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FOREWORD

This manual explains how to use Pro-Log's 7387 Floppy-Disk Controller

Card. It is structured to reflect the answers to_basic questions
that you, the user, might ask yourself about the 7387. We welcome

your suggestions on how we can improve our instructions.

The 7387 is part of Pro-Log's Series 7000 STD BUS hardware. Our
products are modular, and they are designed and built with second-
sourced parts that are industry standards. They provide the
industrial manager with the means of wutilizing his own people to
control the design, production, and maintenance of the company's
products that use STD BUS hardware.

Pro-Log supports its products with thorough and <complete
documentation. Also, to provide maximum assistance to the user, we
teach courses on how to design with, and to use, microprocessors and
the STD BUS products. -

You may find the following Pro-Log documents useful in your work:
Microprocessor User's Guide and the Series 7000 STD BUS Technical
Manual. If you would like a copy of these documents, please submit
your request on your company letterhead.
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SECTION 1

Purpose and Main Features

Purpose

The 7387 is suitable for use in small-to-medium sized microprocessor
systems requiring disk storage. It is designed for simplicity of
hardware, cost effectiveness, and reliability. The 7387 is
completely self-contained and fully buffered. It has its own clock,
data separator, and interrupt capability. It can be used with most
popular floppy disk drives. The card is based on an intelligent
controller chip that is thoroughly documented in this manual. This,
along with the control software examples provided in this manual make
the user's interface task relatively easy.

Features

0 Controls up to four disk drives, either single- or double-sided
0 Accomodates either 8" or 5-1/4" disk drives

0 Supports soft-sectored disk format

O Supports single-density disk format; requires no DMA

O Interrupt via INTRQ*, NMIRQ#*, or interrupt controller card

O Compatible with 8085, 280, 6800/09, 8088 and other processors

0

Uses single +5V power supply

Fig. 1-1, 7387 Floppy Disk Controller Card
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SECTION 2
Installation and Specifications

Introduction

This section describes the installation and cabling of the 7387
Floppy Disk Controller card. Optional functions which should be
considered before the card is installed are also described. At the
end of this section are detailed specifications of the card.

Installation

The 7387 operates as part of an STD BUS card rack system. It should
be installed with the white card ejector tab at the top as shown. in
Fig. 2-1. The card normally should be installed directly into the
card rack. It can be made accessible for testing by use of an
extender card.

The 7387 can generate an interrupt directly to the STD BUS or to a
connector on the front of the card for connection to an interrupt
controller card. The location of the connector, connector J2, is
shown in Fig. 2-4. 1Its pin-out is given in Fig. 2-18. It consists of
two 0.025" square pins, 0.10" apart. Connection should be made with
a twisted pair cable, one signal and one ground line. The Pro-Log
RC704 cable can be used for this purpose.

The 7387 can be connected via an RC704 cable to a Pro-Log 7320
Priority Interrupt card. This card, or a similar interrupt
controller card, may be used in conjunction with the 7387. The 7320
can accept and prioritize up to eight interrupts and provide either
restart vectors or the user's own vectors. It can also be used in
polled interrupt systems.
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Fig. 2-1, 7387 Installation
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Cabling

The 7387 is connected to the floppy disk drives via a 50 conductor
cable with card edge type connectors. The cable connections
consist of alternating signal and ground lines; the even numbered
pins on the component side of the card being signals, and the odd
numbered pins on the circuit side of the card being ground.

The connector type used for the 7387 card edge is the same as the
type commonly used for connection on the floppy disk drives. The
pinout matches the pinout of Shugart or equivalent 8" disk drives.
The contacts for the connectors are on 0.1" centers. The cable is
connected to multiple disk drives in daisy chain fashion.

The Pro-Log RC50-6 cable can be used to connect the 7387 to one disk
drive. See Fig. 2-1. Additional connectors can be added by the
user to this cable for additional disk drives. Some sources for
these connectors and for cables ready-made for up to four disk
drives are shown in Fig. 2-2.
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Type of Cable Manufacturer Conn. Part # Contact Part#
Twisted pair, Amp 1-583717-1 583616-5 (crimp)
crimp or solder 58354-3 (solder)
connection

Twisted pair, Viking 3VH25/1JN-5 -

solder connection

Flat Cable Anseley 609-5015M -

Flat Cable Winchester 53-50-0 -

Flat Cable M 3415-0001 -

Fig. 2-2, 7387 Cabling Sources
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Wire Jumpers

The 7387 has several optional functions that are selected by wire
jumpers. When removing and replacing these jumpers, cut the jumper

in half, and then desolder and remove each half individually.
Remaining solder should be removed, and new jumpers installed in
the appropriate places. This procedure will prevent damage to
circuit traces.

Alternately, permanent 0.025 in. square posts can be installed
which can be connected by slip on, slip off connectors.
Recommended connectors and headers are listed in Fig. 2-3. Fig.
2-4, shows the location of these jumpers and some of the other
features of the 7387.

Part Manufacturer Part Number

Elco Corp. Berg Electronics
2 Pin Header 00 8261 02 32 00 852 65611-102

4 Pin Header 00 8261 04 32 00 852 65611-104

6 Pin Header 00 8261 06 32 00 852 65611-106

8 Pin Header 00 8261 08 32 00 852 65611-108
Connector 00 8261 02 42 00 870

Fig. 2-3, 7387 Replacements for Wire Jumpers

2-5




9-¢

CCD 108338 REV!

o+

000000

00000088

18 m »

) s

N2

09000000
000000CO0

(¢ u3 "
Tas1s |

RI[E TS5 059

(173 L
TSIy |

O
o
O
5
cs

clo CN

Y1
c7 8 MHZ
O U 7
18 u’ -
cs | Tusis |

? E
ey

0 o 9)
uls

|

s

o

[0}
(2}

00000
00000

[e]
Q

ws

d u." 1
) Tmsas
20 Y2 "
) rasuo |

Rio(iETT sl

1 J2
2 Nn
ARSI p—

A r—

588030 ol
(o}

o[ RO
O R 1O
oQ
ii

INDICATES
PIN1

«0,0.
»0.0,,

[— JUMPER NOT INSTALLED AS SHIPPED
|— JUMPER INSTALLED AS SHIPPED

B!

Fig. 2-4, 7387 Physical Locations of Main Features

-



I/0 Port Addressing

The 7387 Card is accessed through I1/0 ports. As shipped, the card
occupies I/0 addresses C4 through C7. It can be remapped anywhere

within the 256 port I/0 address range. The remapping is done with
wire jumpers. The physical location of these jumpers is shown in
Fig. 2-4. The jumpers are labeled W1 and W2. Figure 2-5 is a table
of all the possible combinations of the jumpers and the resulting
I/0 address mapping.
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PORT | JUMPERS PORT| JUMPERS PORT| JUMPERS PORT| JUMPERS
Q0 L W11-2 L4 4156 — 201w o9-10 S0 W1 13-14_
2 1 yo 1.2 — 2T w2 1-2 —| [ w212 I [CTZwW2 1-2 T
T 1-2 —| w1 5-6 —| s W1 9-10 —| [—gg——W1 13-14—
% | o34 -2 1 w2 3.4 |81 w234 [T w23-4 _]
T 1-2 —| [T w1 5.6 —| 8 W1 9-10 —| [Ge W1 13-14
"2 5-6 — w2 5.6 —| Fes1—W2 5-6 — ag—+W2 5-6 —
W1 1-2 —| Fe——¥1 5-6 —| [ge—"1 9-10 —| —ee——W1 13-14—
9F | wp 7-8 —| =1 w2 7-s —| |2 w2 7-s8 ZJ[CET w2 7-8
19 W1 1-2 — > W1 5-6 2 +—w1 9-10 — 291 13-14—
12 w2 9-10 | [ %2 w2 9-10 — ——+W2 9-10 —| |—221W2 9-10 —
W1 1-2 W1 5-6 —| [—aTw1 9-10 - oV 13-14
18 w2 11-12— |38 W2 11-12 1 %8 L 4o 1710 gg W2 11-12
W1 1-2 5 15-6 —| W1 9-10 —| [ —Bg W1 13-14-
A 1T wo 13-14— FoA—1w2 13-14— [ -2 [ w2 13-14 | [ DAL w2 13-14]
BTW1 1-2 - _2‘_3 1 5-6  — 51 9-10 — o5 W1 13-14—
—ET—we 15-16—] a2 2716 W2 15-16— —3r W2 15-16—
2 Wi 3-4 0 w1 7-8 — |20 lwiit-12 | [ E0 L w1 15-16
2 W2 1-2 2 1 w2 1-2 | [A21Ww21-2 Jrelwe1-2 ]
“ Wi 3-4 oW1 7-8 — R W1 11-12— [—gW1 15-16—
2 W2 3-4 2 3 a2 3-4 |2 3-4 —
W1 3-4 71 7-8 —| A W1 11-12—| [ W1 15-16—]
W2 5-6 A W2 5-6 |-AA Ll go 56 —|EAL W2 5-6 —
5Tl 3-4 1 78 - AC | w1 11-12] [-E€ [ w1 15-16]
__§$ W2 7-8 _§E w2 7-8 ] AE | w2 7-8 [ EET w2 7-8 _]
0 W1 3-4 W1 7-8 L B0 Ly 1310 E0 W1 15-16—
21 W2 9-10 |2 ¥2 9-10 L B2 L yp o300 4L F21 w2 9-10
F W1 3-4 —| [7s—¥1 7-8 —| g5 w1 11-12—] [F W1 15-16—
V2 1i-12— Z—¥2 11-12 o 11-12— W2 11-12—
3 Wi 8-4 —| [qe—Wl 7-8 —| [—pe W1 11-12— |—fg——W1 15-16—
A W2 13-14— [A——W2 13-14—{ [BA 1 W2 13-14 |- FA L W2 13-14 ]
ST W1 3-4 —| Mg 7-8 —|lee Wi 11-12—| R Wl 15-16—
3 w2 15-16 7B L W2 15-16 1 BE L 45 15 36— [EE W2 15-16—

Fig. 2-5, 7387 1/0 Port Mapping Options
2-8




Interrupt Option

The 7387 can generate an interrupt to either the INTRQ* line on the
STD BUS, or to an interrupt controller card, such as Pro-Log's 7320
card, through a connector on the front of the card. The physical
location of the connector is shown in Fig. 2-4, and its pinout is
given in Fig. 2-18.

If you will be using the interrupt via this connector, you will
want to prevent the signal from also occuring on the backplane,
since the interrupt controller card will take care of interrupting
the processor. To do this, remove the jumper labeled W3. The
jumper is shown in Fig. 2-4.

8" or 5.25" Option

The 7387 card can be used to control 8" or 5.25" disk drives. Since
the 5.25" disk is smaller, the bits per inch density is greater. To
adjust to this, 5.25" disk drives are normally used with a slower
data transfer rate in order to reduce data density and thereby
increase reliability. The data rate used for 5.25" disks is half
that used for 8" disks. .

Jumper W4, shown in Fig. 2-4, is used to adapt the data rate for
- 5.25" or 8" disks. In position 1-2, as shipped, the onboard clock
generates an 8 MHz signal. This clock is used by the FDC (Floppy
Disk Controller) chip, the write data timer, and the data
separator. If this jumper is removed and a jumper is placed at
position 3-4, the clock speed is reduced to 4 MHz.
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Additional I/0 Lines

Several of the interface lines to the disk drive may be used for
additional, or customized purposes. You may want software control
of the "In Use" indicator LED on the front of the disk drive for
instance. Or you may want to input the "Disk Change" signal.
Several jumper options on the 7387 allow for just such
modifications.

There are 7 output and 7 input port bits of port C6 which are
unused. As shipped, each output bit is connected to its
corresponding input bit, i.e., output bit 0 to input bit 0. These
lines are connected to each other through jumpers W5, 1-2 through
13-14. The locations of these jumpers are shown in Fig. 2-4.
Position 1-2 corresponds to data bit 6, position 13-14 corresponds
to data bit 0. These jumpers allow you to separate these lines from
each other and use them to output to, or input from, the disk drive
through port C6.

Outputs to the disk drive are generally required to be open
collector. There are several spare open collector drivers on the
7387. The schematic, Fig. 5-1, shows these spare buffers and the
labels of the solder pads for connection to them. These labels
also appear on the silk screen on the card.

To use one of the output port bits, connect the output line to one
of the open collector buffers or inverters, then connect its output
to the interface line to the disk drive. Each of the interface
lines has either a jumper pad with a cutable trace, or a solder
pad, for connection to these lines.

Outputs from the disk drives are generally open collector as
well. These lines require pull-up resistors on the controller
card. The input port bits accessible at jumper W5 have 1K pull-
ups on them.
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Software Controlled Stepper Motors

The additional I/0 lines described in the previous subsection may
be used to give you software control of the stepper motor in each
disk drive. This may be desirable in order to reduce the amount of
power required of the power supply for the stepper motors.
Normally each disk drive must have its stepper motor engaged at all
times. This is because the FDC chip on the 7387 constantly changes
the Drive Select lines. It does this in order to scan the status of
each drive. This scanning action, however, prevents the stepper
motor from having enough time to become fully engaged and perform
the step when requested. Hence, there is the need for having it
engaged at all times so that it can perform the step as soon as
commanded.

You may therefore wish to use the additional I/0 lines previously
described to have software control of engaging these stepper
motors. By this method the processor could engage the stepper
motor it wishes to access just prior to requesting the FDC chip to
step the motor. Only one motor would need to be engaged at a time,
reducing the power required to run these motors by as much.as 75%.

Configuring the Disk Drive

Inside your floppy disk drive you will find a number of jumpers.
These jumpers are described in the user's manual for your drive.
All of these jumpers should be reviewed when you set up your disk
system. Here we will discuss the jumper options which you should
take into account when using your disk drives with the 7387 card.
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Head Load

Your floppy disk drive will probably come configured so that the
head will be loaded onto the disk whenever the drives Disk Select
line 1is active. This should be changed so that the head is
loaded only when the Disk Select line and the Head Load line are
active.

Enabling Stepper Motor

The FDC constantly scans all four possiblé drives to keep track
of their status. It does this by constantly changing the Drive
Select lines. Since they are constantly changing, the stepper
motor does not have a chance to get fully engaged when a step or
seek command is given. Therefore, the stepper motors must be
engaged at all times.

Your disk drive will probably come configured so that the stepper
motor is engaged whenever the head is loaded. It may also have a
jumper for engaging the stepper motor when the drive is selected.
Both of these should be checked and configured so that the
stepper motor is engaged at all times.

Having several stepper motors engaged at once will demand more
power from your stepper motor power supply. Be sure to take this
into account when figuring your power and cooling requirements.

Soft Sectoring

Your floppy disk drive may come configured for hard-sectored
disks. The 7387 only operates with soft-sectored disks. Check
the jumpers in your disk drive  that configure it for soft-
sectored disks. '
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Special Considerations for 5-1/4" Disk Drives

Most 5-1/4" disk drives do not provide either a Two-Sided* 1line
or a Ready* line. The 7387 will not operate if the Ready* line
is in the inactive state. For this reason it is necessary to tie
the line to ground either on the card or at the disk drive. If
your disk drive is two-sided you should also tie this 1line to
ground or the 7387 will not operate on the second side of the
disk.

Specifications
Figures 2-6 through 2-20 show timing specifications, electrical

and environmental specifications and characteristics, and pinouts
of connectors for the 7387.

Mechanical Specifications

The 7387 card meets all general STD BUS mechanical
specifications.
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:
1N

—_— F tRD2 \}"_ tRD4
DATA BUS . . )
DRIVER ’ - A

ENABLED e tRD3 - tRDS
PORT

SELFCT*
NANOSECONDS
SYMBOL PARAMETER MIN |TYP{MAX
tRD1 Minimum Read pulse width 255
tRD2 Read low till Data Bus driver enabled for read 45 | 65
tRD3 Read low till port selected 55 | 75
: Read high till Data Bus driver
tRD4 disabled for Read | 35 1 90
tRD5 Read high till port deselected - .| 45 | 95
The above parameters are true if all other signals are valid
Fig. 2-6, 7387 Read Timing
. |- .
el tWRL
st — N
WR* ¢ N\
: = tWR2 : - tWR3
ront 'y ‘/1 )
SELECT* - . -
NANOSECONDS
SYMBOL PARAMETER MIN| TYP{MAX
tWR1 Minimum Write pulse width ' 255
tWR2 Write low till port selected - 55 | 75
tWR3 Write high till port deselected 30 | 45

The above parameters are true if all other signals are valid

Fig. 2-7, 7387 Write Timing
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OCUTPUT j

SIGNAL . D0 -
7387 *
Ji )

NANOSECONDS |
SYMBOL PARAMETER TYP|MAX
tDO Disk interface output buffer delay 25| 35
Fig, 2-8, 7387 Disk Drive Interface Output Timing
7387 -
J1
o tDI -——:L\
INPLT
SIGNAL
NANOSECONDS
SYMBOL PARAMETER TYP|MAX
tD1 Disk interface input buffer delay 20| 25

Fig. 2-9, 7387 Disk Drive Interface Input Timing
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wopgass me
tCS1
CEIP OR PORT
SELECT#*
NANOSECONDS
SYMBOL PARAMETER TYP| MAX
tCS1 Time address valid till port select low 100 150
The above parameter is true if all other signals are valid
Fig. 2-10, 7387 Port Select Address Timing
ADDRESS BUS N
40-A7 /|
. tcsz2 ;'
TR : g
NANOSECONDS
SYMBOL PARAMETER TYP| MAX
tCs2 Time address invalid till port Select* high 80| 145

Fig. 2-11, 7387 Port Deselect Address Timing
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STD
¥R* tc1
c

T
8272 PIN 16 . tC2 {
\ .
NANOSECONDS
SYMBOL PARAMETER TYP|MAX
tC1 Time WR* high till Terminal Count high 55| 1I5
tC2 Terminal Count pulse width 405 455
The above parameters are true if all other signals are valid
Fig. 2-12, 7387 Terminal Count Timing
STD
SYSRESET* b
I tEST — /‘r
NANOSECONDS
SYMBOL PARAMETER MIN | TYP
tRST Minimum reset pulse width for 8-inch floppy 2000
disk drive
tRST Minimum reset pulse width for 5-1/4 4000
Floppy disk drive

The above parameters are true if all other signals are valid

Fig. 2-13, 7387 Reset Timing
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bsm ﬁ
I0EXP
tEX1
DATA
HB : .
PORT " tEX2 ]
i - NANOSECONDS
SYMBOL PARAMETER TYP|MAX
tRX3 Time IOEXP Low till Data Bus Driver Enabled 85 | 125
tEX2 Time IOEXP Low till Port Select* low 100 150
The above parameters are true if all other signals are valid
Fig. 2-14, 7387 IOEXP Enable Timing
ST - -
I0EXP ——'] CEX3
=
; o
tEX4
Serecre 4
NANOSECONDS
SYMBOL PARAMETER TYP|MAX
tEX3 Time IOEXP high till Data Bus disabled 55 | 85
tEX4 Time IOEXP high till ports deselected 75 | 145

The above parameters are true if all other signals are valid

Fig. 2-15, 7387 IOEXP Disable Timing
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RECOMMENDED ABSOLUTE
OPERATING LIMITS NON-OPERATING LIMITS
MNEM. PARAMETER MIN TYP MAX | MIN | MAX UNITS
Vee Supply Voltage| 4.75 5.00 5.25 0 5.50 Volts
— Free Air 0 +25 .+55 -40 | +75 oC
Temperature

= Humidity 5 %D | 0 |95 | %RM

@ Non condensing -

Fig. 2-16, 7387 Electrical and Environmental Specifications
MNEM. { PARAMETER MIN | TYP MAX |UNITS
Icc Vcc Supply Current 752 1157.7 { Milliamps

Fig. 2-17, 7387 Electrical Characteristics Over Recom mended Operating Range
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'PIN NUMBER . PtIN NUMBER
-~ 7 OUTPUT ~ "QUTPUT (LSTTL DRIVE)
MNEMONIC MNEMONIC
GROUND GND 112 55 INTRQ* #

* Désignates low level logie

# Designates open collector drive

Fig. 2-18, 7387 J2 Interrupt Output Comnector Pin List

PIN NUMBER PIN NUMBER
OUTPUT OUTPUT 40mA Pull Down
INPUT INPUT 150 Pullups
MNEMONIC MNEMONIC
GROUND | GND 12 LOW CURRENT*
" 3 |la FAULT RESET*
T 516 FAULT#
T 7118 ALT /O
T 9 {[10 TWO SIDED*
0 11112 DISK CHNG*
" 1314 . SIDE SELECT
T 15|16 1 TEST
T 17 |18 ) HEAD LOAD*
" 19 {[20 INDEX*
21 (122 READY *
231124 HARD SECTOR*
25 1126 DRIVE SELECT 1%
l 27 {128 DRIVE SELECT 2+
i 29 1130 DRIVE SELECT 3¥ |
B 31132 DRIVE SELECT 4~ |
" 33 ||34 DIRECTION *
T 35 || 36 STEP*
" 37 ||38 WRITE DATA*
0 39 |[40 WRITE GATE®
41 |42 TRACK 00*
43 |[44 WRITE PROTECT*
45 |[46 READ DATA¥*
" 47 {48 SEP DATA*
" 49 |[50 SEP CLOCK*

* Designates Active Low Level Logic

1 4 MHz LSTTL output for testing only

All outputs are open collector

All inputs pulled up with 150 Q- resistors
Fig. 2-19, 7387 J1 Disk Drive Interface Connector Pin List
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" PIN NUMBER

OUTPUT (LSTTL DRIVE)

INPUT (LSTTL LOADS)

~PIN NUMBER

OUTPUT (LSTTL DRIVE)

INPUT (LSTTL LOADS)

MNEMONIC MNEMONIC
+5 VOLTS IN 2| 1 IN | _ +5 VOLTS
GROUND IN 41 3 IN GROUND
-5V 61 5 -5V
D7 1 55 g8 (|7 55 |1 D3
D6 1 55 10/l 9 55 |1 D2
D5 1 55 121{11 55 |1 D1
D4 1 55 14113 55 |1 DO
Al5 161[15 1 A7
Al4 18]17 1 A6
Al3 20([19 1 A5
Al2 22121 1 Ad
All 241123 1 A3
A10 26 (] 25 1 A2
A9 281[27 1 Al
A8 30|29 1 AQ
RD* 1 32{[31 2 WR*
MEMRQ 34133 1 IORQ*
MEVEX 361135 1 IOEXP*
MCSYNC* 381137 REFRESH*
STATUS 0* 401|139 STATUS 1*
BUSRQ™ 42 |41 BUSAK®
INTRQ*# 55 44|43 INTAK*
NMIRQ*Z 55 46 [145 WAITRQ*
PBRESET* 48 1147 1 SYSRESET*
CNTRL* 50 1149 CLOCK*
PCI IN 52 ({51 OUT PCO
AUX GND 54 |[53 AUX GND
AUX -V 56 155 AUX +V

* Designates Active Low Level Logic
# Designates Open Collector Driver

Fig. 2-20, STD/7387 Interface Connector Pin List
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SECTION 3
OPERATION AND PROGRAMMING

Introduction

This section deals with the interfacing between the 7387 and the
processor. It includes a description of the floppy disk controller
chip, the commands it uses, and the I/0 ports used by the 7387.

Floppy Disk.Controller

The Floppy Disk Controller chip, or FDC, simplifies interfacing to
a floppy disk drive. It manipulates the control lines and takes
care of timing requirements for reading from and writing to the
disk drive.

There are 15 fixed commands to which the FDC responds. The
commands are delivered to the FDC by writing to one of the output
ports associated with it. The FDC performs the function and
‘responds by making available to the processor status information
about the floppy disk drive and the FDC itself. Data also is
written to and read from the FDC through I/O ports.

Figure 3-1 gives the pinout of the FDC chip. A review of this may
aid in understanding the functions of the chip.




Pin Ioput/ Coanection
No. Symbol Name Qutput to FUNCTION
1 RST Reset laput Processor Places FDC chip in idle state. Resets the output lines to the disk
. drive to a2 logic 0. The Step Rate Time and Head Load and Unload Times
are not affected. [f the RDY (disk drive ready) pin is aigh during
reset tie TOUC chip will generate an iaterrupt 1 to 25ms iater. The
iaterrupt can be cleared by using tae Seanse Iaterrupt Status command.
2 ol Read Iaput Processor Data is traansfared from the FDC :hip to the data bus when the 2ead
line is low.
3 R write Input Processor Data is transfered from the data bus to the FDC chip wnen the Write
line is low.
4 3 Chip Select Input Processor Transfer of data %o and from the data bus is enabled when Chip Select
is low.
3 A0 Data/Status laput Processor Connects to address line AO. Selects the Data Register for data
Register Select transfer whea aigh, Status Register when low,
G= DBO- Data 3us . Input/ Processor Bi-Directional eight bit data bus. All traasfer of commands, status,
13 0BT Qutput and data take place on this bus.
14 ORQ Data DMA Request Output Processor or Equivelant to BUSRQ* line on STD BUS. Indicates the FDC chip wishes
DMA Controller to transfer data in the DMA mode. Not used oa the 7387.
15 DACX DMA Acknowledge Input Processor or Equivelant to BUSAK* on the STD BUS. Indicates the bus is free for
DMA Coautroller data transfer in the DMA mode. Not used on the 7387.
16 TC Terminal Count Iaput Processor or Read, Write, and Scan commands can be terminated with this line. The
DMA Coatroller FDC chip immediately goes iato the Result paase. Convenient for stop-
ping the FDC from reading or writting after you have read or written
all cthe data you intended to.
17 IDX Index Input Disk Drive The disk drive strobes this line waenever the index hole in the disk
passes the index hole sensor in the disk drive. This indicates to the
FDC chip that the head is positioned over the beggining of Track 0.
18 INT Interrupt Output Processor Interrupt signal to processor.
12 CLK Clock Iaput Clock Circuit Clock input, single phase TTL. 8MHz for 8" disks, 4MHz for 3.25"
disks.
20 GND Ground Qutput D.C. Return

D.C. power return.
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* Symbol Name

lapusg,
Qutput

Toanection
to

TUNCTION

21

5]
X

24

26

27

28

30

31
32

38

38

37

38

39

40

#CX ¥rice Clock

DV Read Data Wiadow

Read Data

vco vCO Sync

VE Write Znable

AFM MFM Mode

2] Head Select

7so
Usi

Unit Select

WDA Write Data

PS1 Precompensation

PSo

FLT/TRO Fault/Track O

aP/TS rite Protect/

Two-Sided

WY Ready

#DL Head Load

Fault Reset/
Step

FR/STP

LCT/DIR Low Curreat/
Direction

IW/SEEK Read Write/
Seeik

Vee +§

Input

laput

Input

Qutput

Qutput

Qutput

Qutput

Qutput

Qutput

Qutput

Input

Iaput

Input

Qutput

Qutput

Qutput

Qutput

[aput

Cloca Circuirt

Zata

Disk Drive

Data Separator

Disk Drive

Data Separator

Disk Drive

Drive Select
Decoder Circuit

Disk Drive

Disk Drive

Disk Drive

Disk Drive

Disk Drive

Disk Drive

Disk Drive

Disk Drive

Demultiplexer

«5v Supply

<0 the disk. The TI87T srovides 1

with of 280nms.

Provides for 2ata writien
300%Hz signal to I2is pis ¥ith 2

standard for singie density

timiag

This is

data sagaration l9gic and Lasilates

This sigmal 13 generatad 3y &
to the FDC chip the period duriag whica 3 data pulse may accur.
reagd lacluces

the daza Zeom the disk anag

if a data pulse occurs duriag tie ger:cc

This sigaal :cmes Irom
both clock and data pulses.
3f =he Read Data Window tine FDC caip Laterpretsit a.s‘a logic one.
If no data pulse occurs during this period it is interpretedas a

logic 0.

.
separator. Usually
on the 7387.

Enables the VCO in a phase locked loop based data
used for double density data seperation. Not used
Enables the write logic in the disk drive when :a the low state.
Selects single or double deasity data separacion ia a phase locked
loop based data separator. Not used on the 7387. .
Iadicates to the disk drive which head is to be accessed on doudle
sided disk drives. First side selected when O, secoand side selected
when 1.

4 two bit address used to select the drive to be accessed. The 7387
decodes these bits and outputs four individual select lines to the
disk drives.

Data to be written on the disk is sent to the disk drive via this
line. The data on this line iacludes data and clock pulses and is
of the proper data rate and pulse width to be written directly oca
the disk.

These lines are used in the double density mode to ensure the prover
timing of data beiag writtem ou the disk. Not used on the 7387.

A multiplexed line, the 7387 performs the demultiplexing.

The disk drive can indicate an error coadition to the FDC chip

in the read and write modes cn the Fault line.

The disk drive indicates to the FDC chip wether the read/write head
is over track O by the Track O lige. ’

A multiplexed line, the 7387 performs the demultiplexing.

The Write Protect line indicates to the FDC chip wether the write
protect notch in the disk sleeve is covered.

The Two-Sided line indicates to the FDC chip wether a single sided
or double sided disk is installed.

Indicates to the FDC chip that the disk drive is ready to read or
write. Ready conditions include, disk installed, door clased, disk
rotatioa up to speed, and the index hole has been encountered twice
since the drive was selected.

be loaded onto the disk. The head is
is presently selected, and only during
operation.

Causes the read/wrire head to
only loaded on the drive that
the course of a read or write

A multiplexed line, the 7387 performs the demultiplexing.

The Fault Reset line reset the fault line out of the disk drive.
The Step line supplies step pulses to the stepper motor in Seek or
Recalibrate modes.

A multiplexed line. the 7387 performs the demultiplexing.

The Low Current line decreases the write current to the recording
head on the inner tracks to compensate for the iacreased bdit
density on the inner tracks.

The Direction line indicates to the disk drive in which direction
to move the stepper motor in Seek or Recalibrate modes.

™his line does not connect %o the disk drive. it is used on tie
7387 for coarrol of zhe demultiplexeing oI tne aultiplexed lines.
Iandicates a Read.¥rite command when im thne logic one state. and a

Seek or Recalibrate command in the logic J state.

«5V supply

Fig. 3-1, Pinout of the 7387 FDC Chip
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I1/0 Ports

The 7387 occupies eight I/0 ports, four input ports and four output
ports. One input port and one output port are unused. Three ports
are integral functions of the FDC chip, the other three are extra
functions of the 7387 card. Fig. 3-2 is a table of the ports.

The ports internal to the FDC chip are the Main Status Register port,
the Read Data port, and the Write Data port. The three ports that the
7387 provide are the Interrupt Status port, the Interrupt Mask port,
and the Terminate port.
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Standard
Port Input
Port Name Address Output Description

Main Status C4 Input Accesses Main Status Register 1in
Port FDC chip.

Términate Port (o) Output Output to thils port causes the
Terminal Count pin on the FDC
chip to be strobed. Data
written out is inconsequential,
just the act of writing out to
this port generates a 400ns.
pulse to the pin.

Read Data Port C5 Input During read operations, this
port is used to read data out of
the FDC. During the Result
Phase of a command, this port is
used to read the Result bytes
out of the FDC.

Write Data Port C5 Output During the Command Phase of a
command, this port is used to
write the Command bytes to the
FDC. During write operations,
this port is used to write data
to the FDC.

Interrupt Status Co input Bit 7 of this port 1s used to
read the interrupt output of the
FDC chip. When the bit is. set
to 1, the interrupt is active.
The other bits are spares.

Interrupt Mask C6 Output Bit 7 of this port 1s used to

Port control the interrupt mask. The
interrupt is masked after power-
up or reset. To Enable the
interrupt, set the bit to a one.
The mask does not affect the
Interrupt Status port's ability
to monitor the interrupt output
pin of the FDC. The other bits
are spares.

C7 Input Invalid

Cc7 Output Invalid

Fig. 3-2 7387 Table of I/O Ports
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Main Status Register Port

The sole purpose of the Main Status Register Port is to read the Main
Status Register. It is available to be read at anytime and contains

eight flags indicating the present state of the FDC. These flags are
shown in Fig. 3-4.

Terminate Port

The Terminate port is used to prematurely stop any function that
the FDC may be carrying out. The data you write out to this port
is inéonsequential. Just the act of writing to this port causes a
400ns. pulse to be applied to the Terminal Count pin of the FDC
chip.

Read Data Port
The Read Data Port is used to retrieve status information at the

end of a command, and to read data that is being transfered during
a command. ‘

Write Data Port
The Write Data Port is wused to write the commands and their

associated parameters to the FDC at the begining of a command, and
to write data to the FDC during a command.

3-6




Interrupt Status Port

The Interrupt status port serves two functions. First, it can be
read to determine if the FDC chip is generating an interrupt. The
most significant bit of the port is used for this purpose. The
other bits of this port can also be used for inputing optional
signals from the floppy disk drive. These optional signals are
described in Section 2 under the "Additional I/O Lines" heading.

Interrupt Mask Port

The Interrupt Mask port also serves two functions. The most
significant bit is used as an interrupt mask. When this bit is
low, the interrupt 1is disabled. Therefore, the interrupt is
disabled at power up or reset. This bit must be set for the
interrupt to be enabled. This interrupt mask bit does not prevent
the FDC chip from generating an interrupt, it merely prevents the
interrupt from appearing on either the STD BUS backplane, or on the
interrupt connector J2 on the front of the card. Whether the mask
bit is set or not, the Interrupt Status port can still be read to
determine if the FDC chip is generating an interrupt.

The second use of this port is to output optional signals to the
floppy disk drive. These optional signals are described in Section
2 under the "Additional I/O Lines'" heading.




Command Format

All interfacing to the FDC is done by way of its 15 commands. The
commands have three phases to them. What follows is a description of -

those phases.

Commanvahase

The command consists of several bytes that must be written out to the
FDC. The first byte is the command itself. It is followed by several
bytes of additional data such as the track to be accessed, the sector
to be accessed, etc.

Execution Phase

After all the bytes associated with the command have been written
out, the FDC will perform the function requested of it. If the
commands require data to be transfered, i.e. read or write commands,
the data will be transfered during this phase. For other commands,
the processor does not need to have any interaction with the FDC
during this phase.

Result Phase

At the end of most commands, the FDC makes available to the processor
a series of bytes containing detailed information about the status of
the floppy disk drive and the FDC . You may want the processor to
examine all of this information, or more likely, you will only want
the processor to examine a few essential status bits. In either
case, you must extract all of the result bytes before the FDC chip
will accept the next command.




Instruction Set

Each command has a particular number of bytes and set of parameters
that must be sent to the FDC. Likewise, each command has a particular

number of bytes of status information which must be read back from
the FDC. Figure 3-3 shows what must be written to and read from the
FDC for each command.

The status registers in the Result Phase should not be confused with
the Main Status Register. These status registers are only available
as part of the Result Phase and are read out of the Read Data Port,
not the Main Status Port.

Figures 3-5 through 3-11 are descriptions of the bytes in the Command
and Result Phases and of the status registers.
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PHASE

OATA 8US
s c—

07 Os Og Oq O3 O2 Oy Og

READ OATA

! Cummang |
: |

'
i

Execunon

Resuit

TMT MF SK 0 9 1 v 9

X X X x x =0 uUS1 USo

Track =

Heaa =

Sector <
3ytes/Sector Coge
¢ of Last Sector
Length of Gap 3

# of Data 8yces to be Transfered

Stacus Regiscer O
Status Register
Status Register 2
Track #

Head #

Sector #
Bytes/Sector Code

PHASE

OATA 8US
——

Oy Og g Dq 03 D2 Oy DOg

READ A TRACK

Commang

Execution

Resit

MT MF SK 0 1 1 0 [}
X X X X X MO US! uso

Track #

Head #

Sector #

8ytes/Sector Code

# of Last Sector

Length of Gap 3

# of Data Bytes to be Transfered

Status Regiscer O
Status Registcer
Status Register 2
Track #

Head #

Sector #
Avces/Sector Code

WRITE DATA

Execution

Resuit

MT ME 0 0 0 ' O 1
X X X X X HO USt U0

Track #

Head #

Sector #

8ytes/Sector Code

# of Last Sector

Length of Gap 3

# of Data Bytes to be Transfered

Status Register O
Scatus Register |
Status Register 2
Track =

Head #

Sector ¢
Bvtes/Secror Code

WRITE DELETED OATA

Command

Resuit

MT MF 0 O 10 Q 1
X X X X X HO Ust uUso

Track 7

Head #

Sector 3

Bytes/Sector -Code

# of Last Sector

Length of Gap 3

¢ of Oata Bytes to sSe Transferad

Status Register O
Status Register }
Stacus Register 2
Track #

Head 3

Sector #
8vtes/Seczor Code

READ OELETED OATA

Commana

Execution

Resuit

@ MF sKx 0 0 O 1 [*}
X X X X X =D uUst uso

Track #

Head ¢

Sector #

8ytes/Sector Code

# of Last Sector

Length of Gap 3

# of Data dytes %o be Transfered

Status Register O
Status Register !’
Status Register 2
Track #

Head #

Sector #
8ytas/Sector Code

READ 10

Command

Execution

Resuit

O MF 0 0 1 0 0
X X X X X MO uUS1 UsO

Status Register O

Status Register !

Stactus Register 2

Track # N
Head #

Sector #

Sytes/Sector Code

FQRAMAT A TRACK

Commana

Execution

Resuit

o MF 0 0 1 1 0 1
X X X X X HO ust UsO

Bytes/Sector Code
Sectors/Track
Length of Gap 3
Filler Data Byte

Scatus Register O
Scatus Regiscer |
Status Register 2
Track #

Head #

Sector #
8ytes/Sector Code

SCAN EQUAL

Command

Execution

Resuit

MT MF SK 1 o 0 Q 1
X X X X X HO uUS1 USO

Track #

Heaq ¢

Sector #
8ytes/Sector Code
# of Last Sector
Lengch of Gap 3

Sectors/Step

Status Register 0
Status Regiscer !
Status Regiscer 2
Track #

Head =

Sector ¢
8vcas/Sector Code
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omast QATA 8US DATA 8US
92 .05 0Og Os 03 02 Oy Og PHASE Sy Os Os Ds O3 Dz 01 0o
- . SCANLOWOR EQuAL AECALIBRATE
ammany MT MF SK 1 1 0 0 1 Commana T @ 0 0o a 1+ 1
X X X X X HO us1 usSO x X X X X ¢ Uust uso
Track # e
Head # xecution|
Sector # SENSE INTERRUPY STATUS
3ytes/Sector Code
4 of Last Sector Command| e 6 o0 o ' 0 0 ]
Length of Gap 3
Sectors/Step Aesuit 1S‘ur.us Register 0
rack #
Execution| SPECIFY
Command} ¢ 0 0 o 0 0 1 1
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Fig. 3-3. 7387 FDC Instruction Set

3-11




Bit Name Description

0 FDD 0 Bit set means Disk Drive 0 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set. :

1 FDD 1 Bit set means Disk Drive 1 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

2 FDD 2 Bit set means Disk Drive 2 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

3 FDD 3 Bit set means Disk Drive 2 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

4 FDC Bit set means a Read or Write command is in
BUSY process. FDC cannot accept any other command.

5 EXECUTION Bit set means FDC is in the Execution Phase of
MODE a command.

6 DATA Bit set means data transfer should be from Read
INPUT/ Data Port to processor. Bit reset means data
OUTPUT transfer should be from processor to Write Data

Port.

7 REQUEST Indicates the FDC is ready for a data transfer
FOR - between the Read or Write Data Ports and the
MASTER processor.

Fig. 3-4, 7387 Main Status Register
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NAME DESCRIPTION
MT If MT is set, a_ double-sided_ operation 1is to be
erformed. Aftér finishing a Read or Write operation on
ide 0, the FDC will automatically start searching for
Sector 1 on Side 1.

MF Selects FM or MFM mode. On 7387 it should always be
reset, indicating FM mode.

SK If SK is set, sectors with Deleted Data Address Masks
will be skipped, otherwise the command will terminate.

HD If reset selects side 0. If set selects side 1.

US1, USO A two bit binary number indicating the drive to be
selected.

TRACK # Binary number of track to be accessed. Must match the
track number in the ID field of the sector to be
accessed. As a Result byte, it may be incremented from
the number given in the command. For the Read 1ID
command, it is the track number read from the ID field of
the first sector encountered.

HEAD # Number of side to be accessed, 0 or 1. Must match head
number in ID field of the sector to be accessed. As a
Result byte, its 1least significant bit may Dbe
complemented from the number in the command.

SECTOR # Number of sector to be accessed. Must match sector

number in ID field of sector to be accessed. As a Result
byte, it reflects the FDC internal sector counter. For
the Read ID command, it is the sector number read from
the ID field of the first sector encountered.

Fig. 3-5, 7387 Command and Result Bytes (1)
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BYTES/
- SECTOR
CODE

Code indicating the number of bytes per sector. Must

match Bytes/Sector Code in ID field of sector to be
accessed. However, if you will not be reading all the

data from the sector the Bytes/Sector Code should be 00
The last command byte, "# of Data Bytes to be Trans-
ferred," then defines the number of bytes transferred.
Refer to Fig. 3-12 for the proper code.

# OF
LAST
SECTOR

The command will end after the sector with this number
has been operated on. The number is a binary number.

If you are performing a double-sided operation, the
sectors operated on will start with the starting sector
you specify, read through the sector on side 0 that
equals the # of Last Sector, then start reading side 1
at sector 1, and finish when it reads the sector on
side 1 equal to the # of Last Sector.

LENGTH
OF GAP 3

A binary number specifying the length of Gap 3, which

in the IBM 3740 format, is the gap between the end of
one sector and the beginning of the next. See Fig. 3-
12.

FILLER
DATA BYTE

When formatting a track, the entire data field of each
sector will be filled with this data byte.

SECTOR/
STEP

During Scan commands, if this byte = 0 consecutive
sectors are scanned. If = 1 every other sector is
scanned. Scan commands should only be used on one
sector per command, so this byte has no real meaning.
It is suggested it be set = 0.

SECTOR/
TRACK

A binary number specifying the number of sectors to be
placed on a track during the Format a Track command.

STEP
- RATE
TIME

The most significant 4 bits of this byte specify the
time delay between step pulses issued to the stepper
motor during Seek or Recalibrate commands. The time
may vary from 1 to 16ms. in 1lms. increments. F=1ms.,
0=16ms.

Fig. 3-6, 7387 Command and Result Bytes (2)
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HEAD
UNLOAD
TIME

The least significant 4 bits of this byte specify the

‘length of time the head will remain loaded on the disk

after the Execution Phase of an operation has been
completed. The time may vary from 16 to 240ms. in 1l6ms.
increments. 1=16ms., F=240ms.

HEAD
LOAD
TIME

The most significant 7 bits of this byte specify the
head settling time. This is the time between the head
load signal being issued and the FDC beginning the
operation. The time may vary from 2 to 254ms. in 2ms.
increments. 01=2ms., 7F=254ms.

DMA OR
NON-DMA
MODE

The least significant bit of the byte selects the DMA or
Non-DMA mode of operation. On the 7387 this bit should
always be set to a 1, indicating the Non-DMA mode.

Fig. 3-7, 7387 Command and Result Bytes (3)
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BIT NAME

DESCRIPTION

7

INTERRUPT

AND CODE

6

7=0, 6=0
Command was completed without error.

7=0, 6=1
Command terminated early because of some
error.

7=1, 6=0
Invalid command was issued.

7=1, 6=1
Comﬁand terminated early because the Ready
line from the disk drive changed state.

SEEK
END

When set, this flag indicates a Seek command
has been completed.

EQUIPMENT
CHECK

When set, this flag indicates a Fault signal
was received from the disk drive, or no Track
0 signal was received from the disk drive
after 77 step pulses had been issued during a
Recalibrate command.

NOT READY

When set, this flag indicates a command was
issued to a disk drive whose Ready line is
inactive, or a command was issued to operate
on the second side of a single-sided disk.

HEAD

This flag indicates whether side 0 or side 1
was selected when the command terminated or an
interrupt occurred.

DRIVE

A two bit binary number indicating the disk
drive that the other status flags pertain to.

Fig. 3-8, 7387 Status Register 0
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BIT NAME DESCRIPTION

7 LAST During Scan commands, if the FDC is scanning
SECTOR every other sector and it skips over the
ERROR sector equal to the "# of Last Sector" this

flag will be set. Scan commands should only
be used on one sector per command, so this
bit has no real significance.

6 Not used, this bit is always 0.

5 CRC When a CRC error is detected in either the ID
ERROR Field or the Data Field, this flag is set.

4  OVER RUN If the processor does not perform a data

transfer in time during the Execution Phase of
a command, this flag is set.

3 Not used, this bit is always 0.

2 SECTOR If the FDC cannot find a sector it is looking
NOT for after it has encountered the index hole
FOUND twice, it sets this flag.

For the Read a Track command: If during the
course of the command the specified sector was
not found, this flag will be set. For the
Read ID command: If the FDC cannot read an ID
Field without an error, it sets this flag.

1 NOT Any time you request data to be written on the
WRITEABLE disk and the disk is write-protected, this

flag is set.

0 MISSING If the FDC cannot find an ID Address Mark

- ADDRESS after encountering the index hole twice, or if
MARK it cannot find a Data Address Mark or Deleted

Data Address Mark for the sector it is trying
to operate on, this flag is set.

Fig. 3-9, 7387 Status Register 1
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ADDRESS MARK

"BIT NAME DESCRIPTION
7 Not used, this bit is always 0.
6 CONTROL If a Deleted Data Address Mark is encountered
MARK during the Read Data command or during a Scan
command, this flag is set. If a Data Address
mark is encountered during the Read Deleted
Data command, this flag is set.
5 DATA CRC If a CRC error is detected in the data field,
ERROR this flag is set.
4 WRONG If the track number read from the ID Field
TRACK does not agree with the FDC's internal track
counter, this flag is set.
3 SCAN During Scan commands, if the scan was success-
HIT ful, this flag is set.
2 SCAN During Scan commands, if the scan was not
MISS successful, this flag is set.
1 BAD If the track number read from the ID Field is
TRACK FF Hex, this flag is set. In the IBM format,
tracks with hard errors are labeled with a
track number FF Hex.
0 MISSING If the FDC cannot find the Data Address Mark
DATA FIELD or Deleted Data Address Mark, this flag is

set.

Fig. 3-10, 7387 Status Register 2
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BIT NAME DESCRIPTION

7 FAULT Indicates the status of the Fault line from
- the disk drive.

6 WRITE Indicates the status of the Write-Protected
PROTECTED line from the disk drive.
5 READY Indicates the status of the Ready line from

the disk drive.

4 TRACK 0 Indicates. the status of the Track 0 line from
the disk drive. '

3 TWO Indicates the status of the Two-Sided line
SIDED from the disk drive.
2 SIDE Indicates the status of the Side-Select line
SELECT to the disk drive.
1 UNIT ) Indicates the status of the Unit Select 1 and
AND SELECT Unit Select 0 lines to the disk drive. These
0 should match the drive number specified when

the Sense Drive Status command was issued.

Fig. 3-11, 7387 Status Register 3
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BYTES/ BYTES/ SECTORS/ LENGTH'1) LENGTH ' 2)
SECTOR SECTOR TRACK OF GAP 3 OF GAP 3
CODE R/W FORMAT
8" DISKS
128 00 26 07 1B
256 01 15 OE 2A
512 02 3 1B 3A
1024 03 4 47 8A
2048 04 2 c8 EF
4096 05 1 cs FF
5-1/4" DISKS
128 00 18 07 09
128 00 16 10 19
256 01 8 18 30
512 02 4 46 87
1024 03 2 c8 FF
2048 04 1 cs FF

(1) Suggested Hex values for Gap Length 3 for commands other than

Format.

(2) Suggested Hex values for Gap Léngth 3 for Format command.

Fig. 3-12, 7387 Bytes/Sector Code § Gap Length 3'Values
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FDC Commands

Figures 3-13 and 3-14 give a brief description of the FDC commands.

Command

Description

Specify

Provides the FDC chip with several variables
which remain fixed thereafter. Variables are:
Head Load Time, Head Unload Time, Step Rate
Time, DMA/NON-DMA Mode.

Recalibrate

Resets the FDC chip's internal track counter
and sets the read/write head over Track 0 of
the disk.

Sense Interrupt
Status

When an interrupt occurs, this command can be
used to extract status information from the FDC
as to why the interrupt occurred and what, if
any, problems there are.

Sense Drive
Status

This command can be used to extract status
information from the FDC about the disk drive,
i.e., is the drive ready, is it on Track O,
etc.

Seek

Moves the read/write head to a different track.

Read Data

Causes data from the data field of a sector to
be read from the disk. Depending on certain
variables issued with the command, you can read
one sector, or several sectors, or a whole

track, or a track from both sides 0 and 1.

Write Data

Similar to Read Data but data is written onto
the disk. Data is automatically configured in
the IBM 3740 single-density, soft-sectored
format.

Fig. 3-13, 7387 Command Descriptions (1)
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Command

Description

Read Deleted Data

Reads only sectors preceded by a Deleted Data
Address mark. Otherwise, the same as Read
Data.

Write Deleted Data

This command is the same as Write Data except
that a Deleted Data Address mark is written in
place of a Data Address mark. It is used to
mark faulty sectors on the disk.

Format a Track

Writes the ID fields, sector numbers, gaps,
etc. on a track.

Read a Track.

Similar to Read Data but reads the sectors on a
track consecutively, starting with the first
sector after the index mark.

Read ID

Reads the first ID field encountered. The
processor is given the track number, sector
number, head number, and bytes per sector code.

Scan Equal

Compares data from a sector on the disk with
data supplied by the processor and sets a flag
in a status register if it compared.

Scan Low or Equal

Same as Scan Equal but 1looks for data
numerically equal to or less than data supplied
by the processor.

Scan High or Equal

Same as Scan Equal but 1looks for data
numerically equal to or greater than data
supplied by the processor.

Fig. 3-14, 7387 Command Descriptions (2)
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FDC Command Descriptions

What follows is a detailed description of the FDC commands.

Specify

The Specify command is used to set several variables in the FDC chip.
These variables are: .

Head Load Time:

The Read/Write head is loaded onto the disk during Read or Write
commands. The head must be given a certain amount of time to load and
settle before reading or writing can begin. The Specify command sets
the amount of time allowed for this.

Head Unload Time:

After a Read or Write function, the head remains loaded on the disk
for preset amount of time. The Specify command sets this amount of
time. The idea is, if the head is still loaded from the last Read or
Write when you issue a new command to Read or Write, the FDC does not
have to wait for the head to settle before it can begin the new
command.

- Step Rate Time:

This is the amount of time between step pulses to the stepper motor.
The stepper motor is used to move the read/write head from one track
to another.
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Recalibrate

The FDC chip has an internal counter that holds the track number the
head is currently positioned over. This counter is cleared to 0.
Also, the head is stepped outward towards the edge of the disk until
the Track 0 signal from the disk drive goes active. If the FDC does
not get a Track 0 signal after 77 steps, it sets an error flag and
terminates the command.

With most commands, only one command can be performed at a time.
With the Seek and Recalibrate commands however, you can perform

either on up to four drives at a time. You can do this by issuing
Seek or Recalibrate commands one after the other, one to each
drive. Each time a command is completed for one of the drives the
FDC will generate an interrupt.

When a Seek or Recalibrate command is completed the Sense Interrupt
Status command must be performed before the FDC will accept another
command.

Sense Intérrupt Status

This command simply requests two bytes of information from the FDC.
The first byte 1is status information which includes information
about why an interrupt has been generated, i.e., has the disk drive
door been opened, was an error detected during the execution of a
command, etc. From this information, the processor can decide how
to respond to the interrupt. The command also resets the interrupt
output. The second byte is the the track number currently held in
the FDC's internal track counter.
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Sense Drive Status

This command requests one byte of data containing information on the
status of the disk drive, i.e., is there a double-sided disk
installed, is the disk write-protected, etc. The FDC takes these
conditions into account automatically as it interfaces to the drive.
This command merely gives the processor direct access to this status
information.

Seek

This command causes the FDC to move the read/write head to a new
position. The FDC moves the head in the proper direction until its
own internal track counter matches the track number you gave it
with the command.

Multiple Seek commands can be performed simultaneously in the same
manner described for the Recalibratre command. When a Seek command
is finished, indicated by an interrupt, a Sense Interrupt Status
command must be performed before the FDC will accept any other
command.
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Read Data

The Read Data command causes data to be read off the disk. The ﬂead
is loaded on the track it is presently over and the track is searched
for the correct sector. In the command you specify the side of the
disk, the track, the sector, and the bytes per sector code. All four
of these factors are also contained in the ID field of each sector.
The FDC must find a sector in which all four of these factors match
before it will start to read data. When it is found, the FDC reads
the data from the data field and delivers it to the processor byte by
byte. Each time a byte is ready to be read by the processor, an
interrupt will be generated. Also, a flag will be set in the Main
Status Register in the FDC. The entire sector may be read out, or
only part of it, as specified by the command. In either case, the
FDC will read the entire sector and the CRC (Cyclic Redundancy
Check) to check for errors. |

The FDC will go on to search for and read out the next sector until
it reads the last one. What sector is considered last is defined
by two factors, both defined in the command.

First, in the command, you give the number of the last sector. You
may, for instance, define sector 20 as the last one, even if there
are 26 sectors on the track.

Second, you may specify a double-sided read. That is, you may
request the FDC to automatically start reading the second side of
the disk after it has reached the end of the first side. If you
define sector 20 as the last one, and sector 10 of side zero as the
sector to start with, the FDC will read sectors 10-20 of side 0 and
sectors 1-20 of side 1.
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If the FDC chip encounters a Deleted Data Address Mark, it will
either skip over that sector and go on to the next, or it will
terminate the command. Which action it will take is specified in the
command by you. In either case, a flag will be set in a status
register to indicate a Deleted Data Address Mark has been
encountered.

The Read command may be stopped either by letting it reach its
natural conclusion or by strobing the Terminal Count pin of the FDC
chip. This can be done through an output port on the 7387. Simply
read the sector or sectors you want and then strobe the Terminal
Count pin.

The command will also stop if any one of a variety of errors occur.
Possible error conditions are discussed later in this section under
the "Execution of Commands" heading. It will also help to review the
error flags in the status registers. '
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Read ID

This command causes the FDC to read the first valid IQ field it
encounters. This information is stored in the FDC. When the FDC

completes the command, it generates an interrupt and sets a flag in a
status register. The processor can then read the ID field
information out of the FDC. If the FDC cannot find a valid ID Address
Mark after it has encountered the index hole twice it will terminate
the command.

Write Data

The Write Data command is very similar to the Read Data command. The
correct sector is searched for and the.CRC bytes associated with the
ID field are read and checked. Data is then written onto the data
field and the CRC calculated and written on the disk. The FDC will

‘indicate its request for data by generating an interrupt and by

setting a flag in the Main Status Register.

The Write Data command, like the Read Data command, can operate on
multiple sectors and both sides of the disk. The command will
terminate when the Terminal Count pin is strobed, the last sector
has been written, or if some error condition has occured.

The number of data bytes written to the sector or sectors can also
be controlled. For instance, if your disk is formatted with 128
byte sectors, you may specify in the command that you only wish to
write 100 bytes on it. The FDC will automatically fill in the
remaining bytes with zeros. The CRC will then be calculated on the
entire data field.

3-28




Format a Track

This command will format a track of a disk with the IBM 3740 format.
After encountering the index hole, the FDC will begin to write the ID

fields, gaps and address marks, etc., necessary to format the track.
It will also load the data field with a byte of data specified in the
command and generate a CRC for the data field based on that data.
The side of the disk, the bytes per sector, the sectors per track, and
the length of Gap 3 are also specified in the command. As each ID
Record is written on the disk, the FDC will request from the
processor four bytes of information. These are the Track Address,
Head Address, Sector Address, and Bytes per Sector Code.

The FDC will request each of these by generating an interrupt and
by setting a flag in the Main Status Register. These bytes should
be able to be written to the FDC at the same rate as in the Write
Data command.

Read Deleted Data

This command is identical to the Read Data command, except that
only sectors with a Deleted Data Address Mark will be read. If a
sector without a Deleted Data Address Mark is encountered, the FDC
will either terminate the command or skip over that sector and
search for the next numerically sequential sector. Which action is
taken when this occurs is specified in the command.
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Write Deleted Data

This command is identical to the Write Data command except that a
Deleted Data Address Mark is written in place of a Data Address Mark.
This command is normally used to mark physically defective sectors on
the disk.

Read a Track

This command is similar to the Read Data command. It does have
several differences though, beside the fact that it is intended for
reading a track of data rather than a particular sector or sectors.
First, it does not start reading data at the sector you specified in
the command. Rather, it starts with the first sector after the index
hole. It will continue to read out sectors in physically consecutive
order until it has read the number of sectors you specified in the
command. It does, however, look for the sector you specified as it is
reading out these sectors. If it does not find it, a flag will be set
in a status register.

Second, as mentioned, it does not search for the next numerically
sequential sector after it has finished reading the previous one.
Rather, it reads the sector which is physically next on the track.
Third, the command is not terminated for as many error conditions.
It does not stop if it does not find the specified sector, it merely
sets a flag. Also, it does not stop if it finds a CRC error, nor does
it set a flag.

It responds to Deleted Data Address Marks the same way the Read Data
command does. It will either terminate the command or skip the
sector, depending on what you specified in the command.

The Read a Track command can only be used to read one side of the disk
per command. It will terminate when it finishes reading the track,
when the Terminal Count pin is strobed, or if an error condition
occurs.
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Scan Equal

Note: Some 1literature on the FDC chip indicates that the Scan
commands can be used to scan more than one sector per command.-

However, these commands cannot be guaranteed to work correctly unless
only one sector is scanned per ‘command as described below.

The Scan Equal command reads a sector from the disk and compares it
byte by byte with data supplied by the processor. The comparison is
done with the binary data as is, i.e., there is no conversion from
ASCII to HEX. When the command is completed, flags are set in a
status register to indicate whether the data compared. Data must be
provided by the processor at the same rate as a Write Data command.
When using any of the Scan commands, only one sector should be
scanned per command. This should be done by specifying the 1last
sector to be read to be the same as the first sector, both of which
are specified in the command.

If the sector has a Deleted Data Address Mark it will either scan it
or terminate the command as soon as the Deleted Data Address Mark is
encountered. Which action it takes is specified in the command.
During the comparison operation an FF Hex always compares. No matter
what the data provided by the processor, if the data on the disk is an
FF the FDC considers it a comparison. Likewise, no matter what the
data on the disk, if the data provided by the processor is an FF the
FDC considers it a comparison. FF can therefore be used as a mask
during comparison.
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Scan Low or Equal

Note: Some 1literature on the FDC chip indicates that the Scan
commands can be used to scan more than one sector per command.

However, these commands cannot be guaranteed to work correctly unless
only one sector is scanned per command.

This is the same as the Scan Equal command except that data on the
disk that is equal to or less than the data supplied by the processor
is considered a comparison.

Scan High or Equal

Note: Some literature on the FDC chip indicates that the Scan
commands can be used to scan more than one sector per command.
However, these commands cannot be guaranteed to work correctly unless
only one sector is scanned per command.

This is the same as the Scan Equal command except that data on the

disk that is equal to or greater than the data supplied by the
processor is considered a comparison.
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Execution of Commands

Read Data

Write Data

Write Deleted Data
Read Deleted Data
Read a Track

Command Phase

Write out all bytes associated with the command to the FDC. One way
for the processor to handle this is to have the command bytes in RAM
in the form of a look-up table. Before you issue a command you would
modify the contents of the table, i.e., sector number, track number,
etc., then simply write the bytes out in consecutive order.

The Main Status register must be read before each command byte is
written out. This is a requirement of the FDC chip. After a command
byte has been written, it may take as much as 15us. for the flags in
the Main Status register to become stable. Therefore, the processor
should wait 15us. between writing a command byte and reading the Main
Status register. The processor may use this much time taking care of
the "housekeeping" between command bytes. You should check your
program to be sure.

It is assumed that you have already performed a Seek command to
position the head over the desired track. Also, anytime the
processor is powered up or reset, a Specify command and a Recalibrate
command should be performed before any other commands are performed.
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Execution Phase

When the FDC 1is ready for a data transfer, it will signal the
processor in one of three ways. If you have enabled the 7387's

interrupt, The FDC will interrupt the processor. If the interrupt
has not been enabled, you can monitor the interrupt output from the
FDC chip by checking bit 7 of the Interrupt Status port. The third
method is to monitor the Request for Master bit, bit 7, of the Main
Status register.

Whichever method you use, it is best to also check the Execution Mode
bit, bit 5, of the Main Status Register. This bit will tell you if
the FDC is requesting a data transfer or if an error has occurred and
the FDC has entered the Result Phase.

The average data rate is one byte every 32us. However, under worst
case conditions the FDC chip may make a data byte available to the
processor for only 27us. For this reason the processor must be
able to perform a data transfer every 27us. for 8" disks (54us. for
5.25" disks) or an overrun error may occur and the command will be
terminated. The Main Status register does not need to be read
before each data transfer as it does in the Command and Result
phases. )

The processor can terminate the command in one of two ways. It can
let the command reach its natural conclusion or it can perform an
output instruction to the Terminate port.

Result Phase

When the FDC enters the Result Phase, the Execution Mode flag, bit
5, in the Main Status register will no longer be set. Also the FDC
will generate an interrupt. It will not generate an interrupt for
each Result byte.

All of the bytes associated with the Result Phase must be read
before the FDC will accept another command. One method of ensuring
that you have read all the Result bytes is to monitor the Data
Input/Output flag in the Main Status register. When the flag goes
low, the FDC is through providing Result bytes.
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As with the Command Phase, the Main Status register must be read
before each gesult byte is read. The Main Status register will take
up to 15us. to settle after each Result byte is read.

The status information should be checked to determine if there is an
error condition. The two Interrupt Code bits of Status Register 0,
bits 6 and 7, can be used for this purpose. If it is determined that
there is an error the other status information can be analyzed to
determine the source of the error.

The status register flags that may be affected are:

Status Register 0 Status Register 1 Status Register 2

Bit Name Bit Name Bit  Name

6§7 Interrupt Code 5 CRC Error 6 Control Mark

4 Equipment Check 4 Overrun 5 Data CRC Error

3 Not Ready 2 Sector Not Found 4 Wrong Track

2 Head 1 Not Writeable 1 Bad Track

1§0 Drive 0 Missing Address 0 Missing Data
Mark Field Address

Mark
Read ID

Sense Drive Status

Command Phase

Write out the Command bytes in the manner previously described.

Execution Phase

There is no data transfer during the Execution Phase for these
commands.
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Result Phase

Read all Result bytes in the manner previously described.

The status register flags that may be affected for the Read 1ID
command are shown below. The Sense Drive Status command affects all
of Status Register 3.

Status Register 0 Status Register 1 Status Register 2
Bit Name Bit Name Bit Name

667 Interrupt Code 2 Sector Not Found

4 Equipment Check 0 Missing Address

3 Not Ready Mark

2 Head

0§1 Drive

Scan Equal

Scan Low or Equal
Scan High or Equal

Command Phase

Write out the Command bytes in the manner previously described.

Execution Phase

The FDC will request data from the processor for comparison, in the

same manner described for the Write command. After you have
provided the FDC with an entire sector of data, check the Main
Status register to determine if there was a comparison. This can

be determined by checking either the Execution Mode bit or the Data
Input/Output bit, bits 5 and 6. If the Execution Mode bit goes
low, or the Data Input/Output bit goes high, the FDC has entered
the Result phase. 3-36 |




The FDC may have entered the Result phase because there was a
comparison, the Scan was completed without finding a comparison, or
an error occurred. Which of these has occurred can be determined by
checking the flags in the status registers extracted during the

Result phase.

Result Phase

Read in all the Result bytes in the manner previously described.
Check the Interrupt Code bits of Status Register 0. Be sure to check
the Scan Hit flag in Status Register 2.

The status register flags which may be affected are:

Status Register 0 Status Register 1 Status Register 2
Bit Name Bit Name Bit Name
6&7 Interrupt Code 5 CRC Error 6 Control Mark
4 Equipment Check 4 Overrun 5 Data CRC Error
Not Ready 2 Sector Not Found 4 Wrong Track
2 Head 0 Missing Address 3 Scan Hit
0&§1 Drive Mark 2 Scan Miss
1 Bad Track
0 Missing Data

Field Address
Mark

Sense Interrupt Status

Command Phase

This command has only one Command byte. Read the Main Status
Register once and write out the command byte.
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Execution Phase

This command has no Execution Phase.

Result Phase

Read the Result bytes in the manner previously described for the Read
and Write commands.

The Sense Interrupt Status command is used for two reasons. The
first is to extract status information after the completion of a
Recalibrate or Seek command. The Sense Interrupt Status command must
be performed after a Recalibrate or Seek command.

The second reason to use this command is to determine the reason for
an interrupt which occurs at an odd time, i.e., an interrupt which
occurs when no FDC commands are in process.

The FDC generates an interrupt whenever any of the Ready lines from
the disk drives change state. Therefore, an interrupt may occur at
anytime, provided that the 7387's interrupt is enabled. If you do
not have it enabled, and you issue a command to a drive whose Ready
line has gone inactive, the command will terminate.

It is possible for an interrupt to occur for more than one reason.
Therefore, when this command is used, it is best to issue it
repeatedly until all interrupting conditions have been found and
responded to. When there are no more interrupt conditions, the FDC
will treat the Sense Interrupt Status command as an invalid command.
It will respond with only one Result byte, Status register 0, and its
contents will be 80 Hex.

The status register flags that may be affected inclﬁde all of Status
Register 0.
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Recalibrate
Seek

Command Phase

Write out the Command bytes in the manner previously described.

Execution Phase

The Execution phase of these commands requires no interaction with
the processor.

Result Phase

The FDC will generate an interrupt when the Execution phase is
completed. These two commands have no Result phase. Rather, they
must be followed by a Sense Interrupt Status command. The Result
bytes of the Sense Interrupt Status command can then be checked by
the processor for error conditions.

Specify

Command Phase

Write out the Command bytes in the manner previously described.

Execution Phase

The Specify command has no Execution Phase.
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Result Phase O

The Specify command has no Result phase. It will not generate an
interrupt and it does not need to be followed by a Sense Interrupt

Status command.

Format a Track

Command Phase

The head must be positioned over the proper track by use of the Seek
command before the Format a Track command is issued.

Write out the command bytes in the manner described for the Read and
Write commands.

Execution Phase

The FDC will request four bytes of data for every sector it formats,
These four bytes are Track number, Head number, Sector number and
Bytes per Sector code, in that order. These numbers should agree
with the track, head, etc., you are formatting. Otherwise, when a
Read or Write command is performed, the FDC won't be able to find the
sector requested. The sector numbers may be in consecutive order, or
they may be interleaved.

One way to provide these four bytes for each sector is to form a look-
up table in RAM, and write them out sequentially.

Writing these bytes out should be handled in the same way writing
data during a Write Data command is handled.
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Result Phase

The FDC will generate an interrupt when it enters the Result phase.
The Result bytes should be read in the manner previously described

for Read and Write commands. The Status registers can be checked to
ensure that there were no errors. The rest of the Result bytes,
however, have no meaning.

The status register flags that may be affected are:

Status Register 0 Status Register 1 Status Register 2
Bit Name Bit Name Bit Name
6§7 Interrupt Code 1 Not Writeable
Equipment Check
Not Ready
2 Head
0§1 Drive
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SECTION 4
Operating Software

Introduction

This section contains hardware-level subroutine modules with which to
operate the 7387 card. The software in this section can be used
without license from Pro-Log. Although tested and believed correct,
this software is not represented to be free from errors or copyright
infringement, or appropriate for any specific application.

The subroutines are in STD instruction mnemonics, using 8080 assembly
codes. They execute in 8080, 8085, 280, NSC 800, and other code-
compatible microprocessor systems. The coding forms are grouped at
the end of this section, following the flowcharts.

Flowcharts, which do not refer to microprocessor characteristics,
allow the subroutines to be easily adapted to other microprocessor
types.

Memory Addresses

Full memory addresses are given. They are preferred addresses that
allow the subroutines to work with those provided for other Series
7000 STD BUS cards from Pro-Log. The program addresses correspond
to the Series 7800 processor cards' onboard ROM/EPROM and RAM
sockets.

If your system can not use the memory addresses in the 7387's
software package, simply change the memory page addresses, as
required, when ‘loading these modules into your system.




I/0 Port Addresses

The 7387's 1/0 ports are assigned prefefred hexadecimal addresses C4-
C7 for compatibility with other Series 7000 cards. Section 2 shows

how to remap these addresses if necessary. This software can be used
by simply changing the port addresses when 1loading the program
modules into your system.

Description of Subroutines

This section provides software subroutine modules that can be used as
a base for writing a disk operating system, or as examples from which
to write your own subroutines. You will need to write some software
of your own since these subroutines in themselves do not make up a
disk operating system. Fig. 4-1 shows the level of complexity that
these subroutines occupy. ‘

They do not make use of all the FDC commands, or all of the
capabilities of the card. They are intended to provide the necessary
control to transfer data to and from the disks and to simplify the
task of writing a disk operating system. They allow you to transfer
data using a few simple commands and yet give you access, when
desired, to detailed status information on both the FDC and disk
drive.

There are 22 subroutines-provided in this section. Most of these you
will not need to use directly, they are subroutines within
subroutines. There are only 10 subroutines that you will need to use
directly. The other subroutines <can be wused if desired.
Documentation of all the subroutines is provided 1later in this
section. Figure 4-2 lists the 10 main subroutines.




‘LA Operator

\\ Operating System

Disk Operating-
System

7387
Software
FDC, Disk Drive,
and Disk

Fig. 4-1, Function of 7387 Software
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Entry Entry Previously Run
Subroutine Address Requirements Subroutines
Set 8" 1A00 - -
Set 5" 1A06 - -
Recalibrate 1C00 - Set 8" or Set 5"
Set Drive
Set Trans 1A63 Starting Buffer Ad- -
Buf dress in Reg. Pair BC.
Set Drive 1A6C Drive Number in Reg. C -
Set Track 1A88 | Track Number in Reg. C Set Drive
Set Sector 1ACO Sector number in Reg. C -
Format 1B2E - Set Trans Buf,
Set Drive
Write 1B0O - Set Trans Buf,
Sector Set Drive, Set
' Track, Set Sector
Read 1ACF - Set Trans Buf,
Sector Set Drive, Set

Track, Set Sector
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Comments

Sets Head Load time and other variables for 8" Shugart or equiv-
alent disk drive. This or Set 5" must be used once after reset.

Sets Head Load time and other variables for 5.25'" Shugart or
equivalent disk drive. This or Set 8'" must be used once after reset

Sets the head over Track 0, and sets the FDC track counter to 0.
This must be used once for each disk drive after reset.

Defines the starting address of the RAM area you will use for
transferring data to and from the disk

Selects the drive to be accessed.

Selects the track to be accessed.

Selects the sector to be accessed.

Formats the entire disk, both sides if double-sided, in the IBM
3740 format. Data byte written into data fields is ES.

Writes a sector of data from the transfer buffer to the disk.
Buffer address, drive, track, and sector must be preselected.

Reads a sector of data to the transfer buffer in RAM from the disk.
Buffer address, drive, track, and sector must be preselected.

Fig. 4-2, 7387 Main Subroutines
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Ram Mapping

Two sections of RAM must be supplied for use with these subroutines.
The first is the Transfer Buffer. This is an area of RAM equal in
size to one sector of data, which is used as a data buffer for moving
data to and from the disk. This software uses 128 byte sectors. This
section can be anywhere in memory, and is specified by way of the "Set
Trans Buf'" subroutine.

The second section of RAM is a "scratch pad" area. It is used by the
software for look-up tables for sending commands to the FDC and for
storing status information recieved from the FDC. This section is 30
bytes long and must start on the first address of a page of memory.
That is, it must start on address 00 of the page of your choice. If
you use page 40, it would occupy addresses 4000 Hex through 401D Hex.
In the program listings, all references to the page address have been
left blank. They must be supplied by the user. Figure 4-3 is a list
of all the locations where you must supply this address.

Status Information

After running the Format, Recalibrate, Read Data, or Write Data
subroutines, status information is left in the scratch RAM. The
status information will consist of several bytes of information, all
of which are defined in Section 3 wunder the '"Instruction Set"
heading.

The detailed descriptions of the subroutines later in this section
list what status information each subroutine leaves and its position
in RAM.

The 1lists take the form of:

Address Status
XX00 Status Reg. 0
XX01 Status Reg. 1

etc.
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The XX indicates your page address for the scratch pad RAM. The rest
of the address is the line number in RAM. The status information
always begins at line address 00.

The number of status bytes left in the scratch pad RAM is contained in
Register C upon exiting one of these subroutines. .

Interrupt Considerations

During the course of the Read Data, Write Data, and Format commands
you will likely want to disable the processor's maskable interrupt.
This is because the data transfers that take place during these
commands must take place within a given time frame, and there is no
time for the processor to perform other functions.

This software takes care of this problem by disabling the processor's
interrupt just before it sends a command to the FDC. This means that
the interrupt will be disabled upon entering the Read Data, Write
Data, Format, or Recalibrate commands. The interrupt is not
reenabled. If you are using -the processor's interrupt you should
reenable it when the processor returns from these subroutines.

If your interrupts have a higher priority than the disk interface,
you can eliminate the "Disable Interrupt'" command from this software.
It is located at address 1C6C. In this case, if an interrupt occurs
during a data transfer an error will most 1likely occur. The
processor can then simply reperform the command.
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1A0B 1BOE 1BB7

1A67 1B36 1BC1
1A74 1B39- 1BCS
1A7E 1B40 1C02
1A83 1B45 1C1B
1A8A 1B4C 1c2C
1AC2 1B58 1C39
1AD4 1B62 1C4A
1AD9 1B77 1C5B
1ADD 1B99 1C98

- 1BOS ~ 1BA4 | 1CA3
1B09 1BB1

Fig. 4-3, 7387 User Supplied RAM Page Addresses

4-8




Set 8"

Entry Address: 1A00

Entry Requirements: None
Registers Used: A,B,C,D,E,H,L
Status Information: None

This subroutine or the Set 5" subroutine must be used once after
power-up or reset before any of the other subroutines are used.

The subroutine initializes the FDC with the time between stepper
motor pulses, the time allowed for head loading and the time delay
between completion of a command and the unloading of the head. The
time delays used are those recommended for Shugart 8" disk drives.

They are:

Head load time = 36ms
Head unload time = 240ms
Step rate time = 8 ms

If you wish to change these parameters they are located in addresses
1A37 and 1A38 of the program listing at the end of this section.

Set 5"

Entry Address: 1A06

Entry Requirements: None
Registers Used: A,B,C,D,E,H,L
Status Information: None

This subroutine or the Set 8" subroutine must be used once after
power-up or reset before any of the other subroutines are used.

This subroutine initializes the FDC with the time between stepper
motor pulses, the time allowed for head loading, and the time delay
between completion of a command and the unloading of the head. The
time delays wused are those recommended for Shugart 5-1/4" disk
drives. 4-9




They are: | 0

Head load time = 508ms
Head unload time = 480ms
Step rate time = 32ms

If you wish to change these parameters, they are 1located in
addresses 1A47 and 1A48 of the program listing at the end of this
section.

Recalibrate

Entry Address: 1C00
Entry Requirements: None
Registers Used: A,B,H,L
Status Information:

ADDRESS STATUS
XX 00 Status Reg. 0
XX 01 Track #

Zero flag set (1) no error occurred.
Zero flag reset (0) an error occurred.

This subroutine must be performed once for each disk drive after

power-up or reset and must be preceeded by the Set Drive and
either the Set 8" or Set 5" subroutines.

This subroutine causes the head to be positioned over Track 0 and
causes the FDC's internal track counter to be reset to 0.

Set Trans Buf

Entry Address: 1A63
Entry Requirements: Starting address of Transfer Buffer in Register

pair BC.
Registers Used: B,C,H,L
Status Information: None ' 0
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This routine specifies the location of the transfer buffer, the area
of RAM where data is moved on and off the disk. Normally this
subroutine will only be used once. The usual method of moving data on
and off the disk is to have an area of RAM the size of a sector
dedicated to storing data that is being transfered. Data is moved
into this buffer before it is written on the disk, and data read from
the disk is received into this buffer and then moved to its proper
location.

Alternately, the transfer buffer can be redefined before each sector
is read allowing the data to be received directly into its proper
location. Data can be written out in a similar fashion, even from
ROM. ‘

Set Drive

Entry Address: 1A6C

Entry Requirements: Drive number, in Hex, in Register C.
Registers Used: A,C

Status Information: None

This subroutine specifies the disk drive you wish to access. Once
you have selected a drive, you do not need to use this subroutine
again'until you access a different drive. If you have more than one
7387 card and you enter this subroutine with a drive number greater
than four, the processor can be directed to service the second 7387
card. A jump instruction is provided in the subroutine for this
purpose. The additional service routine and the address for the jump
instruction must be provided by the user. If you do not need this
feature simply replace the jump instruction with a series of three
NOP instructions, 00 Hex. The jump instruction is located at address
1AG6F.
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Set Track

Entry Address: 1A88

Entry Requiréments: Track number, in HEX, in Register C. Drive
must be preselected.

Registers Used: A,C,H,L

Status Information: None

This subroutine specifies the track to be accessed. Once a track
has been selected, this subroutine does not need to be used again
until you wish to access a different track. The Set Track
subroutine can also be used to specify which side of a two-sided
disk you wish to access. By selecting track numbers 0 through 76
you access-the first side of the disk, side 0. Selecting track
numbers 77 through 153 you access the second side of the disk, side
1. The subroutine can detect if the track number you provided is
to large to be valid. Also, if you give it a track number between
77 and 153 the program will determine if there is a two-sided disk
and a two-sided disk drive. To do this the FDC must know which
drive to check, this is why the drive must be preselected via the
Set Drive subroutine. Jump instructions have been placed in the
subroutine to direct the processor to an error routine should
either of these errors occur. The error routine and the addresses
for the jump instructions must be supplied by the user. If you
will not require the error routine, simply replace the jump
instructions with a series of three NOP instructions, 00 Hex. The
jump instructions are located at addresses 1AA2 and 1AAC.

Set Sector

Entry Address: 1ACO

Entry Requirements: Sector number, in HEX, in Register C.
Registers Used: A,C,H,L

Status Information: None

This subroutine selects the sector to be accessed. Once a sector

is selected, the subroutine does not need to be used until you wish

to access a different sector. 4-12




The subroutine can detect if the sector number you provide is too
large to be valid. A jump instruction is provided in the subroutine
to direct the processor to an error routine should this occur. The
error routine and the address for the jump instruction must be

provided by the user. If you will not require the error routine
simply replace the jump instruction with a series of three NOP
instructions, 00 Hex. The jump instruction is located at address
1ACS.

Write Sector

Entry Address: 1B0O

Entry Requirements: Transfer Buffer, Drive, Track, and Sector must
be preselected by their respective
subroutines. The data to be written must be in
the Transfer Buffer.

Registers Used: A,B,C,D,E,H,L

Status Information:

ADDRESS STATUS

XX 00 Status Reg. 0

XX 01 Status Reg. 1

XX 02 Status Reg. 2

XX 03 Track #

XX 04 Head #

XX 05 Sector #

XX 06 Bytes/Sector Code

Zero flag set (1) no error occurred.
Zero flag reset (0) an error occurred.

This subroutine writes a sector of data, 128 bytes, from the transfer
buffer onto the disk. It will select the disk drive, move the head to
the correct track if necessary, find the right sector and write the
data.
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The Write Sector subroutine was written to work'with either the 4MHz
Z80 or the 8085 processor. It will not work with the 2.5MHz Z80

because it cannot keep up with the required data transfer rate.
Figure 4-4 shows a modification to the program listing using the

Z80's special Jump Relative instructions. This will allow the
program to be used with the 2.5MHz Z80.

PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM
HEXADECIM, MNI [{
P!AQGBE __%”E Au';s'na. LABEL »f:::c MODIFIER TITLE COMMENTS DATE
0
1
2
3
4
IB [1s[pB [WRITE Loep | 1PA WAIT FOR _RaGM
' 6 |LY = | MAY STATUS |
1117 RLAC
8|30 JPR co
9|FB - WRITE LooP
_Al]7 RLAC - FETCH RESULT IVFRG. (F THERES AN ERROR
. %f\ IR FET‘%‘II %ES@LI
c —
D lp/} L DAN DE ~GQET PATA BYTE ¥ SEND To FPC
E OPA
|B |l rl|CS - JATA v
18 [o] I3 [CP JE <— [¥YC POINTER
1]0p DC G < JEC_(OUNTER
2 JP Z0 @0 SEXD NEXT BYTE |[F AT FIV/SHED
3 {g ~ |WRITE LJoP
4 - \
5(p3 OPA -SEXVD TERMIMAL CoUyT WHEN FIVISHED
s |CY — TC
I8 [271cp |FETCh RESUT| JS T C W RESULTS +SET FAIL _FLAG
8 ?é 1 = l(RESULT FLAG)
. —
alCg| — [RTS &~ RETURNS Z=| PASS  Z=0 FAIL
B
C
D
E
E

Fig. 4-4, 7387 "Write Data'" Modification for 2.5MHz 280
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Read Sector

Entry Address: 1ACF
Entry Requirements: Transfer Buffer, drive, track, and sector must

all be preselected by their respective
subroutines.

Registers Used: A,B,C,D,E,H,L

Status Information:

ADDRESS STATUS

XX 00 Status Reg. 0

XX 01 Status Reg. 1

XX 02 Status Reg. 2

XX 03 Track #

XX 04 Head #

XX 05 Sector #

XX 06 Bytes/Sector Code

Zero flag set (1) no error occurred.
Zero flag reset (0) an error occurred.

This subroutine reads a sector of data, 128 bytes, from the disk into
the transfer buffer. It will select the disk drive, move the head to
the correct track if necessary, find the right sector and read the
data.

The Read Sector subroutine was written to work with either the 4MHz
280 or the 8085 processor. It will not work with the 2.5MHz Z80
because it cannot keep up with the required data transfer rate. Fig.
4-5 shows a modification to the program listing using the Z80's
special Jump Relative instructions. This will allow the program to
be used with the 2.5MHz Z80.
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PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

HE
PAGE
ADI

AQR

MNEMONIC

XADECIMAL
LINE

INSTR.

LABEL

INSTR.

MOOIFIER

TITLE DATE

COMMENTS

0

1
2
'3
4
5
1A |Es(DB | REA) LO2P | |PA - WAIT FOR _RAM
71CY — __|MAINV STATUS
8| [7 RLAC
930 | JPR Co
A |FB — |REAp Loop v
817 RLAC ~GET RESULT |VFp. IF THERE'S AV ERROR
cl)17 RLAC
D30 JPR ce
e |OA — |GET RESULT | -
Er (DB | PA - JVPUT _OVE DATA BYTE
FolC5 - DATA v
RIEY STAX | (DE) €~ STORE
2(13 ICP DE & (WC _PoINTER
30D pcC <~ DEC CouMTER
4 |Ca JP 20 60 6ET NELT CHARACTER IF #9T FIVISHED |
51E6 — IREA) Loop
[ IA —_ N
7 231 O0PA e ~SENVD TERMINAL COUN'T WHEY FINISHED
8 o ~
[AFs|CD |[GET RESULT] IS FGET EXECUTION RESULTS ¥ SET FAIL FLAG
A ? ca’ —  KREsulr Flas)
8 p—
clCq RTS & RETURWVS Z=| PASS Z =20 FA|L
D
[3
F

Fig. 4-5, 7387 "Read Data" Modification for 2.5MHz 280
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Format

Entry Address: 1BDO
Entry Reguirements: Transfer Buffer and drive must be preselected

by their respective subroutines. Buffer size
must be equal to 4 x the number of sectors per
track, i.e. 104 bytes for 26 sectors per track.
Registers Used: A,B,C,D,E,H,L
Status Information:

ADDRESS STATUS

XX 00 Status Reg. 0

XX 01 Status Reg. 1

XX 02 Status Reg. 2

XX 03 Track #

XX 04 Head #

XX 05 Sector #

XX 06 Bytes/Sector Code

Zero flag set (1) no error occurred.
Zero flag reset (0) an error occurred.

The Format subroutine formats the entire disk, both sides if it's
two-sided, in the IBM 3740 single density format. The data fields
are filled with the data byte E5 Hex. The format uses 26 sectors per
track and 128 bytes per sector. If you wish to change any of these
parameters, they are located in the Format Command table, address
1A30 for 8" disks, address 1AS50 for 5-1/4' disks.

The sectors are numbered -sequentially, sector one following
immediately after the index hole. If you wish to interleave sectors,
you can do so by modifying the table at address 1BDO.

The Format subroutine was written to work with either the 4MHz Z80 or
the 8085 processor. It will not work with the 2.5MHz Z80 because it
cannot keep up with the required data transfer rate. Fig. 4-6 shows a
modification to the program listing using the Z80's special Jump
Relative instructions. This will allow the program to be used with
the 2.5MHz Z80. 4-17




PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

HE.
~AD

PAGE

ADECIMAL

LIN
ADR

MNEMONIC

INSTR.

LABEL

INSTR.

MODIFIER

TITLE DATE

COMMENTS

70
1
[B | 72]|CD (FORMAT TRACK) JS QENERATE FORMAT COMMAND TABLE
' 3 ‘ig — |Form TABLES) _
4| -
slal] LoPT He - PoINT To FORMAT (oMYA Y TABLE
§| 10 — __ FIRMAT CHOTABLE -
7| XX — _
8|06 L)BT - & COYMAYD BYTES
s | 06 — 06 \
AlC) JS | ~ SENVD (pMMAND T7 EDC
B gig' —~ [(oMMAND)
[+ - N )
|B |70 (DB ITRACK LpP | IFPA ~ WAIT FoR RGM
E|CH — | MAIN STATUS
18 {7 ll7 RLAC
1B 180]30 JPR [%)
11FB - |TRACK 0P -
2[]7 RLAC ~ EXTRACT RESULTS (F THERES AV ERROR |
3|38 JPR C|
4|OA — _|EXTRACT RESULB N,
s[1A LOAZ] __(DE) OYTPUT JATA BYTE
s(D3 0 PA
7|5 - DATA v
s[[3 | CP DE & |¥C POIVNTER
910D pcc & DEC COUNTER
AlC JP Zo I~ LOOPL UnTIk ALL CHARACTERS ARE SENT
8 7g — [TRACK ppP
cl| - N
o[D3 O PA ~ SEVD TERMINAL (oUNT
El|lCY | — TC A
|B |8F |CD |EXIRACTRESUSS | ) S - EXTRACT RESYUYLTS
90 9% — [RESULT FLAG) STORE I RESULT TABLE
1] ] -
2|CY RTS & RETURNS 2=[ PASS Z=p FAIlL
3
4
5
6
7
8
9
A
B
C
D
E
F

100001 2/77

Fig. 4-6, 7387 "Format" Modification for 2.5MHz 280
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Flowcharts and Listings

Figures 4-7' through 4-23 are flowcharts for the 22 subroutines
provided in this section. Following these are the program listings
for the subroutines.
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SPECIFY (COMMAND)

The Specify Command is used to

nitialize the FDC after RESET before any other
commands can be issued.

Registers used H,L,B,A

POINT H&L TO
COMMAND TABLE
' BASE

1C5C

LOAD 3 BYTE
COMMAND COUNT

1C65

DO COMMAND

C RETURN )

Fig. 4-7, 7387 "Specify" Flowchart
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(Recalibrate) This routine allows the user to home a selected drive.

Registers used H,L,B,A

@CALIBRA@
1coo

SET HEAD
0

1co3

LOAD COMMAND
. TABLE WITH
1COA |RECALIBRATE CODE

DO
1C65 COMMAND

WAIT
INTERRUPT

1ccs

SENSE INTERRUPT
1c37 STATUS

(o )

Fig. 4-8, 7387 "Recalibrate" Flowchart
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(Seek) This routine allows the user to position the head over desired track.

Registers used H,L,B,A ) O

1C19

LOAD COMMAND
TABLE WITH
SEEK CODE

1C65

COMMAND : O

1ccs

WAIT
INTERRUPT

1C37

SENSE INTERRUPT
STATUS

=D

Z = 0, Fail Z = 1, Pass

Fig. 4-9, 7387 "Seek" Flowchart

| O
4-22




Registers used H,L,B,A,C,
Returns with number of

RESULT
bytes extracted in Register C jop7

SET POINTER (HL)
TO RESULT BUFFER

1ca4

SET BYTES RECEIVED
COUNTER TO #

1cas

DELAY

—

lcac

READ FDC MAIN
STATUS REGISTER

1CBF

1CcCp

lccl

1CBD

1CBD READ DATA

SET ERROR FLAG
c=1

STORE IN RESULT
BUFFER

ADVANCE RESULT
BUFFER POINTERS

|

ADVANCE BYTES
RECEIVED POINTER

l

< RETURN '

Error

Fig. 4-10, 7387 "Result" Flowchart
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(Format) This routine allows the user to format a disk single or double-sided.

Registers used H,L,D,E,B,C,A

FORMAT
1B2E
1c59
SPECIFY
{
1C00 | | FCALIBRATE
|
1854 | loRMAT SIDE

1B3D

1B42

1B46

1B54

FAILED
2

DOUBLE SIDED

SET TO
HEAD #

FORMAT SIDE

RETURN

0]

Pass

0 Fail

Fig.4~11,7387"Format"Flowchart
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1872 (FORMAT TRACK Registers used ’,L,D,E,B,C,A

1897 |[FORM FORMAT
TABLES

1C65 FORMAT
o COMMAND

—
7

1880 |9

YES

1B84 OUTPUT DATA
FRCM FORMED TABLE

1886 ADVANCE POINTER
DEC COUNTER

1868
SENT?

SEND TC
1B8B | (rERMINATE)

EXTRACT
RESULTS

ERROR?
Z0

1c9s

YES RETURN 20

RETURN 77 (PASS)

Fig. 4-12, 7387 "Format Track" Flowchart

4-25




Registers used H,C,D,E,B,C,A

1B54 <§;RMAT SI;€>

- 1BS56 |RESET Tg TRACK

E |
e |

SET CYLINDER
1B38 | 4 1IN TABLE

l
1B59 SEEK

|
iB72 FORMAT TRACK

1BSF NO——{E%?URN z =}z>

1B64 ADVANCE TRACK l

NUMBER

LAST
TRACK? _

<:%ETURN ZI::>

Side formatted

NO

Fig. 4-13, 7387 "Format Side" Flowchart
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Registers used H,L,D,E,B,C,A

1B97 < FORM TABL9

1B9F |PUT HEAD #
IN REG B

1BAl [PUT CYL #
IN REG C

1BA2 [POINT H.L 7O
FORMAT DATA
TABLE

1BAS [POINT D.E TO
SECTOR TABLE

1BA8 |FORM TABLE

|
( ReTURN )

Fig. 4-14, 7387 "Form Table" Flowchart
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(Write Sector) Ths routine allows the user to write the data in the transfer buffer

to selected track and sector.

Registers used H,L,D,E,C,B,A.

18G9 WRITE. SECTOR

1c19 SEEK
] B

DO
1C65 WRITE COMMAND

1B17 | NO RQM
; HIGH?
WRITE DATA 4
1BIF INC POINTERS

43?1‘35

iB22

125 SEND TC

1C92 || EXTRACT RESULT

RETURN

Results of Write attempt are in
Result registers. See Result
routine for further information

N
(]

1 Normal Return

0 Failure in FDC
device

N
1}

Fig.4-15,7387"WTiteSector"Flowchart
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(Read Sector) This routine allows the user to read a sector of data and store it in

the transfer buffer.

Registers used H,L,D,E,B,C,A.

READ SECTOR

SEEK

l

1C65

DO -
READ COMMAND

ms&

1AEE

1aF0

1ar4

1cs2

ROM
HIGH?

READ DATA
STORE & INC

BYTES?

SEND TC

EXTRACT
RESULT

RETURN

Results of Read attempt are in
Result Buffer. See Result Routine
for further information.

z. = 0 FAILURE in FDC devic:

Fig. 4-16, 7387 "Read Sector™ Flowchart
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SENSE DRIVE STATUS (Command)

The Sense Drive Status Command is used to obtain the status of the Disk Drives.

Registers used SENSE DRIVE STATUS
H,L,B,A

1c4s

POINC HL.TO MAIN

COMMAND TABLE

.SET BYTE COUNT
TO 1

1C65

DO
COMMAND

1cal

EXTRACT
RESULTS

C RETURN )

Fig. 4-17, 7387 "Sense Drive Status" Flowchart
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o SENSE INTERRUPT STATUS

This command is used to determine the cause of an interrupt signal from the FDC.

CSENSE INTERRUPT
STATUS

POINT TO COMMAND
TABLE (H & L)

PUT (08) INTO
COMMAND TABLE

SETFOR 1
BYTE COMMAND

ISSUE COMMAND

!
EXTRACT RESULTS

( RETURN >

m Fig. 4-18, 7387 "Sense Interrupt Status" Flowchart
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Registers used H,L,B,A

*Do not enable unless enabled when
entering command subroutine.

READ FDC MAIN
STATUS REGISTER

FDC
BUSY OR

SEEKING
?

1C69

.1C6C DISABLE INTERRUPT| (If

DELAY
READ MAIN STATUS
1C6F REGISTER

FOR

1c7a WRITING?

GET DATA FROM
1C7D | coMMAND BLOCK

]

OUTPUT COMMAND
1C7E WORD

180 |

required)

ADVANCE CMD BLK POINTER
DECREMENT BYTE COUNTER

YES

MORE BYTES

ENABLE*
1C85 | INTERRUPTS

Fig. 4-19, 7387 "Command" Flowchart
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(Set Track) This routine allows user to select a particular track for subsequent
operations.

Registers ysed H,L,C,A.

: SET TRACK ‘
1A88

TRACK #>
TRACKS PER

1A8D

DOUBLE

STIDED TOO MANY TRAC@

SET
1292 HEAD 0

TRACK #>
TRACKS PER
DISK

SET
CYLINDER
NUMBER

NO

RTS

(Too Many Tracks) is a user supplied error handling routine

Fig. 4-20, 7387"Set Track" Flowchart
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(Set Trans Buf) This routine allows user to set pointers for RAM data transfer
location.

(Set Drive) This routine allows user to select one of four drives for subsequent
operations.

Registers used H,L,B,C 1263 '@T TRANS B@
I

MOVE BC TO
TRANSIENT
BUFFER

=)

1a6C GET DRIVE)

TOO MANY DRIVE9

MOVE DRIVE
# TO HERD/
DRIVE LOCATION

C )

(Too Many Drives) is a user supplied error routine.

Fig. 4-21, 7387 "Set Trans Buf" § "Set Drive™" Flowcharts
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(Set 8 Inch) This routine sets up the command tables to deal with 8" drives.

(Set 5 Inch) This routine sets up the command tables to deal with 5 1/4" drives.

SET 8 INCH
1A00

-SET 5 INCH

1706
POINT TO POINT TO °
8" TABLE 5" TABLE
LN V4
4 N
i
1AOF || MOVE BLOCK
]
T ———
1cs¢ || spECIFY

1A0F{ MOVE -BLOCK

LDA & (HL)

[sTa - (DE) °

INC DE

INC HL

DEC BC

-~

This routine moves a block of Data.
Before Entering:

HL = from Address

DE to Address

BC = BYTE Count

Fig. 4-22, 7387 "Set 8"", "Set 5"", & "Move Block'" Flowcharts
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(Set Sector) This routine allows the us

er to select a particular sector for
subsequent read or write operations.

1c4s
SENSE
DRIVE
STATUS
]
1ATE MASK OFF
User supplied
error routine TWO SIDE
BIT
NO '
ACA MOVE
MOVE C TO: 1a81 BIT
SECTOR T0  TWO
LOCATION IN SIDE
BUFFER TABLE - LOCATION

This routine loads 'a "Two sidg; f]é;g
in the buffer tables for use other’
1C92| RESULT FLAG routines.

i) ()

ical RESULT

YES—) 2 = 0

-Fig. 4-23, 7387 "Set Sector", "D Sided", § "Result Flag'" Flowcharts
4-36
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'PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

——— e

HEXEDESIMAL MINEMONIC TITLE DATE
Pt | Soa | msta. LABEL INSTR, MOCIFIER CONMENTS
XX | oo RESULT BUFFER STATUS RELr O | &= 3TATUS O ExCEPT ARTER (DRIVE STATUS) Trasv. :
1 [} STATUS |
2 STATUS 2
3 kyLin DER (TRACL) <
P HEAD HD
S SELTOR -3
[ i FORMAT * N
7 MAIN COMMAND XKOMMAND cODE R
s TABLE HELD /ORIVE '
9 Y IV CER (TR ACE)
* A Ea D H
8 SELTOR
c ~N
) eoT
€ /W Pl N
OF eyTes /8T
| 0 FOCMAT COMMAVD cOMMAND COCE
1 TABLE F HEAD /ORIVE
2 F N .
) F eOT i
4 - &Pl
5 e DATA
3 BPELIFY COMMAND cComMmaND CcCOE :
7 TABLE SRT / HuT i
] s e WLT/ ND i
9 * OF TRAWLLS 2 OF TRACLS . i
A . ‘
B COUBLE. /SINGLE® T™WO SIDED 7
c TRABUF TRABUF LSD .
P e MS D
3
I F
2.0
1
2
3
" -
'YE
[
7
]
9
A g
8
[~]
D
E
2F
30
1
2
3
4
E)
[
7
8
9
A
B
[}
D
E
xx | 3¢

-t
1

o0t 3 °




. . —————

PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

WE 7 ADECIMAL M EMONIC J TITLE
FLSE | Loe Imsta LABE. INSTR MODIFIER TSWIENTS
1a. | oo | 2 (seT & INcH) | LDPI U F POINT TO 8" TASLE
1| 20 - 8" TABLE
2} 1A - n:
3|3 JP
4| 9 - D ENTER
s | IA. -
1A o6 | 21 (sET 5 INCH) | LDPI (11 - POINT TO S/ - TABLE
_ .7 | &40 - 5" TABLE
8 1A - )
1A | O9 | ti & ENTER LDPI DE - MOVE PARAMETERS TO RESULT. (CMMAND TAB_E
A | OO - RAM TABL.E
8 - ) '
c | ol LOPI BC [~ SET BYTE LoUNT TO 32 RAM BUFFER LEAENGCTH
ol 20 - 20 BYTE. ounT |41
E | OO - > -
1A OF | 7€ | MOVE BLocr | LDAN (HL) — SET DATA F2CTMm TABLE
10} 12 STAN (DE) — LOAD DATA T= RAM
1123 P «HL - INLREMENT SOiNTERS
P P DE
3| o8 o p B8C “— DECEEMENT  LOUNT
4178 LDA B
s | Bl oeA [ - CHE L FOR _&6T CHACACLTER
6{C2 JP 20
71 OF - MOVE BLOCL
s8] IA -
9|CD JS INITVALIZE ELCPPY DISE (ONTEOLLEER.
AlSe - SPECIFY
Bl IC -
cl|¢o et RTS BRETURN
1] .
E —
1A I F (we:r‘es.h%ozma’)(:wrege?f;r"‘suwﬁ)(Dzusca"sgvn&
i~ | 20l FF | rESULT TaBLE | 8% sTO <10 l eT3
1} FF 5T PCcN x
2| FF 5T2 x x
3| FF < X X
4| EF =+ X X
s | FF 2 b4 X
6 | FF N X X
7 | FF jcomMmanDp TABLE]| KOMMAND (ODE COMMAND TAELE
8| OO HEAD - DRWE :
9 | 0O C
A | OO a2
.8 |C] 2
c { 0O N
D | 1A EoT
E | O7 R/W &Pl
2F | 80 BYTES /SECTOR
30| OD |FORMAT COMMAND FORMAT COMMAND FORMAT (OMMAND TABLE
1] FE HEAD DRIVE
2| co Y
3| 1A EOCT
4118 F P
5| ES . DATA
6| O3 [SPELIFY (OMMAND K lSPECIFY (OMMAaND
7| &F ST/ WuUT SPECIFY COMMEND TABLE.
8| 25 HLT7 NO
9| 4b —— 8 OF TEALLS
Al FF RESERVED ATTA
B | OO TwWo sipED? a
C | FF TRA EBUF
D| FF ) "
E| FF
A 2F | FF — 2

USRSy

Yeom21 3 °




e srmemes

PRO-LOG CORPORATION

PROCGRAM ASSEMBLY FORM

FranirigEsuat MNEMINIC TITLE =EALD <EVSE DATE SEatE
ape | xom | INSTR LABE. INSTR. MODIFIER (WRITE FOB S AT S (INTELRUPT STATUS) (DEZIVE STAT..
IA | 40| FF |REouLT TaBLE | 5%" ST . >TO T3
1| FF : 5T N X
2 | FF T2 X x
3| FF < X X
4| FF H X x
s | FF B X X
6| FF N x X
- ~ 7| PF |commaNnDd TABLE KOMMAND CODE COMMAND T2 €
s | 00 HEAD - DEIVE
s |OQ ’ [
A OO0 s
s O] 2
cl| oo N
p| 10 EOT
g | I0 2/W P .
AF | €O BYTES /SECTOR
50| OD |FOEMAT TABLE SOBMAT (CMMAND FORMAT CC»mAND TABLE
1 FF HEAD - DEIVE '
2| o N
34| 10 EOT
4|19 F &Pl
5 | ES DATA
6| O3 SPELIFY (OMMAND
71 CF SRT/HUT
8 | FF HLT/ VD
9| 22 2 OF TEALLS
A | FF RESEBVED 2YTES
8 | OO TWO sSiDED?
c| FF TRA BUuf
p| FF w
E| FF -~
1A s¢ | FF A R
[ZX.)
1
2 .
1A | 63| 9 |(seT TeANs BUR)| LDL C - MOvE Bx TO —=2anNSIENT  BUFFER LOCATICN
4| 60 LDH B
5| 22 STPD Wi
§| iIC - TRA BUF
7 | XX -
8 [ <9 — RIS
9
A
8
1A | bc| 79 |(eeT pewe) | LDA < €~ PUT DRIVE = 1y C
D | FE CPAT F Jump & % = BATE® TwaN 4 DRWES
E| oa - =23
bF | D2 JP o *|F MOEE THA.. & DEIVES ARE USED THIS (AN
70 - froo mawvy prives), || JuMP TO T==  seconvp 72867 RBOUTINE
1 -—
2|32 sTAD > MOVE DRIVE ~JMBER TO HEAD/CRIVE LOLATION
3| 0% - OB HEAD/OEIVE
4] XX - X%
5| C9 —— RIS
p -
7
8 . .
1A |" 791 ¢D (D SIDED?) JO — GET DRIVE <=TATUsS (FOR 8° ONLY)
Aj 4B ’ - (cEnsE DRIVE sTaTus) .
8! IC - L
c| 3a LDAD ~ PUT STaTuSs N ACLUMUL ATDE.
D| co - STATUS
E | xx -
1A 7F | Eb ANAT  CHECK TWO <IDE FLAG

Yoomt 2~




PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

mi1aZET WAL MREMONIC TITLE DATE
TS | e |imsTa LABEL INSTR. MODIFIER TTGAENTS
1A a0 | 08 - (==
11 22 STA-D ) - STORE BESU LT
2 1= -
3 X% - f
4} CS s— 275 ;
s
[
e - - .
1A | a8l 21t |feeET TEACe) | LDPL [ L LOAD A WITH TRALKCS /SIDE |
9] 19 - ® o TRACLLSH i
Al xx -
B| 7€ LDAN (HL)
c| BS CPA C ) - JUMP IF C 15 SREATER THAN = Cc !
bl DA JP [A) TREACES /SIDE (€~ NEW TRAL %) i
E| 290 - COTHEEZ SIDE > . !
8F | (A -
90| 2E DLl > SET HEApD BYTE <O HEAD O :
1] oa - HEAD ,
2| 3 LDm] i
3| co - oo
¢ | 26 LDLI ’ - SET HEAD BT TO HEAD O
s| o8 - HEAD/DEWE |
6| 1E LDAN (e ) i
7| ep ANAIL F MASE. ofF HEAZ BT LEAVE i
s] o3 - o3 DRIVE = )
tA 199} 77 SUT_ _T2ace | STAN (H0) — STOEE WEAD /SEIVE & i
Al 23 1P ML F ctoee wyuinDsE2 B (TRece) i
8 7 STCN (L) : : |
cl ¢ RTS i
tA |9p|C3 | oruee =ice?l JP [  cHEc ‘Two-cwoED L INE FRCAD
£E|79 - (D SIpEP2)| 1 ~PISK DRIVE :
9r | /A -
aclQ0 QP
1| ¢cA JP Z1 F JUMP IF NOT A TWO-SIDED DISKETTE
2] — - TOO MANY TRALLS (USER <=UPPLIET  ERROR
3| — - ROUTINE)
4| 2E DL . X
5| 19 - = OoF TRALLS
s{ 79 LDA c —pPuUT TRALL = N A
71 % SUA ML) — SUBTRAT * O= TEALLS PER SIDE :
s | 3p Dca — = 45 « O — a4 :
9| 4F LDC A & PUT CYLINDER = N C :
Al 7E LDAN (WL) €~ L_CAD ® OF s S PER SIDE
B | 8o CPA [ = JUMP IF TCO ManY TRACKS !
c | DA JP C i
D - TOO MANY TRACZS| | HUSER SUPPLIET =EOE BROUTINVE
E -
AF | OO NOP
Bol| 2e wbLY SET HEAD SBSYTE TO HEAD |
1 { oA - HEAD
2| 3 LDMI
3| o1 - (=]
4 | 2E LbLI = SET HEAD BIT T HEAD |
5| o8 - HEAD /DRIVE '
6| 7€ LOAN ( HL)
7| Fe ORAT
8| 04 - o4
91 C3 JP STORE HEAD — TRIVE INFRORMATION
Al 99 - ouT TRACLL
8| 1A e -
<
D
E
1A | BF

vonco1 2 T
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PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

nEraDEC WAL MrEMONIC TITLE DATE
P | Noe lnsTa. LABE. INSTR MODIFIER COMMENTS
LA co| 21 |(seT <EcTor) | LDPT HL P GET MAX <EZCTCR "2
1| oo - EoT
2 -—
3| 7E LDAN (L)
4 89 CPA [ = JUMP (F SEZTCR 19 TOO HiGw
s | DA JP . C CaxSeEZTOR =
s - (cECTOR. TOS Hiow) (USER SUPPLIED ERRDOR ROUTINE)
7 -
s | 28 D [T - cToRE sEcTe =
9| 28 peP HL
Al T ‘STCN {(HL)
B | ¢9 — RTS
c
[>)
. "
1A | cr|lep |reap <ecte)| us -~ MOVE WEAPD T PROPEZ LOCATION
ol 19 - (SEEER)
1 1C -
2| 2a LDPD HL ~ POINT DE TO THE ADDRESS CONTAINED
3] 1c - TRA BUF IN TRABUF
. -
5| e8 X P HL, DE
6 | OO NOP
T2 LOPI HL SET C REGISTEE TO ® o8 ByTES/SELTDE
8§ | OF - BYTES , SELTOR
. - .
A | 4E LDCN (HL) R
8 2 LbpPI Hi = PUT EREAD ZOMMAND IN COMMAND TARLE
c| o7 - fommann TARLE
D .,
€| 26 LDMI (HL) -
1A DF !l 2 - 2 4
[A[Eec0 AOP -
1106 LDBT SET COUNT FOR 9 CoMMA¥Y BYTES =
2/09 - 09 =
3|1CD JS ~ SEND ComMMAND To FDC _
4|65 = [(coMMAN D) -
s|1C - ‘ _
A (Es|DB |READ Loop [PA WAIT FoR _RaAM _
71CY - | MAIN STATUS
sl 7 RLAC . _
3D JP |Co -
AlEG ~ IREAD LooP -
BilA - ‘ _
cl17 RLAC - GQET RESYLT IWFo. |F THERE'S A# ERROR _
oll7 RLAC _
EIDA JP [Co _
ErlED — |GET RESULT
FollA - '
1108 LPA IVPUT OVE DATA BYTE
2|CS — DATA y
allad STANV (DE) €~ STORE
alld ICP DE €&~ |¥C POINTER
s|0D pcC & DEC COUNMTER
6[Ca JP |20 GO GET NEXT CHARACTER |F MoT FINISHE)D
7 |E6 — _|READ Loop : _
s|[A - i
9 2‘3/ OPA = ~JEND TERMINAL COUNT WHEY FINISHED
A - C
IA [Es[CD lGET RESULT | JS ~ GET EXECUTIoN RESULTS v SET FAIL FLAG
cl93 ~  |(RESULT FLAG)
o|]|C = v _
e|C9 RTS & RETURWYS Z =| PASS Z=0 FAIL _
(A |Fe _




PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

PAGE

HEXADECIMAL
TRE T

LIN
ADR

MNEMONIC

LABEL

INSTR.

MODIFIER

DATE

TITLE
. COMMENTS

LAQR
|B [Oo|CD [(WRITE SECTORY J S MOVE READ To PROPER_POSITION
1 ;Z - (SEEK)
2 —
3|24 LDPD HL - POINVT DE To THE ADORESS CONTAWED
sl lC - TRA BuUr W _TRA Bur
5 | XX -
s |EB XCP W .PE ‘
7]1a] LOPT A - SET RESISTER C =To# OF BYTES PER SECTOR
s |[OF — |BYTES SECTOR.
9 [ XX - .
AlYE LOCy (H#L) v
Bla| LpPr HL " FPUT WRITE COMMAND |¥ TABLE
clo? — |(OMMAHD TABLE
o XX - |
E |36 LomT (HL)
OF OS5 - o5
[ o geq LDBT - y‘(-SET COMMAVD BYTE Cou#T To 4
; = :
2|CD 3 S o SEND _COMMA¥D To FPC
3 !lég ~ [ (Command)
q - N
B [ s|Dp IWRITE LocP_| {PA - WAIT FIR_RAM
s|CY -~ | MAIY STATUS
7117 RLAC
XN JP o
) :‘53' - |WRITE LgoP
A - N
8l |7 RLAC - FETCH RESULT IMFO. IF THERE'S ANV ERRIR
c DA )P Cl :
o|d B‘r —~ . |FETCH RESULT
. = :
B8 1 rllA LoAy| (PE) GET 0ATA BYTE Y SEND To FDC
1B |03 OPA
1|Cs = DATA
2]]3 CP JE &~ |VC POINVTER
310D cC < DEC (OUNMTER
a|C3 JP Z0 Q0 SENMD MEXT BYTE IF MOT” FINISHED
5 155* —~ |WRITE Loop
8|l -
7 g_ 3 OPA — ~SENM) TERMINVAL (COUNT WHEY FINVISHED
8 Y —_ N
1B |2 9o|CD |FETCH RESULT | ) S - GET EXECUTION RESULTS + SET”_FAIL FLAG
A ?é —~ _|(RESULT FLAG)
B - A
clCq RTS & RETURYS Z=1 PASS  Z2=0 FAIL
D
1B 13 e|CP [(FORMAT ) JS -SPECIFY HEAD LOAD &+ UNLOAD TIMES
AF 1|59 - |(SPECIF L)
3 0 ]C - \ .
1[Cp )S MOVE HEAD TO TRACK O
2 ?0 — (RECALIBRATE)
a|{C - N
4|34 LDAD GET KHEAD IRIVE INFORMAT 10X
508 — | READ/DRIVE
s | XX -
713a STA) - PUT HEA) QRIVE INEIRMATION W FORMAT TAB
8 )l( ;( =~ |F HEA)/PRIWVE COMMAND TABLE
9 -_— A
alCP JS ~ FORMAT OvE SIDE
B f g —~ |(FORMAT SIDE)
C - N
o[ CO RTS 20 €—RETURN IF FAILED
e[| 3A L DAD - CHECK FOR DOUBLE SINED
[BI13F||B — | Two S10ED?




PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM

o it meren .

mEXLIIET VAL MNEMONIC
FRoE | one | insTa LABE. INSTR MODIFIER T CORRENTS -
18 |40 -
1| AT orA A L )
2| ¢® RTS 21 — RETURN IF ONE SIDED
3|2l LDPI HL ' seT POINTER T HEAD CRIVE LOCATION
4! OB i HEAD /DRIVE
H - .
6| 1E LDAN (HL) = SET TO HELD |
.71 Fe _| orAL
3 | 04 - 04
9| 77 STAN . (HL)
Al 32 STAD
CHRT - F HEAD/ DRIVE
c | xx - ’
D|cD IS5 I~ FORMAT OTmER 9IDE
E|sa - (roemaT si0g)
4F |18 - )
50 ¢€9 e RTS
1.
2
3
1B | 54| 38 |(FormaT <I1CE)|LDAI CYLINDER © (TrAace O)
s | co - [ore) (Nl 2. & 2C £)
s | 32 STAD - STORE IN CYLINDER NUMBER LOCATION
7| oo - CYLINDER (TRALL)
s -
1B | 59}1¢D SIDE _LOOP JS - MOVE HEAD TO CYLINDER (TRack)
A9 . - SEEK. ’
8| I1C . <=
c|ch JS -  FORMAT CNE TRALK
o| 72 - (FoemaT TRALE)
E| IB . -
18 | g |CO RTS Z0 & ReETURN Z. » O FOR FAIL
18 | o | 2 LoPI HL
1| o9 = levanoer Geace)
2 -
3| 7€ LOAN (HL) - INCREMENT  CYLINDER NUMBER
4| 24 1M (HL) '
5 | oo NOP
s | 2E ] LDOL1 - LOOP UNTIL LAST SECTOR
7 19 =} - * O TRALLS
8| o NOP
9 | B8E CPA M
A | DA JP c
B |59 - SIDE LoOP
clig - 4
D | AF CLAC
E | €9 — TS — RETURN Z = | IE PASS
o6 F
70
1
18 | 72| co l(rFormar TRACL) JS GENEBATE FORMAT DATA TagLE
3197 - (Foem TABLES)
4] 18 - -
5| 21 LDPY HL > POINT TOD FOEMAT COMMAND TABLE
6] 1o - FORMAT (MD TABLE
7 -
8| Co | LOBL F b (OMMAND B2vyTES
., 9] oo - (=2
Al CD JS - cenD (OMMAND TO EDC
B| &5 - {COMMAND ) :
c| ic - |
0= 70| OB | TRACK oo IPA F walT Fcoce R
E| ca - MAN  STATUS
& | 76| 17 RLAC

vecast 27
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PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM

HEXADECIMAL MNEMONIC :
PAGE | LR | INSTR. LABEL INSTR. MODIFIER TTLE COMMENTS 2ATE -
|B[go]Da JP Co u

117D — |TRACK Lo9P 4
2 8 - 2 —{
sl l7 RLAC - EXTRACT RESYLTS IF THERE'S AN RO ‘
«[DA JP cl —
5|91 — |EXTRACT RESULTS |
8 I B - N —l
11 A Lpav]  (DE) - 0UT PUT DATA BYTE ]
s|D3 OPA ]
9(CT - VATA 3 ]
all13 Icp | DE < [WC PIINTER _
80D pec < DEC COUNTER
clC& JP Z0 - LOJP UNVTIL. ALL CHARACTERS ARE SENT |~ |
o|7D — TRACK LIoPp ]
el[B - \ ]
ge D3 QFfA _ - SENVD TERMINAL CoUNT ]
qeiCY - TC —
1B | 911¢cD [ExtracT gESULT] ) S EXTRACT RESULTS ]
2 CI’ éa —  YRESULT FLAG) STORE W RESULT TABLE .
3 -
] RTS € RETURVS Z=]| PASS Z=¢ FAIL | ]
[
= = - ——
18 | 971 21 |[Foem TaBLES)| LDPT [ - 6ET- HEAD C2ivE INFO (LEAVE READ 4)
s | c® - HEAD / DRIVE ..
9 - {H‘L.D‘E. B;C.'Q"
al7e LDAN (L) - . S <
B| Eb ANAT - Mast. ouT B RAVE INFO |
cloa - o4 |
D | OF ERA - PUT HEeAD = IM B BT O !
e O-
1B |9Ff |47 LDB A A, ;
I8 | A0l 23 ICP HL - GET _ CYLINDE2 = PurT N C !
1| 4 LDCeN (HL) ' '
21 2A LDPD HL - POINT TO STAZT OF FORMAT DATA TASLE :
3] ic - TRA BUF '
2 -
s ! 1} LDPI DE - POINT 1O oTiART SELTOR TABLE ;
6| DO - SECTDR TABLE !
741 1B - .
185 A8 7 TABLE LooP | 9TTN (W) &— PUT CYLINDEE %= (L) IN TABLE
9 23 1P ML &— INC POINTER
Al 70 STBN (HL) S PurT _ HBAD = (k) M TARLE
B | 23 1P B € INC POINTER
cliIA LDAN (DE) €— LOAD SECTOR. NUMBER
o{ 77 STAN (=L c— PUT SecTOR = () N TABLE . i
E| 2> 1P i — We PoINTE.R -
AF | 3A LDAD - PUT BYTES PER SECTOR (ODE (N) IN TABLE
Bo| o - N
1 -
2{ 77 <TAN (HL)
3123 (44 M &~ INC POIWNTER
4| 13 [[44 OE
5| 2A LDAD 1~ LOOP UNTIL TABLE 15 FINISHED
6 | OO - EoT = LOAD A WITk LAST SELTDR =2
? -
8 | Cb ADAT ~ ADD SELTDE. Ti2RLE ADDRESS TO SectOR. 8 TO
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\B BF| ZA LDPD Hi I FOWT TO START OF FOEMAT DATA TABLE
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PRO-LOG CORPORATION

PROGRAM ASSEMBLY FORM
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PROGRAM ASSEMBLY FORM
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SECTION S
Maintenance

Reference Drawings
The schematic (Fig. 5-1) and assembly drawing (Fig. 5-2) in the
following pages are included in this manual FOR REFERENCE USE ONLY.

They may differ in some respects from the card and documentation that
the user receives from Pro-Log.

The schematic and the assembly drawing shipped by Pro-Log with the
card are those from which the card was manufactured.
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Return for Repair Procedures

Domestic Customers:

1.

Call our factory direct at (408) 372-4593, and ask for CUSTOMER
SERVICE.

Explain the problem and we may be able to solve it on the phone.
If not, we will give you a Customer Return Order (CRO) number.

Please be sure to enclose a packing slip with CRO number, serial
number of the equipment, if applicable, reason for return, and
the name and telephone number of the person we should contact
(preferably the user), if we have any further questions.

Package the equipment in a solid cardboard box secured with
packing material.

CAUTION: Loose MOS integrated circuits, or any product
containing CMOS integrated circuits, must be protected from
electrostatic discharge during shipment. Use conductive foam
pads or conductive plastic bags, and never place MOS or CMOS
circuitry in contact with Styrofoam materials.

Ship prepaid and insured to:
Pro-Log Corporation
2411 Garden Road

Monterey, CA 93940

Reference CRO #
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International Customers:

Equipment repair is handled by your local Pro-Log Distributor. 1If
you need to contact Pro-Log, the factory can be reached at any time by

TWX at 910-360-7082.

Limited Warranty:

Seller warrants that the articles furnished hereunder are free fom
defects in material and workmanship and perform to applicable,
published Pro-Log specifications for two years from date of shipment.
This warranty is in lieu of an? other warranty expressed or implied.
In no event will Seller be 1liable for special or consequential
damages as a result of any alleged breach of this warranty provision.
The liability of Seller hereunder shall be limited to replacing or
repairing, at its option, any defective units which are returned
F.0.B. Seller's plant. Equipment or parts which have been subject
to abuse, misuse, accident, alteration, neglect, unauthorized repair
or installation are not covered by warranty. Seller shall have the
right of final determination as to the existence and cause of defect.
As to items repaired or replaced, the warranty shall continue in
effect for the remainder of the warranty period, or for ninety (90)
days following date of shipment by Seller or the repaired or replaced
part, whichever period is 1longer. No 1liability is assumed for
expendable items such as lamps and fuses. No warranty is made with
respect to custom equipment or products produced to Buyer's specifi-
cations except as specifically stated in writing by Seller and
contained in the contract.
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APPENDIX A
Quick Reference

INTRODUCTION

This appendix is a compilation of tables and figures which appear
elswhere in the manual. They are presented here for quick access to
information you will need to refer to frequently. These figures can
also be found at the page number included at the end of the title of
each figure, along with additional information.




Port Name

Standard
Port
Address

Input
Output

Description

Main Status
Port

c4

Input

Accesses Main Status Register in
FDC chip.

rerminate Port

[of:]

Output

Output to this port causes the
Terminal Count pin on the FDC
chip to be strobed. Data
written out is inconsequential,
just the act of writing out to
this port generates a 400ns.
pulse to the pin.

Read Data Port

[0}

Input

During read operations, this
port is used to read data out of
the FDC. During the Result
Phase of a command, this port is
used to read the Result bytes
out of the FDC.

Write Data Port

C5

Output

During the Command Phase of a
command, this port is used to
write the Command bytes to the
FDC. During write operations,
this port is used to write data
to the FDC.

Interrupt Status

[of)

Input

Bit 7 of this port 1s used to
read the interrupt output of the
FDC chip. When the bit is set
to 1, the interrupt is active.
The other bits are spares.

Interrupt Mask
Port

Coé

Output

Bit 7 ot this port 1s used to
control the interrupt mask. The
interrupt is masked after power-
up or reset. To Enable the
interrupt, set the bit to a one.
The mask does not affect the
Interrupt Status port's ability
to monitor the interrupt output
pin of the FDC. The other bits
are spares.

Cc7

Input

Invalid

c7

Output

Invalid

Fig. A-1, 7387 Table of I/0 Ports (pg 3-5)
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Bit Name Description

0 FDD 0 Bit set means Disk Drive 0 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

1 FDD 1 Bit set means Disk Drive 1 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

‘ while this bit is set.

2 FDD 2 Bit set means Disk Drive 2 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

3 FDD 3 Bit set means Disk Drive 2 is in the Seek mode.
BUSY The FDC cannot accept a Read or Write Command

while this bit is set.

4 FDC Bit set means a Read or Write command is in
BUSY process. FDC cannot accept any other command.

5 EXECUTION Bit set means FDC is in the Execution Phase of
MODE a command.

6 DATA Bit set means data transfer should be from Read
INPUT/ Data Port to processor. Bit reset means data
OUTPUT transfer should be from processor to Write Data

Port.

7 REQUEST Indicates the FDC is ready for a data transfer

FOR between the Read or Write Data Ports and the
- MASTER processor.

Fig. A-2, 7387 FDC Main Status Register (pg. 3-12)
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PeaSE

OATA 8US

Oy O¢ Og O4 O3 03 Oy Og

READ OATA

Cammang

Execution

Aesuit

f
s
i

i
I
t

MT MFE SK 3 a9 + v Q9
£ X X x X MO JSt USQ

Track =

“eaq =

Sector =

3yces/Seczor Coce

* of Last Sector

-engTn of 3a0 3

* of Data 3vctes 0 3e Transfereq

Stacus Regiscer 3
Seatus legister !
Status Register 2
Track #

Head ¢

Sector 4
3yctes/Sector Code

AEAD OELETED DATA
w——_——e—

' Commana

Execution

| Ressit

MT ME SX Q 1 1 [} 0
X X X X X MO ust USo

Track #

Head #

Sector ¥

8ytas/Sector Code

# of Last Sector

Length of Gap 3

# of Data 8yces to be Transfered

Sctatus Register O
Status Regiscer |
Status Register 2
Track #

Heag #

Sector #
Svces/Sector Code

WRITE DATA

Execution

Resuit

MT MF 0 0 O 1 O 1
X X X X X MO uUS1 uso

Track ¢

Head #

Sector #

Sytes/Sector Code

# of Last Sector

Lengch of Gap 3

# of Data Bytes to be Transfered

Scacus Register 0
Scacus Regiscer |
Stacus Regiscter 2
Track ¢

Head *

Seczor =
Svces/Sector Code

WARITE DELETED OATA

Command

Exscution

MT MF 0 0 ' 0 Q 1
X X X X X HO UST uUso

Track

Head #

Sector =

8yctes/Sector -Code

# of Last Sector

Langth of Gao 3

¢ of Oata 3ytes to se Transfered

Sctatus Register 2
Status Regiscer !
Scatus Regiscer 2
Track =

Head ¢

Sector ¥
dvtes/Sector Code

PHASE

DATA 8US

O7 Os Us 04 03 Oz 07 Og

REAQ A TRACK
S m—

Commana

Eaecution

Resuit

Q9 MF SK 9 0 0 ! Q
X X X X X =0 ust Uso

Traek =

Heag *

Sector @

dytes/Sector Code

# of Last Sector

Lengeh of Gap 3

¢ of Data 3vces 30 Se Transfered

Scatus Register O
Sctatus Register |
Scatus Register 2
Track #

Head #

Sector ¥
3veas/Sector Cade

REAQ IO

Cammanag

Exocution

9O MF 0 0 1 O 1 Q
X x X X X MO uUst uUSo

Status Register Q

Status Register |

Status Register 2

Track # N
Head #

Sector #

8yces/Sector Code

FQRMAT A TRACK

Commang

Execution

Resuit

0O M 0 0 1 v O 1
X X X X X HO uUSst USo
8yces/Seczor Code

Sectors/Track
Length of Gap J

Filler Data 8vte .

Scacus Register 0
Status Regiscer !
Status Register 2
Track #

Head #

Sector #
8yces/Sector Code

SCAN EQUAL

Command

Execution

Aesun

MT MF SK 1 Qo 0 [} 1
X X X X X WO us1 uso

Track #

Heaa ¢

Sector #
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Fig. A-3, 7387 FDC Instruction Set (pg. 3-11)
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DESCRIPTION

MT

If MT 1is set, a_double-sided_ operation is to be
performed. After finishing a Read or Write operation on

Side 0, the FDC will automatically start searching for
Sector 1 on Side 1.

MF

Selects FM or MFM mode. On 7387 it should always be
reset, indicating FM mode.

SK

If SK is set, sectors with Deleted Data Address Masks
will be skipped, otherwise the command will terminate.

HD

If reset selects side 0. If set selects side 1.

UsS1, USO

A two bit binary number indicating the drive to be
selected.

TRACK #

Binary number of track to be accessed. Must match the
track number in the ID field of the sector to be
accessed. As a Result byte, it may be incremented from
the number given in the command. For the Read 1ID
command, it is the track number read from the ID field of
the first sector encountered.

HEAD #

Number of side to be accessed, 0 or 1. Must match head
number in ID field of the sector to be accessed. As a
Result  Dbyte, its least significant bit may Dbe
complemented from the number in the command.

SECTOR #

Number of sector to be accessed. Must match sector
number in ID field of sector to be accessed. As a Result
byte, it reflects the FDC internal sector counter. For
the Read ID command, it is the sector number read from
the ID field of the first sector encountered.

Fig. A-4, 7387 Command and Resuit Bytes (1) (pg. 3-13)
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BYTES/ Code indicating the number of bytes per sector. Must

SECTOR match Bytes/Sector Code in ID field of sector to be

CODE accessed. However, if you will not be reading all the
data from the sector the Bytes/Sector Code should be 00
The last command byte, "# of Data Bytes to be Trans-
ferred,'" then defines the number of bytes transferred.
Refer to Fig. 3-12 for the proper code.

# OF The command will end after the sector with this number

LAST has been operated on. The number is a binary number.

SECTOR If you are performing a double-sided operation, the
sectors operated on will start with the starting sector
you specify, read through the sector on side 0 that
equals the # of Last Sector, then start reading side 1
at sector 1, and finish when it reads the sector on
side 1 equal to the # of Last Sector.

LENGTH A binary number specifying the length of Gap 3, which

OF GAP 3 in the IBM 3740 format, is the gap between the end of
one sector and the beginning of the next. See Fig. 3-
12,

FILLER When formatting a track, the entire data field of each

DATA BYTE sector will be filled with this data byte.

SECTOR/ During Scan commands, if this byte = 0 consecutive

STEP sectors are scanned. If = 1 every other sector is
scanned. Scan commands should only be used on one
sector per command, so this byte has no real meaning.
It is suggested it be set = 0.

SECTOR/ A binary number specifying the number of sectors to be

TRACK placed on a track during the Format a Track command.

STEP The most significant 4 bits of this byte specify the

RATE time delay between step pulses issued to the stepper
motor during Seek or Recalibrate commands. The time

TIME

may vary from 1 to 1l6ms. in 1lms. increments. F=1ms.,
0=16ms.

Fig. A-5, 7387 Command and Result Bytes (2) (pg. 3-14)
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HEAD
UNLOAD
TIME

The least significant 4 bits of this byte specify the
length of time the head will remain loaded on the disk
after the Execution Phase of an operation has been
completed. The time may vary from 16 to 240ms. in 16ms.
increments. 1=16ms., F=240ms.

HEAD
LOAD
TIME

The most significant 7 bits of this byte specify the
head settling time. This is the time between the head
load signal being issued and the FDC beginning the
operation. The time may vary from 2 to 254ms. in 2ms.
increments. 01l=2ms., 7F=254ms.

DMA OR

NON-DMA

MODE

The least significant bit of the byte selects the DMA or
Non-DMA mode of operation. On the 7387 this bit should
always be set to a 1, indicating the Non-DMA mode.

Fig. A-6, 7387 Command and Results Bytes (3) (pg. 3-15)
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BIT NAME DESCRIPTION
7 INTERRUPT 7=0, 6=0
AND CODE Command was completed without error.
6
7=0, 6=1
Command terminated early because of some
error.
7=1, 6=0
Invalid command was issued.
7=1, 6=1 :
Command terminated early because the Ready
line from the disk drive changed state.
5 SEEK When set, this flag indicates a Seek command
END has been completed.

4  EQUIPMENT
CHECK

When set, this flag indicates a Fault signal
was received from the disk drive, or no Track
0 signal was received from the disk drive
after 77 step pulses had been issued during a
Recalibrate command.

3 NOT READY

When set, this flag indicates a command was
issued to a disk drive whose Ready line is
inactive, or a command was issued to operate
on the second side of a single-sided disk.

2 HEAD This flag indicates whether side 0 or side 1
was selected when the command terminated or an
interrupt occurred.

1 DRIVE A two bit binary number indicating the disk

AND drive that the other status flags pertain to.

0

Fig. A-7, 7387 Status Register 0 (pg. 3-16)
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BIT NAME DESCRIPTION

7 LAST During Scan commands, if the FDC is scanning
SECTOR every other sector and it skips over the
ERROR sector equal to the "# of Last Sector" this

flag will be set. Scan commands should only
be used on one sector per command, so this
bit has no real significance.

6 Not used, this bit is always 0.

5 CRC When a CRC error is detected in either the ID
ERROR Field or the Data Field, this flag is set.

4 OVER RUN If the processor does not perform a data

transfer in time during the Execution Phase of
a command, this flag is set.

3 Not used, this bit is always 0.

2 SECTOR If the FDC cannot find a sector it is looking
NOT for after it has encountered the index hole
FOUND - twice, it sets this flag.

For the Read a Track command: If during the

course of the command the specified sector was

not found, this flag will be set. For the

Read ID command: If the FDC cannot read an ID
- Field without an error, it sets this flag.

1 NOT Any time you request data to be written on the
WRITEABLE disk and the disk is write-protected, this

flag is set.

0 MISSING If the FDC cannot find an ID Address Mark
ADDRESS after encountering the index hole twice, or if
MARK it cannot find a.Data Address Mark or Deleted

Data Address Mark for the sector it is trying
to operate on, this flag is set.

Fig. A-8, 7387 Status Register 1 (pg. 3-17)
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BIT NAME DESCRIPTION
7 Not used, this bit is always 0.
6 CONTROL If a Deleted Data Address Mark is encountered
MARK during the Read Data command or during a Scan
command, this flag is set. If a Data Address
mark is encountered during the Read Deleted
Data command, this flag is set.
5 DATA CRC If a CRC error is detected in the data field,
ERROR this flag is set.
4 WRONG If the track number read from the ID Field
TRACK does not agree with the FDC's internal track
counter, this flag is set.
3 SCAN During Scan commands, if the scan was success-
HIT ful, this flag is set.
2 SCAN During Scan commands, if the scan was not
MISS successful, this flag is set.
1 BAD If the track number read from the ID Field is
TRACK FF Hex, this flag is set. In the IBM format,
tracks with hard errors are labeled with a
track number FF Hex.
0 MISSING If the FDC cannot find the Data Address Mark
DATA FIELD or Deleted Data Address Mark, this flag is

ADDRESS MARK

Set.

Fig. A-9, 7387 Status Register 2 (pg. 3-18)
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BIT NAME DESCRIPTION
7 FAULT Indicates the status of the Fault line from
the disk drive.
6 WRITE Indicates the status of the Write-Protected
PROTECTED line from the disk drive.
5 READY Indicates the status of the Ready line from
the disk drive.
4 TRACK 0 Indicates the status of the Track 0 line from
the disk drive. '
3 TWO Indicates the status of the Two-Sided line
SIDED from the disk drive. '
2 SIDE Indicates the status of the Side-Select line
SELECT to the disk drive.
1 UNIT Indicates the status of the Unit Select 1 and
AND SELECT Unit Select 0 lines to the disk drive. These
0 should match the drive number specified when

the Sense Drive Status command was issued.

Fig. A-10, 7387 Status Register 3 (pg. 3-19)
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BYTES/ BYTES/ ~ SECTORS/ LENGTH L) LENGTH'2)
SECTOR SECTOR TRACK OF GAP 3 OF GAP 3
CODE R/W FORMAT
8" DISKS
128 00 26 ' 07 1B
256 01 15 OE 2A
512 02 3 1B 3A
1024 03 4 47 A
2048 04 2 c8 FF
4096 05 1 Cs FF
5-1/4" DISKS
128 00 18 07 09
128 00 16 10 19
256 01 8 18 30
512 02 4 46 87
1024 03 2 cs FF
2048 04 1 cs FF

(1) Suggested Hex values for Gap Length 3 for commands other than
Format. '

(2) Suggested Hex values for Gap Length 3 for Format command.

Fig. A-11, 7387 Bytes/Sector Code and Gap Length 3 Values (pg. 3-20)
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Entry Entry Previously Run 0

Subroutine Address Requirements Subroutines

Set 8" 1A00 - -

Set 5" 1A06 - -

Recalibrate 1C00 , - Set 8'" or Set 5"
Set Drive

Set Trans 1A63 Starting Buffer Ad- -

Buf . dress in Reg. Pair BC.

Set Drive 1A6C Drive Number in Reg. C -

Set Track 1A88 Track Number in Reg. C Set Drive

Set Sector 1ACO Sector number in Reg. C - 0

Format 1B2E - Set Trans Buf,
Set Drive

Write 1B0O - Set Trans Buf,

Sector ' Set Drive, Set

Track, Set Sector

Read 1ACF - Set Trans Buf,
Sector Set Drive, Set
Track, Set Sector
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Comments

Sets Head Load time and other variables for 8" Shugart or equiv-
alent disk drive. This or Set 5" must be used once after reset.

Sets Head Load time and other variables for 5.25" Shugart"or
equivalent disk drive. This or Set 8" must be used once after reset

Sets the head over Track 0, and sets the FDC track counter to 0.
This must be used once for each disk drive after reset.

Defines the starting address of the RAM area you will use for
transferring data to and from the disk

Selects the drive to be accessed.

Selects the track to be accessed.

Selects the sector to be accessed.

Formats the entire disk, both sides if double-sided, in the IBM
3740 format. Data byte written into data fields is ES.

Writes a sector of data from the transfer buffer to the disk.
Buffer address, drive, track, and sector must be preselected.

Reads a sector of data to the transfer buffer in RAM from the disk.
Buffer address, drive, track, and sector must be preselected.

Fig. A-12, 7387 Main Subroutines (pg. 4-5)
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