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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 STn 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 wi th the means of utilizing his own people to 
control the des ign, product ion, and maintenance of the company's 
products that use STn 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 STn BUS products. 

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

o Controls up to four disk drives, either sing1e- or double-sided 
o 
o 

o 

o 

o 

o 

Accomodates either 8" or 5-1/4" disk drives 
Supports soft-sectored disk format 
Supports single-density disk format; requires no DNA 
Interrupt via INTRQ*, NMIRQ*, or interrupt controller card 
Compatible with 8085, Z80, 6800/09, 8088 and other processors 
Uses single +5V power supply 

Fig. 1-1, 7387 Floppy Disk Controller Card 
1-1 
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• 
Introduction 

SECTION 2 
Installation and Specifications 

This section describes the installation and cablin.g 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 wi th the whi te 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 accessi ble for testing by use of an 

4[) extender card. 

o 

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. 
shown in Fig. 2-4. 

The location of the connector, connector J2, is 
Its 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. 
polled interrupt systems. 

It can also be used in 

2-1 
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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 SO 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 RCSO-6 cable can be used to connect the 7387 to one disk 
drive. See Fig. 2-1. Addi tional connectors can be added by the 
user to this cable for addi tional disk dri ves. Some sources for 
these connectors and for cables ready-made for up to four disk 
drives are shown in Fig. 2-2. 

2-3 



Type of Cable 

Twisted pair, 
crimp or solder 
connection 

Twisted pair-, 
solder connection 

Flat Cable 

Flat Cable 

Flat Cable 

Manufacturer Conn. Part # 

Amp 1-583717-1 

Viking 3VH25/1JN-5 

Anseley 609-5015M 

Winchester 53-50-0 

3M 3415-0001 

Fig. 2-2, 7387 Cabling Sources 

2-4 

Contact Part# 

583616-5 (crimp) 
58354-3 (solder) 

---------~~.-----.---------.--- -------------------~-~----------~------

o 

o 

o 
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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 hal f, and then desolder and remove each half indi vidually. 
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 
which can be connected by 

in. square posts can be installed 
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 
Eleo 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 
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~ I/O Port Addressing 

o 

o 

The 7387 Card is accessed through I/O ports. As shipped, the card 
occupies I/O addresses C4 through C7. It can be remapped anywhere 
within the 256 port I/O 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 Wl and W2. Figure 2-5 is a table 
of all the possible combinations of the jumpers and the resulting 
I/O address mapping. 
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PORT 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
00 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
10 
1E 
1F 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
2A 
2B 
2C 
20 
2E 
2F 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 

JUMPERS PORT JUMPERS PORT JUMPERS 

WI 

W2 

WI 

W2 

WI 

W2 

WI 

W2 

W1 

W2 

WI 

W2 

WI 

W2 

WI 

W2 

W1 

W2 

WI 

W2 

W1 

W2 

W1 

. W2 

W1 

W2 

WI 

W2 

w1 

yv2 

;1;1 

W2 

1-2 40 
WI 5-6 

80 WI 9-10 -- 41 - 81 - 42 - 82 W2 -
1-2 ~~T2 1-2 1-2 - 43 - 83 -
1-2 44 84 

WI 9-10 -- 45 wI 5-6 - 85 - - -46 86 
3-4 - 47 y,2 3-4 - 87 W2 3-4 -
1-2 

48 88 - . 49 W1 5-6 - 89 w1 9-10 -- 4A - 8A -
5-6 - 48 w2 5-6 - 8B W2 5-6 -

4C ,,1 5-6 
8C WI 9-10 -1-2 - 40 - 80 - - -4E 8E 

7-8 - T1T2 7-8 W2 7-8 
4F - 8F -

1-2 50 90 
WI 9-10 -- 51 w1 5-6 - 91 - 52 - 92 -9-10_ y',2 9-10 - W2 9-10 -53 93 

1-2 
54 

~~T1 5-6 94 - 55 - 95 wI 9-10 -- - -
11-12- 56 w2 11-12- 96 ,,2 11-12-57 97 

58 
~ 5-6 

98 WI 9-10 -1-2 - 59 YV..1.. - 99 - - -5A 9A 
13-14- ~1:2 13-14- W2 13-14-

58 9B 
5C !1 5-6 9C 

1-2 - 50 - 90 yy1 9-10 -- 15-16= -
15-1E: 

5E W2 9E 
TAT 2 15-16-5F 9F 

- 60 
~1:1 7-8 - AO :W1 11-12-3-4 61 A1 - - -62 A2 W2 1-2 1-2 - 63 
w2 1-2 - A3 -

64 W1 7-8 A4 
~1:1 11-12-~-4 - 65 - A5 - - -

- 66 W2 3-4 - A6 W2 3-4 -3-4 67 A7 

3-4 
68 TAT 1 7-8 A8 

11-1Z-- 69 - A9 w1 - - -6A W2 AA 5-6 - 5-6 ~';2 5-6 68 - AB -
- 6C W1 7-8 - AC TAT 1 11-12-3-4 60 AD - 6E w2 7-8 - AE W2 7-8 -

7-8 - 6F - AF -
3-4 - 70 w1 7-8 - BO 

~';1 11-12-71 B1 - - -72 W2 9-10 82 9-10 _ TAT 2 9-10 -73 - B3 

3-4 
74 ;';1 7-8 84 - 75 - B5 wI 11-12-- - -76 B6 11-12-- W2 11-12- y,2 il-12-77 B7 
78 B8 TAT 1 11-12-3-4 - 79 vv1 7-8 - 89 - - -7A BA 

13-14- TlT2 13-14- w2 13-14-
7B BB 

3-4 - 7C "{AT 1 7-8 - BC 
vvl 11-12-70 BD -- 7E W2 15-16= BE -

15-16....-,; T!12 15-16-7F BF 

Fig. 2-5, 7387 I/O Port Mapping Options 
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PORT JUMPERS 
co WI 13-14-
C1 
_C2 W2 1-2 -
C3 -
C4 WI 13-14-C5 

o 
-C6 

C7 
W2 3-4 -

C8 
13-14-C9 WI 

CA -
J:B W2 5-6 -
CC W1 13-14-
CD -CE W2 7-8 -CF 
DO W1 13-14-01 -02 W2 9-10 -03 
04 WI 13-14-
05 
06 W2 11-lL 
07 
08 WI 13-14-09 
OA W2 13-14:: 
DB 
DC WI 13-14-DO -DE W2 15-1&--OF 
EO WI 15-16.-
E1 
E2 W2 1-2 -
E3 - o 
E4 W1 15-1&--
E5 -E6 W2 3-4 -E7 
E8 

WI 15-18-E9 -EA W2 5-6 EB -
EC WI 15-16-
ED -EE W2 7-8 -EF 
FO WI 15-16-F1 -F2 W2 9-10 -
F3 
F4 
F5 vv1 15-1EJ--F6 W2 11-12-F7 
F8 WI 15-16-
F9 -FA W2 13-14-
FB 
FC WI 15-16-FD -FE W2 15-16-FF . 

o 



~ 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/O 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 th~ "Di sk Change" signal. 
Several jumper options on the 7387 allow for just such 
modifications. 
There are 7 output and 7 input port bi ts 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 o. 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 o. 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. 

o 

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 1 ines require pull- up res i stars on the cont roller 
card. The input port bits accessible at jumper WS have IK pull­
ups on them. 
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~ Software Controlled Stepper Motors 

o 

o 

The additional I/O lines described in the previous subsection m~y 
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/O 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 mQtors 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 jumper.s 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 is 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 possible dri ves 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 

o 

engaged at all times. 4[) 
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 wi th soft-sectored disks. Check 
the jumpers in your disk drive - that configure it for soft­
sectored disks. 
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o Special Considerations for 5-1/4" Disk Drives 

o 

() 

Most 5-1/4" disk drives do not provide either a Two-Sided* line 
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 ei ther on the card or at the disk drive. If 

your disk drive is two-sided you should also tie this line 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 STn BUS mechanical 
specifications. 
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.~ 
tRDl 

~ 
STD 
RD- j= tRD4 

DATA am K: tRD2 

DRIVER 
ENABLED ttRD3 }= tRD5 

PORI' 
SEI.ir.I'* 

NANOSECONDS 
SYMBOL PARAMETER MIN TYP MAX 

tRDl lvIinimum Read pulse width 255 
tRD2 Read low till Data Bus driver enabled for read 45 65 
tRD3 Read low till port selected 55 75 

tRD4 Read high till Data Bus driver 35 50 
disabled for Read 

tRD5 Read high till port deselected - 45 95 

The above parameters are true if all other signals are valid 

Fig. 2-6 J 7387 Read Timing 

STD 
WR* .. 

~~_.~~~~~_tW_~~===t~-· ----------
-f ttWR2 9 ;- tWR3 

PORT 
S ELECT * 

NANJSF.r:I~NDS 

SYMBOL PA.RAMETER MIN TYP MAX 

tWRl 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 tru~ if all other signals are valid 

Fig. 2-7, 7387 Write Timing 
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OUTPUT ~ 
SIGNAL ------------------

__________ tOO __ =~_-_p~~~ _________________ __ 
7387 
Jl 

SYMBOL 

tDO 

7387 
J1 

INPCT 
SIGNAL 

SYMBOL 

tDl 

NANOSECONDS 
PARAMETER TYP MAX 

Disk interface output buffer delay 25 35 

Fig. 2-8, 7387 Disk Drive Interface Output Timing 

~ ,Dr =t _____ _ 
NANOSECONDS 

PARAMETER TYP MAX 

Disk interface input buffer delay 20 25 

Fig. 2-9, 7387 Disk Drive Interface Input Timing 
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iU)DRESS BUS ~ 
AO-A7 ---------------------------~---------------

' ....... t---------tCSl ------Itl 
~IP OR PORT--~-------------------------

SELECT" ------~_ 

NANOSECONDS 
SYMBOL PARAMETER TYP MAX 

tCSl 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 ~ 
AO-A7 ~I------------------I------------

~c;..----tCS2 .. 
CHIP OR PORr l/' 

SELECT* ----"-------------------" 

NANOSECONDS 
SYMBOL PARAMETER TYP MAX 

tCS2 Time address invalid till port Select* high 80 ~45 

Fig. 2-11, 7387 Port Deselect Address Timing 
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~~ ~ tC1 ~ ________ _ 

827~C PIN 16 . -'1-1--------- tC2 i'----
SYMBOL PARAMETER 

tCl Time WR * high till Terminal Count high 
tC2 Terminal Count pulse width 

The above parameters are true if all other signals are valid 

STD 
3YSRESET* 

SYMBOL 

tRST 

tRST 

Fig. 2-12, 7387 Ter.ina1. Count Ti.:ing 

~i-.. ::::::::::=-tF.:5---T:':':':':':':':':':'-=-t1 

PARAMETER 

Minimum reset pulse width for 8-inch floppy 
disk drive 
Minimum reset pulse width for 5-1/4 
Floppy disk drive 

The above parameters are true if all other signals are valid 

Fig. 2-13, 7387 Reset Tim:ing 
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NANOSECONDS 
TYP MAX 

55 US 
405 455 

NANOSECONDS· 
MIN TYP 

2000 

4000 
I 



.. SID =i lOEXP 

~---------tEXl k---------------------
~~~ __ ~!_~:::::::::::_t_~_2 ___ -~-_-_-:~~:~=~~=:'l---------------

o 

"# NANOSECONDS 
SYMBOL PARAMETER TYP l\fAX 

tEX1 Time IOEXP Low till Data Bus Driver Enabled 85 1"'-~":"0 

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 

~ =$ t~3 J~---J--------
Km -t ..... ----- tE;<4 ty~ _________ _ 
~~-----------------------. 

o 

NANOSECONDS 
SYMBOL PARAMETER TYP MAX 

tEX3 Time IOEXP higoh 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 

o 
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o 
RECOlVIlVIENDED ABSOLUTE 

OPERATING LIMITS NON-OPERATING LIMITS 

iVINE:'l. 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 oe 
Temperature 

- Humidity 5 9 !X.:) 0 95C!) %RM 

CD Non condensing 

Fig. 2-16, 7387 Electdcal and Environmental Specifications 

o 

MNEM. PARAMETER MIN TYP MAX UNITS 

ICC Vee SupplY,Current 752 1157.7 Milliamps 

Fig. 2-17, 7387 Electrical Characteristics Over Recommended Operating Range 

o 
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PIN NUMBER PIN NUl\1BER 

... .... .. OUTPUT 
_. . ... OUTPUT (LSTTL DRIVE) 

rVINElVIONIC MNEMONIC 

GROUND GND 1 2 55 INTRQ* # 

* Designates low 'level logic 
# Desigria tes open collector drive 

Fig. 2-18, 7387 J2 InteITupt Output Connector Pin List 

PIN NUMBER 

OUTPUT 

INPUT 

MNEMONIC 

GROUND GND 1 
" 3 

" 5 

" 7' 

" 9 

" 11 
" 13 
" I 15 

" 17 

" 19 
" 21 
I.J 23 
It· 25 
" 27 
" 29 
" 31 

" 33 

" 35 

" 37 
" 39 
II. 41 
'-' 43 
" 45 
" 47 
" 49 

* 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 

I 

2 
4 
6 
8 

10 
112 
14 
16 
18 
20 
22 
24 

·26 
28 
30 
32 
34 
.36 
38 
40 
42 
44 
46 
48 
50 

PIN NUMBER 

OUTPUT 40mA Pull Down 

--INPUT 150 Q Pullups 

MNEMONIC 

· LOW CURRENT* 
. FAULT RESET* · · FAULT* 

ALT I/O 

· TWO SIDED* 
DISK CHNG* 

· SIDE SELECT 
1 TEST 

( HEAD LOAD* · · INDEX* 

· READY* 
HARD SECTOR* 

· DRIVE SELECT 1 * 

· DRIVE SELECT 2* 

· DRIVE SELECT 3· 

· DRIVE SELECT 4* 

· DIRECTION * 

· STEP* 

· '\TRITE DATA* 

· WRITE GATE* 

· TRACK 00* 

· WRITE PROTECT* 

· READ DATA* 
SEP DATA* 
SEP CLOCK* 

Fig. 2-19, 7387 J1 Disk Drive Interface COIUlector Pin List 
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- -- • " .. & . PIN NUMBER 

OUTPUT (LSTTL DRIVE) 

INPUT (LSTTL LOADS) 

MNEMONIC 

+5 VOLTS IN 
GROUND IN 
-5V 
D7 1 55 
D6 1 55 
D5 1 55 
D4 1 55 
A15 
A14 
A13 
A12 
All 
A10 
A9 
A8 
RD* 1 

I lVIE;vIRQ 
:\lE~\lEX 

MCSYNC* 
STATUS 0* 
BUSRQ* 
INTRQ*# 55 
NMIRQ*# 55 
PBRESET* 
CNTRL* 
PCI IN 
AUX GND 
AUX-V 

* Designates Active Low Level Logic 
# Designates Open Collector Driver 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 

PIN NUMBER 

OUTPUT (LSTTL DRIVE) 

INPUT (LSTTL LOADS) 

MNEMONIC 

1 . - IN +5 VOLTS 
3 IN GROUND 
5 -5V 
7 55 1 D3 
9 55 1 D2 

11 55 1 D1 
13 55 1 DO 
15 1 A7 
17 1 A6 
19 1 A5 
21 1 A4 
23 1 A3 
25 1 A2 
27 1 - A1 
29 1 AO 
31 2 WR* 
33 1 IORQ* 
35 1 IOEXP* 
37 REFRESH* 
39 STATUS 1 * 
41 BUSAK* 
43 INTAK* 
45 WAITRQ* 
47 1 SYSRESET* 
49 CLOCK* 
51 OUT pca 
53 AUX GND 
55 AUX+V 

Fig. 2-20, STD/7387 Interface COlDlector Pin List 
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Introduction 

SECTION 3 
OPERATION AND PROGRAMMING 

This section d~als with the interfacing between the 7387 and the 
processor. It includes a description 9f the floppy disk controller 
chip, the commands it uses, and the I/O 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 wri ting 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 info~mation 

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. 
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Pin In1)utl Connection 

:{o. Symbol ~ame OUtllut to 

RST aeset Input Processor 

AO 

6- 080-

l3 :>B7 

l4 ORQ 

l5 6Aaf 

l6 TC 

l7 IDX 

18 INT 

19 eLK 

20 GND 

Write 

Chip Select 

Data/Status 

ae~l.ster Selec t 

Oat a Sus 

Input l?rocessor 

Input Processor 

Input Processor 

Input Processor 

Input/ Processor 

Outtlut 

Data DMA Request Output Processor or 

DMA Controller 

DMA Acknowledge Input Processor or 

DIIA Controller 

Terminal Count 

Index 

Interrupt 

Clock 

Ground 

Input Processor or 

OMA Controller 

Input Disk Drive 

Output Processor 

Input Clock Circuit 

OUtput D.C. Returt1 

:uNCTION 

Places roc chip 1n idle state. Resets the output lines to the disk 

drl.ve ~o a logic O. The Step Rate Time and iiead toad and Unload Times 

are not atfected. If the aDY ~ disk .;1r1\'e ready) ,an loS high during 

reset tlle roc chip 'Nill 6efterate an interrupt 1 to 25ms ~ater. :'ne 

l:lterrupt can be cleared by '~Sir.g ~he Sense !oterrupt Status command. 

Oat3. is transfered from tne roc ~hip to the data bus 'Nhen t!le ~ead 

line is low. 

Data is transfered from tne data bus to the roc chip 'llhen tile ilri te 
line is low. 

Transfer of data to and from the data bus is enabled when Chip Select 
is low. 

Connects to aallress 11ne AO, Selects the Data Register for data 

transfer when iligh, Status Register ' .. nen low. 

ai-Directional eight bi t data bus. .Hl transfer of commanas, status, 

ana data take place on tllis bus. 

Equivelant to BUSKQ- line on STD BUS .• Indicates the roc chip wisbes 

to transfer data in the DIU mode. :{Ot used on tile 7387. 

Equivelut to BUSAK- on tbe STD BUS. Indicate. the bus is free for 

data transfer in the DIIA mode. !iot used 011 tile 7387. 

Read, 'if1'1 te, and Scal1 commands can be termil1ated ;vi th this line. The 

roc chip immeaia.tely ioes lI1to tile Reslllt "aase. Convenient for stOP­

ping tbe roc from reading or wri t'ting after you have read or 'Nr1 tten 

all tbe da.ta "Oil intended to. 

The disk drive strobes this line wilenever the in!1ex nole in tile disk 

passes tile index bole sensor in the disk drive. This iadicates to tile 

roc cbip that tlle head is pos1 tioned over the oeggin ing of :"rae\( O. 

Interrupt signal to processor. 

Clock il1pu't, sil1g1e pllase 1'TL. SMHz for 8" disks, ~MHz for 5.25" 

~isu. 

D.C. power return. 
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~(S(T~VCC 
iOO C 2 ' DO IIWISIIK 

w;; C 3 JIb LCTIO'" 

Cs C " 37~'''1ITI' 
A~ :: 5 3aO HOL 

010 ~ a 35~ IIOV 
D.' C 7 34p~/TS 
012 d B 330 'LTITIIO 
Oil 09 ,"PD 320'1'So 

0" c:l,o 7. 3'0'" 
o~ c:l11 3QOWOA 

0" C 12 210uao 
0.7 d'3 210 us, 
oI'lQd" 270 .. 0 

() 
gAeK § 15 ~O ~'M 

TC " 25CWI 
10XO 17 240 veo 
INTC" 230"0 

CLK d It 22p IIOW 
GNOqlO 21P_ 

I) 

;:10 :nput/ :~nnec~:.on 

~o. 'Symbol :-lame to 

'o\'n-::e CLOCk Input C:'ocit ::!.:C~lt 

.,., ~DW Read !:lata. fiillliOw Iaput :3.'::1. Sa9ar:1tor 

23 aDD ?ead Data Input Disk Drl.ve 

24 

il! 

26 

27 

28 

29 

30 

31 

32 

33 

VCO Vee Sync Output Data Separator 

orE 'arite ~nable Output Disk Dr1ve 

lIF:d ~ll Mode Output Data Separa.tor 

!!D !lead Select Output Disk Drive 

:l'SO tl'ni t Select Output Drive Select 

tl'Sl Decoder Circui t 

WDA Write Data. Output Disk Drive 

PSl Precollp.nsation OutPUt Disk Drive 

PSO 

FLT/TBO Fault/Track 0 Input Disi: Driv. 

34 IfP/TS , Wri te Protect/ 

Two-Sided 

Input Disk Drive 

35 ROY Read,. Input Disk Drive 

36 IIDI. Head Load Output Disk Drive 

37 FR/STP Fault Reset/ Output Disk Drive 

Step 

38 LCTIDIR Low Current/ Output Disk Drive 

Direction 

39 ~/SE'EK Read 'o\'ritel Output oemultiplexer 

Seek 

~O Vcc .. 5 Input ·Sv Supply 

FUNCTION 

?r~vlde5 -=l~!n~ tor lat3. '.vt":.:~en :0 ~ne ·j:.si<. '!'!':.e 7~S1 ?:-o· .. ·i:es '1 

50ClCHz s"inal :0 ::llS ;:~:: '''~'::: .. ;:u:se .vtth :)! 230ns. 7h:.s ~s 

standard tor sing:e jensi ':j' !"'!co:-di:li' 

:1:1is o$l.::a.1 :.s iene:-3.:ea ';:,:: ,:~e 1at:1 5epar"'l.:~or: :·~~!.C l.!la :":l='':':!l.ce:s 

to tbe ,DC chip ~he period 1urlng '.villcn 3. data pulse ::'lay occur, 

!'h::.s si":1al =c~es !:-om :~e :!a~:l !"'!3.d !!"or:: ~~e 1isk a.nC1 ~:1cl',ldes 

boo:h clock and data pulses. It a data pulse :)ccurs .;iur~::g :he ;:er:=c 

<Jf :~e :tead :lata. 'Hndow the ?"DC cnil' I.nter;t:"ets it as.3. :0';10 one, 

If no data. pulse occurs durini thiS period it is 1nter~etedas a 

10lric O. . 
Enables the VCO :'n a "ha.se locked loop oa.sed da.ta separa.tor. Usua.l::, 

used for double ,jensit:: .:!a.ta seper1tion. )/Ot used on the 7387. 

Enables the '''~i te logiC in the disk drive ·.vhen ~n the low state. 

Selects sinlrle <,r double density data 3,ellaratlOn 1:1 a pba.se locked 

loop bued d3.1:a separa.tor, )/ot used on the 7387. 

Iodicates to tile disk drive 'lIllich bead is to be accessed on double 

sided disk drives. :irst slde selected ..,Ilen O. second side selected 

wben l. 

A twO bit a.ddress used to select the drive to be access.d. The 7387 

decodes these bltS alld outputS four individua.l select lines to the 

disk drives. 

Data to be written on the disle is sent to the disk drive via this 

line. The data. On this line includes data. and clocle pulses and is 

ot tile proper data. rate and pulse ",idth to be written directly Oli 

the disk. 

The.e line. a.re used ill the double dellsit,. /DOC. to ensure tile prooe: 

tillilll of data beiAI written OD the disk. ~ot us.d OD tbe 7387. 

A IllUltipl.xed line, til. 7387 performs the demult1plaxinl· 

Th. <Usk drive cu 1ndicate a.1l error condition to the !'DC chip 

ill th. read and wri t. 1II0d •• OD tile Fa.ul t line. 

The disk drive inlUcates to tile FOe Cllip wether the read/w~tte bel!ri 

is ov.r traclc 0 by tile Track 0 lille. 

A IllUltiplexed line, tile 7387 performs th8 delllUltiplexini. 

The Wri te P~otect 11ne illdica.tes to the me chip wethe~ the "'ri ta 

protect notch in the disk sleeve is covered. 

The TwO-Sided line indicates to tile mc cllip wetller a sinile sided 

or double sided disk is installed. 

Indicates to tile FOe Cllip tllat tile disk drive is ready to read or 

write. Read,. condi1:1one include, disk insta.11ed, door closed. disk 

rotation up to speed, and tile index bole ba.s been encoulltered twice 

sillce the drive "'as selected. 

Cause. the :;ead/wrire head to be loaded Ol1tO the disk. The bead 1s 

only loaded OD til. drive tllat is presently selected. and only durin~ 

the course of a read or wri te opera.tiol1. 

A Dlultiplexed line. tile 7387 performs the demul tiplexing. 

The Fault Reset line reset tbe tauH line out of the diSk drive. 

The Step Une supplies step pulses to tile stepper IIIOtor in Seek or 

Recalibrate DIOdes. 

A DIU 1 tiplexed line. the 7387 performs the delllul t1plexini· 

Tile Low Current line decreases the ",rite cur~ent to the ,..acordin,. 

Ilead on tile inner t~acks to cOlllpensate tor tile increased 'Oi t 

aellsity on the inner tra.cks. 

The Direction line indicates to tile disk drive i 0 whicll direction 

to move tlle stepper :Dotor in Seek or :teca.libr~te ~odes, 

~!llS lioe does not .:onnec':: to the disk drive. 1. t is used on t!le 

7387 !or coctrol .JI :~e dernultiplexel!lg at "::le ::lult;:';:Ilexed ~i:les. 

!!ld.ic3.~es a. ~ead.·?lt"~~e command ",vhen ia t!1e logl.c one s'Ca'te. and. a 

Seek or Recallbrate cODlllland 1n :t'le 10glC 0 state. 

Fig. 3-1, Pinout of the 7387 FDC Chip 
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I/O Ports 

The 7387 occupies eight I/O 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 pOTts 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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Port Name 

Main Status 
Port 

TefiiiTIia te Port 

Read Data Port 

WrIte Data Port 

Interrupt Status 

Interrupt Mask 
Port 

Standard 
Port 
Address 

C4 

C4 

CS 

CS 

C6 

C6 

Input 
Output Description 

Input Accesses Main Status Register in 
FDC chip. 

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. 

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. 

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. 

Input BIt 1 of thIS port IS 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. 

Output Bit 1 of thIs port is 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. 

c1 Input InvalId 

c1 Output InvaITd 

. 
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. 

Tenninate Port 

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

o 

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 used 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. 
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~ Interrupt Status Port 
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o 

The Interrupt status port serves two funct ions. 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 bi ts 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 is disabled. Therefore, the interrupt is 
disabled at power up or reset. This bi t 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. 
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Command Format 

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

those phases. 

Command Phase 

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 

o 

After all the bytes associated wi th the command have been wri tten 0 
out, the FDC will perform the function requested of it. If the 
commands require data to be tran~fered, 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 wi th 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 dri ve and the FDC. You may want the processor to 
examine all of this informat·ion, or more likely, you will only want 
the pro c e s so r toe x am i n e a few e sse n t i a I s tat usb its. In e i the r 
case, you must extract all of the result bytes before the FDC chip 
will accept the next command. 
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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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I OATA BUS I I OATA SUS J 
1 PHASE I 0, 0, 0'5 O. 03 02 0, 001 PHASE 1 0, 06 C~ O. 03 0"2 0, 00 1 

READ OATA ReAD A TRACK · . Cc.",mand i Commend : -on MF 51( 0 IJ 1 ! ·0 0 MF SI( 0 0 0 1 0 
I 

USO I 
x x x x X HO uS' X x x x X 1010 US, uSO I 

o 
I 

I 
1"~aC;l( = Track ~ 

, 
: "lead = H.ad- ~ 
! 

I 
Sect::lr z Sector z 

i aytes/Sector COde Bytes/Sector Coda 
I ; of Last Sec:or j of Last Sector 

I .. _.-1 
i.engtn ~f Gag 3 I.engtl"l of G." 3 
i of Data By tes :0 oe Trans fered # of Data Bytes :0 !)e Trans fered 

I 

I I 
ellllCyllon 

[J Stacus ~egiscer 0 
S tatus ~e9 i ster 1 
Status ~egister 2 A ..... 1t Stacus ~egister o. 
Track , Status Register 1 -
Head :l StatuS Regi ster 2 
Sector .:i Track:! 
Bytes/Secto r Code Head :I i 

RIAD OELITIO OATA Sector:l I 

~ 
Bvtas/Sector Code • MT MF 51( 0 1 , 0 0 j 

US, USO 
RIAOIO X X X X X HO 

I Comlftend 0 MF 0 0 , 0 , 0 
TraCk il 

X X X X X HO US, USO I Head:l I 
i 

I 
Sector:i 

11IKYllon I Bytes/Sector Code 
I 

" of I.ut Sector 
·1 I I.engtl"l of Gag 3 

I II of Data Bytes co be Trans fered 
A ..... lt Status ~egister 0 -

Status Register I 
ElIICI.IlIOn S tatus ~eg i 5 ter 2 

Track .~ \ 

Head II 
RftWlt Stacus Register 0 Sector .:1 

I Status ~egi5ter 1 Bytes/Sector Code 
i Scatus Register 2 '" Track .J FOAMA T A TRACK · I Head :I 

c_",~ 0 MF 0 0 1 1 0 1 
I Sector :I 

I!vtes/Sector Code X )( X X X HO uS, uSO 

i WRITIOATA Byui/Sector Code 

iC-eMl · Sectors/Track 
IIoIT MF 0 0 0 1 0 , 

Length of Gag 3 
X X X X X HO US, usa Filler Oau Byte o 

Track :I 
IlIKutlon Head ,; 

Sector .iI 
" ..... It SUtuS Register 0 

Bytes/Sector Code : 
ScatuS ~egister 1 

.~ of Las t Sector Status Reg i scar 2 
I.engtl"l of G." 3 Track :I 

I ;/ of Oata Bytes co be Transfered 
Head ;i 
Sector ;I 

I ElIlCI.ICIOII By tes ISector Code 2 
SCAN eQUAl. I 

A_It Status Register 0 Comlftand MT MF 51( 1 0 0 0 1 

1 Status ~egister 1 X X X X X HO US1 uSO 
Status ~egister 2 

T~ack # i 
Track i 

Head # I Head: 
Sector ;/ I Sec:o,. ~ 

Bvtes/Secco,. Code Bytes/Secto,. Code 

! · ; of Las t Sector 
WRITe OIUTIO OATA · Length of Golg 3 

I 

I C","",,,,d MT MF 0 0 1 0 0 , Sectors/Ste" 

X X X )( )( HO uS, USO 
ellKuclon 

Track iF 
Head # 

I 
Sector : R_lt Status Regi ster 0 Bytes/Sector -Code 

S catus Reg i 5 ter 1 :i of Last Sector 
Length of Gap 3 Status Register 2 

,: of Data By tes co !)e i~ansfered T,.ack :; 
Head: 
Sector ~ 

ElIlCl.lliOft Bvtes/Sector Code 

A_It 
Status Registe,. 0 
Status ~egister \ 
Status ~eg i 5 ter 2 
Trac:l< :I 
Head: 
Sector ; 
Bvtes/Sec:or C::lde I I 

o 
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• ~ I OATA aus I T OATA IUS j 

~ PHASE I 07 011 O~ O. 0"1 0'2 0, 001 PHASE r 0, 0, o~ O. 01 0, 0, 00 I 
! SCAN LOW OA EQUAL AICAI.IIAATE 

I Comm."u 
i i MT MF SK 1 1 0 0 1 ·Comme"d 0 0 0 0 0 1 1 1 

i X )( X X X 1-10 Wlil USO X X X X X C uS, uso 
I 
I 

Track # execution 
Held * I 

I 
Sector j 

SINSIINTIAAU'T STATUS . 
aytes/Sector Code Commlfld 0 0 0 0 1 0 0 0 
:i of Las t Sector 

I 
\,.e"gth of Gao 3 R,,"t StatuS Reg i s ter 0 

! Sectors/Step 
i Track ~ 

I becutlon SPICI~V 

I Command 0 0 0 0 0 0 1 , 

I 
Result Status Reg is ter 0 

Step Rate Time/Heaa Un load rime 

StltuS Register I 
Held Load Time/D"A or non-OI1A l'IOae 

I 

I StltuS Register 2 SINSI DAIYI STATUS 

i 
Trick • CommlftcS , 0 0 
Head ;j 

0 0 0 0 0 
I Seccor .f X 1'10 US, \,ISO 

i 
X X X x 

By teS /Sec to r Code 

I SCAN HIGH OR EQUAL 
R_lt StltUI Register 3 I 

! Commend I . SIEK I 

MT MF SK 1 1 1 0 , 
X X X X ~ MD US, USO CommlftcS 0 0 0 0 1 , 1 , 

! 
X X X X X HO US, USO 

Trick ;j 
Head .1 Trick !I 

Sector • Excution 
Bytes/Sector Code 
.1 of Last Sector 

I I.e"gth of Gap 3 
I Sec:eors/S tel' . 
I INYALID . 
i 

eJlIICUtlon Commllld Invalideo_ 

I 
Retult S tituS Reg i ster 0 

StltuS Register I R-.lt StltuS Regi ster 0 

I 

StltuS Register 2 
Trick. 
HelC iI 
Sector, 
Bytes/Sector Code 

I o 

Fig. 3-3. 7387 FDC Instruction Set 

o 
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Bit 

o 

1 

2 

3 

4 

5 

6 

7 

Name 

FDD 0 
BUSY 

FDD 1 
BUSY 

FDD 2 
BUSY 

FDD 3 
BUSY 

FDC 
BUSY 

EXECUTION 
MODE 

DATA 
INPUT/ 
OUTPUT 

REQUEST 
FOR . 
MASTER 

Description 

Bit set means Disk Drive 0 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

Bit set means Disk Drive 1 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

Bit set means Disk Drive 2 is in the Seek mode. 
The FDC cannot accept a Read or Wr i te Command 
while this bit is set. 

Bit set means Disk Drive 2 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

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

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

Bit set means data transfer should be from Read 
Data Port to processor. Bit reset means data 
transfer should be from processor to Write Data 
Port. 

Indicates the FDC is ready for a data transfer 
between the Read or Write Data Ports and the 
processor. 

Fig. 3-4, 7387 Main Status Register 
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NAME 

MT 

MF 

SK 

HD 

DESCRIPTION 

If MT is 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. 

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

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

If reset selects side o. If set selects side 1. 

US1, usa A two bi t binary number indicating the dri ve 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 ID 
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 least significant bit may be 
complemented from the number in the command. 

SECTOR II Number of sector to be accessed. Must rna tch 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 

It OF 
LAST 
SECTOR 

LENGTH 
OF GAP 3 

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, "It of Data Bytes to be Trans­
ferred," then defines the number of bytes transferred. 
Refer to Fig. 3-12 for the proper code. 

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 speci fy, read through the sector on side 0 tha t 
equals the It of Last Sector, then start reading side 1 
at sector 1, and finish when it reads the sector on 
side 1 equal to the It of Last Sector. 

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

SECTOR/ 
STEP 

SECTOR/ 
TRACK 

STEP 
. RATE 

TIME 

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 = O. 

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

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

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

HEAD 
LOAD 
TIME 

DMA OR 
NON-DMA 
MODE 

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. 

The most sign~ficant 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. 

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 

7 INTERRUPT 
AND CODE 

6 

5 SEEK 
END 

4 EQUIPMENT 
CHECK 

3 NOT READY 

2 HEAD 

1 DRIVE 
AND 
o 

DESCRIPTION 

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 
Command terminated early because the Ready 
line from the disk drive changed state. 

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

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

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. 

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

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 NA1'4E 

7 

6 

5 

4 

3 

2 

1 

o 

LAST 
SECTOR 
ERROR 

CRC 
ERROR 

OVER RUN 

SECTOR 
NOT 
FOUND 

NOT 
WRITEABLE 

MISSING 
ADDRESS 
MARK 

DESCRIPTION 

During Scan commands, if the FDC is scanning 
every other sector and it skips over the 
sector equal to the "It 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. 

Not used, this bit is always O. 

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

If the processor does not perform a data 
transfer in time during the Execution Phase of 
a command, this flag is set. 

Not used, this bit is always O. 

If the FDC cannot find a sector it is looking 
for after it has encountered the index hole 
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. 

Any time you request data to be written on the 
disk and the disk is write-protected, this 
flag is set. 

If the FDC cannot find an ID Address Mark 
after enc~untering the index hole twice, or if 
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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',BIT NAME 

7 

6 

5 

4 

3 

2 

1 

o 

CONTROL 
MARK 

DATA CRC 
ERROR 

WRONG 
TRACK 

SCAN 
HIT 

SCAN 
MISS 

BAD 
TRACK 

MISSING 
DATA FIELD 
ADDRESS MARK 

DESCRIPTION 

Not used, this bit is always O. 

If a Deleted Data Address Mark is encountered 
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. 

If a CRC error is detected in the data field, 
this flag is set. 

If the track number read from the ID F.ield 
does not agree with the FDC's internal track 
counter, this flag is set. 

During Scan commands, if the scan was success­
ful, this flag is set. 

During Scan commands,' if the scan was not 
successful, this flag is set. 

If the track number read from the ID Field is 
FF Hex, this flag is set. In the IBM format, 
tracks with hard errors are labeled with a 
track number FF Hex. 

If the FDC cannot find the Data Address Mark 
or Deleted Data Address Mark, this flag is 
set. 

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

7 FAULT 

6 WRITE 
PROTECTED 

5 READY 

4 TRACK 0 

3 TWO 

2 

SIDED 

SIDE 
SELECT 

1 UNIT 
AND SELECT 
o 

DESCRIPTION 

Indicates the status of the Fault line from 
the disk drive. 

Indicates the status of the Write-Protected 
line from the disk drive. 

Indicates the status of the Ready line from 
the disk drive. 

Indicates the status of the Track 0 line from 
the disk drive. 

Indicates the status of the Two-Sided line 
from the disk drive. 

Indicates the status of the Side-Select line 
to the disk drive. 

Indicates the status of the Unit Select 1 and 
Unit Select 0 lines to the disk drive. These 
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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LENGTH(l) LENGTH(Z) 
0 

BYTES/ BYTES/ SECTORS/ 
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 8 IB 3A 

1024 03 4 47 8A 
2048 04 2 C8 FF 
4096 05 1 C8 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 C8 FF 

0 
(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. 3-12, 7387 Bytes/Sector Code & Gap Length 3·Values 
'0 
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FDC Commands 

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

Command 

Specify 

Recalibrate 

Sense Interrupt 
Status 

Sense Drive 
Status 

Seek 

Read Data 

Write Data 

Description 

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

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

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. 

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 0, 
etc. 

Moves the read/write head to a different track. 

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. 

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. Otherwi se, 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 

Read a Track-

Read ID 

Scan Equal 

Scan Low or Equal 

Scan High or Equal 

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

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

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

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. 

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

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

for 
than 

data 
data 

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/Wri te head is loaded onto the disk during Read or Wri te 
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 amoun.t 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 wai t 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 posi tioned over. This counter is cleared to o. 
Also, the head is stepped outward towards the edge of the disk until 
the Track 0 signal from the disk drive goe~ active. If the FDC does 
not get a Track 0 signal after 77 steps, it sets an error flag, and 
terminates the command . .. 
Wi th most commands, only one command can be performed a tat ime. 
Wi th the Seek and Recal ibrate 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 Interrupt Status 

This command simply requests two bytes of information from the FDC. 
The first byte is 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 dur ing the execut ion 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 

o 

• 

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 wri te-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/wri te 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 Recalibrat-re 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 head 
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 eRC (Cycl ic Redundancy 
Check) to check for errors •. 
The FDC will go on to search for and read out the next sector until 

o 

it reads the last one. What sector is considered last is defined 0 
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 tra~k. 
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 pf 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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o If the FDC chip encounters a Deleted Data Address Mark, it will 
ei ther 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 ei ther case, a flag will be set in a status 

o 

o 

register to indicate a Deleted Data Address Mark has been 
encountered. 

The Read command may be stopped ei ther 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 anyone 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 ID field it , 
en·counters. 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 

o 

. indicate its request for data by generating an interrupt and by 0 
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 wi th 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. 
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~ Format a Track 

o 

o. 

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 CRe 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 wri tten to the -FDC at the same rate as in the Wri te 
Data command. 

Read Deleted Data 

This command is identical to the Read Data command, except that 
only sectors wi th a Deleted Data Address Mark will be read. If a 
sector without a Deleted Data Address Mark is encountered, the FDC 
will ei ther 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 

o 

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 wi 11 ei ther termina te 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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4E) Scan Equal 

o 
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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 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 
ASCI I 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 last 
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 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 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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4£) 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 lSus .. for the flags in 
the Main Status register to become stable. Therefore, the processor 
should wait lSus. 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 performede 
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Execution Phase 

When the FDC is 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 

o 

5.25" disks) or an overrun error may occur and the command will be 0 
terminated. The Main Status register does not need to be read 
before each data transfer as it does in the Command and Resul t 
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 associa ted wi th the Resul t Phase must be read 
before the FDC will accept another command. One method of ensuring 
that you have read all the Resul t bytes is to moni tor the Data 
Input/Output flag in the Main Status register. When the flag goes 4() 
low, the FDC is through providing Result bytes. 
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o As wi th the Command Phase, the Main Status register must be read 
before each Result byte is read. The Main Status register will take 

I 

0 

o 

up to l5us. 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 ~his 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 f.or the Read ID 
command are shown below. The Sense Drive Status command affects all 
of Status Register 3. 

Status Register 0 
Bit Name --
6&7 Interrupt Code 
4 Equipment Check 
3 Not Ready 
2 Head 
0&1 Drive 

Scan Equal 
Scan Low or Equal 
Scan High or Equal 

Command Phase 

Status Register 1 
Bit Name --
2 Sector Not Found 
0 Missing Address 

Mark 

Status Register 2 
Bit Name 

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 

o 

o 

be determined by checking either the Execution Mode bit or the Data 
Input/Output bi t, bi ts 5 and 6. If the Execution Mode bi t goes 0 
low, or the Data Input/Output bi t goes high, the FDC has entered 
the Result phase. 3-36 



o The FDC may have entered the Resul t 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. 

0 

• 

Result Phase 

Read in all the Resul t bytes in the manner previously descri bed. 
Check the Interrupt Code bits of Status Register O. Be sure to check 
the Scan Hit flag in Status Register 2. 

The status register flags which may be affected are: 

Status Register 0 
Bit Name 
6&7 Interrupt Code 
4 Equipment Check 
3 Not Ready 
2 Head 
0&1 Drive 

Sense Interrupt Status 

Command Phase 

Status Register 1 

Bit Name 
5 CRC Error 
4 Overrun 
2 Sector Not Found 
0 Missing Address 

Mark 

Status Register 2 
Bit Name 
6 Control Mark 
5 Data CRC Error 
4 Wrong Track 
3 Scan Hit 
2 Scan Miss 
1 Bad Track 
o Missing Data 

Field Address 
Mark 

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

3-37 



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 

o 

the disk drives change state. Therefore, an interrupt may occur at 0 
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 condi tions 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 include all of Status 
Register O. 
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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 Resul t 
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. 

Execut ion Ph.ase 

The Specify command has no Execution Phase . 
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Result Phase 

The Specify command has no Resul t 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 

0 

• 

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. 
however, have no meaning. 

The rest of the Resul t bytes, 

The status register flags that may be affected are: 

Status Register 0 
Bit Name 
6&7 Interrupt Code 
4 Equipment Check 
3 Not Ready 
2 Head 
0&1 Drive 

Status Register 1 
Bit Name 
1 Not Writeable 
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Introduction 

SECTION 4 
Operating Software 

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 STn instruction mnemonics, using 8080 assembly 
codes. They execute in 8080, 8085, Z80, 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 STn 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. 
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I/O Port Addresses 

The 7387's I/O ports are assigned preferred hexadecimal addresses C4-
C7 for compatibility with other Series 7000 cards. Section Z shows 
how to remap these addresses if necessary. This software can be used 
by simply changing the port addresses when loading 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 ZZ 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 used if desired. 
Documentation of all the subroutines is provided later in this 
section. Figure 4-2 lists the 10 main subroutines. 
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\ Operator 7 
\ Operating System 7 
\ Disk Operating- 7 System 

\ 7387 7 0 Software 

FDC, Disk Drive, 
and Disk 

Fig. 4-1 ~ Function of 7387 Software 
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Subroutine 

Set 8" 

Set 5" 

Recalibrate 

Set Trans 
Buf 

Set Drive 

Set Track 

Set Sector 

Format 

Write 
Sector 

Read 
Sector 

Entry 
Address 

lAOO 

lA06 

leOO 

lA63 

lA6C 

lAS8 

lACO 

lB2E 

lBOO 

lACF 

Entry 
Requirements 

Starting Buffer Ad-
dress in Reg. Pair BC. 

Drive Number in Reg. C 

Track Number in Reg. C 

Sector number in Reg. 
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Previously Run 
Subroutines 

Set 8" or Set 
Set Drive 

Set Drive 

Set Trans Buf, 
Set Drive 

Set Trans Buf, 
Set Drive, Set 

5" 

Track, Set Sector 

Set Trans Buf, 
Set Drive, Set 
Track, Set Sector 

o 

0 

o 



• 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 O. 
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. 

4[) 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 under 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 lists take the form of: 

Address Status 
XXOO Status Reg. 0 
XXOl 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. 

e 

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 lC6C. In this case, if an interrupt occurs 
during a data transfer an error will most likely occur. The 
processor can then simply reperform the command. 
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o 

lAOB lBOE lBB7 
lA67 lB36 lBCl 
lA74 lB39' lBCS 
lA7E lB40 lC02 
lA83 lB4S lClB 
lA8A lB4C lC2C 
lAC2 lBS8 lC39 
lAD4 lB62 lC4A 
lAD9 lB77 lCSB 
lADD lB99 lC98 
IBOS lBA4 lCA3 

0 lB09 lBBl 

Fig. 4-3, 7387 User Supplied RAM Page Addresses 
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o Set 8" 

Entry Address: lAOO 
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 ini tializes the FDC wi th 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 dri yes 5 

They are: 
Head load time = 36ms 
Head unload time = 240ms 

4[) Step rate time = 8 ms 

o 

If you wish to change these parameters they are located in addresses 
lA37 and lA38 of the program listing at the end of this section. 

Set SIt 

Entry Address: lA06 
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 ini tializes the FDC wi th 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 5 -1/4" di sk 
drives. 4-9 

:;u,_= .... aUUIl&Mi3llHl;Q;;;:SJilMJ;; .. &UlIAIGI&WAiA1iLiWa&QWiIif!&\:WI&iiiilRiMdU&lliiiIMWCI£idiiIiMMJlIiilFIiIJ&S& 



They 
Head 
Head 
Step 

are: 
load time 
unload time 
rate time 

= 508ms 

= 480ms 

= 32ms 
If you wish to change these parameters, they are located in 
addresses 1A47 and 1A48 of the program listing at the end of this 
section. 

Recalibrate 

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

ADDRESS 
XX 00 
XX 01 

STATUS 
Status Reg. 0 

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 O. 

Set Trans Buf 

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

pair Be. 
Registers Used: B,C,H,L 
Status Information: None 
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o This routine specifies the location of the transfer buffer, the area 
of RAM where data is moved on and off the disk. Normally thi s 
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 

c 

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: lA6C 
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 
lA6F. 
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Set Track 

Eniry Address: lASS 
Entry Requirements: Track number, in HEX, in Register C. 

must be preselected. 
Registers Used: A,C,H,L 
Status Information: None 

o 
Drive 

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 wi sh to access. By select ing track numbers 0 through 76 

you access the first side of the disk, side O. 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 ita 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 0 
drive to check, this is why the drive must be preselected via the 
Set Drive subroutine. Jump instructions have been placed in the 
sub~outine 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 r0utine, 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 
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o 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 

0 

• 
;;"" AliA;;;;' 

provided by the user. If you will not require the error routine 
simply replace the jump instruction wi:th a series of three NOP 

instructions, 00 Hex. The jump instruction is located at address 
lACS. 

Write Sector 

Entry Address: IBOO 
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. 
XX 01 Status Reg. 
XX 02 Status Reg. 
XX 03 Track # 

XX 04 Head # 

XX OS Sector # 

XX 06 Bytes/Sector 

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

0 

1 
2 

Code 

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 4MH! 
Z80 or the 8085 processor. It will not work with the 2.sMHz Z80 
because it cannot keep up wi th 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.sMHz Z80. 

PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 

HEXADECIMAL MNEMONIC TinE DATE 
PAGE LINE 
ADR AOR INSTR. LABEL INSTR. MODIFIER COMMENTS 

0 

1 

2 

3 

4 

I 8 I 5 /)8 WRITE Loor If A - WA ir FOr<. f...OM 
8 (,4 - ;HAW srlrTtls 
7 17 RL./t C. 
8 30 JP~ C() 
9 FB - W~'T£ LtJdP \1 

A /7 RLAC - fETCII i<fSfA LT I"vF(J. IF TIIEItf..5 A;Y ~ ~R.tJ R 
B 38 JPR CI 
C OA - IF~rCH RESUL.T ,/ 
D IA l PAA' TPE.j ~GI?.T PATA "'fTE. t SEA'/) TO FOC. 
E V~ OPA 

IB I F C.S- - OAT'A If 
18 ~o 13 ICP PE.. +- lAIc POIAlTB.R. 

1 OP Dr (' ~ o~c (OLlA/rEi? 
2 ca.. J P zo I- (fa SEJ/O NE.XT {J YT£ iF A/P, F /;1/1511 E /) 
3 IS" - VVRJTE.. WOP 
4 I~ - " 
5 D3 OPA -C;c¥D TE.RAtI#AL C()UtVT WH£# F/;J//S/lGIJ 
6 C.Lf - Te. \,/ 

IB 'l..7 c.p FETCH 1?E.5/ALT J5 "'6£T EX£.CUTIOA! RESULTS +5ET FAIL FLAG 
8 ~d.. - 1(ft.I!SIAt.T FLAG) 
9 Ie - 'I~ 

A Cq RT5 ,,~ RETU~;Y5 2.:1 PASS Z=o FAI L 
B 

C 

D 

E 

F 
tOOOO12m 

Fig. 4-4, 7387 "Write Data" Modification for 2.SMHz Z80 
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~ Read Sector 

o 

o· 

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: 

STATUS 
Status 
Status 
Status 
Track #I 

Head #I 

Sector 

Reg. 
Reg. 
Reg. 

#I 

ADDRESS 
XX 00 
XX 01 
XX 02 
XX 03 
XX 04 
XX 05 
XX 06 Bytes/Sector 

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

0 
1 
2 

Code 

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 
Z80 or the 8085 processor. It will not work wi th 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 o 
HEXADECIMAL MNEMONIC TITLE DATE 

PAGE LINe 
ADR ADA INSTA, LABEL INSTA, MODIFIEA COMMENTS 

0 

1 

2 

3 

4 

5 

fA_ E 6 D8 READ LtJPj; I PA - WA It FOR ltQ:M 
7 C'-I - MAid STATIAS 
8 17 ~LAC. 
9 30 ' JP~ C.O 
A FB - RSAo l..OO-P ~ 

B 17 IRLA Co '-~E.T RESULT ""'Fo. IF THERE'S AA' ER.RoR. 
C 17 RLA< 
D ~£j JPR CO 
E OA - 6,E.T RSSt//,. T ~ 

eF VB IPA -TA71YUT OdE DArA BYTE 
Po CS" - DATA- 'I .. 

1 la SrAA' (PET ...:;.....5'TdR E 
2 13 ICP DE ~- I Ale PfJl#T £ R.. 
3 00 PC C ~~ D PC COfAAlT 8. R. 
4 C.a JP zo .... 6.0 tiG-T #£.'(T CIiA-RACT€f( IF tVgr FIJ'ISHEP 
5 EG - R~AD LooP 
6 IA - , 
7 D3 OPA "'5€ND TE/(fltl!YAL. C(}UAlT WHEV FIAlI~H£.[) 
8 C'i - ,e.' .!,.> 

tA F 9 C.D GaE.l R.ESULT JS 'r-6t:..T E'iECt/TltJA! Ri:SUt.'5 ~5£T FAIL FLA4 o 
A 'tl. - rrResuLT FLN.) 
B Ie - ,II 
C Cq I\T5 ~7<£T(JR#5 Z=l fASS Z =0 FAIl-
D 

E 

F 

Fig. 4-5, 7381 "Read Data" Modification for 2. 5MHz Z80 o 
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o ForDlat 

o 

o 

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 fo~ 26 sectors per track. 

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

ADDRESS STATUS 
XX 00 Status Reg. 
XX 01 Status Reg. 
XX 02 Status Reg. 
XX 03 Track II 

XX 04 Head II 

XX 05 Sector II 

XX 06 Bytes/Sector 

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

0 
1 
2 

Code 

The Format subroutine formats the entire disk, both sides if it's 
two-sided, in the IBM 3740 single densi ty 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 ~A50 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 becaus~ 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 
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PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 

HEXADECIMAL MNEMONIC TITLE DATE PAGE LINE 
ADR ADR INSTR. LABEL INSTR. MODIFIER COMMENTS o 

70 
1 

/8 72 CO 'F() R..MAT TRAC/( -.l5 .. GE¥E.IlATE ECIRMAT C(J!l1MA#/) TA"/...£ 
3 q7 - 1(f""'M T/t8L£5) 
4 lEI - \~ 
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1 Ie - 'Ij" 

2 cet RTS ~ ~e.ltff'.t¥5 Z=l YAS'S 2-=-0 FA'L. 
3 

4 

5 

6 

7 

8 

9 

A 

B 

C . 
D 

E 

F 

Fig. 4-6, 7387 "Format" Modification for Z.SMllz Z80 o 
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4C) Flowcharts and Listings 

o 

o 

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

Registers used H,L,B,A 

SPECIFY 

lCS9 

POINT H&:L TO 
COMMAND TABLE 

BAsE 

lCSC 

LOAD 3 BYTB 
COMMAND COUN 

lCSS 

DO COMMAND 

Fig. 4-7, 7387 "Specify" Flowchart 
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o 

~~~~~~~~~~~~~~~~---.-.---.... --.--'--

(Recalibrate) This routine allows the user to home a selected drive. 

Registers used H,L,B,A 

leoo 

SET HEAD 
o 

le03 

LOAD eOMMAND 
. TABLE WITH 

leOA RECALIBRATE CODE 

le6S 

ICCS 

DO 
eOH .. MAND 

WAIT 
INTERRUPT 

SENSE INTERRUPT 
le37 STATUS 

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 

lC19 

LOAD COMMAND 
TABLE WITH 
SEEK CODE 

le6S 
-----+----~ 

COMMAND 

lees 
---~---

WAIT 
INTERRUPT 

le37 

SENSE INTERRUPT 
STATUS 

z = 0, Fail z = 1, Pass 

Fig. 4-9, 7387 "Seek" Flowchart 
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Registers used H,L,B,A,C, 
Returns with number of 
bytes extracted in Register C 

SET BYTES RECEIVED 
COUNTER TO ~ 

lCAS 

lCAC 

lCBl 

NO 

lCB4 

lCBO 

lCBF 

lCCD 

lCCl 

DELAY 

STORE IN RESULT 
BUFFER 

ADVANCE RESULT 
BUFFER POINTERS 

RETURN 

Normal 
return 

C 

RETURN 

Error 

.0 Fig. 4-10, 7387 "Resul t" 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 

lB46 

lB54 

z = 1 Pass 

z = 0 Fa i 1 

Fig. 4-11, 7387 "Format" Flowchart 
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o 

c 

o 

H , :'1:::;; 4/A, "PfT4R#F #¥\ q fG 

lBSO 

lBS4 

lBS6 

NO 

---------------------------.-... "---... -.~~--"~-~-

ADVANCE PO INTER 
DEC COUNTER 

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

lB6 S Jo---<.. 

lESB 

lC9S YES--( RETURN 20) 

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

4-25 

PH +,44 .44f2/ :a::;::w,* ?f¥Tt1l.21fifiII'Il'4n [ m5J J t 4Jl_ulUt ,_~{. JUjIJU[.,@J&GIill@iM====WM&JlWiftlim.tUp.GEM MM9JifKlii!@JgiJWkGAMNiilli1iUtiNi6ii&llMJllIII!MillJI,JOIl@.AbMGJ,a;lfd.MWLU""" lU ,jjl0£lfMlfHJ!BMi!@RI!UGJUffiUiQi\i!WiEWiiAi!ilillMiiiiliiiiidGi4l)!IIE!1JIIiNlIIlIIlMill 



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

IB54 

IB56 RESET TO TRACK 
~ 

IB58 
SET CYLINDER 

# IN TABLE 

IB59 SEEK 

IB72 

IB5F N0-ETURN Z =~ 0 

IB64 ADVl'~CE TRACK 
NUMBER 

'----- NO---< 

Side formatted 

Fig. 4-13, 7387 "Format Side" Flowchart o 
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o 
Re'gisters used H,L,D,E,B,C,A 

lB97 FORM TABLE 

lB9F PUT HEAD # 
IN REG B 

IBAl PUT CYL # 
IN REG C 

lBA2 POINT H.L TO 
FORMAT DATA 

TABLE o 
lBAS POINT D.E TO 

SECTOR TABLE 

lBAS FORM TABLE 

I 

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. 

R~gisters used H,L,D,E,C,B,A. 

lBlF 

lB22 

lC92 

WRITE DATA 
INC POINTERS 

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

z = 1 Normal Return 

z = 0 Failure in FDe 
device 

Fig. 4-15, 7387 "Write Sector" 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. 

lAE6 

lAEE 

lAFO 

YES 

READ DATA 
STORE & INC 

~--~------~Results of Read attempt are in 

\.1.---,..---

Result Buffer. See Result Routine 
for further information. 

z. := 0 FAILURE in FDC devi Ci 

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 
H,L,B,A 

SENSE DRIVE STATUS' 

lC48 

POINT HL.TO MAIN 
COMMAND TABLE 
.SET BYTE COUNT 

TO 1 

le6S 

00 
COMMAND 

lCAl 

EXTRACT 
RESULTS 

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. 

SENSE INTERRUPT 
STATUS 

I 
POINT TO COMMAND 

TABLE (H« L) 

,. 

PUT (08) INTO 
COMMAND TABLE 

o I 
SET FOR 1 

BYTE COMMAND 

1 
ISSUE COMMAND 

I 

EXTRACT RESULTS 

1 
(RETURN) 

o 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. 

lC6S 
COMMAND 

lC69 

.lC6C 

DELAY 
READ MAIN STATUS 

1C6F REGISTER 

ADVANCE CMD BLK POINTER 
DECREMENT BYTE COUNTER 

YES 

RETURN 
Z=l 

Fig. 4-19, 7387 "Command" Flowchart 
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(Set Track) This routine allows user to select a particular tra'ck for subsequent 
opera tion~_. 

, Registers used H,L,C,A. 

lA88 

lA8D 

SET 
1A92 HEAD 0 

SET 
CYLINDER 

NUMBER 

NO 

SET­
HEAD 1 

MANY 

YES 

(Too Many Tracks) is a user supplied error ha,ndling routi.ne 

Fig. 4-20, 7387"S~t 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 
opera tions. 

Registers. used H,L,B,C 

lA6C SET DRIVE 

MOVE DRIVE 
# TO HPJl. .. D / 

DRIVE LOCATION 

RTS. 

lA63 

MANY 

MOVE Be TO 
TRANSIENT 

BurFER 

(Too Many Drives) is ~ use~ 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 table~ to deal with 5 1/4" drives. 

lAOO 

This routine moves a block of Data. 

Before Entering: 

HL ~ from Address 

DE = to Address 

BC = BYTE Count 

L--___ ---' ~ 

NO 
lA06 

Fig. 4- 22, 7387 "Set 8"", "Set S'''', &- "Move Block" Flowcharts 
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(Set Sector) This routine allows the user to select a particular sector for 0 
subsequent_ r~ad or write operations. 

NO 

MOVE:: TO, 
SECTOR 

LOCATION IN 
BUFFER TABLE 

>-_~"'---\. SECTOR TOO HIGH 

User supplied 
error routine 

lA7F 

SENSE" 
DRIVE 

STATUS 

MASK OFF 
TWO SIDE 

BIT 

MOVE 
lA81 BIT 

TO TWO 
SIDE 

LOCATION 

This routine loads 'a "Two Side" flag 
in the buffer tables for use by other 
routines. 

YES~ Z .. 0 

. Fig. 4-23', 7387 "Set Sector", "D Sided", & "Result Flag" Flowcharts 
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PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 
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PRO·LOG CORPORATION PROG RA U ASSEMBLY FORM 
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9 26 Dc.P .. H_ 

A- il '~I'-'" (~t. ) 

B "-~ j:Z~ 

c 

I D 

E -
i 

(~e:AO ~("'Tc:c.) ~ LOC.A. -n 01.) i IA C.F c:.o ...J~ MOVe: ~e.At> TO PIC:.OF=>Ee:. 
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7 :6 - REA D wop 

A - . 
8 

'0 9 D3 OPA r-5END TERMINAL.. COJ,tNT WHEAl FINISH l: D' 
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C ()7 ...... !(OMikA#D TABlE 
D XX -
E 36 LDMI ( H/...) 

OF os- - OS'" '" I 0 06 LOBI. ~ SE.T COtftfMAtVD fJYTF COClJlT To 'f 
1 oct - Oq '£ 
2 CD ~S ~SEA'P COMMA}'/) '10 F {)C 
3 (05" - (C6MMAtVDJ 
4 c - ,~ 

I B I 5 e WRITE l.OOP IPA - WArr PtlR RGM 
8 c~ - MAlA! srATI4S 
7 

.., RUe 
8 l·; JP CD 
9 Ie;- - WRITe. lOll P 
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2 18 - 'i.f -~ 3 17 RlAC I- EXTMCT RESUL.:rs IF THIER.E ~ A# EI? RoO f{ 
4 DA JP CI ---j 

--J 
5 Cfl - exTMc.r l~fSULTS I 
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A co NOP C4~T .ADoee~ OF sec.:roe.. ~f3.I-E "TO ~,. .'1=:. 
B Be CPA E ~ (...OM PA.£!E f:o ~ •• ,..loj .A[):>~e.5>~ IW E. 

..,. 
C C>:z. JP (0 f- L..COP CJNT"1 L- .., ,. e. 
0 Ae - ~P.>L..e. L...COP 

E 16 -
\15 OF ZA u>P[) ~'-

... 
POtrvT TO -:'T':'~"T OF=' FOf!MA"T OATA .,.-ABLE 

-, ... ". 



" 

PRO-LOG CORPORATION PROGR':'U ASSEMBLY FORM 

-=. ..~ .... :,~ C"~ "-L "~·jE"'ONIC TITLE DATE : 
F.'oGJ:jE ~~: INSTill L .... BEL. INSTR MOOIFIER :~,.··"!:NTS 

10 e.O Ie:. - -reA- WF- - I I·e 1 - I 
2 Ee Xc..P DE. ~L.. i 
3 ?A LOAD PUT -OF $Cc..-rceo:. "'Mes 4 I"; c.. ~e.ErI~T"e.c.. I 

4 CD - e.OT r- ~e.T" A w,T"w ~T ~e.c."TOe.. tL 
I 

5 - i 
6 57 CoL...C.. r- MUL..T1PL-'/ A ~.""e.-; 4 I ,-
7 17 RL.A<- i 
• 67 (.L..(. 

9 17 ~L..A-c.. I 
4F LD<" p,' 

. 
(:- P\.rf NUMe>ee. .101' .Co e e.t!r I S -r e. e. ! A 

S c.~ eT".,) 

c 1 
D 

E - I 
<:OF I 

16 00 01 7e.c.Toe TABt..E I 

1 02 "Z. ~~ $ac.TO~ ... ,ABL.E. 'Al11..1- ee. u~ec ,r-i I 

2 ~ 3 ~eGUeN'''AL ce.OE.e IF- $E.c.TOE!. ~t::~w"JC:r : 

3 ()4. 4 It; e>e.s. eeo u~e:.e. c...AJoJ ee.A-e2.AN~e oe.CE.e. I 

4 05 '5 of $e.':n:::~es cv CISI::.. I 
5 Cb '" 6 07 7 
7 oe 5 

• C19 9 I 
9 OA P-

A 0& e I, 
s 0(. c l' 
c 00 0 

o· D ce. e ,. 
E OF s:: ; 

Ie DF /0 10 

r6 EO II .. 1" 
1 12. • z. .. 
2 I~ I? 

~ 

3 14- .4 I 

4 15 15 ; 

5 Ib '" I 
I Ii Ii I 
7 Ie ,~ i 
I ~ I~ 

9 IA 'A 
A 

8 

C I 

D I 
E I 

EF ; 

F 0 , 
, i 

2 

3 I 

•• 4 I 

5 '. I 

6 

7 i 

a I 

9 

o· A 

S 

C 

0 

E 
Ie. F F 

1_"-

i\M~=."b; m _,1M L MMtllKL!@Q&illUiit:::::::::&LlI&IJliii.''''''.==U==l&G&ll £UtM£ .... 4IGilJii.mlll;_4dlM;or:c&WICilWWWWiMiJ;;a"""". __ iIWWilMJdlWG"iHJ&.WI&,WMdllNJLJL"I9illWiLWiiM&&ililQtMIdIW""ldMWMGawG!iJllGliiIM~!liiGJUlIlWGM 



PRO.lOG CORPORATION PROGRf,.M ASSEMBLY FORM 

~£I":::U)A:" V"EI.':)NIC 'TITLE DATE 
FAGE ll' ... : 

"01:1 "OP III;STR. LABE:. INSTR MOOIFIER COMMENTS 

Ie:. 00 Z-, (~A-4-1 e.~rG) l.DPr Io+l- I- PO'WT TO ... e.:.o CQ!!,VE • (1-I-1LJt. Q , 
1 ce - ~eAI) / o'elvE 

J 

~ 2 -
3 ie LOA-N tHo'-) - ~e.T 'TO "'eA:::> 0 : 

" E.ic::J ANAI i 
5 !» - 0;. ! 
fi 77 ~TP.tJ (J.4L.) i 

- ~--'7' z..e .- tx.P ~t.. ~ POINT TO c...O .... ~A"'O -r'AeL.f. 

8 !>~ LoMr (J./L) - PuT Re.'A "'" c..c:::o~ I~ TA6L.e I 

9 O~ - OJ I 

A Cb LD~I - SeT ~ ~ z.. BYTeS I 

B oz. - 02- I 
C ~ J~ - $E,",O c..o..1~.:....Jt> I 
0 b5 - (c.oM""4IJD) I 
E Ie. - ~ . , 

OF c..o J~ - WA-IT" Foe. :...c .... PL.E" oN , 0 c.t> - (WAIT Fot!!.. ,p.J"') , Ie.. -
2 <..C> ~~ - ~r -=-T".ATU<s, 1 

3 31 ,- - f5e,.,~ ,NTI!:. ~1"Ar~) f I 

" Ie. - • I 
5 C.9 J<~ 

6 ! 

7 I 
a I 

Ie. I 9 2.1 (~e.e.G.) l.OPI f4.L.. MOVE ... e..AO 'Tt:) PeOpe:.~ pO$, ,,,ot..! (~I(. I 7S ~ : 

A 07 - MAIN' c.o ... ..... A+lO .~ se.,- PO't..I"'e..~ "TO C,OMMA.a./O TAf3L.e. 

B - -rPteL.E ~ 

C ~ LO~I (Wl. ) ~ PuT" C'O"'1'44 .... D 11>1 TABL.£!: 

0 ot= - 0': 

iL E cc LOe»! '--:.e,.. WUMe,e.o;::, ~ e''TE"50 

Ie. ( F 03 - O? 
..... 

Ie. ,0 GO ~ I- SEW!) C.oMIoo'l':' ""0 TO FOe.. , b5"' - ( C.OM ~AH'D) 
2 Ie. -
3 CD J? ... WAIT FoE. ; N'TE:ee,upi 

4 e.S - (W,A-I' I W.T e.) (FDC. INT E. ee ..... PT~ \IIHe.N ~e.r. I~ ~'N'~I-+e.O) 

5 Ie.. -, c.o ~ - TE.2MINATE see"- c..OlollMA"'t> 

7 ~7 - ~~E ,WT'C "&TA1tJS 

8 Ie -
9 c.o , - eT~ eO (:- e'ETue/'l 11= ;::'041"'" z.. 0 

A ?A l.DAr> - l.OAO 5TAT"U'::::-

B 00 - ~TA'1"'\.A~ EEtr 0 

C - , 
0 Z,F c'MAL.. 4- COMPL.,I'4EN'" ;::L..~ 

E eb ANAl J- c,1+E.(:.1:.. "e. e ~ ~ C:I..Ao6r 

2.F 2.0 - 2.0 1-
30 C.e .. Ji:.~ 1.1 '- lC!e.TUI!W E. ~ , FOIl!!. PA~ , ~e LD.A-I 

2 01 - 01 

3 c.<i ers ~ l:E.TUe:W z:."o Foe: FA'''''' 

4 

5 

& 
.: , 

Ie.. 37 21 ~ElJ'!>a IW'T"&. 'l:oT~ l.opr ""'- - l'l'oIHT '-0 c~"".,."t> TA6\-1:.. ( 1--J L (3,A- ) 
8 07 - MA-'W (.Ot.A ""'ANt> "" • " 
9 - T.4~L. E. , 
A ~ LOMl CFlL) - PVT' c..ooe:. ,,.. T"A6u: 0-B cO - os ., -C ex.:, LDsr ... .o:.a,- e F=oe.. E3Y"T'"'a 

0 01 - 0' 
E c..o J5 - ~eWD c.CMMA'-t> 

Ie.. 3F bS - ( c..ot-1 MANt> ) _ .... 

~~~-------.. ~.--------.. -----~~-.--.--~ .. -----.~--.--~ 



PRO-LOG CORPORA. TIOH PROGRAM ASSEMBL.Y FORM 

~.". =.~~:J::..::!~_._ -.- .... ;~ ·":-)".:!C lTITL.E OATE 
~:~pE. ~'~; II"~~~ lJ.~E._ INSTR ~OOI·'ER I c~,.··.·:.,.TS 

IC- 40 I Ie.. - I 
, 1 e..D .JS ~ (:,~T ee.~I...~":> • :!>e.c.~ C,.l...eA&!:.. &:-,4Il.. FL.A(:,oo 

'·0 " 

2 q~ - (RE~l..T FI...AGr-) 

3 Ie.. - I . 
4 CC3 - I<!.T'S 

• S 

6 ! 
.• ._.7 I 

,'- 41 2o' ~e O£IV£ ~1'"~ t..[)pI WI~ - POI,.,.,- "T"t) ~""MAtJt> T)l.SLc {I+~L. R .. 4 . 
9 07 - t..ftA,t.J (..OMMA+lt> 

A - T~~l..e. 
" 

: 

B ~ L[)H! (~) ~ PuT ~NSe ::>2.IVe.. ~'-.A"c.J~ <..et>E. ,W 'T"'.Ae.t....e. 

C 04- - 04-

0 Ol:::! LC>~! ~ ~e.N'J) (.OMM':'WC> 

E Oz. - Oz. ; 

4F CoD .J~ , 
50 ~ - 7 c..cMMA+..IO) ,.. 

("reT IO:E~UL..'j'"" 

1 It:: -
2 c..o J5 : 

3 A' - (e.E.SU 1...'-' i 
4 Ie. - I 

s C.9 l2.T~ 

6 

7 I 
1 I 

1(. 59 .2.1 (~pe.c:.I~Y) LOPI .H-L, - POINT TO ~PEC..Jr:y i".A8L..E rUt L{B R \ 
A I~ - ~IFY (.OMM/1.NC 

B - T~e 

c a:, Loel - ~e.T e Foe.. 3- e.yTE-~ 

0 o~ - ~ 

o E c..t> J~ ~ _ $E.NC> '5;opec., Fy eYT~"St 

,'- 5'F b5 - (c.oMMf!t.NC» 

Ie.. CoO Ie.. - t. , c:.q ~T~ 

2 
/ 

3 ,. 

4 

Ie.. ,=,s De ('-Oi"IMA NO) IPA I- GrET ~TATU~ ,Nr=O (J.t.l R A " 
6 CA- - MAon..' ~TAT~ ~ 

. " 
7 Efc:, ANAl - I2.E.TuetJ WIT* z..=o IF ~y 

1 10 - 10 

9 cz. ,JP :.0 

A 6A - e.eeoe c. 
B Ie. - [, 

c F3 DIN ~ C)ISAe.L.E. ,NTE..eeUPT 

Ie. ~D 3S Nor YET L().4I: I- DE I... AY 

E 10 - 10 

bF -3D 8 DcA 
70 CZ .JP z.o 

1 bF - & 
2 1<. - , 
3 os lPA 0- G.£T ~TA-rU-:, IN~O 

4 c.a. - toAAuli ~ tA-TcJ~ ~ , 
S 17 eAl.C- - WAIT" F=ot2:. ..... CT' 6U~y 

6 D2. .),p c.o 
7 bD - t.JO'- Ye.,-
1 Ie.. - I 

9 17 eLA<:. - "en.II:"" WIIl-t ~A e. ey '::>~T I': REA!) (~oc. -...up) 

A DA .JP "-I • B BA - ee.eoe. c.. 
c Ie. - ~:, 

D 7E LDAN UL. - ~E"'D ~YT"E. 

E C>3 OpA 

1'-. I 7F (..5 - D,c..TA .u 



PRO-lOG CO"PORATION PROGRI.M ASSEMBLY FORM 
---_.-

I TITLE 
~: J A ~ : .-., 'A. ...... ~ • .. ~'.IC 

OATE ~,,~,tr~ti~~;- - I L"'BEI.. I"ISTR MOOIFIER I COWAE,..TS 

Ie.. 50 23 Ic..P ~l... ~ INc..ee."",ewT POIJ,lT~ -
1 CI5 0<:.6 r- L.COP UWTll... A~t. '-HA e A-<...T"I:£!<:> ~"'T 0-2 c.z. .Jp z.o 
3 be - Nor 'ta' 
.. Ie. -
5 00 NOP '- E:WAt3LE 1/1/ .as: e. u P'T' (0PT"10tVA 1..) 

5 co NaP 
.. . '- 7 00 .. - , .. NDP 

a P.F C.t.AL r ~e.T(,Je"" £. & I IF=- F!I'r~ 

9 c.~ e:r':> 
Ie.. 6A co E.e.e.oe e.. NOP fA" 

B * LOAI i- "E-Tuer../ 4&0 IF- FAIl.. 
J 

-
C 01 - 01 

D Ai o~ A 
E c."'7 - IC!.TS I . 

BF 
~O 

1 : 
Ie. 9 2 ' c..o 1(2.~UL..T ~l...A6-) JS ~ &c:r 5i?e.SU .... ~ (t-l( g A 

3 AI - ( ee'SJUL.T) 
, 

.. Ie. - ~ 

5 CO RT$ 7.'0 
6 3A LOAt) CHEc.."- EIC!.EOfa 

7 00 - ~TATU~ ~e: .. 0 

a - , 

9 Eb 4t>1AI ' ... -
A Dc> - 00 

B ce R'T~ Ll fo?E.TUR..tJ IF PA5~ . K.c:.::, 0 i!.~1 

C 31:. LOAI 
D or - 01 -
E C9 RT5 - RETUI<!.N IF FAIL. Au:..s' z.-o u= Ie... ~F I 

le.. A 0 
rc_ A1 2.1 (~ESUl..."') LOPt) J.4.L - l.rvpur FOrNTEf!. ( J-\ lL 15 J A \ 

2 00 - ~E.c:,\Jt.i eu FF'E.f!. 

3 -.. f)~ LOC:I - ~E.;- <-au""'- ~ z.e:.eo 
5 00 - 00 

Ie.. A 5 3E M~E. LO.4r - DE I.. A'I 
7 10 - 10 

Ie.. A a 3~ ,6 OCA 
9 '2- JP z.o 
A Ae, - ~ 
B I C. . - 1.1-. 

IC- Ae DB Nor i:EAOY IPA ~ IWPu,- ~TA"fUS 

D C4, - MAUl ~TA-TU~ e56 

E 47- LDe, A 1.1-

A F EO ANAL ~ R.ETlJepJ I~ .vOT' BUsy WIT .... (Ae.eY e..LeAf: 

eo 10 : - 10 (FIlJt~ ... eo ) A=-O ~:. I 
l' '-5- - Iirr~ Z'I ~ 

2 78, L.CIA e r- Vllirlr FO~ eQ~ 

3 Ii 2L.AC. 

.. DZ. JP c.o 
" ,. 5 Pre - Nor e:EADY 

6 1(.. .--
7 17 !:i!.t.AC. JUMP IF=- e..etJ..O 

• 02- JP CO 

9 BA .- EeeOE:. c.. 
A Ie.. - [, ...... 
B 00 NOP r- e E."-u £..t.J WI~ <-A e 12. 'I ~er II=- W~IT'E' (e:e.a.I' 
c co NCR' -

IC- eD 08 1<0 OA~A 'PA I ~ INPur ~TATU~ &y,-e 

E C.5 - DATA ~ 

tC- 6F 77 -:,TAN (J-tl.-) ~ P\..IT <;''TAT"U~ Ip.,j RE.'=>UL-r TA5LE. 



PRO-LOG CORPORATION PROGRAM ASSEMBLY FORM 

~1.'jfT·\~~:t-.'i~:;:-:- '.6·.E~~':)·"l:: I TITLE OATE I ~"I' ... ~; I.--,T" LAB!:. ,NSTR ~··::;OIFI£R C:'.····E~TS 

IC- <-0 I 2.-3 Ie.? HI... ~ INc..e.EMENT pcltJT~e ; 

.:0 1 OC ICC lo:- IWc...f..E..ME w, <..o.JI\JT 

2 (.3 JP UIV r- E:r-O G.-E.T ",E.XT eYTE I 

3 Ab - ~O~E i 
~ Ie. - - v i 

5 , r- ::ct-JPUT INTEeeuPi Si"A-TE 

. ----7-- I 
Ie. C.s D6 (WAIT iWT) IPA I"' c.~e.c..t::. lrvTaee.t.JPT' 13,'T /tl,\ i 

9 C,.b - '-b 
, 

I 

A Eb AwPoI r- WAIT FoOl:. I N'TEeeuPT I 
B eo - 60 ! 

C CA JP 2..1 
'" 

I 

0 c.e - (Wtp,,- /lvr) I 

E Ie.. - i 
e..F C~ - R.TS 

Do : 

1 

2 I , 
3 I 
~ I 
5 ! 
6 I , 
7 , 
8 i 
9 I 

A i-

B 

C 

0 '. 

o· E I -
lc.. DF 
Ie. EO 

1 

2 
.. " 

3 

~ 

5 , 
7 

8 

9 

A 

B 

C 

0 

E 

EF 
FO 

1 

2 

3 

4 

, 'I 5 

6 -' 

7 

, ' • 
9 . 
A 

B 

C 

0 

E 
Ie.. ~F 

-



o 

o 



o 

o 

o 

Reference Drawings 

SECTION 5 

Maintenance 

The schema tic (Fig. 5 -1) and assembly drawing (F ig. 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. 

2. 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. 

3. 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. 

4. Package the equipment in a sol id cardboard box secured wi th 
packing material. 

CAUTION: Loose MOS integrated circuits, or any product 
containing CMOS integrated circui ts, mus~ 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. 

5. Ship prepaid and insured to: 

Pro-Log Corporation 
2411 Garden Road 
Monterey, CA 93940 

Reference CRO # 
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4[) International Customers: 

Equipment repair is handled by- your local Pro-Log Distributor. If 
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 any other warranty expressed or implied. 
In no event will Seller be liable 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 uni ts which are returned 
F.D.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 i terns 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 longer. No I iabil i ty 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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INTRODUCTION 

APPENDIX A 
Quick Reference 

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. 

A-I 

:;,,~m1Glll&liilili£&ill!l .. ,M4Ll iL bit _U,;r;illJ::; t3GcMlMMtM nWmUM1iGiGRfDUifI;; h1WM"kH.iLJt DUdar _iunk .LE :Jitnl,;;tf «I,j.,lHItMU_&alUliDiiIiliiidiWJilimiU11l!li1.!iiEULiJ L _, GUWiE.,,4R3JM ll3lliiiM.!hb![lIJ.GAM!JJiIlJiiiif lIIKIBGdldw.,m .lllk,4JIHi'i@t.l J imi!1iCE£661£1IFA.\!IhldN!iAWliu',ID.",iMHi9G"HJbi4iMLU ... wmMMN&l1fUNUIHMiiIiiEl:;j\iMiEb_liJA""'iJlRnliHsmt:4JIJ1iI1IliQSWG\!1lI11&11j __ _ 



Port Name 

Main Status 
Port 

term1nate Port 

Read Data Port 

Write Data Port 

Interrupt Status 

Interrupt Mask 
Port 

Standard 
Port 
Address 

C4 

C4 

-Cs 

CS 

C6 

C6 

Input 
Outpu~ Description 

Input Accesses Main Status Register in 
FDC chip. 

Output uutput to th1s 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. 

Input Dur1ng 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. 

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. 

Input B1t 7 of th1s port is 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. 

Output B1t 7 of th1s 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. 

----------,..CI"'JllF7---...... I-n-p-u""'!"'t--.....I-n-v-a~r-r··.,d----------

C7 Output Inva11d 

Fig. A-l,7387 Table of I/o Ports (pg 3-5) 
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o 
Bit 

o 

1 

2 

3 

o 4 

5 

6 

7 

Name 

FDD 0 
BUSY 

FDD 1 
BUSY 

FDD 2 
BUSY 

FDD 3 
BUSY 

FDC 
BUSY 

EXECUTION 
MODE 

DATA 
INPUT/ 
OUTPUT 

REQUEST 
FOR 
MASTER 

Description 

Bit set means Disk Drive 0 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

Bit set means Disk Drive 1 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

Bit set means Disk Drive 2 is in the Seek mode. 
The FDC cannot accept a Read or Wri te Command 
while this bit is set. 

Bit set means Disk Drive 2 is in the Seek mode. 
The FDC cannot accept a Read or Wr i te Command 
while this bit is set. 

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

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

Bit set means data transfer should be from Read 
Data Port to processor. Bit reset means data 
transfer should 'be from processor to Write Data 
Port. 

Indicates the FDC is ready for a data transfer 
between the Read or Write Data Ports and the 
processor. 

Fig. A-2, 7387 ·FDC Main Status Register (pg. 3-12) 
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Fig. A-3, 7387 FDC Instruction Set (pg. 3-11) 
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NAME 

MT 

MF 

SK 

HD 

DESCRIPTION 

If MT is set, a double-sided operation is to be 
performed. After finishing a Read or Wr.i te operation on 
Side 0, the FDC will automatically start searching for 
Sector 1 on Side 1. 

Se 1 e c t s FM or MFM mo de. On 7387 its h 0 ul d a 1 way s be 
reset, indicating FM mode. 

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

If reset selects side o. If set selects side 1. 

USl, usa A two bi t 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 ID 
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 
Resul t byte, its least significant bi t may be 
complemented from the number in the command. 

SECTOR # Number of sector to be accessed. Must rna tch 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 'Co1llmand and ~esw.t Bytes (1) (pg. 3-13) 
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BYTES/ 
SECTOR 
CODE 

It OF 
LAST 
SECTOR 

LENGTH 
OF GAP 3 

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, "It of Data Bytes to be Trans­
ferred," then defines the number of bytes transferred. 
Refer to Fig. 3-12 for the proper code. 

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 I of Last Sector. 

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

SECTOR/ 
STEP 

SECTOR/ 
TRACK 

STEP 
RATE 
TIME 

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 = o. 

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

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

Fig. A-S, 7387 Comm~d and Result Bytes (2) (pg. 3-14) 
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HEAD 
UNLOAD 
TIME 

HEAD 
LOAD 
TIME 

DMA OR . 
NON-DMA 
MODE 

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~ 

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. 

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 Resu1:ts Bytes (3) (pg. 3-15) 
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BIT NAME 

7 INTERRUPT 
AND CODE 

6 

5 

4 

SEEK 
END 

EQUIPMENT 
CHECK 

3 NOT READY 

2 HEAD 

1 DRIVE 
AND 
o 

DESCRIPTION 

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 
Command terminated early because the Ready 
line from the disk drive changed state. 

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

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

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. 

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

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

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

7 

6 

5 

4 

3 

2 

1 

o 

LAST 
SECTOR 
ERROR 

CRe 
ERROR 

OVER RUN 

SECTOR 
NOT 
FOUND· 

NOT 
WRITEABLE 

MISSING 
ADDRESS 
MARK 

During Scan commands, if the FDC is scanning 
every other sector and it skips over the 
sector equal to the "If 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 signifi~ance. 

Not used, this bit is always O. 

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

If the processor does not perform a data 
transfer in time during the Execution Phase of 
a command, this flag is set. 

Not used, this bit is always O. 

If the FDC cannot find a sector it is looking 
for after it.has encountered the index hole 
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. 

Any time you request data to be written on the 
disk and the disk is write-protected, this 
flag is set. 

If the FDC cannot find an ID Address Mark 
after encountering the index hole twice, or if 
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 

6 

5 

4 

3 

2 

1 

o 

CONTROL 
MARK 

DATA CRC 
ERROR 

WRONG 
TRACK 

SCAN 
HIT 

SCAN 
MISS 

BAD 
TRACK 

MISSING 
DATA FIELD 
ADDRESS MARK 

Not used, this' bit is always O. 

If a Deleted Data Address Mark is encountered 
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. 

If a CRC error is detected in the data field, 
this flag is set. 

If the track.number read from the ID Field 
does not agree with the FDC's internal track 
counter, this flag is set. 

During Scan commands, if the scan was success­
ful, this flag is set. 

During Scan commands, if the scan was not 
successful, this flag is set. 

If the track number read from the ID Field is 
FF Hex, this flag is set. In the IBM format, 
tracks with hard errors are labeled with a 
track number FF Hex. 

If the FDC cannot find the Data Address Mark 
or Deleted Data Address Mark, this flag is 
set. 

Fig. A-9, 7387 Status Register 2 (pg. 3-18) 
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BIT NAME 

7 FAULT 

6 WRITE 
PROTECTED 

5 READY 

4 TRACK 0 

3 TWO 

2 

SIDED 

SIDE 
SELECT 

1 UNIT 
AND SELECT 
o 

DESCRIPTION 

Indicates the status of the Fault line from 
the disk drive. 

Indicates the status of the Write-Protected 
line from the disk drive. 

Indicates the status of the Ready line from 
the disk drive. 

Indicates the status of the Track 0 line from 
the disk drive. 

Indicates the status of the Two-Sided line 
from the disk drive. 

Indicates the status of the Side-Select line 
to the disk drive. 

Indicates the status of the Unit Select 1 and 
Unit Select 0 lines to the disk drive." These 
should match the drive number specified when 
the Sense Drive Status command was issued. 

Fig. A-lO, 7387 Status Register 3 (pg. 3-19) 
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BYTES/ BYTES/ SECTORS/ LENGTH(l) LENGTH(Z) 
SECTOR SECTOR TRACK OF GAP 3 OF GAP 3 

CODE R/W FORMAT 

8" DISKS 

128 00 26 07 IB 
256 01 15 DE 2A 
512 02 8 IB 3A 

1024 03 4 47 8A 
2048 04 2 C8 FF 
4096 05 1 C8 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 C8 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-II, 7387 Bytes/Sector Code and Gap Length 3 Values (pg. 3-20) 
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Subroutine 

Set 8" 

Set 5" 

Recalibrate 

Set Trans 
Buf 

Set Drive 

Set Track 

Set Sector 

Format 

Write 
Sector 

Read 
Sector 

Entry 
Address 

lAOO 

lA06 

lCOO 

lA63 

lA6C 

lA8S 

lACO 

lB2E 

lBOO 

lACF 

Entry 
Requirements 

Starting Buffer Ad-
dress in Reg. Pair BC. 

Drive Number in Reg. C 

Previously Run 
Subroutines 

Set 8" or Set 
Set Drive 

5" 

Track Number in Reg. C Set Drive 

Sector number in Reg. C 

Set Trans Buf, 
Set Drive 

Set Trans Buf, 
Set Drive, Set 
Track, Set Sector 

Set Trans Buf, 
Set Drive, Set 
Track, Set Sector 
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() 

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 O. 
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 E5. 

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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