Custom Color

Try 128K bubble memory on for size.

This project is expensive. But, yes,

this project is worth it. Surprisingly,
it isn’t complicated, but it's more sophis-
ticated than any other peripheral for your
Color Computer. What is it? The long-
heralded, and finally accessible, bubble
memory.

This month’s article contains a. lot of
technical information, and if you are one
of those folks who thought integrated
circuits were at last beginning to make
sense, get ready for an entirely new
world of technology. Although bubble
memory can be made to act like an ordi-
nary computer device, it bears little elec-
tronic resemblance to familiar circuitry. It
uses mysterious concepts such as “mag-
netic domains,” and refers to coils and
chevrons and syntheticgarnet.

Nevertheless, you can build this

l ‘LL TELL YOU right from the start:
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by Dennis Kitsz

month’s bubble memory project and
avail yourself of 128K bytes of thorough-
ly crash-free storage. Before you heat up
those soldering irons, though, let's talk
theory.

Mysteries of the Bubble

We've all played with magnets, and
you can probably remember those days
in science class when you slipped a piece
of paper over a horseshoe magnet and
dumped iron filings on the paper. Some
stood up; others huddled together,
forming elegant magnetic patterns on
the paper. These are the familiar north-
south representations of magnetic force.
Yet at the minute, molecular, crystalline
level, magnetism behaves curiously. A
thin wafer of matter has its magnetic po-

larities flattened out; random, poorly dif-
ferentiated areas of magnetism are
found floating through the wafer. If an
external magnetic field is created above
and below the thin material, the magnet-
ic areas attempt to come to attention,
forming somewhat more regular (but
smaller), pools. You might consider it
akin to patterns of vegetable oil on the
surface of a pot of water. As the oil
breaks into smaller puddles, the puddles
increase in regularity. If the puddles of oil
are broken up vigorously, they become
tiny, even circles. Likewise, when the
magnetic forces above and below the
thin wafer of matter (garnet crystal, in
this case), are made strong enough, the
magnetic areas form tiny, regular bub-
bles. These regular bubbles can be
tamed, and, by alternating the character

Continued on page 19




Technical Background
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Figure A. Magnetic bubbles
are formed in a thin film
of certain crystalline
materials as the external
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Figure B. Bubbles are
propagated around
asymetrical chevrons by a
rotating magnetic field; the
bubbles move with the field
from an area of lesser
magnetism to an area of
greater magnetism.

The magnetic bubble memory is a
unique solid-state storage technique,
combining a century-old technology
of electromagnetic wire coils (for bub-
ble motion), analog sensing (for read-
ing the bubbles), familiar but recent
digital electronics (for interfacing),
and a thin film of magnetic material
(where the bubbles themselves exist).

Intel’s “Primer on Magnetic Bubble
Memory” (available at no charge
from the Intel Literature Department,
3065 Bowers Avenue, Santa Clara,
CA 95051), describes magnetic bub-
ble memory this way:

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

“Externally the memory is TTL-com-
patible.

“An external 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 out-
side world, there is a latency averag-
ing tens of milliseconds before data
transfer can begin.

“In these respects, magnetic bub-
ble memories are serial high-density
storage devices like electromechani-
cal disk memories. However, in a disk,
the stored bits are stationary on a
moving medium, whereas in the mag-
netic bubble memory the medium is
stationary and the bits move.”

This is an excellent summary, al-
though it's hard to imagine exactly
what the bubbles are and how they
move.

Magnetic materials — that is, ma-
terials which can be magnetized —
contain random patterns of magnetic
areas called domains. Domains are
present in wrenches and cassettes,
screws and loudspeakers. By magne-
tizing this material, the domains can
be forced into patterns pointing in
one direction. These large domains
don't themselves move, butin a sense
reorganize in a common direction.
The material is then considered mag-
netized.

In very thin films of some kinds of
crystalline matter (less than one-
thousandth of an inch thick), the
magnetic domains are all perpendicu-
lar to the wider expanse of the film
(Figure A). That is, their poles are
oriented toward either the top or bot-
tom surfaces of the crystal wafer. At
this point (before being magnetized),
since because of the thinness of the
wafer they seem to have no third di-
mension, their linear shape can be de-
scribed as snakelike. By creating a per-
manent magnet sandwich above and
below the wafer, four stages of mag-
netization can be made to occur.
Under a weak magnetic field, all the
perpendicular magnetic domains will
orient their polarity in one direction —
all the snakes will “belly up.” As the
external field is increased, the do-
mains will shrink in width and length.
An even stronger field will cause the
domains to contract into cylinder
shapes (which look like bubbles from
above). At the extreme, the bubbles
will disappear completely as the entire
crystal wafer becomes evenly magne-
tized at its surface.

[tis the third, cylindrical state which
is important. This bubble domain can

be made to move from an area of less
magnetism to an area of greater mag-
netism. Intel’s technique for bubble
motion involves depositing asymetri-
cal, V-shaped magnetic patterns
(chevrons) on the surface of the thin
film (Figure B). By means of rotating
the magnetic field (by changing the
current pulses in a pair of perpendicu-
lar electromagnetic coils surrounding
the wafer), the bubble is forced to fol-
low the magnetism induced in the
chevron. The bubble is led around the
chevron from its thick side to its thin
side. As the magnetic field continues
to rotate, the bubble finds itself at the
end of the “V" leg with nowhere to
go. It begins to stretch out, and the
bubble is plucked from the thin chev-
ron leg by the stronger field of the
neighboring thick chevron leg. It con-
tinues around the new chevron, as
the pattern repeats itself. The bubbles

move.

Reading the moving bubbles is
similar to reading the data from a
disk. The bubbles are first replicated
(split into duplicates) and placed on
an output loop. A magnetoresistive
detector — similar to a tape recording
head — senses the moving bubbles
and sends the information through
amplification and shaping circuitry.
The sense amplifiers and other exter-
nal ICs organize the information into
data usable by a microprocessor.

Writing data to a bubble involves
taking new bubbles created at the
input loop, and swapping tracks with
an existing loop. The previous loop is
then bumped out the end of the input
track, where it is lost. The new data
continues in the storage loop.

Bubble memory is unique because
it is said to be non-volatile; at first it
is difficult to understand why. The an-
swer lies in the fact that permanent
magnets are an integral part of the
bubble memory package, keeping the
magnetic domains upright and in
place. If power fails, the only change
to the existing situation is that the
fluctuating electromagnetic  field
pulses which move the bubbles
around simply stop. If data is being
read at the time, it is merely a dupli-
cate residing in the output track, not
the original. If data is being written,
only the swap time — a few microsec-
onds — is critical. Power-fail detec-
tion circuitry keeps the swap going
until itis complete.

Bubble memory is so stable, in fact,
that you can remove the bubble from
its socket when you are finished with
itand take it with you.
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Continued from page 16

of the magnetism nearby, they can be
jostled around the crystal in a predictable
manner. In fact, with just the right
amount of bumping, the bubbles can be
made to resemble nothing less than bi-
nary information! _

Not convinced? Well, I guess I'm skep-
tical too, but bubble memories are just
too expensive to chop up to see what's
inside. My sales brochure from Intel Cor-
poration has lots of pretty pictures of
bubble memories being created by
white-clothed lab techs, so for now I'll
justaccept that as true.

The technological trick to bubble
memory is getting the magnetic domains
to behave. There are over one million of
them to keep track of, and unlike disks or
other conventional (read that as
“reasonable”), devices, it's the bubbles
that move while the rest of the device
stays still!

I'm hard put to come up with an anal-
ogy for exactly what goes on inside the
bubble devices. You can imagine the
process as a kind of micro-magnetic slam
dancing. You crash into someone just as
they turn to the beat, flinging you into
someone else. You're the bubble, the
someone else is a chevron-shaped pat-
tern of magnetizable material deposited
on the surface of the garnet, and the
beat is a constantly alternating magnetic
field surrounding the whole business. A
field of just the right strength can slide a
magnetic bubble from one chevron to
the next.

What then? Why, the passing bubbles
are duplicated into short “loops” to be
read by an output track, amplified and
shaped into proper digital signals. It's
very similar to reading information on a
disk, or playing back any kind of magnet-
ic recording. A sense and read amplifier
provides this good digital signal to the
bubble controller chip — a sophisticated
integrated circuit in the same class as disk
controllers. The bubble controller assem-
bles the information into bytes, which
are provided upon request to the com-
puter.

The data writing process is similar. In-
formation is assembled by the bubble
controller, provided to the coil driver
amplifiers and power transistors, and
embedded in the bubble’s reserved input
loop or track. At the proper time, the
input loop is duplicated (by swapping the
magnetic domains), into the selected
loop in the main storage area.

All this provides a memory device
which is environmentally stable, unaf-
fected by power loss (since the perma-
nent magnets in the bubble are responsi-
ble for maintaining the memory),
compact (the 128K bubbleis 1 1/2 inches

square), and significantly faster than disk
or tape storage.

The Color Interface

The circuit described this month allows
the TRS-80 Color Computer to be inter-
faced to an Intel BPK-72 bubble memory
prototype kit. Details on purchasing this
kit (about $300), or a complete Color
Bubble system, are provided at the end
of the article.

Interfacing the BPK-72 to the TRS-80
Color Computer turns out to be a fairly
simple hardware task. The bubble con-
troller — the main communication de-
vice between computer and bubble —
requires just two addresses from the
computer’s memory map, plus the usual
reset, read/write and data signals, all
available at the Color Computer’s car-
tridge connector. A power supply (5 and
12 volts) is also needed, together with a
4 MHz clock used for bumping along the
magnetic domains within the bubble
memory system. The rest of the system'’s
operation is handled in the software.

Before beginning this project, please
take note of several things:
® The Color Bubble system costs more
than the entire computer, and each 128K
bubble is an additional $100 investment.
That means it is not an economical re-
placement for disk storage, but can act
most effectively as a kind of extended
RAM or fast-access storage compartment
for a dozen of your best programs.

@ The Color Bubble needs an operating
system before it can function. A bubble
operating system can be extremely
rudimentary or as sophisticated as the
best disk operating systems on the mar-
ket. Jake Commander is working on one
that you'll find in The Color Computer
Magazine in the next month or so, and
is putting finishing touches on The BOSS
(Bubble Operating System Software), a
high-powered interactive system.

@ The Color Bubble is only one part of a
coherent system of Color Computer
peripherals which are being presented
regularly in this column. Hence, the ad-
dress decoding is taken from the group
of phantomed addresses found in the
disk area. Refer to Custom Color, April
and May 1983 columns for details. In this
case the addresses are selected by de-
multiplexer circuit U5, and provided,
through suitable decoding, to the type
7220 bubble controller chip on board the
Intel BPK-72 bubble memory kit.

An operating system — or at least a
bubble “boot” — must be provided so
the unigue machine language commands
of the bubble controller chip can be em-
bedded in the Color Computer’s Basic
language. It can be typed in, loaded from

tape, or (best of all), be present in a ROM
of some kind. The bulk of the operating
system can be contained in the bubble it-
self, but something must boot that oper-
ating system in place when the computer
is turned on. Figure 1 is the complete
schematic for the bubble interface and for
an operating system EPROM (a standard
2716 or 2732 erasable memory).

For those interested in a single-board,
hard-wired system — including the /O
port from April and May, and the upcom-
ing EPROM programmer, real-time clock,
and other circuits — the select signals
(marked W, X, Y, and Z) are ORed for
feeding through. Optionally, the
7415139 may be left out of subsequent
boards, and the select signals taken from
the first board plugged in place (normally
the I/O board), or from a motherboard of
some kind. Plans for a completely buf-
fered motherboard will be provided in a
later column. In the meantime, you can
socket the 74LS139 for later removal if
you build the motherboard system.

The Intel Bubble System

The history of bubble memory is filled
with starts and stops, of announcements
and failures, and of companies investing
huge sums of money only to sooner or
later drop out of the technological race.
Despite several years of research, then,
bubble memory is still in its infancy. This
in turn leaves a standardization gap to be
filled; that, alas, isin the future.

With several competing systems now
available — none compatible with any
other — | found it necessary to choose
only one to work with; | selected Na-
tional Semiconductor. After two months
of work, | opened Electronic Engineering
Times to discover that National had
dropped its bubble memory division; the
telephone number | had used the day be-
fore was disconnected. Remaining were
Fujitsu and Intel, and a wave of pat-
riotism came over me. | selected the Intel
product, which turned out to be stable
and reliable, though more expensive
than Fujitsu’s bubble.

The Intel bubble memory product
comes in several forms, including indi-
vidual components and complete boards
and systems. The interface presented in
this article connects the Color Computer
to the Intel BPK-72 prototype kit. This kit,
available from Intel distributors, consists
of: a type 7110 one-megabit magnetic
bubble memory; a 7250 coil predriver;
two 7254 quad VMOS drive transistor ar-
rays (for alternating the pulses in the
bubble memory coils); a 7230 current
pulse generator; a 7242 formatter/sense
amplifier (for reading the boot loop); a

Please turn to page 20
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Circle No. 13 on Reader Service Card

4*************

* NEW forthe Color Computer TRS-80*
‘COCOCASSETTE’ SUBSCRIPTION SOFTWARE

*TRS 80 IS ATRADEMARK OF TANDY COMPANY

ENJOY A MONTHLY COLLECTION OF 8-10 PROGRAMS!

Including games, education, home finance and more;
on cassette for as low as $5.00 a month! Add some
action and imagination fo your Color Computer...Best of
all, we do the worlk!

PRICES
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— MICHIGAN RESIDENTS ADD 4% TO ORDER
— OVERSEAS ADD $10.00 TO SUBSCRIPTION AND $1.00
TO SINGLE COPIES

616 396-7577
PROGRAMS ARE FOR
EXTENDED BASIC MODEL ONLY
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¥ AUTOMATIC PHONE DIALER

¥ ULTRA HIGH SPEED DIALING
AND REDIALING

M STORE OVER 50 NUMBERS
M NO MODEM REQUIRED
¥ NO TONE SERVICE NEEDED
¥ SIMPLE HOOK-UP
M ADAPTABLE TO ANY PHONE
M 16K EXTENDED REQUIRED

CASSETTE $24.95 DISK $34.95

26 EAST 7th STREET DEPT. J
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Continued from page 19

7220 magnetic bubble memory control-
ler (to interface with the computer);
power-fail detection circuitry; a circuit
board; and all parts and documentation.
Also included are a dummy module, nec-
essary for testing the proper operation of
the circuit board before inserting the
costly bubble memory itself; and a seed
module, needed for re-seeding the bub-
ble if the boot loop information is acci-
dentally erased.

The BPK-72 is fairly straightforward to
build, although it is no Heathkit project.
Intended as an evaluation board for en-
gineers, the BPK-72 contains a schematic
diagram and parts layout, but no step-
by-step instructions or construction
hints. The process is complicated slightly
by a series of changes made to the BPK-
72 printed circuit board which were not
reflected in the documentation provided
with it. Although Intel has promised to
update the documentation, as of this
writing it remains unchanged. When
constructing the BPK-72, then, be aware
of the following changes to the Revision
H circuit board (Figure 2):

1. C18 has been changed from a
ceramic to an electrolytic capacitor of the
same value. Be careful to note the correct
orientation of this capacitor.

2. R8 has been changed from 12K to
1K.

3. The melt-on socket has been re-
placed by a screw-down socket.

4. The unidentified parts on the cir-
cuit board are:

us 75463 integrated circuit
R17 3.9K, 1/4w

R18 5.6K, 1/4w

R19 5.1K, 1/4w

C20 .01 mF, ceramic

@24 .01 mF, ceramic

CR1 1N914 diode

CR2 1N914 diode

To construct the BPK-72, install the
sockets, then the small parts, and finally
insert all the integrated circuits, except
the 7110 bubble. When construction is
complete, set the BPK-72 aside and
begin work on the interface.

Bubble Interface
Construction

You can choose any method for wiring
the interface (point-to-point or wire-
wrap), which is not a complicated task
(Figure 1). | recommend using the Radio
Shack prototyping boards (276-163
$4.95 or 276-165 $9.95), which are
more than convenient, since they are
made to plug directly into the comput-
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FILE CABINET

A SERIOUS UTILITY
MULTIPURPOSE
INFORMATION MANAGEMENT

Bubble Memory Prototyie Kit

Maintain any file you create; inventory,
investments, mailing lists, budgets, recipes, etc.

Alphabetizes

Sorts Numeric Entries

Searches for key words or numbers

Computes totals & averages by catagories

Saves Records, changes or deletes them, up to
20 entries for each record, up to

256 characters for each entry.

preformated mailing list & recipe program included
Output to Screen, Printer or Tape.

Photo 1. The Intel BPK-72 bubble memory prototype kit contains PRINT all or selected records.
the complete data, all integrated circuits and test modules, small parts I T : ;
and sockets, and a high-quality printed circuit board. ar X’ ; Nu'menc Entrles. :
Owners Manual included with sample files
Photo 2. Com- 16K, 32K, Memory Expandable.
plete integrated  § Extended Basic Required
type Kit | circuit set pro- 29.95 postage paid
Bubble Memory Proto Kit vided with the Moreton Bay $ CcA ResidenE Add 6%gSaIespTax
Coil Predriver BPK-72 includes ==
m L R - MORETON BAY
Drive Ofy, f/Ve pel’lph- A DIVISION OF MORETON BAY LABORATORY
Transistors eral chips, bubble 4625 Via Orquidia
7254 memory control- Santa Barbara, CA 93111
lers, and test Sloftware (805) 962-3127
modules.

Current Pulse
Generator
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You've played “"DEFENDER” at the arcade, but
BUBBLE MEMORY

you've only seen the “aftempted copies” for your
Color Computerl Now get the real thing!

Dual Formatier/ Stunning sounds and explosions good enough to

Sense Amplifier be approved by Williams Electronics (Makers of
7242 ||"m" “DEFENDER").
Bubble Memory m Order now by check, M.O., C.OD., or see your
CO""?S% ’“ dealer . .. (If he doesn't have it yet, send him to us!)
$27.95 — Tape
W‘fmf - $29.95 — Disk
? Add $1.50 per order for postage and handling.
California residents add 6%.
Seed Module
| QUASAR ANIMATIONS
i Dummy Module
1 : 4 1620 Pacific Beach Drive
il ? San Diego, CA 92109
l i (619) 274-2202
l‘ ey T WILLIAMS is a registered trademark of Williams Electronics.
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Photo 3. A one-megabit bubble memory, provided with its socket.
The information printed on top is a map of the good loops inside
the bubble. At this early stage of bubble technology, 25 percent
additional bubble loops are provided for redundancy, guaranteeing Photo 4. A complete BPK-72 bubble memory board inserted in a

100 percent quality of the final memory. Should seed information 44-pin edge connector. Write circuitry is at the top, read and sense
be erased by the user, the map allows it to be restored using the circuitry at the sides, controller at the bottom, and the bubble itself
seed module, for use by the format/sense amplifer. in the center.
Figure 2. Schematic for the BPK-72 bubble memory board made by Intel. This schematic is for the latest revision board.
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Figure 1a, 1b, 1c. Schematic for the interface from the Color Computer to the BPK-72. Included is the interface circuitry itself, an EPROM
for containing the bootstrap and system programs, and an optional interrupt signal.
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A0 20 S0 S0 2A 8L SA S S MA SA G4 S 82 M4

/A0 D7 D6 DS D4 D3 D2 D1 DO | Symbol | Name of Reglster | Read/Write

Command
Register

10001 CCC C |CMDR Write Only

10000B B B B |RAC Register Address

Counter

Write Only

1S S S S 8 'S 5 8 [STR Read Only

Status Register

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

Table 1. Register addressing of the 7220
bubble memory controller (overview).

RAC

A0 B3 B2 Bi BO Symbol Name of Register Read/Write

(0L SN E R (R P UR Utility Register Read or Write

055t SO0 &1 21 BLR LSB | Block Length Write Only
Register LSB

OIS ln 045 0; BLRMSB | Block Length Write Only
Register MSB

{0 /SRR [R5 R R ER Enable Register Write Only

011 et ORI EARILSB: Address Register | Read or Write
LSB

OFIETAESCT IS ) 51 AR MSB Address Register | Read or Write

MSB
0" H0i 0/ 0. © 0N BEIFO! FIFO Data Buffer | Read or Wnite

B3B2B1B0 = 4-bit contents of RAC at the time the user makes a read or
write request with AO=0.
LSB = Least Significant Byte
MSB = Most Significant Byte

Table 2. Register addressing of the 7220
bubble memory controller (detail).

o
(=)
o
N
o
pre
o
o

Command Name

0 0 0 0 | Write Bootloop Register Masked
0 0 0 1 [lnitialize

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

Table 3. The 16 commands of the 7220

bubble memory controller. For details of the
use of the commands, refer to the 7220 data
sheet or application notes (packed with the
BPK-72 kit). Please turn to page 26

Lowest Price Ever on the Professional Keyboard — $69.95!

 Nosoldering, cuffing, or gluing required — plugsrightin!

* New, improved version—better layout, lighter touch. (See phofo)

* High quality construction assures reliable operation.

Versakey — a Multifunction Keyboard Driver Utility — $9.95

* Autorepeat, n-key rollover and type-ahead o

* May define up to 128 strings of up fo 80 characterseach =
* F1 functions as DEFINE, F4 as CTRL

_—

s

* Supplied on cassefte, may be copied to disk
» Assembly language source listing included

Introducing the

Premium Keyboard — $89.95

* Attractive low profile
* Extended Radio Shack layout
¢ Silk-smnooth feel — uses ALPS keyswitches

Keyboards carry a 90-day limited warranty.

Include your computer's PC board type, if known.
Otherwise, include the complete catalog number and serial number.

Micronix Systems Corporation

#7 Gibraltar Square
St. Charles, MO 63301
(314) 441-1694

by Macrotron

Terms: Prepaid check or money order, Mastercard or Visa.  Shipping Charges: U.S. $2.00, Canada $4.00, COD $3.50 (No CODsto Canada).

Circle No. 19 on Reader Service Card
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Circle No. 20 on Reader Service Card

SEND $2.00 FOR OUR 25 PAGE CATALOGUE

Refunded with first order

KEYBOARD OVERLAYS

Many programs are supplied with keyboard overlays to help you keep
track of the various commands used by the program. Now you can add
overlays to your own programs or to commercial programs that did not
come with this feature. Die cut to fit the standard Color Computer
keyboard. Dealer inquiries for blank or custom printed overlays are
invited.

CAT. NO. HWO0O02 88¢ each

COococoPrY

This all M/L Program will copy BASIC or M/L programs including most
Auto Start Programs. It will supply the beginning, ending and offset
addresses and allow you to change the load address for M/L programs.
1/0 errors are ignored so that bad tapes can be corrected. Programs can
be renamed and the motor/audio functions are controlled from the
keyboard.

CAT. NO. DMO04 16K Ext $12.95

BOOKS from
SYBEX * BYTE * OSBORNE * RESTON

ADD 3% SHIPPING — MINIMUM 2%

Box 431, Sta. B

Hamilton, Ontario
Canada LBL 7W2
1-4186-528-1319

ALL PRICES
IN CANADIAN
DOLLARS

Circle No. 21 on Reader Service Card

COLOR-FORTH

Including SEMIGRAPHIC-8 EDITOR + UTILITIES

Disk and Tape utilifies .
Boot from disk or fape

Clean INTERRUPT handling

in HIGH-LEVELFORTH

Game of LIFEdemo

ULTRA FAST: written in assembler
Directions included for installing
opfional ROMin disk controller
orcarfridge

Graphics and Sound commands
Printer coonmands
Auto-repeatand Control keys
Fast task multiplexing

Unique TRACE function in kernal
CPU CARRY FLAG accessible Free Basic game "RATMAZE"

Hoyt Stearns Electronics FORTH $58.95
4131 E. Cannon Dr. Phoenix, Arizona 85028 602-996-1717

Tranmns Tek Softwar e

has earned these words of praise from reviewers in The Rain-
bow, 80 Micro, Creative Computing, and other publications.

“AN ABSOLUTE JEWEL”, “THE PERFECT DBM”
“I USE C.C. WRITER FOR MY CORRESPONDENCE”
“IMPRESSIVE”, “JUST RIGHT”, “PROFESSIONAL”

Like our customers, you'll see why when you buy:

C.C. Calc The Electronic Spreadsheet $34.95
C.C. File The Micro Data Base Manager $12.95
C.C. Writer Versatile Word Processing $29.95
C.C. Mailer Mailing List/Letter Merge $29.95

from

Tranmns Tek

194 Lockwood
Bloomingdale, IL 60108

or your Favorite Dealer

Personal Checks Are Welcome

Circle No. 22 on Reader Service Card
26/July 1983

Continued from page 25

er's 40-pin, 0.1-inch spaced, female
edge connector. These boards are high-
quality fiberglass, and will save you much
work. The 2716 EPROM (Radio Shack
part number 276-2507, $6.95) is op-
tional if you wish to have the operating
system reside in ROM and save space in
the bubble itself. Also, an on-board ROM
makes initialization easier, since you
won't need to type in or load from tape
the bubble operating system bootstrap
routine.

The most critical part of this construc-
tion project is the power supply. Al-
though quite simple, it is important that
this be completely built, tested and ver-
ified before either the bubble board or
the interface is connected. Wire the
power supply as shown in the schematic,
but do not connect the power leads to
the rest of the circuit. Apply power to the
supply and measure the voltages. Verify
that the 5 and 12 volt supply sections are
putting out the correct voltage.

Important note; It is especially impor-
tant when working with the Color Com-
puter to have someone else check your
work. No matter what you build, have a
friend proofread it for you. In my years of
writing about computers, | have found
that damage is almost always caused
when readers don't take the time to
proofread their work. Do it. Save yourself
the aggravation and me the time it takes
toansweryour letter.

When the power supply is working,
wire the remainder of the interface. If
you choose to include the EPROM, wire
this section first. If you have an EPROM
already programmed with any informa-
tion at all, put it in the EPROM socket,
and insert the interface in the Color
Computer cartridge slot. Power up the
interface first, then the computer, and
PEEK through memory locations starting
at $£000 (57344 decimal) to assure your-
self the information is there. Remove the
interface and complete the construction.

Again test the unit by inserting the in-
terface, powering up the computer, then
the interface, and verifying that all com-
puter operations are normal. /f at any
time the computer locks up or fails to op-
erate properly, immediately turn it and all
peripherals Off! The central processing
unit of the Color Computer is unbuffered
and delicate; remember to have some-
one else check your work.

Testing Your
Bubble System

By this time you should have a com-
plete, working interface, and an assem-



Listing 1. Bubble memory test routine, to be used before insertion of the 7110 bubble
memory.

1@ CLS : PRINT"Eubble Memocry Test Routirnes" : PRINT
2@ PRINT"Use the dummy module, rnot the 711@'" : PRINT
3@ D=&HFFSC : S=&HFFSD : REM % D=DATA S=STATUS

4@ POKES, 11 @ POKED, 1 : POKED, 1& : POKED,8 : POKED,®

POKED, 2 @ P=PEEK(5) : PRINTR" = current status" : IF
P=64 THEN PRINT"This value is correct" ELSE PRINT "This
value should be 64" @ REM * Set up 78820 controller

6@ GOSUE 12w

72 ON A GOTO 8@, 4@

82 CLS : PRINT"Bepirmirg wext test..."

9@ FOR X = 1 TO 4@ : POKED,X : NEXT : REM * Fill 72=@
byte buffer

1@ P=PEEK(S) : REM * Agairn check status

11@d IF P=41 THEN PRINT"Bubble buffer full; continuing"”

GOTOiz@ : ELSE PRINT"Eubble buffer status bad." :

PRINT"Tryimg apain" : GOTO 9@

12@ PRINT"Now reading buffer..."

130 FOR X = 1 TO 42 ¢ PRINT PEEK(D)3; : NEXT : REM % Read
hack bytes from 722@

14@ PRINT @ PRINT"The above should read 1 to 42"

152 GOSUR 1@@a

16@ IF A=1 THEN 17@ ELSE 1z@

17@ PRINT"Initial interface tests complete.

188 GOSUER 12@7

19@ IF A=1 THEN RUN ELSE END

1222 PRINT" (Y omtirue or (R)epeat Test"

1212 AK=INKEY$ : IF A$="C" OR A%="c" THEN A=1 : RETURN

1az@ IF A%="R" OR A$="r" THEN A=Z : RETURN

1232 GOTO 1@i@

bled BPK-72 bubble memory board with your work! Here is a quick checklist of
allintegrated circuits installed except the places to look:

7110 bubble memory itself. Put the o Are all solder joints made on both
dummy module in the socket; note that boards?

the socket provided is a newer Augat o '
type that opens by loosening two screws.
Lift up the socket locking arms, drop in
the dummy module (there is a small

Are all wires connected (if you used a
wire-wrap or point-to-point
technique)?

s : @ Areallsolder joints good (shiny)?
notch to guide it to the correct orienta- e Are the boards inserted straight?
tion), and relock and screw down the g |scither board inserted backwards?
afis; e AreallICsinserted in the correct

Connect the boards together and direction?
apply power (the boards are not yet ¢ Are any pins crushed under ICs?
hooked to the computer). Verify that the e Are any pins slipping out the sides of

voltages are still correct, and that they cSckaten

are present on the BPK-72 board as @ Are ICs in the proper sockets on both
noted in the schematic. Remove the boardsy

power, wait a short.tlme for the capaci- e Does the power supply still test okay?
Wl e discharge, insert the complete ® Areallresistorsinstalled on the

unit into the computer, power up the interface?

computer, power up the interface, and e Ispolarity correct on all BPK-72

refer to Listing 1. . :
etk ; electrolytic capacitors?
The listing is a short Basic program that .
; t hot?
runs the interface and bubble controller Dossanyipen getien)

through their paces. It will verify the prop- Once you have corrected any prob-

lems, your board should pass the test
program, since the interface is simple
and the bubble board is extremely reli-
able. The final step is recommended but
not absolutely necessary if your soldering
and assembly technique is good; the
most damage you can cause is to lose the
seed information from the bubble, which
is printed on the top of the bubble itself
and can be restored at any time. To avoid
the possibility of this inconvenience it is
wise, before inserting the 7110 bubble
memory, to verify that all the coil drive
signals are occurring at the proper times
and voltage levels. Prepare the program
in Listing 2 on an Editor/Assembler (ED-
TASM+ or equivalent), or use the Basic
program in Listing 3. Running this pro-
gram will produce a continuous stream
of coil pulses, which can then be dis-
played on an oscilloscope. Figure 3 pre-
sents the waveforms that must be visible
onthe 7110's socket pins.

The details on the interpretation of
these signals are found in Intel’s applica-
tion note AP-119, on page 18. This infor-
mation is provided with the BPK-72 kit,
so if your waveforms don’t come close to
those shown in the figure, be sure to
refer to this note. If everything checks
out fine to this point, you're ready to use
the bubble memory.

What’s It Good For?

When considering this project | asked
myself, why would anyone want to
spend $350 or more to have bubble
memory? Why not just have a disk drive
for the same price?

The most important answer for me is
experience: What have | done over time
with my two Model | disk drives?

Actually, it turns out | only use one of
them in true read/write fashion — drive
0 simply contains all the utilities, such as
Electric Pencil, Scripsit, Disk Basic, Super-
zap, and about 15 others on a write-pro-
tected disk. | seldom change the disk;
drive 1 gets the workout.

In effect, my bubble memory becomes
drive 0. It's 128K can contain your utili-
ties, plus any other frequently used infor-
mation. Since it is so fast, it acts like you
have the programs in RAM. From my per-

Please turn to page 30

i tem ET = : - >
er operation of .the bubble syste o Listing 2. Assembly listing of control signal waveform generation program, used for testing
whole by reading from and writing the BPK-72 timing
through the controller chip, which cannot Ry R R

. . @ * R i TE C IVE

Operate CorreCt'Y.W'thOUt- proper ad- @211@ % SIGNALS FOR DSCILLOSCOPE DISPLAY
dressing from the interface; correct clock e21zR *

. T . L v et ORG 1202
frequency from the interface; accurate in- ABLED &
formation from the format/sense ampli- L 28,50 STAAT DA i
fier; ?”da stable power supply. 1005 86 0@ ae17@ LDA #s00

If it passes this test, you're ready to i@e@7 B7  FFSC u;“mgg ﬁgg :iffc er S 28
. 12 3

continue. If not, stop now and recheck all todhas s dl ik sting continuedgiesE
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Listing continued from page 27

12@C B7 FFSC

12@F 86 @8

1ai1 R7 FFSC

1214 86 aQ

i@ale R7 FFsSC Qa4

1219 R7 FFSC QRS2

1a1c 86 12 =l =]

1alE B7 FFSD Qa7

1221 EBE FFSD ralvib=R=Yv]

iaz4 81 ) ralra=i=lvd

laze 27 ) alrdetrlvd

128 7E laaa a3l

@3z -

ralralvln] Qazze

@@ TOTAL ERRORS

LOoR izl

START 12Q7

5TA $FFSC
LDA #4028
57A $FFSC
LDA #$00
5TA $FFSC
sTA HFFS
LDA #H12
STA $FFSD

LOOP LDA $FFSD
CMPA #H20
EEQ LOOP
Jmp START

5
END

Listing 3. Basic listing of the assembly program shown in Listing 2.

1@
=i
3@
417
S
B
7
8
D READRS

1 X=Val (As+R%H)
i@ POHMEN, X

1 NEXT

133 EXEC&HILIQQRA

DATA
DATA
DIATA
DATA

86, VB, B7,
FF,5C, BE,
@8, BE7, FF,
5C, B7, FF,
DATA =D, E6, FF,
DATA TE, 1@, B
Q$=Il &HH

FF, SD, 86, 0@, E7
11,B7,FF,5C, 86
=C, 86, 0@, B7, FF
5C, 86, 18, B7,FF
=D, 81, 2@, &7, F9

FORN=&H1@@an TO &H1&EA

Glossary

bias field — a magnetic field
applied to a thin magnetic film
to reduce magnetic domains to
bubbles.

boot loop — a special loop to
map which loops are active and
which are inactive, as found by
factory testing.

bubble, magnetic — a
cylindrical magnetic domain in a
thin film of garnet; viewed from
above it appears to be a bubble.
Itrepresents a binary 1.

chevron — one of many
possible shapes for a metallic
pattern deposited on a film of
garnet to propel and steer
bubbles.

detector a device to
distinguish bubbles from non-
bubbles.

domain, magnetic — a small
region of a ferromagnetic
material containing similarly
oriented atoms, so that the
region is magnetized in one
direction.

garnet — a naturally occuring
silicate mineral. Synthetic garnet
with similar crystal structure is
made of oxides of lead and
yttrium or other rare earths.

input track — a row of
chevrons that leads bubbles
from a generator to storage
loop tracks.

latency — the delay between a
request to read/write a memory
address and the occurance of
the operation, until that address
arrives physically (not necessarily
mechanically).

major loop — a loop with a
generator, detector, or an
annihilator, used to read/write
data from/to a number of minor
loops.

minor loop — an endless loop
track for storing bubbles.

non-volatile — memory that

retains data integrity with
power shut off.
output track — a row of

chevrons that lead bubbles from
a storage loop to a bubble
detector.

random access memory
whose access time to any bit is
wholly independent of that bit's
address.

serial access — memory whose
access time to any bit is very
dependent on that bit's address.

Listing 4. All the 7220 control commands written as a series of
subroutines. Once your bubble memory is complete, you can use
these routines to experiment with bubble operation.

AL 2
2L L
AR ER
2132
aaL 47
BR1E0
QAA1ER
1@z QL7
Qz18a
Q1@
[ninkstrill
ipan BE V] adrateenv]
12z 20 2R Q@
et
1204 B& il
laee 2 36
1278 86 =
1aea =@ S
itz il
12ac 86 13 el
12E 2@ ZE AAZ LA
iRl
ipta 86 L4y ralretet
= =R QAZ4D
A5
ZRAZER
italse B& 1) AHET 3
lale 2 =) MAZED
e v
QAL
1ala 86 i6 A4 1
LALA ER =2 Q42
Qs 3z
1@1C 86 17 QD4 L7
121E 20 1E 22457
BR4ER
18 A4 72
iR palriEa=1]
22432
l2&4 86 19 bt
ilnae 2a 16 RS L7
QDS
128 86 iA QNS Z7
LAEA 2 12 DS 42
PSSR
1R DRASED
AE QAT
vt
padrdsnel]
E fralral =Yl
@R QRE 1@
ez
1234 86 iD v =petv]
1236 2 a6 QRe4@
QRESR
1238 86 1 ralril ==
123A 2@ e nae7ae
2ae82
123C 8¢ iF vl =s=lv
LAZE R7 FFSD rdlvdrgnlv
1@4l 39 Qa7
A7 =R
radelv v} 227 3@
@@z TOTAL ERRORS
CHMND® L
CMND1 Laag
CiviNDE jvdrata)
CHMNDE 12ac
CMND4 igla
CHMNDS 1a14
CMNDE la1s
CMND7 1aic

*
e | COMMAND ¢
# EACH ROUTINE §
*+ SINGLE COMMAND TO T
¥ 7220 RURRLE MEMORY
¥ CONTROLLER
*

ORG S 1@
*

* WRITE BOOTLOOP REGISTER
* MASHKED

CMND@ LDA HE 12
ERA ouT

¥ INITIALIZE COMMAND

CivinD1 Lo #E11
ERA ouT

¥ READ COMMAND

CHMNDE LDA HE1T
ERA T

* WRITE COMMAND

CMIND3 LDA HH13
ERA auT

* READ SEEH COMMAND

CHND 4 LDA #4614
ERA ouT

# READ ROOTIL.ODP REGIS

* COMMAND

CHMNDE LDA HE15S
BRA ouT

+ WRITE BDOTLOOP REGISTER

* COMMAND

CiNDE LDA #H16
BRA ouT

* WRITE EOOTLOOR COMMAND

CMND7 LDA HH17
ERA ouT

* READ FS5A BTATUS COMMAND

CHMNDE LpA #418
ERA ouT

* ARCRT COMMAND

CixiND3 LDA #4619
ERA ouT

* WRITE SEEK COMMAND

CHMNDA LDA #4610
BRA ouT

* READ ROOTLOOP COMMAND

CHMNDER LDA #HH1H
ERA ouT

* READ CORRECTED DATA

* COMMAND

CMNDC LDA HH10
ERA ouT

* FIFO RESET COMMAND
CMNDD LDA #61D

ERA ouT
* MBM PURGE COMMAND

CHMNDE L.DA #$1E
ERA ouT

* SOFTWARE RESET COMMAND

CHNDF .DA 1F
ouT 8TA
RTS
*
END
CMNDE& LR2ER
CMNDD lass
CMNDA lazs
CviNDE lazc
C¥NDC La3a
CHMNDD 1az4
CMNDE 1az8
CMNDF LiaEc
ouT 123E
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Continued from page 28

+12V

A: PINS 9, 10, 11, 12

Figure 3. Control signals that should be present on the 7110 bubble socket when Listing
2 or 3 is run. Use a 10-MHz oscilloscope for accurate display.
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spective, if I'm going to spend a few
hundred dollars just to hold utility pro-
grams, it might as well be for the bubble
system instead of a disk drive, which is
slow and mechanical.

The disadvantage of the bubble is, of
course, the cost of the 7110 bubble
memories themselves. It's not likely you
can afford to keep a shelf of them at
$100 each. But then, the security of
knowing your sensitive information is
crash-free and protected from prying
eyes might be convincing. And the cost
might come down in the next few years.
Intel predicts that by next year 1 mega-
byte of bubble storage will cost the same
as 128K does today.

Updates

@ Due to stresses on its supply system,
Radio Shack can no longer offer the Ex-
tended Color Basic ROM at the Repair
Center cost, as described in the March
column. The ECB ROM will still be avail-
able on an exchange basis (only) with
damaged ECB ROMs at the $67 price,
and the ECB ROM kit can be purchased
from Computer Centers, without instal-
lation or warranty, for $99.

e Due to quality control difficulties with
external suppliers and manufacturers,
projects appearing in this column will in
the future be available from me directly,
or from authorized dealers, under the
Green Mountain Micro logo. Write to me
at Green Mountain Micro, Roxbury, Ver-
mont 05669, and ask for a catalog and
dealer list.

@ \With reference to the above, the 110
port described in April and May should
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be in stock by the time you read this. My
apologies for the delay. The Color Com-
puter lowercase generator (Lowerkit),
the TV Buff monitor output board, an up-
dated Video Display Scroller, and the
Bubble Memory Interface (Color Com-
puter or Model lll) are in stock.

@ For the hundreds of readers who
wrote asking for 64K upgrades and in-
formation on the 32K upgrades and
other modifications for the newer NC-re-
vision Color Computer, and for early C-
revision boards, please have patience. |
am preparing a complete rundown on
this information for publication soon.

® Due to power failures during freak
heavy spring snows in Vermont, this
month's entire column was prepared on
Radio Shack’s new Model 100 portable
computer. Congratulations to the Shack
on their high tech breakthrough!

@ During the next few months, look for
plans for a complete lowercase and spe-
cial character generator that fits com-
pactly inside the Color Computer; a re-
placement keyboard project; an EPROM
programmer; and a real-time clock. See
you next month.

Bubble Memory Parts List

The BPK-72 bubble memory evalua-
tion kit is available from Intel Magnetics,
3065 Bowers Avenue, Santa Clara, CA
95051. Contact the office of Steve
Coney, NVMD Marketing, Mail Stop
SC2-961; specify the BPK-72-4, which is
the commercial temperature range (0 to
70 degrees C). The price is $299 for the
complete kit.

The interface is available as a complete

kit of parts and circuit board ($50) or as-
sembled and tested ($100) from Green
Mountain Micro, Roxbury, VT 05669,
(802) 485-6112. The complete system
(BPK-72, interface, and The Color BOSS
— bubble operating system software by
Jake Commander) is available for $550
from Green Mountain Micro.

Individual parts:

U1 74H04/F04 (not LS04!) hex
inverter

u2 741574 dual flip-flop

u3 741500 quad 2-input NAND
gate

U4 741532 quad 2-input OR gate

us 7415139 dual 2-of-4 demulti-
plexer

U6 2716 5-volt 2Kx8 EPROM

u7 7805 5-volt regulator

us 7812 12-volt regulator

C1,C2 56pF, 50V

c3 2200 mF, 50V

c4 100 mF, 35V

Cc5 100 mF, 35V

C6-C16 0.1 mF ceramic bypass

CR1 2A, 50V bridge rectifier

R1,R2 5100hms, 1/4w

R3-R5 5.1k, 1/4w

T1 18 to 24 volt, 2A transformer

X1 8.000 MHz crystal

Miscellaneous: circuit board with
male, 0.1-inch, 40-pin edge connector;
0.1-inch, 40-pin female card connector
(for feed-through to disk, if desired);
0.156-inch, 44-pin female card connec-
tor; heat sinks for the regulators; sock-
ets; solder; wire; hardware.

Technical Specifications

@ Bubble memory manufacturer: Intel
Corporation, Santa Clara, California.

@ Interface manufacturer: Green Moun-
tain Micro, Roxbury, Vermont.

® Operating system bootstrap and sys-
tem routines in ROM from $E000 to
$EFFF; expanded operating routines in
the bubble.

® Bubble size: 1 Megabit (128K bytes),
expandable by using 4 Megabit (512K
bytes) bubble, which is pin-for-pin com-
patible. Also expandable by adding bub-
ble (BPK-70) boards. Internal organiza-
tion is 2048 loops, 512 bits/loop.

e Data transfer rate: Depending on soft-
ware, up to 50K bytes per second.

® Average access time: 50 mS. System
clock frequency is 4 MHz +/—0.1 per-
cent.

@ Power requirements: +12 volts, 400
mA; +5 volts, 400 mA (maximum);
built-in powerfail detection.

® Operating temperature range: 0to 70
degrees C.

@ Cost: See parts list. - ..



