Even if the circuit is operated within the voltage decay rate specifications, this inconvenience is still possible; the only
solution is to pulse the 7220-1 PWR.FAIL/ input long enough to discharge C1 to a worst case value of 0.8 volt either
by power cycling or external control. This user inconvenience and special system requirement led to the development
of the next powerfail reset circuit.

Powerfail Reset Circuit — Revision 2

The powerfail reset circuit (revision 2) was developed to eliminate the possibility of data loss during power-up and
power-down operation provided the power supply requirements are observed. The following paragraphs describe the
principals of operation of the powerfail reset circuit. As power is applied or removed, several different signal value
combinations are possible which complicate the analysis of this circuit. For the sake of simplicity, a general overview
of a typical case is included rather than a detailed representation of each case. Throughout this discussion it is helpful
for the reader to refer to the schematic diagram (Figure 3) and the timing diagrams (Figure 5 and 6).

Power-up

The overall circuit operation is complicated by the additional component, IC1. The power-up operation of the revi-
sion 2 circuit is very similar to previous circuits, however, the possibility of prematurely enabling the support com-
ponents is eliminated. Diodes D1, D2 and resistor RS serve to prevent capacitor C2 from charging beyond a level
(0.8V) that could potentially deactivate the RESET/ signal bus to the 7242 FSA, the 7250 CPD and the VMOS tran-
sistor switch. Resistor RS is chosen so that as V¢ is applied, diodes D1 and D2 will be forward biased and provide
sufficient voltage drop to prevent capacitor C2 from charging above 0.8V.

Once the 7220-1 power-up sequence is complete or the first Abort command is received, the 7220-1 RESET.OUT/ is
deactivated and capacitor C2 is allowed to fully charge. When the RESET/ signal bus reaches an inactive state the
power-up sequence is complete and the system is prepared to accept an Initialize command (provided the Abort com-
mand has been issued).

Power-down

The power-down operation of the external powerfail reset circuit (revision 2) is very similar to revision 1. The fun-
damental difference is the ability to maintain a charge on capacitor C1 throughout the 7220-1 power-down sequence.
This eliminates any glitch sensitivity or incorrect circuit operation during momentary power loss. The 7220-1 BMC in-
itiates an internal power-down sequence whenever its RESET/ input goes active. The 7220-1 RESET.OUT/ signal is
gated through IC1 and remains inactive during this time period preventing capacitor C1 from discharging. At the com-
pletion of the 7220-1 power-down sequence RESET.OUT/ signal is pulled low which causes both of the IC1 OR gate
outputs to go low. The current sinking capability of these outputs act to quickly discharge capacitors C1 and C2 and
complete the power-down sequence.
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8085 TO BPK 72 INTERFACE
INTRODUCTION

Bubble Memory is quickly emerging as the preferred high density storage medium for a variety of microprocessor
applications. Considering their size and reliability, Bubble Memory allows the designer to utilize the advantages of
microprocessors in environments that were not possible using other high density peripheral storage technologies.
Aside from portable or rugged environmental applications, bubbles also open up new design possibilities for desk-top
terminal applications. Some of the benefits that can be realized from the implementation of Bubble Storage are
increased flexibility, reduced maintenance, and non-volatility.

In addition to a one megabit Bubble Memory, Intel magnetics also manufactures a complete family of integrated-
support circuits that simplify the task of designing with Bubble Memory. The family of support circuits provides an
easy-to-use microprocessor interface via a single VLSI component, the Bubble Memory Controller (BMC). The
remaining support circuits are controlled by the Bubble Memory Controller allowing the designer total freedom from
the control signals associated with Bubble Memory technology. '

At the component level, the BPK 72 (Bubble Memory Prototype Kit) provides the best opportunity to discover the
potential of bubble storage. The BPK 72 comes complete with all the hardware and documentation necessary to
prototype a one megabit (128K-bytes) Bubble Memory System. After the kit is assembled, the designer is left with the
simple task of interfacing to a host processor.

This application note demonstrates how little effort is required to interface a BPK 72 with an 8085 microprocessor.
The first four sections, ‘‘Introduction, BPK 72 Overview, Constructing the Hardware Interface, Implementing the
8085/BPK 72 Software Driver,”” and Appendix A (software listing) provide all the information necessary to interface
a BPK 72 with an 8085 microprocessor based system. The remaining chapters describe in detail the hardware and
software considerations involved with designing and implementing a Bubble Memory Interface.

A set of generalized flowcharts describing the software driver may also be found in Appendix A to facilitate the task of
interfacing with other microprocessors.

BPK 72 OVERVIEW

The BPK 72 consists of a one megabit Bubble Memory Module, a 10cm x 10cm printed circuit board (IMB-72), and
the complete family of integrated-support circuits.

'A block diagram of the BPK 72 is presented in Figure 1. Itillustrates the key components in a one megabit, 128K-byte
Bubble Memory System.

8085 BUS

A 4

7220
BUBBLE MEMORY CONTROLLER

- COIL PREDRIVER
7250

N |

DAIVE DRIVE
TRANSISTORS TRANSISTORS.

1 1

INTEL MAGNETICS

¢ BUBBLE
EE | MEMORY

7410

FORMATTER!
SENSE AMP

A 4

'

7230
CURRENT PULSE
GENERATOR

A 4

Figure 1. Block Diagram of the BPK 72
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The 7110 Bubble Memory Module is supported by the following integrated circuits:

7220-1 Bubble Memory Controller (BMC)
The 7220-1 provides a convenient microprocessor interface and generates the timing 51gnals necessary for the
proper operation of the remaining support circuitry.

7242 Formatter Sense Amplifier (FSA)
The 7242 is responsible for detecting and enabling the generation of magnetic bubbles within the 7110. The
7242 also performs data formatting tasks and the option of automatic error detection and correction.

7250 Coil Predriver and 7254 Drive Transistors
The 7250 and two 7254s supply the drive currents for the rotating magnetic field that move the magnetic
bubbles within the 7110 Bubble Memory Module.

7230 Current Pulse Generator (CPG)
The 7230 generates a set of waveforms necessary to input and output data from the 7110.

CONSTRUCTING‘THE HARDWARE INTERFACE

The hardware necessary to interface a BPK 72 with an 8085 microprocessor consists of a few simple connections to
the system bus and the addition of only three integrated circuits; 7406-—hex inverter (open collector), 7430—eight
input nand gate, and an 8284 A—Intel clock generator.

A schematic is presented in Figure 2 of the interface logic between a BPK 72 and the demultiplexed bus from an 8085
MiCroprocessor.

The interface uses the eight input nand gate to enable chip-select on the BPK 72 when an 1/0 instruction is executed
at ports OFEH (‘“H”’ designates hexadecimal notation) or OFFH. The address line A8 from the microprocessor bus is
connected to A0 on the BPK 72 to select one of two internal ports. If the ports OFEH and OFFH are not available,
simply connect A8 to the input of the nand gate and move a higher order address line (A9-A15) to A0 on the BPK 72.
In the event that the I/O addresses are changed, the user must enter the new port locations into the software driver
(see Appendix A). The 1/O port locations are initialized as equates at the beginning of the program. All system
dependent variables have been parameterized whenever possible. ‘

The designer has the option of memory mapping the BPK 72 or utilizing 2 of the 256 I/O pofts available on the 8085.
The 1/0 ports were chosen for this interface to simplify the address decoding and to provide easy access to existing
systems.

POWER SUPPLY REQUIREMENTS:

The BPK 72 operates on standard +5V and +12V DC power within a 5% tolerance. The worst case power
consumption is a follows:

+5VDC = 2 watts maximum
+12VDC = § watts maximum

When power is applied or removed from a Bubble Memory System, the rotating magnetic field within the 7110 Bubble
Memory is held in the proper phase to insure non-volatility. This is accomplished through the use of a power fail reset
circuit. The following power supply specifications must be observed to effectively support the power fail circuitry:

A. VDD = +12V, +5% tolerance

Power off/power fail voltage decay rate—Iless than 1.1 volts/millisecond
B. VCC = +5V, +5% tolerance

Power off/power fail voltage decay rate—Iless than 0.45 volts/millisecond
C. Voltage sequencing—no restrictions
D. Power on voltage rate of rise—no restrictions
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8085 TO BPK 72
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Figure 2. Hardware Interface

The interface designer should verify that the system power supply decay rates meet the specifications previously
listed. To simulate worst case conditions, connect a 2 watt load on the +5 volt supply and a S watt load on the +12 volt
supply. The power supply decay rates can be easily measured during the removal of power with a standard
oscilloscope. Do not use the IMB-72 board with the 7110 dummy module during the power supply decay measure-
ments. The dummy module is not capable of fully loading the power supplies. No attempt should be made to use the
IMB-72 board with the 7110 Bubble Memory until the power supply decay rates have been verified.

Note: The procedure outlined in Appendix B, ‘‘Powering-Up for the First Time,”’ should be performed prior to
installing the 7110 Bubble Memory Module in a newly assembled IMB-72 board.

All BPK 72 kits Rev G or earlier contain an older version of the power fail circuit. The revision letter can be found on
the solder side of the IMB-72 printed circuit board. The old version performs the power fail protection function, but
has limited immunity to power supply noise. An IMB-72 printed circuit board containing the new power fail circuit is
available from Intel Magnetics. A new board, additional hardware, and documentation are available at no cost to
customers with older BPK 72 kits containing the original power fail circuit. Customers are urged to utilize the
improved power fail circuit in all future designs.

Intel Magnetics Applications
3065 Bowers Avenue SC2-962
Santa Clara, CA 95051

(408) 987-7602
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Table 1. 8085/BPK 72 Interface Parts List

item Description Quantity | Reference Manufacturer
1 IC-7430—8 input nand gate 1 Ul any
2 IC-8284A-—clock generator 1 [8)] Intel
3 IC-7406—hex inverter open collector 1 U3 any
4 Crystal—24.0000MHz fundamental mode, series resonant 1 Y1 any
5 Resistor—5.1Kohm, 1/4W, 5% 1 R1 any
6 Mica Capacitor—>35pf, 100VDC, 5% 1 Cl1 any
7 Edge connector, 44 pin 1 El TRW, CINCH
#50-44B-10

IMPLEMENTING THE 8085/BPK 72 SOFTWARE DRIVER

An 8085 to BPK 72 software driver program listing is presented in Appendix A. The driver consists of a set of
subroutines that can be called to perform commonly used Bubble Memory commands. A detailed description and
flowchart of each subroutine is provided with the program listing. The software driver is relocatable and may be
linked with other programs. The name of the program is ‘‘BPK72.” It begins at 0800H and requires less than 1K bytes
of memory allocation.

The software driver is written in 8085 assembly language. It can be easily incorporated into existing systems as part of
autility program to transfer data between the BPK 72 and the 8085’s addressable memory. The subroutines have been
designed to eliminate the need for any further software development concerning the operation of the BPK 72.
Assembly was chosen over higher level languages to provide the most efficient and portable code. With only minor
modifications to the parameterized variables, the program, ‘BPK72,”” will run on almost any 8085 based system.

The following subroutines in the program ‘‘BPK72”’ will now bé discussed:

INBUBL—Initialize Bubble Memory
WRBUBL—Write Bubble Memory data
RDBUBL—Read Bubble Memory data
ABORT—Abort present command, reset BPK 72

INITIALIZING THE BUBBLE

After powering up, the BPK 72 must be initialized before any data transfers can begin. Initialization is needed to
synchronize the 7220 Bubble Memory Controller with the data in the 7110 Bubble Memory storage loops and also
because the 7110 employs redundancy. The 7110 Bubble Memory contains 320 storage loops. However, only 272 of
the 320 loops are necessary for a 100% functional one megabit part. The additional 48 loops provide a 15%
redundancy. Redundancy is used to significantly increase the yield of Bubble Memory modules during manufacture.

A map of the active and inactive loops is placed on a label attached to the case of the 7110. The same map is also placed
in the 7110 during final test. When the system is initialized, the 7220 reads the map (boot loop) from the 7110 and
decodes it. The boot loop is transferred from the 7220 into a pair of boot loop registers in the 7242 formatter sense
amplifier. The boot loop registers are used to format data to insure that only functional loops are enabled during read
or write operations.
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Only one call to the initialization subroutine, INBUBL, is necessary to initialize a BPK 72. The following is an
example of how to call INBUBL.:

8085 Microprocessor 8085 Addressable Memory

BReg= 10H CReg= 00H———— — — > 1000H = 01H Block Length Reg LSB
1001H = 10H Block Length Reg MSB

DReg= XXH EReg= XXH 1002H = 00H Enable Reg
1003H = 00H Address Reg LSB
HReg= XXH LReg= XXH 1004H = 00H Address Reg MSB
A Reg = will return the
value of the 7220’s XX—Don’t care
status register. No effect on the operation

of the BPK 72.
Call INBUBL.

The example shown above demonstrates how to set up the B—C registers prior to calling the initialization subroutine,
INBUBL. The B-C register pair must contain the address of the first of five consecutive locations within the 8085’s
addressable memory. In this example, the B-C registers are pointing to the first of five memory locations starting at
1000H. The data contained in 1000H through 1004H is a memory image of the parametric registers within the Bubble
Memory Controller. The parametric registers contain a set of flags and parameéters that determine exactly how the
7220 will respond to a software command.

Note the values used for the block length and address registers. These values must always be used during the
initialization process with a one megabit Bubble Memory System. The enable register is shown with a 00H indicating
the absence of error detection and correction. The 7220 and 7242 provide an optional error detection and correction
feature to enhance data integrity. It is recommended that first time users begin without the use of error correction.
Later on if error correction is desired, a 20H should be placed in the memory location designated as the enable
register. A discussion concerning the use of error correction may be found in the section titled, ‘‘Communicating with
the 7220.”

Figure 3 illustrates the sequence of program flow necessary to initialize a Bubble Memory System using the
subroutine INBUBL. Note that Figure 3 includes a test of the Bubble Memory Controller’s status register. The status
register is separate from the parametric registers and contains information about error conditions, completion or
termination of commands, and the 7220’s readiness to transfer data. To simplify the task of verifying a successful
initialization, INBUBL returns the value of the 7220’s status register to the calling routine through the 8085’s “‘A”
register. A successful initialization will return a 40H status. All other values indicate a BPK 72 system failure. Consult
Appendix C in the unlikely event that the subroutine INBUBL fails to return a successful status.

READING AND WRITING

Only one call to the subroutine RDBUBL or WRBUBL is necessary to transfer data between the BPK 72 and the
8085°’s addressable memory.

. Like many high density peripheral storage devices, Bubble Memory data is organized into pages rather than bytes.
The 7220 Bubble Memory Controller partitions the one megabit Bubble Memory into 2048 pages of either 64 or 68
bytes in length. The page length is dependent upon the use of automatic error detection and correction—64 bytes
" with error correction and 68 bytes without. Data transfers are specified in terms of whole pages. Therefore the
minimum amount of data that can be transferred from one read or write command is 64 or 68 bytes.

The parametric registers are used to communicate to the controller which page or pages will be transferred during a
read or write command. The address register LSB and the first three bits of the address register MSB define the
starting page address for read or write commands. The block length register determines how many pages will be
transferred starting at the location defined by the address register. Theoretically, data transfers can range from 1 to
2048 pages in length. However, this application limits the maximum data transfer between the BPK 72 and the 8085’s
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ENTER
POWER-UP

SET UP MEMORY
IMAGE IN 8085 RAM
OF THE 7220
PARAMETRIC REGS.

CALL INBUBL

SEE APPENDIX C

RETURN

Figure 3. Initializing the BPK 72

memory to no more than 255 contiguous pages. This limitation results from the need to prevent data transfers that
could exceed the addressable memory space of the 8085. The block length register LSB may be assigned any value
between 1 and 255 depending on the size of the transfer. A detailed description of the parametric registers may be
.found in the section titled, ‘‘Communicating with the 7220.”

The following is an example of how to use the Read Bubble Memory subroutine, RDBUBL, to transfer the first 16
pages (00H-OFH) of data from the BPK 72 to the 8085’s addressable memory, starting at location 2000H:

8085 Microprocessor 8085 Addressable Memory
B Reg = 10H C Reg = 00H——————————» 1000H = 10H Block Length Reg LSB

1001H = 10H Block Length Reg MSB
1002H = 00H Enable Reg*

D Reg = 20H E Reg = 00H
H Reg = XXH L Reg = XXH
A Reg = will return the

value of the 7220’s
status register.

Call RDBUBL.

1003H = 00H Address Reg LSB
1004H = 00H Address Reg MSB

——— 2000H = start data transfer
243FH = last data transfer
(1088 byte transfer)

XX—Don’t care
No effect on the operation
of the BPK 72.

*—Assumes that the BPK 72 was.

initialized without error
correction.
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The Write Bubble Memory subroutine, WRBUBL, can be substituted for the call to RDBUBL to transfer data from
the 8085’s addressable memory to the first 16 pages in the BPK 72. ‘

The example shown above demonstrates how to set up the B-C and D-E registers prior to calling a read or write
subroutine. Just as in the case of initialization, the B-C registers contain the address of the first of five consecutive
memory locations within the 8085’s addressable memory. The data contained in the memory addressed by the B-C
registers is used to load the 7220’s parametric registers. The D-E register pair contains the address of the first byte of
data to be transferred to or from the 8085’s addressable memory.

Figure 4 illustrates how the read and write subroutines, RDBUBL and WRBUBL, should be called from another
routine. The flowchart includes a program path to handle errors in the unlikely event that the read or write
subroutines fail to return a successful status. First time users can omit the additional program flow for preliminary
evaluation. The next section, <‘Checking the Status,” describes the appropriate status values necessary to verify a
successful data transfer.

EXECUTE
COUNTER = 2*

!

SET UP MEMORY
IMAGE IN 8085
™ RAM OF THE 7220
PARAMETRIC REGS.

CALL
RDBUBL
WRBUBL

STATUS =

RETURN

**IN ADDITION TO 40H:
RDBUBL 48H (LEVEL 1 ERROR

CORRECTION ONLY)
DECREMENT WRBUBL 42H
EXECUTE
COUNTER*

CALL ABORT*

EXECUTE
COUNTER = 0*

YES ———— SEE APPENDIX C

*MAY BE OMITTED FOR
PRELIMINARY EVALUATION

Figure 4. Reading and Writing to the BPK 72
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CHECKING THE STATUS

After calling a subroutine to initialize, read, or write Bubble Memory data, the 7220’s status register should be read to
verify that the command was successfully executed. Note that flowcharts 1 and 2 include a test of the status register
to detect for any errors. In order to facilitate the task of verification, each of the commonly used subroutines in the
program ‘‘BPK72” return the contents of the 7220’s status register to the calling routine through the 8085’s “‘A”’
register. It is the responsibility of the calling routine to verify the success of each subroutine. A list of acceptable
status register values for each of the subroutines in the program ‘“BPK72” is presented in Table 2.

Table 2. Acceptable Status Register Values

. Acceptable Status
Subroutine Register Value(s) Comments
INBUBL 40H OP-complete
WRBUBL ' 40H OP-complete
42H OP-complete, parity error
RDBUBL 40H OP-complete
' 48H OP-complete, correctable error*
ABORT 40H OP-complete

*Level 1 error correction only

If any read errors are encountered during the transfer of data, they will almost always result from external noise
interfering with the signal path between the 7110 Bubble Memory and the 7242 formatter sense amplifier. Since the
data within the Bubble Memory is usually correct, a second attempt to transfer data should be successful. Figure 4
illustrates the use of the ABORT command to reset the Bubble Memory Controller before making another attempt to
read or write Bubble Memory data.

Service information is presented in Appendix C in the unlikely event that any of the subroutines in Table 2 do not
function properly.

7220 MICROPROCESSOR INTERFACE OVERVIEW

The key to any interface incorporating a BPK 72 is the Bubble Memory Controller. The controller provides a
complete interface to aTTL level microprocessor bus that allows the designer total freedom from the intricate timing
and waveforms necessary to support a Bubble Memory System. A block diagram of the 7220 Bubble Memory
Controller is presented in Figure 5.

The 7220 interface circuitry consists of one 8-bit bidirectional port. The port provides access to internal registers. The

"address line A0 is used to select either the command/status or parametric/data registers. A command register is used
to issue instructions such as read or write Bubble Memory data. The status register provides information about the
completion or termination of commands and the 7220’s readiness to transfer data. The parametric registers contain a
set of flags and parameters that determine exactly how the 7220 will respond to a software command. The data .
register is actually a forty byte FIFO to buffer the timing differences between the 7110 Bubble Memory and a host
processor. In order to transfer data to (from) the BPK 72, the host processor must load the parametric registers
followed by issuing a read or write Bubble Memory data command.

To maintain design flexibility, the 7220 Bubble Memory Controller provides the user with three different modes of
data transfer:

1. DMA, direct memory access
2. Interrupt-driven
3. Polled I/O
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Figure 5. Block Diagram of the 7220 Bubble Memory Controller

In the DMA data transfer mode, the 7220 operates in conjunction with a DMA controller (such as Intel’s 8257) using
the DRQ (data request) and DACK (data acknowledge) lines for handshaking. With the help of a DMA controller, the
7220 transfers the data to (from) the host processor’s memory. Once the data transfer begins, program intervention is
not required until the entire data transfer has been completed.

In the interrupt mode, the 7220 along with an interrupt controller (such as Intel’s 8259) uses the DRQ (data request)
line to initiate a data transfer. The DRQ line becomes active when the 7220 s ready to send or receive a burst of data. A
typical data burst is 22 contiguous bytes for an interrupt-driven interface. A set of software drivers are also necessary
to service the interrupts to coordinate the transfer of data between the 7220 and the memory associated with a host
processor. One advantage to the interrupt mode is multitasking. Since the host processor is only servicing the 7220
during data transfers, dead time between data transfers can be utilized for other processor tasks.

A polled mode interface reads the 7220 status register to determine when to transfer one byte of data. Of all the
interface modes, polled I/0 is the simplest configuration to implement. No special hardware or external controllers
are necessary to interface the 7220 with a microprocessor. The major portion of a polled mode design is the software.
Just as in the interrupt mode, a set of software drivers are required to read and write data to the 7220.
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This application uses a polled mode configuration. The polled I/O data transfer mode was selected over DMA and
interrupt-driven to simplify the interface design. A polled mode interface does not require the use of a DMA or
interrupt controller. Furthermore, the polled mode interface provides the most flexibility for incorporating a BPK 72
into existing 8085 systems. Since the majority of a polled mode design consists of software, simple program
modifications to accommodate existing systems can be easily entered into the software driver provided in Appendix A.

Interms of performance, the polled I/O transfer mode is the lowest compared to DMA or interrupt-driven. The DMA
and interrupt modes offer the advantage of multitasking. However, the average access time and data transfer rate
remain the same for each data transfer mode. The following formulas and examples demonstrate how to calculate the
transfer time for a one megabit Bubble Memory System:

READ  N-page transfer:
Transfer time = seek time + 8.7 ms + 7.5 ms (N—1)

~ WRITE N-page transfer:
Transfer time = seek time +7.5 ms (N)

Average seek time = 41 ms
Worst case seek time = 82 ms
Average data rate = 8.5 K-bytes/sec

For Example:

A. Time to read 1 page (assuming avg seek time):
Transfer time = 41 ms + 8.7 ms = 49.7 ms
B. Time to write 1 page (assuming avg seek time):
Transfer time = 41,ms + 7.5 ms = 48.5 ms
C. Time to read 10 contiguous pages (assuming avg seek time):
Transfer time = 41 ms + 8.7 ms + 7.5 ms (10-1) = 117.2 ms
D. Time to write 10 contiguous pages (assuming avg seek time):
Transfer time = 41 ms + 7.5 ms (10) = 116.0 ms

HARDWARE INTERFACE DESCRIPTION

To simplify the task of interfacing a BPK 72 with a microprocessor, the 7220 Bubble Memory Controller provides a
convenient set of TTL signals that may be directly connected to a system bus. The interface s1gnals on the BPK 72
necessary to 1mplement a polled mode configuration are presented in Table 3.

PARITY BETWEEN THE 8085 AND BPK 72

The 7220 has the capability of generating and detecting odd parity using the bidirectional data line D8. The parity bit
may be used to increase the reliability of the data path between the 7220 and a host processor. During data transfers,
odd parity is generated for read operations and tested for write operations. The host processor may read the 7220
status register to determine if a parity error occurred during a write operation. Parity is typically implemented when a
long transmission path exists between the host processor and the 7220. Since most systems utilize a simple edge
connector backplane and a short transmission path (less than 18 inches), parity is not necessary Parity is not
implemented in this application to minimize the hardware .complexity.

The parity bit, D8, is not stored within the 7110 Bubble Memory module. A separate and more effective error
detection and correction feature is available as an option to increase the data integrity within the 7110. See the section
titled, ‘‘Communicating with the 7220” for further details about the option of automatic error detection and
correction.
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Table 3. BPK 72 Polled Mode Interface Signals

Signal Function

A0 Address line
A0 = 0 Selects the FIFO data buffer or the parametric registers.
A0 = 1 Selects command/status registers.

DO0-D7 8 bit bidirectional data bus.

D8 Optional odd parity bit, not used in this application.

CS/ Chip select input. A logic high will tri-state the 7220 interface signals. (Slash, **/’ designates a low active
signal, system ground)

RD/ Read 7220 registers or data FIFO.

WR/ Write 7220 registers or data FIFO.

DACK/ DMA acknowledge. If DMA is not used, DACK/ requires an external pullup resistor to VCC (5.1 Kohm).

CLK 4 MHz TTL level clock.
Clock period = 250 ns, 0.25 ns tolerance.
Duty cycle = 50%, 5% tolerance.

RESET/ A low on this pin forces the interruption of any 7220 activity, performs a controlled shut-down, and initiates a
reset sequence. The next instruction following RESET/ must be an abort command.

7242 CS/ | 7242 chip select signal is used to select banks of 7242s. 7242 CS/ must be tied low (system ground) for a single
bank configuration.

4 MHZ CLOCK

The BPK 72 requires an external 4 MHz (may be asynchronous with respect to a host processor) TTL level clock. The
specifications for the period and duty cycle are presented in Table 3. The 7220 uses the external clock to generate the
timing signals that control the rotating magnetic field within the 7110 Bubble Memory. For reliable operation, the
clock tolerances must be observed to assure that the rotating field is stable and accurate.

An Intel integrated circuit, 8284 A clock driver, is used to generate the 4 MHz external clock. The 8284A along with a
24MHz series resonant crystal (fundamental mode) will provide a precise and accurate clock for any interface
incorporating a BPK 72. The circuit configuration for the 8284A is illustrated in Figure 2. Other techniques of clock
generation are acceptable as long as the duty cycle and period are within the specifications listed in Table 3.

SOFTWARE INTERFACE DESCRIPTION

The software driver presented in Appendix A contains the following subroutines that may be called from another

routine:
* INBUBL —Initialize the BPK 72.
* RDBUBL —Read Bubble Memory data.
* WRBUBL —Write Bubble Memory data.
* ABORT —Abort present command, reset BPK 72.
** FIFORS —Reset 7220 FIFO data buffer.
** WRFIFO —Write 7220 FIFO data buffer.
** RDFIFO —Read 7220 FIFO data buffer.
*¥*x/x* WRBLRS —Write 7242 boot loop registers.
** RDBLRS —Read 7242 boot loop registers.
***x/** MBMPRG —Bubble Memory purge command.
#*#* RDBOOT —Read Bubble Memory boot loop.
*** BOOTUP  —Write Bubble Memory boot loop.

* Most commonly used commands
** Necessary to verify successful assembly of the BPK 72 (see Appendix B)
*** Diagnostic routines (see Appendix C)
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Each of the subroutines listed above is described in further detail in Appendix A. Along with each subroutine is a
generalized flowchart displaying the program flow. The user is encouraged to read the software driver to better
understand the software interaction necessary to interface a BPK 72 with an 8085 microprocessor.

COMMUNICATING WITH THE 7220

Some additional background is necessary to understand the operation of the 7220 Bubble Memory Controller. Figure
6 illustrates the user-accessible registers that control and format the flow of data between the 7110 Bubble Memory
and a host processor.

The address assignments for the user-accessible registers within the 7220 are presented in Table 4. The registers are
listed in two groups. The first group (status, command, register address counter) consists of those registers that are
selected and accessed in one operation. The second group contains the FIFO data buffer and the parametric registers
(utility, block length, enable, address), they are selected according to the contents of the register address counter
(RAC).

Table 4. Address Assignménts for the User-Accessible Registers

A0 D7 D6 {D5| D4 | D3 (D2 D1 | DO | Symbol Name of Register Read/Write
1 0 0 0 1 C C C C CMDR Command Register Write Only
1 0 0 0 0 B B B B RAC Register Address Counter Write Only
1 S S S N S S S STR Status Register Read Only

NOTES:
SSSSSSSS = 8-bit status information returned to the user from the STR
CCCC = 4-bit command code sent to the CMDR by the user.
BBBB = 4-bit register address sent to the RAC by the user.
B3B2B1B0 = 4-bit contents of RAC at the time the user makes a read or write request with AQ = 0.
LSB = Least Significant Byte
MSB = Most Significant Byte

Table 5. Parametric Registers and FIFO Data Buffer

RAC
Symbol Name of Register Read/Write
A0 | B3| B2 | B1| BO )
0! 1| 0| 1}{0 UR Utility Register Read or Write
0 1 0 1 1 BLR LSB Block Length Register LSB Write Only
0 1 1 0 0 BLR MSB Block Length Register MSB Write Only
0 1 1 0 1 ER Enable Register Write Only
0 1 1 1 0 AR LSB Address Register L.SB Read or Write
0 1 1 1 1 AR MSB Address Register MSB Read or Write
0 0 0 0 0 FIFO FIFO Data Buffer Read or Write

To successfully implement the hardware and software presented in this application, certain restrictions are placed
on the contents of the user-accessible registers. Each of the user-accessible registers and any necessary restric-
tions will now be discussed in further detail.

COMMAND REGISTER

The 7220 command set consists of 16 commands identified by a 4 bit command code. A list of the commands is
presented in Table 6. : ‘
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REGISTER 4-BIT ADDRESS FIFO DATA BUFFER

ADDRESS
COUNTER
(RAC) PARAMETRIC REGS
WR ¥
INTERNAL BUS (8-BIT) COMMAND
REGISTER
DO(0-8)
STATUS
REGISTER
(STR)
OUTPUT
DRIVERS
(TRI-STATE)
OUTPUT
LATCH
WA (OPL)
A0

Figure 6. 7220 User Accessible Registers

Table 6. 7220 Commands

D3 | D2 | D2| D1 Command Name

0 0 0 0 Write Bootloop Register Masked
0 0 0 1 Initialize

0 0 1 0 Read Bubble Data

0 0 1 1 Write Bubble Data

0 1 0 0 Read Seek

0 1 0 1 Read Bootloop Register
0 1 1 0 Write Bootloop Register
0 1 1 1 Write Bootloop

1 0 0 0 Read FSA Status

1 0|0 1 Abort

1 0 1 0 Write Seek

1 0 1 1 Read Bootloop

1 1 0 0 Read Corrected Data

1 1 0 1 Reset FIFO

1 1 1 0 MBM Purge

1 1 1 1 Software Reset

The commands listed in Table 6 are provided for reference purposes only. The software driver in Appendix A consists
of a series of subroutines that automatically issue the appropriate commands to perform a data transfer.

The function of each command is usually apparent from the command name (e.g., initialize, read bubble data, write
bubble data). Additional detail concerning the function of each command may be found in the BPK 72 user’s manual.
REGISTER ADDRESS COUNTER

The register address counter consists of a 4 bit address that points to one of the six parametric registers:

Utility register (UT)—The utility register is a general purpose register available to the user in connection with Bubble

Memory System operations. It has no direct effect on the operation of the 7220. It is provided as a convenience to the
user.
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Block length register (BLR)—The contents of the block length register determine the system page size and the
number of pages to be transferred in response to a single bubble read or write command. The bit configuration is as
follows:

BLOCK LENGTH REGISTER MSB BLOCK LENGTH REGISTER LSB
Llelsle]a]afrfo] [z]e]s]afefzf1]0]
— X NG o _/
NUMBER OF FSA NUMBER' OF PAGES TO BE TRANSFERRED
CHANNELS (NFC)

Figure 7. Block Length Registers

The 7220 has the capability of supporting up to eight 7110 Bubble Memory modules. Each 7110 contains two channels
that are sensed by a 7242 formatter sense amplifier (FSA). In multiple Bubble Memory configurations, the BLR
allows the user to select the page size. Since the BPK 72 consists of only one Bubble Memory module, the field
specifying the number of FSA channels in the BLR MSB must contain —0001B (“‘B’’ designates a binary notation).
After the FSA field is set, the page size is dependent upon the use of error detection and correction. Error correction
will be discussed in the next section describing the function of the enable register.

The BLR LSB and the first 3 bits of the BLR MSB determine the number of pages to be transferred during a single

read or write command. This application restricts the user to no more than 255 contiguous pages to prevent data
transfers that could exceed the addressable memory space of the 8085.

For This Application -

BLR MSB—10H at all times.
(‘*‘H” designates a hexadecimal notation)

BLR LSB—Selectable from 01H to FFH (1 to 255 pages).
CAUTION: 00H in the BLR LSB will enable a 2048 page transfer resulting in a timing error.

Enable Register (ER)—The user sets the bits in the enable registe; to enable or disable various functions within
the 7220. The individual bit descriptions are as follows:

ENABLE REGISTER

Lrlefelel=fe] ]0]

INTERRUPT ENABLE (NORMAL)
INTERRUPT ENABLE (ERROR)
DMA ENABLE
3 MFBTR
‘> WRITE BOOTLOOP ENABLE
‘+————————————» ENABLE RCD
ENABLE ICD
ENABLE PARITY INTERRUPT

Figure 8. Enable Register
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One of the most important functions concerning the enable register is the option of automatic error detection and
correction. If error correction is enabled during a write operation, the 7242 formatter sense amplifier appends each
256 bit block of data with a 14 bit fire code. Both the data and the fire code are stored within the 7110 Bubble Memory
module. During a read operation, the 7242 compares the data with the fire code to check for any errors. With respect
to the FSA, errors are either correctable (the FSA is able to reconstruct the data using an error correction algorithm
before transferring the data to the 7220) or uncorrectable. Additional information about the fire code is available in
the BPK 72 user’s manual.

The enable register offers three levels of error correction. All three levels utilize the same error correction algorithm

but differ in their interaction with a host processor. Table 6 defines the relevant register bits for the various levels of
error correction.

Table 6. Error Correction Levels

Error l(;:eo‘:'::lectmn Bit 6 (ICD) Eng:::l: :;eg;)s)ter Bit 1 (Int Enable)
Level 0 0 0 0
Level 1 ' 0 1 0
Level 2 1 0 0
Level 3 1 ] i

Level 0 does not enable the error detection and correction algorithm. In this mode, the 7220 partitions one megabit
systems into 2048 pages consisting of 68 bytes per page.

Level 1 is the most popular level of error correction. If an error is detected during a read operation, the 7242
automatically cycles the data through its error correction algorithm and transfers the data to the 7220. If the error was
correctable, the 7220 will continue to function normally i.e., correctable errors in Level 1 are transparent to the host
processor. If the error was uncorrectable, the 7220 will stop reading at the end of the page wherein the error was
encountered. In the unlikely event that the 7220 stops because of an uncorrectable error, the host processor should
try at least one more attempt to read the data. In most cases, errors result from random noise that can interfere with
the signal path between the 7110 and 7242. Since the data is usually correct within the 7110, another attempt to read
the data should yield a successful status.

Level 2 and Level 3 differ from Level 1 in that page-specific logging of uncorrectable errors is possible and the
transfer of erroneous data can be prevented. Level 3 differs from Level 2 in that Level 3 also allows the logging of
correctable errors.

Neither Level 2 nor Level 3 is supported by this application because the probability of an uncorrectable error is
typically one in 10'® bits read. An error rate of this magnitude will produce few if any uncorrectable errors
throughout the useful life of a Bubble Memory System.

It is recommended that Level 1 error correction be utilized to impr;)ve the integrity of the data within the 7110. In
Level 1, the 7220 assigns 64 bytes to a page in one megabit Bubble Memory Systems.

Aside from error correction, the enable register performs many other functions.
Enable Parity Interrupt—If this bit is set, any parity errors between the host and the 7220 during write
operations will generate an interrupt. Since parity and the interrupt mode are not used in this application, the
enable parity interrupt bit should be reset to a logical zero.

Write Bootloop Enable—This bit must be reset to prevent accidental erasure of the boot loop within the 7110.

MFBTR—The MFBTR bit should always be reset to maximize the data transfer rate between the 7220 and 7242
during read operations.
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DMA Enable—If this bit is set, the 7220 will attempt to transfer data in the DM A mode. Since this application
utilizes a polled mode interface, this bit must be reset to a logical zero.

Interrupt Enable (Nonﬁal)—-lf this bit is set, an interrupt is sent to the host processor after the successful
completion of a Bubble Memory command. Since this application uses a polled mode interface, this bit should
be reset to a logical zero.

For This Application

Enable Reg—O00H. No error correction.
—20H. Level 1 error correction.

Address Register (AR)—The contents of the address register determine which starting address locations will be
used during a read or write command. For systems with a multiple Bubble Memory configuration, an additional
magnetic Bubble Memory (MBM) select field is used to specify which Bubble Memory(s) will be selected. The
bit configuration is as follows:

ADDRESS REGISTER MSB ADDRESS REGISTER LSB
[rlelsle]a]zf1]o] [7]e]sfe]af2]1]o]
X — g

g
MBM SELECT STARTING ADDRESS WITHIN EACH MBM

Figure 9. Address Registers

Since the BPK 72 consists of only one 7110 Bubble Memory module, the MBM select field must contain —0000B
(“B” designates a binary notation).

For This Application
AR MSB—00000XXX
AR LSB—XXXXXXXX, X = user selectable page address
from 0 to 2047.
STATUS REGISTER
In a polled data transfer mode, the status register provides information about error conditions, completion or

termination of commands, and the 7220’s readiness to transfer data or accept new commands. The bit configuration
for the status register is as follows:

STATUS REGISTER

Lrlelsfefo]e]e]e]
l—b FIFO AVAILABLE
PARITY ERROR
UNCORRECTABLE ERROR

‘—————————— CORRECTABLE ERROR
'———————————— TIMING ERROR

OP FAIL

OP COMPLETE

BUSY

Figure 10. Status Register
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Busy—When active (Logic 1), the Busy bit indicates that the 7220 is in the process of executing a command. Bits
1 through 6 of the status register are valid only when the busy bit is not active (Logic 0).

OP Complete—When active (Logic 1), the OP Complete bit indicates the successful completion of a command.

OP Fail—When active (Logic 1), the OP Fail bit indicates that the 7220 was unable to successfully complete the
current command.

Timing Error— When active (Logic 1), the Timing Error bit indicates that an FSA has reported a timing error to
the 7220, or that the host system has failed to keep up with the required data rate during a read or write
operation.

Correctable Error—When active (Logic 1), the Correctable Error bit indicates that an FSA has detected a
correctable error in the last block of data read from the 7110.

Uncorrectable Error—When active (Logic 1), the Uncorrectable Error bit indicates that an FSA has detected
an uncorrectable error in the last block of data read from the 7110.

Parity Error—When active (Logic 1), the Parity Error bit indicates that a parity error was detected between the
7220 and the host processor. Parity errors are only detected by the 7220 during write operations. Since parity is
not used in this application, ignore all parity errors.

FIFO Ready— When the 7220 is busy, an active FIFO Ready bit (Logic 1) indicates that the FIFO has data for
reading or space for writing. When the 7220 is not busy, the FIFO Ready bit (Logic 0) indicates that the 40 byte
FIFO and the input and output latches are completely empty.

SUMMARY

This application note is intended to eliminate almost all of the development effort necessary to interface an 8085
microprocessor with a BPK 72. With the addition of only a few IC’s and the software driver presented in Appendix A,
the designer is well on the way to incorporating the benefits of improved reliability, reduced maintenance, and
non-volatility into any 8085 microprocessor based system.
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APPENDIX A
8085 TO BPK-72 INTERFACE
SOFTWARE DRIVER LISTING
AND
FLOWCHARTS
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ASM8d :F1:BPKHDR
ISIS-11 8880/8885 MACRO ASSEMBLER, V3.8 BPKF2  PRHGE 1
LoC 0BJ LIKE SOURCE STRTEMENT /

1
2
3;
4, PROGRAM- 8883 TO BPK72 SOFTWARE DRIVER ¥1.8 |
9 ULMONT S. SHITH JR.
6 INTEL CORPORATION
7 3065 BOWERS RVENUE
8 SANTR CLARA, CALIFORNIA 35851
9
16 ;
i1
12
13
i4,
15 , ABSTRACT
16 ; .
17 . THIS PROGRAM CONSISTS OF A SET OF BUBBLE MEMORY SOFTWARE DRIVERS
18 ; THAT SUPPORT A POLLED MODE INTERFACE BETWEEN A EPK72, LMBIT BUBBLE
13 MEMORY PROTOTYPE KIT. AND A STANDARD 8@83 MICROPROCESSOR. THE
2 PROGRAM UTILIZES A SET OF PUBLIC DIRECTIVES THAT CAN BE CALLED
2. TO PERFORM A BUBBLE MEMORY INITIALIZATION, READ. WRITE. AND OTHER
22 . COMMONLY USED COMMANDS. IN THE UNLIKELY EVENT THAT THE 7118 BUBBLE
23 HEMORY BOOT LOOP IS LOST. TWO ROUTINES ARE PROVIDED TO EXAMINE AND
24, REWRITE THE BOOT LOOP CODE.
23 ;
26

=
i s

28 . PROGRAM ORGANIZATION.

29 ; .
39 ; FUNCTIONS:
i INTPAR
2 FIFORS
23 BYTCNT
34, WRITE
35 REAL:
36 ABORT
7. WRELEL
38 ROELBL
3 ' INBLEL
4@ . BOGTUP
41 . ROECOT
42 ; WRFIFG
4z . RDFIFG
44 . HPELRS !
43 ; RDELRS
46 ; MEMFRD
C47
48 ;
45 ; EXTERNAL DECLARATIONS  NONE
5@ ;
51
52 $EJECT
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ISIS-11 3896./8885 MACRD

Lo oeJs

BOFE
BOFF

ASSEMBLER. 43,8

BPKYZ  PAGE 2

LINE SOURCE STATEMENT
A
54 . PUBLIC SYMBOLS
35 .
36 FIFORS - RESET 7228 FIFD DATR BUFFER
a7 . ABORT - ABORT PRESENT COMMAND, RESET BPK72
58 . WRBUBL - WRITE BUBELE MEMORY DATR
98, RDBUBL - READ BUBBLE MEMORY DATA
[ INBUBL - INITIALIZE THE BPK72
el s BOOTUP - WRITE BUBBLE MEMORY BOOT LOOP
62 . FOEOODT - READ BUBBLE MEMORY BOOT LOOP
63 ; WRFIFG - WRITE 7228 FIFO DATA BUFFER
64 RDFIFD - READ 7226 FIFO DATA BUFFER
65 WRELRS - WRITE 7242 BOOT LOOP REGISTERS
o6 RUBLRS - READ 7242 BOOT LODF REGISTERS
&7 MBMPRG - BUBELE MEMORY PURGE COMMAND
68 ’ .
69 ;
wa .,
71
7 HAME BPKT2
FE
?4 : Aok dokobeh. ok
e
77 2 ;
?E" s
73 ORG HEE6H
21 . sk e 3
a2
84 \ o b s, b s e s, sde e A Aok
83
g5 PROGRAM EQUATES
a7 .
8‘\3 s e Acske
a9,
9@ }
51 PRTREA EGU @FEH . A POLLED MODE INTERFACE REQUIRES OMLY TWO I/0
92 PRTABL EQU BFFH . PORTS DESIGNATED BY THE A@ LINE ON THE BPK72 BOARD.
32 + THIS APPLICATION USES:
34 H X
95 ; BFEH - Ab=8 FOR PRTRABA CPORT AB= @)
96 ‘ i Rb/HR BUBBLE MEMORY DATR AND REGS
57 ;
35 ; BFFH - AB=1 FOR PRTABL (PORT AB= 1)
93 i RD STATUS REG
168 i - WR BUBBLE MEMORY COMMANDS
181 ;

162 $EJECT
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I1515-11 8@88/6885 MACRD ASSEMBLER, V3. @

LOC 0BJ

8808 L5
8861 05
#882 38R
B804 DIFF
880f 1EGS
8862 @A
3889 DIFE
agub a3
#aac 10
2560 C2A363
18 Dl
8311 C1
Bg12 9

LINE SOURCE STATEMENT

183

BPK7Z  PAGE 3

194 ;

185 ; FUNCTION.
186", INPUTS:
187 . OQUTPUTS:

188 . CALLS

185 , DESTROYS.

118

INTPAR

B-C REGS. STARTING ADDRESS OF PARAMETRIC REGS IN RAM
7228 PARAMETRIC REGS

NONE
fls FAFS

111 . DESCRIPTION: LOAD THE 7228 PARAMETRIC REGS

112
113
114

115 .

116 .

147 INTPAR.
118

118

12a

121

122 LORD.
123

124

125

126

127

128

128

128

171,

132

133 $EJECT

THE

B-C REGS

CONTRIN THE ADDRESS TO THE FIRST OF FIYE CONTIGUOUS

MEMORY LOCATIONS IN RAM.  THE DATA ADDRESSED BY THE B-C REGS IS
USED T LORD THE PARAMETRIC REGISTERS IN THE 7220 BUEBBLE MEMORY
CONTROLLER. INTPAR COPIES THE DRTR IN RAM TU THE PRRRMETRIC REGS

PUSH
PUSH
YT
aur
i)
LOAx
T
IN#
bCR
INE
PP
PP
RET

B

b

A BBH
PRTRIAL
E. B5H
B
PRTREE
B
E
LOAD
b

B

+ SRYE B-C REGS
+ SHYE D-E REGS

LOAD R REG WITH BLR LSB ADDRESS
LOAL 7228 RAC WITH BLR LSE ACDRESS
INITIALIZE LOOF COUNTER

+ LOFD A REG FROM B-U REG ADDRESS
» HRITE PARAMETRIC REG

INCREMENT B-C REGS TO THE HEAT ADDRESS IN RAM
DECREMENT LOGP COUNTER

« IF NOT ZERD. JMP LOAD
+ RESTORE D-E REGS

RESTORE B-C REGS
RETURN TO CALL
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ENTER

LOAD 7220 RAC =
BLOCK LENGTH
REG LSB ADD /
OBH

!

INITIALIZE LOOP
COUNTER = 05H

WRITE 7220

PARAMETRIC REG

DECREMENT LOOP
COUNTER

_RETURN

COMMENTS: THE UTILITY REGISTER IS NOT USED. THE RAC IS
AUTOMATICALLY INCREMENTED AFTER EACH WRITE
(WR/} IS EXECUTED. THE-RAC WILL NOT INCREMENT
BEYOND 00H.

Figure 11. INTPAR
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AP-150

IS1S-11 8080,/8085 MACRD ASSEMBLER, V3. @ BPK72  PRGE 4
LOC 0BJ LINE SOURCE STRTEMENT
134 5wk
125 .

136 , FUNCTION: FIFORS

137 5 INPUTS.  BPKP2 STATUS REG

138 ; QUTPUTS: ISSUE FIiFD RESET COMMAND TO BPE7Z
139 A REG= BPK?2 STRTUS REG

148 . CALLS.  NONE
144 ; DESTROYS. A, F/FS
142 .
14% ; DESCRIPTION. RESET 7220 FIFD DATR BUFFER
144 ; A FIFD RESET COMMAND IS ISSUED TO THE BPK7Z. AFTER ISSUING THE
145 ; COMMAND.  THE BPK?2 STATUS REG IS POLLED UNTIL AN OP-COMPLETE.
146 . 4@H, HAS BEEN RERD OR THE TIME QUT LOOP COUNTER DECREMENTS TO
147 . ZERD. FIFORS RETURNS THE YALUE OF THE BPKFZ STRTUS REG TO THE
148 CALLING ROUTINE VIR THE 2935 5 A REG. OMLY A STRTUS OF 4@H
149 . INDICATES A SUCCESSFUL EAECUTION OF THE FUNCTION FIFORS.
15@ .
151 PUBLIC FIFORS . UECLARE PUBLIC FUNCTION
8813 DS 152 FIFORS: PUSH [ + SAYE D-E REGS
8814 5 153 PUSH B ©, SAVE B-C REGS
8815 asde 154 M1 B.4BH ; LOAD B REG= 48H, OP-COMPLETE
8817 1iFFFF 153 LAL D, BFFFFH: INTIALIZE TIME OUT LOOP COUNTER
881R 2ELD 15¢ MYL A ADH . LOAD A REG= FIFQ RESET COMHAND
884C D3FF 157 ouT PRTAEL . WRITE FIFO RESET COMMAND
851E DEFF 138 BUSYFR IN FRTRAL . READ STATUS REG
8828 @7 158 RLC . TEST BUSY BIT=1
8821 DA2E@R 168 IC POLLFR . IF BUSY= 1, POLC STATUS RES FOR 44H
8824 1B 161 DLW D » DECREMENT TIME OUT LODP COUNTER
8825 AF 162 ARA A . CLERR A REG
@826 B2 167 ORA b TEST [ REG= @@H
8827 B2 164 ORA E . TEST E REG= ddk
8828 C21EA2 163 INZ BUSYFR . IF HOT ZERO, CONTINUE POLLING FIFD RESET COMMAND
8828 (22003 168 AL FETFR . TIME OUT ERROR, RETURN
@22E DEFF 167 POLLFR IN PRTRBL : READ STRTUS REG
BE30 A3 168 nRA B « TEST STATIS= 48 OP-COMPLETE
/ 8821 CA2Bag 169 Iz RETFR  + IF OP-COMPLETE. JHP RETFR
8834 1B ' 17 Do 7 » DECREMENT TIME OUT LOOP COUNTER
@835 AF 171 SRA A » CLERR A REG
@236 B2 172 ORA b . TE3T D FEG= GBH
8a37 B3 173 ORA 3 i TEST £ REG= 08H
@938 [22F@3 174 me POLLFR 5 IF NOT ZEPG, CONTINUE POLLING FIFQ RESET COMMAND
8338 1 175 RETFR  POP B » RESTORE B-C REGS
883C D1 ire POF b » RESTURE D-E RESS
B850 DBFF 177 iN FRTABL . RERD STATUS REG
Ba3F €9 178 RET » RETURN TD CALL
173,
1-9@ B
181

182 $EJECT
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AP-150

ENTER

INITIALIZE
TIME OUT
LOOP COUNTER
READ 7220
‘ STATUS REG
ISSUE
FIFO RESET
COMMAND
YES
NO
READ 7220
STATUS REG DECREMENT
TIME OUT
LOOP GOUNTER

LOOP
COUNTER = 0

DECREMENT
TIME OUT
LOOP COUNTER READ 7220

' STATUS REG

RETURN

LOOP
COUNTER = 0,

COMMENT: MINIMUM TIME OUT LOOP COUNT = 50uS.

Figure 12. FIFORS
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AP-150

ISIS-I1 8888/8@85 MACRD ASSEMBLER. ¥2.0 BPK7Z  PAGE S

Loc GeJ

8348 5
#3414 DS
9242 oA
8342 oF
B244 a2
8345 03
8345 BA
8847 67
8343 1640
H34R SEGE
8340 nd
B34l C2526a
8859 1644

8352 2608
8354 1ER9
8856 70

. 8RS 1F
8858 oF
8833 10
8358 CReTaR
83Dk 7C
885E D2ozed
8gel 22
aa62 IF
836z o7
A%e4 [25608
8067 Dl
8263 C1
8869 €8

LINE

183 .

SOURCE STRTEMENT

184 , FUNCTION. BYTONT
185, INPUTS.  B-C REGS, STARTING ADDRESS OF PRRAMETRIC REGS IN RAM
136 , OUTPUTS. H-L REGS= BYTE COUNTER

187 ; CALLS

NOE

188 » DESTRD‘Y‘S HJ H L. FE‘FE

189 ;

199 . DESCRIPTION. BYTE COUNTER

191 ;
192 ,
1533
194
195 ,
196 .
157 .

198 3

188 ;
268 .
281,

282

203,

284 BYTONT.
265

208

7

208

289

218

211

22

212

214

215

246

217

218

215

226

221 WULT.
22

2e% WULTO.
224

225

Z2E

228

229

28

221 WLTL:
232

23

234 DONE
235

236

~
237 .

THE B-C REGS CONTRIN THE RDDRESS TO THE FIRST OF FIVE CONTIGUDUS MEMORY
LOCATIONS IN RAM.  THE DATA ADDRESSED BY THE B-C REGS IS5 USED TO LOAD
THE PARAMETRIC REGS IN THE 7220 BUBELE MEMORY CONTROLLER. THE ENRBLE
REG IS RERD FRUM RAM TO DETERMINE IF ERWOR COPRECTION HAS BEEN ENABLED
THE USE OF ERROR CORRECTION RERUIRES R 64 BYTE TRANSFER/PRGE - ©f BVTE
TRANSFER/PAGE WITHOUT ERPOR CORRECTION. THE BLOCK LENGTH REG LSB IS
ALSG RERD FROM RAM 7O DETERMINE THE NUMBER OF PAGES TO BE TRANSFERRED
DURING THE NEXT RERD OR WRITE COMMAND. THE NUMBER OF BYTES PER PAGE
WULTIPLIED BY THE NUMBER OF PAGES IS COMPUTED AND PRSSED TO THE CALLING
ROUTINE WIR THE 8983°5 H-L REGS.  DATR TRANSFERS ARE LIMITED TO 16,328
BYTES WITH ERROR CORRECTION AMD 17, 3d@ BYTES WITHOUT  ONLY THE BLRLSE
13 USED TO GENERATE THE BYTE COUNTER

PUSH & . SHYE B~C REGS

PusH [ » SAVE D-E REGS

Lofx B + LOAD A REG WITH BLRLSE

M L.# i WOVE BLRLZE TGO L REG

I B i

INA E « INCREMENT B-C REGS TO ADDRESS THE ENRBLE REG Ih RAR
LAY B + LORD A REG WITH ENABLE REG

oY H A « MOYE ENRBLE FEG T0 H REG

il D484, INITIALIZE [ REG &4 BYTES/PAGE WFER. diH

vl fooiH . ERROR CORRECTION DETECTION MASK

A h o LOGICAL ANl MASK WITH H REG, TEST FOR EFROR CORRELCTION

JNZ MULT . IF ZERD. ERROR CORPECTION IS MOT ENABLED
WYL fi, d4aH N ERROF CORRECTION: 65" BYTES/PRGE WFER. 44H
HULTIPLY B REGY X <L REG)

. od OR 63 BYTES ¥ NG OF PAGES IN BLRLSE

+ RESULT WILL BE PLRCED IN THE H-L REGS

» BEGIN MULTIPLY ROUTINE
Myl H, B INITIRLIZE WOST SIGHIFICANT EVTE OF RESWLT
YL E.@3H . INITIARLIZE BIT COUNTER

v AL « MOVE Liwi ORDER BYTE INTO A REG

AR .+ ROTATE (ERST SIGNIFICANT BIT OF WULTIPLIER
Mt wf > MOYE LOW ORDER BYTE OF RESULY INTD L REG
iR £ » DECREWENT BIT COUNTER

Iz DONE ¢ ERIT IF COMPLETE

Hit A < WOVE HIGH ORDER BYTE INTO R REG

JHE MULTL . IF CHRRY= & JHF muLTl

RLD b # ADD D REG T A RED

FrR » CARRY= @, SHIFT #IGH ORDER BVTE OF RESULT
Hoy H: A + HOVE RHIGH ORDEF RESULT INTO H PEG

JHF MATD . CONTIMUE LOOPING

PP o . RESTORE [-E REGS

FOF ] . RESTORE B-U REGS

RET + PETURN TO CALL
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ENTER

READ 7220
BLRLSB REG
FROM RAM

MULTIPLIER =
BLRLSB

READ 7220
ENABLE REG
FROM RAM

MULTIPLICAND =
68 DECIMAL
44H

ERROR
CORRECTION

MULTIPLICAND =
64.DECIMAL
40H

MULTIPLY

MULTIPLICAND

MULTIPLIER

BYTE COUNTER
= RESULT

RETURN

COMMENTS: THE PARAMETRIC REGS—BLRLSB AND THE ENABLE REG
CAN NOT BE READ FROM THE 7220. THEY MUST BE READ
FROM A MEMORY IMAGE IN RAM. SINCE ONLY THE BLRLSB
IS USED TO COMPUTE THE BYTE COUNTER, DATA

TRANSFERS ARE LIMITED TO 255 PAGES.

Figure 13. BYTCNT
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AP-150

ISIS-11 8888/8@85 MACRO ASSEMBLER, V3.8 BPK7Z  PAGE &
LoC 0BJ LINE SOURCE STRTEMENT
238 ;
239 ;

886R DS
8868 (5
886C @1FFFF
886F 3E13
@871 D3FF
8873 8B
8874 fF
8875 Ba
8876 BL
8877 ChA168
887R DBFF
887c 87
8370 D27zag

248 ; FUNCTION: WRITE
241 ; INPUTS:  D-E REGS, STARTING ADDRESS OF DATA IN RAM

242 ,
243 ;

H-L REGS. BYTE COUNTER
BPK72 STATUS REG

244 ; QUTPUTS: WRITE DATA TO BUBBLE MEMORY
245 ; CALLS:  NOMNE
246 . DESTROYS: A. H L. F/FS

247 ,

248 ; DESCRIPTION: TRANSFER DRTR FROM RAM TO BUBBLE MEMORY

249 ;
299 ;
2 ;
252,
253 i
254 .
295 »
296 i
257
298
233 ;
2608 WRITE:
261
262
263
264
263 BUSYHR .
266
267
268
263
27d
271
272
273

274 $EJECT

THE D-E REGS CONTAIN THE STARTING ADDRESS IN RAM OF DRTR
TO BE WRITTEN INTO THE BUBBLE MEMORY. THE H-L REGS MUST
CONTRIN £ BYTE COUNTER INDICATING THE NUMBER OF DATA BYTES
T0 BE TRANSFERRED. THIS FUNCTION BEGINS BY ISSUING THE WRITE
BUBBLE MEMORY DATA COMMAND FOLLOWED BY POLLING THE STRTUS REG
TO DETERMINE IF THE 7226 FIFD DATR BUFFER IS RERDY TO RECEIVE
DATR.  DATA IS TRANSFERRED UNTIL THE BYTE COUNTER OR TIME
OUT LODP COUNTER DECREMENTS TO ZERO. THE PARAMETRIC REGISTERS
MUST BE LORDED WITH THE DESIRED VALUES PRIOR TO CALLING THIS
FUNCTION. '

PUSH D SRYE D-E REGS

PUSH B i SAYE B-C REGS

Lil B, 8FFFFH; INITIALIZE TIME OUT LOGP COUNTER

M1 A:13H & LORAD A REG= WRITE BUBBLE MEMORY DATA COMMAND
T PRTR@L : WRITE. WRITE BUBBLE MEMORY DATA COMMAND

ULK g i DECREMENT TIME OUT LOOP COUNTER

~

#RA fi » CLEAR A REG '
ORA B + TEST B REG= @8H
C i TEST C REG= BBH

URA

iZ FINSHW . IF ZERD, TIME OUT ERROR, IMP FINSHAW

In FRTABL . READ STATUS REG

RLC » TEST BUSY BIT=1

INC BUSYWR ; IF ZERO. CONTINUE POLLING BUSY BIT
. CONTINUED ON NEXT PAGE
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ISIS-11 33895685 MACRO ASSEMBLER. vz 9

Lo Oy

2580 DEFF
BREZ oF
B3EZ DR2cOR
BEGE DBFF
a888 &7
2883 D2Rtes
@2l BB
8sep HF
@R3E RO
#B8F Bi

BR9% [Z8B6S
42% 1
BRS7 [SFE
4393 43
vaon 28
A8IB AF
9890 B4
885D B3
BE3E C20aas
geAL 1
B3Rz D
#2A2 03

LINE

ra
et
n

POLLIR

o
o J
[

-4

J
=4

A )
finy g
00 )

HhEad
HEODRBES

O O LR O OV O O O]

Fee
ARl
GO B« SN Y O

WFIFD:

294

295 FINSHW-
296

257

298

299

98 ;

38 $EJECT

SOURCE STATEMENT

IH
FRC
i
IN
RLC
INC
bCx
“RA
OFA
ORA
Iz

M

Lorx

T
INK
DCX
KRA
ORA
ORA
INE
POP
POP
RET

PRTABL

WFIFG
PRTABL

FINSHW

= alibe i < v oL}

OLLUR

<o

BPKF2  PRGE 7

-

FEAD STHTUS REG

i TEST FIF0 READY BIT= 1
« IF FIFD RedbyY= 1, JWF WFIFD
» RERA STATUS REG

TEST BUSY BIT= 1

IF ZERD. ERROR. JMP FINGHMW
DECREMENT TIME QUT LOOF COUNTER
CLEAR A REG

» TEST B REG= @EH

» TEST © REG= B@H

i+ IF ZERD, TIME OUT ERROR, JHMP FINSHW
3 CONTINUE POLLING FIFD RERDY BIT

LOAD A REG FROM D-E REG ADDRESS
WRITE A REG TO 7228 FIFQ DATA BUFFER

i INCREMENT D~E REGS TO NEXT ADDRESS IN RAM

e e e e o m

DECREMENT BYTE COUNTER

CLERR A REG

TEST H REG= 88H

TEST L REG= @8H

IF BYTE COUNTER NOT ZERO, JHP POLLR
RESTORE B-C REGS

PESTORE D-E REGS

RETURN TO CALL
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INITIALIZE
TIME OUT
LOOP COUNTER

!

ISSUE WRITE
BUBBLE MEMORY
DATA COMMAND

!

BECREMENT
—>| LOOP COUNTER

YES

LOOP
COUNTER = 0

READ 7220
STATUS REG

READ 7220

STATUS REG WRITE LOOP

FIFO WRITE FIFO
READY BIT = 1BYTE XFER
NO ¢
DECREMENT DECREMENT
LOOP COUNTER BYTE COUNTER

LOOP BYTE
COUNTER = 0 COUNTER = 0

COMMENTS: MAX WRITE LOOP TIME = 80us.
MIN WRITE LOOP TIME = 2us.
MIN TIME OUT LOOP COUNTER = 0.5sec

Figure 14. WRITE
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AP-150

ISIS-I1 5888/9885 MACRD ASSEMBLER. ¥3. 9 BPK72  PAGE &

Loc 0Bt , LINE SOURCE STATEMENT
382 , Aok Rk b ke Ak ekt A At A A A ek
20z
384 ; FUNCTION: RERD
385 INPUTS  D-E PEGS, STARTING RDDRESS IN RAM
3 . H-L REGS, BYTE LCOUNTER
307 . BPRYZ STRTUS REG
388 ; READ DRTA FROM BUBBLE MEMORY

88R4 D5
8ER3 £5
@5A6 BLFFFF
88A9 3E12
8BRB DIFF
93RD BB
BERE AF
9eRF B8
@388 B1
@681 CRDBGS
8B4 DEFF
8385 87
@387 D2fbas

89 . DUTPUTS  WRITE DATA TO RAM

318, CALLS.

NOKE

314 ; DESTROYS. R H: L. F/FS

, DESCRI

e d
ey
[*)

1)
ol
iy

KRR
g "
A RN N

g Lt
LIS % (8 "
"\16“‘:(..%

= R

ERD.

N

PTION. TRANSFER DATA FROM BUBBLE MEMORY TO RAM

THE D-E REGS CONTRIN THE STARTING ADDRESS IN RAM USED TO STORE
DATA RERD FROM THE BUBBLE MEMORY. THE H-L REGS MUST CONTAIN
A BYTE COUNTER INDICHTING THE WUMBER OF DATR BYTES TU BE
TRANSFERFED  THIS FUNCTION BEGINS BY ISSUING THE RERL BUBBLE
MEMORY DATA COMWAND FOLLOWED BY POLLING THE STATUS REG
TO DETERMINE IF THE 7220 FIFD CATA BUFFER CONTAINS DATA
RYRILABLE FOR READING DRTR IS TRANSFERREL UNTIL THE BYTE
COUNTER DOR TIME OUT LOOP COUNTER DECREMENTS TO ZERD. THE
PRRAMETRIC REGS MUST BE LORDED WITH THE DESIRED VALUES PRIOR
T CALLING THIS FUNCTION

FliSH D ¢ SRVE D-E REGS
FUSH B i SAYE B-C REGS
LXI B.BFFFFH: INITIALIZE TIME OUT LOGP COUNTER

I R:12H © LORD A REG= RERD BUBBLE MEMORY DATRA COMMAND
ouT PRTR®L . WPITE. PERD BUBBLE MEMORY DHTA COMMAND

 Dix B « DECREMENT TIME OUT LOOF COUNTER
#RA A . LLEAR A REG
OrA B : TEST B PEG= @6H
ORA C ¢ TEST C REG= @6H

2 FINSHR ; IF ZERO. TIME OUT ERROR, JHP FINSHR

IN PRTAGL . READ STATUS REG B
RLC TEST BUSY BIT=1

INC BUSYRD . IF ZERO. CONTINUE POLLING BUSY BIT
CONTINUED ON NEXT PROGE
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AP-150

ISIS-11 8@0@/8a35 MACRD ASSEMBLER. V3. @

Loc oeJ

UBER DBFF
88BC oF
@880 DRD@GS
BeCa DBFF
asc2 oy
@22 D2DbBas
@ete B
8eC? AF
8508 B
8509 BL
BOCR CRDEGES
B3Ch CIBABE
8808 DEFE
agh2 12
BElz 12
88hd4 2B
88D5 AF
88hs B4
#8807 BS
8308 C2BRag
a8DB €1
ashc D1
agih Ca

LINE

348 POLLRD.

41
Mz
kExs
344
5
k2

351
352 RFIFG

368 FINSHR

~e6 SEJECT

SOURCE STRTEMENT

IN
RRC
JC
IN
RLE
INC
Dex
¥RA
OFR
{RrR
Iz
TP
IN
STRX
INZ
v
*RA
ORA
OFA
NE
PO
POP
RET

PRTAAL

FFIFO
PRTHEL

FINSHR
POLLRD
FRTHEE
b
[

=

OLLPD

Rec By = Ty L BN pupies sl 4}

BPKF2  PRGE 9

RERD STATUS REG

i TEST FIFG READY BIT= 1
+ IF FIFO READY= 1. JMP RFIFO

RERD STATUS REG

TEST BUSY BIT= 1

IF ZERD, ERROR, JHP FINSHR
DECREMENT TIME OUT LOOP COUNTER
CLEAR H REG

+ TEST B REG= @@H

TEST © REG= @H

o IF ZERD, TIME OUT ERROR, JHMP FINSHR

« CONTINUE POLLING FIFO RERDY BIT

i LOAD A REG WITH ONE BYTE FROM FIFO DATA BUFFER
i STORE A REG IN REG D-E ADDRESS

i INCREMENT D~E REGS TO NEAT ADDRESS IN RAM

DECREMENT BYTE COUNTER
CLEAR A REG

» TEST H PEG= 88H
« TEST L REG= 8aH

IF BYTE COUNTER NOT ZERG, JMP POLLRD

+ RESTORE B-C REGS

RESTORE D-E REGS

+ RETURN TO CALL
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INITIALIZE

TIME OUT
LOOP COUNTER

{

ISSUE READ
BUBBLE MEMORY
DATA COMMAND

{

DECREMENT
—1 LOOP COUNTER

READ 7220
STATUS REG

READ 7220
STATUS REG READ LOOP

FIFO READ FIFO
READY BIT = 1 BYTE XFER
DECREMENT DECREMENT

LOOP COUNTER BYTE COUNTER

LOOP
COUNTER = 0

BYTE
COUNTER = 0

, COMMENTS: MIN READ LOOP TIME = 2us.
MFBTR = 0:
MAX READ LOOP TIME = 20us.
MFBTR = 1:
MAX READ LOOP TIME = 80.s.
MINIMUM TIME OUT LOOP COUNTER = 0.5sec
*ONLY FOR SINGLE PAGE AND LAST PAGE OF MULTIPAGE TRANSFERS.

Figure 15. READ

6-118




AP-150

151511 8930/8885 WACRD ASSEMBLER. V3. & BPK72  PAGE 10
Lo 08J LINE SOURCE STATEMENT
367 ek
368 ;

8EDE D5
82DF 5
88ED L1FFFF
BEEZ Bed’
88ES 19
BBET DIFF
B3ES DBFF
BRER &7
BEEC DAFSAS
HBEF
. @8Fa
asFL
aaF2
BFs L
#F6 2
BaFs
B5FE
88FC
88FF 1B
3588 AF
a%al B2
B3z B
8m2 C2Foa2
8565 C1
a9a7 ol
8985 DEFF
8% 9

369 ; FUNCTION ABORT
378 . INPUTS.  BPK7Z STATUS REG
371, GUTPUTS:  ISSUE ABORT COMMAND TO BPKT2

-
372 .

A REG= BPK?2 STATUS REG

373 CALLS:  NONE
374 : DESTROVS' A, F/FS

5.

3T . DESCPIPTION: ABORT PRESENT COMMAND. RESET BPKT2

77

ESE
T .
378

779,

368
38,
282,

383 .

334

285

386 ABORT
287

388

88

391
392 BUSTR.
363
44
P

2%

481 POLLA

487

488

4@3 RETA
418

41

442

43

44 .

45 .

416 SEJECT

AN ABORT COMMAND IS ISSUED 70 THE BPKPZ. AFTER ISSUING THE
COMMAND, THE BPK?2 STRTUS REG IS POLLED UNTIL AN OP-COMPLETE,
48H. HAS BEEN READ OF THE TIME OUT LOOP COUNTER DECREMENTS
T ZERD.  THE RBORT FUNCTION RETURNS THE VALUE OF THE BPK?72
STATUS REG.TO THE CALLING ROUTINE YIA THE 2985°S A REG  ONLY A
STRTUS OF 48H INDICATES A SUCCESSFUL  EXECUTION OF THE ABORT
FUNCTION

PUBLIC ABORT  : DECLARE PUBLIC FUNCTION

FUSH D « SAVE [-E REGS

PUEH B + SRYE B-C REGS

LI D.BFFFFH. INITIALIZE TIME OUT LOCP COUNTER
M1 B. J8H LOAD B REG= 48H. OP-COMPLETE

L A, 15 & LORD A REG= ABORT ZOMMAND

ouT FRTABL . WRITE ABORT COMMAND

IN ° PRTRBL . READ STRTUS REG

RLC « TEST BUSY BIT= 1

I POLLA 5 IF BUSY= 1, POLL STHTUS REG FOR 48H
ben v « DECREMENT TIME OUT LOOP COUNTER
“FA A . CLERR A REG

oA b + TEST U REG= BBk

(A E i TEST E REG= 98H

N2 BUSYA  : IF NOT ZERG. CONTINUE POLLING RBORT COMMAND
TP RETR . TIME OUT ERROR. RETURN
IN PRTAEL . READ STATUS REG

A B « TEST STRTUS= 48H, OP-COMPLETE
Iz PETAR IF OP-COMPLETE. JMP RETH

[T D - DECREMENT TIME QUT LOOP COUNTER
#RA fi « CLERR A REG

{rA o . TEST D REG= d@H

OrR E + TEST E REG= o

JHE POLLA . IF NOT ZERG. CONTINUE POLLING ABORT COMMAND
POF E + RESTORE B-C REGS

e b « BESTORE [-E REGS

I PPTREL . READ STATUS REG

FET . RETUFH T CRLL
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AP-150

INITIALIZE
TIME OUT
LOOP COUNTER )
READ 7220
& STATUS REG
ISSUE
ABORT
COMMAND
YES
- NO
READ 7220
STATUS REG DECREMENT
TIME OUT
LOOP COUNTER

LOOP
COUNTER = 0

DECREMENT
TIME OUT
LOOP COUNTER READ 7220

STATUS REG

RETURN

COMMENT: MINIMUM TIME OUT LOOP COUNT = 1004S.

LOOP
COUNTER = 0

Figure 16. ABORT
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AP-150

I515-11 B858/3985 MACKD ASSEMELER. I @ BPKFZ  PRGE 11
Loc OBl LINE SOURCE STHTEMENT
41';“)*xx Fonos Roodede ek sl ok ok o
413 .
419 . FUNCTION. WRBUBL '

B99E ES
a%L 9
#3080 BodB
@98F [D1383
9942 AB
8543 C25iA9
a3 01
8317 Chanag
9548 Ch48E3
#3th (DeRBs
8328 (3

428 INPUT
421 .

© 42

423, QUTPU
424 .

425 . CALLS
426 ,

427

428 .

423 . DESTR
434 :

431 . DESCR
432

423 .

434,

423,

426

47,

438 .

423

440 ;

441 .

42 .

L,

444 ,

445

446 WPBLEL :
7

448

449

458

451

452

453

454

433

456

457

452 $EJECT

3. B-C REGS. STARTING ADDRESS OF PARAMETRIC REGS IN RAM
D-E REGS. STARTING ADDRESS OF DATA IN RAM
BPK7Z STRTUS REG .
T5. WRITE DATR TO BUBBLE HMEMORY
R REG= BRET2 STATUS REG
FIFORS
INTPAR
BYTONT
HRITE
5 A FAFS

IPTION. WRITE BUBELE MEWORY DATA

THE B-C REGS COWTAIN THE ADDRESS TO THE FIRST OF FIVE
CONTIGUOUS MEMORY LOCATIONS IN RAM.  THE DRTA ADDRESSED
BY THE B-0 REGS IS USED 70 LOAD THE PARAMETRIC REGS.
THE D~E PEGS CONTAIN THE STARTING ADDRESS IN RAM OF
DATR T0 BE WRITTEN INTO THE BUBBLE MEMORY. GIVEN THE DATR
I RAM USED TO LOAD THE PARAMETRIC REGS, THIS FUNCTION
WILL RESET 7THE 7228 FIFD. LORD THE PARAMETRIC REGS.
COMPUTE THE BYTE COUNTER, AND COPY THE DATR FROM RAM INTO
THE BUBELE MEMORY. WRBUBL RETURNS THE VHLUE OF THE BRKY2
STATUS REG TO THE CALLIMG ROUTINE VIR THE 883575 A REG
ONLY A STRTUS OF 4@H OF 42H INDICATES A SUCCESSFUL
EXECUTION OF WRBUBL

PUBLIC WRBUBL . DECLARE PUBLIC FUNCTION

PUSH  H SAYE H-L REGS

PUSH B SHYE 8- REGS

Wi B, 48h LORD & REG= 48H, OP-COMPLETE

CALL  FIFORS . CALL FIFORS. WRITE FIFD RESET COMMAND
HRA B « TEST FOR STATUS= 48H, OP-COMPLETE
N2 FETUF IF NOT ZERO, FIFD ERROR. JWP RETWR
FOF B RESTORE B-U REGS

CALL  INTPAR . CALL INTPAR, LOAD PARAMETRIC REGS
CALL  BYTONT ¢ CALL BYTONT. COMPUTE BYTE COUNTER
CALL  WRITE . CALL WRITE. MRITE BUBBLE DATH
FUsH B + SAYE B-C REGS ’

‘ i CONTINUED ON MEXT PRGE
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IS15-11 8A86/8R55 MACRD ACSEVMBLER. W< @ BFKTZ  PRGE 1z
Loc orJ LINE SOURCE STRTEMENT
B924 24FFFF 453 L¥l H.GFFFFH. INITIRLIZE TIFE OLT LOOP COUNTER
B924 DEFF Je LOOFWR. IN FRTABL . READ STATUS REG
#3260 67 . del RLE i TEST FOR BUSY BIT= 1
B9Z7 D2z183 462 IHC FETHR . Ir ZEFO. HOT BUSY. TMP RETHR

B3R 2B 4z bl H . DECREFENT TIME OUT LOOP COUNTER
8928 AF 454 PR f . [LEAF A REG
8320 B4 465 - U] H .« TEZT H REG= 80H
8920 B3 466 ORA L TEST L FEG= @M
692E 22489 467 w2 LOOPHR . COWTIMUE POLLING STATUS REG
8331 £l 468 RETWP  POP B . PESTORE B~ REGS
8972 E1 463 FiF H . RESTORE H-L REGS
8933 DBFF 478 I FRTREL . FEAD STATUS REG
@333 €9 471 RET . PETURW TO CALC
RE
473
474 ;

473 SEJECT
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CALL FIFORS

CALL INTPAR

CALL BYTCNT

CALLWRITE

INIT. TIME
OUT LOOP
COUNTER

{

READ 7220
STATUS REG

READ 7220
STATUS REG

RETURN

DECREMENT
LOOP COUNTER

LOOP
COUNTER = 0

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 5MS

Figure 17. WRBUBL
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1SIS-11 8888/8885 MACRO ASSEMBLER, V3.8 BPK72  PAGE 13
LoC 0BJ LINE SOURCE STATEMENT
' 476
477 ;

8936 ES
8937 (3
8938 8540
993A (D108
893D Ag
893E 25089
8341 C1
8942 Cheeas
8943 CD4628
8943 (DR42S
8948 C5

478 ; FUNCTION: RDBUBL
479 ; INPUTS:  B-C REGS, STARTING ADDRESS OF PARAMETRIC REGS IN RAM

480 ; D-E REGS: STARTING ADDRESS IN RAH

481 ; BPK72 STATUS REG

482 ; READ DATA FROM BUBBLE MEMORY

482 ; QUTPUTS: KRITE DATA TO RAM

484 ; ft REG= BPK72 STATUS REG

485 ; CALLS:  FIFORS

486 ; INTPAR

487 ; BYTCNT

488 ; RERD

489 ; DESTROYS: A, F/FS

498 ;

494 ; DESCRIPTION: READ BUBBLE MEWORY DATR

492 ; THE B-C REGS CONTAIN THE ADDRESS TO THE FIRST OF FIVE
493 ; CONTIGUOUS MEMORY LOCATIONS IN RAM THE DATA ADDRESSED
494 ; BY THE B~C REGS IS USED TO LORD THE PARAMETRIC REGS. THE D-E
495 ; REGS CONTRIN THE STRRTING ADDRESS IN RAM USED TO STORE
496 ; DATA RERD FROM THE BUBBLE MEMORY. GIVEN THE DATA IN RAM
437 ; USED TO LOAD THE PRRAMETRIC REGS, THIS FUNCTION WILL RESET
498 ; THE 7228 FIFO, LOAD THE PARAMETRIC REGS, COMPUTE: THE
499 ; BYTE COUNTER. AND COPY THE DATR FROM THE BUBBLE MEMORY INTO
568 ; RAM. RDBUBL RETURNS THE YALUE OF THE BPK72 STATUS REGISTER
581 TO THE CALLING ROUTINE YIA THE 8885°S A REG ONLY A STATUS
58z ; OF 404 OR 48H WITH ERROR CORRECTION INDICATES R SUCCESSFUL
563 ; EXECUTION OF RDBUBL.

504 ;

585 PUBLIC RDBUBL ; DECLARE PUBLIC FUNCTION

586 ROBUBL: PUSH H i SAVE H-L REGS

587 PSH 8 i SAVE B-C REGS

‘588 1121 B,40H ; LOAD B REG= 48H, OP-COMPLETE

589 CALL  FIFORS  ; CALL FIFORS, WRITE FIFO RESET COMMAND

8 XRA B ; TEST FOR STATUS= 4@H, OP-COMPLETE

i1 INZ RETRD  ; IF NOT ZERO. FIFO ERROR, JMP RETRD

512 POP B ; RESTORE B-C REGS

513 CALL  INTPAR ; CALL INTPAR, LOAD PARAMETRIC REGS

514 CALL  BYTCNT ; CALL BYTCNT, COMPUTE BYTE COUNTER

M3 CALL  READ  ; CALL READ. READ BUBBLE DATR

56 “PUSH B ; SAYE B-C REGS

M7 ; CONTINUED ON NEXT PAGE

548 S$EJECT ‘
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ISIS-1T 9288/8885 MACRD ASSEMBLER. v3.9

LoC 0BJ

894C 24FFFF
#94F DBFF
8951 87
8952 D250A39
8355 2B
#4936 AF
8957 B4
#3938 B3
8359 C24Fa2
895C L1
@950 E1
A95E DBFF
8368 C9

LINE

518

528 LOOPRD:
521

522

523

524

523

526

527

528 RETRD:
524

528

931

532 ;
933

534 ;

935 $EJECT

SOURCE STHTEMENT

LRI
It

RLC
INC
DCX
XRA
ORA
OrFA
m
FoP
POP
IN

RET

~

BPKF2  PAGE 44
H, BFFFFH; INITIRLIZE TIME OUT LOOP COUNTER
PRTHBL . READ STATUS REG
+ TEST FOR BUSY BIT=.1 :
RETRD . IF ZERD. NOT BUSY. JMP RETRD
H ; DECREMENT TIME OUT LOOP COUNTER
A » CLEAR A REG
H i TEST H REG= oeH
L i TEST L REG= 88H
LOOPRD ; CONTINUE POLLING STATUS REG
B i RESTORE B-C REGS
H i RESTORE H-L REGS
PRTREL ; READ STATUS REG

—

RETURN 70 CALL
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ENTER

CALL FIFORS

CALL INTPAR
CALL BYTCNT

CALL READ

INIT. TIME
OUT LOOP
COUNTER

'

READ 7220

STATUS REG
BUSY NO READ 7220
BIT S 1 STATUS REG
YES
RETURN
DECREMENT
LOOP COUNTER

LOOP
COUNTER = 0

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 5MS

Figure 18. RDBUBL

6-126




AP-150

ISIS-11 8880/8685 MACRO ASSEMBLER, V3.9 BPK72  PAGE 15
LOC OBJ LINE SOURCE STATEMENT
336 ;
937

8961 05
8962 €5
8963 6640

8963 CDDEAS

8968 A3
8369 £29799
896C C1
896D Chase’
8370 L3
8971 doda
8973 11FFFF
8976 3E11
8378 DIFF

538 ; FUNCTION: INBUBL
539 i INPUTS. B-C REGS, STARTING ADDRESS OF PARAMETRIC REGS IN RAM

548 ;

BPK72 STRTUS REG

541 ; DUTPUTS: A REG= BPK?2 STATUS REG

342 ; CHLLS.
543

ABORT
INTPAR

544 ; DESTROYS: R. F/FS

3 ;

546 : DESCRIPTION: INITIALIZE THE BPK72

M7 .
948 ;
549 ;
558 ;
3
M2
993
354
3595 ;
336 i
957 ;
398 ;
399
568 INBUBL:
361
362
363
564
363
366
567
368
369
57a
571
572
573
574 $EJECT

THE B-C REGS CONTAIN THE ADDRESS TO THE FIRST OF FIVE CONTIGUOUS
MEMORY LOCATIONS IN RAM. THE DATR RDDRESSED BY THE B-C REGS
IS USED TO LOAD THE PARAMETRIC REGS. THIS FUNCTION WILL WRITE
THE PARAMETRIC REGS FOLLOWED BY ISSUING A BUBBLE  MEMORY
INITIRLIZATION COMMAND. AFTER ISSUING THE COMMAND, THE BPKP2
STATUS REG IS POLLED UNTIL AN OP-COMPLETE, - 48H, IS READ OR THE
TIME OUT LOOP COUNTER DECREMENTS TO ZERD. THIS COMMAND MUST
PRECEED ALL OTHER COMMANDS AFTER POWERING UP THE BPK72. INBUBL
RETURNS THE YALUE OF THE BPKF2 STATUS REG TO THE CALLING ROUTINE
VIR THE 8883°S A REG. ONLY A STATUS OF 4@H INDICATES A SUCCESSFUL
EXECUTION OF INBUBL.

PUBLIC INBUBL ; DECLARE PUBLIC FUNCTION

PUSH D i SAVE D-E REGS

PUSH B i SRYE B-C REGS

Y1 B,48H ; LOAD B REG= 48H; OP-COMPLETE

CALL  ABORT ; CALL ABORT COMMAND

XRA B i TEST STATUS= 4@, OP-COMPLETE

INZ RETIN ; IF ZERO, OP-COMPLETE. CONTINUE

POP e i PARAMETRIC REGS STARTING RDDRESS IN REG B
CALL  INTPAR ; CALL INTPAR, LOAD PARAMETRIC REGS

PUSH B i SAYE B-C REGS -

i B.48H ; LOAD B REG= 46H, OP-COMPLETE

LXI D. @FFFFH: INITIALIZE TIME QUT LOOP COUNTER
MYI A:11H 5 LOAD A REG= INITIALIZE COMMAND
ouT PRTRBL ; WRITE INITIALIZE COMMAND
CONTINUED ON NEXT PAGE
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ISIS-11 8880/0885 MACRD ASSEMBLER, V3.8

Loc 0By

857R DBFF
es7c 7
@970 DABAE9
8986 1B
#9581 AF
#982 B2
2983 B3
8984 C27RE9
8987 C39789
@98A DBFF
898C A3
898D CRo709
8998 1B
2991 AF
2592 B2
€993 B3
8394 (26A09
8997 C1
@998 01
8399 DBFF
@998 C9

LINE

575 BUSYIN:
376
577
78
79

592 RETIN:
593

9594

9593

996 ;

397 ;

398 $EJECT

SOURCE STATEMENT

IN

A= JIREBEENE=3REEELSE

PRTAGL

POLLIN

BPkF2  PAGE 16

e e A tmr e e e e we e me e s fme fme e e s e e e

RERD STATUS REG

TEST BUSY BIT= 1

IF BUSY= 1, POLL STATUS REG FOR 40H
DECREMENT TIME OUT LOOP COUNTER
CLEAR A REG

TEST D REG= 80H

TEST E REG= @8H

IF NOT ZERO, CONTINUE POLLING THE INITIRLIZE COMMAND
TIME OUT ERROR, RETURN :

RERD STATUS REG

TEST STRTUS= 46H, OP-COMPLETE

IF OP-COMPLETE, JWP RETIN |
DECREMENT TIME OUT LOOP COUNTER
CLEAR R REG

TEST D REG= @@H

TEST E REG= @8H

IF NOT ZERQ. CONTINUE POLLING INITIRLIZE COMMAND
RESTORE B-C REGS

RESTORE D-E REGS

READ STATUS REG

RETURN TO CALL
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CALL ABORT

STATUS = 40H

CALL INTPAR
INITIALIZE
TIME OUT LOOP
COUNTER
ISSUE BUBBLE
MEMORY INIT.
‘COMMAND
READ 7220
STATUS REG TR
YES
TATUS 4 READ 7220
STATUS = 40H STATUS REG
NO
DECREMENT FEL
DECREMENT
LOOP COUNTER LOOP COUNTER
LOOP LOOP
COUNTER = 0 COUNTER = 0

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 200MS

Figure 19. INBUBL
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IS1S-11 8089/8885 MACRO ASSEMBLER, ¥2.8 BPK72  PAGE 17
LoC 0BJ LINE SOURCE STATEMENT
599 ;
608 ;
604 ; FUNCTION: BOOTUP
682 ; INPUTS:  B-C REGS, STARTING ADDRESS OF PARAMETRIC REGS IN RAM
603 ; D-E REGS, STARTING ADDRESS OF BOOT LOOP CODE IN RAM
664 ; BPK72 STATUS REG
605 ; OUTPUTS: WRITE BUBBLE MEMORY BOOT LOOP
606 ; A REG= BPK72 STATUS REG
687 ; CALLS:  FIFORS
608 ; INTPAR
609 ; DESTROYS: R, F/FS
618 ;
611 ; DESCRIPTION: WRITE BUBBLE MEMORY BOOT LOOP
612 ; THIS FUNCTION WILL WRITE THE BOOT LOOP CODE INTO THE 7110
613 ; BUBBLE MEMORY. THE D-E REGS PROVIDE THE ADDRESS TO THE FIRST
614 ; OF FORTY CONTIGUOUS BYTES IN RAM THAT CONTAIN THE BOOT LOOP
615 ; CODE. THE B-C REGS CONTRIN THE ADDRESS TO THE FIRST OF FIVE
616 ; CONTIGUOUS MEMORY LOCATIONS ALSO IN RAM.  THE DATR ADDRESSED
617 BY THE B-C REGS IS USED TO LORD THE PARAMETRIC REGS.
618 ; NOTE THAT THE PARAMETRIC ENABLE REG WRITE BOOT LOOP
619 ; BIT IS AUTOMATICALLY SET AND A FORTY-FIRST BYTE OF ZERO
628 ; IS WRITTEN TO THE FIFO DATA BUFFER TO AYOID A TIMING ERROR
621 ; BEFORE A RETURN IS EXECUTED, THE PARAMETRIC ENABLE REG IS
622 ; RESTORED TO ITS YALUE PRIOR TO CALLING BOOTUP. BOOTUP RETURNS
623 ; THE YALUE OF THE BPK72 STATUS REG TO THE CALLING ROUTINE VIR
624 ; THE 8985°S A REG. ONLY A STATUS OF 4BH OR d42H INDICATES
625 ; A SUCCESSFUL EXECUTION OF BOOTUP.
626 ;
627 PUBLIC BOOTUP ; DECLARE PUBLIC FUNCTION
899C €5 628 BOOTUP: PUSH B ; SAYE B-C REGS
990 DS 29 PUSH D ; SAVE D-E REGS
#99% E5 638 PUSH H ; SAYE H-L REGS ,
@99F 3E6D 631 Wl  ABDH ; LOAD A REG= @DH, 7228 RAC ENABLE REG ADDRESS
#9R1 DIFF 632 OUT  PRTR@L ; WRITE 7220 RAC WITH ENABLE REG ADDRESS
@92 03 633 N B ;
29R4 82 634 INN B i INCREMENT B-C REGS TO ENABLE REG RAM ADDRESS
#R5 oA 635 LbAX B ; LOAD A REG= ENABLE REG FROM RAM
29R6 9610 636 MYI  B18H ; LOAD B REG= BOOT LOOP ENABLE MASK
9A3 B 637 ORA B i SET BOOT LOOP ENABLE BIT
@9A9 D3FE 638 OUT  PRTABA ; WRITE ENABLE REG
9RB AF 639 %A A ; CLEAR A REG
@9AC D3FF 540 OUT  PRTABL ; LOAD 7228 RAC WITH FIFD DATA BUFFER RADDRESS
99RE 8648 641 MYI  B.48H ; LOAD B REG= 40H, OP-COMPLETE
@980 CDi308 642 CALL  FIFORS ; CALL FIFO RESET
@983 A8 43 ¥RR B i TEST STATUS= 48H, OP-COMPLETE
8984 C2230A 644 INZ  RETBT : IF NOT ZERO, ERROR. JWP RETET
645 : i CONTINUED ON NEXT PRGE

646 SEJEC
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ISIS-11 8888/8885 MACRO ASSEMBLER, V3. @

Loc 0BJ

8987 BE28
8989 EFF
8988 DIFE
898D 6D
@9BE C2BBEY
@901 24FFFF
@904 3E16
@9C6 D3FF

LINE

647

648

649 ALLFFS:
658

651

632

633

634

635 BUSYB:
636

837

638

639

674 $EJECT

SOURCE STRATEMENT

MvI
MvI
ouT

DCR
n
LK1
W1
ouT
N

RLC
I

DCX
XRA
ORA
ORA
N
WP
N

HRA
b

DCX
KRA
ORA
ORA
ki

P

C, 284
A, BFFH
PRTAGA
c

" ALLFFS

BPK72  PRGE 18

i

-

i

i

H, BFFFFH;

A 16H
PRTABL
PRTAGL

POLLBR

e e e b e e e e e e e e

K

e e

-

LOAD C REG= 28H, BYTE COUNTER= 48 DECIMAL
LOAD A REG= FFH

WRITE A REG INTO FIFD DRTA BUFFER
DECREMENT BYTE COUNTER

IF BYTE COUNTER= ZERO, CONTINUE
INITIALIZE TIME OUT LOOP COUNTER

LOAD A REG= WRITE BOOT LOOP REG COMMAND
WRITE, KRITE BOOT LOOP REG COMMAND

READ STATUS REG

TEST BUSY BIT= 1

IF BUSY= 1, POLL STATUS REG FOR 48H
DECREMENT TIME OUT LOOP COUNTER

CLEAR A REG

TEST H REG= 884

TEST L REG= 88H

IF NOT ZERD, CONTINUE POLLING WRBLRS COMMAND
TIME OUT ERROR, RETURN

READ STATUS REG

TEST STATUS= 48H

IF ZERD. CONTINUE. OP-COMPLETE
DECREMENT TIME OUT LOOP COUNTER

CLEAR A REG

TEST H REG= 88H

TEST L REG= @8H

IF ZERO, TIME OUT. ERROR

CONTINUE POLLING WRBLRS COMMAND
CONTINUED ON NEXT PRGE
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ISIS-I1 8838/8085 MACRD RSSEMBLER. V3.9

Loc o8y

R9ES CD1308
#9EB A8
B9EC C223R
R9EF PE28
B9F1 1A
B9F2 13
A9F3 D3FE
B9FS @
B9F6 C2F109
B9F9 AF
R9FA DIFE
R9FC 21FFFF
ROFF PEFD
PRAL 3E17
2A03 D3FF
#AA5 DBFF
9RE7 67
#RES DALSER
BABE 28
BAAC AF
PR B4
BABE BS
@AEF 2056A
BAL2 C3220R
PRL5 DBFF
oRL7 Al
9R1S Ag
BR1L9 CA2IAA
oRIC 28
@R1D AF
ORIE B4
BALF BS
oR28 C2150R
#A23 E1
8A24 D1
BR25 C1
PA26' CDBARR
@29 DEFF
8A2B C9

LINE

675 CONT:
676
677

690 BUSYBL:
691

892

692

694

693

696

697

698

699 POLLBL:
798

el

7az

703

794

785

786

7e7

788 RETBT.
789

7ie

711

712

71z

714 ;

713 ;

716,

717 $EJECT

BPK72  PRGE 19

SOURCE STATEMENT

CALL  FIFORS ; CALL FIFO RESET

XRA B i TEST STATUS= 48H

N2 RETBT ; IF NOT ZERO. ERROR, JWP RETBT

M1 C,284 ; LOAD C REG= 28H, BYTE COUNTER= 4@ DECIMAL
LbAx D ; LORD A REG FROM D REG RDDRESS

INd D i INCREMENT D REG TO THE NEXT ADDRESS

out PRTAGA ; WRITE BOOT LOOP CODE INTO FIFO DATR BUFFER
DCR c i DECREMENT BYTE COUNTER

INZ BLCODE ; IF NOT ZERO, JMP BLCODE

XRA A ; CLEAR R REG

our PRTABA ; WRITE 44ST BYTE OF ZERD INTO FIFD DATR BUFFER
LXI H, @FFFFH; LORD TIME OUT LOOP COUNTER

Ml C:@FDH ; MASK, MASK OUT PARITY BIT

M1 A:47H 5 LOAD A REG= WRITE BOOT LOOP COMMAND

OUT - PRTABL ; WRITE. WRITE BOOT LOOP COMMAND

IN | PRTA®L ; READ STATUS REG

RLC 5 TEST BUSY BIT= 1

i POLLBL ; IF BUSY=1, POLL STATUS REG FOR OP-COMPLETE
DCY H i DECREMENT TIME QUT LOOP COUNTER

XRA A i CLEAR A REG

ORA H i TEST H REG= 82H

ORR L i TEST L REG= 80H ‘
INZ BUSYBL ; IF NOT ZERO. CONTINUE POLLING THE WRBL COMMAND
JHp PETBT ; TIME OUT ERROR, RETURN

IN PRTABL ; RERD STRTUS REG

ANA C i RESET BIT 1, PARITY BIT

¥RA B i TEST STATUS= 40H OR 42H, UP-COMPLETE

Iz RETBT ; IF ZERD, CONTINUE, OP-COMPLETE

DCX H ; DECREMENT TIME OUT LOOP COUNTER

“RR A ; CLEAR A REG

ORA H i TEST H REG= @9H

OPR L i TEST L REG= @eH

INZ POLLBL ; CONTINUE POLLING WRITE BOOT LOOP COMMAND
POP H ; RESTORE H-L REGS

POP b ; RESTORE D-E REGS

POP B i RESTORE 'B-C REGS

CALL  INTPAR ; CALL INTPAR, LORD THE PRRAMETRIC REGS

IN PRTABL ; RERD STATUS REG

RET :
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o

SET WRITE
BOOT LOOP BIT
IN ENABLE REG

CALL FIFORS

INITIALIZE
BYTE COUNTER = '
40 DECIMAL,

1

WRITE FIFO
FFH
1 BYTE XFER

i

DECREMENT
BYTE COUNTER

BYTE
COUNTER = 0

INITIALIZE
TIME OUT
LOOP COUNTER
ISSUE WRITE
BOOT LOOP REG
COMMAND
READ 7220 READ 7220
| sTATUS REG >  sTaTUS REG
=
NO
DECREMENT ' DECREMENT
LOOP COUNTER LOOP COUNTER

Figure 20. BOOTUP
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1 INITIALIZE
BYTE COUNTER =
40 DECIMAL,
28H .

WRITE FIF
BOOT LOOP
1 CODE1BYTE
XFER
DECREMENT
BYTE COUNTER

BYTE
COUNTER = 0

WRITE FIFO
00H

INITIALIZE
TIME OUT
LOOP COUNTER

!

ISSUE WRITE
BOOT LOOP
COMMAND

_

_»| READ7220
STATUS REG

- DECREMENT
LOOP COUNTER

LOOP
COUNTER = 0

0l
1BYTE XFER

READ 7220
STATUS REG

STATUS = 40H L
42H
NO

DECREMENT
LOOP COUNTER

RESTORE WRITE
( : }——»‘ BOOT LOOP BIT |«
IN ENABLE REG

LOOP
COUNTER = 0

'

READ 7220
STATUS REG

RETURN

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 100MS

Figure 20 (Con’t). BOOTUP
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ISIS-11 §858/8885 MACRO ASSEMBLER, V2.0 BPK72  PAGE 20
L0C 0BJ LINE SOURCE STATEMENT
718 ;
719 ;

728 ; FUNCTION: RDBOOT ;
724 ; INPUTS:  D~E REGS, STARTING RDDRESS IN RAM

722 ; BPK?72Z STATUS REG

723 RERD BUBBLE MEMORY BOOT LOOP

724 ; OUTPUTS: COPY BUBBLE MEMORY BOOT LOOP TO RAM
725 ; A REG= BPK72 STATUS REG

726 ; CALLS:  FIFORS
727 ; DESTROYS: R, F/FS

728 ;
729 ; DESCRIPTION: RERD BUBBLE MEMORY BOOT LOOP
730 ; THE D-E REGS CONTAIN THE STARTING ADDRESS TO THE FIRST OF 48
731 CONTIGUOUS MEMORY LOCATIONS IN RAM THAT WILL BE LOADED WITH
732 A COPY OF THE BOOT LOOP CODE. RDBOOT RETURNS THE YALUE OF THE
733 BPK72 STATUS REG TO THE CALLING ROUTINE YIR THE 8885°S A REG
724 ; ONLY A STATUS OF 4@H INDICATES A SUCCESSFUL EXECUTION OF RDBOOT.
733 ;
736 PUBLIC RDBOOT ; DECLARE PUBLIC FUNCTION

aA2c C5 737 RDBOOT: PUSH B ; SRYE B-C REGS

#A2D DS 738 PUSH D ; SAVE D-E REGS

BAZE E5 739 PUSH H 7 SRYE H-L REGS

BA2F 0648 748 MvI B.,48H ; LOAD B REG= 484, OP-COMPLETE

BA31 BE28 741 Y1 C,28H ; LOAD C REG= 28H, BYTE COUNTER= 48 DECIMAL

BA33 CD13e8 742 CALL  FIFORS ; CALL FIFD RESET

8A36 A8 743 #RA B ; TEST STATUS= 484, OP-COMPLETE

BA37 C26A0A 744 Nz RETRDB ; IF NOT ZERO, ERROR, JMP RETRDB

BA3A B84 745 INR B ; B REG= 41H, OP-COMPLETE, FIFO FULL

BA3B 21FFFF 746 LXI H, OFFFFH; INITIALIZE TIME OUT LOOP COUNTER

BA3E 3E1B 747 MvI A, 4BH ; LOAD A REG= READ. BOOT LOOP COMMAND

8R40 D3FF 748 ot PRTABL ; WRITE. RERD BOOT LOOP COMMAND -

6A42 DBFF 749 BUSYRB: IN PRTABL ; RERD STATUS REG

0A44 07 750 RLC ; TEST BUSY BIT= 1

8A45 DAS2eR 7™ JC BTLPRD ; IF BUSY= 1, POLL STATUS REG FOR 41H

6A48 2B 72 DCX H ; DECREMENT TIME OUT LOOP COUNTER

8A49 AF 733 XRA A ; CLEAR A REG

8R4A B4 74 ORA H ; TEST'H REG= @8H

BA4B BS ORA L i TEST L REG= @@H

@R4C C2420R INZ BUSYRB : IF NOT ZERO, CONTINUE POLLING RDBL COMMAND

Jup RETRDB ; TIME OUT ERROR. RETURN

CONTINUED ON NEXT PRGE

-

$EJECT
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' 1S15-11 8889/8885 MACRD ASSEMBLER. V3.0 BPK72 PAGE 24
Loc 08J LINE SOURCE STATEMENT
#A52 DBFF 768 BTLPRD: IN PRTA®L ; READ STATUS REG ‘
8R4 RS 761 XRA B ; TEST STATUS= 44H, OP-COMPLETE, FIFO FULL
8RS CA620A 762 JZ FIFORD ; IF ZERD, JMF T0 FIFO RERD
8AS8 2B 763 DCX H ; DECREMENT TIME OUT LOOP COUNTER'
#R59 AF 764 XRA A ; CLEAR A REG '
8A5A B4 763 ORA H 5 TEST H REG= @8H
2A%B BS 766 ORA L ; TEST L REG= @6H
8RSC CAGADA 767 2 RETRDB ; IF ZERO, TIME OUT, ERROR
BRSF C3520R 768 P BTLPRD ; CONTINUE POLLING RDBL COMMAND
8A62 DBFE 763 FIFORD: IN PRTA®@ ; RERD FIFO DATA BUFFER
8R64 12 778 STRX D ; WRITE RAM AT ADDRESS IN D REG
8765 13 77l INX D i INCREMENT D REG TO NEXT RAM ADDRESS
BA66 6D . 772 DCR c ; DECREMENT BYTE COUNTER
BR67 C2620A 772 N2 FIFORD ; IF NOT ZERD. JMP FIFO RERD
BR6A DBFF 774 RETRDB: IN PRTR@L ; RERD STATUS REG '
PREC E1 77 POP H ~ ; RESTORE H-L REGS
8R6D D1 776 POP ] ; RESTORE D-E REGS
BAGE C1 777 POP B ; RESTORE B-C REGS
BREF C9 778 RET ; RETURN TO CALL
779
720 $EJECT
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INITIALIZE
BYTE COUNTER
40 DECIMAL
28H

CALL FIFORS

STATUS = 40H

NO

LOOP
COUNTER = 0

YES

INITIALIZE
TIME OUT
LOOP COUNTER
ISSUE READ
e,
COMMAND
READ 7220 READ 7220 YES
>  STATUS REG STATUS REG
Y NO
DECREMENT DECREMENT
BYTE COUNTER LOOP COUNTER
DECREMENT BYTE
LOOP COUNTER COUNTER = 0

READ 7220
STATUS REG

RETURN

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 200MS

Figure 21. RDBOOT
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ISIS-IT 88308/8885 MACRD ASSEMBLER, V2.9 BPKYZ . PAGE 22

LoC 0BJ LINE SOURCE STATEMENT
781 ;
782 ;

@A7e 3
8A71 DS
BA72 8640
BA74 BE2B
eA7e Chi2e8
979 RB
@R7A C2858eA
9A7D 1A
@R7E DIFE
9ABa 13
#RB1 80
8AB2 C2708R
nes D4
8fge C1
8A87 DBFF
B8R39 C9

783 5 FUNCTION: WRFIFO :
784 , INPUTS. D-E REGS. STARTING ADDRESS OF DATA IN RAM

783 .

BPK72 STATUS REG

786 ; OUTPUTS: WRITE 4@ BYTES IN THE BPK?2 FIFD DATR BUFFER

787
788 ; CALLS:

A REG= BPK72 STRTUS REG ’
FIFORS

789 ; DESTROYS: R, F/FS

798 ;

791 ; DESCRIPTION: WRITE 722 FIFO DATA BUFFER

792 ;
793 ;
794 ;
795 ;
796

RET

THE D-E REGS PROVIDE THE ADDRESS TO THE FIRST OF 4@ CONTIGUOUS
BYTES IN RAM THAT CONTAIN DATA TO BE LORDED INTO THE BPK72 FIFO
DATA BUFFER. WRFIFO WILL TRANSFER THE DATA FROM RAM TO THE FIFO
DATA BUFFER. WRFIFO RETURNS THE VALUE OF THE BPK?2 STATUS REG
T0 THE CALLING ROUTINE VIR THE 8885°S A REG. ONLY A STATUS OF

41H OR 43H INDICATES A SUCCESSFUL EXECUTION OF WRFIFO.

PUBLIC WRFIFD ; DECLARE PUBLIC FUNCTION

PUSH B i SAYE B-C REGS
PUSH D i SAYE D-E REGS
M1 B,48H ; LOAD B REG= 4@H, OP-COMPLETE
Mv1 C:284 ; LOAD C REG= 28H. INITIALIZE LOOP COUNTER
CALL  FIFORS , CALL FIFORS, WRITE FIFO RESET COMMAND
XRA B i TEST FOR STRTUS REG= 40H, OP-COMPLETE
Nz RETWF  : IF NOT ZERO, FIFO ERROR, JMP RETWF
LoAX D » LOAD A REG FROM D~E REG ADDRESS
T PRTA®8 ; WRITE A REG TO 7220 FIFO DATA BUFFER
INX b i INCREMENT D-E REGS TO NEXT ADDRESS IN RAM
DCR ¢ ; DECREMENT LOOP COUNTER
INZ INFIFO ; IF LOOP COUNTER NOT ZERO. JMP INFIFO
PoP b i RESTORE D-E REGS
POP B i RESTORE B-C REGS
IN PRTRBL ; RERD STATUS REG
i RETURN TO CALL
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INITIALIZE
LOOP COUNTER =
40 DECIMAL, 28H

CALL
FIFORS

WRITE FIFO

1 BYTE XFER

Y

DECREMENT
LOOP COUNTER

LOOP
COUNTER = 0
YES

READ 7220

STATUS REG.

Figure 22. WRFIFO
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ISIS-11 8889/8885 MACRO ASSEMBLER, ¥3.8

LOC 0BJ

LINE SOURCE STRTEMENT

828 ;

BPK72  PAGE 3

821 ;

822 ; FUNCTION: RDFIFO

D-E REGS STARTING RDDRESS IN RAM

READ 48 BYTES OF DATR FROM BPK72 FIFD DATA BUFFER

TRANSFER FIFO DATA BUFFER TO RAM

822 i INPUTS:

824 ; ‘BPK72 STATUS REG

825 ;

826 ; OUTPUTS:

827 ; A REG= BPK72 STATUS REG
828 ; CALLS:  NONE

829 ; DESTROYS. R, F/FS

830 ;

831 ; DESCRIPTION: RERD 7228 FIFO DATA BUFFER
THE D-E REGS CONTAIN THE ADDRESS TO THE FIRST OF 48 CONTIGUOUS
BYTES IN RAM THAT WILL BE LOADED WITH THE CONTENTS OF THE BPK72

832 ;

823 ;

834 ;

835 ;

836 ;

837 i

838 ;

839

848 ROFIFOD:
841

842

843 QUTFIF:
244

843

246

847

848

849

858

831

832 ;

933 ;

854 $EJECT

FIFD DATA BUFFER.

RDFIFO WILL TRANSFER THE DATA FROM THE FIFO DATR

BUFFER TO RAM. RDFIFO RETURNS THE VALUE OF THE BPK?2 STRTUS REG
TO THE CALLING ROUTINE VIR THE 88855 A REG. ONLY R STRTUS OF 4eH
OR 424 INDICATES R SUCCESSFUL EXECUTION OF RDFIFO.

PUBLIC RDFIFO ;

PUSH B i
PUSH D i
MvI G280
IN PRTABS
STRE D i
INK D ;
DCR C H
N2 QUTFIF
PP D ;
POP B i
IN PRTABL
RET i

DECLARE PUBLIC FUNCTION

SAVE B-C REGS

SRVE D-E REGS

LOAD C REG= 28H, INITIALIZE LOOP COUNTER
LOAD A REG WITH ONE BYTE FROM FIFO DATA BUFFER
LOAD R REG IN D-E REG ADDRESS

INCREMENT D-E REGS TO NEXT ADDRESS
DECREMENT LOOP COUNTER

IF LOOP COUNTER NOT ZERD, JHP QUTFIF
RESTORE D-E REGS

RESTORE B-C REGS

RERD STATUS REG

RETURN TO CALL
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ENTER

INITIALIZE
LOOP COUNTER =
40 DECIMAL, 28H

!

READ FIFO

1 BYTE XFER

DECREMENT
LOOP COUNTER

LOOP
COUNTER = 0

READ 7220
STATUS REG.

RETURN

Figure 23. RDFIFO
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I8I5-11 9988/8985 MACRO RSSEMBLER, ¥2. @ BPK7Z  PAGE 24
Loc 0BJ * LINE SOURCE STATEMENT
855
856 ;

857 ; FUNCTION: WRBLRS -
858 ; INPUTS:  D-E REGS, STARTING ADDRESS OF DATA IN RAM

839 ; BPK72 STRTUS REG
86@ ; ODUTPUTS: WRITE BUBBLE MEMORY BOOT LOOP REGISTERS COMMAND
861 ; i REG= BPK72 STATUS REG

862 ; CALLS:  MRFIFO
863 . DESTROYS: A, F/FS

864 ;
865 ; DESCRIPTION: WRITE 7242 BOOT LOOF REGISTERS
866 ; THE D~E REGS PROVIDE THE ADDRESS TO THE FIRST OF 4@ CONTIGUOUS
967 ; MEMORY LOCRTIONS IN RAM THAT CONTAIN DATA TO BE LORDED INTO
868 ; THE 7242, FORMATTER SENSE AMPLIFIER, BOOT LOOP REGISTERS.
869 WRBLRS WILL TRANSFER THE DATA FROM RAM TO THE BOOT LOOP
878 ; REGISTERS. WRBLRS PRETURNS THE VALUE OF THE BPK?72 STRTUS REG
871 ; TG THE CALLING ROUTINE VIA THE 8885°S A REG ONLY A STATUS OF
872 ; 48H INDICATES A SUCCESSFUL EXECUTION OF WRBLRS.
872 ; ‘
874 PUBLIC WRBLRS : DECLARE PUBLIC FUNCTION

ensB €5 . 875 WRBLRS: PUSH B ; SRYE B-C REGS

@asC E5 876 PUSH H i SAVE H-L REGS

oD Be4d 877 vl B.41H ; LOAD B REG= 41H, OP-COMPLETE, FIFD FULL

BASF BEFD a8 M1 C.OFDH ; MASK. MASK OUT PARITY BIT

OARL 24FFFF 979 LXI H. OFFFFH; INITIALIZE TIME OUT LOOP COUNTER

BAR4 CD788R - 880 CALL  WRFIFD ., CALL WRITE FIFO DATR BUFFER

@AR7 AL 881 ANA ¢ ; RESET BIT 4. PRRITY BIT

BARS A8 882 %RA B i TEST STATUS= 41H OR 43H, OP-COMPLETE, FIFO FULL

9AR9 C2CEeR 883 INZ RETWBL ; IF NOT ZERD. ERROR, JMP RETWBL

8AAC 85 884 DCR B ; B REG= 40H, OP-COMPLETE

oanD 3Ei6 885 WY1 R:46H ; LOAD A REG= WRITE BOOT LOOP REG COMMAND

BARF D3FF 386 T PRTABL ; WRITE, WRITE BOOT LOOP REG COMMAND

BABL DBFF 087 BOYKBL: IN PRTAAL ; READ STATUS REG

BAB3 @7 388 RLC ; TEST BUSY BIT= 1

9AB4 DAC18R 889 JC POLWBL ; IF BUSY= 1, POLL STATUS REG FOR 48H

8RB7 2B 858 DC¥ H + DECREMENT TIME OUT LOOP COUNTER

BABS AF 2 XRA A ; CLERR A REG

@RBY B4 892 ORR H i TEST H REG= @6H

@ABA BS 893 ORA L ; TEST L REG= 88H

9ABB (2B18A 84 Nz BSYWBL ; IF NOT ZERO, CONTINUE POLLING WRBLR COMMAND

BABE C3CE@R 895 JHP RETWBL ; TIME OUT ERROR, RETURN

BRC1 DBFF 896 POLWBL: IN PRTABL ; READ STATUS REG

BACI A8 897 XRA B + TEST STATUS REG= 404, OP-COMPLETE

BRC4 CACEGR 898 J2 RETWBL ; IF ZERO, OP-COMPLETE, JMP RETHWBL

. BACY 2B 839 DX H 5 DECREMENT TIME OUT LOOP COUNTER

BRC8 AF 908 HRA f ; CLEAR A REG

BACS B4 981 ORA H ; TEST H REG= @8H

BACA BS 982 ORA L i TEST L REG= 9oH

BACB C2C1en 983 INZ POLWBL ; IF NOT ZERD, CONTINUE POLLING WRBLR COMMAND

BACE E4 994 RETWBL: POP  H ; RESTORE H-L REGS

BACF C1 %5 POP B ; RESTORE B-C REGS

8ADB DBFF 986 IN PRTAAL ; READ STATUS REG

8RDZ C9 987 RET ; RETURN TO CALL
%3 $EJECT
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INITIALIZE

TIME OUT
LOOP COUNTER

STATUS = NO
41H, 43H

1

ISSUE WRITE .
BOOT LOOP REGS STATUS AEG
COMMAND )

!

READ 7220 ' YES
STATUS REG
NO

DECREMENT
LOOP COUNTER

DECREMENT NO

LOOP
LOOP COUNTER COUNTER = 0

' READ 7220
STATUS REG.

v

COMMENT: MIN TIME OUT LOOP COUNTER = 1MS

Figure 24. WRBLRS
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1S15-11 8886/8883 MACRD ASSEMBLER, V3.8 BPK72 PAGE 25
LOC 0BJ LINE SOURCE STRTEMENT
989 ;
96 ;

8F8 Chates

BAFB C3EEGA -

BAFE CD3RGA
8681 E1
#pe2 C1
B8B83 DBFF
8885 C9

911 ; FUNCTION: RDBLRS
942 ; INPUTS:  D-E REGS, STARTING ADDRESS IN RAM

913
914 ;

BPK72 STATUS REG
READ DATA FROM 7242 BOOT LOOP REGISTERS

915 ; OUTPUTS: TRANSFER BOOT LOOP REGISTER DATA TO RAM

916 ;
917 ; CALLS:

A REG= BPK72 STATUS REG
RDFIFO

918 ; DESTROYS: A, F/FS

957
958
959 $EJECT

; DESCRIPTION: RERD 7242 BOOT LOOP REGISTERS

THE D-E REGS CONTRIN THE ADDRESS TO THE FIRST OF 4@ CONTIGUOUS
MEMORY LOCATIONS IN RAM TO BE LORDED WITH THE CONTENTS OF THE
7242, FORMATTER SENSE AMPLIFIER, BOOT LOOP REGISTERS. RDBLRS
WILL COPY THE CONTENTS OF THE BOOT LOOP REGISTERS TO RAM
RDBLRS RETURNS THE VALUE OF THE BPK72 STATUS REG TO THE
CALLING ROUTINE VIR THE £885'S A REG. ONLY A STATUS OF 48H
INDICATES A SUCCESSFUL EXECUTION OF RDBLRS.

PUBLIC ROBLRS ; DECLARE PUBLIC FUNCTION

:PUSH B ;i SAVE B~C REGS
PUSH H i SRYE H-L REGS
Ml B.@CiH ; LOAD B REG= CiH. OP-COMPLETE. FIFO FULL >22 BYTES (RUSY BIT=1)

LXI H, 8FFFFH; INTIRLIZE TIME OUT LOOP COUNTER

WI  R4SH  LOAD A REG= READ BOOT LOOP REGS COMMAND

OUT  PRTABL ; WRITE THE READ BOOT LOOP REGS COMMAND

IN  PRTABL ; READ STATUS REG

RLC i TEST BUSY BIT= 1

JO POLRBL ; IF BUSY= 4, POLL STATUS REG FOR CIH

DX H ; DECREMENT TIME OUT LOOP COUNTER

WA A ; CLEAR A REG

RAH i TEST H REG= oeH

/AL i TEST L REG= ooH

Iz BSYRBL ; IF NOT ZERO, CONTINUE POLLING READ BODT LOOP REG COMMAND

P RETREL ; TIME OUT ERROR, RETURN

IN  PRTABL ; READ STATUS REG

WA B i TEST STATUS= C1H, OP-COMPLETE, FIFO FULL

JZ CALLRD ; IF ZERD, OP-COMPLETE, JWP CALLRD

DX H i DECREMENT TIME OUT LOOP COUNTER

WA A ; CLEAR A REG

WA H i TEST H REG= 0oH

/AL i TEST L REG= @M

JZ  RETRBL ; IF ZERD, ERROR, JWP RETREL

J¥  POLRBL ; CONTINUE POLLING READ BOOT LOOP REG COMMAND
AL ROFIFO ; CALL READ FIFO
PP H i RESTORE H-L REGS

PP B ; RESTORE B-C REGS

IN  PRTAEL ; READ STATUS REG

RET ;

i RETURN TD €ALL
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INITIALIZE
TIME OUT
LOOP COUNTER

!

ISSUE READ
BOOT LOOP REGS
COMMAND
READ 7220 READ 7220
STATUS REG STATUS REG.

DECREMENT
LOOP COUNTER

DECREMENT
LOOP COUNTER

CALL

LOOP
RDFIFO COUNTER = 0

READ 7220 '
STATUS REG.

LOOP
COUNTER = 0

RETURN

COMMENT: MIN TIME OUT LOOP COUNTER = 1MS

Figure 25. RDBLRS
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IS1S-11 8880/8885 MACRD ASSEMBLER, V3.8 BPK72  PAGE 26
LOC 0BJ LINE SOURCE STRTEMENT
968 ;
V961 ;

o826 05
8ge7 (S

8B9A 11FFFF
98D 3E1E
8BaF DIFF
9811 DBFF
8Bz 87
814 DAZ168
817 1B
8B18 AF

8p1A B3
8B1B C21188
BBIE C32£8B
8821 DBFF
8823 A8
8824 CA2EGB
827 1B
8828 AF
8829 B2
eB2n B2
8828 C2218B
882K C1
BB2F DL
8530 DBFF
8832 €9

962 ; FUNCTION: MBMPRG

962 ; INPUTS:  BPK72 STRTUS REG

964 ; OQUTPUTS: ISSUE MBM PURGE COMMAND
965 ; A REG= BPK72 STRTUS REG
366 ; CALLS: NONE

967 : DESTROYS: A, F/FS

968 ;

963 ; DESCRIPTION: MBM PURGE COMMAND

978 AN MBM PURGE COMMAND IS ISSUED TO THE BPK72. AFTER ISSUING THE
971 COMMAND, THE BPK72 STATUS REG IS POLLED UNTIL AN OP-COMPLETE
972 ; 48H;, HAS BEEN RERD OR THE TIME OUT LOOP COUNTER DECREMENTS
973 ; TO ZERO. MBMPRG RETURNS THE YALUE OF THE BPK72 STRTUS REG TO
974 ; THE CALLING ROUTINE VIA THE £885°S R REG. ONLY A STATUS OF 4eH
975 ; INDICATES A SUCCESSFUL EXECUTION OF MBIPRG

976 ;

977 PUBLIC MBMPRG ; DECLARE PUBLIC FUNCTION

978 MBMPRG: PUSH D ; SAYE D-E REGS

979 PUSH B ; SAYE B-C REGS

980 i3} B:48H ; LOAD B REG= 48H, OP-COMPLETE

381 LKL D, BFFFFH; INITIALIZE TIME OUT LOOP COUNTER

982 M1 f,4EH ; LOAD A REG= MBM PURGE COMMAND
X T PRTABL ; WRITE MBM PURGE COMMAND
934 BSYMBM: IN PRTR@L ; RERD STATUS REG
985 RLC ; TEST BUSY BIT= 1
986 I POLMBM ; IF BUSY= 1, POLL STATUS REG FOR 46H
987 bCx D ; DECREMENT TIME OUT LOUP COUNTER
988 XRA fA i CLERR R REG
989 2 ; TEST D REG= 68H
99 ORA E i TEST E REG= BOH
99 Nz BSYMBM ; IF NOT ZERO, CONTINUE POLLING THE MBMPRG COMMAND
992 R 4 RETMBM ; TIME OUT ERROR, RETURN
993 POLMBM: IN PRTABL ; READ STATUS REG
994 XRA B ; TEST STATUS= 46H: OP-COMPLETE
995 Z RETMBM ; IF OP-COMPLETE, JWP RETMBM
9% DCX ] ; DECREMENT TIME QUT LOOP COUNTER
997 XRfY A i CLERR R REG
998 ORA b 5 TEST D REG= 0H
999 ORA E i TEST E REG= B0H
1008 INZ POLMBM ; IF NOT ZERO, CONTINUE POLLING MBM PURGE COMMAND
161 RETHBM: POP B s RESTORE B-C REGS
1882 PP D ; RESTORE D-E REGS
1683 IN PRTA@L ; READ STATUS REG
1884 RET i RETURN TO CALL
1885 $EJECT ,
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ENTER

INITIALIZE
TIME OUT
LOOP COUNTER

!

ISSUE
MBM PURGE
COMMAND

J

READ 7220
STATUS REG

DECREMENT
TIME OUT
LOOP COUNTER

LOOP
COUNTER = 0,

READ 7220
STATUS REG

YES

NO

DECREMENT
TIME OUT
LOOP COUNTER

LOOP
COUNTER = 0,

NO

READ 7220
STATUS REG

RETURN

COMMENT: MINIMUM TIME OUT LOOP COUNTER = 150uS.

Figure 26. MBMPRG
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ISIS-11 8608/68085 MWACRO ASSEMBLER, V3.8 -BPK72  PAGE 27 \
LoC OBJ LINE SOURCE STATEMENT
1066 ;
1097 END
PUBLIC SYMBOLS

ABORT A @8DE  BOOTUP A B95C  FIFORS A @843  INBUBL A @961  MBMPRG A @BG6  RDBLRS A BAD3  RDBOOT A @ReC
ROBUBL R 8936  RDFIFO A BASA  WRBLRS A BASB  WRBUBL A 8998  WRFIFO A oA7e

EXTERNAL SYMBOLS

USER SYMBOLS

ABORT A BBDE  ALLFFS A 8988  BLCODE A @9FL  BOOTUP A @95C  BSYMBN A @B14  BSYRBL A OADE  BSYRBL A 0ABL
BILPRD A GAS2  BUSYA A BBES BUSYE A @B  BUSYBL A @ABS BUSYFR A BBIE  BUSYIN A G97A  BUSYRB A BAd2
BUSYRD A @8AD  BUSYWR A @872 BYTCNT A 9840 CALLRD R OAFE CONT A @98 ODONE A 8867  FIFORD A 8AE2
FIFORS A 8813  FINSHR A @3DB  FINSHW A @BA1  INBUBL A @961 INFIFOA GA7D  INTPAR A @808  LOAD A 0988
LOOPRD A 894F  LOOPWR A 0924 MBMPRG R @BB6 MULT A @852 MULTL A @862 MULTO A @856  OUTFIF R OASE
POLLR A BBF9 POLLBL A @ALS POLLBRA @308 POLLFRABS2E POLLINA @9BA  POLLRD A @BBA  POLLWR A 8880
POLMBM R @821  POLRBL A GAEE  POLWBL A GACL  PRTAGA A BAFE  PRTAGL A GBFF  RDBLRS A 8ADI  RDBOOT A @A2C
ROBUBL A @936 ROFIFOA@ASR READ A @BA4 RETA "R @986 RETBT A @A23 RETFR A 8838  RETIN A @397
RETMBM A @B2E  RETRBL A @BAL RETRD A @9SC RETRDB R GAGA RETWBL A GACE  RETWF A GABS  RETWR A 8931
RFIFO A @3D@  WFIFD A 083  RBLRS A @AY  WRBUBL A @98B  WRFIFO A BA7@  WRITE A @86R

RSSEMBLY COMPLETE.  NO ERRORS
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POWERING-UP FOR THE FIRST TIME

The following procedures used to verify the operation of a BPK 72 should be performed with the dummy module in
place of the 7110 Bubble Memory. No attempt should be made to use the 7110 Bubble Memory in the IMB-72 board
until successfully completing tests 1, 2, 3A, 3B, 3C, and 3D.

The software driver in Appendix A, ‘‘BPK 72,” contains several subroutines that can be used to systematically
check-out a newly assembled BPK 72.

Test 1 ( )—After powering-up, the first step in checking out a new interface and BPK 72 is to verify the operation of
the 7220’s FIFO data buffer. Two subroutines, RDFIFO and WRFIFO, may be used to read and write 40 bytes to the
FIFOQ data buffer. Additional detail concerning the operation of the subroutines, RDFIFO and WRFIFO, is available
in the program listing. The read FIFO subroutine should be used to verify that the data in the FIFO'data buffer is
identical to the data written by the subroutine WRFIFO. An incrementing or decrementing data pattern is the most
effective for testing the operation of the FIFO data buffer.

Incorrect data indicates a fundamental timing error and/or interface problem. In almost all cases, read and write
FIFO data errors result from an interface or IMB-72 board wiring mistake.

Test 2 ( )—After successfully completing Test 1, communication between the 7220 controller and the 8085
microprocessor has been verified. The next step consists of verifying the communication path between the 7220
Bubble Memory Controller and the 7242 Formatter Sense Amplifier (FSA). Verification consists of comparing the
data read from that written to the FSA’s boot loop registers. Before attempting to read or write the boot loop
registers, two subroutines must be called to clear the 7220. A call to the subroutine ABORT followed by a call to
MBMPRG (Bubble Memory Purge Command) are necessary before any other commands may be issued to the BPK
72. The details concerning the use of the subroutines, ABORT and MBMPRG are presented in the program listing.
After successfully executing an ABORT and MBMPRG command, communication between the 7220 and FSA can be
verified using the subroutines, RDBLRS and WRBLRS (see program listing, Appendix A). RDBLRS and WRBLRS
should be called to read and write the FSA’s boot loop registers. The subroutine, RDBLRS, should be used to verify
that the data in the boot loop registers is identical to that written by the subroutine WRBLRS. An incrementing or
decrementing data pattern is also the most effective for testing the communication path between the 7220 controller
and the FSA.

Test 3: Reading and writing to the 7110 Bubble Memory requires the application of specific control signals at the
appropriate times within the read and write cycles. Test 3 consists of verifying the control signal waveforms.

A. () Thefirst control signal waveform to check is thq coil drive on pins 9, 10, 11, and 12 of the 7110 Bubble Memory
socket. The drive current can be verified by ensuring that the voltage waveform‘on these pins conforms to figure 29A
when the field is rotated. To rotate the drive field, the following program sequence can be used:

1. Write 40 bytes of FFH into the boot loop registers via the subrot/ltine WRBLRS.

2. Call RDBUBL (Read Bubble Memory)
See the section titled, ‘‘Implementing the 8085/BPK72 Software Driver—Reading and Writing’’ for a
' detailed explanation of the subroutine RDBUBL. The following values should be used to load the parametric
registers: FFH (BLR LSB), 10H (BLR MSB), 00H (ENABLE), 00H (add L.SB), and 00H (add MSB).

3. Loop on RDBUBL.
In order to make a measurement of the coil drive waveforms, a multipage transfer is required. A's shown above, the
parametric block length register LSB is loaded with an FFH indicating the transfer of 255 contiguous pages, 68 bytes

per page (17,340 total bytes). Since a 255 page transfer will take approximately two seconds, looping on the read
Bubble Memory subroutine allows for a continuous measurement using a standard oscilloscope.
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B. () Next, the “‘cut and transfer” pulses generated during a read operation should be checked. The waveforms on
pins 2 and 3 of the 7110 socket (replicate A and replicate B) should appear as shown in Figure 27B. The program
sequence necessary to view the generate A and generate B waveforms is identical to the sequence used to verify the
coil drive pulses with one exception; the write Bubble Memory subroutine, WRBUBL, must be used in place of the
call to RDBUBL. The same values used to load the parametric register for RDBUBL should also be used for
WRBUBL.

C. ( )The “‘cut and transfer” pulses that occur during a Write Operation should now be verified. The waveforms on
Pins 7 and 8 of the 7110 socket (generate A and generate B) should appear as shown in Figure 7C the program
sequence necessary to view the generate A and generate B waveforms is identical to the sequence used to verify the
coil drive pulses with one exception, the Write Bubble Memory subroutine, WRBUBL, must be used in place of the
call to RDBUBL. The same values used to load the parametric registers for RDBUBL should also be used for
WRBUBL.

D. ( ) Finally, the swap pulse must be tested for proper operation during a write operatidn. The waveforms on pins
13 and 14 of the 7110 socket (swap A and swap B) should appear as shown in Figure 27D. The program sequence used
to measure the swap pulses is the same as that used to verify the write “‘cut and transfer’” pulses.

After completing all the previous tests successfully, the 7110 Bubble Memory device may be inserted. Before

attempting to insert the 7110 Bubble Memory, remove power from the system! Installing the 7110 s no different from

installing any other device. Remove the dummy module in the 7110 socket and insert the 7110 Bubble Memory. Note

that the 7110 is keyed to prevent the device from being inserted incorrectly. The user is now ready to put the BPK72
- into actual system use.

+12V
COIL DRIVER TEST 20 ps ——
A: PINS 9, 10, 11, 12 -_—
(7110) '
ov
|—— 40 ps——p|
REPLICATE TEST +12
B: PIN 2,3 S
(DURING READ) ~ 492V
= + 5.6V -—250 NS
ot 40 s —— |
GENERATE TEST 12v ‘
C: PIN7,8
(DURING WRITE)
=+7V
|40 s »-|
SWAP TEST 12v —
D: PIN 14,13
(DURING WRITE)
> j€—28.75 s
~ + 4.3V i {Not drawn to scale)

Figure 27. Control Signai Waveforms
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APPENDIX C
SERVICE INFORMATION
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SERVICE INFORMATION

Typically, a Bubble Memory System will never require any special service throughout its useful life. The sequence of
program flow presented in Appendix C is not required for normal read/write operation. However, power supply
failure, socket contact problems, or component failures may inadvertently produce a BPK 72 system failure.

Note: Power supply failure is defined as any violation of the power supply specifications listed in the section titled,
“Power Supply Requirements.”

A figure titled, *‘BPK 72 Failure Recovery”’ is included in Appendix C to illustrate the sequence of events necessary
to remedy a Bubble Memory System failure. The flowchart is intended as a guide for handling a Bubble Memory
System failure. A system failure is defined as continued attempts that fail to read and write data correctly. Upon
detection of a BPK 72 system failure, the first course of action is to verify the existence of the seeds within the 7110
Bubble Memory module. Four replicating Bubble Memory generators reside in the 7110. Each generator requires
one seed from which all other bubbles are created. Under extreme circumstances such as power supply failure, one or
all of the seeds can be destroyed making it impossible to write data into the 7110’s storage loops. The ‘‘BPK 72 Failure
Recovery” flowchart requests a call to the ‘‘seed verification procedure.” The ‘‘seed verification procedure’’ should
be followed closely to determine if any of the seeds are missing.

In the unlikely event that some or all of the seeds are lost, the *‘BPK 72 Failure Recovery’ figure instructs the reader
to perform the ‘‘procedure to reseed a 7110 Bubble Memory.”’ The seed replacement procedure will create a seed in
each of the four generators. After completing the seed replacement procedure, the ‘‘seed verification procedure’™
should be performed again to confirm that all four seeds are present in the 7110.

The next step in diagnosing a BPK 72 system failure is to verify the accuracy of the boot loop code within the 7110.
The boot loop is a map containing information about the active and inactive storage loops. The 7110 is designed with a
15% storage loop redundancy to improve the product yield during manufacture. A' diagnostic subroutine named
RDBOOT can be called to read the boot loop from the 7110. It is the responsibility of the calling routine to verify that
the boot loop code read from the 7110 matches byte for byte with the code found on the label attached to the case of
the Bubble Memory module.

The following is an example of how to use the read Bubble Memory boot loop subroutine, RDBOOT:
8085 Microprocessor 8085 Addressable Memory

B REG = XXH CREG = XXH__,———>3000H = First Byte*

D REG = 30H E REG = 00H 3027H = Last Byte

H REG = XXH L REG = XXH .

HREG = XXH *Boot Loop code read

A REG = Will return the value of “the 7110 Bubble Memory.
the status register
(acceptable status = 40H)

Call RDBOOT.

Additional detail regarding the use of the read Bubble Memory boot loop subroutine, RDBOOT, may be found in the
software listing presented in Appendix A.

If the boot loop is incorrect, a subroutine called BOOTUP is provided for writing the boot loop into the 7110.
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The following is an example of how to use BOOTUP to write the boot loop code into the 7110:

8085 Microprocessor 8085 Addressable Memory
B REG = 10H C REG = 00H > 1000H = 01H BLR LSB
D REG = 30H EREG = 00H — 1001H = 10H BLR MSB
H REG = XXH L REG = XXH 1002H = 00H Enable REG
1003H = 00H Add LSB

A REG = Will return the value of 1004H = 00H Add MSB

the status register

(acceptable status = 40H, t————3000H = First Byte*

42H) 3027H = Last Byte
Call BOOTUP. *Boot loop code found

on the label attached to
case of the 7110.

Additional detail regarding the use of the write Bubble Memory boot loop subroutine, BOOTUP, may also be found in
the software listing presented in Appendix A.

After the seeds and boat loop have been examined and replaced as necessary, the remaining step is to call the
initialization subroutine, INBUBL. See the section titled, ‘‘Initalizing the Bubble’’ for a description of how to call the
initialization subroutine. If the initialization subroutine returns a status of 40H, the BPK 72 is ready to be put back
into service. '

Contact the local Intel field sales office in the unlikely event that the BPK 72 system failure guidelines do not
eliminate the problem.
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CALL ABORT

CALL ABORT

CALL MBMPRG

PERFORM RESEED
PROCEDURE

CALL SEED
VERIFICATION

CALL BOOTUP

CALL RDBOOT

CORRECT
BOOT LOOP

YES

CALL ABORT
/

CALL INBUBL

RETURN

STOP INDICATES A BPK 72 SYSTEM FAILURE THAT IS BEYOND THE
SCOPE OF THE FAILURE RECOVERY ROUTINE.

Figure 28. BPK 72 Failure Recovery
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.............. WRITE THE BOOT LOOP REGISTERS WITH THE 40
BYTE BOOT LOOP CODE FOUND ON THE LABEL AT-
TACHED TO THE CASE OF THE 7110 BUBBLE MEMORY.

CALL WRBLRS

YES
.............. WRITE ONE PAGE USING A DATA PATTERN OF “FF'S”
CALL WRBUBL (68 BYTES). THE FOLLOWING VALUES SHOULD BE
USED TO LOAD THE PARAMETRIC REGISTERS: 01H
(BLR LSB), 10H (BLR MSB), 00H (ENABLE), 00H (ADD
LSB), AND 00H (ADD MSB).

.............. READ ONE PAGE WITH THE SAME VALUES LISTED

CALL RDBUBL ABOVE TO LOAD THE PARAMETRIC REGISTERS.

.............. IF ALL THE SEEDS ARE PRESENT, THE DATA READ

TEST
RETURN DATA PATTERN BACK WILL BE ALL “FF'S.”

ONE OR MORE DATA
BITS MISSING FROM

ALL “FF'S"—PASSED
SEED VERIFICATION

o ~
VERIFICATION RETURN SEE PREVIOUS PAGE

If one or more seeds are missing, the data read back will be a pattern with one or more bits missing from each
hex character. One example of several possible patterns is shown below. Each pattern will typically contain a
dominant pair of hex characters (i.e., *‘88’s” or “AA’s”’). In any case, if seeds are missing no *‘FF’s’’ will be read

using the subroutine, RDBUBL..

X}

88 88 88 88 88 88 88 88 88 00 08 88 88 88 88 88
88 88 88 88 88 08 80 88 88 88 88 88 88 88 88 88
88 A8 88 80 08 88 88 88 88 80 88 88 A8 88 8A 88
A8 88 8A 88 88 88 88 A8 88 AA |. 88 88 88 8A 88 88

Do not attempt to use the seed verification procedure without first performing the program sequence described
in Figure 28, “‘BPK 72 Failure Recovery.”’

Figure 29. Seed Verification Procedure
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PROCEDURE TO RESEED A 7110 BUBBLE MEMORY

~N N W AW

[e ]

. Remove power from circuit.

. Remove the 7230 current pulse generator from its socket, and install the 7230 in the socket provided on the seed

module. Be careful to note the orientation of Pin 1.

. Install the seed module (with the 7230 installed) in the 7230 socket.
. Apply power to the circuit.

. Call ABORT.

. Call MBMPRG.

. Call WRBUBL (1 page transfer, any location, data pattern is not important). Parametric register values; 01H

(BLR LSB), 10H (BLR MSB), 00H (ENABLE), 00H (add LSB), and 00H (add MSB).

. Remove power from circuit.

. Remove the seed module from the 7230 socket.
10.
11.
12.

Remove the 7230 from the seed module and reinstall the 7230 in its socket on the IMB-72 board.
Apply power to the circuit.

Reseed procedure is now complete.
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Thin-film detectors,
X-ray lithography
deliver 4-Mbit bubble chip

Next-generation bubble memory chip is even smaller
than the compatible, 1-Mbit device; set of support
circuits takes care of memory system requirements.

Propelled by X-ray lithogra-
phy and thin-film permalloy de-
tectors, bubble memory chips
have climbed to the 4-Mbit level.

Using X-ray lithography, Intel
Corp. (Santa Clara, Calif.) has
managed to reduce the period-
icity between bubbles from 11.2
(for its 1-Mbit chip) to 5.6 um and
feature sizes from 1.25 t0 0.75 um.
At the same time, thin-film per-
malloy detectors, replacing
thick-film versions, nearly dou-
ble the signal strength of the de-
tected bubbles (Fig. 1).

Moreover, a novel multiplexing
technique handles the outputs
from the eight on-chip detectors,
which is double the number used
on the 1-Mbit chip. This tech-
nique, which Intel is keeping un-
der wraps, permits the higher-
density chip to fit into a 22-pin
package.

The outcome of all that is the
7114, plus a complement of six
support circuits. The 7114 retains
the basic architecture of the
1-Mbit 7110, and all the support
circuits are pin-compatible with
the chips that support the 7110.
Aside from a few software
changes to handle the larger
memory space, the upgrade is
totally transparent to the' system
user, claims Mike Eisele, bubble
memory product manager. Thus
in many cases the older bubble

chips can be removed from a sys- -

tem and new ones plugged in.

Dave Bursky

Electronic Design

However, the support chips
cannot control the 1-Mbit device,
and some minor hardware
changes must be made to accom-
modate the smaller package used
for the 4-Mbit chip. The pack-
age’s dimensions—1.46 by 1.35

Scratch protection

Permalloy

Thin-film /
detector Z

Z
s

x
1. A key element of intel’s 4-Mbit

bubble memory is this thin-film
permalloy detector structure, which
delivers twice the output signal of the
previously used thick-film detector.

Density 16 32 16

kbits  kbits  Mbits
(1976) (1978) (1986)
16X

Dynamic
RAM
Bubble

8X memory

EPROM

4 kbits

4 Mbits
4X T (1973)

(1983)

8 kbits

(1975)

1 kbit \2 kbits ~1 Mbit

(1970) (1971) (1979)

01 23 456 7 8 910

Years

2. Following the same growth curve as
UV EPROMs and dynamic RAMs,
bubbl technology still has a
good way to go to reach the 16-Mbit
tevel projected for 1986.
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in.—represent a savings of
nearly 0.9 in.? over the 1-Mbit
package’s 1.7 by'1.68 in. In addi-
tion, the smaller package, which
has DIP-like pins, eliminates the
need for a socket in many cases
and also has a lower profile to
permit board spacings as close as
0.6 in. The same package will be
used by Motorola Inc. (Phoenix,
Ariz.) when it builds the second-
generation 1-Mbit chip as called
for in the alternative-source
agreement signed earlier this
vear with Intel (ELECTRONIC
DEsIGN, July 8, p. 23).

However, to bring the price of
the bubble memories down to
what Eisele feels would be at-
tractive for system users—about
$150 for a 4-Mbit chip by
1986 —Intel has turned to a
Perkin-Elmer X-ray lithography
svstem in what it believes to be
the first commercial use of X-ray
systems. (Other companies,
though, are not very far behind —
many semiconductor manu-
facturers have very active
research and development pro-
grams to make X-ray systems
practical on the production line.)

The production process for the
4-Mbit chip includes 90% of the
process steps used for the 1-Mbit
device, thus sharing much of the
learning-curve experience, in the
short run.

Functionally, the 4-Mbit de-
vice will appear to operate just
like the 1-Mbit memory. Howev-
er, when the 7114 operates at the
50-kHz field rate of the 1-Mbit
device, the access time is double
that of the smaller chip, since the
loops are longer. But the data
rate is double that of the 1-Mbit
chip because more detector out-
puts are multiplexed and then
fed out from the chip. Also, a ver-
sion of the 4-Mbit chip will oper-
ate at twice the field rate (100
kHz), for an access time of 41
ms—almost the 40-ms access

Reprinted with permission from Electronic Design, Volume 30, No 22 Copynight Hayden Publishmg, inc 1982



time of the 1-Mbit chip.

There will be a full kit of parts
available from Intel when sam-
ples of the memory will be avail-
able next year. The largest chip
will be the 7224 controller, which
duplicates the functions of the
7220 controller but has the inter-
nal changes needed to handle the
larger memory space. Similarly,
the other circuits are the 7234

current-pulse generator, the 7244
formatter-sense amplifier, the
7250 coil predriver, and the 7254
coil drivers.

Bubble memory capacity has
been quadrupling about every
four to five years. This follows
very closely what happened to
UV EPROMs (Fig. 2), even
though EPROMs went through
doubling eycles every two years.
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BehindTheCover

Right after putting their 1-Mbit bubble memory chip
into production several years ago, designers at Intel
decided to try various sections of what would be needed
to build a 4-Mbit device. Although several were
fabricated and proved functional, priorities in ironing
out the production problems for the 1-Mbit chip forced
them to put the 4-Mbit design on the back burner,
working on it as a secondary project. Finally, though,
the years of patience are paying off, and as our cover
story in this issue (p. 1) highlights, the 4-Mbit
magnetic bubble memory—the 17114 —is functional.

Fortunately, the designers have been able to time the
developments so that both the bubble chip and its
associated support chips will be ready at the same time.
As Mike Eisele, product manager for the Magnetic
Bubble Memory Division, notes, that wasn’t the case for
the 1-Mbit device—it took Intel a lot longer than it
expected to make the controller fully functional.

In developing the 4-Mbit memory, Hudson Washburn,
design engineer, expected that the control elements on
the chip—the bubble generator, transfer gates,
replicator, and detector—would be the most difficult
sections to get to work, whereas he thought that the
propagation paths would be relatively simple to
implement. But when actually trying to create the
memory chip, he and the other researchers found that
the control sections performed fine after only a few
iterations while the propagation paths turned out to be
the tricky development problem.

Additionally, mastering the technology needed to
build the 4-Mbit bubble chip was a long, hard process
with many half steps back, Washburn says. However,
work on the 1-Mbit device also helped the bigger
memory: Every time something happened that caused
yield problems on the 1-Mbit chip, work was stopped on
the new circuit. When the problem or problems on the

‘1-Mbit process were solved, the designers applied what
they learned to the 4-Mbit technology.

Also, the designers decided to use a thin-film detector
structure to boost the signal-to-noise ratio of the output
signal. Although building this detector adds a second
critical masking level to the production process, the

-decrease in yield due to the additional step is expected
to be more than offset by faster testing. As it turns out,
testing tends to be a major part of the chip cost as the
capacity reaches 4 Mbits, according to Dave Dossetter,
bubble memory product marketing engineer.

~ Perhaps appropriately for a 4-Mbit memory, Intel
worked with a manufacturer of lithography equipment

- and a mask maker to use X-ray lithography. Although
contact printing was employed during development,
Intel plans to put X-ray lithography to work for volume
production, which would make it the first such
commercial use.
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A4-Mbitbubble memory chip, supported by a full complement of six
dedicated circuits, stands poised for applications ranging fromindustrial
controlto telecommunications to personal computers.

Bubble chip packs 4 Mbits
into 1-Mbit space

Bubble memories sport a hefty list of advantages
for mass storage applications. Yet because of the
complexity of interfacing them, most designers have
shied away from these devices, leaving them out-
casts. But the sheer appeal of 4 Mbits tucked into
a 20-pin package, coupled with a set of components
that takes care of the complexities of linking a bubble
chip to conventional host computers, makes an
extremely attractive option for those designers who
have previously resigned themselves to simpler but
less attractive mass storage.

As for those who have already taken the plunge
into bubbles with the chip’s 1-Mbit predecessor, the
7110, upgrading to the 4-Mbit 7114 requires only
minimal changes.

Some of those ready to benefit from
a simplified bubble memory system
are portable equipment makers, who
will take advantage of the compact-
ness and nonvolatility of bubble chips.
Industrial control and robotics manu-
facturers will appreciate bubble de-
vices’ resistance to hostile environ-
ments, since they have no moving
mechanical parts to succumb to
shock, corrosion, or high humidity.
These last three qualities also are
important to telecommunications
suppliers, who need low-cost, reliable
buffers for PABX and other message-
carrying systems.

Still, to reap the rewards inherent
in bubble memories, a full comple-
ment of support circuits must accom-
pany the bubble chip itself. Those
companions are ready, in the form of

Hudson Washburn, Design Engineer

Sam Nicolino, Design Engineer

Intel Corp.

3065 Bowers Ave , Santa Clara, Calif. 95051

’

the 7224 bubble memory controller, the 7244 format-
ter and sense amplifier, the 7250 coil predriver, the
7254 VMOS driver transistor, and the 7234 current
pulse driver.

Despite these components, a 4-Mbyte bubble
memory system takes less space than the previous
1-Mbyte design, since the new bubble chip’s package
is both narrower, allowing more chips per board, and
shorter, giving more room to stack boards next to
one another (see “More Memory in Less Space”).
Furthermore, the support components are in-
terchangeable and, like the bubble chips, do not have
to be matched sets, as was often true of other bubble
devices. In fact, any bubble chip is guaranteed to
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work with any support component, so that compo-
nents can be replaced in the field without fine tuning.

Also, because the 4-Mbit bubble chip was designed
to be compatible with the same hardware and
software developed for the 1-Mbit version, the sup-
port circuits for both have the same pinouts. Most
of the register bits are the same, too. The only
differences are those in which the larger memory
capacity affects how the bits are defined. Conse-
quently, from a software perspective, any revisions
to upgrade to the 4-Mbit chip are minor.

.As with the 1-Mbit system, the user’s interface
with the 4-Mbit system remains simple. The software
is written so that, first, parameters are passed to
the controller by loading its registers, followed by
commands. In addition, data is written or read in
any of three transfer modes—DMA, polled, or inter-
rupt—and the controller’s 40-byte FIFO acts as a
buffer between the host and formatter—sense
amplifier chips. The formatter—sense amplifier is
responsible for sending and receiving serial data

To host
bus
. ‘
P - 7520
7224 DR ) | o coil
bubble memory controller . x | =] prednver
" N T -
™ ‘
7254 VMOS
drive
transistors
-
lo'an:l‘:er T4
. "l magnetic
Y.} sense bubble memory
X +] amphtier
Lk
: -
7234
current-pulse
1 "
4-Mbit bubbile storage unit
.
4-Mbit bubble storage unit
3

I

4-Mbit bubble storage unit

1. The key to building a 4-Mbyte bubble memory system is
the ability of the bubble chip’s support ICs to simplify the
Intertace with the host. Five such ICs plus a single 4-Mbit
chip (shaded) form the basic memory block. Up to seven
additional blocks in parallel, all governed by one memory

~ controller chip, complete the system.

between the bubble and the controller. The host
system therefore need only monitor the controller’s
status register to determine when it is busy and to
see if a transfer operation was successful.

The bubble memory controller is the bubble chip’s
link to the host. It communicates with the host over
an 8-bit bidirectional data bus; a single address line
(Ay); and a chip-selection, a read and a write control,
and an interrupt line. In addition, a ninth data bit
line (Ds) can be used to detect parity errors.

The remaining input and output lines of the
controller connect the formatter—sense amplifier,
the coil predriver, and the current-pulse genera-
tor. These components, plus a pair of VMOS drive
transistor chips, make up a 4-Mbit bubble storage
unit (Fig. 1). Up to eight such units may be connected
to a single controller, allowing users to trade off the
number of pages against the individual page size to
fit their data transfer requirements.

The controller close up

To understand the software and hardware in-
terface with the bubble subsystem requires and
understanding of the controller. An HMOS chip, it
is housed in a 40-pin DIP and divided into 10
functional blocks (Fig. 2).

The host processor operates the bubble memory
system by reading from, or writing to, specific
registers within the bubble memory controller. The
host selects each register by placing an address on
lines Ao and D, through D,. Specifically, the status
register and command register are directly ad-
dressed using these six bits; a third register, the
register address counter, is also directly addressed
and in turn indirectly addresses the remaining regis-
ters, including the block-length register, the FIFO
data buffer, and the enable register. These remaining
registers are called parametric registers because
they contain the flags and parameters that de-
termine exactly how the controller will respond to
commands written in the command register. The
parametric registers are located in a register file and
are selected with addresses 1011 through 1111. In
general, the parametric registers must be loaded
before commands are issued to the controller.

Parametric registers are loaded when they are
addressed by the register address counter. The con-
troller automatically increments the counter by one
after ‘each data transfer between the host and a
parametric register. Thus there is no need to reload
the address register in the case of multiple register
reads and writes.

The address register increments, starting with the
address first loaded, until it reaches binary address
1111. It then wraps around to 0000 and halts until
it is reloaded with another address. However, when
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line A, is zero, all data transfers are with the FIFO.
In addition, any other commands or a controlled stop
sequence will reset the address counter to 0000,
which is the FIFO address.

The most comumonly used commands (see the table)
are Initialize, Read Bubble Data, and Write Bubble
Data. Others used in a typical operation are Read
Seek, Write Seek, Read Formatter—Sense Amp
Status, and Reset FIFO. In addition, two commands
—Zero Access Read Seek and Zero Access Read
Bubble Data—slash the data access time by a factor
of more than 150. Zero Access Read Bubble Data

" returns the first byte of data in the FIFO within 50
us after the command is sent, provided the address
is known in advance of the access command.

Parameters first

Commands are written by the host into an 8-bit
write-once command register. Depending on the
command, certain parameters must already be writ-
ten into their respective registers. For example, the

Initialize command must be preceded by the number
of formatter—sense amplifiers in the block-length
register’s first four MSB locations (Fig. 3a). Similar-
ly, before issuing a Read Bubble Data command, the
starting address information must already be set in
the address register (Fig. 3b), as must be the number
of system pages in the block-length register. Thus
each command has its specific set of parametric
requirements that must be established before it is
issued.

If the parametric conditions have been set, the
command is issued using a 5-bit command code. For
example, Initialize is 00001, Read Bubble Data is
00010, and so on. -

Information about any error condition, the com-
pletion or termination of a command, or the
controller’s readiness is stored in the status register.
The host can directly address this register by setting
the Ag line and examining the eight status flags. The
status register is updated every microsecond. Bits
1 through 6 (Fig. 4a) are set during command

|- X"
Formatter-sense e X
amplfier L v*
loglc —
J—— -
Power Fail —== power failure y
Reset —={ abortand === Timing A
Reset Out =] reset i == Timing 8
i 4 i Bubb |-=~ Repiicate Enable To bubble
3 - i L signai |- BoolLoopEnabie  memory chip
o * decoder |-~ Swap Enable
In;ear‘:al . = Boot Loop Swap Enable
. bus (8) | ™ Shitt Clock
2t <t o I Sync
ErOr o Sequencer | C/D
Detector On, CLK
Error Flag = B
Vg~ i Control bus
N st Gt LG SEHRT 1 Bubble memory
GND . addressing
logic and RAM
D it : Register .
e e B - tile
oror 4 =
System
Ao— hus . FIFO R Data /0
Ra - interface buffer boot-loop
s decoder-encoder
RE —] I
s DMA and
WR interrupt .
logic
DACK DRQ INT DIO ~ BUSRD

2. The 7224 bubble memory controller interfaces the bubble storage units with the host

processor. it performs 10 §

aread and a write control line. Interruptand DMA h

,eachrepr

ted by ablock. The hostis connected to
an 8-bit data bus with an optional parity bit, a single address line, a chip-selection line, and

Aehalki i

g also are avail
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execution and are reset when a new command is
issued. The flags in the status register indicate
whether the controller is executing a command or
has completed one. In addition, they show whether
an uncorrectable error or a timing error has oc-
curred. Also, using a parity bit, the controller checks
the data the host sends it and generates an odd parity
for the data it sends to the host. Any parity errors
are flagged.

The system page size and the number of pages to

be transferred in response to a single bubble memory -

poooonnn

Number of
formatter-sense
amplifier channels

Biock-length register LSBs
Baannann
Number of pages to be transferred

(a)

Bubble storage unit setection Address register LSBs
Clelsl+[olz[1[o] Clelel+lo]e[1[c]
——

Address Starting address within each bubble unit

register MSBs (b)

3. The parametric registers set the basic conditions for
transfers between the host and the bubble memory system.
The block-length register gives the number of
formatter-sense amplifierch is and the ber of
system pages in ablock(a). The address register gives the
starting address for aread or write command (b).

Status register

Lrlefsfefs]z]]o]

FIFO Ready
Parity Error
L Error
Correctable Error
‘= Timing Error

Op Fail
Op Complete
Busy

(a)

Enable register

Tels [« [o [: [ ]o]

Interrupt Enable (Normal)
Interrupt Enable (Error)
—ee————= DMA Enable

e Reserved

Write Enable
Enable Read Corrected Data

Enable y Correct Data
Enable Panty Interrupt

(b)

4. The status register bits (a) tell the host about any data
errors, the state of the controller’s readiness, or whether a

dwas pleted properly or not. The register s
updated every microsecond and indicates whether a data
error was correctable or not, in addition to pointing out parity
and timing errors. The enable register bits (b) specify several
conditions, including interruption on an error, DMA enabling,
and parity errorinterruption.

data read or write command are set by the block-
length register, a 16-bit write-once register. The
system page size is proportional to the number of
bubble storage units operating in parallel during a
data read or write operation. Each bubble chip
requires two formatter—sense amplifier channels,
with bits 4 through 7 specifying the number of such
channels to be accessed. For example, in a 4-Mbyte
system, if bits 7 to 4 are 0001, two channels will be
accessed, each page will contain 512 bits, and there
will be 65,172 pages. Setting the bits to 0100 specifies
eight channels, 2048 bits per page, and 16,384 pages.

The right address

Which bubble memory group is accessed and what
the starting address location is within that group are
determined by the contents of the address register.
Each bubble chip has 8192 address locations for
reading or writing data. Consequently, 13 bits are
needed to specify an individual bubble storage unit’s
starting address. Which of the units to be read from
or written to is indicated by address register bits 5
through 7. How the controller interprets these bits
depends on the number of bubble storage units in
a group as specified by the block-length register. For
example, if the formatter—sense amplifier channels
are numbered 0 through F,s and the number of
formatter channel bits of the block-length register
are set at 0000, the address register bits will specify
channels 0 through 7. If, on the other hand, the block-
length register bits are in the sequence 0001, the
address register bits select the formatter—sense
amplifier channel pairs and address register bits
0110 select channels C and D.

The address range for a 4-Mbyte subsystem is
0000—FFFF, or 65,172 pages. Selecting address regis-
ter bits 0111 puts the data in the last 8192 pages of
bubble storage.

Enable register controls

Certain ' functions in the formatter—sense
amplifier and the controller are governed by setting
bits in the enable register (Fig. 4b). For example,
setting the Enable Parity Interrupt stops the host
when the controller detects a parity error on the data
bus lines (Do—D;). Also, the controller operates in
a DMA data transfer mode when the DMA Enable
bit is set. In this mode the Data Request and Data
Acknowledge interface signals become operational;
otherwise, the controller supports. interrupt-driven
or polled data transfer modes. As a result, users have
a choice of three data transfer methods.

The Interrupt Enable (Normal) bit, when set to
a1, allows the controller to interrupt the host system
when a command is successfully executed. The Inter-
rupt Enable (Error) bit works in conjunction with
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The basic technology of the 7114
4-Mbit bubble chip—known as
field access, conductor-first perm-
alloy—is the same as used to build
the earlier 7110, a 1-Mbit part,
except for several important re-

‘finements. These refinements
.quadruple the bit density and the
data transfer rate.

The increased density is pro-
duced by halving the period of the
basic memory cell (called an asym-
metric propagator) to 5.5 um. The
resultant chip size is 501 by 580
mils (compared with the 1-Mbit’s
512 by 614 mils). A 0.75-um
minimum feature size, smaller
than that of any silicon chip, is
being printed now in development
volumes using optical contact li-
thography. However, X-ray lithog-
raphy techniques will be used for
production volumes to achieve re-
peatible results despite the small
minimum-feature size.

In addition, a thin-film detector
was developed that doubles the
detected bubble signal compared
with the previous thick-film detec-
tors. This makes doubling the data
rate feasible. Further, doubling
the field rotation rate from 50 to
100 kHz also doubled the datarate,

Bubbles by the block

producing the overall 400% in-
crease, which also means an
average random access time of 40
ms. (A 50-kHz version will be in-
troduced first that has twice the
data rate of the 1-Mbit chip and
an 80-ms access time.)

Like the technology, the archi-
tecture of the 4-Mbit chip is an
enhanced version of the 1-Mbit
design. Both use block-swapping
and replicating schemes to write
and read bubbles in parallel, to
ensure nonvolatile storage, and to
permit the use of multiplexed
replication generators to reduce
the number of external pins.

The page length is fixed at 512
bits (64 bytes), but the number of
pages has been quadrupled for the
4-Mbit part. Both chips are or-
ganized into identical halves.
Thus, from an architectural
perspective, the higher-density
chip looks like a 1-Mbit part with
four times the number of pages
and either twice (50 kHz) or four
times (100 kHz) the data rate.

Actually, the 7114 is divided into
eight octants, each comprising 80
minor loops, and each loop con-
taining 8192 bits (see the figure).
The 7110, in comparison, is split

into four quadrants, each with 80
minor loops, but each loop con-
tains only 4096 bits. Also, whereas
the 7110 was designed to sense one
bit per side per field rotation, the
7114 senses two bits. In the 50-kHz
4-Mbit part, the longer loops are
compensated for by the two-bit-
per-rotation sensing.

Like the 1-Mbit device, the 4-
Mbit chip has redundant loops to
ensure a high yield of devices'with
the full 4,194,304 bits of storage
capacity. Redundancy increases
yields and so lowers device cost.
During manufacture, each device
is individually tested and a record
of faulty loop locations is written
and stored in the device’s boot-
strap loop, known as the “boot
loop.” The boot loop’s contents are
used by the 7224 bubble memory
controller  during initialization,
reading, and writing to provide a
full 4-Mbit memory space to the
user while keeping redundant
loops invisible. The major-track,
minor-loop architecture used by
both the 7114 and the 7110 to
accomplish the writing, reading,
and nonvolatile storage of data
also maintaing the reliability in-

’herent in bubble technology.

.Odd detector

S

Output track

Block replicate gate Block replicate éale l
1/ | 1

Even detector

~

Block replicate gate

Block replicate gate
r

s +
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Loép number 80 79 1

Storage area,
80 loops.
8192 bits/loop

@ 14 1]
8oJI |79 1 80[[I79 1 80 79 1
Storage area, Storage area, Storage area,
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the other enable register bits to support three levels
of error correction.

At the first level, setting Enable Internally Correct
Data causes the controller to send a command to a
formatter—sense amplifier when an error has been
detected. The formatter—sense amplifier responds
by internally cycling the data through its error-
correction network. On completion, it sends its status
to the controller, indicating whether or not the error
was corrected.

For the second level, the Enable Read Corrected
Data bit prompts the controller to issue a command
to the appropriate formatter-sense amplifier when
an error has been detected. The formatter—sense
_amplifier then corrects the error if possible and
transfers the corrected data to the controller. When

- DINE U U < U . 3 GO
Dy O, D] Dy Dy Command name
0 ojo0]o0 0 Write—Boot Loop Register Masked
0 0 0 0 1 Imtialize
0} 0ofo 1 0 Read Bubble Data
0 0 0 1 1 Write Bubble Data
o( o0 1 0 0 Read Seek
0 0 1 0 1 Read Boot Loop Register
0 0 1 1 0 Write Boot Loop Register
0 0 1 1 1 Write Boot Loop
0 1 0 0 0 Read Formatter—Sense Amp Status
0 1 0 0 1 Abort
0 1 0 1 0 Write Seek
0 1 0 1 1 Read Boot Loop
0 1 1 0 0 Read Corrected data
0 1 1 0 1 Reset FIFO
0 1 1 1 0 Memory Unit Purge
0] 1 1 1 1 Software Reset
1 0 0 1 0 Zero Access Read Bubble Data
1 0 1 0 0 Zero Access Read Seek
More memory in less space

Instead of a leadless package requiring a second,
leaded socket, the 7114 4-Mbit bubble chip is housed
in a leaded package that can be placed in a socket
or soldered directly to a PC board. Like the 1-Mbit
package, it has 20 pins. However, the distance
between pin rows is smaller, making the footprint
smaller and allowing designers to incorporate more
components onto the board. Also because the
package’s height is smaller, boards can be spaced
as close as 0.6 in. to one another. Thus consequently,
either more boards can be accommodated or the
overall system size can be made smaller. As a result,
a 4-Mbyte bubble memory system can be built in
less space than a 1-Mbyte bubble system.

the data transfer, is complete, the controller reads
the formatter —sense amplifier’s status to determine
whether the error was corrected. Otherwise, faulty
data could be transferred to the controller and
possibly to the host.

Lastly, setting the Write Bootloop Enable bit
permits writing into the bootstrap loop, called here
just the “boot loop.” Normally, the loop should only
be read, but under special circumstances a user may
wish to write into it.

The FIFO as a data buffer

All data moving between the host and the bubble
units passes through the 40-byte FIFO buffer. As
a result, the data transfer is asynchronous, with
timing constraints relaxed somewhat for both the
formatter—sense amplifier and the host system.
When the controller is busy executing a command,
the FIFO functions as a data buffer; however, when
the controller is not busy, the FIFO is available to
the host as a general-purpose FIFO register bank.

Actually, a total of 43 bytes of data may be stored
in the controller: 40 bytes in the FIFO, 1 byte each
in its input and output latch, and 1 byte in the
controller’s input latch. During execution of a com-
mand involving a data transfer between the host and
the formatter—sense amplifiers, the data passes
through the FIFO and its status is indicated by the
FIFO Ready bit in the storage register.

The FIFO is addressed automatically after the last
parametric register has been written into;

-alternatively, the host can explicitly address the

FIFO by writing the address 0000 into the register
address counter. Also, after a Write Bubble Data,
a Write Boot-Loop Register, or a Write Boot-Loop
Register Masked command is issued, the controller
delays the data transfer until there are at least two
bytes of data in the FIFO. Furthermore, it is the
host system’s responsibility to keep up with the data
transfer during execution of a command; otherwise
the FIFO could underflow or overflow. If either case
occurs, a Timing Error bit is set in the status register.

A look at data transfer

The boot-loop register plays a key role in data
transfer both for writing and reading. This 160-bit
register contains information detailing the con-
figuration of good and bad loops in the corresponding
ehannel of each bubble chip.

Each bit of the register corresponds to a minor
loop in the bubble chip. As data passes through the
latter’s I/0 latches, the contents of the boot-loop
register are used during reading to remove the bits
corresponding to bad loops and during writing the
contents are used to insert Os in those bit positions
that correspond to bad loops.
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Meanwhile, the error-correction block implements
a 14-bit Fire code error-detection and -correction
process. If it has been enabled by the user, the error-
correction circuitry appends the 14-bit code to the
end of each 256-bit block of data that passes through
the FIFO during a data write operation. When data
is being read, this circuitry checks the data block
and notifies the controller with an error flag when
an error has been detected. ‘

As stated earlier, a Write Bubble Data command
from the controller to the formatter —sense amplifier
permits data from the controller to be written into
the good loops of the memory unit. If the error
correction is activated, the amplifier automatically
adds the 14 error-correction bits to the end of each
256-bit data block.

Similarly, a Read Bubble Data command enables
the formatter —sense amplifier to read data from the
bubble chip, as was also mentioned previously. This
data is sensed by the sense amplifiers and screened
by the boot-loop registers so that only data from good
loops is written into the FIFOs. If the error correction
is selected, data to be read is first buffered. That
is, a full block (270 bits) of data is collected in the
FIFO before any bits are read out. As a result, the

error-correction circuitry detects any errors and
interrupts the controller before any data is sent. If
there are no errors, the 270-bit block is read from
the FIFO and sent to the controller while the next
block is loaded into the FIFO.

In contrast, an Internally Correct Data sequence
forces the formatter—sense amplifier to cycle the
data internally through the error-correction network
without sending any of it to the controller. At the
end of the operation, the amplifier sets a Correctable
or Uncorrectable Error bit in its status register. If
the error is correctable, the controller has the option
of issuing a Read Corrected Data command. This
command cycles the data through the error-correc-
tion circuitry as it is being read by the controller.
After all 256 bits have been transferred to the
controller, the formatter—sense amplifier status
register indicates whether the error was found to be
correctable or not. The Read Corrected Data com-
mand is used even when the data has been previously
corrected by the Internally Correct Data command.CI

The authors wish to thank Dave Dossetter, Prod-
uct Marketing Engineer, and Dick Pierce, Marketing
Applications Engineer, for their invaluable as-
sistance in preparing this article.
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BPK 72
1 MBIT BUBBLE MEMORY PROTOTYPE KIT

BPK 72-1 0°-75°C
BPK 72-4 10°-55° C
BPK 72-5 —20°-85°C

= 1 Mbit, Non-Volatile, Read-Write, High- = Complete with Components, Blank

Density, Bubble Storage Unit Board, Accessories and Documentation

for Prototyping
s Operates from +5V and +12V Power . p ail p .
Supplies owerfail Data Protection

= Maximum Data Rate of 100K bit/sec

= Compatible with 8080/85/86/88 and
= Built-in Error Correction/Detection other Standard Microprocessors

s Average Access Time of 48 ms

The BPK 72 prototype kit contains all the necessary items and documentation required to build a 1 Megabit
bubble storage prototype system with a minimum of design effort. Thus this unit gives the design engineer.the
opportunity to learn the characteristics of a Bubble Memory System and to actually test the bubble in a
prototype product. Application information on microprocessor interfacing is included in the kit.

Each of the components in the kit, i.e., 7110, 7220, 7230, 7242, 7250, 7254 are described in detail on the
respective component data sheet. ‘

Intel Corporation Assumes No Responsibiity for the Use of Any Circuitry Other Than Circuitry Embodied in an Intef Product No Other Circuit Patent Licenses ave Implied.

©INTEL CORPORATION, 1982 6-169 NOVEMBER 1982
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BPK 72 PRELIMINARY
ORDERING INFQRMATION
Temperature 7110 Magnetic )
Bubble Memory L
Part Number - Support Circuits Min. Description
Operating Non-Volatile Storage Operating Temperature

BPK 72-1 0° to 75°C Case —40° to 90°C 0° to 70°C Ambient 1 Mbit Bubble Memory

. Prototype Kit
BPK 72-4 10° to 565°C Case —20° to 75°C 10° to 55°C Ambient 1 Mbit Bubble Memory

Prototype Kit

BPK 72-5 —20° to 85°C Case —40° to 100°C —20° to 85°C Ambient |1 Mbit Bubble Memory

Prototype Kit

BPK 72 ITEMS

item

Description

Part Number

1 MBit Bubble Memory

20-pin package which provides 1 megabit of non-volatile
storage.

7110-1/7110-4/7110-5

Socket for 7110 Provides reliable n';ounting and removability to printed circuit | 7905
boards.

Seed Module Recreates a lost seed bubble. 7901

VMOS Transistor 7230 Reference current switch. 7902

Dummy Module Small PC board used in place of the 7110 during initial | 7900

prototyping.

Bubble Memory Controller

User interface, performs serial-to-parallel and parallel-to-
serial data conversions. Generates timing signals.

7220-1/7220-5

Current Pulse Generator

Converts digital timing signals to analog current pulses
suited to the drive requirements of the 7110 MBM. The CPG
provides the replicate, swap, generate, boot replicate, and
bootswap pulses required by the MBM.

7230/7230-4/7230-5

Dual Formatter/Sense Amp | Provides direct interface to the 7110 Bubble Memory. The | 7242
FSA contains on-chip sense amplifiers, a full FIFO data block
buffer, burst error detection and correction circuits, and cir-
cutiry for handling of the bubble memory redundant loops.
Coil Predriver Provides the high voltage, high current outputs to drive the | 7250
7254 Quad VMOS transistors.
2 Quad VMOS Coil Drive Switches the required current to drive the X and Y coils of the | 7254
Transistors 7110 Bubble Memory.
Prefabricated Printed IMB 72
Circuit Board
BPK 72 Bubble Memory Literature 121685-002
Prototype Kit User's Manual
Microprocessor interface Literature 210367

for the BPK 72 (AP-119)

6-170
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SPECIFICATIONS
Capacity

128K Byte per BPK 72

Performance

Avg. Access Time ...................... 48 msec
Maximum Data Transfer Rate ...... 100 Kbits/sec
Average Data Transfer Rate ......... 68 Kbits/sec

Data Organization
512 bits per page

2048 pages per BPK 70
Addressing Scheme
Logical page number
Environmental

Temperature: See Ordering Information
Operating Humidity: 0-95% Non-Condensing

BPK 72 POWER SUPPLY REQUIREMENTS

. Power Off/Power Fail
Voltage Margin Decay Rate
+12 Volit +5% less than 1.10 volts/msec
+5 Volt +5% less than 0.45 volts/msec

BPK 72 POWER CONSUMPTION

e \oltage sequencing—no restrictions
e Power on voltage rate of rise—no restrictions

BPK 72 KIT
Power (Watts)
Total Total Total Total
+5V +12V Active Active Standby Standby
(Maximum) (Maximum) (Maximum) (Typical) (Maximum) (Typical)
1.92 4.80 6.72 3.90 3.03 1.55
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BPK 70 .
1 MBIT BUBBLE MEMORY SUBSYSTEMS

BPK 70-1 . 0-75C
BPK 70-4 10°-55° C
BPK 70-5 —-20°-85° C
= 1 MBit, Non-Volatile, Read-Write, High- = Operates from +5V and +12V Power
Density Bubble Memory Subsystems Supplies
= Average Access Time of 48 ms = Maximum Data Rate of 100 KBit/Sec

A Bubble Storage Subsystem contains components for production of 1 MBit Bubble Storage System. The kit
consists of one 1 MBit Magnetic Bubble Memory and five support circuits (shown in the figure below). The BPK
70 Subsystem is controlled by an additiorial 7220 Bubble Memory Controller. One 7220-1 is capable of
controlling up to eight BPK 70-1s or BPK 70-4s and one 7220-5 is capable of controlling up to four BPK 70-5s.
Larger systems may be built using multiple 7220’s with additional Bubble Storage Subsystems. The user
interface of the 7220 is compatible with microprocessor bus systems for 8080, 8085, 8086 and 8088 and other
standard microprocessors.

For applications in the 0-75°C and 10-55°C temperature range, the bubble Memory (7110-1/7110-4) and the
other support circuits (7230, 7242, 7250, 7254) are available as separate, interchangeable components. Each of
the components in the Subsystem are described in detail on the respective component data sheets.

TO 7220-1
8080 BUBBLE
8085 MEMORY
8088 CONTROLLER
8086 (BMC)

T0
ADDITIONAL
BPK70’s

CONFIGURATION OF ONE BPK 70 BUBBLE STORAGE SUBSYSTEM WITH THE 7220 CONTROLLER

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are imphed.
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-
Iﬂte[ BPK 70
ORDERING INFORMATION
Temperature 7110 Magnetic
Bubble Memory e
Part Number - Support Circuits Min. Description
Operating Non-Volatile Storage | Operating Temperature
BPK 70-1 0° to 75°C Case —40° to 90°C 6" to 70°C Ambient 1 Mbit Bubble Storage
Sub-System
BPK 70-4 10° to 55°C Case —20° to 75°C 10° to 55°C Ambient |1 Mbit Bubble Storage
Sub-System
BPK 70-5 —20° to 85°C Case —40° to 100°C —20° to 85°C Ambient |1 Mbit Bubble Storage
. Sub-System
BPK 70 ITEMS

Item

Description

Part Number

1 MBit Bubble Memory

20-pin package which provides 1 megabit of non-volatile
storage.

7110-1/7110-4/7110-5

Socket for 7110-1, -4

Provides reliable mounting and removability to printed circuit | 7905/7904
boards.
Socket for 7110-5 Provides reliable mounting and removability to printed circuit | 7905

boards.

Current Pulse Generator

Converts digital timing signals to analog current pulses
suited to the drive requirements of the 7110 MBM. The CPG
provides the replicate, swap, generate, boot replicate, and
bootswap pulses required by the MBM.

7230/7230-4/7230-5

Dual Formatter/Sense Amp

Provides direct interface to the 7110 Bubble Memory. The
FSA contains on-chip sense amplifiers, a full FIFO data block
buffer, burst error detection and correction circuits, and cir-
cuitry for handling of the bubble memory redundant loops.

7242

Coil Predriver

Provides the high voltage, high current outputs to drive the
7254 Quad VMOS transistors.

7250

2 Quad VMOS Coil Drive
Transistors

Switches the required current to drive the X and Y coils of the
7110 Bubble Memory. :

7254

SPECIFICATIONS

Capacity

128K Byte per BPK 70

Maximum 8 BPK 70-1 or 8 BPK 70-4 with one 7220-1

Controller

Maximum 4 BPK 70-5 with one 7220-5 Controller

Performance

Avg. Access Time

..... seven.....48 msec

Data Organization

512 bits per page
2048 pages per BPK 70

Addressing Scheme
Logical page number

Environmental

Temperature: See Ordering Information
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DATA TRANSFER RATES (Examples of System Configurations)
Four BPK 70 | Eight BPK 70 | Eight BPK 70°
One BPK 70 Operated in Operated in Multiplexed
Parameter ~ Unit - Parallel’ Parallel’ One at a Time!
Capacity 128 kilobytes 512 kilobytes 1 megabyte 1 megabyte
Average Data Rate (kilobits/sec) 68 272 544 68
Maximum Data Rate (kilobits/sec) (Burst) 100 400 800 100

NOTES:

1 Multiple Bubble subsystems can be operated in paraliel for maximum performance or multiplexed to conserve power.

2. Only for BPK 70-1 and BPK 70-4 Systems.

BPK 70 POWER SUPPLY REQUIREMENTS

ALL RESISTORS 1/4 WATT, 5% TOL

2 ALL CAPACITORS 10 VDC, 10% TOL

3 D1,D2 ARE IN914 OR EQUIVALENT

4 IC1IN75463 | '

5 Cx IS OPTIONAL—RECOMMENDED FOR EXTREMELY NOISY

* POWER SUPPLY SITUATIONS

6 SYSTEM RESET MAY-BE USED AS SHOWN PROVIDED OQUTPUT
OF INVERTER IS OPEN COLLECTOR

Power Off/Power Fail e Voltage sequencing—no restrictions
Voltage Margin Decay Rate * Power on voltage rate of rise—no restrictions
112 Volt +5% less than 1.10 volts/msec ® The power supply requirements shown are based
on the recommended power fail circuitry as shown
+5 Volt +5% less than 0.45 volts/msec R
in Figure 1.
+5V
$m
2K
D1
POWER. |21 R2 1| PoweR.
FAIL/ M Cx I I FAIL/
01 uF o1
22uF RESET. | 2 R3
7230 ouT/ VW—— +5V
= = 51K
7220-1
\
M RESET/
1 _L.Cx
01 uF
SYSTEM _- I >O . D2 ®
2
7 gsﬁ.‘éx [—> 7250 RESET/
112 5 | 7242 RESET/
Ic1 I
R5 c2 Q1 GATE
33K I 82 uF
NOTES - -

Figure 1. Power Fail Circuit
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BPK 70 POWER CONSUMPTION

Power (Watts)
Total Total Total Total
BPK 70 Components +5V +12Vv Active Active | Standby | Standby
(Maximum) | (Maximum)|(Maximum)| (Typical) | (Maximum)| (Typical)
7110 0 1.740 1.740 1.480 0.440 0.290
7230 0.235 0.440 0.875 0390 0.475 0.225
7242 0.630 0.375 1.005 0.500 1.005 0.500
7250 0 0.945 0.945 0.480 0.060 0.030
7254 0 1.300 1.300 0.550 0 ]
Controller (not included in BPK 70)
7220 [ 1eso T o 1050 | 0500 | 1050 | o500 |
System
(Several BPK 70s operate in parallel)
17220-1/-5 and 1 BPK 70-1/-4/-5 1.92 4.80 6.72 3.90 3.03 155,
1 7220-1/-5 and 2 BPK 70-1/-4/-5 2.79 9.60 12.39 7.30 4.57 2.60
17220-1/-6 and 3 BPK 70-1/-4/-5 3.65 14.40 18.05 10.70 6.11 3.65
17220-1/-5 and 4 BPK 70-1/-4/-5 4.52 19.20 23.72 14.10 7.65 470
17220-1 and 5 BPK 70-1/-4 5.38 24.00 29 38 17.50 9.19 575
17220-1 and 6 BPK 70-1/-4 6.25 28.80 35.05 20 90 10.73 6.80
1 7220-1 and 7 BPK 70-1/-4 7.11 . 33.60 40 71 24 30 12.27 7.85
17220-1 and 8 BPK 70-1/-4 7.98 38.40 46.38 27.70 13.81 8.90

Lower power consumption with lower data transfer rates possible with muiltiplexed BPK 70s.
See Data Transfer Rates.
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1-MEGABIT BUBBLE MEMORY

Case Op. Non-Volatile
Device | Temp.°C Storage °C
7110-1 0-75° —40 to +90°
7110-4 10-55° ~20 to +75°
7110-5 | -20 to +85° [ —40 to +100°
= 1,048,576 Bits of Usable Data Storage » Single-Chip 20-Pin, Dual In-Line

= Non-Volatile, Solid-State Memory Leadless Package and Socket

= True Binary Organization: 512-Bit Page
and 2048 Pages

= Major Track—-Minor Loop Architecture
= Redundant Loops with On-Chip Loop

= Small Physical Volume

= Low Power per Bit-

Map and Index = Maximum Data Rate 100 Kbit/sec
= Block Replicate for Read; Block Swap
for Write = Average Access Time 40 msec.

The Intel Magnetics 7110 is a very high-density 1-megabit, non-volatile, solid-state memory utilizing magnetic
bubble technology. The usable data storage capacity is 1,048,576 bits. The defect-tolerant design incorporates
redundant storage loops. The gross capacity of Intel Magnetics bubble memory is 1,310,720 bits.

The 7110 has a true binary organization to simplify system design, interfacing, and system software. The device
is organized as 256 data storage loops each having 4096 storage bits. When used with Intel Magnetics complete
family of support electronics, the resultant minimum system is configured as 128K bytes of usable data storage.
The support circuits also provide automatic error correction and transparent handling of redundant loops.

The 7110 has a major track—minor loop architecture. It has separate read and write tracks. Logically, the data is
organized as a 512-bit page with a total of 2048 pages. The redundant loop information is stored on-chip in the
bootstrap loop along with an index address code. When power is disconnected, the 7110 retains the data stored
and the bubble memory system is restarted when power is restored via the support electronics under software
control.

NOTE THAT PINS 13 AND 14 SHOULD BE
EXTERNALLY CONNECTED.

o ——— e —— — — -
! I
| I
| I
: ; PULSE.COM(+12V) —]|:* » |~ DET.SUPPLY(-12V)
REPLICATE.E —]|: » = pET.OUTA-
| "’ | REPLICATEA —]is =] DETOUTA-
| | BOOT.REP ]|+ 7110 7 |[E=J DETOUTB-
JRANSISTORS BOOT.SWAP ["ls |NTEL MAGNETICS ™| DET.OUTS8-
I l | NC. C{|* BUBBLE MEMORY '|f—1 DET.COM
| - | GENERATE.A ]|’ |3 swaPB
t | GENERATE.B CT—Ji* =3 SWAPA
To 7242 X-COILIN C—J|° =1 Y- .COILIN
oes NEMORY et ! X+COILIN | W3 v- coiLn
8088 CONTROLLER ]
8086 (BMC) (FSA) |
|
|
|
|
]
|

Figure 2. Pin Configuration

L o — — _ . ' SPKTBUBBLE STORAGE SUBSYSTEM

T0
ADDITIONAL Figure 1. Block Diagram of Single Bubble
Memory System—128K Bytes
intet Corp A No P for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are implied
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Table 1. 7110 Pin Description

Symbol " Pin ‘ Name and Function

BOOT.REP 4 Two-level current pulse input for reading the boot loop.

BOOT.SWAP 5 Single-level current pulse for writing data into the boot loop. This bin is

. normally used only in the manufacture of the MBM.:

DET.COM 15 Ground return for the detector bridge.

DET.OUT 16-19 Differential pair (A+, A— and B+, B—) outputs which have signals of
several millivolts peak amplitude.

DET.SUPPLY 20 +12 volt supply pin.

GEN.A and GEN.B 7,8 Two-level current pulses for writing data onto the input track.

PULSE.COM 1 +12 volt supply pin.

REPA and REPB 3,2 ;I'wo;(leve| current pulses for replicating data from storage loops to output
rack. .

SWAP.A and SWAPB ‘ 13, 14 ISingle-k—;‘vel current pulse for swapping data from input track to sforage
oops.

X—.COIL.IN, X+.COIL.IN 9,10 Terminals for the X or inner coil.

Y~-.COIL.IN, Y+.COIL.IN 11,12 Terminals for the Y or outer coil.

The 7110 is packaged in a dual in-line leadless pack-
age complete with permanent magnets and coils for
the in-plane rotating field. In addition, the 7110 has a
magnetic shield surrounding the bubble memory
chip to protect the data from externally induced mag-
netic fields.

The 7110 operating data rate is 100 Kbit/sec. The
7110 can be operated asynchronously and has start/
stop capability.

FUNCTIONAL DESCRIPTION

.The Intel Magnetics 7110 is a 1-megabit bubble
memory module organized as two identical 512K bi-
nary half sections. See Major Track—Minor Loop ar-
chitecture diagram. Each half section is in turn
organized as two 256K subsections referred to as
quads.

The module consists of a bubble die mounted in a
substrate that accommodates two orthogonal drive
coils that surround the die. The drive coils produce a
rotating magnetic field in the plane of the die when
they are excited by 90° phase-shifted triangular cur-
rent waveforms. The rotating in-plane field is respon-
sible for bubble propagation. One drive field rotation
propagates all bubbles in the device one storage
location (or cycle). The die-substrate-coil subas-
_sembly is enclosed in a package consisting of per-
manent magnets and a shield. The shield serves as a
flux return path for the permanent magnets in addi-
tion to isolating the device from stray magnetic

6-177

fields. The permenent magnets produce a bias field
that is nearly perpendicular to the plane of the die.
This.field supports the existence of the bubble
domains.

The package is constructed to maintain a 2.5 degree
tilt between the plane of the bias magnet faces and
the plane of the die. This serves to introduce a small
corﬁponent of the bias field into the plane of the die.

‘During operation when the drive coils are energized,

this small in-plane component is negligible. During
standby or when power is removed, the small in-
plane field ensures that the bubbles will be confined
to their appropriate storage lotations. The direction
of the in-plane field introduced by the package tilt
(holding field) is coincident with the 0° phase direc-
tion of the drive field.

Qua& Architecture

A 7110 quad subsection is composed of the follow-
ing elements shown on the architecture diagram.

1) Storage Loops _
Eighty identical 4096-bit storage loops provide a
total maximum capacity of 327,680 bits. The ex-
cess storage is provided for two purposes: a) it
allows a redundancy scheme to increase device
yield; and b) it provides the extra storage required
to implement error correction.

2

~

Replicating Generator (GEN)
The generator operates by replicating a seed
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3

4

5

-~

-

~

bubble that is always present at the generator site,
(GEN).

Input Track and Swap Gate

Bubbles following generation are propagated
down an input track. Bubbles are transferred
to/from the input track from/to the 80 storage
loops via series-connected swap gates spaced
every four propagation cycles along the track.
The swap gate’s ability to transfer bubbles in both
directions during an operation eliminates the
overhead associated with removing old data from
the loops before new data can be written. The
swap gate is designed to function such that the
logical storage loop position occupied by the
bubble transferred out of each loop is filled by the
bubble being transferred into each loop.
Transferred-out bubbles propagate down the
remaining portion of the input track where they
are dumped into a bubble bucket guard rail.

Output Track and Replicate Gate

Bubbles are read out of the storage loops in a
nondestructive fashion via a set of replicate gates.
The bubble is split in two. The leading bubble is
retained in the storage loop and the trailing
bubble is transferred onto the output track. Repli-
cate gates are spaced every four propagation
cycles along the output track.

Detector R

Bubbles, following replication, are propagated
along the output track to a detector that operates
on the magneto-resistance principle. The cylin-
drical bubble domains are stretched into long
strip domains by a chevron expander and are then
propagated to the active portion of the detector.
The detector consists of a stack of intercon-
nected chevrons through which a current is
passed. As the strip domain propagates through
the stack, its magnetic flux causes a fractional
change in stack resistarice which produces an
output signal on the order of a few millivolts. The
strip domain following detection is propagated to
a bubble bucket guard rail. A “dummy” detector
stack sits in the immediate vicinity. It is connected
in series with the active detector and serves to
cancel common mode pickup which originates
predominately from the in-plane drive field.

6-178

6) Boot Loop, Boot Swap, and Boot Replicate
One of the two quads in each halif chip contains a
functionally active Boot Storage Loop. This loop
is used to store:

a) A loop mask code that defines which loops
within the main storage area should be ac-
cessed. Faulty loops are “masked out” by the
support electronics.

A=A

A synchronization code that assigns data ad-
dresses (pages) to the data in the storage
loops. Since bubbles move from one storage
location to the next every field rotation, the
actual physical location of a page of data is
determined by the number of field rotations
that have elapsed with respect to a reference.

The boot loop is read from and written into via the
same input and output tracks as the main storage
loops. However, it has independently accessed swap
and replicate gates. The boot swap, under normal
circumstances, is intended only to be used during
basic initialization at the factory at which time loop
mask and synchronization codes are written. The
boot replicate is intended to be accessed every time
power is applied to the bubble module and its periph-
eral control electronics. At such a time, the control
electronics would read and store the mask informa-
tion, plus utilize the synchronization information to
establish the location of the data circulating within
the loops.

Photo 1. 7110 Package Seated in Socket
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature ......... —20°C to +85°C Case
Relative Humidity .............. ... ... .o 95%
Shelf Storage Temperature (Data

Integrity Not Guaranteed) ......... -65°C to +150°C
Voltage Applied to DET.SUPPLY .............. 14 Volts
Voltage Applied to PULSE.COM ............ 12.6 Volts
Continuous Current between DET.COM and
. Detector OQutputs ..................cvvnee. 10 mA
Coil Current ..........c.ciiiiiiiiiiiia. 0.5A D.C.
External Magnetic Field for

Non-Volatile Storage ................... 20 Oersteds
Non-Operating Handling Shock

(without socket) .............. .. ..., 200G
Operating Vibration (2 Hz to 2 kHz

withsocket) ........ ... i, 20G

*COMMENT: Stresses above those listed under "Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (T¢c = Range Specified on first page. Vpp = 12V * 5%)

7110-1, -4 Limits 7110-5 Limits!S!

[11

Parameter Min. | Nom. Max. Min. Max. Unit
RESISTANCE: PULSE.COM to GEN.A or GEN.B 9 30 59 8 61.5 ohms
RESISTANCE: PULSE.COM to REP.A or REP.B 9 20 26 8 27 ohms
RESISTANCE: PULSE.COM to SWAP.A or SWAP.B 44 100 149 40 15655 ohms
RESISTANCE: PULSE.COM to BOOT.REP 3.5 8 24 3 25 ohms
RESISTANCE: PULSE.COM to BOOT.SWAP 5 15 36 4.5 37.5 ohms

RESISTANCE: DET.OUT A+ to DET.OUT.A—

670 1030 1903 620 1984 ohms

RESISTANCE: DET.OUT B+ to DET.OUT B—

670 1030 1903 620 1984 ohms

RESISTANCE: DET.COM to DET.SUPPLY 355 600 1050 338 1095 ohms
X.COIL RESISTANCE 4.6 329 ohms
Y.COIL RESISTANCE 2.0 ohms
X.COIL INDUCTANCE 97 uH

Y.COIL INDUCTANCE 80 uH
OPERATING POWER 1.20 1.75 watts
STANDBY POWER 0.25 45 watts
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DRIVE REQUIREMENTS CHARACTERISTICS'?

(Tc =Range Specified on first page.)

Symbol‘ Parameter Min. Nom.!" Max. Units
fr Field Rotation Frequency 49.95 50.000 50.05 kHz
lox X.Coil Peak Current 600 ma
lpy Y.Coil Peak Current 750 ma
O1x X.Coil Positive Turn-On Phase 268 270 272 ‘degrees
Oax X.Coil Positive Turn-Off Phase 16 18 20 degrees
O3y X.Coil Negative Turn-On Phase 88 920 92 degrees
O4x . X.Coil Negative Turn-Off Phase 196 198 200
O1y Y.Coil Positive Turn-On Phase 0 0 0 degrees
Oy Y.Coil Positive Turn-Off Phase 106 108 110 degrees
O3y Y.Coil Negative Turn-On Phase 178 180 182 degrees
O4y Y.Coil Negative Turn-Off Phase 286 288 290 degrees
CONTROL PULSE REQUIREMENTS (T¢ = range specified on first page)'>’
Pulse of Leading Edge Width
Amplitude (Degrees)!3! (Degrees)!3!
Pulse Min. | Nom('l | Max. | Min. { Nom.['l | Max. | Min. | Nom.['l | Max.
GEN.A, GEN.B CUT 62 75 g1 | 26 ggo(g/’g:)) FAR I 6.75 8
GEN.A, GEN.B TRANSFER 34 40 a9 | 28 Szo(é‘ag:)) a0 | es 90 94
REPA, REP.B CUT t170 200 240 268 270 277 3 6.75 8
REP.A, REP.B TRANSFER 126 145 160 268 270 277 86 90 94
SWAP . 111 125 134 176 180 184 513 517 521
BOOT.REP CUT . 85 100 110 268 270 277 3 6.75 8
BOOT.REP TRANSFER 63 75 80 268 270 277 86 90 94
BOOT.SWAPI4] 63 75 80 176 180 184 360

NOTES:

1. Nominal values are measured at Tg = 25°C.
2. See Fig 6 for test setup and X-Y coil waveforms.

3 Pulse timing 1s given in terms of the pulse relations as shown in Figure 7. For example, a 7110 operating at fg="50 kHz would have a

REP.A transfer width of 90° which is 5 us.

4. Boot.Swap is not normally accessed during operation. It is utilitized at the factory to write the index address and redundant loop

information onto the bootstrap loops before shipment

5 7110-5 is sold only as a matched part with the 7230-5. Matched parts are tested over temperature range for Vpp = 12V £5%.
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OUTPUT CHARACTERISTICS

. [2] [ 1214 gous Test
Symbol [Min.’?|Nom.["|Max.!? | Units e le— cut wioTH
y Conditions 7
S 2.7 6 mV
See CUT AMPLITUDE
notes 1,2,3

So 1 23 | mv .
NOTES: TRANSFER AMPLITUDE
1. Nominal values are measured at Tc=25°C
2. Min./Max. values for S1/Sg are measured at worst case ‘LEAD,NG"E"D?EE) —-{=—— TRANSFER WIDTH — |

conditions and tested to a system error rate of
10" when used with the 7242 formatter sense
amplhifier without ECC enabled

3. See Fig 8 for test setup, and Fig 9 for detector output .
waveforms and timing. Figure 7. Control Pulse Waveform

7110
Iy
I . - +
X o x vte—1—6— TING CONTROL
= O+ ex* y— e | CURRENT :
PROBE
CURRENT 1
HIGH-IMPEDANCE
—T‘ VARIABLE THRESHOLD
COMPARATOR
2xl,

Oy —»|

63,

60— Figure 8. Test Setup for Output Measurement

[ ——————0

|65,

la——63,

04 ! .
I l SHIFT CLK
©1y = 0) 0 7242 .
Figure 6. X-Y Coil Waveforms Figure 9. Detector Output Waveforms
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7220-1
BUBBLE MEMORY CONTROLLER

7220-1 0to 70°C

7220-5 —20to +85°C

m 8080/8085/8088/8086 Microprocessor = DMA Handshake Capability

Intertace » Single or Multiple Page
m Interfaces Up to Eight BPK-70 Bubble Block Transfers
Storage Subsystems = HMOS Technology
= Self-Contained Timing m Standard 40-Pin Dual In-Line Package

The Intel® 7220-1 is a complete Bubble Memory Controller (BMC) designed to provide all the interface between Intel
Bubble Memories and standard microprocessors such as the 8080, 8085, 8088, and 8086.

The 7220-1 has self-contained timing generation and DMA handshake capability. Single and/or multiple page block
transfer capability is supported. :

The 7220-1 is capable of interfacing with up to eight BPK 70 one megabit bubble storage subsystems. The 7220-5 is
capable of interfacing with up to four BPK 70 one megabit bubble storage subsystems. The 7220-1 uses Intel’s high
performance HMOS technology. The 7220-1 is packaged in a standard 40-pin dual in-line package. All inputs and outputs
are directly TTL compatible and the device uses a single + 5 volt supply.

—_—_———— e ——— = R PWR.FALL [] Vee
RESET.0UT [} X+
cLk [ X=
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RD Y-
wa ] ™A
DACK [] ™B
Tx 1258 ora hEne
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mm;"ow. Figure 1. Block Diagram of a 128K Byte
peres Bubble Storage System
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Intel 7220-1

HARDWARE DESCRIPTION

The 7220-1 Bubble Memory Controller is packaged in a
40-pin Dual In-Line Package (DIP). The following lists the
individual pins and describes their function.

Table 1. Pin Description

Signal Name Pin No. o Source/Destination Description
Voo 40 1 +5VDC Supply
GND 20 I Ground
PWR.FAIL . 1 | 7230 CPG A low forces a controlled stop sequence and holds
BMC in an IDLE state (similar to RESET).
RESET.OUT 2 (0] 7250 CPD/7242 FSA An active low signal to disable external logic
' 7230 Reference initiated by PWR.FAIL or RESET signals, but not
Current Switch active until a stopping point in a field rotation is

reached (if the BMC is causing the bubble
memory drive field to be rotated).

CLK 3 | Host Bus 4 MHz, TTL-level clock.

RESET 4 | Host Bus A low on this pin forces the interruption of any
BMC sequencer activity, performs a controlled
shut-down, and initiates a reset sequence. After
the reset sequence is concluded, a low on this pin
causes a low on the RESET.OUT pin, furthermore,
the next BMC sequencer command must be either
the Initialize or Abort command; all other
commands are ignored.

RD 5 1 Host Bus A low on this pin enables the BMC output data to
’ be transferred to the host data bus (Dy-Dyg).
WR 6 | Host Bus A low on this pin enables the contents of the host
data bus (Dg-Dg) to be transferred to the BMC.

DACK 7 (I Host Bus A low signal is a DMA acknowledge. This

i notifies the BMC that the next memory cycle is
available to transfer data. This line should be
active only when DMA transfer is desired and the
DMA ENABLE bit has been set. CS should not be
active during DMA transfers except to read status.
If DMA is not used, DACK requires an external
puliup to V¢c (5.1K ohm). .

DRQ 8 (o] Host Bus A high on this pin indicates that a data transfer
between the BMC and the host memory is being
requested.

INT 9 1 0 Host Bus A high-on this pin indicates that the BMC has a
.- | new status and requires servicing when enabled
by the host CPU.

Ag 10 | Host Bus A high on this pin selects the command/status

registers. A low on this pin selects the data
register.
Do-D7 1118 110 Host Bus Host CPU data bus. An eight-bit bidirectional

port which can be read or written by using the
RD and WR strobes. Dg shall be the LSB.

Ds 19 o Host Bus Parity bit.

6-185 AFN-01756C
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Table 1. Pin Description (Continued)

Signal Name Pin No. [/[o] Source/Destination Description

cs 21 I Host Bus Chip Select Input. A high on this pin shall disable
the device to all but DMA transfers (i.e., it ignores
bus activity and goes into a high impedance state).

DIO 22 /0 7242 FSA A bidirectional active high data line that shall be

used for serial communications with 7242 FSA
devices.
SYNC 23 (0] 7242 FSA An active low output utilized to create time

division multiplexing slots in a 7242 FSA chain. It
shall also indicate the beginning of a dataor .
command transfer between BMC and 7242 FSA.

SHIFT.CLK 24 (o] 7242 FSA A controller generated clock that initiates data
transfer between selected FSAs and their
corresponding bubble memory devices. The timing
of SHIFT.CLK shall vary depending upon whether
data is being read or written to the bubble
memory.

BUS.RD 25 (o} * An active low signal that indicates that the DIO
line is in the output mode. It shall be used to
allow off-board expansion of 7242 FSA devices.

WAIT 26 110 * A bidirectional pin that shall be tied to the WAIT

' pin on other BMCs when operated in parallel. It
shall indicate that an jnterrupt has been generated
and that the other BMCs should halt in
synchronization with the interrupting BMC. WAIT is
an open collector active low signal. Requires an
external pullup resistor to V¢c (5.1K ohm).

ERR.FLG 27 | 7242 FSA An active low input generated externally by
7242 FSA indicating that an error condition
exists. It is an open collector input which requires
an external pullup resistor (5.1K ohm). '

DET.ON 28 o * An active low signal that indicates the system is
in the read mode and may be detecting. It is useful
for power saving in the MBM.

cb 29 o 7242 FSA A high on this line indicates that the BMC is

' beginning an FSA command sequence. A low on
this line indicates that the BMC is beginning a
data transmit or receive sequence.

BOOT.SW.EN 30 (0] 7230 CPG An active low signal which may be used for
enabling the BOOT.SWAP of the 7230 CPG.

SWAP.EN 31 o 7230 CPG An active low signal used to create the swap
function in external circuits.

BOOT.EN 32 o 7230 CPG An active low signal enabling the bootstrap loop
replicate function in external circuitry.

REP.EN 33 (0] 7230 CPG An active low signal used to enable the replicate
function in external circuitry.

T™M.B 34 (0] 7230 CPG An active low timing signal generated by the
decoder logic for determining TRANSFER pulse
width.

TM.A 35 (o} 7230 CPG An active low timing signal generated by the

decoder logic for determining CUT pulse width.

36-39 o} 7250 CPD Four active low timing signals generated by the
decoding logic and used to create coil drive
currents in the bubble memory device.

X7
5

*Not used in minimum (128K byte) system
6-186 AFN-01756C
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FUNCTIONAL DESCRIPTION

The 7220-1 Bubble Memory Controller provides the user
interface to the bubble memory system. The BMC
generates all memory system timing and control,
maintains memory address information, interprets and
executes user request for data transfers, and provides a

Microprocessor-Bus compatible interface for the
magnetic bubble memory system.

Figure 3 is a block diagram of the 7220-1 Bubble Memory
Controller (BMC). The following paragraphs describe the
functions of the individual functional sections of the BMC.

|-———— .|
POWER FAIL, PWRFAIL
ABORT, AND
RESET LOGI
S ocIc |——> RESET.OU
WAT —>) ERRFLG
SEQUENCER
pET REGISTER
FILE
Ve¢ — |
cc M
T
E
FSA R
SELECT N
Logie L FIFO
B
GND ——— v
Dy-D; —»] | X3
I
Dy <——> SYSTEM L T
o INTERFACE -

RD ™ DATA REGISTER, ———> TMA
WR ——— DMA AND BUBBLE —— » TME
DACK ————>} INTERRUPT ni'gg;ék |————— REPEN
s rosie DIO & BOOTLOOP [——> BOOTEN
DRQ <-— ENCODER/DECODER|———— SWAP.EN

INT <——] | ——— BOOT.SW.EN
[——> cid
BUSRD p————— SHIFT.CLK
——— SVNC

Figure 3. 7220-1 Bubble Memory Controller (BMC), Block Diagram

System Bus Interface— The System Bus Interface (SBI)
logic contains the timing and control logic required to
interface the BMC to a non-multiplexed bus. The logic
also contains the circuitry to check and generate odd
parity on transfers across the bus. The interface has in-
put data, output data, and status data latches. The BMC
can interface asynchronausly to the host CPU. With a
4-MHz clogk, it is capable of sustaining a 1.14 Mbyte per
second transfer rate, while data is available in the BMC
FIFO.

FIFO—The FIFO consists of a 40 x 8 bit FIFO RAM for
data storage. The FIFQ block also contains input and
output data latches, providing double data buffering, to
improve the R/W cycle times seen at the system bus in-
terface. The FIFO may be used as a general purpose
FIFO when a command is not being executed by the
. BMC Sequencer. In this mode, the FIFO READY status
bit becomes a FIFO not-empty indicator indicating that

6-187

the RAM and input/output latches have at least one byte
of data.

DMA and Interrupt Logic—The DRQ pin has two func-
tions: oo

(1) If the DMA enable bit in the enable register is set,
the DRQ pin, in conjunction with the DACK pin, pro-
vides a standard DMA transfer capability; i.e., it has
the ability to handshake with an 8257 or 9517/8237
DMA controller chip.

If the DMA enable bit is reset, the DRQ pin acts as a
“ready for data transfer interrupt” pin. It becomes
active when 22 bytes may be read from or written in-
to the BMC; it is reset when this condition no longer
exists.

@

Register File—The registe} file contains 7 -eight-bit
registers that are accessible by the host CPU. Refer to
the Register Section for details.

AFN-01756C
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MBM Address Logic and RAM— The MBM address logic
consists of the block length counter, starting address
counter, adder, and MBM Address RAM. The MBM Ad-
dress RAM is used to store the next available page ad-
dress for each of up to 8 dual FSAs. The address main-
tained is the read address; the write address is generated,
when needed, by adding a constant to the stored read
address.

The block length counter enables multiple page trans-
fers of up to 2048 pages in length.

The starting address counter is used as a register to
hold the desired start address. Once the start address is
reached, the counter is incremented on each subse-
quent page transfer so that its value is equal to the pre-
sent read address.

DIO Bootloop Decoder/Encoder— Performs parallel-to-
serial and serial-to-parallel conversions between the
FIFO data and the serial bit stream on the DIO line. This
block also generates the BUS.RD signal, which indi-
cates the direction of data transfer on the DIO line (this
is useful in situations which require external buffering
on the DIO line). This block also contains the circuitry
which decodes the bootloop data during a Read
Bootloop or Initialize operation, and encodes the boot-
loop data during a Write Bootloop operation.

Sequencer— Controls the execution of commands by
decoding the contents of its own internal ROM in which
the BMC firmware is located. This block also sets and
resets flags and status bits, and controls actions in
other parts of the BMC.

Power Fail and Reset— Provides a means of resetting
the bubble systems in an orderly manner, when acti-
vated by the PWR.FAIL signal, the RESET signal, or the
ABORTcommand. The additive noise on the PWR.FAIL pin
should be less than 150 mV for proper powerfail
operation.

FSA Select Logic block contains the logic which con-

trols the timing of the interaction between the BMC and
the FSAs. The FSA selection is determined by the four
high-order bits in the BLR and the four high-order bits in
the AR, both set by the user.

Bubble Signal Decoder block contains the logic for
creating all the MBM timing signals. The BMC to bubble
memory interface consists of active low timing signals.
The starting and stopping point of each signal is deter-
mined by the decoder logic. Each signal may occur
every field rotation or only once in a number of field rota-
tions. The field rotation in which a timing pulse occurs
is controlled by the sequencer logic.

Figure 4 and Table 2 illustrate the typical timing signals
for the BMC. These signals are described in the follow-
ing paragraphs.

X+, X=, Y+, and Y= go to the 7250 CPDs, and are
used to enable the coil drive currents in the MBMs.

TM.A and TM.B go to the 7230 CPGs, and are used to
determine, respectively, the pulse widths for the CUT
and TRANSFER functions used in replicating and gen-
erating the bubbles.

6-188

Table 2. 7220-1 BMC Timing (Degrees)**

Signal Start Width End

X+ 270° 108° 378°

Y+ 0° 108° 108°

X= 90° 108° 198°

Y- 180° 108° 288°
TM.A (ODD) 270° 4° 274.5°
TM.A (EVEN) 90° 4° 94.5°
TM.B (ODD) 270° 90° 360°
TM.B (EVEN) 90° 90° 180°
BOOT.EN 252° 108° 360°
REP.EN 252° 108° 360°
SWAP.EN 180° 5.7° 697°
BOOT.SW.EN" 180° DC* 180°
SHIFTCLK (RD) 186.75° 99° 285.75°
SHIFTCLK (WR) |. 72° 288° 360°

*Stays low for 4118 field rotation periods when writing the MBM
Bootloop.

**All phases relative to Y+ start phase All entries +1 26°except TM A
width which i1s 0 5°

SWAP.EN, REP.EN, BOOT.SW.EN, and BOOT.EN all go
to the 7230 CPG. They are used to enable, respectively,
the data swap, data replicate, boot swap, and boot
replicate functions within the MBMs.

SHIFT.CLK goes to the FSAs. It is used to control the
timing of events at the interface between each FSA and
its corresponding MBM. (Refer to 7242 FSA Specifica-
tion for a description of the BMC/FSA interface.)

SYNC and C/D control the serial communications be-
tween the BMC and the FSAs (on the DIO line).

USER-ACCESSIBLE REGISTERS

The user operates the bubble memory system by read-
ing from or writing to specific registers within the bub-
ble memory controller (BMC). The following paragraphs
identify these registers and gives brief functional
descriptions, including bit configurations and address
assignments.

Register Addressihg

Selection of the user-accessible registers depehds on
register address information sent from the user to the
BMC. This address information is sent via a single ad-
dress line (designated Ag) and data bus lines Dy through
Dy. ‘

Both Command Register (CMDR) and Register Address
Counter (RAC) are 4-bit registers which are loaded from
Do-D3. The status register is selected and read by a
single read request. The command register is selected
and loaded by a single write request. The remaining
registers are accessed indirectly, and the desired register
is first selected by placing its address in the RAC, and then
read or written with a subsequent read or write request.

~ AFN-01756C _
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Figure 4. 7220-1 BMC Timing Diagram

Table 3 gives a complete listing of the address asign-
ments for the user-accessible registers. The registers
are listed in two groups. The first group (STR, CMDR,
RAC) consists of those registers that are selected and
accessed in one operation. The second group (UR, BLR,
ER, AR, FIFO) consists of those registers that are
addressed indirectly by the contents of RAC.

Table 3. Address Assignments for the
User-Accessible Registers

|AO D7 D6 D5 D4 D3 D2 D1 DO | Symbol | Name of Register | Read/Write

10001CCC C |CMDR |Command Write Only
Register

10000B BB B [RAC Register Address {Write Only
Counter

1SS S S S8 S S |STR Status Register |Read Only

Table 3. Address Assignments for the
User-Accessible Registers (Continued)

RAC .
A0 B3 B2 B1 BO | Symbol | Name ofRegister | Read/Write
0 1 0 1 0 |UR Utility Register Read or Write
o1 0 1 1 BLR LSB | Block Length Write Only
Register LSB
0 1 1 0 0 | BLRMSB | Block Length Write Only
Register MSB
0 1 1 0 1|ER Enable Register | Write Only
0 1 1 1 0 | ARLSB Address Register | Read or Write
LSB
o 1 1 1 1 AR MSB Address Register | Read or Write
MSB
0 0 0 0 0 |FIFO FIFO Data Buffer | Read or Write
SSSSSSSS = 8-bit status information returned to the user from the STR
CCCC = 4-bit command code sent to the CMDR by the user.
BBBB = 4-bit register address sent to the RAC by the user.
B3B2B1B0 = 4-bit contents of RAC at the time the user makes a read o
write request with AO=0.
LSB = Least Significant Byte
MSB = Most Significant Byte
6-189 AFN-01756C
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The register file contains the registers with address
1010 through 1111. These registers are also called
parametric registers because they contain flags and
parameters that determine exactly how the BMC will
respond to commands written to the CMDR.

To facilitate such operations, the BMC automatically in-
crements the RAC by one count after each transfer of
data to or from a parametric register.

The RAC increments from the initially loaded value
through address 1111 and then on to 0000 (the FIFO ad-
dress). When it has reached 0000, it no longer incre-
ments. All subsequent data transfers (with AO=0) will
be to or from the FIFO until such time as the RAC is
loaded with a different register address.

REGISTER DESCRIPTIONS
Command Register (CMDR) 4 Bits, Write Only

The user issues a command to the BMC by writing a
4-bit command code to the CMDR.

Table 4 lists the 4-bit command codes used to issue the
sixteen commands recognized by the BMC:

Table 7 is a listing of the commands and their functions.

Table 4. Command Code Definitions

S ‘
w

D2 | D1 | Do Command Name
0 0 0 0 | Write Bootloop Register Masked
0 0 0 1 | Initialize
0 0 1 0 | Read Bubble Data
0 0 1 1 | Write Bubble Data
0 1 0 | 0 | Read Seek
0 1 0 1 | Read Bootloop Register
0 1 1 0 | Write Bootloop Register
0 1 1 1 | Write Bootloop
1 0 0 0 | Read FSA Status
1 0 0 1 | Abort
1 0 1 0 | Write Seek
1 0 1 1 | Read Bootloop
1 1 0 0 | Read Corrected Data
1 1 0 1 | Reset FIFO
1 1 1 0 | MBM Purge
1 1 1 1 | Software Reset

The most commonly used commands in normal opera-
tion are:

Initialize

Read Bubble Data
Write Bubble Data
Reset FIFO

Read Seek

Write Seek

Abort

Read Corrected Data
Software Reset
Read FSA Status
MBM Purge
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Commands relating to the bootloop, and used only for
diagnostic purposes, are:

Read Bootloop Register

Write Bootloop Register )
Write Bootloop Register Masked
Read Bootloop

Write Bootloop

Status Register (STR) 8 Bits, Read Only

The user reads the BMC status register in response to
an interrupt signal, or as part of the polling process in a
polied data transfer mode. The status register provides
information about error conditions, completion or ter-
mination of commands, and about the BMC’s readiness
to transfer data or accept new commands. The in-
dividual bit descriptions are as follows:

STATUS REGISTER
nInonnnnn
FIFO READY
PARITY ERROR

t———————» UNCORRECTABLE ERROR
‘———————————> CORRECTABLE ERROR
TIMING ERROR

OP FAIL

» OP COMPLETE
BUSY

BUSY (when = 1) indicates that the BMC is in the
process of executing a command. When equal to
0, BUSY indicates that the BMC is ready to receive
a new command. In the case of Read Bubble Data,
Read Bootloop, read Bootloop Register, or Read
Corrected Data commands, BUSY may also indicate
that the data has not been completely removed from
the FIFO, and that DRQ is still active. BUSY will then
drop as soon as DRQ does (after the user has finis-
hed reading the data remaining in the FIFO).

OP COMPLETE (when = 1) indicates the successful
completion of a command.

OP FAIL (when = 1) indicates that the BUSY bit has
gone inactive with either the TIMING ERROR or UN-
CORRECTABLE ERROR bits active.

TIMING ERROR (when = 1) indicates that a FSA has
reported a timing error to the BMC, or that the host
system has failed to keep up with the BMC, thereby
causing the BMC FIFO to overflow or to underflow.
TIMING ERROR is also set if no bootloop sync word
is found during initialization, or if a Write Bootloop
command is issued when the WRITE BOOTLOOP
ENABLE bit is equal to zero in the enable register.

CORRECTABLE ERROR (when = 1) indicates that
a FSA has reported to the BMC that a correctable
error has been detected in the last data block
transferred.
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UNCORRECTABLE ERROR (when = 1) indicates

that atleast one FSA has reported to the BMC thatan .

uncorrectable error has been detected in the last
data block transferred.

PARITY ERROR (when=1) indicates that the
BMC's parity check circuitry has detected a parity
error on a data byte sent to the BMC by the user on
the data lines Dg-Dg.

FIFO READY has two functions. The FIFO READY
functions are as follows:

NOTE: IF RAC # FIFO, FIFO READY = 1

STATUS BITS READ WRITE
FIFO READY BUSY
1 1 data in space in
FIFO FIFO
0 1 no data no space
1 0 — data in FIFO —
0 0 — FIFO empty —

Although the status word can be read at any time, the
status information, bit 1 through 6, is not valid until the

BUSY bit is low.

STR Bits 1 through 6 are reset when a new command is
issued. They may also be reset by making a write re-
quest (WR=0) to the BMC with A;=1, D,=0, and Dy;=1
(that is, writing the RAC with D;=1). This operation also
resets the “INT” pin to “0”. NOTE: A byte of FIFO data
can be lost when using this procedure if the RAC is
written to other than the FIFO address when data is still

present in FIFO.

Enable Register (ER) 8 Bits, Write Only

The user sets various bits of the enable register to
enable or disable various functions within the BMC or
the FSAs. The individual bit descriptions are as follows:

ENABLE REGISTER

[7‘6[5]41312'1!0'
j—-’ INTERRUPT ENABLE (NORMAL)
INTERRUPT ENABLE (ERROR)

DMA ENABLE

FSA-BMC TRAN!
‘> WRITE BOOTLOOP ENABLE
ENABLE RCD
ENABLE ICD
ENABLE PARITY INTERRUPT
in the above figure and in the text below, the following

abbreviations are used:

ICD =INTERNALLY CORRECT DATA
RCD = READ CORRECTED DATA
UCE = UNCORRECTABLE ERROR
CE =CORRECTABLE ERROR

TE =TIMING ERROR

ENABLE PARITY INTERRUPT enables the BMC to
interrupt the host system (via the INT line) when
the BMC detects a parity error on the data bus
lines Dg-D7. ' .

R RATE
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ENABLE ICD enables the BMC to give the Inter-
nally Correct Data command to the FSAs when an
error has been detected by the FSA's error detection
and correction circuitry. Each FSA responds to such
a command by internally cycling the data through its
error correction network. When finished, the FSA
returns status to the BMC as to whether or not the
error is correctable. The vaiue of ENABLE ICD af-
fects the action of INTERRUPT ENABLE (ERROR).

ENABLE RCD enables the BMC to give the Read
Corrected Data command to the FSAs when an error
has been detected. This causes each FSA to correct
the error (if possible) and also to transfer the correc-
ted'data to the BMC. The Read Corrected Data com-
mand is also used to read into the BMC data
previously corrected by the FSA in response to an
Internally Correct Data command. In either case,
when the data transfer has been completed, the
BMC reads each FSA's status to determine whether
or not the error was correctable. In the case of an
uncorrectable error, bad data may have been sent to
the user. The value of ENABLE RCD affects the ac-
tion of INTERRUPT ENABLE (ERROR).

WRITE BOOTLOOP ENABLE (when= 1) enables
the bootloop to be written. If this bit is equal to
zero, and a Write Bootloop command is received
by the BMC, the command is aborted and the TIM-
ING ERROR bit is set in the STR.

MFBTR controls the maximum burst transfer rate
from FSA(s) to BMC FIFO. This rate is variable on
the “last page” of a multiple page transfer. (In one
page transfers the iast page is the only page.) See
Table 5 for effects of this bit on the various 7220-1
commands.

Table 5. MFBTR Bit Definitions

Number Maxim

of MBMs R::ulr‘:: MFBTR Bit

Operated Host Interface

in Parallel Data Rate Read C: d | WriteC d
1 50K bytelsec 0 N/A
2 100K byte/sec [ NIA
4 200K byte/sec 0 N/A
8 400K byte/sec 0 N/A
1 12 5K byte/sec 1 0
2 25K byte/sec 1 0
4 50K byte/sec 1 ]
8 100K byte/sec 1 0

NOTE. The MFBTR bit should always be set to “0” for all commands
except “Read Bubble Data.”

DMA ENABLE (when=1) enables the BMC to

operate in DMA data transfer mode, using the DRQ
and DACK signals in interaction with a DMA con-
troller. When equal to zero, DMA ENABLE sets up
the controller to support interrupt driven or polled
data transfer.
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INTERRUPT ENABLE (ERROR) selects error condi-
tions under which the BMC stogs command exe-
cution and interrupts the host processor (via the
INT line). INTERRUPT ENABLE (ERROR) operates
in conjunction with ENABLE ICD and ENABLE
RCD. :

Interrupt
Enable Enable Enable - .
ICD RCD (ERROR) interrupt Action
0 0 0 No interrupts due to errors
0 0 1 Interrupt on TE only
0 1 0 Interrupt on UCE or TE
0 1 1 Interrupt on UCE, CE, or TE
1 0 0 Interrupt on UCE or TE
1 0 -1 Interrupt on UCE, CE, or TE
1 1 0 Not used
1 1 1 Not used

TE = Timing Error, CE = Correctable Error,

UCE = Uncorrectable Error.
INTERRUPT ENABLE (NORMAL) (when=1)
enables the BMC to interrupt the host system (via
the INT line), when a command execution has been
successfully completed (OP COMPLETE =1 in the
STR).

Utility Register (UR) 8 Bits, Read or Write

The utility register is a general purpose register avail-
able to the user in connection with bubble memory
system operations. It has no direct effect on the BMC
operation, but is provided as a convenience to the user.

Block Length Register (BLR) 16 Bits,
Write Only

The contents of the block length register determine the
system page size and also the number of pages to be
transferred in response to a singie bubble data read or
write command. The bit configuration is as follows:

BLOCK LENGTH REGISTER MSB

Lrlefsfefofefe]o]

NUMBER OF FSA
CHANNELS (NFC)

BLOCK LENGTH REGISTER LSB
frlefsafofa]r]o]

NUMBER OF PAGES TO BE TRANSFERRED

The system page size is proportional to the number of
magnetic bubble memory modules (MBMs) operating in
parallel during the data read or write operation. Each
MBM requires two FSA channels. Bits 4 through 7 of
BLR MSB actually specify the number of FSA channels
to be accessed.

The BLR LSB, together with the 3 least significant bits
of the BLR MSB, specify the number of pages to be
transferred. Up to 2048 pages can be transferred in
response to a single bubble data read’or write com-
mand, hence the requirement for 11 bits. Ali 11 bits
equal to zero specifies a 2048 page transfer.

Address Register (AR) 16 Bits, Read or Write

The contents of the address register determine which
MBM group is to be accessed, and, within that group,

what starting address location shall be used in a data
read or write operation. The bit configuration is as
follows:

ADDRESS REGISTER MSB
Llefsfafefz]t]o]
x

MBM SELECT

ADDRESS REGISTER LSB
Lrlels]elelz]]o]

STARTING ADDRESS WITHlN EACH MBM

Within each MBM there are 2048 possible starting ad-
dress locations for a data read or write operation, hence
the requirement for 11 bits in the starting address.

The selection of the MBMs to be read or written is
specified by AR MSB Bits 3-6. The BMCs interpretation
of these bits depends on the number of MBMs in a
group, which is specified by BLR MSB Bits 4-7.

Table 6 shows which MBM groups are 'selected in
response to given values for BLR MSB Bits 4-7 and AR
MSB Bits 3-6. A 1-megabyte system (8 MBMs) is
represented, with the FSA channels numbered 0
through F:

Table 6. Selection of FSA Channels

ARMSE Bits BLR MSB Bits (7,6,5,4)
(6,5,4,3) 0000 | 0001 0010 0100 1000
0000 0 0,1 0,1,2,3 0to7 | OtoF
0001 1 23 4567 8toF
0010 2 45 8,9,A,B
0011 3 6,7 C,DEF
0100 4 8,9
0101 5 AB
0110 6 c,D .
0111 7 EF ’
1000 8
1001 9
1010 A
1011 B
1100 [¢]
1101 D
1110 E
1111 F

The accessing of single FSA channels is done only as
part of diagnostic processes. AR MSB Bit 7 is not used.

FIFO Data Buffer (FIFO) 40 x 8 Bits, Read or
Write

The BMC FIFO is a 40-byte buffer through which data
passes on its way from the FSAs to the user, or from the
user to the FSAs. The FIFO allows the data transfer to
proceed in an asynchronous and flexible manner, and

‘relaxes timing constraints, both to the FSAs and aiso to

the user’s equipment. The user’s system must, however,
meet the data rate requirements. When the BMC is busy
(executing a command) the FIFO functions as a data
buffer. When the BMC is not busy, the FIFO is available
to the user as a general purpose FiFO.
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FUNCTIONAL OPERATION

The IC components used in the bubble memory systems
have been designed with transparency in mind—that is,
a maximum number of operations are handled by the
hardware7 and firmware of these components.

Each one-Megabit Bubble Memory (MBM) operates in its
own domain, and is unaffected by the number of bubble
memories in the system. The roles played by the MBM’s
immediate support circuitry can be described as if the
system contained only one MBM module.

Data Flow Within the Magnetic Bubble
Memory (MBM) System (Single MBM
Systems)

During a read operation, data flows as follows: The
data from the MBM is input to the Formatter/Sense
Amplifier (FSA). Data from each channel (A channel or B
channel) of the MBM goes to the corresponding channel
of the FSA. In the FSA, the data is paired up with the cor-
responding bit in the FSA’s bootloop register to deter-
mine whether it represents data from a ‘good’ loop. If it
does, the data bit is stored in the FSA FIFO. Error detec-
tion and correction (if enabled by the user) is applied to
each block of 256 data bits.

From the FSA FIFO, data is sent to the bubble memory
controller (BMC) in the form of a serial bit stream, via a
one-line bidirectional data bus (DIO). The data is multi-
plexed onto the DIO line, with data bits coming alter-
nately from the A and B channels of the FSA. The BMC
outputs a SYNC pulse to the SELECT.IN input of the
FSA. The FSA responds by placing a data bit from the A
channel FIFO on the DIO line. One clock cycle later, a

data bit from the B channel FIFO is piaced on the DIO

line. The BMC continues to output SYNC pulses, once

every 20 or 80 clock cycles, each time receiving two data
bits!in return.

In the BMC, the data undergoes serial-to-paraliel conver-
sion, and is assembled into bytes, which are then placed
in the BMC FIFO, which can hold 40 bytes of data. From
this FIFO, the data bytes are written onto the user inter-
face.

.During a write operation, the data flow consists of the

corresponding operations in the reverse order.
Multiple-MBM Systems

The 7220-1 BMC can interface up to 8 one-megabit BPK70
Bubble Storage subsystems. The data flow in a multipie-
BPK70 system is in most respects similar to that which
occurs in a one-BKP70 subsystem. The difference is in
the time-division multiplexing that occurs on the DIO
bus line between the BMC and the FSAs.

For data transfer operations, the BMC may exchange
data with as few as two FSA channels (one BPK70) or as
many as 16 FSA channels (eight BPK70s).

SOFTWARE INTERFACE—The general procedure for
communicating with the BMC is:

Pass parameters to the BMC by loading the
registers.

Send the desired command.

Read the status/command register until BMC is not
busy (or use “INT” pin).

Examine the status register to determine whether
the operation was successful.

Table 7. Detailed Command Descriptions

Initialize

Read Bubble Data

Write Bubble Data

Read Seek

The BMC executes the Initialize command by first interrogating the bubble system to
determine how many FSAs are present, then reading and decoding the bootloop from each
MBM and storing the results in the corresponding FSA's bootloop register. All the parametric
registers must be properly set up before issuing the Initialize command.

The Read Bubble Data command causes data to be read from the MBMs into the BMC FIFO.
The selection of the MBMs to be accessed and the starting address for the read operation is
specified in the address register (AR). The block length register (BLR) specifies the number of
system pages to be read. All the parametric registers must be properly set up before issuing
the Read Bubbie Data command.

The Write Bubble Data command causes data to be read from the BMC FIFO and written into
the MBMs. The selection of the MBMs to be accessed and the starting address for the write
operation is specified in the address register (AR). The block'length register (BLR) specifies
the number of system pages to be written. All the parametric registers must be properly set up
before issuing the Write Bubble Data command. ~

The Read Seek command rotates the selected MBMs to a designated page address location.
No data transfer occurs. The positioning is such that the next data location available to be read
is the specified (in AR) page address plus one. The Read Seek command may be used to reduce
latency (access time) in cases where information is available for the user to predlct the
location of an impending read reference to the MBMs.
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Table 7. Detailed Command Descriptions (Continued)

Write Seek

Abort

MBM Purge

Read Corrected Data

Software Reset
Read FSA Status
Read Bootloop
Register

Write Bootloop
Register Masked

Read Bootloop

Write Bootloop

The Write Seek command rotates the selected MBMs to a designated page address location.
No data transfer occurs. The positioning is such that the next data location available to be
written is the specified (inAR) page address plus one. The Write Seek command may be used to
reduce latency (access time) in cases where information is available for the user to predict the
location of an impending write reference to the MBMs.

The Abort command causes a controlled termination of the command currently being
executed by the BMC. The Abort command will be accepted by the BMC (and is typically
issued) when the BMC is busy.

The MBM Purge command clears all BMC registers, counters, and the MBM address RAM.
Furthermore, it determines how many FSA channels are present in the system and stores this
value in the 7220-1. The “INITIALIZE” command uses this command as a subroutine.

The Read Corrected Data command causes the BMC to read into the BMC FIFO a 256-bit block
of data from the FIFO of each selected FSA channel, after an error has been detected. The data
cycles through the error correction network of the FSA. After the data has been read, the FSA
reports to the BMC whether or not the error was correctable. The Read Corrected Data
command is used only when the system is in error correction mode (ENABLE ICD or ENABLE
RCD set in the ER).

The Software Reset command clears the BMC FIFO and all registers, except those containing
initialization parameters. It also causes the BMC to send the Software Reset command to
selected FSAs in the system. No reinitialization is needed after this command.

The Read FSA Status command causes the BMC to read the 8-bit status register of all FSAs,
and to store this information in the BMC FIFO. The Read FSA Status command is independent

all parametric registers.

The Read Bootloop Register command causes the BMC to read the bootloop register of the
selected FSA channels and to store this information in the BMC FIFO. Twenty bytes are
transferred for each FSA channel selected.

Proper operation of the FSAs during data transfer to or from the MBMs requires that the
bootloop register contain (if error correction is used) exactly 270 logic 1s for each FSA
bootloop register. The user may select any subset of 270 “good” loops from the total number
of available loops (if error correction is not used, 270 replaced by 272). As an alternative, the
Write Bootloop Register Masked command may be used. This command counts the number of
logic 1s and masks out the remaining 1s after the proper count has been reached. The
Initialize command uses this command as a subroutine.

The Read Bootloop command causes the BMC to read the bootloop from the selected MBM,
and to store the decoded bootloop information in the BMC FIFO. The Initialize command uses
this command as a subroutine.

The Write Bootloop command causes the existing contents of the selected MBM’s bootloop to
be replaced by new bootloop data based on 40 bytes of information stored in the FIFO (the
user must actually write 41 bytes, where the 41st byte is all 0s). Encoding of the bootloop data
is done by the BMC hardware.
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ABSOLUTE MAXIMUM RATINGS *NOTICE: Stresses above those listed under “Absolute Max-

. o imum Ratings” may cause permanent damage to the device.
Temperature under bias .............. —40 to +100°C This is a stress rating only and functional operation of the
Storage Temperature . ............ —65°C to +150°C device at these or any other conditions above those indicated
All Input or Output Voltages and in the operational sections of this specification is not implied.
Vcc Supply Voltage  ................o .l —0.5V to 7V Exposure to absolute maximum rating conditions for extended

periods may affect device reliability.

D.C. CHARACTERISTICS (T4 = see front page; Vg = 5.0V +5%, —10%)

Symbol Parameter Min. Max. Unit Test Condition
ViL Input Low Voltage 0.8 v
ViH() JInput High Voltage (all but PWR.FAIL) 2.0 Vge+0.5V \
Vine) Input High Voltage (PWR.FAIL) 25 Vee+0.5v| v
Vo) Output Low Voltage
(All outputs except DET.ON, BUS.RD, .45 \ loL = 3.2mA
SHIFT.CLK, and SYNC
Voun | GET.ON, BUS D, SHIFTCIK, SYNG 45 Voo |lo=16mA
Vou Output High Voltage 2.4 v lon = 400uA
[l Input Leakage Current 10 uA 0=<Vin=Vcc
loFL| Output Float Leakage 10 Py 0.45 < Vour < Vec
lcc Power Supply Current from Vg 200 mA

A.C. CHARACTERISTICS
(Ta =see table 1; Vgg =5.0V + 5%, —10%; C =150 pF; unless otherwise noted.)

Symbol ) Parameter Min. Max. Unit Test Condition
tp Clock Period 24975 | 25025 ns
tg Clock Phase Width (High Time) .45 tp 55 tp
trte Input Signal Rise and Fall Time 30 ns

FSA INTERFACE TIMINGS (under pin loading)
Symbol . Parameter Min. Max. Unit Test Condition
tcov CLK to DIO Valid Delay 150 ns Under Pin Loads*
tcor CLK to DIO Entering Float 10 250 ns Under Pin Loads*
tcoe CLK to DIO Enabled from Float 150 ns Under Pin Loads*
tcoH CLK to DIO Hold Time 0 ns Under Pin Loads*
tesoL CLK to SYNC Leading Edge Delay 120 ns Under Pin Loads*
tcsor CLK to SYNC Trailing Edge Delay 10 100 ns Under Pin Loads*
toc DIO Setup Time to Clock 80 ns Under Pin Loads*
tpHC DIO Hold Time from Clock 0 ns Under Pin Loads*
tcoL CLK to Output Leading Edge 150 ns Under Pin Loads*
tcotr CLK to Output Trailing Edge 0 190 ns Under Pin Loads*
tew ERR. FLG Pulse Width 200 ns Under Pin Loads*
tsceT SHIFTCLK to Y= Trailing Edge 80 200 ns Under Pin Loads*
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A.C. CHARACTERISTICS (Continued) (Ta = see table 1; Vcc =5.0 +5%, —10%; CL =150 pF;

READ CYCLE (HOST INTERFACE)

unless otherwise noted.)

Symbol Parameter Min. Max. Unit Test Condition
tac Select Setup to RD| 0 ns
tca Select Hold from RD? 0 ns
tRR RD Pulse Width 200 ns
tap Data Delay from Address 150 ns
trRD Data Delay from RD | 150 ns
toF Output Float Delay 10 100 ns
tpc DACK Setup to RDI 0 ns
tco DACK Hold from RD 1 0 ns
tkD Data Delay from DACK/{ 150 ns
(DMA Mode) In non DMA mode.
tcYcr “Read” Cycle Time 4t,-ty ns tcver Min. = 6t,-tg
WRITE CYCLE (HOST INTERFACE)
Symbol - Parameter Min. Max. Unit Test Condition
tac Select Setup to WR| 0 ns
tca Select Hold from WR1 0 ns
tww WR Pulse Width 200 ns
tow Data Setup to WR? 200 ns
twp Data Hold from WR? 0 ns
toc DACK Setup to WR, 0 ns
tcp DACK Hold fromWR 1 0 ns
tcycw “Write" Cycle Time 4tp + tyy
o | et ron Do w |
tDEADW Inactive Time between WRt and WR! 4tp ns
tDEADR Inactive Time between RD! and RD! 150
7250-7230 INTERFACE TIMINGS )
Symbol Parameter Min. Max. Unit Test Condition
tceL CLK to Bubble Signal Leading Edge 250 ns Under Pin Loads*
tceT CLK to Bubbie Signal Trailing Edge 250 ns Under Pin Loads*
*Bubble Pin Loads Shown Below .
PIN LOADINGS
Pin Names Value Unit
X+, X=,Y+,Y= 150 pF
IMA TMB, REPEN, BOOTEN,
SWAP EN, BOOT SW EN, TID, 50 pF
ERRFLG, WAIT, SYNC
DET ON & SHIFT CLK 100 pF
BUS READ 10 pF
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WAVEFORMS

READ (HOST INTERFACE)

DACK

1,
tac:

{
DATA BUS

‘4_““,__.1

..

WRITE (HOST INTERFACE)

DACK

b

DATA BUS x

Y
DW

tDEADW

DMA (HOST INTERFACE)

DRQ

R'BORWR-—-———;
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WAVEFORMS (Continued)

7242 INTERFACE TIMINGS
_'p_—b‘
tp ]
AN N
] —5 1cnv4<—— teDF |e—
L —p{ tCDH |4—
DIO (WRITE) == [ e e e e o oy -—< DATA OUT VALID DATA OUT V:ALID }— —————
—»! tope fe— |
tcsoL —f
SYNC o "4_ P
D —> <——|nuc
DATA IN DATA IN
|

Fe—tcoL- — - —tcoT
- —
RESET OUT, C/D
tEW———]
ERR.FLG

\E ‘ = (sci

SHIFTCLK (READ) /

‘7250 & 7230 INTERFACE TIMINGS

CLK
tcsL tceT
BUBBLE SIG
7250 & 7230 . !
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CURRENT PULSE GENERATOR

FOR BUBBLE MEMORIES

7230 0to 70°C
7230-4 10 to 55°C
7230-5 | —20 to +85°C

= TTL Compatible Inputs

= Provides All Pulses for Intel Bubble
Memories
—Replicate, Swap, Generate,
Boot Replicate and Bootswap

= Current Sink Outputs Designed to
Directly Drive Bubble Memory

Direct Interface to Bubble Memory
Controller

Automatic Power Fail and Reset
Operates from +5 and +12 Volts Only
Schottky Bipolar Technology
Standard 22-Pin Dual-In-Line Package

The Intel 7230 is a Current Pulse Generator (CPG) designed to drive Intel Magnetics Bubble Memories. The 7230
is a Schottky Bipolar, TTL input compatible device that converts digital timing signals to analog current pulses.
The CPG provides all pulses for Intel Magnetics Bubble Memories (7110 Family). These include Replicate,
Swap, Generate, Boot Replicate and Bootswap pulses. The high-current sinking outputs directly drive the
bubble memory. It also directly interfaces to the Intel Magnetics Bubble Memory Controller (7220-1) and

Formatter/Sense amplifier (7242).

The 7230 operates from 5-voit and 12-volt power supplies and is in a standard 22-pin dual-in-line package.

sotows. Figure 1. Block Diagram of Single Bubble
Memory System—128K Bytes

2x 7254
DRIVER
TRANSISTORS

7110

TO 7220-1 7242 NE MEG,
8080 BUBBLE ! FORMATTER/ ONE MEGABIT
MEMORY SENSE
8088 CONTROLLER MEMORY
8086 (BMC)

—— e ]

vDDd1 ~ 2 vee
A []2 21| PWR FAIL
Tme[]3 20| JREFR
GENENB[]4 19[]GenB
GENENA[]S 18[JGEN A
SWAPEN[]6 g?-eo 17[] SWAP
cs}7 16 JREPB
REPEN[]S 15[ JREP A
PULSE CEN[]9 14 JPULSE OUT C
BOOT EN []10 13{1BOOT REP
GND [ 11 12[] GND

Figure 2. Pin Configuration

Intel Corporation Assumes No Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are Imphed.

© INTEL CORPORATION, 1982

6-199

NOVEMBER 1982
ORDER NUMBER: 210798-001



intal 7230

EXTERNAL RESISTOR REQUIREMENTS

Connect a 1% 3.48K ohm resistor based between pin
20 and ground or referenced current switch as out-
lined in BPK72 User’s Manual.

Table 1. Pin Description

Symbol Pin No. Description

BOOTEN 10 An active low input enabling the BOOT.REP output current pulse.

BOOT.REP 13 An output providing the current pulse for bootstrap loop replication in
the bubble memory. .

BOOT.SWAP 14 An output providing a current pulse which may be used for writing data

- into the bootstrap loop.

BOOT.SWEN 9 An active low input enabling the BOOT.SWAP output current pulse.

cs 7 An active low input for selecting the chip. The chip powers down during
deselect.

GEN.A 18 An output providing the current pulse for writing data into the “A” quads
of the bubble memory.

GEN.B 19 An output providing the current pulse for writing data into the “B” quads
of the bubble memory. g

GEN.EN.A 5 An active low input enabling the GEN.A output current pulse.

GEN.EN.B 4 An active low input enabling the GEN.B output current pulse.

PWR.FAIL 21 An active low, open collector output indicating that either Vcg or Vpp is
below its threshold value. ,

REFR. 20 The pin for the reference current generator to which an external
resistance must be connected.

REP.A : 15 An output providing the current pulse for replication of data in the “A”
quads of the bubble memory.

REP.B 16 An output providing the current pulse for replication of data in the “B”
quads of the bubble memory.

REPEN 8 An active low input enabling the REP.A and REP.B outputs.

SWAP 17 An output providing the current pulse for exchanging the data between
the input track and the storage loops in the bubble memory.

SWAPEN 6 An active low input enabling the SWAP output.

TM.A 2 An active low timing signal determining the cut pulse widths of the
BOOT.REP, GEN.A, GEN.B, REP.A and REP.B outputs.

T™.B 3 An active low timing signal determining the transfer pulse widths of the

BOOT.REP, GEN.A, GEN.B, REP.A and REP.B outputs.
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias .............. -40° to +100°C
Storage Temperatuare .............. —65°C to +150°C
Vee and Input Voltages ................ -0.5V to +7V
Vpp and Output Voltages ............ ~0.5V to +12.6V
Power Dissipation ...............cciiiiiiiiiin. 1w

D.C. CHARACTERISTICS

otherwise specified)

*COMMENT: Stresses dbove those listed under “Absolute
Maximum Ratings” may cause pérmanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

(TA = range specified in Table 1; Vog = 5.0V £ 5%, +5% Vpp = 12V =5%; unless

*These parameters are sample tested, not 100% tested.

) Limits
Symbol Parameter Unit Test Conditions
Min. Typ. Max.
L Input Low Current -0.4 mA [ VL= 04V,Vgc =
5.25V
i1 Input High Current 20 A | Vg = Voc = 5.25V
ViL Input Low Voltage 0.8 \ y
ViH Input High Voltage 2.0 \
Ve Input Clamp Voltage -1.5 v I=—-18mA,Veg =
4,75V
IcEX1 Output Leakage Current 1.0 mA | Vgg = 5.25V,
(All Outputs except PWR.FAIL) Vpp = 12.6V
Icex2 PWR.FAIL Output Leakage Current 40 A VoH = Vec =
5.25V
VoL PWR.FAIL Output Low Voltage 04 Vv loL=4mA Vge =
4.75V
lcct Current from Voc—Selected 30 45 mA | CS=V..Vgcc=
‘ 5.25V
IpD1 Current from Vpp—Selected 20 35 mA | CS=V),Vec=
- | 5.25V
Ipp2 Current from Vpp—Power Down 12 19 mA | CS= V|4, Vpp =
12.6V
A.C. CHARACTERISTICS* vcc =5V =+ 5%; Vpp = 12V =5%
Symbol | Parameter | Min. | Max. | Unit
tENON Delay On 260 ns
tpisorFfF | Delay Off 70 ns
tCSON CS Enable 500 ns
tcsorFr | CS Disable 70 ns

POWER FAIL CHARACTERISTICS** T4 =0°Cto 70°C

Min. Typ. Max. Test Conditions
VceTH 4.43V 4.60V . 4.70V
VDDTH 10.75vV 11.10V 11.28v

**Power fail characteristics apply to 7110 Bubble Memory Data Integrity only and not to full memory operation.
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CAPACITANCE* (Tp = 25°C)
Symbol Parameter Typ. Max. Unit Test Conditions*
CiN Input Capacitance 10 pF

*This parameter is periodically sampled and not 100% tested. Condition of measurement is f = 1 MHz.

OUTPUT CURRENTS (Ta = range specified in Table 1, Vgc = 5.0V 5%, Vpp = 12V =5%)

Test Conditions
Voltage Out
Parameter Current (mA) Vo!tage Out (7230-5 only)

Min. Nom. Max. Min. Max. Min. Max.
GEN.A, GEN.B CUT 62 75 81 5.7 115 5.5 11.6
GEN.A, GEN.B TRANSFER 34 40 49 5.7 12.2 5.5 12.2
REPA, REPB CUT 170 200 240 3.7 9.0 3.4 9.3
REPA, REPB TRANSFER 126 145 160 3.7 11.2 3.4 11.4
SWAP 111 125 134 3.1 9.7 2.7 9.9
BOOT.REP CUT 85 100 110 7.8 12.0 7.7 12.1
BOOT.REP TRANSFER 63 75 80 7.8 12.4 7.7 12.4
BOOT.SWAP 63 75 80 91 - 12.2 9.0 12.3

TWO-LEVEL PULSES ARE DEFINED AS SHOWN - 7 -
: CUT CURRENT
X
I TRANSFER CURRENT
cut T
PULSE —| -—
WIDTH
TRANSFER
PULSE WIDTH [«

Figure 4. Output Pulse Diagram
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DUAL FORMATTER/SENSE AMPLIFIER
FOR BUBBLE MEMORIES

7242 0to 70°C

7242-5 | —20 to +85°C

Error Detection/Correction Don = FIFO Data Block Buffer
Automatically ‘ = Daisy-Chained Selects for Multiple
s Dual Channel Bubble Memory Systems ‘
= On-Chip Sense Amplifiers = MOS N-Channel Technology
a Automatically Handles s Standard 20-Pin Dual-In-Line Package

Redundant Loops

The Intel 7242 is a Dual Formatter/Sense Amplifier (FSA) designed to interface directly with Intel Magnetics
Bubble Memories. The 7242 features on-chip sense amplifier for system ease of use and minimization of system
part count. The 7242 also provides for automatically handling the bubble memories’ redundant loops so they
are transparent to the user. In addition, complete burst error detection and correction can be done automati-
cally by this device.

The 7242 has a full FIFO data block buffer. This device can be daisy-chained for multiple bubble memory
systems. Up to eight FSAs can be controlled by one 7220-1 Bubble Memory Controller (BMC).

The 7242 utilizes an advanced NMOS technology to incorporate the on-chip sense amplifiers and other unique
features. The device is mounted in a standard high-density 20-pin dual-in-line package.
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Table 1. Pin Description

Symbol Pin No. Description

c/b 3 Command/Data signal. This signal shall cause the FSA to enter a
receive command mode when high and to interpret the serial data line
as data when low. Any previously active command will be immediately
terminated by C/D.

CLK 18 Same TTL-level clock used to generate internal timing as used for
7220-1.

cs 1 An active low signal used for muitiplexing of FSAs. The FSA is
disabled whenever CS is high (i.e., it presents a high impedance to the
bus and ignores all bus activity).

DATA.OUT.A, DATA.OUTB 11,12 | Output data from the FIFO to the MBM generate circuitry. Used to
write data into the bubble device (active low).

DET.A+, DETA-, DETB+, 6,7,8,9 |Differential signal lines from the MBM detector.

DET.B-

DIO 17 The Serial Bus data line (a bidirectional active high signal).

ENABLE.A, ENABLE.B 13, 14 TTL-level outputs utilized as chip selects for other interface circuits.
They shall be set and reset by the Command Decoder under
instruction of the Controller (active low).

ERR.FLG 4 An error flag used to interrupt the Controller to indicate that an error
condition exists. It shall be an open drain, active low signal.

RESET 16 An active low signal that shall reset all flags and pointers in the FSA as
well as disabling the chip as the CS signal does. The RESET pulse
width must be 5 clock periods to assure the FSA is properly reset.

 ——

SELECT.IN 19 An input utilized for time-division multiplexing. An active low signal
whose presence indicates that the FSA is to send or receive data from
the Serial Bus during the next two clock periods.

SELECT.OUT 2 The SELECT.IN pulse delayed by two clocks. It shall be connected to
the SELECT.IN pin of the next FSA. It is delayed by two clocks because
the FSA is a dual-channel device. Channel A shall internally pass
SELECT.IN to Channel B (delayed by one clock).

SHIFT.CLK 15 A Controller-generated clock signal that shall be used to clock data
out of the bubble /O Output Latch to the bubble module during a
write operation and to cause bubble signals to be converted by the
Sense Amp and clocked into the Bubble I/O Input Latch on a read.

FUNCTIONAL DESCRIPTION

The following is a brief description of each block of
the 7242 FSA,

Serial Communications—The Serial Communica-
tions block handles all transfers on the Serial Bus
and is shared by both channels of FSA.

Command Decoder—The Command Decoder inter-
prets commands by the Serial Communication logic
and sets the appropriate command and enable lines.
It also maintains FSA status, and generates various
reset lines.

Internal Data Bus—The internal Data Bus is the
main data link between the Serial Communications
block and all other data sources in each half of the
FSA.

6-205

I/O Latches, Flags, and Bus Control-—Each channe!
of the FSA has its own internal Data Bus, on which all
datatransfers gre made. There is a Flag and a bidirec-
tional Latch in each “I/O Latches-Flag” block. Only
one Latch is used in a given operation and the Flag
tells the Bus Controller whether or not the Latch is
full. The Bus Controller monitors these flags, and
other control signals, to determine when each device

-should have access to the internal Data Bus. When a

transfer is to be made, the appropriate devices are
enabled, the Bus is enabled, and the transfer takes
place synchronously by virtue of a transparent State
Machine Sequencer.

FIFO—The FIFO is a variable-length First-In-First-
Out buffer utilized to store data passing to and from
the MBM module. The FIFO is logically 272 bits in
length in the “no error correction” mode. It is 270 bits
in the “error correction"’ mode, since 256 bits of the
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data and a 14-bit error correction code must be used
in this mode of operation.

The FIFO pointers are reset by hardware or software
resets or each time a command to read or write is
received by the Command Decoder.

If a block length other than 272 bits is used in the no
error correction mode, the FIFO pointers will not
return to word zero at the end of each block transfer.
This is of no consequence if one is not concerned
about the absolute location of data in the FIFO.
Keeping in mind that the FIFO is only 272 bits
physically, any block length may be used up to and
including 320.

Bootstrap Loop Register—The Bootstrap Loop
Register is a 160-bit register that contains
information detailing the location of bad loops in the
MBM module. This data will enable bubble I/O to
ensure that bits are not loaded in the FIFO from bad
loops, or written from the FIFO into bad loops. A
logic zero (absence of a bubble) is written into bad
loops.

Error Correction Logic—The Error Correction Logic
contains the circuitry to implement a burst error
correcting code capable of correcting any single
burst error of length equal to or less than 5, anywhere
in the 270-bit data stream, including the error
correction code which is 14 bits in length. A
Correction Enable bit may be set or reset via a special
command. When reset, the entire error correction
network is disabled and block length may vary from
270 bits. Error detection shall be accomplished on all
data transfers (when enabled); however, correction
cannot take place unless the FSA is operated in a
buffered mode (i.e., an entire block is read prior to
passing any data to the Controller).

Bubble 1/0—The Bubble 1/0 consists of an
integrated Sense Amplifier and an output driver. The

6-206

Sense Amplifier consists of a sample-and-hold
circuit and a differential, chopper-stabilized
comparator. '

Enables—The ENABLE.A and ENABLE.B outputs
are utilized as chip selects for external circuitry. To
set an ENABLE line, the desired channel of the FSA
must be selected and Read or Write MBM, Set Enable
Bit, Initialize, Read Corrected Data, or Internally
Correct Data command is sent. Any other command
sequence will reset the ENABLE lines.

COMMANDS
FSA Commands

The FSA shall receive a four-bit command word via
the Serial Bus. In addition, some of the commands
require additional data bits, e.g., status to be passed
serially. The four bits shall be interpreted as shown in
Table 2. The effects on the Status bits, Correction
Enable bit, and Enable pins are summarized in
Table 3.

The following is a brief description of each command
available in the 7242 FSA.

No Operation—Deselects the chip and prevents
further internal activity (default state for reset,
unselected or unaddressed channels). Resets the
FIFO and Bootloop pointers. The Enable pins
(ENABLE.A and ENABLE.B) become inactive.

Software Reset—Resets all FIFO and Bootloop
pointers and flags. Status flags, Error Correction
Enable bit, error correction shift register, and the
Enable pins become inactive.

Initialize—The chip is set to read data from the MBM
Bootloop and pass it to the Controller. Resets the
FIFO and Bootloop pointers and the Error Correction
Logic, and disables the Bootloop register (so that it
does not interfere with the data flow). The Enable
pins become active in addressed channels.

AFN-01358B
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Table 2. Command Code Description

Data

Code Description Correction Not

Enabled Enabled
0000 No Operation None None
0001 (Reserved) _ —_
0010 Software Reset None None
0011 Initialize MBM Bootloop MBM Bootloop
0100 Write MBM Data 270 Bits In Variable
0101 Read MBM Data 270 Bits Out Variable
0110 Internally Correct Data None b
0111 Read Corrected Data 270 Bits Out —
1000 Write Bootloop Register 160 Bits In 160 Bits In
1001 Read Bootloop Register 160 Bits Out 160 Bits Out
1010 (Reserved) — —
1011 (Reserved) — —_
1100 Set Enable Bit None None
1101 Read ERR.FLG Status 1 Bit Out 1 Bit Out
1110 Set Correction Enable Bit None None
1111 Read Status Register 8 Bits Out 8 Bits Out

Table 3. Command Function Summary

El Reset FIFO Reset Reset Error
Command Description COCI:nr:and Data Flow & Bootloop Status Correction | Enable
ode (RIW) Pointers (Errors) Logic

No Operation 0000 — X H
Software Reset 0010 — X X X H
Initialize 0011 R X X X L
Write MBM Data 0100 w X X L
Read MBM Data 0101 R X X L
Internally Correct Data 0110 -— X — L
Read Corrected Data 0111 R X — L
Write Bootloop Register 1000 W X —_— H
Read Bootloop Register 1001 R X H
Set Enable Bit 1100 — X L
Read ERR.FLG Status 1101 R H
Set Error Correction

Enable Bit 1110 —_ X H
Read Status Register 1111 X H

Write MBM Data—Data input by the Controller is
written into the good loops in use in the MBM (under
control of the Bootloop register) each time a
SHIFT.CLK is received. It also activates the Enable
pins and resets the FIFO and Bootloop pointers. If

the Correction Enable bit is set, the FSA computes -

the correction code and appends it to the data
stream to be stored in the MBM (last 14 of 270 bits).

Read MBM Data—This command activates the
ENABLE pins and resets the FIFO and Bootloop
pointers independent of the state of the Correction
Enable bit. If the Correction Enablé bit is reset, data
from the MBM, of block length dictated by 2 times the
number of logic “1s” in the Bootloop register, is
sensed and screened by the FSA Sense Amp and
Bootloop register, and stored in the FIFO. As soon as

6-208

one bit is guaranteed in the FIFO, simultaneous
reading from the FIFO may be done by the Controller.
The FIFO need not be emptied after each page is
read, but one must insure that more than 272 bits of
FIFO are not needed at any time during the transfer.

If the Correction Enable is set, data must be read in a
buffered mode. First, a full block of data is read from
the MBM . At that point the FIFO contains 270 bits of
data. If an error is detected by the Error Correction
network, the FSA raises the UNCORR.ERR and
CORR.ERR flags which generate an interrupt to the
Controller. If no error is detected, the 270 bits of data
may be read from the FIFO while simultaneously
reading and checking the next block of data from the
MBM. When an error is detected the Gontroller may
respond to the interrupt in one of three ways.
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1. Ignore it and try again (must make sure to reset
the Error Correction shift register before a retry).

2. Send a Read Corrected Data command to the
FSA. This command will correct the data stream
(if possible) and interrupt the Controller when the

block has been read. At this time the Controller

can send a Read Status command to see if the
error was correctable (CORR.ERR) or
uncorrectable (UNCORR.ERR).

3. Send an internally Correct Data command to the
FSA. The FSA corrects the data without
transferring it to the Controller. When finished,
the FSA interrupts the Controlier. At this point it
can be determined whether or not the error is
correctable. If so, a Read Corrected Data
command may be sent to read the good data.

Internally Correct Data—Internally cycles the data
through the error correction network and returns
status as to whether or not the data is correctable.

Requires approximately 1400 clock cycles to
complete. ERR.FLG will be inactive during internal
cycling, but will return active at its completion. Also
activates the ENABLE pins and resets the FIFO and
Bootloop pointers.

Read Corrected Data—Cycles data through the
error corréction network with each Controller read
(SELECT.IN at the FSA). At the end of 270 reads,
status is available to indicate whether or not the data
was successfully corrected. ERR.FLG acts as in
Internally Correct Data. This command is required to
read data corrected internally as well, but has no
effect on the data read if it was successfully
corrected. Activates the ENABLE pins and resets the
FIFO and Bootloop pointers.

Write Bootloop Register—Contents of the FSAs
Bootloop register are written with 160 bits from the
Controller. The Controller must read the MBM
Bootloop first, to determine which loops are good.
The number of good bits in the 160-bit register is 135
if correction is used, and variable up to 160 if
operating in the no correction mode. ENABLE pins
become inactive and the FIFO and Bootloop pointers
are reset.

Read Bootloop Register—As above except that data
is read from the FSA Bootloop to the Controller.

Set Enable Bit—ENABLE pins become active for
addressed channels, inactive for unaddressed
channels. Also resets the FIFO and Bootloop
pointers.

® NO O A ® N =

Read ERR.FLG Status—Reads the composite error
status for addressed channels of the FSA. (The com-
posite status is the logic OR of CORR.ERR, UN-
CORR.ERR and TIMER.R. The ERR.FLG pin is the
logic NOR of both channels’ composite error status:
ERR.FLG.A and ERR.FLG.B.) ENABLE pins become
inactive.

Set Error Correction Enable Bit—Enables the Error
Correction Logic in addressed FSAs and disables it
in unaddressed FSAs. ENABLE pins become inac-
tive and FIFO and Bootloop pointers are reset. Fur-
thermore, when this enable is set, the corresponding
FIFO becomes a 270-bit FIFO (logically) instead of a
272-bit FIFO as in the no correction mode.

Read Status Register—The 8-bit Status Word for the
addressed FSA is output to the Controller. Only one
FSA channel can be addressed at a time, or bus
contention may result. ENABLE pins become inac-
tive and error flags in the addressed FSA channel are
reset.

SERIAL INTERFACE

Command Sequence—The FSA communicates
with the Controller via a Serial Interface. The Con-
troller/FSA Interface contains the following signals:

CLK

. SELECT.IN (Formatter)

. SELECT.OUT (Formatter)
SYNC (Controller)

DIO

cib

. SHIFT.CLK

. ERRFLG

Commands from the Controller to the FSA shall take
place in the following format (see Figure 4).

1. Controller raises C/D flag indicating that a com-
mand is coming, and simultaneously outputs a
SYNC pulse. This SYNC pulse is shifted down the
FSA chain in shift register fashion via the FSA
SELECT.IN/SELECT.OUT lines.

2. Controller outputs a serial data stream on the DIO
line beginning in the clock period following
SYNC. Each bit in the stream corresponds to an
address bit for a particular FSA (up to 16 chan-
nels). Each FSA, upon receiving SELECT.IN will
look for the presence or absence of a logic one on
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DIO in the clock period following receipt of
SELECT.IN. (A logic one indicates that the FSA
shall accept the command.)

3. Twenty ciock periods after the first SYNC the Con-
troller sends C/D low followed by a four-bit com-
mand on the DIO line.

4. If the command is a Read Status command (1111),
the addressed FSA returns 8 bits of Status start-
ing 4 clock periods after the last command bit is
received. Note that the Status is returned during
this period for any FSA position. Therefore only
one FSA channel should be addressed at a time to
avoid contention.

5. If the command requires further data (see section
on FSA Commands), more SYNC pulses are sent
by the Controller. This will occur at integral multi-
ples of 80 or 20 clock periods starting no sooner
than 40 clocks after the first command SYNC
pulse. Some number of SYNC periods may pass
before the second SYNC to allow the FSA to set
itself up and get data ready for the Controller.
There are several possibilities:

a. For the Read ERR.FLG Status command the
second SYNC can occur 40 clocks after the first
SYNC. This SYNC (or SELECT.IN) causes each
addressed FSA to send the appropriate Status

Information. No further SYNCs (without C/D
high) should be sent.

b. For the Read MBM Data (or initialize) com-

mand the second SYNC must wait the appro- -
priate number of SHIFT.CLOCKSs to assure that
valid data is available in the FIFO.

After this wait, each addressed FSA channel
sends one bit of data on the DIO line for each
SYNC (or SELECT.IN) pulse.

. For the Read Bootloop Register command, the
second SYNC can occur 60 clock cycles after
the first SYNC. The data transfer then pro-

- ceeds as in b. above.

d. For the Write MBM Data or Write Bootloop

commands, the DIO line is used to transfer
data to the FSA on successive SYNC pulses.
The first data bit can be transferred by a
second SYNC pulse, 40 clock cycles after the
first SYNC. (However, data to the MBM will not
be available at the Dataout pins until 40 clock
cycles after the SYNC which transferred it.)
Each transfer to the addressed FSA will be
initiated by a SYNC (or SELECT.IN).

6. SYNC (SELECT.IN) precedes the data it transfers

by 1 clock cycle. Data Transfers to or from the
FSAs FIFO must contain the proper number of
SYNCs (externally counted) or a timing error may
occur (TIMERR flag will be set, causing an inter-
rupt to the Controller).

-

20 CLOCKS

20 CLOCKS ‘

CLK

o
=]}
——— ]

—_—— — —

| |
| |
1
L
| |
| i
|
e L] | [
I | |
' | | I . LSBs
| | J |
oo OO0
l A I COMMAND STATUS
| Ra | el - —

NOTE STATUS INFO IS ONLY PRESENT ON BUS FOR THE READ STATUS COMMAND SEQUENCE

Figure 4. ‘Command Sequences
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Data Sequences—Bubble data shall be passed be- 1. Correctable Error

tween the Controller and FSAs in the following

fashion (see Figure 5). 2. Uncorrectable Error

1. Controller outputs a SYNC pulse. 3. Timing Error

2. Each FSAthen outputs (inputs) a single bit on DIO The Status Word that shall be passed to the Control-
after SYNC (SELECT.IN) has been clocked into its ler after receipt of a Read Status command shall be in
control section. Only previously enabled FSAs the following format:
output (input) data and the Controller must know
when to input (output) data bits. [ ; [ . ] . I . 1 . [ N l ] l . I

Pr— . ) L (UNCORRERR)

3. After 80 or 20 clocks, another SYNC pulse is out- SPARE1(°0) UNCORRECTABLE ERROR
put and the sequence repeats until all data has SPARE 200" CORRESTABLE EAROR
been transferred. FIFO EMPTY (FIFOMT) ~—————d L e LaroR

FIFO FULL (FIFOFL) (EE::(;:) ENABLE

Error Conditions—Each FSA shall upc_)ﬂge_tgc_tion of NOTE: ERROR FLAGS SHALL BE RESET UPON

an error set a Status bit and pull down ERR.FLG. This SOFTWARE RESET R Tiacize T 0" BY A

signal can be asynchronous to SYNC. Error Status

bits shall be:

l 80 CLOCK CYCLES {

ssnnnnhphnnnuhnhnhnhngnnnhEninnniinhninis

e

swwe L] I L
oo L XOOO0O000000000L m

R
L]

L

DATA TO 1ST FSA

3

DATA TO 9TH FSA

DATA TO 16TH FSA

Figure 5. Data Sequences
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BUBBLE INTERFACE

Bubble Interface—Each Bubble Interface shall con-
sist of a DATAOUT signal and a pair of differential
inputs from the MBM detector bridge.

Read Timing—The timing for reading a bit from the
memory shall be as follows:

1. Controller outputs a SHIFT.CLK. FSA samples
bubble signal during SHIFT.CLK and holds signal
after trailing edge.

2. Trailing edge of SHIFT.CLK initiates signal conver-
sion timing. .

3. Data is latched at end of conversion period in the
Bubble input latch, and will subsequently be
loaded into the FIFO.

Write Timing—The timing for writing a bit from the
FIFO shall be as follows:

1. Controller lowers SHIFT.CLK.
2. Data is gated out of FSA by SHIFT.CLK.

3. Controller outputs a generate pulse (to external
logic, not to FSA).

4. Controller raises SHIFT.CLK. The DATA.OUT pin is
forced high.

5. FIFO and Bootloop register are incremented after
the leading edge of SHIFT.CLK.

System Timing—The SYNC pulse (which denotes
the beginning of a data transfer from Controller to
Formatter or vice-versa) shall be synchronous: with
the beginning of a bubble memory field rotation. Due
to timing constraints in the FSA, the following
statements hold:

1. Data read from the bubble memory into the FSA
shall not be available to the Controller until 40
clock cycles after SHIFT.CLK.

2. Data cannot be written to the bubble memory
until 40 clock cycles after SYNC.

6-212

FSA ERRROR CORRECTION

Error Correction—The error correction logic con-
sists of a burst error correcting File code capable of
correcting 5 or fewer bits in a single burst; the num-
ber of check bits is 14.* Error correction/detection
shall take place on each 256-bit data block. The FSA
shall set low ERR.FLG each time a correctable or
uncorrectable error is detected. ERR.FLG shall be
set high upon being read by the Controller or by a
software reset being issued. The polynomial imple-
mented is given below: '

GX)=1+X2+x%+x%+ x4+ x'

DATA FORMAT

Data Format—Data into a single FSA channel from
the bubble memory shall be in the format described
below. The two channels of the bubble are repre-
sented identically. The following definitions apply:

data from odd quads of bubble device, loop 1
data from even quads of bubble device, loop 1

On
€n

Data Block Format—
01e101€102€202€2 . .. 0gpe80080€80

1st bit 320th bit
When using correction, the first 270 good bits will be
used; the last 14 of these are to be used for the error
correcting code. The remaining 50 bits must be mas-
ked as “bad” bits in the FSA Bootloop register.

When operating without correction, any number of

bits may be used by loading the Bootloop register

appropriately. The preferred number is 272 bits,
however.

*See “Error-Correcting Codes” by W.W. Peterson and
E.J. Weldon, Jr., pp. 366-370, M.I.T. Press, 1972.

AFN-01358B



IM 7242

ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ............ —40°C to +100°C
Storage Temperature ............... —65°C to +150°C
All Input or Output Voltages and

Vce Supply Voltage .................. -0.5V to +7V
Vpp Supply Voltage .................. —0.5V to +14V

D.C. CHARACTERISTICS (Ta = 0°Cto 70°C; Vo = 5.0V +5%, —10%; Vpp = 12V +5%)

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.:

Limits
Symbol Parameter Unit | Test Conditions
Min. Typ. Max. -

ViL Input Low Voitage -0.5 0.8
VIH Input High Voltage 2.0* Vee +0.5
VoL Output Low Voltage (All Outputs Except

SELECT.OUT) 2 0.45 V |loL=32mA
VoLso |Output Low Voltage (SELECT.OUT) 2 0.45 V |[loL=1.6mA
VOH Output High Voltage (All Outputs Except

SELECT.OUT) 24 3.0 V | loH = 400 nA
VoHso |Output High Voltage (SELECT.OUT) 2.4 V  |loH =200 1A
VTHR Detector Threshold 23 25 2.7 mV | Vpp = 12.0V
| e Input Leakage Current 5 wA {0<V|N<=Vcec
| lorL | |Output Float Leakage 10 nA | 0.45<Voyt <VcC
lcc Power Supply Current from Ve 35 120 mA
Ipp Power Supply Current from Vpp 5 30 ) mA

*Minimum Vg is 2.2V for the 7242-5 device.
6-213 AFN-013588
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A.C. CHARACTERISTICS . (Ta = 0°Cto +70°C; Vcg = 5.0V +5%, —10%; Vpp = 12V +5%; C| = 120 pF;

unless otherwise noted)

Symbol Parameter Min. Max. Unit | Test Conditions
tp Clock Period 240 500 ns
tf Clock Phase Width 45tp 55 tp
th tf Clock Rise and Fail Time 30 ns
tsic SELECT.IN Setup Time to CLK 50 ns
tcoc C/D Setup Time to CLK 50 ns
tcye SELECT.IN or SHIFT.CLK Cycle Time 20 tp
toc DIO Setup Time to Clock (Read Mode) 50 ns
tcse CS Setup Time to CLK 100 ns
tric ‘RESET.IN Setup Time to CLK 100 ns
tiH Control Input Hold Time for C/D, SELECT.IN and DIO 10 ns
tcsoL CLK to SELECT.OUT Leading Edge Delay 100 ns |CL= 50pF
tcsoT CLK to SELECT.OUT Trailing Edge Delay 80 ns |CL= 50pF
tcov CLK to DIO Valid Delay* 100 ns
tcoH CLK to DIO Hold Time* 0 ns
tcoe CLK to DIO Enabled from Float* 100 ns
tsiDE SELECT.IN Trailing Edge to DIO Enabled from Float* 70 ns
tcorF CLK to DIO Entering Float* 100 ns
tscpo  |SHIFT.CLK to DATAOUT Delay* 200 ns
tscwr SHIFT.CLK Width (Read) 4tp |tcyc — 11tp
tscww |SHIFT.CLK Width (Write) to | tcyc—2tp
CAPACITANCE (Ta = 25°C, Vcg = OV, f= 1 MHz)
Symbol Parameter Min. Max. Unit Test Conditions
CIN Input Capacitance 10 pF
Cout Output Capacitance . 10 pF
Cpio DIO Capacitance 10 | pF

*DIO Write Mode

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/QUTPUT

24
20 20
> TEST POINTS <
08 08
04s

AC TESTING INPUTS ARE DRIVEN AT 24V FORA LOGIC 1 AND 045V FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2 0V FOR A LOGIC 1
AND 08V FOR A LOGIC 0

6-214
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WAVEFORMS

DIO INTERFACE TIMING

tp
[ty —| |ty
e \___J 1 \__/
— =t
—— |—1siC —|
SELECT.IN tcov
—{tiu Elsms «icon——{
DIO (WRITE) = == = = — — —_| j(
{e—tcDE [ I
l=—tcsoL tcsoT+]
SELECT.OUT

le—tpC—>{ je—>tiH
DIO (READ) ). S ;M:’N
— tese i
RESETIR G jr((::::cc)) 1[(_
BUBBLE DATA INTERFACE TIMING
tcye

tscwr,

E—
SHIFT.CLK tscww 4 A
SHIFT.CLK \ ! ‘]

tscoo tscoo
DATA.OUT.A

DATA.OUT.B _\ /

(WRITE)

ol
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7250
COIL PRE-DRIVE
FOR BUBBLE MEMORIES

7250 0to 70°C

7250-5 | —20 to +85°C

s Very Low Power = Only One Power Supply Required, +12V

= Power Fail Reset for Maximum
Protection of Bubble Memory

& TTL Compatible inputs = Standard 16-Pin Dual In-Line Package

s CMOS Technology

The Intel 7250 is a low power Coil Pre-Driver (CPD) for use with Intel Magnetics Bubble Memories. The 7250 is
controlled by the Intel 7220-1 Bubble Memory Controller (BMC) and directly drives Quad VMOS transistor
packs, which are connected to the coils of the bubble memory.

The 7250 is a high-voltage, high-current driver constructed using CMOS technology. The device has TTL
compatible inputs and the outputs are designed to drive either low on-resistance VMOS transistors or bipolar
transistors.

The 7250 is in a standard 16-pin dual in-line package.

2x7254
DRIVER
TRANSISTORS

7110
oo L 7242 NE MEGABIT
3085 sussic I FORMATTER/ oM GoBRLE
MEMORY SENSE
8oe8 CONTROLLER MEMORY
8086 (BMC) .

X=18 [ 4 725013 |1 X- 00T
vein ] s ©P 12 [ x- out
YoN(]e 1 [ vy+out
v-out}7 10§ v+out
GNDJs 9 [} V-ouT

o e

T0
ADDITIONAL
BPK70's

Figure 1. Block Diagram of Single Bubble
Memory System—128K Bytes Figure 2. Pin Configuration

Intel Corp: A Responsibilty for the Use of Any Circuitry Other Than Circuitry Embodied in an intel Product. No Other Circuit Patent Licenses are Implied.
© INTEL CORPORATION, 1982 6-216 OCTOBER 1982
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7250

Table 1. Pin Description

Symbol Pin No. Description

Cs 1 Chip select. It is active low. When high chip is deselected and Ipp
is significantly reduced.

RESET 2 Active low input from RESET.OUT of 7220-1 Controller forces
7250 outputs inactive so that bubble memory is protected in the
event of power supply failure.

X+IN, .X-.IN 3,4 Active low inputs from Controller which turn on the high-current
X outputs.

X-.0UT 12,13, 14,15 High-current outputs and their complements for driving the

X-.0UT gates of the 7254 VMOS quad transistors which in turn drive the

X+.0UT X coils of the bubble memory.

X+.0UT

Y+.IN, Y=IN 56 Active low inputs from Controller which turn on the high-current
Y outputs.

Y-OuT 7,9,10, 11 High-current outputs and their complements for driving the

Y-.0UT gates of the 7254 VMOS quad transistors which in turn drive the

Y+.0UT Y coils of the bubble memory.

Y+.0UT

X+.INH8 X+.0uT
cso X+.0UT
X-1N Q

D5

@

— @ X -.0UT
®
®

2
m)
(2]
m
-

© ©e

<
[
z

1>
1>

Figure 3. Logic Diagram
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... —40°C to +100°C

Storage Temperature ............... ~65°C to +150°C
Voltage on Any Pin with ;

Respect to Ground ............. -0.5t0 Vpp +0.5V
Supply Voltage, Vpp ..........coinint —-0.5to +14V
OutputCurrent .................ciiiiin... 250 mA

{One Output @ 100% Duty Cycle)

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent-damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (T4 =see range specified on first page
Vpp = 12V +5%, —10%; unless otherwise specified)

Symbol Parameter Limits Test Conditions
Min. Typ. | Max. | Unit
i Input Current 5 wA V| = 0.8V
ViL Low-Level Input Voltage 0.8 v
ViH High-Level Input Voitage 2.2 \
Vou1 Output Low Voltage 2.0 \ loL= 100 mA
VoL2 Output Low Voltage 0.2 \ loL= 10 mA
VoH1 Output High Voltage Vpp—2 Vv IoH = ‘—100 mA
VoH2 Output High Voltage Vpp—-0.2 \ loH= —10mA
loL Output Sink Current 100 mA VoL = 2.0V
' lloK| Output Source Current 100 mA VoH = Vpp-2.0V

IpDo Supply Current 4.5 mA Chip Deselected: CS = V|4,

Vpp = 12.6V
IppD1 Supply Current 75 mA f= 100 kHz, Vpp = 12.6V,

Outputs Unloaded

\
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A.C. CHARACTERISTICS (Ta =see range specified on first page
Vpp = 12V £5%, unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. | Unit Test Conditions
tp1 Propagation Delay from X+.IN, 100 ns 500 pF Load
X—N, Y+.N, Y=-.IN
tp2 Propagation Delay from CS or 150 ns 500 pF Load
RESET
tr Rise Time (10% to 90%) 45 ns 500 pF Load
tp Fail Time (90% to 10%) 45 ns 500 pF Load
ts Skew Between an Output and 20 ns
Its Complements
A.C. TEST CONDITIONS
—_——— 30V
iNeOT X S 157
————————————— ov
— 1 —
sgwOT xS 50%
s —t
ouTPUT
— tf ——
CAPACITANCE* (15 = 25°C, Vpp = OV, Vgjas = 2V, f = 1 MH2)
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Cin Input Capacitance 110} pF

*This parameter is periodically sampled and is not 100% tested.

6-219
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QUAD VMOS DRIVE TRANSISTORS
FOR BUBBLE MEMORIES

Designed to Drive X and Y Coils of 7110 = Operates from Vpp Only

a
Bubble Memories

= No Bias Currents Required ® VMOS FET Technology

® Fast Turn-On and Turn-Off: 30 ns = N-Channel and P-Channel Transistors
Maximum in the Same Package

= Built-In Diode Commutates Coil Current
When Transistor is Turned Off = Standard 14-Pin Dual-In-Line Package

The 7254 is a quad transistor pack designed to drive the X and Y coils of Intel Magnetics Bubble Memories. Two
7254 packages are required for each bubble memory device. Each 7254 package would drive either the X or Y
coil as shown under “circuit diagram.” This recommended connection circuit takes into account the fact the
Q1/Q2 and Q3/Q4 are tested as a pair for “On” resistance value to assure optimal bubble performance.

7250
COLL PREDRIVER

7110
TO A 7242
8080 BUBLE - | FORMATTER/ ONE MEGAsIT =\
8085 MEMORY SENSE MEMORY D[ 1 14 j Ds
8088 CONTROLLER AMP UNIT
8086 (BMC) ' (FSA) MBM) si [z 13 s,
G s G
| = 72012 S
| Nc [Ja 11 ] NC
6. s 107 6y
I 7230
| CURRENT s; (e sl s;
PULSE
| GENERATOR D, ()7 81103
{CPG)
I : )
| BPK70 BUBBLE STORAGE SUBSYSTEM
{7 ________________
TO
ADDITIONAL
BPK70’s
Figure 1. Block Diagram of Single Bubble
Memory System—128K Bytes : Figure 2. Pin Configuration -

Intel C tion A No Resp for the Use of Any Circuitry Other Than Circuitry Embodied i an Intel Product No Other Circuit Patent Licenses are Implied
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ... —40°C to +100°C

Storage Temperature ............... —65°C to +150°C
Gate Voltage (with respect to .
Sourceand Drain ........... ...t 15V
Continuous Drain Current ........................ 2A
Peak Drain Current ...............ciiiiiiiiai. . 3A
Power Dissipation (To = 80°C) ................ 1.05W
Power Dissipation (Tp = 25°C) ................ 1.75W

*COMMENT: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability. .

D.C. CHARACTERISTICS All Limits Apply for N- and P-Channel transistors, Ta = —30° to 85°C unless

otherwide noted.

Limits .
Symbol Parameter - Test Conditions
Min. | Typ. | Max. | Unit
BVpss Drain-Source Breakdown Voltage 20 \ Vgs = 0,Ip= 10pA
Vgs(th) | Gate-Source Threshoid Voltage 0.8 Vv Vas = Vps, Ip = 1 mA,
Ta = 25°C
0.65 A Vas = Vps, Ip = 1 mA,
Ta = 85°C
lgss Gate Leakage Current 100 nA Vgs = 12V, Vpg = 0,
’ Ta = 25°C
Ipss Drain Leakage Current 500 nA Vags = 0, Vpg = 20V,
Ta = 25°C
Rps On-Resistance for sum of 20 25 3.0 Q Vgs = 114V, 1p = 1A,
Q1+Q2, Q3+Q4 (Note 1) Ta= 25°C
VEq Parasitic Diode Forward Voltage .75 \ Vgs = 0V, ip = 50 mA,
(Note 1) Ta = 25°C
VE2 Parasitic Diode Forward Voltage 1.20 \ Vgs = 0V, Ip = 1000 mA,
(Note 1) : < Ta=25°C
NOTE:
1 Pulse test—80 us pulse, 1% duty cycle, rpg increase 0.8%/°C.
A.C. CHARACTERISTICS T, = 25°C
Symbol Parameter . Min. | Typ. 'Max. | Unit Test Conditions
Ton(N) N-Channel Turn-On Time 20 ns
ton(P) P-Channel Turn-On Time 30 ns
torf(N) N-Channel Turn-Off Time 20 ns
torr(P) | P-Channel Turn-Off Time 30 ns

T0

SAMPLING
PULSE GENERATOR SCOPE
HP215A OR EQUIV

"""

PULSE WIDTH -+

" Vas(oN) = +114V

INPUT

VGS(OFF) = OV"

Vos(OFF)
OUTPUT

Vosion)

Figure 3. Switching Time Test Circuit
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Figure 4. Switching Time Test Waveforms
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CAPACITANCE T, = 25°C ,
Symbol Parameter Min. | Typ. | Max. | Unit Test Conditions
Ciss(N) N-Channel Input Capacitance 175 pF Vgs = 0, Vps = 12V,
. f=1MHz
Ciss(P) P-Channel Input Capacitance 190 pF Vgs = 0, Vps = 12V,
f=1MHz
+12v
o o { ]
* oo ———n0 W s, s
"K: ' ::jr e ——-‘ I.__ 3
2 s, F—— '_.1 ] y3 W ) E:z :43 ¢
3 a G, 12
m
5 G G; 10
¢ S27 I \s 9 ‘ 0, o,
[ 4 }__4 _.1 ~ 3 3:‘—""| " N }__0'
7 o — 0, 8 S S,
a2 @ L
Figure 3. Circuilt Diagram
TOP VIEW
7 [¢ & 4 3 2y 1 F
0.310 .61
0.275(6.99) -
s s 10 W 12 13 1
N—— T \
0.640 (16.26)
. e
© 0.200(5.08) ‘
,ll’ll Lomen L
SEATING i
PLANE 0,050 (1.27)
0,020 {0.51)
0.160 uo» — 0.012 (0.31)
0.023 (0.58) .070 (1. 0.125 (3.18) 0.320 8.13) ‘  0.008 (0.20)
0.4
oots ‘:.u) o ",:gg L“ 0290 (7.37) TYe.
TOLERANCE nomccunuum OIMENSIONS IN INCHES AND (MILLIMETERS)

Figure 8. Packaging information
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Inte| ADVANGCE INFORMATION

. 7114
4-MEGABIT BUBBLE MEMORY

OPERATING FREQUENCY | (pERRTING | NON-VOLATILE
100 KHz 50 KHz TEMP. (°C) STORAGE (°C)
7114 A1 71141 075 —-40—+90
7114 A4 71144 10—-55 —20—~>+75
= 4,194,304 Bits of Usable Data Storage = Single-Chip 20-Pin Dual In-Line
= Non-Volatile, Solid-State Memory Package
= True Binary Organization: 512-Bit Page = Small Physical Volume
and 8,192 Pages = Maximum Data Rate 400 Kbit/Sec
= Major Track-Minor Loop Architecture (7114A)
= Redundant Loops with On-Chip Loop = Average Access Time 40 msec (7114A)

Map and Index

= Block Replicate for Read; Block Swap
for Write

The Intel Magnetics 7114 (unless otherwise indicated 7114 refers also to 7114A) is a very high-density
4-megabit non-volatile, solid-state memory utilizing magnetic bubble technology. The usable data storage
capacity is 4,194,304 bits. The defect-tolerant design incorporates redundant storage loops. The gross capacity
of Intel Magnetics bubble memory is 5,242,880 bits.

The 7114 has a true binary organization to simplify system design, interfacing, and system software. The device
is organized as 512 data storage loops each having 8,192 storage bits. When used with Intel Magnetics
complete family of support electronics, the resultant minimum system is configured as 512K bytes of usable
data storage. The support circuits also provide automatic error correction and transparent handling of redun-
dant loops.

The 7114 has a major track—minor loop architecture. It has separate read and write tracks. Logically, the data is
organized as a 512-bit page with a total of 8,192 pages. The redundant loop information is stored on-chip in the
boot loop along with an index address code. The 7114 provides totally non-volatile data storage when operated
within the stated limits.

- e - —

2250
COIL PRECAIVER
735
DRIVER
TRANSISTORS

PULSE COM (+12v) [ 20 | [Z20 DET sUPPLY (+12v)

1
REPLICATES ]| 2 18| DET OUT A+
o - REPLICATEA [} 3 8 | "] DET OUT A-
o ;éég;% 800TREP ]| 4 37|[=3 oeToute:
sosn contRoLLen sooTswap | s NTE l:rensncs 16 [T DETOUTE-
INTEL
| NC {6 BUBBLE MEMORY 15 {3 peTcom
| GENERATEA | 7 14|77 swapPs
| GENERATEB ]| 8 13 [0 swapa
| X-COILIN ]| @ 12 [[=77 v+con N
| curaent X+COILIN []{10 11 ([ v-COoILIN
GENERATOR
| cral
{
L _ _ __'_SPKI#BUBSLE STORAGE suBsYsTEM
0
ADDITIONAL
BPRTIS
Figure 1. Block Diagram of Single Bubble Figure 2. Pin Configuration

Memory System—512K Bytes

Intel Corporation Assumes No Responsibilty for the Use of Any Circurtry Other Than Circuitry Embodied in an Intel Product No Other Circuit Patent Licenses are implied.
'
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ADVANCE INFORMATION

Table 1. 7114 Pin Description

Symbol - Pin# Name and Function

BOOT.REP 4 Two-level current puise input for reading the boot loop.

BOOT.SWAP 5 Single-level current puise for writing data into the boot loop. This pin is
normally used only in the manufacture of the MBM.

DET.COM 15 Ground return for the detector bridge.

DET.OUT 16-19 Differential pair (A+, A— and B+, B—) outputs which have signals of
several millivoits peak amplitude.

DET.SUPPLY 20 | +12 volt supply pin.

GEN.A and GEN.B 7,8 Two-level current pulses for writing data onto the input track.

PULSE.COM ) 1 +12 volt supply pin.

REP.A and REP.B 3,2 Two-level current pulses for replicating data from storage loops to
output track. :

SWAPA and SWAP.B 13, 14 Single-level current pulse for swapping data from input track to
storage loops.

X~-.COIL.IN, X+.COIL.IN 9,10 Terminals for the X or inner coil.

Y—.COIL.IN, Y+.COIL.IN 11,12 Terminals for the Y or outer coit.

The 7114 is packaged in a dual in-line leaded pack-
age complete with permanent magnets and coils for
the in-plane rotating field. In addition, the 7114 has a
magnetic shield surrounding the bubble memory
chip to protect the data from external magnetic
fields.

The operating data rate is 400 Kbit/sec for 7114 A, and
200 Kbit/sec for 7114. The 7114 can be operated
asynchronously and has start/stop capability.

GENERAL FUNCTION DESCRIPTION

The Intel Magnetics 7114 is a 4-megabit bubble
memory module organized as two identical 2,048K
binary half sections. See Major Track—Minor Loop
architecture diagram. Each half section is in turn
organized as four 512K subsections referred to as
octants.

The module consists of a bubble die mounted in a
substrate that accommodates two orthogonal drive
coils that surround the die. The drive coils produce a
rotating magnetic field in the plane of the die when
they are excited by 90° phase-shifted triangular cur-
rent waveforms. The rotating in-plane field is respon-
sible for bubble propagation. One drive field rotation
propagates all bubbles in the device one storage
location (or cycle). The die-substrate-coil subas-
sembly is enclosed in a package consisting of per-
manent magnets and a shield. The shield serves as a
flux return path for the permanent magnets in addi-
tion to isolating the device from stray magnetic

fields. The permanent magnets produce a bias field
that is nearly perpendicular to the plane of the die.
This field supports the existence of the bubble
domains.

The package is constructed to maintain 1.5 degree
tilt between the plane of the bias magnet faces and
the plane of the die. This serves to introduce a small
component of the bias field into the plane of the die.
During operation when the drive coils are energized
this small in-plane component is negligible. During
standby or when power is removed the small in-plane
field ensures that the bubbles will be confined to
their appropriate storage locations. The direction of
the in-plane field introduced by the package tilt
(holding field) is coincident with the 0° phase direc-

_tion of the drive field.

Architecture

A 7114 octant subsection is composed of the follow-
Ing elements shown on the architecture diagram.
N

STORAGE LOOPS

Each octant subsection contains eighty identical
8,192-bit storage loops to provide a total max-
imum capacity of 655,360 bits. The excess storage
is provided for two purposes: a) it allows a redun-
dancy scheme to increase device yield; and b) it
provides the extra storage required to implement
error correction.

REPLICATING GENERATOR (GEN)
The generator operates by replicating a seed bubble
that is always present at the generator site (GEN).

6-224 AFN-01439A
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ADVANGE INFORMATION

INPUT TRACK AND SWAP GATE

Bubbles following generation are propagated down
an input track. Bubbles are transferred to/from the
input track from/to the 80 storage loops via series-
connected swap gates spaced every two propaga-
. tion cycles along the track. The swap gate’s ability to
transfer bubbles in both directions during an opera-
tion eliminates the overhead associated with remov-
ing old data from the loops before new data can be
written. The swap gate is designed to function such
that the.logical storage loop position occupied
by the bubble transferred out of each loop is filled
by the bubble being transferred into each loop.
Transferred-out bubbles propagate down the
remaining portion of the input track where they are
dumped into a bubble bucket guard rail.

OUTPUT TRACK AND REPLICATE GATE

Bubbles are read out of the storage loops in a non-
destructive fashion via a set of replicate gates. The
bubble is split in two. The leading bubble is retained
in the storage loop and the trailing bubble is trans-
ferred onto the output track. Replicate gates are
spaced every two propagation cycles along the out-
put track.

DETECTOR

Bubbles, following replication, are propagated along
the output track to a detector that operates on the
magneto-resistance principle. The cylindrical bub-,
ble domains are stretched into long strip domains by
a chevron expander and are then propagated to the
active portion of the detector. The detector consists
of a thin film, lying underneath a stack of chevrons,
through which a current is passed. As the strip
domain propagates below the thin-film detector, its
magnetic flux causes a fractional change in film
resistance which produces an output signal of
several millivolts. The strip domain following detec-

6-225

tion is propagated to a bubble bucket guard rail. A
“dummy” detector stack sits in the immediate
vicinity. It is connected in series with the active de-
tector and serves to cancel common mode pickup
which originates predominately from the in-plane
drive field.

BOOT LOOP, BOOT SWAP, AND

BOOT REPLICATE

One of the four octants in each half chip contains a
functionally active Boot Storage Loop. This loop is
used to store:

a) Aloop mask code that defines which loops within
the main storage area should be accessed. Faulty
loops are ‘“masked out” by the support
electronics.

£

A synchronization code that assigns data ad-
dresses (pages) to the data in the storage loops.
Since bubbles move from one storage location to
the next every field rotation, the actual physical
location of a page of data is determined by the
number of field rotations that have elapsed with
respect to a reference.

The boot loop is read from and written into via the
same input and output tracks as the main storage
loops. However, it has independently accessed swap
and replicate gates. The boot swap, under normal ,
circumstances, is intended only to be used during
basic initialization at the factory at which time loop
mask and synchronization codes are written. The
boot replicate is intended to be accessed every time
power is applied to the bubble module and its periph-
eral control electronics. At such a time, the control
electronics would read and store the mask informa-
tion, plus utilize the synchronization information to
establish the location of the data circulating within
the loops.

N
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7114
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Figure 3. Package Outline and Device Architecture
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ADVANCE INFORMATION

ABSOLUTE MAXIMUM RATINGS*
Operating Case Temperature ........ 0°C to 75°C Case
Relative Humidity .................. ... ... ... 95%
Shelf Storage Temperature (Data

Integrity Not Guaranteed) ......... —65°C to +150°C
Voltage Applied to DET.SUPPLY .............. 14 Volts
Voltage Applied to PULSE.COM ............ 12.6 Volts
Continuous Current between DET.COM and

Detector Outputs ....................oo.ae. 10 mA
Coil Current ................... 2.5A D.C. or A.C. RMS
External Magnetic Field for

Non-Volatile Storage ................... 20 Oersteds
Non-Operating Handling Shock ................. 200G
Operating Vibration (2 Hzto 2 KHz) .............. 20G

*COMMENT: Stresses above those listed under "Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. AND OPERATING CHARACTERISTICS (T¢ =Range Specified on First Page)

Limits

Parameter Min. Nom.!"! Max. Unit
RESISTANCE: PULSE.COM to GEN.A or GEN.B 12 30 58 ths
RESISTANCE: PULSE.COM to REP.A or REP.B 13 27 35 ohms
RESISTANCE: PULSE.COM to SWAP.A or SWAPB 20 47 71 ohms
RESISTANCE: PULSE.COM to BOOT.REP 3.5 8 23 ohms
RESISTANCE: PULSE.COM to BOOT.SWAP 5 20 49 ohms
RESISTANCE: DET.OUT A+ to DET.OUT A- 770 1190 2200 ohms
RESISTANCE: DET.OUT B+ to DET.OUT B— 770 1190 2200 ohms
RESISTANCE: DET.COM to DET.SUPPLY 560 950 2100 ohms

NOTE:
1 Nominal values are measured at 25°C.
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ADVANGE INFORMATION

DRIVE REQUIREMENTS (T¢ =Range specified on First Page) (See note 2) Vdd =12V +5%

7114 7114A
Symbol Parameter Min. Nom.!" [Max. Min. | Nom.[" | Max. Units
fr Field Rotation Frequency 49.95 50.00 50.05 99.90 | 100.00 {100.10 KHz
lpx X.Coil Peak Current .58 1.6 A
lpy Y.Coil Peak Current .74 2.1 A
O1x 'X.Coil Positive Turn-On Phase 268 270 272 268 270 272 Degrees
Oax X.Coil Positive Turn-Off Phase 16 18 20 16 18 20 Degrees
O3x X.Coil Negative Turn-On Phase 88 90 92 88 90 92 Degrees
O4x X.Coil Negative Turn-Off Phase 196 198 200 196 198 200 Degrees
O1y Y.Coil Positive Turn-On Phase 0 0 0 0 0 0 Degrees
O2y Y.Coil Positive Turn-Off Phase 106 108 110 106 108 110 Degrees
é3y Y.Coil Negative Turn-On Phase 178 180 182 178 180 182 Degrees
Og4y Y.Coil Negative Turn-Off Phase 286 288 290 286 288 290 Degrees
Pr Total Coil Power 1.5 29 Watts
-Ryx X.Coil D.C. Resistance 7.4 1.0 Ohms
Ry Y.Coil D.C. Resistance 3.3 0.4 Ohms
Ly " | X.Coil Inductance 89 15 uH
Ly Y.Coil Inductance 78 14 uH
NOTES:
1. Nominal values are measured at T¢ = 25°C.
2. See Figure 4 for test set-up and X-Y Coil waveform.
CONTROL PULSE REQUIREMENTS (see Notes 2 and 3) (T¢c =Range Specified on First Page)
Phase of Leading Edge Width
) Current (mA) (Degrees) (Degrees)
Pulse Min. Nom. | Max. Min. Nom.'!! | Max. Min. | Nom.[!! | Max.
275 | 279 (late) | 283
GEN.A, GEN.B CUT 39 44 50 95 99 (early) | 103 6 9 13.5
275 | 279 (late) | 283 1
GEN.A, GEN.B TRANSFER 25 29 33 95 99 (early) | 103 86 90 94
REPA, REPB CUT 130 148 165 284 288 292 6 9 13.5
REP.A, REPB TRANSFER 100 115 130 284 288 292 86 90 94
SWAP 140 152 165 176 180 184 513 517 521
BOOTREP CUT 33 38 42 284 288 292 6 9 13.5
BOOT.REP TRANSFER 25 29 33 284 288 292 86 90 94
BOOT SWAP 35 39 44 176 . 180 184 See Note 4
NOTES:

1. Nominal values are at T¢c = 25°C.

2. Pulse timing is given in terms of the phase relations as shown below. For example, a 7114 operating at tg = 50.000 KHz would have
a REPA transfer width of 90° which is 5 usec.

3. Two level pulses are described as shown below in Figure 5.

4. BOOT.SWAP is not normally accessed during operation. It is utilized at the factory to write the index address and redundant loop
information into the bootstrap loops before shipment.
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Figure 4. X-Y Coil Waveforms and Test Set-Up
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Figure 5. Two-Level Current Pulse
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Figure 6. Test Set-Up for Output
Voltage Measurement
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Figure 7. Detector Output Waveforms

OUTPUT CHARACTERISTICS (Tc = Range
Specified on Front Page)

Test
Symbol Nom. Units Conditions
S 18 mV See notes
So 1 mv 1,2
NOTES:

1

6-229

Nominal values are measured at T¢ = 25°C
2 See Figure 6 for test set-up, and Figure 7 for detector output

waveforms and timing
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