Build a Super Simple
Floppy-Disk Interface, Part 1

For personal-computer users, a
floppy-disk system represents the
ultimate in mass storage because of its
speed and capacity. The floppy-disk
controller described in this article
provides all the capabilities found in
commercial systems, yet it is simple
and economical because it requires
only ten integrated circuits. Fun-
damental software will be provided
(in the second part of this article) to
control and perform data transfers,
and discussion of file structuring and
alternate hardware will give the ex-
perimenter ideas for improvements.

This system uses the FD400, an
8-inch floppy-disk drive manufac-
tured by the Pertec Computer Cor-
poration, and the popular Western
Digital 1771 floppy-disk controller in-
tegrated circuit (which allows such
special features as variable block size,
soft sectoring, IBM compatibility,
and much more). Although the spe-
cifics shown are for microcomputers
based on the MOS Technology 6502
microprocessor, the controller could
be adapted to other microprocessors
with some care at a few crucial
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points. The 6502 offers some speed
advantages and a programming ease
not afforded by the others.

Fundamentals

The data recorded on floppy disks
is logically arranged in concentric
rings called tracks, with each track
composed of blocks of data called
sectors. The computer must be able to

This controller is simple
and economical
because it requires only
ten integrated circuits.

tell where a sector begins, and there
are two ways of doing this. Each sec-
tor can be distinguished by its posi-
tion relative to holes punched in the
disk (this is called hard sectoring), or
it can be distinguished by special se-
quences of information recorded on

the disk (soft sectoring). In either
case, the disk has one hole that is used
as an index to signal the start of the
first sector on all tracks.

The most common 8-inch floppy-
disk format provides for 77 tracks of
26 sectors each, with 128 bytes
recorded in each sector. The address
of each sector, in the form of a track
number (0 through 76) and a sector
number (1 through 26), is recorded on
the disk at the start of the sector itself.

The disk drive has two motors: one
that spins the disk at 360 rpm (revolu-
tions per minute), and one that moves
the head from track to track on com-
mand. Each drive also has a printed-
circuit board to control both motors.
The inputs and outputs of this circuit
board (see figure 1) follow a standard
set by Shugart Associates, manufac-
turer of one of the first popular
floppy-disk drives.

A single pulse on either the STEP-
IN line or the STEP-OUT line moves
the head one track toward the center
of the disk (track 76) or toward the

Photo 1: The authors’ wire-wrapped floppy-disk controller board.
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Figure 1: Input and output lines available for controlling a Pertec FD400 8-inch floppy-
disk drive. These signals are the same as those found on any Shugart-compatible drive,
so nearly any drive may be substituted for the FD400.

outside (track 0), respectively. When
the head is positioned over track 0,
the outermost track, the TRACK-0
output is activated. To turn on the
spindle motor, the DRIVE-ON input
must be activated, and the disk door
in the front of the drive must be
closed (this deactivates the DOOR-
OPEN output line). As the disk
rotates, a photoelectric sensor in the
drive detects the index hole in the
disk; this generates the INDEX signal
that allows the system to begin count-
ing sectors at the first one.

To read data, the HEAD-LOAD
line is activated to force the head to
contact the rotating disk surface. A -
mixture of data and clock bits are
then detected and amplified by the
drive’s electronics; these appear as
logic levels on the DATA-READ out-
put at the rate of 250 K-bits per sec-
ond.

To write data on the disk, the head
must be loaded, the WRITE-ENABLE
line must be activated, and the data
must be sent to the drive on the
WRITE-DATA line. (This must occur
with very specific timing.) If the
WRITE-PROTECT output has been
activated, the drive has detected the
presence of a write-protect notch in
the disk’s envelope.

Obviously, communication at this
level between a disk drive and a
microcomputer is possible but not de-
sirable. The microcomputer would
spend much of its time catering to the
needs of the disk rather than comput-
ing. The purpose of the FD1771 (ac-
tually a microprocessor in its own
right) is to act as a high-level com-

munications interface between the
two.

When instructed to seek (move the
head) to track 30, the 1771 will gener-
ate the appropriate number of STEP-
IN or STEP-OUT pulses to move the
head from its current position,
wherever it may be, to track 30.
Another example of the 1771’s capa-
bilities is the process of reading a
specific sector: the 1771 will search a
given track for the proper sector ad-
dress; when located, the data follow-
ing the address is transferred to the
microprocessor. Simultaneously, the
1771 can maintain synchronization
with the disk drive and check for er-
rors. Therefore, using the 1771 flop-
py-disk controller circuit results in a
greatly simplified hardware and soft-
ware design.

Software must be an integral part
of the design of any computer subsys-
tem—a subroutine of about 256 bytes
is required to communicate the prop-
er commands to the disk controller.
Additional software is required to
handle complex data-file structures
(this software and various structuring
techniques will be discussed in part 2
of this article).

Disk Format

Figure 2 schematically describes the
format of recorded data on a soft-sec-
tored disk. The pulse generated by
the index hole passing the sensor pro-
vides a physical reference point to
determine the beginning and the end
of a track. The diagram represents 16
256-byte sectors (the authors' choice
for format) rather than the usual 26



sectors containing 128 bytes.

The disk rotates once every
166.67 ms, which allows the drive to
read 41,665 bits of information; that
is, a byte every 32 ps. Each track con-
tains 5208 bytes (divided into data
and control bytes), as well as gaps be-
tween sectors. (The gaps are required
to allow sufficient time to turn write-
head current on and off without
destroying valid data.)

The 1AM (index-address mark) that
provides a recorded indication of the
beginning of the track has 16 sectors
recorded after it. The sectors consist
of two records: the ID (identification
record) and the DATA (data record).
The ID contains information on the
track number and the sector number
of the DATA that follows. Each of
the records begins with an AM (ad-
dress mark). In addition, each record
is ended with a 2-byte CRC (cyclic-
redundancy-check) code.

Each byte of data recorded on the
disk consists of interleaved clock and

data bits. The clock bits convey infor-
mation used for synchronization and
for the identification of AMs. AMs
always have clock bits corresponding
to hexadecimal C7 (D7 in the case of
the 1AM); all other bytes of informa-
tion have clock bits corresponding to
hexadecimal FF. In other words, some
clock bits are omitted in AMs. This
scheme allows the data bits of a data-
address mark (hexadecimal FB) to be
distinguished from a hexadecimal FB
recorded as data.

Figure 2 also illustrates that these
data and clock bits are recorded as a
single stream. When reading from the
disk, the 1771 separates the data and
clock bits (although our system uses
discrete components to achieve
greater reliability).

As a general rule, the larger the sec-
tor, the greater the total amount of
data that can be recorded on one
disk. This is due to the reduced
amount of area necessary for gaps
and indexing information. Using 16
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256-byte sectors, 315,392 bytes of
data can be recorded. The usual con-
figuration of 256-byte sectors allows
tracks with only 15 sectors; however,
it has been found that sufficient space
is available to reliably record 16 sec-
tors.

Western Digital’s 1771 Floppy-
Disk Controller

This device is essentially a micro-
processor dedicated to the specific
task of controlling disk drives (see
figure 3). It has five programmable
registers and accepts a number of
commands through various combina-
tions of them. For economic reasons,
there is a desire to connect multiple
drives to a single 1771, but, since the
device “remembers” the track the
head was last positioned to, switching
from one drive to another would
place an added burden on the driving
software, A case can be made for
complete duplication of the controller
electronics for each disk drive.
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Figure 2: The format of recorded data on one track of a soft-sectored floppy-disk drive. The 1AM (index-address mark) marks the

beginning of each track. See the text for
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details.



The registers in the 1771 that can be
programmed by the user are the data,
track, sector, and command regis-
ters—there is also a status register
that can be read from but not written
to. These 8-bit registers form the basis
for software control of any disk
drive:

eData register: In disk-reading
operations, this register receives 8 bits
of data in parallel from the disk via
the shift register. The data is held un-
til the computer can accept it, allow-
ing the shift register to be ready for
the next byte. During disk-writing

operations, 8 bits of data are trans-
ferred in parallel from the computer
to this register and held until they can
be accepted by the shift register for
transfer to the disk. When executing
the seek command, the data register
holds the address of the desired track.
e Track register: This register holds
the track number of the current head
position. The value is incremented by
one for every track the head is
stepped in (toward track 76), and de-
cremented by one for every track the
head is stepped out (toward track 0).
The contents of the register are com-
pared with the track number recorded
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in the ID field of sectors on the disk.
e Sector register: During read or
write operations, the contents of this
8-bit register are compared with the
sector number recorded in the ID field
of sectors on the disk. The contents
should not be changed while the
device is busy.

eCommand register: This register
holds the command currently being
executed. The register should not be
loaded while the 1771 is busy unless
the current command is to be overrid-
den (this action causes an interrupt to
be generated). The eleven commands
understood by the 1771 are divided
into four types, shown in table 1, ac-
cording to the way their flag bits are
defined.

o Status register: Information about
the status of the controller can be
read from this register. The meaning
of the status bits may change depend-
ing on the current command.

Registers are accessed by placing
the proper logic levels on the A0, A1,
RE,and WE lines, as shown in table
2., Other logic levels in the 1771 per-
form functions to:

e Generate and check the 16-bit CRC
code

eIncrement, decrement, and com-
pare register values

o Detect ID, data, and index-address
marks

e Provide control signals based on an
external 2.0 MHz clock

A typical disk operation includes
the following steps. First, the soft-
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Figure 3: Internal architecture and pinout diagram of the Western Digital FD1771 floppy-disk controller. The four programmable
registers and eleven commands of the 1771 allow any microprocessor to control a disk subsystem using high-level instructions, thus
removing a significant burden from the disk-driving software. See table 1 for a summary of the commands.
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COMMAND
Restore

Seek

Step

Step In

| Step Out

I Read Command
1l Write Command
1] Read Address
1} Read Track

1] Write Track

v Force Interrupt

BIT VALUES FOR TYPE 1
h = Head Load flag (Bit 3)

h= 1, Load head at beginning

h= 0, Do not load head at beginning
V = Verify flag (Bit 2)

V = 1, Verify on last track

V = 0, No verify

BITS
7 6 5 4 3 2 A1
0 0 0 0 h V
0 0 0 1 h V
0 0 1 u h V n
0 1 0 u h V g
0 1 1 u h V
1 0 0 m b E O
i 0 1 m b E g
i1 0 0 0 1 O
i1 1 0 0 1 O
11 1 1 0 1 O
11 0 1 i3 b |

(@)
BIT VALUES FOR TYPE I
m = Multiple Record flag (Bit 4)
m = 0, Single record
m = 1, Multiple records
b_= Block length flag (Bit 3)

0

s ouof 05555

b = 1, IBM format (128 to 1024 bytes)
b = 0, Non-IBM format (16 to 4096 bytes)

(b)

BIT VALUES FOR TYPE IlI
s = Synchronize flag (Bit 0)
§ = 0, Synchronize to Address Mark

s =

(d)

1, Do not synchronize to Address Mark o

(c)
BIT VALUES FOR TYPE IV

ryry = Stepping motor rate (Bits 1 through 0) aiap = Data Address Mark (Bits 1 through 0)
rirp = 11 gives 40 ms step time ajag = 00, FB (Data Mark)

u = Update flag (Bit 4) ajag = 01, FA (User defined)
U = 1, Updale track register ajap = 10, F9 (User defined)
u = 0, No update a,ap = 11, F8 (Deleted Data Mark)

lgthru Iz = Interrupt Condition flags (Bits 3 through 0)

lp = 1, Not Ready to Ready transition
Iy = 1, Ready to Not Ready transition

= 1, Index pulse
l3 = 1, Immediate interrupt

E = Enable HLD and 10 ms Delay

E=
E=

(e)

1, Enable HLD, HLT and 10 ms delay
0, Head is assumed engaged and there is no 10 ms delay

Table 1: The high-level instructions of the FD1771 disk formatter/controller device. When one of the instructions defined by table
la is loaded into the command register of the FD1771, the FD1771 executes one or a series of actions. Bits represented by a letter
within a command are defined in the bit-value tables for that type of instruction, tables 1b through le.

ware coordinating the disk operation
checks to see if the controller is busy
from the last command. If it is not,
the software writes the desired com-
mand into the command register. If
data is to be transferred as each byte
is assembled (or disassembled) by the
shift register, the controller sends a
DRQ (data request) signal. When the

operation is completed, the controller
sends an INTRQ (interrupt request)
signal. The status register can then be
checked by the controlling software
for seek, write protect, busy, or CRC
errors.

Controller Hardware
The schematic diagram for the

Register Affected During

Table 2: Access to registers within the Western Digital FD1771 disk formatter/con-
troller device. The FD1771 has five internal registers: command, data, sector, status,
and track. A given register is read or written by placing the appropriate values on
lines Al and A0 and pulling down either the READ-ENABLE (RE) line for a read
operation, or the WRITE-ENABLE (WE) line for a write operation. The sector and
track registers specify the sector and track when these parameters are needed by a
given command byte. The command register, when filled, causes one of eleven high-
level instructions to be executed (see table 1). Data passes between the computer and
the disk drive through the data register. After a command has been executed by the
FD1771, the status register must be read before another command can be executed.

A1 A0 Read (RE = 0, WE
0 0 Status Register

0 1 Track Register

1 0 Sector Register

1 1 Data Register

Register Affected During
Write (RE = 1, WE = 0)
Command Register

Track Register

Sector Register

Data Register

=1)
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floppy-disk controller is given in
figure 4. In addition to the 1771 and
the 6520 PIA (peripheral interface
adapter), circuitry is included for
read/write control, clock and data bit
separation, head loading, and inver-
sion of various signals as required by
the FD400 disk drive.

Three gates convert the DIR (direc-
tion) and STEP signals from the 1771
into the STEP-IN and STEP-OUT sig-
nals needed by the FD400 disk drive.
The HEAD-LOAD signal is condi-
tioned by a simple one-shot (mono-
stable multivibrator) and an inverter;
this guarantees a fixed 40 ms pause
allowing the head to load and settle.
Once the interval has passed, a signal
;I:S sent to the 1771 to acknowledge the

act.

The data-separator and clock cir-
cuit was designed by Steve Chris-
tiansen of Jowa State University, This
circuit contains four of the ten in-
tegrated circuits in the system. (If the
disk drive you intend to use has sepa-
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rated clock and data signals, you may
be able to eliminate some of the cir-
cuitry shown. Remember that the
1771 requires a 2.0 MHz clock.)

The clock part of this circuit is a
conventional TTL (transistor-transis-
tor logic) crystal oscillator which also
drives a divide-by-two stage to pro-
duce the 2.0 MHz clock signal. The
data-separator part of the circuit in-
verts the raw signal from the disk
drive and gates it out as data or clock
information, depending on the state
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of the QD output of IC9.

There is a certain difficulty in
determining, from a serial-bit stream,
which bits are clock and which data
(the two are interleaved, and some of
the clock bits may be missing). The
solution relies on the fact that, at
most, three clock pulses will be omit-
ted; if four in a row are omitted, the
data and clock outputs are switched
by the external data-separator circuit.

The read/write circuitry is very
compact and plays a major role in the

simplicity of the system. It is a subtle
solution to a timing problem; the ob-
vious approach of using the outputs of
the 6520 to control RE and WE (the
read- and write-enable lines) as input
for the DRQ (data-request line) is too
slow. The indicated circuitry using
the ENABLE line causes each DRQ
signal to automatically generate
another RE or WE signal as re-
quired.

The 6520 has 20 programmable
170 (input/output) pins (see figure 5),
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Figure 4b: Schematic diagram of the drive-interface side of the floppy-disk controller. Clock signals and minor control functions are
provided for by the additional circuitry, as well as the separation of recorded data from recorded synchronization pulses.

of which only 17 are used in this sys-
tem to interface with the 1771. The A
port is programmed as eight bidirec-
tional data lines, and is connected to
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the 1771's data lines, while the B port
pins are programmed as necessary to
provide control lines. The data lines
of the 6520 can be connected to like

lines on the microprocessor, while its
three device-select lines can be con-
nected to match whatever address-
decoding scheme is appropriate. The
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$15. Stale system type to ensure com- bugged by using a microcomputer. REW
patibility. or if asking about parailet Move the DRQ input (ICS, pin 11 in
interfacing. figure 4) from the 1771 to a conve- Figure 5: Pin description of the MOS
Dealer inquiries invited. Mail or phone nient 6520 output. With the micro- Tec;'""iog“( 6512’0 PIA. Use of this par-
orders to: - computer running a dxagnostlc pro- s'cz;(ar ev:lr.}e arows easyblntt;rfaang of u
oTa, Total Digital Engineering gram, check to see that the WE pul ST coniraley th-n SI00-Ce: comp.
T x PUls€  Opne 1/0 port handles control signals; the
2100w, Wy (IC3, pin 12 in figure 4) is about other is used to transfer parallel bytes of
S. Nashua, N.H. 03060 14 s
603-883-0991 == #S. data
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Circle 251 on inquiry card.

screen.

cal scores and paper tape

"MIG[RXO
WORLLS

The DS-65 Digisector® is a random access video digitizer
which converts a TV camera's output into digital infor-
mation the Apple can process. It features 256 X 256
resolution with up to 64 levels of grey scale.
Scanning sequences are user programmable.
On-board software in EPROM is provided for
displaying digitized images on the Hi-Res

Use the DS-65 for: Precision Security Systems
* Computer Portraiture * Robotics ® Fast to
Slow Scan Conversion * Moving Target Indi-
cators ® Reading UPC codes, schematics, musi-

DS-65 Price: $349.95
FSIl Camera Price: $299.00
Combination Price: $599.00

P.O.BOX 1110 BELMAR, CAS2014 714-842-2400

LET YOUR APPLE SEE THE WORLD!

NEW SOFTWARE FOR THE DS-65 IS NOW AVAILABLE

ON DISK!

— Portrait System Software: This programinctudes
|\ captions and a credit line, reverse printing for
T-shirt application and the option to save por-
traits on disk.

— Picture Scanner: Provides a variety of differ-
ent dithering algorythms for compressing the
digitized image into the Hi-Res screen.
Write or call for more information!

GIVE YOUR APPLE THE GIFT OF SIGHT!

Master Charge / Visa Accepted

lieu of the 4.0 MHz crystal oscillator
signal. The output of IC9 should
count through the full range of 0
through 15, starting at 4, while IC8
should count from 4 through 8.

The INTRQ and DRQ signals were
connected to PB6 and PB7 of the 6520
because powerful testing instructions
are available for these pins. If prob-
lems occur in this area, these instruc-
tions will come in handy.

Testimonials

This system has been built by
several people and has been proven to
work with minimal debugging, using
wire-wrap, Slit-N-Wrap, and Super
Strip techniques. The circuits are not
the simplest possible; we have inter-
faced a 5-inch disk drive to the KIM

and AIM systems using only three in-
tegrated circuits. The newer versions
of the 1771, which allow the con-
troller to be connected directly to
data and address buses, do not need a
6520; but there is a case for isolating
the microcomputer from the disk con-

troller through a 6520. Whatever
route you choose, this basic design
will provide reliable, trouble-free
operation,

In Part 2, next month, we will look
at the software needed to use this con-
troller.m

References

1. Allen, David M. “A Floppy Disk
Interface."” BYTE, January 1978, page 58.

2, Bal, Subhash, and Mike Wright. “LSI
Controller.”" Electronic Design, September
1978, page 90.

3. Camp, Roger, Terry Smay and James
Triska. Micro Computer Systems Principles,
2nd Edition. Matrix Publishers Inc, 1979.

4. Elinotf, Gary. 'Floppy Disk Memory
Systems." Electronics Products, May 1978,
page 39.

5. FD1771 A/B-01 Data Sheet.
Digital.

6. Hoeppner, John. “Interface a Floppy-

Western

Disk Drive to an 8080A-Based Computer.”
BYTE, May 1980, page 72.

7. IBM Diskette General Information
Manual, No. GA 21-9182. International
Business Machines Corporation.

8. Nicholson, James H. “A Super Simple
Floppy Disk Controller.”” Proceedings of the
National Electronics Conference, Volume 33.

9. Operating and Service Manual No.
600203. Pertec.

10. Welles, Kenneth B. "*Build This Economy
Floppy Disk Interface.” BYTE, February
1977, page 34.

G
& Accounting
G

376

WILL SET UP YOUR ACCOUNTING RECORDS
READY FOR POSTING ON YOUR MICROCOMPUTER

Complete system-general ledger, payroll. etc-intergrated, but suggest we start with general ledger

Features: Menu-driven, all reports are 84" x 117, you pick account numbering system, one posting method provides that
negative numbers are the credit side of the entry, a description field is associated with each side of an entry in update listings,
budgeting

Cost for General ledger is $800, including initial set up of your accounts, software and manual, phone consultation and
examining your files through a modem where you have that capability. Training at your site available at additional cost.

You must be or become familiar with Osborne manual, send us a good deal of information, have CP/M* and CBASIC2, and
have at least 48K and one 8” double density disk drive.
* CP/M is a trademark of Digital Research
AN ACCOUNTING SYSTEM BUILT BY ACCOUNTANTS THAT
OTHER ACCOUNTANTS WILL LIKE

610 Park Boulevard ® Austin, Texas 78751 e (512) 458-5760
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Build a Super Simple
Floppy-Disk Interface

The first part of this article
presented basic floppy-disk tech-
nology and a description of a simple
controller design with its circuit
details, This controller provides a
great deal of function and flexibility
when combined with some simple
software,

Software

The software shown in listing 1
provides disk-formatting, reading,
writing, and error-recovery func-
tions. The software can be reassem-
bled to allow relocation of program
or page zero variables. Various entry
points are shown in table 4.

Before using the FD1771 to read
and write data within the sectors on
the floppy disk, the disk must be for-
matted to conform to a certain struc-
ture. A program (entry point
FORMAT) is supplied that formats
all 77 tracks of a standard 8-inch disk
in a standard [BM-compatible
128-bytes-per-sector arrangement
(each track contains 26 sectors).

The program, when called, ini-
tializes all 6520 and 1771 electronic
interfaces before writing the standard
track, The initialization process
guarantees that the head is positioned
over the outermost track. Each track
is written from a standard pattern
contained in programmable memory.
A 40 ms delay is generated following
a step-in function to move the head to
the next track. This guarantees the
proper head-settling time required by
the floppy-disk drive. This process

The numbering of all nontext material is con-
tinued from part 1 of this article.

Part 2: Software

James Nicholson and Roger Camp
1046 Gaskill
Ames [A 50010

continues until all tracks have been
formatted.

Sector sizes other than 128 bytes
can be selected by initializing the 1771
differently. (A sector size other than
128 can lead to incompatibilities with
other floppy-disk systems.) For sector
lengths greater than 128, the
FORMAT program must be rewritten
to use an entire track image in
memory. This is required because of
an indexing limit of 256 using the
6502 microprocessor. Our system, us-
ing sixteen 256-byte sectors per track,
has proven to be a convenient alter-
native.

When a disk is properly formatted,
the basic I/0 (input/output) program
(entry point FDENT) can be used. If
the system has just been turned on,
entry point FDENT should be called
first to initialize all interface and
drive electronics. To perform disk

operations, certain variables must be
set up before calling FDENT. They in-
clude the desired command, track
number, and sector number, as well
as the address in memory used for
data transfer (see table 5).

The program begins by analyzing
the command to determine which seg-
ment of the program must be used in
response. There are three basic com-
mand types:

e head movement
eread/write sectors
e read/write raw tracks

In the case of read/write commands,
the program ascertains if the head is
positioned properly and, if necessary,
provides the seek command to move
it.

Following execution of the com-
mand by the 1771, completion

RS
Name Purpose
FORMAT Write proper track format on all 77 tracks
FDINT Initialize 6520 and 1771 interface
FDENT Perform basic floppy-disk operations using established variables
FDIO Uses FDENT, followed by error checking and retry

Table 4: Entry points for various floppy-disk controller operations.

hexadecimal,

Device-selection byte 00 = DVC 0, 80 = DVC 1
FF = Error, 00 = Normal Set by FDIO

Length
Name in Bytes Purpose
DVCODE 1
ERRCDE 1
COMMAND 1 1771 Command byte
STATUS 1 1771 Completion status
TRACK 1 Desired track value
SECTOR 1 Desired sector value
FDBUF 2 Address of data buffer

Table 5: Variables used to perform floppy-disk operations. All values are listed in
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analysis is performed to read back
and store the status, track number,
and sector number from the 1771.
The status can then be examined by
the user program to determine if the
operation was successful. No registers
are saved by any of the routines
previously discussed.

Although the hardware design has
proven to be very reliable, an error
occasionally occurs. Since it would be
a great burden for each application to
concern itself with error recovery,
another program has been provided.
Using entry point FDIO, a user pro-
gram can add the error-recovery
function to that provided by FDENT.

After storing all the registers, FDIO
calls FDENT to perform the requested
operation. Following completion,
FDIO examines the status to deter-
mine if an error occurred, and, if so,
the operation may be retried.
Generally, read/write operations will
be retried up to five times before
assuming a “hard” (ie: nontransient)
error.

A nonrecoverable error is indicated
with hexadecimal FF in the ERRCDE

Variables
(all values in hexadecimal)

COMMAND TRACK SECTOR BUFADR BUFADR+ 1 TEST
02 —_ — —_ —_ RESTORE
1A 20 — —_ —_ SEEK
16 10 — — — VERIFY
8C 10 01 00 10 READ

Table 6: Values to be set in variables for testing the controller (with the routine in
listing 3). All values are listed in hexadecimal.

variable (see listing 2). This condition
generally causes the application pro-
gram to terminate so the error can be
researched. The STATUS variable
provides details about the specific
problem.

Certain nonrecoverable conditions
will not be retried. For example, a
busy or device not ready condition
causes an error condition without
retry. The program can be altered to
increase the sophistication to any
level desired. Errors can be cataloged
and recorded on another floppy disk
to provide a history of all abnormal
conditions.

products represented.

ATTENTION GOVERNMENT D P
USERS AND PURCHASERS

We represent many fine micro products and manufacturers
on the GSA Schedule, including
Apple, Cromemco
and Computer Corporation of America

Purchasing from the Schedule will save you the time
consumed by the bid process. Products shipped throughout
the United States and world-wide. Visit or write any of our
stores for more information or to receive our catalogue of

Computers,

the dependable store

257 West Street, Annapolis, MD 21401 — (301) 268-6505

13A Allegheny Avenue, Towson, MD 21204 —
9330 Georgia Avenue, Silver Spring, MD 20910 —
or Call (301) 268-5801

Career Opportunities Available * An Equal Opportunity Employer

(301) 296-0520
(301) 588-3748
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Testing

After completing construction of
the controller circuit and verifying
the proper timing of the 74123 com-
ponents, some simple tests can be per-
formed to verify proper operation.
These tests can be conducted with the
aid of a simple program (listing 3) and
table (table 6). Set your monitor to
begin execution at INIT. When the
break occurs, set the variables as
shown for each specific test and allow
program execution to continue. This
procedure requires you to load the
software previously discussed. Initial
testing requires a preformatted 1BM-
compatible disk. Examination of the
status byte following each test helps
diagnose any existing problems.

The restore-drive procedure should
generate stepping pulses that move
the head to the track 0 position. The
head-drive lead screw can be moved
manually off the track 0 position to
verify proper operation,

Directing the head to seek to a
specific track requires the desired
track value to be set in the data
register of the 1771. This test also
loads the head but does not attempt
to perform a track verification. This
test can be repeated several times
with different track values to deter-
mine if the 1771 properly seeks in
both directions.

If the controller moves the head
correctly, the third test performs a
track verification. Following the seek
movement, the head is loaded, and
the 1771 reads the address informa-
tion recorded on the track to verify
that it has located the proper track.

The fourth test attempts to read a
specific sector. The data is stored
beginning at location hexadecimal

Text continued on page 340



Listing 1: Software to provide fundamental high-level operations for the disk controller (written for the 6502 microprocessor).

FD400/FD1771B FLOPPY DISK CONTROL

CARD # LOC CODE
2 0000
3 0000
4 0000
5 0000
6 0000
7 0000
8 0000
9 0000

10 0000
11 0000
12 0000
13 0000
14 0000
15 0000
16 0000
17 0000
18 0000
19 0000
20 0000
21 0000
22 0000
23 0000
24 0000
25 0000
26 0000
27 0000
28 0000
29 0000
30 0000
31 o000
32 0000
33 oo0co
34 0000
35 0000
36 0000
37 0000
38 0000
39 0000
40 0000
41 0000
42 0000

CA

306

FD400/FD1771B FLOPPY DISK CONTROL

RD # LOC CODE
44 0000
45 0000
46 0000
47 0000
48 0000
49 0000
50 0000
51 0000
52 0000
53 0000
54 0000
55 0000
56 0000
57 0000
58 0000
59 0000
60 0000
61 0000
62 0000
63 0000
64 0000
June 1981 ® BYTE Publications Inc

PAGE i

CARD 10

.0PT

20 30
CNT, XREF,MEM, LIST,ERR,GEN

40 50 60 70

J.H.NICHOLSON 1~-22-79

THIS SEGMEMT PROVIDES BASIC CONTROL FUNCTIONS FOR EXECUTING
COMMANDS TO A PERTEC FD400 FLOPPY DISK DRIVE CONTROLED WITH
A WESTERN DIGITAL FD1771B-01 FLOPPY DISK CONTROLLER. THE BASIC
ROUTINES PROVIDE AN INTERFACE VIA A 6520 PIA TO THE FD400/FD1771B
SYSTEM,

THE FD1771B COMMAND, TRACK, AND SECTOR VALUES ARE PROVIDED IN
PAGE ZERO VARIABLES. THE COMMAND AND OTHER NECESSARY DATA IS
WRITTEN TO THE FD1771B AND THE COMMAND IS EXECUTED. FOLLOWING
THE COMPLETION OF THE COMMAND(INTRQ FROM FD1771B) THE STATUS,
TRACK, AND SECTOR VALUES ARE READ FROM THE FD1771B. NO ERROR
RECOVERY IS PERFORMED BY THIS SEGMEMT. iF THE DEVICE IS BUSY
WHEN THIS SEGMENT IS GIVEN CONTROL, NORMAL COMPLETION ANALYSIS
WILL BE DONE.

TWO ENTRY POINTS TO THIS SEGMENT PROVIDE COMMAND EXECUTION AND
PIA INITIALIZATION.

ENTRY FOR FD1771B COMMAND EXECUTION.
FDINT.... .ENTRY FOR INITIALIZATION OF FD400/FD1771B.

ALL FD1771B COMMANDS ARE VALID AND ARE LISTED BELOW BY FUNCTIONAL
CATAGORY AS WELL AS TYPE GROUPS.

BASIC ! RESTORE TYPE 1. RESTORE
STEP SEEK
STEP IN STEP
STEP OUT STEP IN
FORCE INTRQ STEP OUT
READ : READ SECTOR TYPE 2. READ SECTOR
READ TRACK WRITE SECTOR
READ ADDR
TYPE 3. READ ADDR
WRITE ¢ WRITE SECTOR READ TRACK
WRITE TRACK WRITE TRACK
SEEK SEEK TYPE 4. FORCE INTRQ
PAGE 2
CARD 10 20 30 40 50 60 70

WHEN GIVEN CONTROL, THIS SEGMENT ANALYZES THE COMMAND TYPE

TO DETERMINE THE FUNCTIONS WHICH MUST BE PERFORMED. THE COMMANDS
CAN BE SEGMENTED INTO FOUR LOGICAL FUNCTION GROUPS WHICH ARE
SIMILAR TO THE FD1771B COMMAND TYPES.

CMD TYPE

TYPE 1(EX.SEEK)

FUNCTION

BASIC FUNCTION

TYPE 1(SEEK) WRITE NEW TRACK, THEN BASIC
TYPE 2 WRITE SECTOR REGISTER
SPLIT TO READ OR WRITE
TYPE 3 SPLIT TO READ OR MWRITE
TYPE & BASIC FUNCTION

Listing 1 continued on page 308

Circle 162 on inquiry card. —p



Listing 1 continued:

65 0000 H

66 0000 H BASIC FUNCTION :

67 0000 H 1. WRITE COMMAND TO THE FD1771B.

68 0000 H 2. WAIT FOR COMPLETIONCINTRQ).

69 0000 ¥ 3. COMPLETION ANALYSIS(READ STATUS, TRACK, AND SECTOR)

70 0000 i 4. EXIT

71 0000 H

72 0000 H SEEK FUNCTION :

73 0000 H 1. WRITE NEW TRACK TO DATA REGISTER.

74 0000 i 2. WRITE SECTOR TO SECTOR REGISTER.

75 0000 H 3. GO TO BASIC FUNCTION.

76 0000 f

77 0000 H READ FUNCTION :

78 0000 H 1. SEEK TO PROPER TRACK IF NECESSARY

79 0000 H 2. WRITE SECTOR TO SECTOR REGISTER.

80 0000 H 3. WRITE COMMAND TO FD1771B.

81 0000 H 4. WAIT & LOOP FOR DRQ/INTRQ READING DATA ON DRQ.

82 0000 i 5. ON INTRQ DO COMPLETION ANALYSIS(BASIC FCTN, STEP 3)

83 0000 i

&4 0000 ; WRITE FUNCTION

85 0000 H 1. SEEK TO PROPER TRACK IF NECESSARY

86 0000 H 2. WRITE SECTOR TO SECTOR REGISTER.

87 0000 i 3. WRITE COMMAND TO FD1771B.

88 0000 i 4. WAIT & LOOP FOR DRQ/INTRQ WRITING DATA ON DRQ.

89 0000 B 5. ON INTRQ DO COMPLETION ANALYSIS(BASIC FCTN, STEP 3)

FD400/FD1771B FLOPPY DISK CONTROL PAGE 3
CARD # LOC CODE CARD 10 20 30 40 50 60

91 0000 '

92 0000 PO Xxxx%%%x 6520 PIA

93 0000 i

94 0000 SADD =sccocC 6520 PIA A DATA DIRECTION

95 0000 SAD =$CCOC 6520 PIA A DATA REGISTER

96 0000 CRA =6CCOD 6520 PIA A CONTROL REGISTER

97 0000 SBDD =$CCOE 6520 PIA B DATA DIRECTION

98 0000 SBD =$CCOE 6520 PIA B DATA REGISTER

99 0000 CRB =sCCOF 6520 PIA B CONTROL REGISTER

100 0000 H

101 0000 i ¥xxxx%x% PIA CONNECTIONS

102 0000 H

103 0000 H CAl <-~ UNUSED

104 0000 H CA2 --> PULSE(-RE CLR)

105 0000 H PA7 <~> DAL7

106 0000 H PA6 <-> DAL6

107 0000 H PA5 <-> DALS

108 0000 H PAG <-> DAL4

109 0000 H PA3 <-> DAL3

110 0000 H PA2 <-> DALZ2

111 0000 H PAl <-> DALl

112 0000 H PAOD <-> DALO

113 0000 H

114 0000 H PB7 <-- INTRQ

115 0000 § PB6 <-- DRQ

116 0000 i PB5 --> READ

117 0000 H PB4 ~-> WRITE

118 0000 H PB3 ~--> =MR

119 0000 H PB2 --> Al

120 0000 H PBl =--> AO

121 0000 H PBO -~> —~ENABLE R/MW

122 0000 H CB1 <-- UNUSED

123 0000 H CB2 --> DEVICE SELECT

124 0000 H

125 0000 H ®*%x%%%% FD1771B COMMANDS

126 0000 H

127 0000 FDRST =%02 RESTORE

128 0000 FDSK =¢12 SEEK

129 0000 FDST =$22 STEP

130 0000 FDSTI =$642 STEP IN

131 0000 FDSTO =662 STEP OUT

132 0000 FDRD =680 READ SECTOR

133 0000 FDWT =5A0 WRITE SECTOR
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Listing 1 continued:

134 0000
135 0000
136 0000
137 0000
138 0000
139 0000
140 0000
141 0000
142 0000
143 0000
144 0000
145 0000

FD400/FD1771B FLOPPY DISK CONTROL

CARD # LOC CODE
146 0000
147 0000
148 0000
149 0000
150 0000
151 0000
152 0000
153 0000
154 0000
155 0000
156 0000
157 0000
158 0000
159 0000
160 000G
161 0000
162 0000
163 0000

FDRDA
FDRDT
FDWTT
FDFI

=$C4
=$EG4
=S$F&
=s$DO0

READ ADDRESS
READ TRACK
WRITE TRACK
FORCE INTERUPT

H
3 xxsxxx% COMMAND QUALIFIERS

H
Qv
QH
Qu
QM
QB

CA
Qs
QIO
QIl
QI2
QI3
QE
QFB
QF A
QF9
QF8

=504
=$08
=$10
=610
=608

RD 10
=$01
=$01
=602
=$04
=508
=506
=$00
=$01
=$10
=$11

VERIFY

LOAD HEAD

UPDATE TRK REG
MULTIPLE RECORDS
IBH FORMAT

PAGE
20 30
NOT SYNC TO AM
NR TO R TRANS.
R TO NR TRANS.
INDEX PULSE
EACH 10 MS.
ENABLE HLD + HLT DELAY
FB DATA MARK
FA DATA MARK
F9 DATA MARK
F8 DATA MARK

40 5

H
3 wxxxx¥x INITIALIZATION CTL BYTES

P
QCRC
QIAM
QIDM
QAFB
QAFA

=$F7
=$FC
=S$FE
=¢FB
=$FA

WRITE CRC

INDEX ADDR MARK
ID ADDR MARK

FB DATA MARK
FA.DATA MARK

4

0 60 70

Listing 1 continued on page 312

MICROCOMPEQUIP

ALLITEMS BELOW SOLD AS IS — NO RETURNS / NO REPAIRS
CALL FOR AVAILABILITY: LIMITED QUANTITIES

DISCOUNTS & DEALER OVERSTOCKS

Circle 230 on inquiry card.

AL Cybernetics Speachboard
Anadex 40 Column Printer
Base 2 8K Memory Board Assembled
Commodore 2001-8 8K PET
Craig M-100 Translater
Dajen Cassette Interface
Dynabyte Naked Terminal
Digital Systems Dual 8" Single Density
Dutronica Poly Z-80 Upgrade Kit
Dutropica Imeai 2-80 Upgrade Kit
Eclectic Corp. Superchip for Apple II
Fidelity Electronica Ltd.
Level 1 Chess Challenger
Level 4 Checker Challenger
Level 2 Checker Challenger
George Risk Inc. Pet Keyboard
Imeai CPU Board
Icom Micro Peripherals 5" Diek Drive
Intertec Data Intertube Terminal
Kent Moore BK RAM 450NS
Kent Moore Alpha Display Module
Mountain Hardware
AC Control Apple
AC Remote
S-100 AC Centrol Kit
AC Remote Kit
AC Couatrol- Apple Kit
Micromation Dual Memorex 8" disk drive
Micromation Dual Density disk controller Card
MS Corp. Apple PR-40 Interface
National Multiplex Digital Cassette Recorder
Novation 1200 Baud Modem (4202T)
Radio Shack TRS-80 Disk Drive
TRS-80 16K Computer
TRS-80 Expansion Interface

Sell For Liat Price

260.00
641.00
211.00
550,00
122.00
88.00
245.00
2293.00
123.00
116.00
75.00

120.00
100.00

40.00
176.00
125.00
821.00
595.00
148.00

80.25

132,00

380.00
855.00
282.00
795.00
198.95
120.00
350.00
273200
169.95
159.95
95.00

75.00
115.00
40.00
250.00
175.00
1095.00
874.00
197.50
107.00

189.00
149.00

Polymorphic Systems
8K Assembled
8K Memory Board
Poly KBD
8813
88-System 2
System 12 Kit
System 6
Video Card
Proceasor Tech
8K Dynamic Ram
16K Dynamic Ram
64K Dynamic Ram
Extended Basic Cassette
SOL 20 W/O Memory
Syatem 11 Kit
Panasonic Monitor
SD Salea 32K Dynamic Ram Board Kit

385.00
300.00
225.00

289.00
225.00
169.00
2880.00
529.00
846.00
1134.00
210.00

175.00
300.00
878.00

21.00

127060

1262.00
143.00
332.00

NEW EQUIPMENT

CALL FOR

OUR LOW PRICES
FOR THE FOLLOWING
MANUFACTURERS:

APPLE

ATARI
CROMEMCO
VECTOR GRAPHIC

Solid State Music 16K Static Ram Board Kit
Southwest Technical (SWTPC)
MF-68 Dual 5" Floppy
Graphics Terminal
Technical Design Labs (TDL-Xitan)
1/O board - SMB-11
32L Series K Memory Board
Fortran IV Ser.37
Fortran IV Sar.4l

300.00

796.00
79.00

257.00
559.00
279.00
279.00

MICROCOMPEQUIP
PO BOX 195
CROWNSVILLE, MD 21032

823.00
576.00
854.00
571.00
277.00
293.00
199.00
§99.00

Xitan Alpha 1.5

Xitan Alpha 1

Xitan Alpha 3

Xitan Alpha 1.5

Video Board
Technico Super Starter Assembled
Technico Super Starter Kit
Trace Elec. 32K RAM Board Assem

VISA / MC / CHECK

PHONE ORDERS:
(301) 261-1859




Listing 1 continued:

164 0000 QAF9 =$F9 F9 DATA MARK

165 0000 QAF8 =$F8 F8 DATA MARK

166 0000 H

167 0000 ;3 #%xxxx%x PIA CONTROL COMMANDS(-MR ON)

168 0000 H

169 0000 READ =£29 READ FD1771B

170 0000 WRITE =%19 WRITE FD1771B

171 0000 STAT =500 Al=0,A0=0 STATUS REGISTER

172 0000 TRK =602 Al=0,A0=1 TRACK REGISTER

173 0000 SECT =504 Al=1,A0=0 SECTOR REGISTER

174 0000 DATA =606 Al=1,A0=1 DATA REGISTER

175 0000 CMD =600 Al=0,A0=0 COMMAND REGISTER

176 0000 i

177 0000 H *#%%%x% PAGE ZERO VARIABLES/EQUATES

178 0000 H

179 0000 TIMEl %=%+]

180 0001 TIME2 %=%+1

181 0002 *=$ED

182 00EO DVCODE x=%+1 DVC/FILE CODE

183 O00El ERRCDE *=%+1 ERROR CODE

184 00E2 COMAND x%=%+1 FD1771B COMMAND

185 O00E3 STATUS *=%+1 STATUS

186 O00E4 TRACK ¥=x+1 TRACK

187 0O0ES5 SECTOR x=%+] SECTOR

1e8 O00Eé6 FDBUF %=%+2 BUFFER PTR

189 00E8 H

190 0O0E8 *=6200

FD400/FD1771B FLOPPY DISK CONTROL PAGE 5
CARD # LOC CODE CARD 10 20 30 40 50 60

192 0200 H

193 0200 ;  xxxx%xx% TYPE 1 COMMANDS

194 0200 H

195 0200 A5 E2 TYPEL LDA COMAND IF NOT SEEK

196 0202 C9 20 CHP #5620 ASSUME

197 0204 BO 3A BCS BASIC BASIC

198 0206 C9 10 CMP #610 IF RESTORE

199 0208 90 36 BCC BASIC ASSUME BASIC

200 020A A9 1F LDA #WRITE+DATA PIA CTL CMD

201 020C 20 DE 02 JSR SETUP SET-UP PIA

202 020F A5 E4 LDA TRACK TRACK ADDR

203 0211 C9 4D CMP #$4D IF PAST END

204 0213 BO 33 BCS CMPANL RETURN

205 0215 20 CD 02 JSR PULSE WRITE. TRACK

205 0218 A9 1D LDA #WRITE+SECT PIA CTL CMD

207 021A 20 DE 02 JSR SETUP SET-UP PIA

208 021D A5 ES5 LDA SECTOR SECTOR ADDR

209 021F 20 CD 02 JSR PULSE WRITE SECTOR

210 0222 4C 40 02 JMP BASIC CONTINUE

211 0225 H

212 0225 7 *xxxxxx COMMAND ENTRY ANALYSIS

213 0225 H

214 0225 A9 29 FDENT LDA #READ+STAT PIA CTL CMD *% ENTRY xx

215 0227 20 DE 02 JSR SETUP SET-UP PIA

216 022A 20 CD 02 JSR PULSE READ STATUS

217 022D 6A ROR A IF DEVICE BUSY

218 022E BO 18 BCS CMPANL DO COMPLETION

219 0230 H

220 0230 3 **x%x%%x DETERMINE COMMAND TYPE

221 0230 i

222 0230 A9 10 LDA #s10 CMD MASK

223 0232 24 E2 BIT COMAND CHECK FOR

224 0234 10 CA BPL TYPEL TYPE 1

225 0236 50 23 BvVC TYPEZ2 TYPE 2

226 0238 FO 4A BEQ RDATA TYPE 3 READ

227 023A A9 20 LDA 4620 SEPERATE

228 023C 24 E2 BIT COMAND FORCE INTRQ FROM

229 023E DO 63 BNE WDATA TYPE 3 WRITE

230 0240 H

231 0240 H *¥%%x%¥xx BASIC COMMAND PROCESS

232 0240 H

233 0240 20 C2 02 BASIC JSR WRTCMD WRITE CMD TO FD1771B

234 0243 2C 0E CC BIT SBD WAIT FOR

312 June1981 © BYTE Publications Inc
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Listing 1 continued:

235
236
237
238
239
240
241
262
243
244
245
246

0246
0248
0248
0248
0248
024A
024B
024cC
024E
0251
0254
0257

AQ
98
oA
09
20
20
99
88

FB

02

29
DE
CD
E3

02
02
00

BPL

HHH K KKK

CMPANL LDY
CPLP TYA
ASL
ORA
JSR
JSR
STA
DEY

-3 INTRQ

COMPLETION ANALYSIS

#2 LOOP CNT + INDEX
USE INDEX TO

A SET Al,AD

#READ SET READ

SETUP SET-UP PIA

PULSE READ REGISTER

STATUS,Y STORE DATA
DECR INDEX

FD400/FD1771B FLOPPY DISK CONTROL

CARD #
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301

314

Loc

0258
025A
025B
025B
0258
025B
025D
0260
0263
0265
0267
0269
026A
026C
026E
0271
0272
0274
0274
0274
0274
0276
0279
0278
027E
0280
0282
0284
0284
0284
0284
0287
0289
028B
028E
0291
0293
0295
0298
029A
029¢C
029D
029F
02A1
02A3
02A3
02A3
02A3
02A6
02A8
02AA
02AD
02AF
02B1
02B4

10
60

A9
20
20
C5
FO
AS
48
A9
85

68
85

A9
20
A5
20
A9
264
Do

20
AD
A9
20
2¢C
30
50
AD
49
91
c8
DO
E6
DO

20
AO
A9
20
Bl
49
8D
2C

CODE

FO

2B
DE
cD
E4
0D
E2

12
E2
25

E2

1D
DE
ES5
cD
20
E2
1F

c2
00
2F
DE
0E
B5
F9
oc
FF
E6

EF
E7
EB

c2
00
1F
DE
E6
FF
oc
0E

02
02

02

02

02

02

02
cc

cc

02

02

cc
cc

June 1981 © BYTE Publications Inc

CARD 10

BPL
RTS

EEE X 2]

e

¥

TYPE2 LDA
JSR
JSR
CHP
BEQ
LDA
PHA
LDA
STA
JSR
PLA
STA

¥, WA KRR

.

YPE2A LDA
JSR
LDA
JSR
LDA
BIT
BNE

N H KR

JSR
LDy
LDA
JSR
BIT
BMI
BVC
LDA
EOR
STA
INY
BNE
INC
BNE

DATA

RDL

EEE S22 2

T oee e wn

DATA JSR
LDY
LDA
JSR
LDA
EOR
STA
BIT

WTL

WTL1

20 30 40

CPLP CONTINUE

RETURN
TYPE 2 VERIFY TRACK

#READ+TRK PIA CTL CMD

SETUP SET-UP PIA
PULSE READ TRACK
TRACK IF NOT EQUAL
TYPE2A SEEK TO TRACK
COMAND SAVE COMMAND
. FOR LATER
#FDSK SEEK COMMAND
COMAND SET IT
FDENT DO SEEK
RESTORE
COMAND COMMAND

TYPE 2 COMMANDS

#WRITE+SECT PIA CTL CMD

SETUP SET-UP PIA
SECTOR SECTOR ADDR
PULSE WRITE SECTOR
#620 SEPERATE
COMAND READ
WDATA FROM WRITE
READ DATA
WRTCMD WRITE COMMAND
#0 BUFFER INDEX
#READ+DATA PIA CTL CMD
SETUP SET-UP PIA
SBD WAIT FOR
CMPANL INTRQ OR
RDL DRQ
SAD GET DATA BYTE
#SFF INVERT DATA
(FDBUF),Y SAVE BYTE
INCR BUFFER PTR
RDL IF ZERO
FDBUF+1 INCR BASE AND
RDL CONTINUE
WRITE DATA
WRTCMD WRITE COMMAND
#0 BUFFER INDEX
#URITE+DATA PIA CTL CHD
SETUP SET-UP PIA
(FDBUF):Y GET DATA BYTE
#SFF INVERT DATA
SAD WRITE IT
SBD WAIT FOR

WD NN D

PAGE 6
50 60 70
25 CYCLES

+ 9 CYCLES

25 CYCLES
Listing 1 continued on page 317



Listing 1 continued:

FD400/FD1771B FLOPPY DISK CONTROL PAGE 7
CARD # LOC CODE CARD 10 20 30 40 50 60 70

302 02B7 30 SF BHMI CMPANL INTRQ OR 2

303 02B9 50 F9 BvC WTL1 DRQ 2

304 02BB C8 INY INCR BUFFER PTR 2

305 02BC DO EF BNE WTL IF ZERO 32

306 02BE E6 ET INC FDBUF+1 INCR BASE AND 5 + 9 CYCLES

307 02c0 DO EB BNE WTL CONTINUE 3

308 o0z2cCc2 i

309 o0ace H

310 o02ce j  %¥*x¥xx WRITE COMMAND TO FD1771B

311 gace H

312 2C2 A9 19 WRTCMD LDA #WRITE+CMD PIA CTL CHMD

313 02C4 20 DE 02 JSR SETUP SET-UP PIA

314 02C7 A5 E2 LDA COMAND GET COMMAND

315 02cC9 20 CD 02 JSR PULSE AND MWRITE IT

316 02CC 60 RTS RETURN

317 2CD H

318 02CD 5 ®xxxxx* ENABLE FD1771B READ/WRITE

319 o02CD H (TRANSFER DATA)

320 2CD H

21 02CD 49 FF PULSE EOR #$FF INVERT DATA

322 0eCF 8D 0C cC STA SAD DATA OUT

323 o02D2 CE O0E CC DEC SBD ENABLE

324 02D5 EE 0E CC INC SBD READ/WRITE

325 02D8 AD 0C CC LDA SAD DATA IN

326 02DB 49 FF EOR #$FF INVERT DATA

327 02DD 60 RTS CONTINUE

328 02DE H

329 02DE H %*x*¥xx% SET UP PIA FOR READ/WRITE

330 02DE H

331 02DE A2 00 SETUP LDX #400 ASSUME READ

332 02E0 4&D OE CC STA SBD SET DVC CTL REG

333 02E3 0A ASL A CHECK

334 02E4 O0A ASL A IF READ AND

335 02E5 30 01 BMI SETI1 SET FOR INPUT

336 D02E7 CA DEX ADJUST DIR TO OUTPUT

337 02E8 A9 00 SET1 LDA #0 SET CTL FOR

335 02EA 8D 0D CC STA CRA DIR REGISTER

339 02ED 8E 0OC CC STX SADD SET DATA DIRECTION

340 2F0 A9 2C LDA #s2C RESET PIA CTL

341 02F2 3D 0D CC STA CRA TO DATA REG

342 02F5 60 RTS RETURN

343 02F6 H

344  02F6 i sxxxxxx DEVICE INITIALIZATION Listing 1 continued on page 318

ware for the best / PASCAL-100 comes " wike SO;ZH’SID ,
a2 z‘ 80 . complete with extensive documenta- X O DL

(l.’,:scb::%:includzs a Z80° processor, 50 tion—ou Uttt e o L l %EWJ:J'::?&?::@AE%&]T :

you can run your current software—including  [¥ew Generation S-100 =

CP/M‘—without modification. Readyto con-  PASCAL-100 is designed for the versatile, S o «
vert an application to Pascal? Do it anytime,  flexible S-100 bus. Fully compatible with P'gla;T?mfeif_a{‘:; 0 o)
with no disruptive hardware changes. the new IEEE-696 standard, yet works with Ly leril (‘f“(":l’) 2735500 ZON

"Trademark of Western Digital TTrademark of Univessity of California
'Registered Trademask of Zilog, Inc. ‘Registered Trademark of Digital Research
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Listing 1 continued:

345

346

347
348
349
350
351

352
353
354
355
356

FD400/FD1771B FLOPPY DISK CONTROL

CARD #
357
358
359
360
361
362
363
364
365
366
367

02F6
02Fé6
02F8
02FB
02FE
0300
0303
0305
0306
0309
030A
030D

Loc

030F
0312
0314
0317
0319
0318B
031E
0320
0323
0326
0326

A2
20
AD
AO
8C
86
ES
8E
CA
8E
A2

8E
A2
8E
A9
85
20
A2
8E
4C

00
E8 02
oc cc
04
0F CC
EO

0E cC

0F cC
3F

CODE
0E CC
3C
OF CC
02
E2
40 02
34
0F CC
40 02

FLOPPY DISK 1I/0 & ERROR RECOVERY

CARD #
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
404
405
406
407
408
409

318

Loc

0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0326
0327
0328
0329
032A
032B
032D
032F
0331
0333
0335
0337
033A
033C
033D
033F
0340

48
98
48
A
48
A9
85
A9
26
50
09
8D
A5
48
A5
48
20

CODE

05
El
34
EOD
02
08
0F CC
E7

ES

25 02

June 1981 © BYTE Publications Inc

B
FDINT LDX #$00 A DIR AS INPUT *% ENTRY x*x
JSR SETI1 SET-UP A SIDE
LDA SAD CLEAR =RE
LDY #s04 CTL FOR B SIDE
STY CRB DATA REGISTER
STX DVCODE CLEAR DEVICE CODE
INX SET B SIDE
STX SBD DATA REGISTER
DEX CTL FOR B SIDE
STX CRB DIR REGISTER
LDX #$3F SET B SIDE
PAGE 8
CARD 10 20 30 40 50 60 70
STX SBDD DIR REGISTER
LDX #33C SELECT
STX CRB DEVICE 1
LDA #FDRST RESTORE CMD
STA COMAND SAVE IT
JSR BASIC RESTORE DEVICE 1
LDX #6834 SELECT
STX CRB DEVICE 0
JMP BASIC RESTORE DEVICE 0
{
PAGE 9
CARD 10 20 30 40 50 60 70

THIS SEGMENT PROVIDES FLOPPY DISK I/0 OPERATIONS,

USING

THE FDENT ROUTINE,
RETURNING. COMMAND, TRACK,
SET AS IF FDENT WERE TO BE USED.

AND ERROR RECOVERY IS PERFORMED PRIOR TO
SECTOR,

AND BUFFER ADDRESS ARE
FDIO WILL SAVE ALL REGISTERS

AS WELL AS PERFORMING ERROR RECOVERY.

IF A COMMAND IS

CONSIDERED RECOVERABLE,

IT WILL BE RETRIED 5 TIMES PRIOR TO

T er we mr we ws we Wr we Wi we WE Me e Se e WE WA Wi ME e s e W s

RETURNING A PERMANENT ERROR INDICATION IN ERRCODE(SFF).

A ZERO INDICATES A NORMAL COMPLETION OF THE I/0 ACTIVITY.
ADDITIONALLY THE PROPER FLOPPY DRIVE WILL BE SELECTED USING
THE HIGH BIT OF DVCODE.

TYPE MASK ERROR
TYPEL 00011000 SEEK ERROR
WRITE 01111000 WRITE PROTECT/FAULT
READ 00011100 ID/REC NOT FOUND
CRC ERROR
LOST DATA

**xxxxx INITIALIZE AND EXEC CMD

DIO PHA SAVE ACC %% ENTRY %
TYA SAVE Y
PHA REGISTER
TXA SAVE X
PHA REGISTER
LDA #5 SET ERROR
STA ERRCDE COUNT
LDA #6364 START WsDVC 0
BIT DVCODE IF NOT O
BVC SETDVC SET TO ONE
ORA #5508 SET DVC 1
SETDVC STA CRB SET PIA
RETRY LDA FDBUF+1 SAVE ADDR HIGH
PHA FOR RECOVERY
LDA SECTOR SAVE SECTOR
PHA FOR RECOVERY
JSR FDENT EXEC CMD

Listing 1 continued on page 320



Listing 1 continued:

410 0343 38 SEC ASSUME ERROR

411 0344 i

412 0344 H **xx*%% CHECK FOR BUSY/NOT READY

413 0344 H

414 0344 A9 01 LDA #$01 CHECK

415 0346 24 E3 BIT STATUS FOR

416 0348 DO 3F BNE ER1 BUSY OR

417 034A 30 3D BMI ER1 NOT READY

418 034C H

419 034C H *%xxx%% DETERMINE CMD TYPE

420 034C H

421 034C A9 10 LDA #s10 CMD MASK

422 034E 26 E2 BIT COMAND SPLIT INTO

423 0350 10 19 BPL TYPl TYPE 1

FLOPPY DISK I/0 & ERROR RECOVERY PAGE 10
CARD # LOC CODE CARD 10 20 30 40 50 60 70

426 0352 50 29 BVC TYP2 TYPE 2

425 0354 FO0 37 BEQ RDT TYPE 3 READ

426 0356 A9 20 LDA #s20 SEPERATE

427 0358 24 E2 BIT COMAND FORCE INTRQ FROM

428 035A DO 27 BNE WRT TYPE 3 WRITE

429 035C i

430 035C § %xxxxxx RETURN

431 035C H

432 035C 18 RTN1 cLC NO ERROR

433 035D A9 00 LDA 40 CLEAR

434 035F 85 El RTN2 STA ERRCDE ERROR CODE

435 0361 68 PLA CLEAR STACK

436 0362 85 ES STA SECTOR OF SECTOR

437 0364 68 PLA AND ADDR HIGH

438 0365 68 RTN3 PLA RESTORE X

439 0366 AA TAX REGISTER

440 0367 68 PLA RESTORE Y

441 0368 A8 TAY REGISTER

442 0369 68 PLA RESTORE ACC

463 036A 60 RTS RETURN

444  036B H

445 036B o %%xx%xxx% TYPE 1 RECOVERY

446 036B H

447 036B A9 18 TYP1 LDA #518 CHECK FOR

448 036D 25 E3 AND STATUS BOTH CRC AND

449 036F FO EB BEQ RTNI1

450 0371 C9 18 CHMP #¢18 NOT FOUND

451 0373 FO0 l4 BEQ ER1 ERRORS

452 0375 A9 30 LDA #¢30 STOP IF

453 0377 24 E2 BIT COMAND STEP 1IN

454 0379 DO OE BNE ER1 OR STEP 0OUT

455 037B FO 26 BEQ RDT1 RETRY SEEK AND RESTORE

456 037D H

457 037D H #xxxx%%x TYPE 2 SEPERATION

458 037D H Listing 1 continued on page 322

ADVANCED MICRO SYSTEMS = 26188 ADAMOR ROAD « CALABASAS, CA. 91302
OPEN MON.-FRI. 10-8 SAT. 10-6 Tel.: (213) 880-4670

COMPLETE QUALITY SYSTEMS AT LOW, LOW PRICES | [N ERVEIN eIV

ALL SYSTEMS ALLOW MULTI-USER, MULTI-TASKING, UPWARD EXPANDABILITY AND INCLUDE: FREE WARRANTY
ON PA & LABOR
1. TELEVIDEO 912C 4, DECISION I BASIC UNIT ™ Featuring .
a. Z-80A CPU 4-TO-6 MHZ. f. PROGRAMMABLE INTERRUPT CONTROLLER.
2. ANADEX DP-9500 SERIES b. 3 SERIAL & 2 PARALLEL PORTS. 9. DIGITAL RESEARCH CP/M 2.2 O.S.
GRAPHIX PLUS PRINTER c. SUPERVISOR CONTROL IN H&S. h, MICROSOFT EXTENDED DISK BASIC.
d. REAL TIME CLOCK, i. DISK CONTROLLER
3. 64K DYNAMIC RAM e. MEMORY MAP. i. DOCUMENTATION.
5. PLUS ONE OF THE FOLLOWING DISK DRIVE SETS :
a. 2x5 144" FLOPPY b.2x8" FLOPPY c. 2x8" FLOPPY d.8" FLOPPY e.8" FLOPPY f.8" FLOPPY
(400K BYTES) (1M BYTES) (2M BYTES) § 174" WINCHESTER 8" HARD DISK 14" HARD DISK
FOR FOR FOR (6MB) FOR {11 MB)FOR (27 MB)FOR
$5500. $5800. $6300. $7900. $8110. $9195.

SYSTEMS ARE DELIVERED AS AVAILABLE. PRICES, TERMS, SPECIFICATIONS SUBJECT TO GHANGE WITHOUT NOTICE. ALLOW 30-60 DAYS
FOR DELIVERY. PRICE FOB CALABASAS, CA 91302. DECISION | - TRADEMARK OF MORROW DESIGN. PRICES ARE FOR PREPAID (DEPOSIT) ORDERS.
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Listing 1 continued:

459 037D A9 20 TYP2 LDA #520 SEPERATE

460 037F 24 E2 BIT COMAND READ

461 0381 FO OA BEQ RDT FROM WRITE

462 0383 H

463 0383 j  *¥*x%¥%% WRITE RECOVERY

464 0383 i

465 0383 A9 60 WRT LDA #5860 ERROR MASK

466 0385 24 E3 BIT STATUS STOP IF WRITE

467 0387 FO 04 BEQ RDT PROTECT/FAULT

468 0389 A9 FF ER1 LDA #SFF SET ERROR CODE

469 038B DO D2 BNE RTN2 RETURN

470 038D i

471 038D E *x%¥***% COMMON RECOVERY

472 038D i

473 038D A9 OC RDT LDA #s0C ERROR MASK

474 038F 24 E3 BIT STATUS IF ERROR

475 0391 DO 10 BNE RDT1 RETRY

476 0393 A9 10 LDA #¢10 CHECK FOR

477 0395 24 E3 BIT STATUS NOT FND

478 0397 FO0 C3 BEQ RTN1 NONE RETURN

FLOPPY DISK I/0 & ERROR RECOVERY PAGE 11

CARD # LoC CODE CARD 10 20 30 40 50 60 70

479 0399 i IF MULTIPLE

480 0399 24 E2 BIT COMAND SECTOR OPERATION

481 039B FO 06 BEQ RDT1 CHECK

482 039D A9 1B LDA #$1B FOR END OF

483 039F C5 ES CHP SECTOR TRACK

484 03A1 FO B9 BEQ RTN1 CALL IT NORMAL

485 03A3 H

486 03A3 j  ®xx%xx%x CHECK ERROR COUNT

487 03A3 3

488 03A3 Cé6 El RDT1 DEC ERRCDE DECR ERROR CNT

489 03A5 10 05 BPL RDT2 RETURN

490 03A7 68 PLA WITH

491 03A8 68 PLA ERROR

492 03A9 4C 65 03 JMP RTN3 CONDITION

493 03AC H

494 03AC H *%%%%%% RETRY OPERATION

495 03AC H

496 03AC 68 RDT2 PLA RESTORE

497 03AD 85 ES STA SECTOR SECTOR

498 O03AF 68 PLA RESTORE

499 03B0 85 E7 STA FDBUF+1 ADDR HIGH

500 03B2 4C 3A 03 JMP RETRY RETRY Listing 1 continued on page 324

T8-4

IMPOSSIBLE! 32¢0Fs100 2 ==

STATIC RAM FOR $399 1?1?2171 EXTENDER

No, it’s not impossible; in fact, we think we’ve lucked into the S-100 value of the year. Bonn D/LOGIC

Recently a leading manufacturer of static memory for S-100 systems (we can't say PROB€
who) received a batch of electrically perfect 32K static RAM boards with some
minor cosmetic defects. Intended for sale as Assembled/Tested units, the $59 Kit, $79 Assembled/Tested.
company got as far as soldering the sockets in place before the problem With built-in logic probe for painiess
was discovered. We were in the right place at the right time and troubleshooting, large “kluge” area for building
bought the entire lot; we're offering these memories in kit form custom circuits or testers, edge connector label that
with all components and complete documentation. Simply identifies all pins, jumper links in power lines for easy
insert the ICs into the appropriate sockets, solder in a few current measurement/fusing, and gold plated connector
surfaces for optimized electrical contact. New interlaced

other parts - and you're up and running. Best of all, you'll

have the same reliable, ultra-high speed, fully static, ground and signal traces improves performance and reduces
and low power performance you've come to expect noise; even works with the new generation of high clock frequency
from the boards made by this prominent company. boards.

Don’t miss out on the memory deal of the year if you ever need to examine or fix an S-100 board, the TB-4 s for you.
- these are limited quantity,

first-come-first-served.

CONDITIONS OF SALE: VISA® /Mastercard® accepled; call{415) 783-2866. include $1.50 for shipping
and hangling. Cali a residen|s add tax.

MULLEN Computer Products ESTEIENIETYTON
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Listing 1 continued:

FD400/FD1771B FLOPPY DISK FORMAT PAGE 12
CARD # LOC CODE CARD 10 20 30 40 50 60 70

502 03BS i

503 03BS i

504 03BS s THIS SEGMENT FORMATS AN ENTIRE FLOPPY DISKETTE IN IBM COMPATIBLE

505 O03B5 5 SOFT SECTORING WITH 128 BYTE SECTORS. EACH SECTOR CONTAINS 80

506 0385 H BYTES OF ASCII BLANK(X'20') FOLLOWED BY HEX ZEROS FOR THE

507 03B5 ; REMAINDER OF THE SECTOR.

508 03BS5 i

509 03B5 H

510 03B5 i

511 03BS jo ¥xxxxxx INITIALIZE

512 03B5 i

513 03B5 20 F6 02 FORMAT JSR FDINT INIT SYSTEM *% ENTRY %

514 03B8 A2 00 LDX #0 A SIDE

515 03BA 8E 0D CC STX CRA DIRECTION

516 03BD CA DEX SET TO

517 03BE 8E 0C CC STX SADD OuTPUT

518 03C1 A2 2C LDX #s2C A SIDE

519 03C3 B8E 0D cCC STX CRA DATA

520 03Cé H

521 03Cé i #xxxxxx SET UP RECORD

522 03Ceé i

523 03Cé6 A9 4C LDA #$4C SET

524 03C8 8D 00 05 STA REND TRACK COUNT

525 03CB A9 FF LDA #$FF SET TRK

526 03CD 8D B3 05 STA RTN TO ZERO

527 03D0 A9 FE GO LDA #SFE SET SECTOR

528 03D2 8D Bl 05 STA RSN TO ONE

529 03D5 A2 1A LDX #S1A SECTOR CNT

530 03D7 A0 FD LDY #RSTRT-REND WRITE LENGTH

531 03D9 H

532 03D9 3 %*xx¥x%x ISSUE WRITE TRACK

533 03D9 i

534 03D9 A9 0B LDA #255-FDWTT STOR FD1771B

535 03DB 8D 0C CC STA SAD COMMAND

536 03DE A9 19 LDA #WRITE+CMD STORE PIA

537 030 8D 0E CC STA SBD COMMAND

538 O03€3 CE OE CC DEC SBD ENABLE

539 03€E6 EE OE CC INC SBD READ/WRITE

540 03E9 A9 IF LDA #WRITE+DATA STORE PIA

541 O03EB 8D 0E CC STA SBD COMMAND

542 03EE i

543 03EE H *%xx%%%% RECORD TRANSFER

544 03EE H

545 03EE EE FE 05 WDT INC RSTRT+1 DELAY 6 CYCLES

546 03F1 B9 00 05 LDA REND,Y STORE A

547 03F4 8D 0C CC STA SAD DATA BYTE

548 03F7 2C 0E CC WLP BIT SBD WAIT FOR

549 03FA 30 12 BMI NEXT INTRQ

550 O03FC 50 F9 BvVC WLP OR DRQ

551 O03FE 88 DEY DECR INDEX

552 03FF DO ED BNE WDT CONTINUE

553 0401 CE Bl 05 DEC RSN INC SECTOR

554 0404 A0 BA LDY #RNORM-REND INDEX VALUE

555 0406 CA DEX DECR SECTOR CNT

556 0407 DO E8 BNE WDT+3 CONTINUE

FD400/FD1771B FLOPPY DISK FORMAT PAGE 13
CARD # LOC CODE CARD 10 20 30 40 50 60 70

557 0409 H

558 0409 i *x*%*%*% WAIT FOR COMPLETION

559 0409 3

560 0409 2C OE CC TRKEND BIT SBD WAIT FOR

561 040C 10 FB BPL TRKEND INTRQ

562 040E i

563 040E i wxxxx¥xx MOVE TO NEXT TRACK

564 0640E i

565 040E 20 35 04 NEXT JSR DELAY DELAY 40 MS.

566 0411 A9 BS LDA #255-FDSTI-QH STORE FD1771B

567 0413 8D 0C CC STA SAD COMMAND

568 0416 A9 19 LDA #WRITE+CMD STORE PIA Listing 1 continued on page 326
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Listing 1 continued:

569 0418 8D 0E CC STA SBD COMMAND

570 041B CE OE CC DEC SBD ENABLE

571 04lE EE OE CC INC SBD READ/WRITE

572 0421 2C OE CC sSLP BIT SBD WAIT FOR

573 0624 10 FB BPL SLP INTRQ

574 0426 20 35 04 JSR DELAY DELAY 40 MS.

575 0429 CE B3 05 DEC RTN INCR TRACK

576 042C CE 00 05 DEC REND DEC TRK CNT

577 042F 10 9F BPL GO CONTINUE

578 0431 20 F6 02 JSR FDINT RESTORE DRIVE

579 0434 60 RTS sToP

580 0435 H

581 0435 ;3 *xxxxxxx DELAY 40 MS.

582 0435 H

583 0435 A9 40 DELAY LDA #6640 MAJOR LOOP VALUE

584 0437 85 00 STA TIMEL MAJOR LOOP CNT

535 0439 A9 4A DL2 LDA #SGA MINOR LOOP VALUE

586 043B 85 01 STA TIME2 MINOR LOOP CNT

587 043D Cé6 01 DLl DEC TIME2 DECR MINOR CNT

588 043F DO FC BNE DL1 CONTINUE

589 0441 Cé6 00 DEC TIME1 DECR MAJOR CNT

590 0443 DO Fé& BNE DL2 CONTINUE

591 0445 60 RTS RETURN

FD400/FD1771B FLOPPY DISK FORMAT PAGE 14

CARD # LOC CODE CARD 10 20 30 40 50 60 70

593 0446 ¥=%4255/256%256

594 0500 F

595 0500 j  *xxxxxx RECORD FORMAT

596 0500 H (REVERSED AND INVERTED)

597 0500 00 REND -BYTE ¢00

598 0501 oo .BYTE $00,$00,%00,%$00,%00,$00,¢$00,s00

598 0502 00

598 0503 00

598 0504 00

598 0505 00

598 0506 00

598 0507 00

598 0508 00

599 0509 00 .BYTE $00,$00,$00,%00,%00,%00,%00,¢$00

599 050A 00

599 050B 00

599 050C 00

599 050D 00

599 O050E 00 Listing 1 continued on page 328

LISP

INTERPRETER FOR THE TRS-BO*

INVENTORY CONTROL SYSTEM
WITH PARTS EXPLOSION FOR
FINISHED GOORS AND ASSEMBLIES
Parts requirements forecasting & Pull Sheets |
Reorder Reports |
Economic Order Quantities

Having trouble
learning to use

your computer? SEE THE AUGUST, '79 ISSUE OF
BYTE TO FIND HOW EASY IT IS TO

USE LISP.

FHelerence manuals don't teach. Most BASIC

5000 Items per 8" disk
AVAILABLE FOR CROMEMCD, CP/M®,
AND OASIS OPERATING SYSTEMS

Hardware requirements: 64k AAM, tailored for your machine. B FuLs AR EETIE CABABILITFG
132 Calumn printer. For PET/CBM U a < .
z 8 USER'S MANUAL.
Manual and 8" Hoppy disk........ $250. Understanding Your PET/CBM ........ 516.95
Multi-feve! explosion version . . 3499, Vol 1: Basic Programming ¥ SUPPLIED ON CASSETTE FOR 16K-
Job Costing.............. ... 3350 PET Graphics . .........ocoeeeninn, $6.95 64K LeveL Il

Accounts  Receivable, Accounts Payable,
Order Entry, General Ledger, Payroll and
Mailing List programs also available.

FEITH SOFTWARE, INC.
204 MARVIN RD.

texts don't cover specific personal computers.

TIS solves these problems
with step-by-step books

For OSI CiP/C4aP

Understanding Your C1P/C4P..
A Workbook of BASIC Exercise:

Money Back Guarantee. VISA/MC accepted.
All prices include UPS or 1st Class 2o

# INCLUDES MORE THAN 30
FUNCTIONS & PREDICATES.

® CODED FOR HIGH-SPEED
OPERATION.

SEND$SOIN CHECK OR MONEY ORDER
TO:

CYBER INNOVATIONS
WORLD TRADE CENTER

o P.0O.BOx 58657
ELKINS PARK, PA. 19117 TIS, Dept B {awe ) ¥ DALLAS, TEXAS 75258
(215) 782-8240 fgiff;mos NM 87544 [ | 7
g T e *“TRADEMARK OF TANDY CORPORATION
=

Circle 141 on inquiry card. Circle 366 on Inquiry card.- Circle 393 on inquiry card,
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Listing 1 continued:

599 050F 00
599 0510 00
600 0511 00
600 0512. 00
600 0513 00
600 0514 00
600 0515 00
600 0516 00
600 0517 00
600 0518 00
601 0519 00
601 051A 00
601 051B 00
602 051C 08
603 051D FF
603 051E FF
603 O051F FF
603 0520 FF
603 0521 FF
603 0522 FF
603 0523 FF
603 0524 FF
604 0525 FF
604 0526 FF
604 0527 FF
604 0528 FF
604 0529 FF
604 052A FF
604 052B FF
604 052C FF
605 052D FF
605 052E FF
605 052F FF
605 0530 FF
605 0531 FF
605 0532 FF

.BYTE

.BYTE

.BYTE
.BYTE

.BYTE

+BYTE

$00,$00,%$00,$00,$00,%00,%$00,%$00

$00,600,%00

$08 DATA CRC

SFF,$FF,$FF,$FF,SFF,$FF,$FF,$FF

SFF,8FF,8FF,$FF,$FF,$FF,6FF,$FF

SFF,$FF,$FF,$FF,$FF,$FF,$FF, $FF

Listing 1 continued on page 330

® i

$-100 CONTROLLER BOARD $159.
S-100 REAL TIME CLOCK BOARD $159.
ENCASED CONTROLLER $184.
(TRS-80, Apple Il etc.)
ENCASED CONTROLLER & REAL
TIME CLOCK (TRS-80, Apple il etc) $269.
APPLE Il CLOCK BOARD $129.

snd ek SCITronNics Inc.
ormoney 523 S. Clewell St., P.0. Box 5344
order 1o Bethighem, PA 18015

(215) 868-7220
Please list system with which you plan to use
peripheral. Master Charge and Visa accepted.
PA residents add sales tax. COD's accepted.

From Ballet on Broadway

. « . people are finding unique ways to use the Powerful SciTronics REMOTE CONTROLLER

1o Billiards i Dallas...

Whether it's the intricate lighting for a Broadway Ballet or the sim-
ple remote lighting of pool tables in a Dallas billiards hall, people
are finding out SciTronics Remote Controller can meet their needs.

Here’s Why:
Controls 256 BSR remote switches—not just 16
Hardware driven—requires minimum software
No ultrasonic link—prevents erratic operation
M No BSR command module necessary

Real Time Clock gives Remote Controller an added dimension!

Real Time Clocks are now available to make your remote controller even more
powerful. The RTC feature allows for energy consumption scheduling, event
scheduling and much more. Your imagination is your only limitation when it comes
to the ways which this RC/RTC combination can be used.

Real Time Clocks feature:
& Lithium battery back-up
& Crystal controlled accuracy (.002%)

@ Clock generates interrupts (seconds, minutes, hours) for foreground/background operation
k7 Complete software in BASIC to Set and Read clock
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Listing 1 continued:

FD400/FD1771B FLOPPY DISK FORMAT

CARD # LOC
605 0533
605 0534
606 0535
606 0536
606 0537
606 0538
606 0539
606 053A
606 053B
606 053C
607 053D
607 O053E
607 053F
607 0540
607 0541
607 0542
607 0543
607 0544
608 0545
608 0546
608 0547
608 0548
608 0549
608 0544
608 054B
608 054C
609 054D
609 054E
609 054F
609 0550
609 0551
609 0552
609 0553
609 0554
610 0555
610 0556
610 0557
610 0558
610 0559
610 0554
610 055B
610 055C
611 055D
611 055E
611 055F
611 0560
611 0561
611 0562
611 0563
611 0564
612 0565
612 0566
612 0567
612 0568
612 0569

FD400/FD

CARD # LOC
612 056A
612 056B
612 056C
613 056D
613 056E
613 056F
613 0570
613 0571
613 0572
613 0573
613 0574

CODE CARD 10

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF

1771

DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF

.BYTE

.BYTE

.BYTE

.BYTE

.BYTE

.BYTE

.BYTE

B FLOPPY DISK FORHMAT

CODE CARD 10

.BYTE

330  June 1981 © BYTE Publications Inc

20 30 40

SFF,$FF,$FF,8FF,$FF,8FF,$FF,$FF

SFF,$FF,$FF,8FF,$FF,$FF, $FF,SFF

$FF,$FF,$FF,$FF,$FF,$FF,$FF,$FF

‘

$DF, $DF, $DF,$DF,$DF, $DF, $DF, $DF

$DF,sDF,$DF,sDF, $DF, $DF, $DF, $DF

$DF, $DF,s$DF,sDF,$DF, $DF, $DF, $DF

¢DF,$DF, $DF, $DF,$DF, $DF, $DF, $DF

20 30 40

$DF,$DF,$DF,9DF,$DF,$DF,$DF,$DF

PAGE

50

PAGE

50

15

60 70

16

60 70

Listing 1 continued on page 332



Listing 1 continued:

614 0575 DF .BYTE $DF,$DF,$DF,$DF,$DF,$DF,$DF,$DF
614 0576 DF

614 0577 DF

614 0578 DF

614 0579 DF

614 057A DF

614 057B DF

614 057C DF

615 057D DF .BYTE $DF,SDF,$DF,$DF,$DF,$DF,$DF, $DF
615 057E DF

615 057F DF

615 0580 DF

615 0581 DF

615 0582 DF

615 0583 DF

615 0584 DF

616 0585 DF .BYTE $DF,$DF,$DF,$DF,$DF,$DF,$DF,$DF
616 0586 DF

616 0587 DF

616 0588 DF

616 0589 DF

616 058A DF

616 058B DF

616 058C DF

617 058D DF .BYTE $DF,$DF,$DF,$DF,$DF,$DF,$DF,$DF
617 058E DF

617 (058F DF

617 0590 DF

617 0591 DF

617 0592 DF

617 0593 DF

617 0594 DF

618 0595 DF .BYTE $DF,$DF,$DF,$DF,$DF,$DF,$DF,$DF
618 0596 DF

618 0597 DF

618 0598 DF

618 0599 DF

618 059A DF

618 059B DF

618 059C DF

619 059D 04 .BYTE ¢04 DATA AM
620 059E FF .BYTE SFF,SFF,$FF,$FF,$FF,S$FF DATA FLD SYNC
620 O059F FF

620 D5A0 FF

FD400/FD1771B FLOPPY DISK FORMAT PAGE 17

CARD # LOC CODE CARD 10 20 30 40 50 60 70
620 O05A1 FF
620 D05A2 FF
620 O05A3 FF
621 05A4 00 .BYTE $00,$00,%$00,$00,$00,%00 DATA
621 05A5 00
621 0546 00
621 05A7 00
621 05A8 00
621 05A9 00
622 D05AA 00 .BYTE $00,%$00,%00,%00,9%00 GAP
622 05AB 00
622 05AC 00
622 05AD 00
622 05AE 00

623 05AF 08 .BYTE $08 ADDR CRC

624 05B0 FF RSL .BYTE SFF SECTOR LENGTH
625 05B1 FE RSN .BYTE $FE SECTOR ADDR
626 05B2 FF .BYTE S$FF ZERO

627 05B3 FF RTN .BYTE SFF TRACK ADDR
628 05B4 01 .BYTE $01 ID AN

629 05B5 FF .BYTE $FF,$FF,$FF,$FF,$FF,sFF ADDR SYNC

629 05B6 FF
629 05B7 FF
629 05B8 FF
629 05B9 FF Listing 1 continued on page 334
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Listing 1 continued:

629 05BA FF

630 05BB RNORM  =x~1

631 05BB 00 .BYTE ¢00,$00,%00,%$00,%$00,%00,%00,$00
631 05BC 00

631 058D 00

631 O05BE 00

631 05BF 00

631 05C0 00

631 05C1 00

631 05C2 00

632 05C3 00 .BYTE $00,$00,$00,$00,%$00,%00,$00,$00
632 05C4 00

632 05C5 00

632 05C6 00

632 05C7 00

632 05C8 00

632 05C% 00

632 05CA 030

633 05CB 00 .BYTE $00,%00,%00,%00,%00,%00,%00,%00
633 05CC 00

633 05CD 00

633 05CE 00

633 05CF 00

633 05D0 00

633 05D1 00

633 05D2 00

634 05D3 00 .BYTE 600,500
634 05D4 00
635 05D5 03 .BYTE 03 INDEX MARK
636 05D6 00 .BYTE ¢00,$00,%00,%00,¢00,600,%00,¢00
FD400/FD1771B FLOPPY DISK FORMAT PAGE 18
CARD # LOC CODE CARD 10 20 30 40 50 60 70

636 05D7 00

636 05D8 00

636 05D9 00

636 05DA 00

636 05DB 00

636 05DC 00

636 05DD 00

637 O05DE 0o .BYTE $00,$00,$00,%00,%00,%00,%00,%$00
637 O05DF 00

637 O05EO0 00

637 05E1 oo

637 05€E2 00

637 (Q5E3 00

637 O05E4 00

637 055 00

638 05E6 0o .BYTE ¢00,$00,$00,$00,%$00,%00,$00,$00
638 05E7 00

638 05E8 00

635 O05E9 00

638 O05EA 00

638 05EB 00

638 O05EC 00

638 O0S5ED 00

639 O05EE 00 .BYTE $00,$00,$00,%00,%00,%00,$00,%00
639 05EF 00

639 O05F0 00

639 05F1 00

639 05F2 00

639 05F3 00

639 05F4 00

639 05F5 00

640 O05Fé6 00 .BYTE ¢00,%$00,%00,%$00,%00,%$00,%$00,¢00
640 O05F7 00

640 O05F8 00

640 O05F9 ()

640 O05FA 00

640 05FB 00

640 O05FC 00

640 O05FD 00

641 O5FE RSTRT =x-1

642 O5FE -END Listing 1 continued on page 336
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Listing 1 continued:

END OF MOS/TECHNOLOGY 650X ASSEMBLY VERSION 5
NUMBER OF ERRORS = 0.

SYMBOL

BASIC
CMD
CMPANL
COMAND

CPLP
CRA
CRB
DATA
DELAY
DL1
DL2
DVCODE
ERRCDE
ER1
FDBUF
FDENT
FDFI
FDINT
FDIO
FDRD
FDRDA
FDRDT
FDRST
FDSK
FDST
FDSTI
FDSTO
FDWT
FDWTT
FORMAT
GO
NEXT
PULSE
QAFA
QAFB
QAF8
QAF9
QB
QCRC
QE
QFA
QFB
QF8
QF9
QH
QIAM
QIDM
QIO
QIl
QI2
QI3
QM

Qs

SYMBOL

Qu

Qv
RDATA
RDL
RDT
RDT1
RDT2
READ

SYMBOL TABLE

VALUE

0240
0000
0248
00E2

024A
ccob
CCOF
0006
0435
043D
0439
00EO
00El
0389
00E6
0225
00DO
02F6
0326
0080
ooca
00E4
0002
0012
0022
0042
0062
00AD
00F4
03B5
03D0
040E
02CcD
O0FA
00FB
00F8
00F9
ooo08
00F7
0004
0001
0000
0011
0010
ooos
00FC
00FE
0001
0002
0004
0008
oo1lo0
0001

VALUE

0010
0004
0284
028E
038D
03A3
03AC
0029

LINE DEFINED

233
175
239
184

240

96

99
174
583
587
585
182
183
468
188
214
137
346
393
132
134
135
127
128
129
130
131
133
136
513
527
565
321
163
162
165
164
145
159
151
153
152
155
154
142
160
161
147
148
149
150
144
146

197
312
204
195
427
247
338
350
200
565
588
590
351
399
416
286
261
*HKEKR
513
KR
XHEHN
¥R AN
MK *
360
259
* R
566
* % % %
*E RN
534
*HKHR
577
549
205
*H R
* N H
22
EHRR
* 3£ %%
KRN
XH XK
* % %%
*HRK
KK
*R KR
566
*HHEK
* K5
* X XK
XRER
¥ XK H
* R
XRHH
XHEHN

LINE DEFINED

143
141
277
281
473
488
496
169
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L2223
RN R
226
283
425
455
489
214

199
536
218
223
453

341
355
279
574

401
434
417
289
409

578

209

CROSS-REFERENCES

288
461
475

262

CROSS-REFERENCES

210
568
282
228
460

515
359
296

488
451
298

216

290
467
481

252

NUMBER OF WARNINGS =

362
302
257
480
519

364
540

454
306

244

279

0

365

260

404

405

254

263

499

270

272

315

314

361

422

Listing 1 continued on page 338



Listing 1 continued:

REND 0500

RETRY 033A

RNORM 05BA

RSL 05B0

RSN 05B1

RSTRT 05FD

RTN 05B3

RTN1 035¢C

RTN2 035F

RTN3 0365

SAD ccoc

SADD ccoc

SBD CCOE

SBDD CCOE

SECT 0004

SECTOR 00ES5

SETDVC 0337

SETUP 02DE

SET1 02ES8

SLP 0621

STAT oooco

STATUS 00E3

TIMEL 0000

TIME2 0001

TRACK 00E4

TRK 0002

TRKEND 0409

TYPEL 0200

TYPEZ 025B

TYPE2A 0274

TYPL 0368

TYP2 037D

WDATA 02A3

WDT 03EE

WLP 03F7

WRITE 0019

WRT 0383

WRTCMD 02c2

WTL 02AD

WTL] 02B¢4

INSTRUCTION COUNT
ADC 0
AND 1
ASL 3
BCC 1
BCS 3
BEQ 11
BIT 19
BMI 5
BNE 15
BPL 8
BRK 0
BVC 6
BVS 0
cLC 1
CLD 0
CLI 0
cLv 0
CHP 6
cPX 0
cey 0
DEC 9
DEX 4
DEY 2
EOR 4
INC (3
INX 1
INY 2
JHP 4
JSR 27
LDA 52
LDX 8
LDY 6

597
405
630
626
625
661
627
432
434
438

95

94

98

97
173
187
406
331
337
572
171
185
179
180
186
172
560
195
252
267
447
459
294
545
5648
170
465
312
298
301

338  June 1981 © BYTE Publications Inc

524
500
554

W N KK
528
530
526
449
469
492
286
339
236
5641
357
206
208
402
201
335
573
214
245
586
586
202
252
561
224
225
256
423
424
229
552
550
200
428
233
305
303

5646

553
545
575
478

300
517
281
548

267
269

207
347

415
589
587
255

273
556

206

277
307

576

484

322

301

560

407

215

448

267

294

530

325

323
569

243

466

296

554

348

324

570

483

253

474

312

535

332

571

497

268

477

536

547

353
572

280

540

567

537

297

568

538

313

539

Listing 1 continued on page 340



Listing 1 continued:

LSR
NOP
ORA
PHA
PHP
PLA
PLP
ROL
ROR
RTI
RTS
SBC
SEC
SED
SEL
STA
STX
STY
TAX
TAY
TSX
TXA
TXS
TYA

—

—- N
NOHOHHHONOOHRONOHOOOOONOO

# SYMBOLS = 101 (LIMIT =

# LINES = 853 (LIMIT = 3000)

800)

# BYTES = 837 (LIMIT =

# XREFS = 257 (LIMIT = 1600)

Listing 2: Example of a routine that reads disk track 3 into memory, starting at location
hexadecimal 1000. This routine also illustrates the use of the ERRCDE variable.

JSR FDINT Initialize

LDA #$9C Read multiple

STA COMMAND sector command
LDA #%$03 Request track

STA TRACK number 3

LDA #0 Set buffer

STA FDBUF address

LDA #%10 at

STA FDBUF + 1 hexadecimal 1000
JSR FDIO Do I/O

LDA STATUS check for

BNE ERROR error

Text continued from page 304:

1000. The status byte indicates if the
read operation was successful. If the
read test appears good, various other
commands should be attempted to in-
crease your familiarity with the 1771
and drive operation.

Extensions

With the addition of an external
multiplexing circuit to switch the
floppy-disk control lines, multiple
drives can be controlled. Multiple
drives, however, add a new software-
control problem. Since the 1771 re-
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tains the current head location, it is
necessary to update the track register
when switching between drives. A
memory variable to contain the head
location of each drive can be used to
adjust the 1771's register.

A simplified version of the floppy-
disk controller can be used to operate
5-inch disk drives in either single- or
dual-density. In addition, this disk
design is extensible to a more
elaborate controller that uses a
dedicated 6502 to communicate over
a parallel or serial interface to a host
computer.

8192)

Listing 3: Simple testing program for a
disk controller/6502 microprocessor com-
bination. When the BRK (break) occurs,
the variables listed in table 6 can be set to
test the various controller functions.

INIT JSR FDINT
BRK
BRK
JSR FDENT
BRK
BRK
IMP GO

GO

Conclusion

Floppy-disk drives provide suffi-
cient capacity and performance to
meet the needs of most microcom-
puter users. By combining hardware
and software, a floppy-disk system
can be constructed economically
without sacrificing any function or
performance. The 6502 microproces-
sor, with a few hundred bytes of pro-
gram, can control head movement
and data transfer by utilizing the 1771
controller. The software provides a
flexible, yet economic, solution to
mass-storage problems.®



