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DISCLAIMER
Godbout Electronics makes no representations or warranties with
respect to the contents hereof and specifically disclaims any implied
warranties of merchantability or fitness for any particular purpose.
Further, Godbout Electronics reserves the right to revise this
publication and to make any changes from time to time in the content
hereof without obligation of Godbout Electronics to notify any person
of such revision or changes.

This document was proofread with the aid of SpellGuard'"

from Inovative Software Applicatioms, Menlo Park, CA.
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> B> WARNING -« -«

Not all floppy disk controllers generate true IBM compatible 3740 and SYSTEM
34 formats. Therefore, we strongly recommend that you do not use the DISK 1 to
copy data onto a diskette that has been formatted by amother controller! The
proper procedure is to format new diskettes using the DISK 1, and copy the
contents of other diskettes onto the newly formatted diskettes. (SOFTWARE
SECTION; Software User's Guide)

The technical reason for this problem arises from the fact that almost all
versions of the 1791 type floppy controller insert a byte of 00s immediately
following the header CRC bytes. This byte of 00z is not specified in either IBM
gtandard, and may confuse the 8272/765 controller on the DISK 1.

If your controller generates a true IBM type format, or you are using
diskettes formatted by IBM, you will not experience this problem.

ATTENTION PURCHASERS OF CP/M-80

If purchasing CP/M-80 with your DISK 1 controller, you will receive a
diskette that contains your serialized version of CP/M-80 (for a 32K system)
along with several support utilities and special BIOS files. This diskette
should be used to create a working copy only, and not altered in any way. The
following procedure should be strictly followed.

{1) Read the Software User's Guide in the SOFTWARE SECTION,
(2} Boot your system using the provided diskette.

(3) Run the FORMAT program and create a scrateh diskette with a format
identical to the format of your master diskette. {(Your master will
indicate its format on the label, i.e., 2D-256 = 256 byte format,
2D-1024 = 1024 byte format, etc,

(4) Run the COPY program and create a duplicate of your entire {system
and data tracks) master diskette. (see NOTE (2) below)

(5) Remove your master diskette and store it in a safe place. Do not
use this diskette again unless you damage your working copies.
There will be a $35 charge for recreating your master diskette if
you damage or alter it.

(6) Use your new working copy for all alterations that are made to your
system,

NOTE (1): On your copy of CP/M you will receive two versions of the CompuPro
BINS., One version may be altered and reassembled using the CP/M supplied
assembler (ASM), and another version must be reassembled and linked under the
ACT assembler from SORCIM, The hex code from these files is identical, however,
ASM will not assemble the files written for ACT.

NOTE (2): If you wish to change the density of your working disk or go from
single sided to double sided, you must use SYSGEN to create the system, and PIP
to transfer the data files, The COPY utility will only copy diskettes of
identical formats.



ABOUT DISK 1

Congratulations on your decision to purchase the DISK 1 floppy disk
controller, DISK 1 has been designed to be the highest performance floppy disk
. interface available that fully complies with with the IEEE 696/S~100 bus
standard, Due to its provision for ready expansion and modification as the
state of the computing art improves, the 5-100 bus is the professional level
choice for commercial, industrial, and scientific applications. We believe that
this board, along with the rest of the 5-100 portion of the CompuPro family, is
one of the best boards available for that bus.

Features such as fully arbitrated DMA data transfer with 24 bits of
addressing, 3rd generation LSI floppy disk controller, on~-board phantom BOOT
EPROM, 1/0 mapping for uninterrupted memory space, and & startup serial port
make the DISK 1 another proud member of the CompuPro family,

TECHNICAL OVERVIEW

The DISK 1 was specifically designed to give the user one of the most
powerful floppy disk interfaces available for the $-100 bus. Designed for full
electrical and mechanical compatibility with the IEEE 696/8-100 bus standard,
this board boasts several innovative features mot found on currently available
disk controllers, These features include 24 bit DMA data transfers with the
ability to cross 64K boundaries, an advanced, 3rd generation floppy disk
controller made by NEC or INTEL (765A or 8272), priority arbitration for the on-
board DMA circuitry that will allow up to 16 temporary bus masters without
conflict, an on-board BOOT EFROM with the capability of supporting eight
different processers or BOOT routines, and a start-up serial port for ease of
system initialization.

Other features standard to all CompuPro boards include thorough bypassing of
all supply lines to suppress transients, on—-board regulators, and low power
Schottky TTL and MOS technology integrated circuits for reliable, cool
operation., All this and sockets for all IC's go onto a double sided, solder
masked printed circuit board with a complete component legend.

HOW TO GET YOUR DISK 1 UP AND RUNNING
WITHOUT READING THE MANUAL

This section is for the user who is so anxious to see the DISK 1 rumning
that he doesn't want to read the manual. This section will tell you how to set
up the DISK 1 board as well as many other CompuPro boards so that it c¢an run
CP/M=80 or CP/M=-86 in your system with either the on-board serial channel or any
other supported serial channel.

We strongly recommend that you relax and read the manual. If, after
reading and following the directions in this section, your system does not work,
don't panic! Read the manual!



SYSTEM CONFIGURATIONS USING COMPUPRO HARDWARE

The following guide will help the user to configure CompuPro hardware for
operation with CP/M type operating systems. This list covers boards in
praoduction at the date of printing, and if your parcticular CompuPro board is not
listed, consult the individual manual. For the configuration of CompuPro
hardware for the OASIS operating systems, refer to the configuration guide
supplied by Phase One.

The fellowing list will describe the proper switch settings and jumper
options required by each CompuPro board when run with the DISK 1 controller,

DISK 1 - The standard switch settings for rumning CP/M are as follows:

IIOFFII Sl "ON" lIOFFH 52 “ON"

1 > * 1 *

< 2 * 2 *

< 3 < 3

< 4 < 4

< 5 5 >

< 6 6 >

< 7 7 >

< 8 8 >

Ji6 = Short B-C

J17 = Short A-C for CPU=Z or CPU B085/88
J17 = Short B-C for CPU 8086/87
82 POSITION 1/0 BOARD SUPPORTED UNDER CP/M-80 AND CP/M~-B6
1 2
"oR" "OoR" INTERFACER 1 or 2; Console at 00H, LPT List at 0ZH
"owN'"  “OFFp" DISK 1 serial port as Conscle — CP/M-80 ONLY!!!
YOFF"  "OW" SYSTEM SUPPORT 1 at 30H; Console 9600 baud, List as above
"OFF" “OFF" INTERFACER 3 or 4; 9600 baud, Console user 7, List user 6

These settings select DMA arbiter pricority 15, port COH-C3H, wait states
enabled, and the BOOT routine as selected.

CPU-Z - The standard switch settings for running the CPU-Z with DISK 1 are:

IIOFF“ Sl IIONII HOFF“ Sz "ON" HOFFII S3 IION“
< 1 < 1 < i
< 2 < 2 < 2z
< 3 < 3 < 3
< 4 < 4 < 4
< 5 < 5 5 >
< 6 < 6 < 6
< 7 < 7 < 7
< 8 < 4 < 8

This assumes that you are not planning to run at the slow CPU-Z speed and
that you do not require wait states generated on the CPU,



CPU 8085/88 - The standard switch settings for running the CPU 8085/88 with
DISK 1 are:

"OFF" Sl "ON" IIOFF" 52 "ON" IIOFFII 53 |l0Nn
1 > < 1 < 1
2 > < 2 2 >
3 > < 3 < 3
< 4 < 4 < 4
< 5 < 5 < 5
< 6 < ) < 6
* 7 < 7 < ?
< 8 < 8 < 8

Switch 54 should be set to the desired speed, Switch $1-7 should be “OFF"
in systems having 2 front panel and "ON" in systems without a front panel. A
wait state is inserted in all I/0 cycles.

CPU 86/87 - The standard switch settings for rumning the CPU 86/87 with DISK 1
are:

UIOFFII sl IIONH IIOFF" 52 IIONII IIOFF“ 53 IIONII IIOFFII 84 IION“ I|0FFI| SS "ON"
< 1 < 1 < 1 < 1 < 1
< 2 < 2 < 2 < 2 < 2
< 3 < 3 3 > 3 > < 3
< 4 < 4 & > 4 > < 4
< 5 < 5 <. 5 5 2 < 5
< 6 < 6 < 6 6 > { &
< 7 < 17 T2 72 < 7
< 8 < 8 < 8 § > < B8
< 9 < 9 9 > < 9
< 10 < 10 10 > < 10

JUMPERS: Make sure there is a shorting plug installed at jumper location J8.
JB is located near the top left-hand corner of the board. There should be no
shorting plugs installed at jumper locations JO thru J7, which are located near
the bottom left-hand cormer of the beoard.

INTERFACER 1 - The standard switch settings for running the INTERFACER 1 as the
console and list device I/0 board with DISK 1 are:

!lONlr IlOFFII 52 “ON" IIOFF" 53 “ON"

IIOFF" S
' > <

<
<
<

VOWOW W WY

1
1
2
3
4
5
6
7
8

00 =~ Oh W B L3 B b
VOV OV W W W N
[ R R

<
<
< < <

This configuration provides the Console device on channel "A" (ports 00H and
OlH) at 9600 baud and the List device on channel "B" (ports 02H and 03H) at 9600
baud.

1. Jumpers J3 through J6 should be set in Slave mode.

2., We recommend that Jumpers J7 and J8 be set to match your terminal
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and printer specifications and that Jumpers J9 and Ji0 have traces
2~1%, 4-13, 6-11, and 8-9 cut,
3, Baud rates may be altered if desired by resetting 81,

INTERFACER 2 - The standard switch settings for running the serial section of
the INTERFACER 2 as the console device I/0 board with DISK 1 are as follows. The
list device is assumed to be another INTERFACER 1/2 serial port at locatious 02H
and 03H,

IIOFFII 532 llonﬂ “OFF" SS IIONII IIOFFII 54 |!0Nn
1 > 1 > 1 >
< 2 2 > 2 >
< 3 3 > < 3
< 4 4 > 4 >
< 5 5 > 5 >
< 6 6 > & P
< 7 i > 7 >
< 8 < 8 < 8

This configuration provides the Console device on the serial channel {ports
00H and 0lH) at 9600 baud and the List device on another INTERFACER 1 or Z-
channel.

1. Jumpers J5 and J6 should be set in Slave mode.

2. We recommend that you set J9 to match your terminal specifications
and that Jumper J10 have traces 2-13, 4-13, 6-11, and 8~9 cut,

3. Baud rate may be altered if desired by resetting SZ.

4, The setting of S1 is dependent on your parallel requirements and
does not affect the setting of the serial chanmnel.

5. The address chosen for the parallel ports is the CompuPro standard
of 08H through OBH so that it does not overlap the serial port,

INTERFACER 3 - The standard switch settings for running the INTERFACER 3 as the
console and list device I/0 board with DISK 1 are:

"OFF“ g1 HON"

< 1
2 >
3 >
4 >
< 5
6 >
7 >
8 >

This configuration provides the Console device on User 7 (left most) at 9600
baud and the List device on User 6 (2nd from left) at 960C baud,

1. Jumpers J1 and J2 should be set in Slave mode.

2. We recommend that Jumpers J3 through J14 be removed.

3. Jumpers J15 and J16 may remain unwired.

4, Jumper J17 should be set for an appropriate number of wait states
for your system speed.

5, USART assumes 8 data bits, 2 stop bits, no parity, asynch operatiom,
RTS and DTR output in "spacing" (+12V) condition.
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6. USART requires that CTS and DSR¥ be "spacing"” (+12V), *(DSR is used
to determine if printer is ready on User & only}

_INTERFACER 4 - The standard switch settings for running the INTERFACER 4 as the
console and list device I1/0 board with DISK | are:

YoFF" 51 M“On" HOFFil 82  "oW“ "OFF" 83 ilonu
< 1 1 > < 1
< 2 2 > < 2
< 3 < 3 < 3
< 4 < 4 < 4
< 5 5 > 5 >
< & 6 > 6 >
< 7 7 > 7 >
< B < 8 8 >
< £ 9 >
< 10 < 10

This configuration provides the Console device on User 7 {(left most serial
port—CONN3=A) at 9600 baud, the List device on User 6 {middle serial port-CONN3-
B at 9600 baud or the CENTRONICS PARALLEL Channel-CONN 2 / SEE ITEM #3 BELOW),
and the ULl device on User 5 (right most serial channel).

1. Jumper Sockets JS51-JS3 should contain 8 position DIF SHUNTS (Slave
. mode for terminals or printers),
2. Jumper J6, J7, or JB should be installed for 1, 2, or 3 wait states.
3. For a serial list deviece, use CONN3-B with jumper J26 having "A"
" shorted to "B", and 'C" shorted to "D".
For a parallel list device using the CENTRONICS PARALLEL Chanmnel,
use CONN2 with jumper J26 having "A" shorted to “C", and "B" sherted
tao IIDII :
For an EPSON type printer, install J2-bottom, J3-top, and J4-bottom.
4, All other Jumpers may be removed.
5. USART assumes 8 data bits, 2 stop bits, mo parity, asynch operation,
RTS and DTR output in "spacing" (+12V} condition.
6. USART requires that CTS and DSR* be "spacing" (+12V). #(DSR is used
to determine if printer is ready on User & only)

SYSTEM SUPPORT 1 - The standard switch settings for running the SYSTEM SUPPORT 1
as the console device 1/0 board with DISK 1 are:

"OFF" §1 "oN" "OFF" 2 “ON" “OFF" 53 "ON"

< 1 1 > < 1
< 2 2 > < 2
< 3 3 > < 3

4 > 4 > < 4
< 5 < 5 .5 >
< 6 < 6 < 6

7 b < 7 7 >
< 8 < 8 < g

This configuration provides the Console device on the SYSTEM SUPPORT 1
serial channel at 9600 baud and the List device as an INTERFACER 1/2 serial
channel at ports 02H and O3H,



1, USART assumes 8 data bits, 2 stop bits, no parity, RIS and DTR
output in "spacing’ (+12V) condition, WUSART requires that CTS be
“spacing" (+12V).

2. JZ and JB8"should be bussed straight across with a shunt.

3. For CP/M-86, either a 6116 RAM chip or a GOB6 JUMP EPROM should be
installed in Ul6, The above settings place it at OFFO00H for the
B086/88,

RAM 16 - The standard switch settings for operating a RAM 16 as the first 64K of
system memory with the DESK 1, this setting places 64K in extendad page O (base
page), are:

HOFF" Sl “ON"

20 =0 S P L D e
WOWOW VW W WV W

RAM 17 - The standard switch settings for operating a RAM 17 as the first 64K of
system memory with the DISK 1 are:

||0FFI| Sl |l0NlI HOFFII 52 llonl!
* * <

D 00~ Oy P R
WOV VW OV WV Y WY
=D 00w B P W R e
WOWOW W W W N VN

*

et

0

In systems with fromt panels, $1-1 should be "ON" and S51-10 should be "OFF".
In systems without fromt panels, Sl-l should be "OFF" and S1-10 should be "ON",
This setting places all 64K active and residemt in extended page O (base page).

RAM 20 - The standard switch settings for operating two RAM 20 boards as the
first 64K of system memory with the DISK 1 are: :

“OFF“ Sl “ON" "OFF" 52 HON“ "OFF" 83 llonll IIOFF“ Szl IIONu
1 > < 1 1 > < 1
2 b < 2 2 > < 2
3 > < 3 3 > < 3
4 > * 4 * 4 > < 4
5 > - < 5 5 > < 5
6 > G > 6 > < 6
7 > < 7 7 > < 7
8 > < 8 8 > < 8



To set the first RAM 20 (0-32K) should have S2-4 in the "OFF" position and
the second RAM 20 should have S2-4 in the "ON" position. The two boards will
form 64K (all active and resident) in extended page 0 (base page).

RAM 21
The standard switch settings for operating a RAM 21 as the first 128K of

system memory with the DISK 1, this setting places 64K in extended page 0 (base
page), and 64K in extended page 1, are as follows:

quF" Sl "0“"
1 >
2 >
3 >
4 >
5 >
6 >
7 >
8 >

DRIVE IRTERFACE - & INCH DRIVES

The interface to soft media 8" drives is standard except that the stepper
motors must be enabled at all times (not tied to drive select or head load).
This causes the steppers to be powered at all times (they will get warm}, and
allows stepping without the lamp on the front of the drive being "ON" (so be
careful), 1In addition, the head load signal should not be tied to drive select
since the 765A/8272 is always scanning the drives (this would result in a buzz).
Standaxd 50 pin ribbon cable should be used to connrect the drives to the
controller, and the last drive in the line should be terminated as specified in
the drive manual,

NOTE: Due to the steppers being enabled at all times, your disk power supply
must be able to handle full load on the +24V line all the time and your drive
box must have adequate cocling.

SHUGART 800/801: ©On a Shugart 800/801 drive, the shorting plugs should be
installed and removed on all drives as shown on the following example:

INSTALLER { T2, A, B, G, Z, 800 )
REMOVED ( D, BC, X, ¥, HL, DS )

Drive select (DSx) should be installed appropriately and the terminators TI,
and T3-Th should be installed on the last drive of the cable,

SHUGART 850/851: On a Shugart 850/851 drive, the shorting plugs should be
installed and removed as shown below, and the DIP shunt should be altered as
required. NOTE: SHUGART changes the drive P.C. board on the 850/851 regularly,
so this informatior is for the MLC 12 series and may be dated.

INSTALLED (C,28,$2,IW,RS,DL,IT,AF,M,850)
REMOVED (FS,TS,Y,DS,HLL,HI,D,DC,NE)



SHUNT: CUT HL AND X, ALL OTHERS INTACT, TERMINATOR RESISTORS SHOULD BE INSTAL-
LED ON THE LAST DRIVE OF THE CABLE.

QUME DATA TRACK 8: On Qume Data Track 8 drives, the shorting plugs should be
installed and removed as shown below, and the DIP shunt should be altered as
required, - : - :

INSTALLED {(C,2S,DL,DSx)
REMOVED (T40,GND,DS,D,DC,Y,HA)

SHUNT: CUT HL AND X, ALL OTHERS INTACT, TERMINATOR RESISTQORS SHOULD BE INSTAL-
LED ON THE LAST DRIVE OF THE CABLE.

SIEMENS MODEL FDD 100-8: On Siemens Model D drives, the shorting plugs should
be installed and removed as shown below.

INSTALLED (SS,SE,E,D,RR,0,2,F,RI,L,U,H)}
REMOVED (HS,8,16,32,1,TE,A,V.B,1,K,M,G)

PC BOARD MODIPICATION FOR RURNIRG TWO OR MORE DRIVES: This modification involves
the raw read data on pin 46 and the step inhibit sigmal on IC 6C (7438).

1. Remove the P.C. board and cut the trace leading te IC 6C pin 9.
2, Connect IC 6C pin 9 to 1IC 6C pin 12 and re~install the P.C, board.

TANDON MODEL 848 On a TANDON 848 drive, the drive will run as shipped except
for the alteration of the shunt and the installation of the drive select plug.
The following connections should be observed,

INSTALLED ({DC,25,52,C,RR,RI,WP)
REMOVED (Y,DS,DL,HLL,D,NP,RM,51}

SHUNT: CUT HL AND X (5 AND 2 OF U3), ALL OTHERS INTACT. TERMINATOR RESISTORS
SHOULD BE INSTALLED ON THE LAST DRIVE OF THE CABLE,

MITSUBISHI MODEL M2894-63 On a MITSUBISHI M2894 drive, the shorting plugs
should be installed and removed as shown below, and the DIP shunt (PJ1-8) should
be altered as required.

INSTALLED (E,Z,28,I,R,S2,IW,C,WP)
REMOVED (A,F,Y,DC,IT,S3)

SHUNT: OPEN PJ4 AND PJ5, ALL OTHERS CLOSED. TERMINATOR RESISTORS SHOULD BE
INSTALLED ON THE LAST DRIVE OF THE CABLE.

5.25 IKCH DRIVES

Connection to 5.25" minifloppies requires that the DISK 1 board be modified
as per the instructions entitled "MODIFICATIONS FOR MINIFLOPPIES" prior to the
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following drive connections. Standard 34 pin ribbon cable should be used.
However, the female transition connector must be offset to the extreme right
when seated in connector J10. The serial port may be used as the motor "ON-OFF"
control bit if switch §1-3 is placed in the "ON" positien,

No modifications need to be made to minifloppy drives except to select the

proper drive select line on the programming shunt and leave it intact, If your

minifloppy drive deoes not drive the READY* line, 2 jumper must be installed
between "C" and "B" of J15. If it does drive the ready line, a jumper must be
installed between "C" and "A"™ of J15. Jumpers J11-J13 should be set for 5.25"
operation and J14 should be installed.

TRYING T0 BOOT THE CONTROLLER
Before inserting your diskette, you should see the following things:

(1) Your drive activity light should be glowing very dimly to indicate
that the floppy controller is scanning the drives.

(2) If the controller is trying to boot, you will see the activity
light of drive #1 flashing on and off approximately once a second
(dependent on the CPU speed),

If both of these are present, insert your write protected diskette and
listen, If using an I1/0 port other than the on-board serial port, you should
hear several (approx. four) clicking sounds from the drive and see the sign-on
message., Lf using the on-board serial port you should hear one click, and after
striking the "U" on the terminal, you should hear the four c¢licks and see the
sign—on message.

TROUBLESHOOTING

If you are having problems getting your DISK 1 up and running and you have
read the previous sections of this manual completely, read on. The following
section may help you solve your problem.

PROBLEM: ONE OR MORE OF YOUR DRIVE ACTIVITY LIGHTS STAYS “ON' BRIGHT
ALL THE TIME.

Solution: This almost always indicates that the drive cable is backwards at
either the drive box connector or at the drive. This may be verified by
removing the 50 pin cable from either the board or the box. If the lamp goes
of€f, the cable i1s reversed. HOTE: When using our controller with drives from
Morrow Designs, the cable must be reversed due to their non—standard comnector
pinouts.

PROBLEM: ACTIVITY LAMPS DO NOT GLOW DIMLY OR FLASH BRIGHT

Solution: This generally indicates that the drive is jumpered wrong or there is
a controller fault, Make sure that the drives are jumpered correctly and that
the activity lamp is activated by.drive select and not head load. Make sure

that the drive has all of the different DC voltages that it tequires. If the
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lamp still does not light, there could be a problem in either the contreller or
an open in the 50 pin drive cable,

PROBLEM: ACTIVITY LAMP GLOWS DIMLY BUT DOES NOT FLASH

Solution: This typically indicates either that the CPU is not executing the
code in the BOOT EPROM due to the memory not being phantomed OFF, or that the
host CPU does not have its jump-on-reset circuit turned off, The lamp will
flash even if there is nothing in the system but the CPU and the DISK | board
(no RAM!). Try removing everything but the CPU and the DISK 1 and verifying
that the lamp flashes, TIf it does not, either of these boards could be at
fault. Review your switch settings.

PROBLEM: DRIVE LOADS HEAD THEN UNLOADS AND REPEATS

Solution: If the board c¢licks and then pauses, and then repeats itself, this is
typically an indication that the controller is unable to read the data from the
drive. This could be from the data on the diskette being bad, the phase lock
loop being out of adjustment, the DMA cycle being inhibited by the CPU, or a
hardware problem on either the drive, the cable, or the DISK 1 board, Try to
isolate the problem by substitution if possible, otherwise check switch settings
and drive hardware for proper configuration. CAUTION: Controller calibration
should only be performed by an authorized dealer, OEM or the factory.

PROBLEM: DRIVE LOADS READ ONCE THEN STOPS

Solution: A single loading of the head and then nething generally indicates
that the controller is reading the first several sectors OK but either the data
is transferred into memory improperly or the system memory is either bad or
misaddressed. Improper transfer into memory generally occurs only with dyrnamic
RAM boards that reley on specific CPU timing. If you have dynamic memory, make
sure that is can handle DMA and that it generates its own refresh timing.
Otherwise make sure that the RAM is addressed properly and in the proper
extended page (page 0). Remember that for CP/M=80 you only need 32X and for
CP/M-86 you need 64K. If you can run a RAM test, verify that that your memory
is OK.

PROBLEM: 1IMSAI FRONT PANEL "LOCKS UP" WHEN DISK 1 1S INSTALLED

Solution: The new IEEE 6%96/S-100 bus standard calls for lines 20 and 70 to be
grounded on the bus, When the IMSAI front panel was designed, many memory
boards had the capability to be "protected" from accidental writes to the board.
To accommodate these boards, the IMSAI front panel grounded line 70 but pulled
up line 20 with a resistor that alsc enabled all the front panel functions,
When DISK 1 is inserted, line 20 is grounded and the front panel is disabled.
The solution is to cut line 20 on the front panel since this line is now defined
as ground. ADDITIONAL NOTE: To access system RAM from the front panel after
reset or power-up without running the DISK 1, the BOOT INHIBIT switch (S1=-4)
must be set "ON" to disable the BOOT EPRCM.



HARDWARE SECTION
DISK INTERFACE PORT MAP

The DISK 1 interface uses a block of four port addresses for communication
between it and the host processor. DISK 1 occupies no memory space of the host
processor and performs all data transfers via DMA. The address of the first
port is switch settable to any address which is a multiple of four. The ports
will be referred to as relative ports 0 - 3,

RELATIVE FUNCTION
PORT

0 ... FDC main status register ( read only )
i...FDC data register

2 ... 8TATUS register { when read )
D7 indicates FDC INT output is asserted.
No other bits are significant.

DMA address register { when written )
The DMA address register is actually a push— down stack
of three one byte registers, A three byte, twenty-four
bit DMA address  should be loaded most significant byte
first.

3. .. BERIAL PORT
When vead, bit D7 will contain the current status of the
serial input lime.
When written, bit D7 should contain the new state for
the serizl output line. The state will be latched until
changed.
When written with a "0" in bit DO, the BOOT EPROM will
be disabled. A system reset is required to re-enable
the BOOT EPROM.

{1} Bit D7 = 1 indicates a SPACING condition or binary 0. (A start bit
is a space)
(2) Bit D7 = 0 indicates a MARKING condition or a binary 1.

(3) On RESET, the output will be cleared to the MARKING state.

If the SERIAL port is not required for RS5232 communications, a switch will
allow the output data latch to serve as MOTOR-ON for the 5,25 inch floppy disks.

COMFUPRO 8 INCH DRIVE INTERFACE ADDRESS

The current implementation of all software packages written for the DISK 1
controller and 8 inch drives including the CompuPro BIOS for CP/M-80 and CP/M-
86, as well as single and multi-user OASIS, requires that the base port address
be set to COH.



ACTUAL PORT FURCTION

G0 . . . . . FDOC main status register ( read only )
Cl . . . . . FDC data register
C2 ... . . STATUS register ( when read }

DMA address register ( when written )
G3 ., ., . . . SERIAL PORT

COMPUPROC 5.25 INCH DRIVE INTERFACE ADDRESS

The recommended base port address for the DISK 1 controller and 5.25 inch
drives is CCH.

ACTUAL PORT FUNCTION

¢ . . . . . FDC main status register { read only )
CD . . . . . FBC data register
CE . . . . . STATUS register ( when read }

DMA address register ( when written )
CF . . . . . SERIAL PORT

PORT ADDRESSING

DIP switch 82, positions 3 thru 8 are used to select the base address of the
four port block in a binary fashion as shown below:

SWITCH POSITION ADDRESS BIT
K ¥
. 1
5.4 00 e v . . A5 "OR't = Q"
-t "OFF" = """
[ AP &

B . ... .. .42

EXAMPLE: To address this board at addresses COH thru C3H for the CompuPro CP/M
BIOS, positions 3 and 4 would be "OFF" and positions 5 thru 8 would be "DN".
EXAMPLE: To address this board at addresses CGCH thru CFH, positioms 3, 4, 7 and
B would be "OFF" and positions 5 and 6 would be "ON",

SERIAL PORT

The serial port on the DISK 1 was designed for initial system startup omly
and should not be used as the console device for longer than required to patch
the BIOS. Since this port is controlled entirely by software, its baud rate
limitations are dependent on the host processor's cloeck rate. With the current
implementation of the BI0S, the speed of the terminal is calculated when an
upper case "J" is struck on the keyboard, amd the sign-on message is then
displayed, The terminal may be set to any baud rate, but the following mazximum
baud rates should be observed for best reliability:

CPU CLOCK SPEED MAX, BAUD RATE
2MH=z 600 baud
4MHz 1200 baud
6MHz 2400 baud



I1f your processor does not run at any of the above speeds, don't worry-
these are only suggested maximum rates. Gonnector J9 accepts a standard INTER-
FACER cable with ground on pin 7, transmit data on pin 3, and receive data on
pin 2. No R5-232 handshaking lines are provided.

INTERRUPTS

The DISK 1 is capable of running in either a polled mode or an interrupt
driven mode that is particularly suited for multi-user enviromments. The STATUS
port (relative port 2) allows the user to run in the polled mode by sampling the
interrupt output of the floppy disk controller om data bit 7., To run in an
interrupt driven mode, the interrupt output of the floppy disk controller is
driven onto one of the vectored interrupt lines (VIO* thru VI7%) or the INT*
line of the §-100 bus. This is accomplished by installing a shorting plug or a
#30 wrap wire across the posts at jumper locations JO thru J7 or J8, Jumpers JO
thru J7 correspond directly to VIO* thru VI7*, and J8 is for INT®* It is
recommended that the highest priority vectored interrupt be used to insure that
it is not accidentally masked off.

BDOT EPROM

The BOOT EPROM contains the software routines required to load the initial
sectors of the disk operatlng system into memory for system startup. The exact
contents of this routine iz covered in the SOURGE LISTINGS section under ROM
Boot.

Upon power—up, the BOOT EPROM will appear as 256 bytes of memory at the hest
CPU's reset address. If the CPU does not reset to a lpocation om a 236 byte
boundary, the BOOT EPROM will align itself on the nearest 256 byte page. For
example, an 8085 or a Z-B0 will reset to O000H, which is on a 256 byte boundary.
Therefore, in this case the BOOT EPROM will appear from 0000H to OOFFH. An 8088
or an 8086 resets to OFFFFOH, which is not page aligned, therefore, the BOOT
EPROM will appear from OFFF0OH to OFFFFFH.

The DISK 1 requires that a minimum of 256 bytes of system RAM at the same
location 2s the BOOT EPROM be capable of responding to PHANTOM#* by disabling
itself. This RAM may be of any amount greater than 256 bytes since the BOOT
routine requires no memory for proper operation.

EOOT EPROM ROUTINE ADDRESSING

The BOOT EPROM is capable of holding two sets of four switch selectable BOOT
routines of up to 256 bytes each., Positions 1 and 2 of switch 52 select one of
the four routines im a binary fashion and jumper J17 selects either the low or
high half of the EPROM as shown below:

Ji7 SWITCH 82 POSITION EPROM STARTING BOOT
POSITION i 2 ADDRESS ROUTINE #
B ON ON 000K 1]
B ON OFF 100H 1
B OFF ON 2004 2
B OFF OFF 3000 3
A ON ON 400H 4
A ON OFF S00H 5
A OFF ON 600H [
A OFF OFF 700H 7



NOTE: In some cases, thé DISK 1 may be shipped set for routines 4-7 rather than
0=-3, In these cases, rleage leave J17 as shipped. and treat the routines as 0-3
only.

BOOT ROUTINE SHORT DESCRIPTION

As shipped, the BOOT EPROM contains routines for loading several sectors of
track 0 into memory and passing on the value associated with the particular BOOT
routine. The value passed on allows the proper console I/0 routine to be
selected as described in a following section. The specific details for passing
this value is contained in the description of the CP/M-80 BIOS, The, BIOS for
CP/M-80 and CP/M-86 {for running under CPU 8085/88) as implemented interprets
this value as shown below. Software designed CPU 68K will contain information
describing which routine to use.

#4 This BOOT routine specifies a standard INTERFACER 1 or 2 serial port at
locations 00H snd O0lH for the console device and the LPT list device at
locations 02H and 03H. (For CP/M-B0 and CP/M-86)

#5 This BOOT routine specifies the DISK 1 on-board serial port as the
console device and the list device the same as routine #1. (For CP/M~-80 only!
CP/M—86 does not support the on—board serial port.}

#6 This BOOT routine specifies the serial channel on the SYSTEM SUPPORT 1
board addressed at 50H and for 9600 baud as the console device and the list
device the same as in routine #l. {For CP/M-80 and CP/M-86)

#7 This BOOT routine specifies two serial channele on an INTERFAGER 3 or &
addressed at 10H and set for 9600 baud, with user 7 as the console and 6 as the
list device. {For CP/M-80 and CP/M-86)

#0 This routine is idemtical to #4 but for CPU B0S6/87 omly.
#1 This routine is not used by CPU B086/87.

#2 This routine is identical to #6 but for CPU 8086/87 only.
#3 This routine is identical to #7 but for CPU 8086/87 only.

WAIT STATE ENABLE

The DISK 1 is capable of inserting wait states into the BOOT EPROM read as
well as the I/0 and DMA read or write cycles when fast processors are being
used. The wait states become necessary when the access time of the BOOT EPROM
and the floppy disk controller are longer than the fetch time of the host
procesdsor. The wait states are enabled by placing position 1 of ewitch 81 in
the "ON" position. When enabled, the EPROM will have 5 wait gtates inserted,
and the I/0 and DMA cycles can have either 2, 3 or 4 wait states, With J16 in
poeition "A", 2 wait states will be inserted, with J16 in position "B", 3 wait
states will be inserted, and with J16 removed, 4 wait states will be inserted.

BOOT ENABLE/XNHIBIT
The BOOT EPROM may be disabled by putting position 4 of 31 in the "ON"

position, and enabled by placing it in the "OFF" position. A possible reason
for disabling the BOOT routine would be if twe or more DISK 1 controllers were
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placed in the system at one time or the DISK 2 hard disk controller was the
BOOTING device, In this case, more than one controller trying to boot would
cause a system conflict.

Remember, the BOOT hardware on the DISK 1 board requires that a 256 byte
page of memory respond to PHANTOM* at the host processor's reset address. If
the memory residing at this address does not respond to PHANTOM*, a bus drive
conflict will occur and possible damage could result,

ARBITER AND PRIORITY SELECTION

The DISK 1 controller allows multiple DMA devices to be active on the $-100
bus at one time. As long as a DMA board (temporary bus master) conforms to the
IEEE 696 specifications concerning DMA arbitration and prioritizatiom, up to 16
different bus masters may gain use of the bus in order of their assigned
priority. Remember, there should never be more than one temporary bus master at
the same priority level.

The priority of the DISK 1 board is selected in a binary fashion on
positions,?thru 8 on DIP switch 51 as shown below:

SWITCH PRIORITY
POSITION (51) LEVEL VALUE
5 PRIORITY 3 8
6 PRIORITY 2 4 "oN" = NO VALUE
7 PRIORITY 1 2 "OFF" = VALUE
8 PRIORITY O 1

EXAMPLE: 1. For the highest priority (15), positions 5 thru 8 would be
"OFF" (8+4+42+1=15).
2, For priority 9, positions 3 and 8 would be "OFF" and positions
6 and 7 would be "ON" (8+1=9),
3. For the lowest priority (0), positions 5 thru 8 should be
"ON".

MOTOR CONTROL ENAEBLE

A switch has been provided to allow the output bit of the software serial
startup port to act as a "MOTOR-ON" bit for minifloppies. If switch §1 position
3 is "OFF", the serial port may be used, and the minifleppy motors will be on at
all times, If position 3 is "ON", the "MOTOR ON" line is active and the motors
may be turned "ON" by outputting a "0" to the control bit. The motors may be
turned "OFF" by outputting a "I" to the comntrol bit.

MODIFICATIONS FOR MINIFLOPPY DRIVES
If you have purchased a DISK 1 controller for 8 inch drives and wish to
convert it te 5.25 inch operation, this modification can be performed at the

factory for a nominal charge. Otherwise, the following section may serve as a
guide for technically competent users to alter this board.
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Several modifications need to be made to the DISK 1 board configured as an 8
inch controller prior usimg it with minifloppy drives. These changes will be
outlined below:

(1) The components indicated in the parts list under ALTERNATE PARTS LIST
FOR MINIFLOPPY DRIVES must be substituted for the parte that are currently omn
‘the board unless they have been substituted at the factory.

] (2) The three traces on the solder side of the board pointed to by the
three arrows {behind J11, J12, and F13) must be cut with a2 sharp knife. Three
jumpers must then be installed to connect the pads labeled "5" and "C". 1In
addition install J14.

(3} 1f your minifloppy does not drive the READY* line, install a jumper on
J15 between "A" and "B". If your minifloppy does drive the READY* llne, install
a jumper between "A" and "G".

At this point, you should be ready to comnect your minifloppy drive to the
controller and verify its operation, Some alteration of the setting of R35 may
be necessary for reliable double density operation. Remember that your 34 pin
cable should be offset to the extreme right in comnector J10 for proper
operation.

DISK 1 CONNECTOR PINOUT WITH 8 AND 5.25 INCH DRIVES

DISK 1 8 INCH DRIVE DISK 1 5 INCH DRIVE 5 INCH DRIVE
J10 PIN SIGNAL J10 PIN CABLE PIN SIGNAL

2 LOW CURRENT 2 NG

4 FAULT RESET 4 HC

6 FAULT 6 NC

8 NG 8 NC

10 TWO SIDED 10 NC

12 NC 12 NG

14 SIDE SELECT 14 NC

16 NG 16 NC

18 HEAD LOAD 18 ) 2 NC

20 INDEX (8™) 20 4 NC

22 READY 22 6 DRIVE SELECT 4
24 INDEX (5"} 24 8 INDEX

26 DRIVE SELECT 1 26 10 DRIVE SELECT 1
28 DRIVE SELECT 2 28 12 DRIVE SELECT 2
30 DRIVE SELECT 3 30 14 DRIVE SELECT 3
32 DS4 /MOTOR OR 32 16 _ MOTOR ON

34 DIRECTIiON SELECT 34 18 DIBRECTION SELECT
36 STEP 36 20 STEP
38 WRITE DATA 38 22 WRITE DATA

40 WRITE GATE 40 24 WRITE GATE

42 TRACK 00 42 26 TRACK 00

44 WRITE PROTECT 44 28 WRITE PROTECT
46 READ DATA 46 30 READ DATA

48 NC 48 32 SIDE SELECT
50 NC 50 34 READY

PINS 1-49 ODD ARE ALL GROUND RETURNS,
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THEORY OF OPERATION

The DISK 1 board can be broken down into five subsections that will be
discussed in detail in the following pages, These five subsections correspond
to the five pages of the schematic, and include: (1) The Bus Interface and Boot
Circuitry, (2) The DMA Counters and Address Drivers with the Serial Port, (3)
The DMA Sequencing Logic and Priority Arbiter, (4) The Disk Read/Write Circuitry
and Data Separator, (5) and The Floppy Disk Controller and Interface Circuitry.
While reading this section it is suggested that the reader refer to the
schematic and the data sheet on the controller chip,

SECTION (1): THE BUS INTERFACE AND BOOT CIRCULTRY

This section inecludes the logic for the 5-100 bus interface to the floppy
controller, the boot circuitry, the strobe pgenerators, the wait state circuitry
and the the data bus interface, Octal bug driver UAL buffers the address lines
AD thru A7 for on-board use by the strobe decoder {(Ull), the boot EPROM (U28),
and the address decoder (U40). Octal comparator U4A0 uses DIP switch 52, address
lines 42 thru A7, and sOUT and sINP* to decode a valid four port board select
signal BDSEL*. BDSEL*, AC and Al, OUTPUT* (which is sWO* buffered by ULOA), and
BUS STB {generated from pDBIN and pWR* by U23), are decoded by the 3-8 line
decoder Ull to generate the strobes for the floppy disk controller, the DMA
registers, and the serial port. Three of these strobes are multiplexed by
U10B,U9 and Ulé with BC*, WE, and pDBIN to generate the strobes for the floppy
disk controller (BD* and WR*) and the DMA clock (DMA CLK) depending ou whether a
DMA bus cycle (BC) is occurring or not. During a DMA cycle, WE and pDBIN
generate the control strobes for the controller chip, and BC* clocks the DMA
counters. During non-DMA cycles, Ull generates these strobes.

The boot circuitry consisting of two SR latches (U7A,C) and U24a, is
initialized by INIT* (buffered pRESET* from UlOA). When U74 is enabled by
switch S1-4, INIT* generates BOOT, which together with sMEMR generates FROM ENA*
to enable the boot EPROM whenever a memory read occurs. The boot software is
contained in EPROM U28, One of eight routines within the EPROM is selected by
positions 1 and 2 of switch $2 and J17, The data from the EPROM enters the
internal data bus (D0-D7) and is buffered onto the 5-100 bus by U45. Since
PHANTOM* is generated by U38 whenever BOOT is asserted and a DMA bus cycle (BC¥*)
is not occurring, and since system memory boards should be set to become
disabled when PHANTOM* is asserted, the host GPU will read the BOOT EPROM during
a boot sequence. When the boot is through, U74 is reset by Q of U24a with DO=0
and SER OUT STB¥ and BOOT is released.

Octal bi-directional bus drivers U44 and U45 buffer data to and from the
controller board with steering from U8 and U21l, When either a DMA bus cycle
{BC*) or an OUTPUT* (command write to the FDC) occurs, U44 is enabled, and the
DMA transfer line (XFER) determines the direction of the data. When XFER is
high, data is transferred out of the board and onto the DO lines, When XFER is
low, data is transferred from the DO bus onto the board (command write), When
either a BDSEL¥*, PROM ENA* or a BC* occurs, the WEN line is asserted, and if BUS
STB and QUTPUT* are also asserted, U45 is enabled. When XFER¥* is high, the
internal data is output onto the DI lines (PROM read, FDG read, or DMA write).
When XFER* is low, the data goes from the DI lines to the FDC for a digk write
operation.
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A wait state is left pending in shift register U50 at all times, however it
is gated onto the bus only when 81~1 is closed and WEN is high. After BUS STB
is asserted, U550 is allowed to shift its data once on each rising edge of ¢%
during a bus strobe (BUS STB*=- pDBIN or pWR*). The first low to inputs d-h of
U50 will terminate the wait state after it has been shifted to Qh. TFive cycles
are required to terminate an EPROM wait state and 2, 3 or 4 cycles to terminate
either an 1/0 or DMA wait state., The wait states are enabled only when switch
$1-1 ;s closed (ON), and WEN is asserted {EPROM read, I1/0 operation, or DMA
cycle).

SECTION (2) DMA COUNTERS AND ADDRESS DRIVERS

The six DMA counters (U12,13,25,26,29, and 30) form a parallel loading 24
bit counter for address gemeration during the DMA transfer cycle, When XFER is
not asserted (low), and DMA CLK rises (from DMA STB*, non-DMA cycle), the
counters are loaded from the internal data bus (Ul3, U30)} or from the previous
stage of counter (Ul2, U29 or U25, U26). When XFER is asserted (a DMA cycle),
DMA CLK iz generated by BC¥, and the counters are incremented for the next byte
transferred.

The address buffers (U39, 42, and 43) drive the 24 bits of information from
the DMA counters out onto the bus whenever BC* ig asserted (during a DMA
transfer), Since a full 24 bits of counter are present inm this circuit, DMA
transfers become independent of the 64K boundaries normally present in 8 bit
processors. This allows 16 bit processors with up te 24 bits of direct
addressing to be fully supported.

The software controlled serial channel is supported through two sections of
op—amp U6, "D" type latch U24B, and one section of Tri-state driver U%, Data
bit 7 is latched by U24B on the rising edge of SER QUT STB#*, and the Q and Q¥
outputs drive U6 to convert the levels to the +12V for R8-232 operation. The ¢
output also drives the MOTOR ENA line for motor control of minifloppy drives,
and INIT* clears the latch on power—~up. The R5-232 input levels are shifted to
a TTL compatible level with the other section of U6 and this TTL level is gated
onto the data bus by buffer U9 whenever a SER IN STB* occurs.

SECTION (3} THE DMA ARBITER ARD SEQUENCER LOGIC

A DMA cycle is initiated when the floppy disk controller asserts the data
request (DRQ) line, the pHOLD* line is not asserted, and the hold acknowledge
line (HLDA) is not asserted. After a delay of up to 1.6 uSEC through U22, U7B,
R36 and C19, U204 is preset and causes Che assert priority line {APRIO} to be
asserted along with the pHOLD* line. The priority is asserted onte the DMAQ* -
DMA3* lines as generated and checked by the logic of U35, 36, 37, and switch Sl
positions 5 thru 8 The highest priority line DMA3% is asserted first depending
on the switch setting, and if the DMA3* line agrees with the asserted priority
{no one with higher priority is asserting the line), then the next lowest
priority line (DMA2%)} is asserted and checked as in the first case. This
process repeats until either a priority mismatch occurs and the sequence is held
or the IMHI line is asserted indicating that this board is the highest priority.
U204 and the APRIO sequence is held while the processor acknowledges the hold by
asserting HLDA lime and the DMA cycle occurs. The sequence is terminated at the
end of the DMA eycle with BC* and STB INH (U23) or when a reset occurs {INIT* -
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U21), As soon as HLDA and IMHI are asserted (U21), the transfer state is
entexed {XFER or XFER¥*) in UZ20B on the next rising edge of &%, This state
causes the S-100 control strobes to be driven onto the bua in an IDLE state
condition with all addresses, status, DU buffers, and control strobes disabled
by buffer U27 and U38,

The transfer state is controlled by the sequencing logic of quad D" latch
U4, NOR gates of U3, and U2). Each new state is initiated on the meeting of
several conditions and the rising edge of ¢. When XFER¥* is asserted, and S5TB
INH is not, the bus eycle (BC, BC*) ig initiated, the S~100 status lines (U46)
and the DMA address lines (U39, 42, and 43) are driven onto the bus. 1In
addition, BC* is fed back to the FDC 28 an acknowledge signal {(DACK), allowing
the FDC to enter the data transfer mode, In the nmext state after BC is
asserted, the STB ENA and STB ENA* lines are asserted. This causes the strobes
to be switched from the IDLE state to either a read or write state depending on
the WE* signal from the FDC. The strobes pDBIN* and pWR* are generated by U3lA,
pSYNRC is generated from BC* and STB INH in U3, and pSTVAL* is generated from
pSYNC and #* in U23, The READY state is comstantly being generated by pRDY¥* and
is updated every cycle of ¢, When either READY is asserted or STB INH is
asserted {U3), and 5TB ENA* is asserted, the strobe inhibit state (STB INH or
STB INH*) is emtered, This causes the strobes to be returned to the IDLE state
as long as a wait state is not requested, If a wait state has been requested,
the strobes will not be changed until the READY state occurs. S5TB INH also
causes the APRIO line to be reset, and on the next rising edge of ¢, the bus
cycle (BC) will be terminated causing the status and addresd lines to be removed
from the bus. As soon as pHOLD* is released and HLDA stops being asserted, the
next edge of ¢* will cause the termination of the transfer state (XFER) and the
removal of the 8-100 strobes and the IDLE state on the bus,

SECTION (4} DISK EEAD/WRITE CIRCUITRY AND DATA SEPAEBATOR

The master clock for the FDC is generated by a crystal oscillator consisting
of X1, L1, and U49. This clock is fed to the FDC and is divided by U47A to
yield the WRITE CLK through U48 at the proper frequency determined by the signal
MFM from the FDC. WRITE CLK is coaverted to a 250 nSEC. pulse by U34B and is
fed to the FDC. The two write precompensation signals PS0 and PS1 and the low
current signal LG alter the value of the timing resistor of U34A by diode
current gating, and allow a varying delay in the disk write data. WRLTE DATA
from the FDC is fed to U34A, and when enabled by WE and time varied by the
precompensation logic, and variable length COMP WRITE* signal is generated.
. This pulse will have typical output length of 1.1, 1.3, and 1.5 uSEC. for an
alteration from NORMAL,(200 nSEC), EARLY, and LATE precompensation. The COMP
WRITE* gignal is fed to UL9B for conversion to a 250 nSEC, pulse signal (WRITE
PULSE*) for feeding to the disk,

A phase lock loop is formed by a charge pump consisting of Ul8, Ul7, diodes
Dl-3, and resistors R13 and Ri8, an error amplifier and integrator consisting
U6, C©5-6, and R6-8 and R35, and a voltage controlled oscillator (VCQ) consisting
of U5, R5, R9, and C7-8. The VCO is adjusted by R35 to oscillate at
approximately 2,0 MHz when enabled by the signal ¥CO ENA from the FDGC. The
output VGO is divided by U47B, and the divided outputs are selected by
multiplexor U48 for the proper frequency depending on the current mode (MFM) to
generate the signals WINDOW and CELL GLK. Read data (READ DATA%} from the disk
is fed to Ul9A for conversion to a 500 nSEC, or 1000 nSEC. pulse depending on
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the state of the FM line (500 nSEC. in MFM, 1000 nSEC. in FM). DATA and DATA*
along with CELL CLK and CELL CLK% are fed to the charge pump which determines
the relative position of the CELL CLOCK with respect to the DATA and generates a
voltage at pin 5. This voltage represents the error in the positioning of the
DATA signal with respect to the edge of CELL CLK, This error voltage is
integrated and fed to the error amplifier which adjusts the frequency of the
voltage controlled oscillator to bring the DATA pulse back in line with the CELL
CLK and correspondingly adjust the WINDOW signal {(which defines the data cell
for the FDC). The DATA* and CELL CLK* signals set and clear U7D, and generate a
constant 250 nSEC. read pulse for the FDG (RD DATA).

SECTION (5) THE FLOPPY DISK CONTROLLER AND INTERFACE CIRCUITRY

The floppy disk controller chip (Ul4) provides for the bridging of the
previous four sectionsg to the disk interface circuitry and the disk drives. The
FDC is reset by INIT* inverted by U33, and is connected to the intermal data bus
through DO-D7, The FDC interface to the internal bus is controlled by AQ, WR*,
RD%*, and XFER, which leave the FDC enabled at all times except during a transfer
state, and steer the data with WR¥*, and RD*. DRQ initiates the DMA cycle, and
BC* jnitiates the FDC data transfer. CLK and WCK are pulled up by R19 and R24
to achieve a greater voltage swing for the internal clocking logic of the FDC.
WINDOW describes the data cell time of the RD DATA pulse from the data
separator, and VCO ENA enables the voltage controlled oscillator and MFM
describes whether the FDC is expecting single or double density data. WRITE
DATA feeds the write precompeunsation circuitry with PSO and PS] describing the
amount of precomp needed for the particular data pattern. The WE and WE¥
(inverted by U33) lines control the enabling of the write circuitry and are used
to determine the direction of the data transfers to and from the FDC, The INT
output from the FDC is the general interrupt signal that is fed to buffer ULl7Y
for driving the vectored interrupt lines (VIO-VI?) and pINT if jumpered, INT is
also buffered by Tri-state buffer U9, which gates the interrupt status onto D7
when a STATUS STB* occurs.

The Drive interface signals are decoded and buffered as described below.
The HD line is inverted by U33 and buffered by U32 to drive the SIDE SELECT¥
line to determine which head of a double sided drive to use. HDL is inverted
and used to drive the HEAD LOAD¥* line of the drive. The RDY signal is
controlled by the inverted (U33) READY* line and the IDX signal is controlled by
the inverced {U33) INDEX* line from the drive, The unit select lines US0 and
USl are fed to decoder U31B to decode the one of four drives possible with this
controller, and these four signals are buffered by four sections of U32 to drive
the DR SELO¥* through DR SEL3* lines of the drives, The four signals WP/TS,
FLT/TRO, FR/STP, and LCT/DIR each have two functions which are determined by the
RW/SK line {read~write/seek). During a read or write operation, the drive
signals WRITE PROT*, and FAULT* are inverted and fed to the FDC lines WP/ and
FLT/ and the FDC lines FR/ and LCT/ are inverted (U15) and buffered (Ul6) to
drive the FAULT RESET* and LOW CURRENT* drive lines. During a seek operation,
the drive signals TWOQ SIDED*, and TRACK 0% are inverted and fed to the FDC lines
/TS and /TRO and the FBGC lines /STP and /DIR are inverted (Ul5) and buffered
(Ul6) te drive the STEP* and DIRECTION* drive lines. These changes are
controlled by the RW/SK line which determines which half of Ul5 will be enabled.
The WRITE PULSE* line is buffered (16} to drive the WRITE DATA* line and the
READ DATA* line is terminated and fed directly to Ul9A, The MOTOR ENA signal is
run through disable switch $51-3 and inverted to feed the ME line which becomes
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MOTOR ON* on the minifloppy drives. All lines coming from the floppy drives are
terminated by 150 ohm resistors, and jumpers J11-13 are used to select either
5.25" or 8" drives.

Regulators Ul and U2 provide the regulated +5 voles for the board, and U531
and US0 provide the regulated +12 volts for the op~amp. Diodes D10 and D11
insure that U50 and U51 do not shut each other down on power—up due to the op-
amp not being ground referenced.

TEST ROUTINES FOR THE DISK 1 CONTROLLER

The following program contains primitive routines for (1) Loading the DMA
address counters, (2) Specifying the drive characteristics to the controller,
(3) Recalibrating the drive (seeking track 00), (4) Seeking a particular track
on the drive, {5) Reading sectors from the drive in either single density or
1024 byte double density, and (6) Writing sectors to the drive in either single
density or 1024 byte double density, The user should be familiar with the data
sheet for the floppy disk controller since these routines are designed to give
the user a greater understanding of the operation of the 8272/765A. These
routines are by no means the basis for a disk operating system, and are designed
for experimentation only.

This program should be treated as several callable subroutines using the
jump table at the beginning for reference.

NOTE: This program was written to assemble under am ACT assembler and may
require slight modification to assemble umder CP/M-80 ASM.
TITLE 'TEST ROUTINES FOR COMPUPR) DISK CONTROLLER,'

;DTEST — Test Routines for CompuPro Disk Controller.

X +
t t

DISK TEST

COMPUPRO
Qakland Airport
Qakland, California 94611

B L I AT

Copyright 1981, CompuPro Corporation.

This product is a program product of CompuPro and is supplied
for use with the CompuPro IEEE 696 Floppy Disk Controller.

Mr W U e owE wk owr o

Version number: 1.1B Version date: April 13, 1981

BEGIN EQU 0100h

H Assembly Constants

FDPORT EQU 0CoH iBase port address for Controller
FDCS EQU FDPORT ;Status register

FDCD EQU FDPORT+1 ;Data register
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FIMA
INTS
SER

[ R

+RTK

F.SPEC
F.DSTS
F.RDAT
F.DRDT
F.WRAT
F.WRDT
F.RECA
F.RSTS
F.SEEK

SRT
H

H
HUT:
HLT:
ND:

s wa we

START:

g‘. -
2

¥
DSPEC:

SPECL:

EQU FDPORT+2 ;Dma address {when write)
EQU FDPORT+2 ;Status Register {when read)
EQU FDPORT+3 iSerial port

Controller function definitions
Specify (00) command
= 02 ;Read track

= 03 ;Specify

= 04 ;Drive status

= 06 ;Read sector FM

= 46H ;Read sector MFM

= 05 ;Write sector FM

= 45H ;Write sector MFM

= 07 ;jrecalibrate

= 08 jRead status

= OFh ;Seek

= 16-8 ;= Shugart 800s (8 ms)
16-3 ;= Shugart 850s (3 ms)
16-3 3= Remex (3 ms)

= 240/16 iHead unload = 240 ms

= (35+1)/2 ;Head load = 35 ms

= 00 1S5et DMA mode

JUMF TABLE FOR ROUTINES
These routines are callable subroutines
Some require parameters passed inm the "A" and "C" registers

ORG BEGIRN

JMP DDMA s1load DMA address

JHP DSPEC . ;specify drive stat
JMP RCAL ;recalibrate {track 00)
JME DSEEK ;jseek a track

Jup READS ;read sector (FM)

JMP DREABPS sread sector (MFM)

JHP WRS ;write sector (FM)

JMP DWRS iwrite sector (MFM)

DMA address load routine using 16 bit wvalue in
HL register for the 24 bit DMA value

MVI 4,0 ;extended address

ouT FDMA ;output

MOV AH thigh byte

ouT FDMA ;output

MOV AL ;low byte

ouT FDMA joutput

RET

Drive Specify Command

MVI B,LSPEC ;3 byte command

LX1 b,SPEC jpeint to command bytes
IN FDCS ;jget status

ANI 0COH

CrlL 80H

JNZ SPECI ;if no master ready bit
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3
RCAL:

RCALL:

3
DSEEK:

SEEKi:

r','g\- '
5
o

READ]:

READZ:

LDAX D
aur FDCD
INX D
DCR B

JNZ SPEC1
RET

Recalibrate drive (seek

MVE B,LRECAL
LXI D,RECAL
IN FDCS
ANT 0COH
GPI 80H

JNZ RCALIL
LDAX D

OUT FDCD
INX D

DCR B

JNZ RCAL1
RET

;load command byte
;te controller
snext byte

sdec. counter

;if more bytes

track 0)

+2 byte command -

spoint to command bytes
;Eet status

;if no master ready bit
;load command byte
;to controller

;1f more bytes

Seek a Track with cylinder number in "A"

MVI B,LSEEK
LXI D,SEEK
STA CYLD
IN FDCS
ANT 0CoH
CPI 80H
JNZ SEEK1
LDAX D

OUT FDCD
INX D

DCR B

JNZ SEEK1
RET

33 byte command

;point to command bytes
;jstore cylinder #
;check status

;1f not ready
;load command byte
;to controller

;if more bytes

FM Sector read command with sector in "a"

and cylinder in "C"

MVI B,LREAD
LXI D,READ
STA RSEC
MOV A,C
STA RSCYL
IN FBCS
OR A

JP READI
LDAX D

OUT FDCD
INX D

DCR B

JNZ READ]
IN INTS
ORA A

JP READZ
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;9 byte command
;peint to command bytes
j8tore sector number

;store cylinder number
;check status

;1f no master ready bit
iload command byte
;toe controller

31f more bytes
;check interrupt status

;jfor read complete
;1f not complete



READ3:

READ%:

READS:

3
DREADS:

DREAD] :

IN FDCS
ORA A

Jp READ3
IN FDCD
SUI 40h
MOV L,A
IN FDCS
ORA A

Jp READ4
N FDCD
SUT 80h
MOV H,A
MVI B,7-2
I FDCS
OR A

Jp READS
IN FDCD
DEC B

JNZ READS
MOV AL
ORA H

RZ

STC

RET

MFM Sector read command
and ecylinder in "¢"

MVI B,DLREAD
LXI D,DREAD
STA DRSEC
MOV A,C

STA DCYL

IN FDCS

OR A

JP DREAD]
LDAX D

OUT FDCD
INX D

DCR B

JNZ DREAD1
JMP READ2

FM Sector write command
cylinder number in "C"

MVI B,LWR
LXT D, WR
STA WSEC
MOV A,C
STA WSCYL
iN FDCS
OR A

JP WR1
LDAX D
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3in status

31f not ready

;jread result byte STO
ystrip

;save

;in status

;if not ready

;read result byte ST1
;strip

;save

15 more bytes
;in status

;1f not ready
jread result byte

ywait until all done
;check results

sreturn no erxor
;jset carry
jreturn from error

with sector in "A"
;9 byte command
;point to command bytes

jstore sector number

;jatore cylinder number
;check status

;1f no master ready bit
s;load command byte

. ;to controller

;1if more bytes

with sector in "A"

39 byte command
;jpoint to command bytes
;store sector number

jstore cylinder number
;check status

;1f no master ready bit
;load command byte



s we

WRS :

DWR1:

i
SPEC

LSPEC

RECAL
LRECAL

SEEK

CYLD
LSEEK

RSCYL

RSEC:

LREAD
DREAD:
DCYL

DRSEC:

ouT FOCD ;to controller
INX D

DCR B
JNZ WR1 ;if more bytes
IMP READ1

MFM Sector writé command with sector in "A"
and cylinder in "C"

MVL B,DLWR 39 byte command

LXI D,DWR ;point to command bytes
5TA DWSEC ystore sector number
MOV A,C

8TA DWRCYL ;jstore cylinder number
iN FDCS jcheck status

OR A

JP DWR1 51f no master ready bit
LDAX D ;load command byte
ouT FDCD ;o controller

INX D

DCR B

JNZ DWR1 ;1f more bytes

JMP READ2

Funetion data for controller

DB F,SPEC ;specify command

VFD 4®5RT, 4OHUT

VFD 7®HLT, 1®ND

= #~EPEC

DB F.RECA,0 ;jrecalibrate command

= *—RECAL

DB F,SEEK yseek command

DB 0

DB 0

= #=5EEK

DB F.RDAT iread command (FM)

DB 0 ;hds,dsl,ds0

DB 0 ;C = cylinder info

DB ¢ ;Head

DB 1 ;Record (first sector)
DB 0 ;N 128 BYTE SECTOR

DB 25 ;EOT (last sectors)

DB 7 ;GPL

DB 128 ;DTL

= *—READ

DB F.DRDT ;read command (MFM)

DB 0 ;hds ,dsl,ds0

DB 2 ;C = cylinder info

DB 0 ;Head

DB 1 sRecord (first sector)
DB 3 3N 1024 BYTE SECTOR
DB 7 ;EOT (last sectors)
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DLREAD

WSCYL

WSEG:

LUWR
DWR
DWRCYL

DWSEC:

.DLWR

DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB

DB
DB
DB
DB
DB
DB
DB
DB
DB

END

R = N e e

* =
| b wn
ﬁm

:

OIG:“--I{.JI—'QNO":I
m

g
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1 GPL
;DTL

iwrite command (FM)
;hds,del  ds0

;G = cylinder info
;Head.

iRecord (first sector)
;N 128 BYTE SECTOR
;EOT (last sectors)
sGPL

:DTL

;write command (MFM)
;hds,dsl,ds0

;C = cylinder info
sHead

;Record (first sector)
sN 1024 BYTE SECTOR
iEOT (last sectors)
:GFL

i DTL



Intel PRELIMINARY

8272
SINGLE/DOUBLE DENSITY
FLOPPY DISK CONTROLLER

m IBM Compatible in Both Single and = Data Transters in DMA or Non-DMA
Double Density Recording Formats Mode
s Programmable Data Record Lengths: u Parallel Seek Operations on Up to
128, 256, 512, or 1024 Bytes/Sector Four Drives
[ :\:n:;:fi,ﬁ::tor and Multi-Track Transfer u Compatible with Most
¥ Microprocessors Including 8080A,
= Drive Up to 4 Floppy Disks 8085A, 8086 and B0S8
a Data Scan Capability — Will Scan a = Single-Phase 8 MHz Clock

Single Sector or an Entire Cylinder’s

Worth of Data Fields, Comparing on a » Single +5 Volt Power Supply

Byte by Byte Basis, Data in the

Processor's Memory with Data Read = Available in 40-Pin Plastic Dual-in-Line
from the Diskette Package

The 8272 is an LSI Floppy Disk Controller (FDC} Chip, which contains the sircuitry and control functions for interfacing
a processor to 4 Floppy Disk Drives. It 1s capable of supporting alther IBM 3740 single density format (FM}, or IBM
System 34 Double Density fermat (MFM) including doubla sitded recording, The B272 provides contral signals which
simplify the design of an external phase locked loop, and wrile precompensation circuitry. The FDC simplifies and
handles most of tha burdens associated with implemanting a Floppy Disk Drive Intarface.

PIN CONFIGURATION 8272 INTERNAL BLOCK DIAGRAM
RESET[ |4 il ] vee
w3 99 | AWISEEK L]-"H O:J:F?:‘s REGISTERS
FEIRE #[Qermr
5[4 a7 [Denrste
anl] s 36 [THOL
o846 ¥ Aoy - wh cLock
oe 7 3 [ wmirs s wh pATA
[ WH ENABLE
oB;[|n 2 [ FLTITRKD SERIAL  |——m PRESHIFTO
pBa] s R [AP5 INTERFACE |—= BRE-SHIFT1
sre CONTROLLER
oB.[] 10 3 [IPs, READ DATA
oay ] 1 1 [ wh oara TERMINAL = OATA WINDOW
ong ] 12 2o, COuNt "——*—'] [—= ¥eo SYHC
o8; [ 13 18 [J us
DAQ  —s—p g——m AEADY
4
_BRaL] 7 [nose CATR —=  REaD INFUT  fw—— WAITE PROTECT/TWE SIDE
DACKL] 15 % [JMFn INT ] wRiTE PORT  |=—— INDEX
1cr] 16 2 O WE A —a-Cy  DMA h=+-—= FAULTITRACK O
Wh —=-Cf CONTROL
mox ] 17 4[] e Ay ——n] LOGIC
RESET —in] DRIVE DRIVE SELECT §
L] 1e 2 {]A0 0ATA - INTERFAGE CRIVE SELECT 4
SR ] 2 low } CONTROLLER |——~ MFM MODE
&5
T Iw kL 21 { 1 WR CLK 0;4;::#1 -
|—= HEAD LOAD
LK — HEAD SELECT
Voo —— LOW CURRENT/DIRECTION
GHD —= FAULT RESETISTEP
INTEL ASEUMES NO ITY FOR THE USE OF ANY CIRCUITRY OTHER THAN CIACUITRY EMBODIEO i AN INTEL PROOUCT. MO GTHER CMCUTT PRTEWT LICENSES ANE IMPLIED,
ZHWIEL CONPANATION, 1580 JANUARY 1980
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8272

PRELIMINARY

8272 SYSTEM BLOCK DIAGRAM

| o |
i

t SYSTEM BUS %
DATA
WINDOW
RO CATA
WR DATA

;i:: ALK [Ter) CRIVE
CONTRALLER foC T comAoL ] F
QUTPYUT CONTROL
e

COUNT

DESCRIPTION

Hand-gshaking signals are provided in the 8272 which
make DMA operation aasy to incorporate with the aid of
an externat DMA Controller chip, such as the 8237, The
FDC wiil cperate In either DMA or Non-DMA mode. In
the Non-DMA maode, the FDC generates interrupts to the
procassor for evary transfer of a data byte between the
GCPU and the 8272. In the DMA moda, the procsssor need
only load a command ino the FDGC and all data transfers
oceur under control of the 8272 and DMA controller.

There are 15 separata commands which the 8272 will
execute. Each of these commands require multiple 8-bit
bytes to {ully specify the operation which the precessor
wishes the FDC to parfarm. The following commands
are available,

Aead Data Write Data

Read ID Format a Track

Aead Deleted Data Write Dalated Data
Read a Track Seak

Scan Equal Reralibrate (Restore to

Track &
Sense interrupt Status
Sense Drive Status

Scan High or Equal
Scan Low or Equal
Specify

FEATURES

Address mark detection circuitry Is internal 10 the FDC
which simpiities the phase locked loop and read elec-
tronics. The track stepping rate, head load time, and
head unload time may be programmed by the user. The
8272 offers many additlonal features such as muitiple
sector transfers in both read and write modes with a
singla command, ard full IBM compatibility in both
single {FM) and gouble density (MFM) modes.

8272 REGISTERS — CPU INTERFACE

The 8272 contains two reglsters which may be accessed
by the main system processcr; a Status Register and a
Data Aegister. The B-bit Main Status Ragister contains
the status Information of the FDC, and may ba accessed
at any time. The B.bit Data Register (actually consists of
several registers in a stack with only one regisier pre-
sented to the data hus at a time), siores data, com.
mands, parametars, and FDD status infarmation. Data
bytes are read out of, or wtitten into, the Data Register
in order to program or obiain the resulls after execution
of a command. The Status Register may only be read
and |5 used to facilitate the transfer of dala batween ihe
processor and 8272,

The ralaticnship between the Status/Data registers and
the signals BD, WHR, and Ag is shown below.

FUNCTION

Aead Main Status
Register

Ag RO WR
0 0 1

lllagal

lliegal

Illegal
Read from Data Register
Write into Data Register

i ey e i =
- laio|( o] -
ol=jola| o

The bits In the Main Status Register are defined as
follows:

BIT HUMBER NAME EYMBOL
[T FGO 0 Busy DB

DESCRIFTION

FOO numbarD 12 In Ihe Ssak
mode,
FDO numbar 112 o Ihe Saak
made.

DB, FOD 1 Busy )

DBy FOD 2 Busy OuB FODO mumbor 2 18 In Ihe Seak

mode.,

FOO numbar 3 s In Ihe Soak
mods,

DRy FOD 3 Buzy 51

A read o wiile command i
in procans.

The FOG |3 |0 1he nonDMA
moce. This Bit ts a8l oaly
duilng (ke exacubion phase
in non-DMA mode. Tian
aition 1¢ I stale indicates
wascullon phase has ended,

D8y FDG Busy cB

DB HoreDMA modw NOW

DA Dala inpytOulput [rlle] Ingdicates giraclion of data
1tenaler batwean FOC and
Data Raglatar. If DI0=""1"
1hen trangler is from Cata
Regisler o |he Frocassor,
N DD = "F", (hen transier
is {rom the Processsr 1o
Data Raglatar.

oay Ragquest for ilsL} Indicales Data Regisier (s
Maatar faady 10 mend or recelya
data Io ov Ivom the Proc-
o3ncr. Bath bile DI ang
RGM should be used 10
parigrm the hangahaking
Tunetiona of “ready” and
“directign™ to the
Processorn,
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PRELIMINARY

PIN DESCRIPTION PN
CONNECTION
DESCRIPTION
HO. | SYMBOL TO
PN 40 Voo D.C. POWER +5v
wo Tsmmeor| ™ ™o DESCRIPTION 3 | AAsEEK FoD Foad WHtSSEEK: Whan "1
{hight Sask mode 2alacied and
t AST 1 uP Anzel: Places FOG in ldia when 0 (10w] ARadndrile
atale. Araels cutpyl liney to moda salncted
F g
T DO Yo 0" dlawh ko] LCTIDIR FDO Low CurrantiDiractiaon: Liwara
2 119 ] g Raad: Control signal lor Write cuneni o innet Wacka
trangler ol data frem FOG to In Rgaginirite moda, delar-
Data Bus, whan 0" (low} mines direclion nead will slap
3 wn i P Write: Gontvol algnal foe In Senk mode
ransler of daia to FOIC via Dala 37 FR/STR FDO Fault Reasl/Step: Aesals laull
Bug, when "0" {low} FFn FO0Hin Readvnta
mocds, piovides S18p guises t¢
n : :
‘ = ! we fm:‘s::.ﬁ:mﬁ ::";:::: mova haad to anolhas cylinder
AB and WH to ba snatiled In Seek mada
i - EJ HDL FoD Head Load. Command which
5 *o ' a ::::f:’g::;::‘:"“' or Causes eaadiwiits head in FDD
1o contact dlshalia
Stalus Reg idp=0
gonlani a4 RDY FoD Ready: Indlcaiss FOD e ready
ba aunl to Dala Bus o 28nd Of recews data
=13 | DBy-CB7 vo! WP Dalp Byy: Bldliractionel M WRTS FDO Wérite ProtecuTwe-Side:
B-Bit Data Bus Senggs Wrile Prolect slalus in
Ita mode, T
1 RO 7 DMA Dala DWA Aequest DMA ::';":; oy o S:.:': m‘:"
Raguest i being made by
FOC whan DRG 1" 1 FLTTARD FDC Faul/Track 0: Sensgs FOO
lault cordilion In Read/eita
'5 DAk ! DM& S::: T::';::’:“:g:n":‘ meode and Track 0 candilion
(low) mad Gontrallar i3 in Seak moda.
partorming GMA {ransler 32 | PsyPBg FDO Precompansahon [pra-shillp
tlon sl
16 1 1 DMA Tefmlaal Count: ndicates Wrila piecompensation slatus
the tarmination of a OMA during MM mod. Detar:
wansigr when “1" thight minas earky, laia, and nontal
times,
: b
v ox ! Foo ::.u::"“ wack ho Beg b N WH DATA FOO Write Data: Serlal clock and
dala bitg o FOO
1 INT P Intarrupt: Interrupl A L
o © i Caneeatod by FoE o 2829 | 08,05, oD Crive Selsck: Selegts FOD unit
9 LK | Clogk: Single Phasa 8 MHE r HDSEL FOD Head IE:u:sct: Haad 1 seiectad
Squaramars Clock whan 1" {high] Head 0
swlecled when "0 {lpwl
i Sho Ground: 0.6, Pawar Roturn % MEM FLL MFM Moda: MEM ode when
' Fi mods when 0"
Hola ¥: Disabled vehon G5 m 1. 25 WE FOD wirlte Enable: Enables writa
dala inlo FDO
24 L] PLL WCO Synt: Inhibita VOO In
ALL whan 0" (low), enatlas
VGO when 17
2 RO DATA FOR Raad Dala: Read data irem
FOD, comalming clock ard
data bila
22 ow PLL Data Window: Ganarated by
FLL, and yzed to sample data
1rom FOD
i WRCLK Wirlta CloCk: Wite data rata 1o

FOOD P =500 kM2, MFM = 1
KHz, with a putas widih of
250 03 for poih £ ang MFM
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The DIO and ACM bits in the Status Register indicate
when Data is ready and in which direction data will be
transterred on the Data Bus.

QUTOF Pt AN INTOD PROCLESON

DT 1w OUT
]
DUT OF FROCESION LMD INTO FRT

READY

AEQUEST
FOR MASTER war
Lt LNEADY | —— L_

(|

I
E
£

Ial A |l o] o | 0| & |oje &

HOTES: — CATE REGISTEN READY TO BE WAITTEW [NTO #Y FROCLSSON
(¥} = CATA REQESTER MWOT AEADY 10 BE WAITTEN IMTC BY PADCERSIM

[} = DATA REGISTEA MEADY FOR MEXT DATA BYTE TO BE AEAD BY THE
PROCESSOR

« OATA REGKSTER NOT READY FOR WEXT DATA BYTE T BE READ AY
PROCESEON

STATUS REGISTER TIMING

The 8272 |5 capable of executing 15 different com-
mands. Each command is initiated by a mulii-byte
transfer from the grocessor, and the result after exacu-
ticn of the command may also ke a multi-byte transfer
back to the processor. Because of this multi-byte inter-
change of infermation betwesn the 8272 and the proc-
essor, it is convenient to consider each command as
consisting of three phases:

Command Phase: The FDC receives all information
required 1o perform a particular
¢peration from the processor,

Exgcution Phase: The FDC performs the operation i1

was instructed to do.

Aftar completion of the aperation,

slatus and oiher housekesping in-

formation are made available to
the processor.

Result Phass:

During Command or Result Phases the Main Status
Register {described earlier] musi be read by the proc-
essor before each byte of information is written into or
read from the Data Register, Bits D& and D7 in the Main
Status Registar must be in a0 and 1 state, respectively,
bafare gach byte of the command word may be writtan
into the 8272, Many of the commands require multiple
bytes, ang as a result the Main Status Register must be
raad prior to each byte transfsr to the 8272, On 1he other
hand, during the Resuit Phase, D& and D7 in the Main
Status Aegister must both be 1's (D6=1 and D?=1)
before reading each byte from the Data Register. Note,
this reading of the Main Status Register befors each
byte iransfer 1o the B272 is required in only the Com-
mand and Reasult Phases, and NOT during the Execution
Phase.

During the Execution Phase, the Main Siatus Register
need not be read. If the 8272 is in the Non-DMA Mode,
then the receipt of each data byte (if 8272 is reading data
from FDO) is indicated by an Interrupt signal on pin 18
(INT =1} The generation of a Read signal (RD=10) wlll
raset the Interrupt as well as cutpul the Data onto the
Data Bus. For example, if the processor cannct handle
Interrupts fast enough {every 13 us for MFM mode) then
it may poll the Main Status Register and then bit D7
(RQM) tunctions just like the Interrupt signal. If a Write

34

Commang |s in pracess ihen the WA signal periorms
tha resat 1o 1he Interrupt signal.

If the 8272 is in the DMA Mode, no Interrupis are gener-
ated during the Execution Phase. The 8272 generates
DRQ's {DMA. FAequests) when each byte of data Iz
available. The DMA Controller responds to this request
with both a DACK =0 {DMA Acknowledge} and a AD=0
(Read signal). When the DMA Acknowledge signal goes
low {DACK = 0} then the DMA Request is reset (DRQ = 0).
iIf a Write Command has been programmed then a WR
signal will appear instead of RD. After the Execution
Phase has been completed (Terminal Count has
occurred) then an Interrupt will occur ({NT =1). This
signifies the beginning of the Result Phase. When the
first byte of data ts read during the Result Phase, the In-
terrupt is auiomatically reset {INT =0).

It iz important te note that during the Result Phase all
bytes shown in the Command Table musi be read. The
Read Data Command, for example, has seven bytes of
data in the Result Phase. All seven byles must be read in
order to successiully complete the Read Data Com-
mand. The 8272 wiil not accapt a new command until alt
seven bytes have been read. Other commands may re-
quire fewer bytes to be read during the Aesult Phase.

The 8272 contains five Status Registers. The Main
Status Register mentioned above may be read by the
processor al any time. The other four Status Reglsiers
(8T0, 8T1, STZ, and 5T3) are only available during the
Result Phase, and may be read only aller successfully
completing a command, The particular command which
has boen executed determines how many of the Status
Registers wil! be read.

The bytes of data which are sent to the B272 to form the
Command Phase, and are read out of the 8272 in the
Result Phase, must occur In the order shown in the
Command Table. That Iz, the Command Code must be
sent flrat and the cther bytss sent in the prescribed se-
quence. Mo foreshortening of the Command or Result
Phases are allowed, After the |ast byte of data in the
Cormmang Phase is sent to the B272 the Execulion
Phase automatically starts. In a similar fashion, when
the last byte of data is read out in the Result Phase, the
command I5 automatically ended and the 8272 is ready
for a new command. A command may be aborted by
simply sending a Terminal Count signal to pin 16
{TC = 1. This {s a convenient means of ensuring that the
processor may always get the 8272's attention even if
the disk system hangs up in an abnormal manner.

POLLING FEATURE OF THE 8272

After the Specify command has been sent to the 8272,
the Drive Select Lines D50 and DS will automatically
go intg & polling mode. In between commands (and be-
tween step pulses in the SEEK command) the 8272 polls
all four FDDs looking for a change in the Ready line from
any of the drives. If ithe Aeady line changes state (usual-
ly due to a door opening or closing) then the 8272 will
generata an interrupt. When Status Register O (STO} is
read {after Sense Interrupt Status is issued), Not Feady
(MR} will be indicated. The polling of the Ready line by
the 8272 ocours continupusly batween instructions,
thus notifying the processor which drives are on or off
line. -
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TABLE 1. 3372 COMMAMD SET

DATA BUS | I DATA BUS |
PHASE |RW 1Dy Dy Dg Dy Dy Dy Dy DO REMARNKS PHASE | RW D, Oy O3 O REMARKS
4 Y3 Y7 Y
M READ DATA AEAD & TRACK
Command | W |MTHMFMSK o0 o0 1 1 @ Cooes Le w O MFMSK & 0 0 1 0 |CommandCoges
L] 9 O 0 O 0 HDS D31 DSD w b 4 4 0 O HPSOS DEO
W [+ Secior ID w [+ Sec1or 10§
w H prior to G w H priot 1o G
w R L w A !
W ] w L)
w EOT W EOT
L GPL w GRL
w oL w oTL
Exacution Daa transler Ecaculion Dats Iranafer
Catwasr Lhe FOD Dalwasn e FOD
and maln-aystam and main-ayaianm,
Ratull R 5TQ Slatus FOC reads ail of
R 571 aller & cyllnders contenls
R sT2 Teom Index hele 16
A <
R H Sacior 10 ink
R R allgr Result n 5TD Blalus
A N A 5T1 wiier C
R 512 L
AEAD DELETED DATA A o
Command | W [MTMFMSK 0 1 1 0 0 [CommandCodes : H El‘:::f,' D
w 0 0 0 o 0 HDS D3OSO R H
W =3 Secler P
w H prhoe 1o G READ 1D
w 2 Command | W 0O MFM 0 0 1 0 1 D |Commandy
w ECq w 9 9 4 0 0 HDSODST DSO
w P
w DT Exmcutlon Tha lirst cometl 1D
informalion on the
Exercuticn D lrannleanD Cylindar 15 stored in
Betwaen ina Data Aeglater
ang maln-gyzlam
Rasull R 5TD Siatus Inl Resull R STO Staluz
R 5T1 alter ¢ R 5T atlgr G
A 5T2 R 5T2
] c A [+
R H Sector ID A H Secter 10
R R altar G R R durlng
A N R L} Fhoas
WRITE DATA FOAMAT & TRAGK
Command [ w lWTMFRM &6 0 0 1 ¢ 1 |& Codes G W [ oMFM DT 0 1 1 0 1 |CommandCodes
w 2 o o 0 ¢ HDSDS DE L g4 ¢ & © 0 HOS DS OS50
w < Sagtor 1D W N B
w H grigr 1o Command w 3¢
w A i w GPL Gap 3
w N w o Filter Byla
w EQT
w GPL Exscution FDC lormals an
w oTL anlire cyllndar
Executlon Dotz transier Aeaul R sT0 Stalus
balwasn Iha maln- R 571 alar C-
ayaiam and FDD R 512
R [}
Flasult 4 HH Haws R H In (hia case, 1he (D
A 5T2 R A has ne
R [+ A N g
A H Sector 10
A R alter G SCAN EQUAL
A N s w MT MFM BEK 1 o o0 o 1 | Command Codes
WRITE DELETED DATA W | ¢ 0 ¢ 0 0 HDSDSDSO
Command { W |MTMFM ¢ o 1 @ 0 1 |Command Codes m g g:g'f{nlfn-
w O 0 Q0 0 O HOSDS DS) w R
w =) Sactor 1D w N
w H prigr g G w EQT
w R W GPL
w M w TP
w Eor _
w GPL Execution Data compared
w DL Garwesh e FOO
ang maln.gyatam
Ex#tuilon Dada ranatar
belweon e FOO Aesult A STQ Status
ang men-gygtam R 571 alter Commang
Resul A 570 Statug A 8T2
i 5T1 attar G R M N
R B8TZ R H Saclor ID infotmation
R c R A altar O
R H Sacior I R H
A R altmr ¢
A H

Hote: 1. Symbots used in 1Kk 1otk are dascilbed at Ihe and ol this geclion
2, Ag=1 for all oparations.
3. X = Don'l care, vsually made to squal binary 0.
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TABLE 1. COMMAND SET (Continued)

DATA BUS | DATA 8US |
PHASE |®W | by D Ds Dy Dy Dy Dy Dy | REMARKS PHASE |mw 07 Dy Dy Oy Dy By Dy O |AEMARKS
SCAN LOW OR EQUAL AECALIBRATE
Command | w MT MFM SK 1 1 o o 1 Commend Codes Command | W o o 0 0o 0 1 1 1 Command Codes
w ¢ o & 0 0 HDEDSYDSH w ¢ 6.0 © ‘¢ U D514
w [ Sector IO intormalion || Execulion Head relracied 1o
w H pric Command Track 0
w A
w N SEMZE INTERAURT STATUS
x gop{ Commend [ W o o0 o 1 a a4 4 Cormmand Codés -
W STP Resul R STQ Stalus i at
L] FCN Ihe end ol 2ach gesk
Exgzutlon Dala comparad operation aboul the
tratwann the FOD
Ahd MR-y SIEM SPECIEY
Reaun : g; ? ‘:"ta'"; G w |0 o ¢ o @ 0 1 1 [CommandCodes
ar
W | —&SRY HUT ___
: SLZ xertutlon W HLT - m——— RO
R H Sector 10 Information SENSE DRIVE STATUG
R R after £
R H Command | W T ¢ 9 a4 0 1 ¢ 0 |CommandCodes
SCAN HIGH QR EQUAL W 0 ¢ 0 0 O HOSDSDH .
Result A 5T3 Stalus
Command | W [ MTMFM 3K 1 1 1 0 1 |Command Codes about FOO
W 0 0 § 0 0 HDSOSy DSO SEEK ) _“_-1
W =3 Sethor i
w H priar £ o w oo & 0o A 1 1 1 Commang Codes
x n w 0 0 0 ¢ U HDSDS1DOSO
w €oT w HEH
bt g.'::: Exacution Head is positioned
gver proper Cylinger
Exacutlon Data on Diskette
belween tha FOD INVALID
and main-sys! -
Command | W Invelid Codes. nvatid Command
Rasult A sT0 Status inh Codes (NoQp — FOG
R 571 after C gons Inlg Siandby
[ 572 Stale)
] G —_ Rgsult L] sTh STO=80
R H Seclor ID infermation (16}
R A afler Command
R L} i
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TABLE 2. COMMAND MHNEMONICS
SYMBOL NAME DESCRIFTION
SYMBOL HAME DESCRIPTION

Ay Adtrazs Line § Ag gontroly sakacton gt Mk Sietus .

FRGiatar (hg = 0) of Data Regiater g 1. HCH Haw Cylindar Humber Nf‘_Nnalllnﬂa_ Iotla: Cr;:::.l i'lnl\'!l»ll,I
which |3 going lo 21 & feav!

[+ Cyllnder Number £ slands lor ihe currenl salacied Cylindar ol tha s.gk c:gullon. Deairgd position of
Irack numbsr & thiough 78 al the medium, Hand.,

o Onia O slands [of 16e dals pattern which is NO Hon-DHMA Mode HD 2tanda for aperation |n tte Non DWA
[oing 1o B writlen Into m Sacter. Wods,

Oy-0y Dats Bus B0l Oata By wheea Dy Ls the mast FCH Frosani Cydnder PCH slands lor 1he Cylngasr numbar gt
slgnificant bit, and B 4 tha Meal sigaiit Humier the complelign ol SENSE INTEARLPT
ant bit, STATUS Commmand. Posillon of Head al

050, 081 | Orivn Salect 05 sinnds for w seletied driva nymber & Bresant time.
art. ) Rocord B alanda (or the Seclor numper, which

[ Data Longih Whe M 1 duflned as 00, DTL stands lor will bo road or wriltan.
1he gate Iengih which us4rs &8 going lo R Reniiyrile RIW stinds for either Redd {R) &4 Weils
g out of willa lnte the Sacter. ¥4} 2ignal.

EQT End ot Trmck EOT slands fod the (Inwl Sector Aumber ol 5C Bactas SC ingicaied the number of Seciote par
u Cylindar, Cyllngar,

art Gap Length GPL siands for The langth of Gap 3 K ki Ak atangs tor Skip Calated Data Addrass
[spacing balwean Saciars sxcluding YEQ # ® ek ?

Sync Fleidk SAT Slep Rute Ti SAT ds Jor 1ha Stepping Aats far th
16p Rate Time aiands loe iha Stepping Aats tar the

H Hasd Addeass H siwnda lor head number 0 of 1, 28 EO0 (1 to 1804 in 1 ma incremenly),
apac fied in 10 ok, Stepping Aaio Applias to gl drivas

ADS Hend Swect HOS 111 1ar & asacted head number 0 (F=ima, Ec2ma, ato}
of 1 {HuHDS in 8t cammand warda). 5T0 | Slatws 0 5T -3 siang 1o oria of lour ragiaters

HLT Foar Loag Thme HLT 3tanda far 1ha hand iaad lima In the £T1 Status 1 which a1are Ihe staws inlormaken aitar
FDD {2 10 254ma in 2ms Increments), 572 Slatus 2 & command had baen execuled, Trs

5TJ Slatus 3 inlormation |5 pvaligbly during Ihe syt

HuT Huad Unioad Tima HUT slands lor the head vrioad lime altar phata gitar gommand execyticn. Thaas
wrand o¢ wrlis operaton hea aoourred (16 raglatars shoukd not ba confukad wilh ihe
Io 240ma in 16my incramanta). Maln A18IUS iegisier (aelaciud by Aga 0y

£T 0-3 may be read only allar 3 ¢ommand

MFM FM ot MFM Mode :: :F.“I;.:“;‘F:‘"mm‘::'a:ﬂ:f:;d and Il s Doen azeculnd and conlnkn information

- - ralevani 1o b8! padiculir Command,

W - 13 n s high, 1 - {

T e Do poriorned i Gylidr urder bt HDO. st During & Sean operalion, I STE « 1. the
and HD1 will ba rend or writtan). dela In contiguous saciac | CoMBated
byle &y hyts with dala 2ent lrom (he

N Hurmbied H atands far tha number of dale bylas procasser jof OMAY, and il STF e 2, then
wiilten in & Sactaf. ANomale 3451008 wig rand And COMpERG.

COMMAND DESCRIPTIONS

BOuring the Command Phase, the Maln Status Fegisier
must be polled by the CPU before each byte Is written
into the Daia Register. The DIO {DB6) and RQM (DBY)
pits in the Main Status Register must be in the *0" and
1" states raspactively, before sach byte of the com-
mangd may be written Inta.the 8272. The baginning of the
executlon phasea for any of these commands will cause
D10 and RQM to switch to 1" and *D" states rezpeactive-
Iy,

READ DATA

A set of nine (9} byte words are required to place the
FDC into the Read Data Mods. Alter the Read Dala com.
mand has been issued the FDC loads the head {if it is in
the unloaded state}, waits the specified head settling
time {defined in the Specify Command), and bagins
reading ID Address Marks and ID fields. When the cur-
rent sactor number (*R™ stared in the ID Register {IDR)

TABLE 3. TRANSFER CAPACITY

comparas with the sector numbar raad off the diskette,
then the FDC outputs data (from the data flelg) byte-by-
byte to the main system via the data bus.

Afier completion of the read oparation from the current
sector, the Sactor Mumber is incremanted by ona, angd
the data from the nex1 sector is read and output on the
data bus. This continuous read function is called a
“Muiti-Secter Read Operation.” The Read Data Com-
mand may be terminated by the receipt of a Tarminal
Count signal. Upon recelpt of this signatl, the FDC stops
outputting data te the procezsor, but will continua to
read dala from the current sector, check CRC {Cyclic
Roadundancy Count) bytes, and then at 1the end of the
secior terminaie the Read Data Command. -

The amount of data which can be handled with a single
commang to the FDC depends upon MT (mulli-track),
MFEM {MFMIFM), and N (Number of Bytes/Sector), Table
3 below shows the Transfer Capagity.

Mulii-Track | MFM/FM | SylexSealor Maximum Teanvier Capacity Fenal Seclor Aand
L4 MEM N {BytasSnclon (Numbes ol Seclare trom Dighalte
0 0 ] 1128 {26}= 2328 26 4l Sida 0
a 1 a1 [256) 128 = B0 ar % at Side 1

1 o ] 1428){52)= 6,856
1 1 o0 {258} 52)= 13,312 28 2 Side 1
o [ L] {256} {15tm 2,820 15 80 Side d
0 + 02 1512415]= T.680 ot 15 at Slda t
] o1 25634301 m 7,880 )
1 az {51215 = 15,36 19 &t Sige 1
0 [ 0z E12148) = 409 B &l Side 0
0 1 0 102418 = 8,182 ar B al Swta 1
1 4 02 B 6 e B0
1 1 03 (1024 16) = 16,384 BatSuet
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Tha “muiti-track” function {MT) atlows the FDC to read
data from both sides cf the diskette. For a particular
cylinder, data wili be transferraed starting at Sector 0,
Side 0 and completing at Sector L, Side 1 {(Sector L = last
sector on the side). Note, this function perains to only
one cylinder {the same track} on each side of the
diskelte.

When N =0, then DTL defines the data langth which the
FDC must treal as a secior. It OTL Is smaller than the ac.
tual data length in a Sector, the data beyond DTL in the
Sactor, (5 not sent to the Data Bus. The FDC reads (inter-
nally) the complele Sector performing the CRG check,
and depending upon the manner of cemmandg termina-
tion, may perform a Multi-Sector Read Operaticn. When
M is non-zero, then DTL has no meaning and should be
sat to OFFH.

At the completion of the Read Data Command, the head
is not unloaded until after Head Unlocad Time Interval
{spacified in the Specify Command} has elapsed. If the
processor issues angther command before the head
unioads then the head settling time may be saved be-
tween subsequent reads, This time out is particularly
valuable when a diskette is copied from one drive to
anoiher,

It the FDC detects the Index Hole twice without finding
the right sector, {indicated in "R"), then the FDC sets
the ND {No Data) flag In Status Aegister t 1o a 1 {high},
and terminatez the Read Data Command. (Status
Register 0 aiso has bits ¥ and € set to 0 and 1 respeclive-
Iy.)

After reading the ID and Data Fields in each sector, the
FDC checks the CAC bytes. If a read error is detecied
{incorrest CRG in D figld), the FDG sets the DE (Data Er-
ror} flag in Status Register 1 to a1 {high), and if a CRC er-
ror occurs |n the Data Field the FDG also sets the DD
{Data Error In Data Field) fiag in Status Regizter 2 toa 1
({high}, and terminates 1ihe Read Data Command. {Status
Register ¢ also has bits 7 and 6 set to 0 and 1 respec-
tivaly}

If the FOC reads a Deleled Data Address Mark off the
dizkette, and the SK bit (bit D5 in the first Command
Word) is not se1 {SK = 0}, then the FOG seis the CM {Con-
trel Mark} Hag in Status Register 2 to a 1 (high), and ter-
minales the Read Data Command, after reading all the
data in tha Sector, If SK=1, tha FOC skips the sector
with the Delated Data Address Mark and reads the next
sactor,

During disk data transfers betwean the FDC and the
procassor, via the dala bus, the FDC must be serviced
by the processor every 27 us in the FM Mode, and avery
13 us In the MFM Mode, or the FDC sets the OR {Over
Aun) flag in Status Register ¥ to a 1 {high), and ter-
minates the Read Data Command.

If tha processor terminates a read {or write) operation in
the FDC, then the ID Information in the Result Phase is

dependent upon the stale of the MT bit and EOT byle.”

Tabls 4 shows the values for C, H, R, and N, when the
processor ierminates the Command.
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TABLE 4. ID INFORMATION WHEN PROCESSOR TEAMINATES
COMMAND
w L® Inlotmalion a1 Assull Phase
W1 | €or Frocawsor [+ H R N
A Seclor Hto 2E a Slom O
| oF Secior 1 to 14 a1 Slde O NG NC Rt HG
08 Secior 110 Fal Slde 0
1A Suctor 26 at Sidad
oF Seciot 15 al Sioa 0 G+ HC R=D NC
° o Seclor § &t Sied
1A Seclor 110 25 a1 Sige 1
oF Setlot 110 54 a1 Gida 1 NG NC A+ HNC
0a Sactor 110 7 al Sge 1
1A Setlor 26 al Sida 1
oF Sacior 15 al Sios 1 C+1 MG R=01 NC
o Sector 8 at Sige 1
1A Sactor 110 25 M Side O
oF Setior 1 (o 44 a1 Slde 0 NG MG A+ NG
o Seclor 1107 al Slga &
1A Sector 26 at Side D
oF Sactor 15 al Bide 0 HC LEB R=gl HC
oa Sactor 8wl Side 0
1
14 Sector 110 25 a1 Slda 1
oF Sacter 110 14 i Side 1 NG NC A MG
03 Bactor 110 7 at Side 1
14 Sacior 26 ot Side 1
QF Sector 15 at Skde 1 Ce LEE | Am01 | NC
oa Sactor 8 a1 Side ¥
Moles: 1. NG (Mo Change): The sama valug a3 tha one &t Ihe baglaning of command
EXBLUHON,
Z. LS {Leaat Significant Bilk The leasl significant b of H I3
comphmentad,
WRITE DATA

A get of nine (8} bytes are required to set the FDC into
the Write Dala mode. After the Wrile Data command has
beon issued the FDC loads the head (i i1 is in the
unloaded state), waits the specified head settling time
(defined in the Specify Gommand), and begins reading
ID Figlgs. When the current sector number {*R"), stored
in the ID Register (IDR) compares with the sector
number read off the diskette, then the FOC lakes data
from the processor byte-by-byte via the data bus, and
cuiputs it t¢ the FDD.

After writing data into the cumrent sector, the Sector
Mumber stored in “R" i5 incremented by ona, and the
next data field is writien into, The FDC continues this
“Multi-Sector Write Qperation” until the iszuance of a
Terminal Count signal. If a Terminal Count signal is sent
to the FDG it contlnues writing inlo the current seclor to
complete the data fleld. If the Terminal Gounl signal is
received while a dala field is being wrliten then the re-
mainder of the data field is filled whth 00 (zeros).

The FDC reads the |D field of each sector and checks
the CRC bytes. If the FDC detects a read error {incorrect
CRC) in one of the ID Figlds, it sels the DE (Data Error)
flag of Status Register 110 a 1 {high}, and terminates the
Write Data Command. (Status Register 0 also has bits 7
and 6 set to 0 and 1 respactively.)

The Write Command oparates in much the same manner
as the Read Command. The following items are the
same; ralar to the Read Data Command for detaits:

» Transfer Capacity

* EN {End of Cylinder} Flag

* ND {No Data) Flag



az272

PRELIMINARY

« Head Unlcad Time Interval

+ D Informaticn when the processor terminates com-
mand {see Table 2)

s Definition of DTL when N=0 and when N # 0

In the Write Data mode, data iransters betwesn the proc-
essor and FDC must occur every 31 us in the FM mode,
and every 15 us in the MFM mode. H the time interval
beiween data transfers is longer than this then the FDG
sets the OR {Ovar Aun) llag in Siatus Regiater 1 to a1
{high}, and terminates the Write Data Command.

WRITE DELETED DATA

Thils command is the same as ithe Write Data Command
except a Deleted Data Address Mark is written at the
baginning of the Data Fiald instead of the normal Data
Addrass Mark.

READ DELETED DATA

This command s the same as tha Read Data Command
except that when the FDC detects a Data Address Mark
at the beginning of a Data Field (and SK = 0 (lowl), it will
read all the data in the sactor and set the CM fiag in
Status Register 2 to a 1 (high}, and then terminate the
command, If SK =1, then the FOG skipz iha sector with
the Data Address Mark and reads ihe next sector.

READ A TRACK

This command is similar to AEAD DATA Command
except that the entire data field is read continuously
from each ol the sectors of a track. Immediately after
encountering the INDEX HOLE, the FDC starts reading
all data fields on the track as continucus blocks of data.
If the FRC finds an error in the ID or DATA CRC chack
bytes, it contlinues to read data from the track. The FDC
compares the ID information read from sach sector with
the value stored In the IDB, and sots the KD flag of
Status Register 1 to a 1 {highy if there is no comparison,
Multl-track or skip cperatlons are nol aliowad with this
command,

This command tarminates when EOT number of sectors
nave been read. If the FDC does not find an 1D Addrass
Mark on tha diskatte after it encounters the INDEX
HOLE for the second time, then it sets the MA {missing
address mark) flag In Status Register 1 to a 1 {high}, and
terminates the command. (Status Register 0 has bits 7
and § set 10 0 and 1 respectively.}

READ 1D

The READ 1D Command is used to give the present posi-
tion of the recording head, The FDG stores ihe values
from tha first 1D Field it is abla to read. i no proper ID
Address Mark is found on the disketis, before the IN-
DEX HOLE iz encountered for the second time then the
MA [Missing Address Mark) flag in Status Register 1is
set to a 1 (high), and if no data Is found then tha ND [No
Data) flag is also set in Status Registar 1 1o a 1 (high}
and the command is terminatad.

FORMAT A TRACK

The Format Command allows an entire track to be for-
matled. Atier the INDEX HOLE is detected, Data is writ-
ten on tha Diskolte: Gaps, Address Marks, |D Fialds and
Data Fields, all per the IBM System 34 {Double Density)
or Systam 3740 {Single Denslly) Format are recorded.
The particular format which will be written is controlled
by the values programmed inte N (number of bytes/sec.
tor), 8C {sectorsicylinder), GPL {Gap Length), ang D
(Data Pattern} which ara supplied by the processor dur.
ing tha Command Phase. The Data Field is filed with
the Byte of data stored in D, The ID Figld for sach secior
is supplied by the processor; that Is, four data requests
per sector ara made by the FDC for G {Cylinder Mumber},
H {Head Numkber), R (Sactor Numbrer} and N {Number of
BylesiSactor). This allows tha diskeite to be formatted
with nonsequential sector numbers, if desired,

After formatting each secior, the processor must send
new values for G, H, R, and N to the 8272 for each sector
on the track. The contents of the R register is in-
cramenied by one after each sector is formatted, thus,
the R registar containg a value of R+ 1 when it is read
during the Result Phase. This incrementing and format-
ting centinues for the whole track until the FDC en-
counters tha INDEX HOLE for the second time, where-
upon it tarminates tha command. '

If a FAULT sigral is regelved from the FDD at the end of
a write operation, then the FDG sets the EC flag of
Status Reglster 0 to a 1 (high), and lerminaies the com-
mand after satting bils 7 and &6 of Siatus Aegister 0 tc 0
and 1 respectively. Also the loas of a READY signal at
the beginning of a command execution phase causes
command termination.

Table 5 shows the relaticnship betwean N, S5C, and GPL
for various sector sizes:

TASLE 5. SECTOR SIZE RELATIONSHIPS

FORMAT SECTOR S5ZE N ¢ arL! | am? REMARKS
128 bylesSecior | 00 | 1hyg | 07qs | VBpg | IEM Diakette 1
FM ioge | 268 01 | OFigy | OEjrey | 2Ae | 19M Orskena 2
512 o2 o8 18,5 | 34y
W24 bylewSecior | 03 04 - -
Fid Mode | 2048 o [+ - -
4098 i o0 — -
255 01 | g [ OFjg | 3Bpg | 1BMDIzhelts 20
5"’: oz 021815! Bp16; | Siie)
1024 L] g | Tepe | 1BM Disnana 20
MEMMode | o0 o o o o
4098 05 02 - -
8192 L] m - -

Hgle: 1. Suggesled vatues of GPL in Rasd o Wrile Commands 10 aveid splics pont
oetween dala Nakd and ID lisid of contliguous sectlans.

2. Suggestad valyss ol GPL 0 lvmat command,
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SCAN COMMANDS

The SCAN Commands allow data which is being read
trom the diskette t¢ be compared against data which is
being supplled from the main system (Processor in
NON-DMA mode, and DMA Contréller in DMA mode).
The FDG compates the data on a byte-by-byte basis, and
lcoks for a sector of data which meets the conditions of
Orpo= Dprocessar Drpp & Dprocessor ©F DFoD # Derocessor
Cnes complement arithmetic is used for comparisen
{FF = largest number, 00 =smallest number). After a
whele sector of data is compared, i the conditions are
not mat, the sector number is Incremented {(R+ STP —
R}, and the scan operation is continued, The scan opera.
tion continues until one of the follewing conditions oc-
cur; the conditions lor s¢an are met {equal, low, or high),
the last sector on the track is reached (EQT], or the ter-
minal count signal is received.

If tha conditions for scan are mel then the FDC sets the
SH (5can HIb flag of Status Register 2 to a 1 {high}, and
terminates the Scan Command. If the conditions for
scan are hot mat between the starting sector (as
spacified by R) and the tast sactor ¢n the cylinder {EQT),
then the FDC sets the SN {Scan Not Satiafied) flag of
Status Aegister 2 to a 1 (high), and términates the Scan
Gommand, The receipt of a TERMIMAL COUNT signal
ftom the Processor or DMA Controller during the scan
operatlon will cause the FDC to completa the com.
parison of the particular byte which is in process, and
than to terminate the command. Table 6 shows the
status of bits §H and SN under various conditions of
SCAN.

TABLE 8, SCAN STATUS COLES

STAYUS REGISYER 2
T i=5N ATI=5H

] 1 Depp= D,
Sean Ecual FpD= Dpracensor
i 1 ¢ Crpp# DProcesnor
] 1 Orpp = Pprocosanr
Scan Low or Equal ] ¢ Drpp < Dproceszor
1 o Cenp ¥ Spvocuasor
o 1 PepD=Dpracesact
Séan High or Equiat 0 ¢ Depp > Ppracesaor
1 o OrnD # Birocessor

it the FDC encouniers a Deleted Data Address Mark on
one of the sectars (and SK = 0), than 1t regards the zec-
tor as the last sector on the cylinder, sets CM {Control
Mark) flag of Status Register 2 to a 1 {high} and ter-
minates the command, If SK= 1, tha FDC skips the sec.
or with the Deleted Address Mark, and reads the next
sactor. In the second casa (SK = 1), the FDC sets the CM
{Control Mark) flag of Status Register 2 to a 1 (high} in
order to show that a Deleted Sector had boen en-
counterad,
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Whan either the STP (Contiguous seclors STP=01, or
atlernate ssctors STP =02 seclors are read) or the MT
(Multi-Track) are programmed, il is necessary io
ramember that the last sector on the track musi be read.
For example, f STP =02 MT=0, ihe seclors ara
numbered sequentialty 1 through 26, and we start the
Secan Command at sector 21; the tollowing will happsen.
Sectors 21, 23, and 25 will be read, 1then the next sector
(26) wil! be skipped and ihe Index Hole wiil be en-
countered bafore the EOT value of 26 tan be read. This
wit! resull in an abnormat termination of the command.
tf the EDT had been set at 25 or the scanning started at
sector 20, then the Scan Command would be compieted
in a normat manner,

During tha S¢an Cornmand daia is supphed by either tha
protasasor or DMA Controller for compariaon againgt tha
data raad from the diskette. in order o avoid having the
OR (Ovet Aun) flag 581 in Status Register 1, 1t s nec.
essary to have the data available in less than 27 us (FM
Mode) or 13 us (MFM Mods). I an Overrun occurs the
FDC terminates the command.

SEEK

The read/write head within the FDD I3 moved from
cylinder to cylinder under contral of the Seek Command.
The FOC compares the PCHN {Present Cylindar Mumbear)
which is tha currani head position with the NCN {New
Cylindar Number), ang perferms tha following operation
If there is a difference:

PCN < NCHN: Direction signal to FDD set to a 1 (high),
and Step Pulses are issuved. (Step In)

PCN > NCN: Direction signal to FDD set to a 0 (low),
and Step Pulaes are issued. (Step Qut)

The rate at which Step Pulses are issuéd is controlled by
SRT (Stepping Rate Time} in the SPECIFY Command,
After sach Step Pulse s issued NCN is compared
against PCN, and when NCN = PCN, then 1he SE {Seek
End) flag is set in Status Register 010 a 1 (high), and 1he
command is terminated.

Buring the Command Phase of the Seek operatian the
FDC is in the FDC BUSY siata, but during tha Execution
Phase it is in tha NON BUSY stale. While tha FDC is in
the NON BUSY state, another Seek Command may be
issued, and in this manner parafle! seek operations may
be done on up to 4 Drives at once.

If an FOD i in a NOT READY state at the beginning of
the command execulicn phase or during the seek opera.
fior, then tha NR {NOT READY) llag is set in Stalus
Registar 0 1o a 1 {high}, and the command is terminated.
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RECALIBRATE

This command causes the readfwrite head within the
FOD 10 retract to ihe Track 0 positlon. The FOC clears
the contents of the PCHN countar, and checks tho status
of the Track 0 signal from the FOD. As long as the Track
0 signal Is low, the Direction signal remains 1 {high} and
Step Pulses are issued. When the Track 0 signal goes
high, the SE {SEEK, EMD} flag in Status Register 0 is set
to a 1 {high} and the command is terminated. It tha Track

0 signal Is still low after 77 Slep Pulses have been

issued, tha FDC sats the SE{SEEK END) and EC (EQUIP-
MENT CHECK) flags of Status Register 0 to both 1
(highs), and terminates the command.

The ability to overlap AECALIBRATE Commands to
multiple FDDs, and the loss of the READY signal, as
described in the SEEK Command, also applies to the
RECALIBRATE Command.

SENSE INTERRUPT STATUS

An Interrupt signa'l is genel-'ated by the FDC for one of
the following reasons:

1. Upcn entering the Resull Phase of;

. Read Data Command

. Read a Track Command

. Read |ID Command

. Read Deleted Data Command

. ‘Write Data Command

. Format a Cylindar Command

. Write Deleted Data Command

. Scan Comrnands

2. Ready Line of FDD changes state

3. End of Seek or Recalibrate Command
4. During Execution Phase in the NON-DMA Moda

Interrupts caused by reasons 1 and 4 above occur during
normal command operations and are easily discernible
by the processor, However, interrupts caused by
reazons 2 and 3 above may be uniqualy identified with
the aid of the Sense Interrupt Status Command. This
command whan issued resets the interrupt signal and
via bits 5, 6, and 7 of Status Register Q identifies the
cause of the interrupt.

To~oQa0ow

TABLE 7. SEEK, INTERRUPT CODES

SEEK END | INTERRUPT CODE
BITS | pre |Bir? CAUSE

o 1 1 Ready Lina changed
atale, elther polarity

1 0 0 Normal Termination
of Seek ar Recalibrale
Command

1 1 0 Abnormal Termination of
Seek or Recalibrate
Command
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Nelihar the Seek or Recaliprale Command have a Resuit
Phase. Thersfore, it is mandatory 1o use 1he Sense Inter-
rupt Status Command after these commands to effec-
tively terminate them and to provide verification of the
head pasition (PCN). .

SPECIFY

The Specify Command sets the inilial values for each of
tha threse internal iimers. The HUT {Head Unload Time}
defines the time from the end of the Execution Phase of
one of the Read/Wrile Commands to the head unload
state, This timer is programmable from 16 to 240 ms In
increments of 16 ms (M =16 ms, 02=22ms . ... QF =
240 ms). The SAT (Step Rate Time) defines the time in-
terval between adjacent step pulses, This timer is pro-

grammable frorm 1 to 16 ms in ingrements of 1 ms(F=1

me, E=2 ms, D=3 ms, etc.). The HLT {Head Load Time)
defines the 1ime between when the Head Load signal
goes high and when the Read/Write operation starts.
This timer is programmable from 2 fo 254 ms in in-
crements of 2 ms (M1=2 ms, 02=4 ms, 03=6ms....
FE=254 mg}.

The time intervals mentloned above are a direct function
ot the ¢lock (CLK on pin 19). Times indicaled above are
for an 8 MHz clock, if the clock was reduced 10 4 MHz
{mini-floppy application) then all time intervals are in-
creaged by a factor of 2.

The choice of DMA or NON-DMA cperation is made by
the ND (NON-DMA) bit. When this bit is high {ND = 1} the
NON-DMA mode is selected, and when ND = the DMA
mode is selected,

SENSE DRIVE STATUS

This command may be usad by the processor whenevar
It wishes to obtain the status of the FDDs. Status
Register 3 containg the Drive Staius information.

INVALID

If an invalid command is sent to the FDC {a command
not defined above}, then the FDC will terminaie the com-
mand. No intarrupt Is generated by the B272 during this
condition. Bit 8 and bit 7 {DIO and RQM) in the Main
Status RAegister are both high ("1™} indicating to the
processor that the 8272 is in the Result Fhase and the
caments of Status Register 0{STO) must be read. When
tha procassor reads Status Register 0 it will find a 80H
indicating an invalid command was recaived. '

A Sense Interrupt Status Command must be sent after a
Seek or Recalibrats interrupt, otherwise the FDC will
conslder the next command tc be an lnvalid Command.

In some applications the user may wish 10 use this com-
mand as a No-Op command, to place the FDG in a stand-
by or no operation slata.
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TABLE 8. STATUS REGISTERS

BT

HO.

RAME

SYMeoL

DESCRIPTION

STATUS REGISTER 0

+]

-

Dg

Inlgrrupl
Coge

o)

0;=0and Dg=0

Hormal Termination ol Command,
{NT). Command was complated and
preperly exacuted,

Or=0andDg=1

Abnormal Tedrination of Carm
mand, {AT). Exacullon of Command
wag slarted, but was not
suscesslully completad,

Dr=1and Dg=10

Invalid Commard issue, {IC)
Commandg which was [ssued was
never started.

Dy=1and Og=1
. Termi

durtng command axecullon tho
reagy signal from FOD changed
stata.,

b5

Seak End

SE

When the FDG compleias 1he
SEEK Command, this Hag s set to 1
thigh).

A

Equipment
Check

EC

1l 8 fault Signal |3 raceived from the
FOD. or I the Track O Signal failz 10
occur altar 77 Slep Pulses [Recall

brate Command) (hen this flag is sel.

=R}

Nal Raady

NR

When the FDD is in the nol-ready
s1ata and a read or wrile command is
issued, Ihis Tlag is set. il 8 read or
write command is Issuad to Sidae 1
al a single sided drive, then this flag
5 sat.

D;

Head
Address

HOv

Fhig flag is used 1o indicale Ihe
stala of tha head al Intarupt.

L]

Uni Select 1

us1

Oy

Unil SelectD

uso

Thase (lags are used 1o Indicale a
Drbve Unit Number at Interrupi

ETATUS

REGISTER 1

D7

End of
Cyilndar

EN

When the FOC Irias lo access a
Swector beyond (he final Sactor of a
Cylindar, this flag is set,

Og

Mol used. This bit is always O {low),

Dg

Dala Error

DE

When tha FOC datects a CRC arroe
in althar the |0 llgld or tha data feld,
Ihis flag is set,

Oy

Over Run

OR

If tha FDC is not servicad by the
main-ayslems during dela lranalars,
within a certaln time inlerval, thig
ftag 1= 381,

0y

Hol used. This bit always 0 {low).

oy

Mo Dala

HD

Duning execution of READ DATA,
WRITE DELETED DATA or SCAN
Cowmimand, il the FDC cannot lind
the Secter apecified in the NOR
Register, 1his flap is sat.

Dwring execuling the READ 1D Com-
mand, it Ihe FOC cannot read the
10 Mleld without an eiror, 1han this
flag i 381,

Dwring the execulion of the READ A
Cyhnder Command, il the starling
getctor canngl be found, then this
flag I sat.

BIT
DESCRIPTION
NO. NAME SYMBOL
STATUS REGISTER t (CONT.)
0y | Not N During gxecution of WRITE DATA,
Wrilatle WRITE DELETED DATA or Format A
Cylinder Command, if the FDC
delecls 3 write prolect signal from
the FOO, 1hen ths flag is sel.
0y | Missing Ma If the FDC cannat dedact the ID
Address Address Mark afier ancounlanng \he
Mark index hule wice, then this flag s sat.
If the FOC cannot getect the Dala
Address Mark or Dalated Data
Address Mark, Ihis Hag is sel. Also
al |he same (ima, the MD {Mizsing
Aodress Mark in Dalg Field) gl
Bratus Registar 218 sel.
5TATUS REGISTER 2
=53 Hol used. This bil is alweys O {low),
Dg | Gontrol CM Dunng executing the READ DATA or
Mark SCAN Command, i the FDC
encounters a Sector which contans
a Deleted Data Address Mark, this
flag I sel.
D5 | Data Errorin 20} If the FOC delects a CRC errorin
Data Figld the dala ligld Ihen this itag s set
Dg | Wrang WC | This bil is Felated wath the ND bil,
Cylinder and when the sonlenls of © an the
madwm is difterant from that siored
in the IDR. this ag is set.
0y | Scan Equal &H During execulion, the SCAN
Hit Command, {f Ihe condriron al
“equal” is salisligd, thes Nag bs sel.
O | Stan Nat SH Duting gxacuing the SCAN
Sallstled Command, it the FOC cannel 1ing &
Sector on the cylinder which magls
the condition, then 1his flag is sel,
o, | Bad BC | This bt is related with 1he MD bi1,
Cylindar and when the ¢entent of C an the
mediwm is dillerent from thal 1ered
in the 10A and (ke ¢onlent of G is
FF, then this Nag is sel.
Dy | Missing MO When data | raad Irom tha medium,
Agdress il the FOC cannot lind & Data
Mark in Dala Address Mark or Delgled Data
Figla Agdrass Mark, then this fag is set,
STATUS REGISTER 3
Dy | Faul FT This bit is used io indicate the
statys af the Fault slgnat from the
FDE.
Dg | Wrile WP This bil is used to indicate the
Prolgcled stalus of the Writa Protecied signal
from the FOD.
D5 | Ready RDY This bt i5 used 1o 1ndlcate \he stalus
¢l (he Ready signal Mram ihe FDO.
D, | Track U o This bit is used to indicale (he status
ol the Track O signal from the FDO.
0y | Two Side s This bt is used Lo ndicate 1he status
of \he Two Side signal from the FOD.
O | Head HD This bit is used to indicale the slatus
Adorass of Side Selest signal 1o tha FOD.
Dy | Unil Select 1 Us1 This bil 15 vsed (o indlcate he s1alug
of the Unit Select 1 signal (o the FRD.
Dg | Unil Selectq usa

of the Unit Select§ signal 1uthe FDOD.

This bit 15 vsed 10 indicale 1he sta!uj
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ABSOLUTE MAXIMUM RATINGS*

Operating Temperature ............ —-10*C 1o +70°C
Storage Yemperature ............. —-40°C to +125°C
All Qutput Vollages ............... =0.51t0 +7 Volts
Alllnput Vollages ................. =-0.51c +7 Volts
Supply Voltage Vee ..o -0510 +7 Voits
Power Disgipation ... ... ... o o 1 Watt
“Ta=25C

DC CHARACTERISTICS
Ta=0°Cle +70°C; Voo = +5V£5%

COMMENT: Stress above these lisled undor "Absolute
Maximum Ratings" may cause permangnl damage 1o
the device. This Is a siress rating only and functional
operation ol the device at thase or any other conditions
above those indicated in the operational sections of this
specilication is not implied. Exposure to absofule maxi-
i rating conditions For extended periods may affect
device reliability.

LIMITS TEST
SYMBOL PARAMETER MIN MAX UNIT CONDITIONS
Vi input Low Voltage -0.5 a8 ¥
Vi Input High Yoltage 2.0 Voo +05 v
V)L {CLK & WR CLK) =05 0.65 v
Vin [CLK & WR CLK) 2.4 Vec+05 v
VoL Cutput Low Voltage 0.45 v loL=2.0 mA
Vou Cutput High Voltage 2.4 Voo v lop= —200 uA
lec Voo Supply Gurrent 150 ma
R hper g™ N | veeor
-10 WA Vin=0V
ILoH High Leval Qutput 10 uA Vour = Ver
Leakage Current
ol Low Leval Qutput -10 7.3 Vour= +0.45V
Leakage Current
CAPACITANCE .
Ta=258°C; fo=1MHZ; Ve =0V
LIMITS . TEST
SYMBOL PARAMETER MIN MAX uNIT CONDITIONS
Cingm Clock Input Gapacilance 20 pF All Pins Except
Cin Input Capacitance 10 pF _iP_ii:dU::d‘:rcTest
Cout Output Gapaciiance 20 pF Ground

43
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A.C. CHARACTERISTICS

tym0°C be 7O, Vo= +5.0V = 5%

SYMBOL PARAMETER MIN MAX UNIT TEST CONDITIONS
ey Cloek Partnd 125 [H
IcH Clack High Perlod . L 40 na
trsy Resal Width 14 loy
Rand Cycly
IR Balact Selup to AR 0 ns
Tha Salect Hald from RDH a - LH
an AD Pulse Width 250 ns
rg Data Delay Irom RD4 : 200 ni £ =100 pF
Ior Output Float Dalay il 100 ng Gy =101 pF
Wills Cycle _
taw Select Setup lo WHRi 0 ne
twa Selact Hold from WAt o n3
e WA Pulse Width 250 na
tow Data Setup 1o Wt 150 ns
twh Dala Hald from Wikt 5 ns
Intarupin
tay INT Dalay (rom RDt 500 ns
b o - INT Dalay (rom WhRt 500 ns
DMA
ooy DRQ Cycle Period 13 He
[PS DATRS to DRQH 200 ns
taga DRO? to ROV 800 ns 8 MHz clock
laaw DAGH to WH 250 ns 8 MHz clock
lagRw DRQ to TG or WY 12 ue 8 MHz ok
FOLD Inlsriace TyYp ! —_—|=-= - =T ==
I WCK Gycla Time 2ord MEM =10
e | to2 [ _ i wemay M2
IweH WCK High Tims 250 80 350 s - -
tcp Pra-Ehift Delay Irom WCK! 20 1050 ns
1en WD4 Delay from WCK! 20 100 n3
. twon . Write Data Widih byoH = 50 ns
twe WEL to WCK! or WE) 1o WCK( Delay | T | e Ve
[y— Window Cyule Time 2 A MFM =0
1 B I T8 W
RO Wiadow Setup to ROt 15 ns
trow Windaw Hold from AODY 15 ns
thop RDD Active Time (HIGH) 40 ns
FDD
SEEK!
DIRECTION
STEP o
™ USy ¢ Setup to RWISEEKS 12 e
tay .1 Hold from AVW/SEEKS : 15 7]
tsn RWISEEK Selup to LCT/DIR 7 w8
tns RWISEEK Hold from LCTIDIR A0 »3
toet LCT/DIR Satup 16 FRISTEPY 1 e
157D LCT/DIA Hold from FRSTEM 24 wa BMHz clock
ety DSy 4 Hold from FR/Step! 5 73
tgyp STEP Active Time (High} 5 w2
tsr STEP Cycle Time 32 7.3 Hola 3
teR FAULT RESET Activa Time (High ] 10 s
o INDEX Pulse Widlh 625 s
trg Terminal Counl Whith . 1 ley
NOTES:

-

- Typical valuas for T, = 25°C and nominal supply valiage.
. The former valuas am useq for slandard floppy and the latier valuss are usad for minl-floppies.

. Age =33y min, I3 1or dillerani drive units, In the case of aame unit, tge can be ranged from 1 ms 10 16ms wilh BMHz ¢lock perod, and 2ms 10 32ma
with 4 MHz clack, under saflware control,

Wb
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TIMING WAVEFORMS
PROCESSOR READ OPERATION

mEIR ) hd

—-I tar LT e ILLTY I.—

RO
IoF |-—-
DATHA e s s o v s s s | -{ o . e e e s s
|—
iNT
L PROCESSOR WRITE OPERATION
4q, G5, GATK X_
—=| law |—————— o ——————=| Twa [~
WA
— g —— twul-—v
S X
INT \
};—‘cu—— }4—— I f ——
o \ /
DMA OPERATION \ ! \-—
| "\u\-' |
DRG }
4
e S
WA OR AD \' L
‘navdﬁ.‘- !
" FOD READ OPERATION
—_— [ — lwcH

WRITE CLOCK

N\

. wor— |

WK

e -—— ‘]l!
WRITE ENABLE
{WE}

|""- tcp

PRESHIFT O R 1
{P5g.4)

X

WHRITE DATA

N\

“i}:—\lco

WA}
FRESHIFT O | FRESHIFT 4]
NORMAL 3 7
LATE o 1
EARLY i o
INVALID 1 1
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SEEK OPERATION

BT

_.I lus ;-_- s | MU |w—
RWISEEN
—| 50 |+— —=| s |+—
LET/OIRECTION
—+ logt —=| lstD [=—
STEP l\ .
—| izt I-— ’
FLT RESET INDEX

|
FAULT RESET |
FILE UNSAFE RESET
’ l.._ tepn—— T3 oK

FOD READ OPERATION

READ DATA { H
“"i ‘-—Inuo IwRo: ! |1 IRy

READ DATA WINDOW

e
=
ﬁ

NOTE: EITHER POLARITY BATA WINDOW 15 VALID,

TERMINAL COUNT RESET

|
Tc RESET
— -— 1 —_— -~ thst

A.C. TIMING MEASUREMENT CONDITIONS
INPUT WAVEFCRM
o MEASUREMENT POINT

INPUT: 20V = 0.0V
QUTRUT: 2.0V « 0.4V
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SEMICONDUCTORS
UNIT# PART#
Ul 7805

vz 7805

U3 741502
U4 74L8175
U3 7415221
U6 4136

u? 7415279
uad 741810
Ug 7418125
ulo T4L5244
Ull 7415138
ulz 7415163
Ui3 74L5163
ul4 765/8272
uUls 7415240
Ule 7407
ui7 7406
U8 T4LS 74
Uig 74L5221
uz2o T4L574
U2l 74L508
u22 741504
u23 74L500
U24 74L874
uzs 74L5163
uz2é6 7418163
uzy T4L5244
uz2§ 2758/2716
uz29 7415163
uso 7415163
U3l 7415139
03z 7407
u33 T4L504
U34 96L502
u3s 741,832
u36 74L508
u37 741538
U3is 74L538
u3e T4L5244
U40 25152521
U4k 7418244
U4z 7415244
U43 7415244
D44 T4L5245
U45 T4L5245

PARTS LIST

SEMICONDUCTORS
UNIT# PARTS#
U46 7415244
47 74L5393
48 74LS157
49 741804
Us0 F4LS165
usl 78L12
us2 79L12
RESISTOR
‘Rl 4. 7K OHM
R2 4. 7K ORM
R3 33K OHM
R4 4. 7K OHM
R5%* 1.5K OHM
or 3.0K OHM
RO* 1.0K OBM
or 750 OHM
R7 47K OHM
RS 33K OHM
R9* 1.5K OHM
or 3.0K OHM
R1Q 1,2K OBM
Rl 150 OHM
R12 150 OHM SIP
R13#% 3.9k OHM
or 2.ZK OHM
Rl4 4, 7K OHM
R15 4. 7% OHM
R16* 5.1K OHM
or 10K OHM
R17%* 5.1K OHM
or 10K OHM
R18% 3.9K OHM
or 2,2K OHM
R19 1.2K OHM
B20% 1.8K OHM
or 3.6K OHM
R21 not used
R22 not used
R23 150 OHM
R24 1.2K OHM
R25 15K OHM
RI6 2.4K OHM
R27 75K CHM

*part alteration for 5.25" drives

RESISTOR

R28 not used
R29 not used
R30 75K DHM
R31 1.0K oMM
R32 5.IK CHM SIP
R33 4 .7K OHM

R34  5,1K OHM SIP
R35 10X TRIMPOT

R36 330 OHM
R37 4,7K OHM
R38 4,7K OHM
CAPACITOR

Cl-c4 39 uF
C3 .01 uF
cé .1 ufF
c7 220 pF
c8 720 pF
€9 270 pF
c10 220 pF
Ccll1 220 pF
c12 250 pF
c13 600 pF
Cla-Cl7 1.0 uF
18 220 pF
Cl9 0027 uF
{31) 0L uF
CRYSTAL

X1#%* 8,00 MH=z
or 4.00 MHz

LNDUCTOR
L.1# 2,2 uH
10 uH

TRANSISTOR
qQl 2N3906

DIODE
D1-b9 809-36
D10-D11 18914
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SOFTWARE SECTION

1.0 INTRODUCTION

The purpose of this manual is to describe the software supplied with the
Godbout Electronics / CompuPro Disk 1 Floppy Disk Controller for the standard
IEEE 696 (5-100) bus. In addition, a section of this manual is devoted to
degeribing how a modified CompuPro CP/M 2.2 GBIOS can be integrated into the
CP/M system.

This manual is written for purchaser who are familiar with the GP/M BIOS
customizing techniques. If CP/M 2.2 was purchased with the Disk 1 controller
then all corrective patches have been installed. On the other hand if the CP/M
was purchased for a different contreller then be sure to obtain and install all
CP/M corrective patches.

The information contained wichin the document is divided as follows:

a. Software User's Guide

b. Software Features

c. Software Internal Desaign
ds CBIOS Customization Guide

The Software User’s Guide describes how to use the following software packages:

d. FORMAT.com --disk formatter
b. COPY.com / CONVERT.com — disk copy utility
¢e DSKicom —— CP/M l.4 compatibility toggle

The next sectlon describes the external features of the supplied software.
This section describes the enhancements and assumptions made by the CompuPro
CBIOS routines and utility routines.

The Scftware Internal Design section describes the design of the supplied
software. This section should help the user understand how the software
components work; thus enabling the purchaser to modify the software for his
hardware configuration. :

The final section has a step-by-step method describing how to modify and
integrate the CompuPro Disk 1 CBIOS into a CP/M syatem.

2.0 APPLICABLE DOCUMENTS
The reader should he famillar with the following documents.
a. NEC uPD765 Floppy Disk Controller Application Note
b. CompuPro Disk 1 Floppy Disk Controller Description
ce An Introduction to CP/M Features and Facilities
d. CP/M 2.0 User’s Guide for CP/M L4 Owners

e- CP/M 2.0 Alteration Guide
f. CP/M 2.0 Interface Guide
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3.0 SOFTWARE USEFR'S GUIDE

The following paragraphs describe the operating features for the supplied
utility programs. :

3.1 FORMAT.com -~ Floppy Disk Format Urility

The FORMAT.com utility program is supplied so that purchasers of the Disk 1
board can change the density of his disk (data is destroyed). The FORMAT.com
utility formats £loppy disk in IBM compatible formats; not all disk centrollers
are IBM compatible.

The FORMAT utility contains the Diskl board interface routines allowing the
user to run under a current IEEE 696 CP/M 2.2 gystem.

The FORMAT utility has simple and straight forward operaring instructions.
The user is prompted for input as needed to control the utilities flow. The
uset initiates the PORMAT utility by entering the following:

FORMAT
or
FORMAT drive

If the drive is not specified on the command line then the FORMAT urility
prompts the user with the following line:

Specify drive (A: -~ D:} 3
The user now enters the drive {A thru D) and the FORMAT utility proceeds.

After the user has specified the drive to be formatted, FORMAT attempts to
determine the specified disks format. The disk format or lack there of is
displayed for the user and a message requesting the new format selection is
displayed. The format of these displays are as follows:

bDisk is Formatted as 1024 byte sectorss

Select Disk format mode {(0,1,2,3):
0 =128 2 = 512
1 = 256 3=1024 > _

The user now enter the disk formatting selection and the FORMAT utility
begine formatting the disk. As each track is formatted an F appears on the
screen (total of 77). After formatting all the tracks the FORMAT utility begins
a verify operation. This verify operation informs the user of posgible bad
spots on the floppy disk. These displays and a description of the output
follows: i

Confirm ready for format on disk drive B (y)._

1 2 6 7

012345678901234567890 e e 012345678901234567

¥FFFFFFFFFFFPFFFFFFFF e e FFFFRFFRFFFFFFFFFR
VYVVVVSSSVYVVEERVVYVY s s e VVVYVVYVYVSVYSVVEEE



These symbols have the following meaning:

F == successful format operation. $ == errvor occrued by retry worked.
V == read verified. E == hard failure.

After the verification, the FORMAT utility asks the user 1if another disk is
to be formatted. The user response will result in one of three actions as

" follows:

1. Return to CP/M .
2. Formatting another disk with the same parameters.
3. Change formatting parameters.

The FORMAT utildiey uses a lot of user imteractions to control the ueiliries
flow. The user can get a general idea of the inputs required by entering the
following command Line:

FORMAT ?
This will result in the following display:

FORMAT will format a diskette to be used with
the CompuPro disk subsystem.

The FORMAT program is initlated by:
FORMAT <dr:><cr>
Where <cr> is the Carriage Return.
If the drive <dr:> 1s not specified, it will be prompted for.
3.2 GOPY.com / CONVERT.com -~ Disk Copy Utilities.

The COPY and CONVERT.com utility programs perform diskette copy functions.
The CONVERT program inverts the data while copying, because some controllers
record the data inverted from normal form.

These programs are intended to be used to copy an entire diskette to another
diskette. They perform this by reading in a track of data, write it out,
reading it back in and comparing.

The user must tell these programé the following information:
l. Area of Diskette to be copied.
2. Source drive.

3. Destination drive.

These programs get this information by prompting the user with the following
mesgages:

CompuPro COPY Utility Versiom 2.X.

Do you want to copy:
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SYSTEM tracke only? (type S)
DATA tracks only? {type D)
ALL of the disk? {type A}
Exit back to system? (type X) _

Source drive? (A, B, C, or D) _
Destination drive? (4, B, C, or D) _

Put source disk on X

Put destination disk on ¥

Then type <return>

As with the FORMAT program the following is available:
COPY ?

This will result in the following display:

Copy will copy disks on the CompuPro
disk subsystem. To start, type:

COPY <portion><cr>

Where <cr> 1s Carriage Return

and <portion> is 5 = system, D = data or

A = all. If not entered, a prompting message
will be output.

The source and destination drive prompts occur.

A similar message will be output by the CONVERT program.

3.3 DS8K.com -~ CP/M 1.4 Compatibility Toggle.

The DSK routine is used to toggle 256 byte double density disks between CP/M
1.4 and CP/M 2.0. The differences between the two modes only affects files
which are larger than 16K bytes long. There are no real operating instructions
and the code is =elf explanatory.

4.0 SOPTWARE FEATIRES

This section describes the features and the assumptions made in the
following routines:

DISKL ROM / BOOT
DISKl CBIOS

DISK] FORMAT

COPY / CONVERT Programs

The above programs assure a disk which has been formatted by the DISKI
FORMAT utility. The DISK1 FORMAT utility always formats side O cylinder 0 im
128 bytes sectors, FM, 26 sectors per track. The rest of the disk is formatted
in one of the following optional formats:
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128 byte sectors, FM, 26 sectors per track.
256 byte sectors, MFM, 26 sectors per track.
512 byte sectors, MFM, 15 sectors per track.
1024 byte sectors, MFM, &8 sectors per track.

LI R

Also note that due to the size of the DISK1 CBIOS; a CP/M System disk must
be recorded In one of the MFM modes.

4.1 CompuPro DISK1 ROM / BOOT

The CompuPro DISKL ROM code must reside within 256 bytes and contain no
memory data references. The ROM code is therefore straight line code performing
the following functions:

¢ Reads the first four sectors (BOOT program).
¢ Disables the ROM.
# Begin executing the BOOT program.

The CompuPro DISK1I ROM will probably not have to be modified while the BOOT
code will vary depending upon the memory configuration.

The BOOT program resides in the first four sectors of the disk (512 bytes).
It is read by the ROM code into location 0100h and performs the following
functions:

#® Reads in the CBIOS.
¢ Jumps to the Cold Start entry of the CBIOS.

The CBIOS resides in the 5th thru 26th sectors of the disk. The code for
the ROM and BOOT is very similar and assumes FM disk read (side 0 head 0 is
always FM).

The supplied MOVCPM utility program performs the relocation of the BOOT code

depending upon the memory size specification.

4.2 CompuPro DISKL CBIOS

The CompuPro DISK1 CP/M CBIOS implements all of the jump vectors described
in the CP/M 2.2 Alteration Guilde. An additional jump vector was added to allow
for the extended addressing available on the IEEE 696 bus.

Since the CompuPro CBIOS uses Blocker / Deblocker code to handle the MFM
recorded disks; assumptions are required because CP/M 2.2 does not inform the
CBIOS when to flush the disk buffer. Floppy disks are removable media and
before a disk can be safely removed the disk buffer must be flushed. Before a
change of disk is performed one of the following sequences must be performed:

1. A warm start.
2, Closing all files and a disk reset.
3. Call the CBLOS HOME routine.

Failure to perform ome of the above sequences might result in disk data
being written on the newly inserted disk.
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4.2.1 Cold Start

The Cold Start code performs the following functions: .

Initialize, Location 3 == IOBYTE
Location 4 -~ Current Flexible disk
Jutputs a sign—-on message.

Performs the Warm Boot function.

4.2.2- Warm Boot

The Warm Boot code loads the CP/M CCP and BDOS modules and transfer coutrol
to the CCP.

4.2.3 Unit Record

The Standard Unit Record Input / Output routines are;

Console Status. List Output.
Console Input. List Status.
Console Qutput. Punch CQutput.

Reader Input.

The code included in the CompuPro DISK]1 CBIOS assumes the purchaser has a
CompuPro Interfacer 1. The Console ports are 0 and 1 while the reader, punch,
and list are ports 2 and 3. Other serial Imput / Output controllers are quite
similar and require very little modifications, however parallel or memory mapped
video is a different subject and extensive modifications might be required.

4.2 4 Home

The HOME routine flushes the BLOCKER / DEBLOCKER buffer and sets the
selected track to zero (0).

4.2.5 Select Disk

The Select Disk routine performs the following functioms:
& Checks for Valid drive selectiom.
® Computes the specified drive’s DPH address.
e If this is a "first time call” then the disk type is determined.

4.2.6 SET Track

Sets the selected track tc the specified value for a subsequent disk
transfer.

4.2.7 Set Sector

Sets the selected sector to the specified value for a subsequent disk
transfer.

4.2.8 Set Disk Memory Address

Sets the disk memory buffer address for the next disk transfer.
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4e2+9 at Extended Address

—_—

This routine allows the user to set the high order byte of the DMA address.
This allows the CR/M user to assess the entire memory address range available om
the IEEE 696 bus.

4.2.10 Set Number of Sectors

This routine allows the user to access more than one sector on a track at a
time. This feature is only useful for individuals who perform direct transfers
with the CompuPro CBIOS.

4.2.11 READ from disk

A 128 byte record is transfered from the disk previously specified by the
Select Disk, Set Track, and Set Sector routines, intc the memory buffer defined
by the Set Mgk memory address routine.

4.2.12 Write to disk

A 128 byte record is tranafered £rom the memory buffer to the previcusly
gselected disk track and sector.

42,13 Translate Sector Number
A sector translation function is performed on the specified sector using the

translation table specified the the caller.

4.3 DISKL FORMAT

The DISKL FORMAT utility has some important features. One of these features
ts the automatic determination of the number of sides the disk supports. The
FORMAT utility will adjust the formatting parameters for a two-slded diak.

Another feature of the DISK1 FORMAT utility is to perform a read verify
which gives the user a check on the ability of the disk to retain data. We have
found disks which will have read exrors at one density but not a anether. If a
disk has hard or aoft errors at all densities, then this could indicate one of
the following problems:

L. Disk mediz is bad.

2. Drive heads are dirty.

3., Drive is out of adjustment.

4. Contyoller is out of adjustment.

The ability of the FORMAT program toc repeat the identical format on another
disk saves time when Formatting batches of flexible disks.

Some features the purchaser might want te add to the DISK1 FORMAT utility are:

e Formatting System Tracks only.
o Pormatting Selected Tracks only.
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4.4 GCOPY / CONVERT Utilities

The COPY routine performs a track by track copy of the source disk to the
user specified destinationm disk. The CONVERT utility is provided to support the
user that currently has disks that have been written with controllers that
invert the data before written (i.e. Western Digital usage).

Both COPY and CONVERT use the standard CBIOS call formats for reading and
writing the data. The only know restriction with these programs is that the
format of the disk must be compatible with the NEC definition.for FM and MFM. .

5.0 SOFTWARE INTERNAL DESICH

This aection.describes the general flow and philosophy of the supplied
components .«

5.1 CompuPro DISKl ROM / BOOT

The DISK!I ROM and BOOT routines are vary straight forward. They are bhoth
straight line code routines with few loops. The importamt item to remember when
reviewing the listing is the fellowing system disk layout:

Cylinder 0, Head 0 ~ FM recording; 128 byte sectors l-4 reserved for CompuFro
DISKl BOOT. Sectors 5-26 reserved for CompuPro DISKL CBIOS

Cylinder O, Head 1 ~ MFM recording; 256, 512, or.1024 byte sectors. Sectors l-n
not used.

Cylinder 1,Head 0 -~ MFM; 256, 512, or 1024 byte sectors. . Sectors l-n reserved
for CCP and BDOS :

Cylinder 1, Head 1 - MFM; 256, 512, or 1024 byte sectors. Sectors l-n not used.

The value of ‘n” which equals sectors per track dles: 26 for 256 bjte
sectors, 15 for 512 byte sectors, 8 for 1024 byte sectors.

2.2 CompuPro DISKL CEIOS

The CompuPro DISKL CBIOS quite literally makes CP/M work. The CompuPro
DISK! CBIOS uses a modified versiom of the GP/M DEBLOGK routines. The modifica-
tion astems from the fact that multiple sector formars are supported. All CP/M
disk transfers are 128 bytes in length, and a method for combining the 128 byte
transfers into a single, transfer is required.

The descripﬁion of tables and variables used in the CompuPro DISK1 CBIOS are
key to its understanding; therefore the following paragraphs describe the key
tables and variables.

The DPBASE table contains a CP/M Disk Parameter Header (DHP) for each
logical disk drive. The DPH is described in the CP/M 2.0 Alteration Guide, but
a few comments here are appropriate. The PDH is used mostly by CP/M , but four
entries are of fnterest to the CompuPro DISK] CBIOS == the Translation Table
Address, the Disk Parameter Block (DPB) Address, the Check Vector Address, and
the Allocation Vector Address. The Check Vector Address and Allocation Vector
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Address are mentioned here, because storage within the CompuPro DISK1 CBIOS must
be reserved for these CP/M tables.

The Translation Table Address is used to translate CP/M consecutive sectors
into software interlaced external sectors. In order to maintain compatibility
between single density disks, a six sector interlace table is used; but for
other sector formats different tables are used.

The most important entry within the DPH is the Diak Parameter Block. This
address points to a table =- one table for each disk type =~ which describes the
storage characteristics of the assoclated disk type. The CP/M 2.0 Alteration
Guide describes the entries within the DPB, but the Guide does not describe why
the CompuPro DISKL CBIOS has defined the DPB values. The format of the CompuPro
DISK1 CBIOS DPBs follows:

Disk type definition blocks for each particular mode. The format of these
areas are as follows:

8 bit = Disk type code

16 bit = Sectors per track

8 bit = ‘Block shift

8 bit = BS mask

8 bit = Extent mask

16 bit = Disk size/l024 -1

16 bit = Direcrory size

16 bit = Allocation for directory
16 bit = Check area size

16 bix = Offset to first track

The Sector translation tables contain values which are CP/M comparible or
compatible with other popular CP/M implementations.

Now that the description of the tables is complete, the key variables need
to be described. The variablea contain information aboutr various stages of a
disk transfer. The following variables:

ACTDSK == Disk Selection Value
ACTTRK =— Track Namber

ACTTYP -- Disk Type

ACTSEC = BSector in Track

The information about the data contained within the hoat disk deblocking
buffer is contained in a corresponding set of variables called HSIDSK, HSTTYP,
HSTTRK, and HSTSEC. The SEKxxx variables contain the initial CP/M data transfer
request. The variables might result in an actual physical transfer, or the data
requested could be contained in the host disk deblocking buffer. Each time CP/M
calls the WRITE routine, the C register contains a value which indicates on of
the following:

0 - Write tp a allocated block
1l == Write to the directory
2 — Firat write to a previously unallocated block

How the CompuPro DISK1 CBIOS uses these values and other variables reduces
the number of unnecessary pre-reads.

63




The following paragraphs describe the differences between the CBIOS
described in the CP/M 2.0 Alteration Guide and the CompuPro DISKl CBIOS imple-
mentations The reader should be especially familiar with Sections 6 and 12.

The SECTRAR routine differs from the Alteration Guide by testing register
DE. 1If register DE 1s zero, then nmo sector translation is performed. Other-~
wise, DE contains the translation table address.

Since the CompuPro DISKL CBIOS attempts to detect the density and number of
sides of a floppy disk contains, the SELDSK diverges significantly from the
Alteration Guide. When the SELDSK is invoked by CP/M, the disk selection value
1s saved. SELDSK calculates the DPH address, and the least significant of DE is
tested for zere. If the bit is non-zero, then the disk type 1s extracted and
saved, and the DPH address is returned.

The more complicated process begins when the bit 1is zero. The SELDSK
routine callg TREAD to try and determine the floppy disk type. If TREAD returns
with the zero flag set, then the type was determined. SELDSK then computes the
appropriate DPB address and initializes the translation tabie and DPB address in
the DPH.

The READ routine appears simplified, but this is a result of modularizing
its code. This routine first calls the CHKBKD routine, which checks the disk
type for single density floppy. If the disk is a single density floppy, then
the READ routine jumps to the physical sector reading routine FINAL. If the
disk is not a single density floppy, then the host buffer is filled by the FILL
routine, and the appropriate 128 byte sector is moved te the user’s buffer.

The WRITE routine is significantly more complicated than the READ routine.
This complication results from the attempt to reduce the number of unnecessary
pre~reads of the disk.

The WRITE routine calls GHKBKD to determine the disk type. If the disk type
is a single demsity floppy, a jump to the physical WRITE routine is performed.
If the disk type 1s not a single density, then the logic paraliels the WRITE
routine documented in the Alteration Guide.

CompuPro DISKl CBIDS is written fairly straight forward, and only two places
are "sneaky'". The first aneaky portion is in the FILL routine. The FILL
routine returns two parameters on the stack: the host buffer address, and the
calier’s buffer address. The code to place these two addresses inte the stack
starts with the XTHL instruction. The other "sneaky" code is in SETUP. SETUP
pushes the transfer routine address onto the stack so that the EXEC routine
jumps directly to the appropriate disk transfer routine.

This concludes the description of the CompuPro DISKl CBIQS. If the reader

wishes more detailed information, he should refer to the listings and source of
the supplied CompuPro DISK]l CBIOS.

64



6.0 CompuPro CBIOS Customization Guide

This portion of the manual describes a step-by-step method for installing
and customizing the CompuPro released CBIOS. The following paragraphs and
operations must be performed in a sequential manner. C

6.1 Creating the CompuPro BOOT.hex File

The CompuPro BROT.hex file is created by assembling the GBBOOT.asm file.
Before assembling two equates must be alterad:; MSIZE and the comtroller’s base
port address. The released configurarion has the following default values
preset into the source: :

MSIZE = 20k
Controller Port Numbers = COh,e.,C3h

The supplied MOVCPM.com will alter the memory size dependent locations and
if the controllaer’s port is set to the default this step can be by-passed.

6.2 Crearing the CompuPrc GBBIOS.hex file

If alterations to the CompuPro CBIOS are required; then the contreller’s
port and MSIZE values must be set. Alterations to the CompuPro CBIOS are
required if the user wishes to support unit record (CONSOLE, LIST, PUNCH and
READER) which do not use the CompuPro "bit-banger", System Support I, Interfacer
1/2, or Interfacer 3/4 Boards. The use of these gerial interfaces are included
within the released CompuPro CBIODS.

After the alteraticons to the source file(s) are made then a check to insure
the resultant CBIOS is not larger than 1000 bytes is required. If the CBIOS is
larger than 1000 bytes then the BIOSILN value must be altered appropriately. In
addition, a cell within the MOVCPM.com file must be altered. The altered cell
contains the CBIOS length {rounded to next 256 byte page). The location of this
cell 15 805H and 806H as shown in the following figure.

5.3 Understanding the CompuPro MOVCPM.com

The next step in ereating the modified CompuPro CP/M 2.2 system is the
understanding of how MOVCPM.com works and the key to how MOVCPM.com works is its
structure. .

The MOVCPM.com file is composed of two parts: a relocating program and a
Page Relocatable (PRL) file. The relocating program occupies the first 700h
bytes of the MOVCPM.com file and is of little concern. The PRL file on the
other hand is of the utmest concern, because it contains not only the binary
image of the CP/M system but also the relocating informatiomn.

A PRL file allows any byte in the program to have a constant value added to
its This constant is the page offset and is added to the high order byte of the
instruction address. That 1s a sequence of byte €3 25 14 would have the page
offset added to the l4 thus "relocating" jump target by a number of pages. In
order for the relocating program to know which bytes to add the constant page
offset to a bit map is appended to the binary image, one bit for each byte. In
addition, there is a header which contains the binary portiens length and
offset. The header for the CP/M PRL has an additional field indicating the
CBI0S"s length.
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The format of the CP/M PRL portion of the MOVCPM.com file is depicted below:

800 | | | CBIOS LENGIH |
+ + + + + + +
807 | !
+ +
900 | I
- CompuPro Boot Program -
+ +
800 | [
- CompuPro CBIOS Program -
+ +
1600 | |
- CP/M 2.2 Image -
+ +
200 | !
- BOOT byte relocation bit map -
+ +
2c40 | |
- CBICS byte relocation bit map -
+ +
2DA0 | |
- CP/M 2.2 byte relocation bit map -
+ +

It is important to note here that the above deseription applies only to the
CompuPro released MOVCPM.com and not to other vendors. The unique way the
CompuPro System Disks are layed out requires a unique MOVCPM.com and SYSGEN.com.

6.4 Creating the CPMxx.com file

The creation of the CPMxx.com file is = multi-step operation. The goal of
this operation is to create a binary image which can be used by the SYSGEN.com
program. The format of this image can be "SAVED" on a disk file for later imput
to the SYSGEN program. The format of this image is as follows:

+ + t : +- + +

100 | !

- (Required padding NOT used) -

8FA + +

900 | I
- CompuPro Boot Program -

AFA + +
800 | |

- CompuPro CBIOS Program -

L5FA + +

1600 | I

- CP/M 2.2 Tmage -

2BFA + +

In order to create this binary image MOVCPM, DDT, GBBOOT.hex, and GBBIOS.hex
will be used. The following paragraphs describe the use of these files to
create the required binary image.
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The first step in bullding the binary image is to create a CP/M 2.2
relocated for the appropriate memory size. In the following examples we will
illustrate using a 32K CP/M.

ASMOVCPM 32 *

CONSTRUCTING 32K CP/M vers 2.2
READY FOR "SYSGEN" OR
"SAVE 43 CPM32.com"

A>SAVE 43 CPM3Z2.com

We have now bullt a standard released CompuPro 32K CP/M 2.2 binary image on
the file CPM32.com. The next step is to combine the GBEOOT.hex, GBBIOS.hex,
and CPM3Z.com files into a new binary image. To do this one enters the
following:

A>DDT CPM32.COM
DDT VERS 2.2
NEXT PC
2¢00 0100
=LB0O
OBOD JMP 72B3
dB03 Jup 72C3
~f100, 15FF,0  —=—==—wwcaece===> Clear out o0ld image
-iGRBOOT.HEX
=r800 > Bias of 800h
NEXT PC
2¢00 0000
-iGBBIOS.HEX
-~h0B00, 7000 > Compute bias
=7B00 9BOO
~-r9800

NEXT PC
2C00 0000

The next step is to do a quick verify that everything is in its proper
place.

-L0900 » list first few locatlons of BOOT.

=L0B0O0O » list first few locations of CBIOS.

Now exit and save the binary image on a file as follows:

=G0 » exit via jump to warm boot.
A>SAVE 43 CPM32X.COM
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The new CP/M binary image is now on the CPM32X.com file and is ready for
input into the S5YSGEN program as follows:

A>SYSGEN CPM32X.com
SYSGEN Version Z2.2B

Destination drive name (or RETURN to terminate). B <—— drive #
Destination on B, the type return.
Function complete. <-—- new system disk has now been made

- Destination drive name (or RETURN to terminate). <==- RETURN to exit

The system has now been written out on the speciffed disk and is ready for
checkout. Some hints sbout checking out a new CP/M systems. Be sure and check
out the disk functions on a test disk before inserting a disk with needed
information. Nothing is more upsetting than wiping out a disk by accident.
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ALTERATION GUIDE FOR INTERFACER 1/2 I/0 ROUTINES

The current version of CP/¥~80 has voutines that support the serial ports on
INTERFACER ! /2 boards as the CONSOLE, LIST, and ULl devices. The PUNCH and
READER routines are covered through the LIST port. The porc addresses for these
devices are shown in the table below. Since the INTERFACER !/2 boards are
configured under hardware control by programming shunts, the baud rates and
serial parameters are not specified in the following code section.

DEVICE PORT BASE EQUATE
CONSOLE 00H GBEPO:
LIST 02H GBPL:
READER /PUNCH 02H GBPL:

ULl: LIST Q4H GBP2:

To alter the base port addresses, simply alter the equate statement value to
the desired base.

INTERFACER 1/2 I/0 ROUTINES

H CompuPre Interfacer beard equates.

GBPO: EQU 0 ;Serial port zero

GEP1: EQU 2 ;Serial port ome

GBP2: EQU 4 ;Serial port two

GBDATA: EQU 0 ;Data om even I/0 unit

GESTAT: EQU 1 ;jS5tatus on odd I/0 unit

GBTBMT: EQU 00003G001h ;Transmit buffer empty

GBDAV: EQU Q0000010b ;Bata available

GBOPT: EQU 000001 00Db ;Optional status line

GBPE:  EQU 00001000b ;Parity error tPoa waoa 25
GBOR: EQU 00010400b ;0verrun error gasa @Ay s v Fad
GBFE: EQU 00100000b ;Framing error 097 % "%'% ¢ unwe o D9
GBCC: EQU 31900000b 3RS 232 CC input

GBCB: EQU 10000000% sR5 232 CB input

GBRIE: EQU 000000016 jReceiver interrupt enable

GBTIE: EQU 0000001 Ob sTransmitter interrupt enable
GECD: EQU 00000100b 3RS 232 CD cutput

GBCA: EQU. 00Q01G00bL 3RS 232 CA output

GBTSB: EQU 00010000b ;Number of stop bits

GBENF: EQU 00100000b iHo parity

GBEPS: EQU 01000000 ;Even parity

GBNBI: EQU 10000000t jnumber of bits/character

CONSOLE STATUS

This routine samples the Console status and returns the following
values in the A register.

H
H
5
’
H
3
’
’
c

EXIT A = 0 {(zero)}, means no character currently ready to read.
A = FFh (2535), means character currently ready to read.
ONST: 1IN GBPO+GBSTAT ;Input from port
ANT GBDAV sMask data available
RZ ;If data not available
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ONIN:

C) we we we we wr ws e

QNOUT:

B wr wd we we we wa we

UNCH:

EADER:

ORI OFFh
RET

CONSOLE INPUT
Read the next character into the A register, clearing the high order

bit. If no character currently ready to read then wait for a character
to arrive before returning.

EXIT A = character read from terminal.

IN GBPO+4GBSTAT

ANT GBDAV

JZ CONIN ;If data not available
IN GBP(+GBDATA

ANT 7Fh

RET

CONSOCLE OUTPWUT

Send a character to the console. If the console is not ready to recelve
a character wait until the conseole is ready.

ENTRY C = ASCII character to cutput to conscle.

IN GBPO+GBSTAT

ANT GETBMT

Jz CONOQUT ;1L transmit buffer not empty
MOV A,C

ouT GBPCHGBDATA

RET

Puneh Outpuct.

Send a character to the punch device. If no punch device exists
then immediately return.

ENTRY © = ASCII character to output.

IN GBP14+GBSTAT

ANL GBTBMT

JZ PUNCH ;If transmit buffer full
MOV A,C

out GBP14GBDATA

RET

Reader Ianpuct.

Read the mext character from the currently assigned reader device
into the A register.

EXIT A = character read from the reader device.
IN GBP 1+GBSTAT ;Input from port

ANI GRDAV tMask data available

Jz READER 31f data not available

IN GBP1+4GBDATA

RET
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LIST:

LISTI:

W W W W wa

E

e WA WE WA W M W W

LISTST:

LSTAT:

ULLST:

Lisct Jutput.

Send a character to tha list device.

to receive a character walt until the device is ready.

ENTRY
LDA 10BYTE

ANT 0COH

sUT 0COH

Jz UL1

IN GBPL4GBSTAT
ANT GBCCHGBTBMT
SUL GETBMT

JNZ LIST1

MoV 4,C

OUT GBPL4GBDATA
RET

UL : LIST

Send a character to

IN GBP24GBSTAT
ANI GBCCHGBTBMT
SuUl GBTBMT

JNZ ULl

MOV A,C

ouT GBP24GBDATA
RET

List Status.

C = ASCII character to be output.

;Get TOBYTE status
;Check for ULL:

;Get status

OUTPOT

the second interfacer

yGet status

Return the ready status for the list device.

A = FFh (255), list device 1s ready to accept a character.

EXIT
character.
LDA IOBYTE
ANI OCOH
501 OCOH
JZ UL 1ST
IN GBPLHBSTAT
ANT GBCC+GBTBMT
SUI GBTBMT
RZ _
ORI QFFh
RET
IN GBP24GBSTAT
JMP LSTAT
END

A = 0 (zero), list device is not ready to accept another

;Check for ULI:

iIf ready

T

If the list device is not ready




ALTEBATION GUIDE FOR SYSTEM SUPPORT | I/0 ROUIINES

The current version of CP/M-80 has routines that support the serial port on
the SYSTEM SUPPORT 1 as the CONSOLE device and the serial ports on INFERFACER
1/2 boards as the LIST, and UL! devices. The PUNCH and READER routines are
covered through the LIST port. The pert addresses for these devices are shown
in the table below. The SYSTEM SUPPORT I board has a software programmable
USART thar nmust be initlalized before it can be used. To alter the baud rates
and the serial parameters, you must substitute new mode and command words in the
sTINIT routine of the CONSOLE INITIALIZATION section below. (Refar to your
SYSTEM SUPPORT 1 manual for these values.) Since the INTERFACER 1/2 boards are
configured under hardware control by programming shunts, refer to the proper
manual for modificatjon settings.

Since the CONSOLE is the only device supported on the SYSTEM SUPPORT 1
board, this code only covers the CONSOLE I/0 routines. To alter the LIST,
READER /PUNCH, or UL! code, refer to the ALTERATION GUIDE FOR IRTERFACER 1/2 I/0
ROUTINES.

DEVICE PORT BASE EQUATE
CONSOLE 50H GB53:
LIST o2 GBPl:
READER /PUNCH 028 GBP1;
ULl: LIST 04H GBP2:

To alter the base port addresses, simply alter the equate statement value to
the desired base.

SYSTEM SUPPORT 1| CONSOLE I/0 ROUTINE

iF SYSSUP
H CompuPro System Support 1 equates.
GBSS: EQU 50h ;System Support starting port
GBMPO: EQU GB3S5+0 tMaster PIC port O
GBMPLl: EQU GBSS+1 sMaster PIC port 1
GBSFO: EQU GBSS5+Z ;8lave PIC porc O
GBSPl: EQU GB3S+3 ;Slave PIC port 1
GBTO: EQU GBSS+4 ;Timer number 0O
GBT1: EQU GBSS+5 ;jTimer number 1
GBT 2: EQU GBS5+6 3sTimer number 2
GBTC: EQU GRSS+7 iTimer controel port
GBFFPD: EQU GBSS+8 ;Floating point processor data port
GBFPPC: EQU ‘GBSS+9 iFleating point processor command port
GBCLKC: EQU GBSS+10 3Clock command port
GECLKD: EQU GBS5+11 ;Clock data port
GBUD: EQU GBSS+12 ;Uart data port
GBUS: EQU GBSS+13 jUart status port
GBUM: EQU GBSS+14 ;Uart modem port
GBRUC: EqQU GBSS+15 ;Uart command port
SSDAV: EQU 0000001 0b ;System Support Data Available

SSTBMT: EQU 00000001k ;8ystem Support Transmit Buffer Empty
CONSOLE INITILALIZATIOHN

This routine performs the initialization required by
the System Support USART.

[
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aTINIT:
MVI
ouT
MVL
QuUT
MVI

ouT
RET

CONSOLE

A,1L101110%b sasync, l6x, 8 bits, no parity, even, 2 stops

GBUM ) $Set up mode register 1

4,01L11110b 9600 baud

GBI ;Set up mode register 2

A,00100111b sTrans. on, dtr low, rec. on, no break,
: no reset, rts low :

GBRUC ;Set up command port

STATUS

This routine samples the Conscle status and returns the following
values 1in the A register.

EXIT A = 0 (zero), means no character currently ready to read.
A = FFh (255), means character currently ready to read.
CONST:
N GBUS sInput from port
ANT SSDAY ;Mask data available
RZ 3If data not available
ORI OFFH
RET
L
: CONSOLE INPUT
L]
3 Read the next character into the A register, clearing the high order
H bit. If no character currently ready to read then wait for a character
H to arrive before returning.
¥
H EXIT A = character read from terminal.
SCONIN:
IN GBUS ;Get status from uart
ANIL SSDAV
JZ sCONIN
IN GEUD
ANI T¥h
RET
¥
H CONSOLE OUTPUT
¥
H Send a character to the comsole. If the comsole is not ready to receive
H a character wait until the consecle 1s ready.
¥
H ENTRY ¢ = ASCII character to cutput to console.
gCONOUT:
IN GBUS ;Get uart status
ANT SSTBMT jTest if buffer empty
JZ sCONOUT
MOV 4,C
oUT GBUD
RET '
ENDIF
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ALTERATION GUIDE FOR INTERFACER 3/4 I/0 ROUTINES

The current version of CP/M-80 has routines that support the serial ports on
the INTEFACER 3/4 as rhe CONSOLE, LIST, and ULI devices. The PUNCH and READER
routines are covered through the LIST port of the INTEFACER 1/2 code. The pott
addresses for the INTERFACER 3/4 are 10H-!7H. The USER number for these devices
are shown in the table below. The INTERFACER 3/4 board has software program—
mable USARTs that must be initialized before it can be used. To alter the baud
rates and the serial parameters, you must substitute new mede and command words
in the I3INIT routine of the CONSOLE INITIALIZATION section below. {Refer to
your INTERFACER 3/4 manual for these values.)

DEVICE PORT BASE USER NUMBER EQUATE
CONSOLE 10H #7 CON:
LIST 10H #6 PRN:
READER /PUNCH 02ZH NONE GBPl:
UL1l: LIST 10H #5 ULS:

To alter the base port addresses, simply alter the GBI3: equate statement
value to the desired base. To alter the USER NUMBER, siwmply alter the CON:,
PRN:, or ULS: equate statement to the desired USER.

INTERFACER 3/4 CONSOLE I/0 ROUTINE

IF IRTERZ
H CompuPro Interfacer 3/4 support routines
GBI3: EQU 10h sInterfacer 3/4 Base address
GBI3D: EqQU GBI3+0 sUart data location
GBI3S: EQU GBI3+1 ;Uart status
GBIRM: EQU GBI3+2 ;Uart wmode register
GBI3C: EQU GBI3+3 sUart command register
GBL3U: EQU GBI/ ;User select register
GBI3DV: EQU 00000010b sInterfacer 3/4 Data Available
GBI3MI: EQU 000000011 sInterfacer 3/4 Transmit Buffer Empty
GBI3DS: EQU 10000000 tInterfacer 3/4 Data Set Ready
CON: EQU 7 sInterfacer 3/4 Console Select
PRN: EQU 6 sInterfacer 3/4 Printer Select
ULS: EQU 5 ;Interfacer 3/4 ULl Select
»
H CONSOLE INITIALTILIZATTIONW
3
H This routine performs the initialization required by the Interfacer 3/4.
¥
I3INIT:
MVI 4,CON ;jConsole select
QUT —- GBRI3U ;Select Uart 7 =—
MVI A,111011100 sAsync, 16x, 8 bits, no parity, 2 stops
ouT GBI 3M 3Set up mode register 1
MVI 4,01111110L 39600 baud
ouUT GBI3M ;Set up mode register 2
MVI 4,00100111b 3;Trans. on, dtr low, rec. on, no break,
H no reset, rts low
ouT GBI3C 55et up command port
MVI A,PRN jPrinter Select
OUT - GBI3U 1 ;Select UDart O .
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MVL
our
MVL
our
MVL

ouT
MVI
ouT
MVL
ouUT
MVL
ouT
MVL

ouUT
RET

3
H
.
E
H
]
13
.
3
H
¥

A,11101t10b
GBI M
4,01111110b
GBI3M
4,00100111Lb

GBIC
A,ULS

GBI3U .
4,11101110b
GBI 3
A,01111110b
GBI 3M
4,00100111b

GBL3C

sAsync, l6x, & bits, no parity, 2 stops
;Set up mode register 1

+ 9600 baud

;Set up mode repgister 2

;Trans. on, dtr low, rec. on, no break,
H no reset, rtas low

;Set up command port

iUser list 1 Select

;Select Uarc O - -

jAsync, l6x, 8 bics, no parity, 2 stops
;Sat up mode register 1

39600 baud

;Set up mode register 2

;Trans. on, dtr low, rec. on, no break,
H no reset, rts low

;Set up command port

CONSOLE STATUS

This routine samples the Conscle status and returns the following
values in the A register.

EXIT A = D {(zero), means no character currently ready to read.
A = FFh (255}, means character currently ready to read.
3CONST:
MYT A,CON
OuT GBL3U .
IN GBL3S sInput from port
ANI GBL3DV iMask data available
RZ +If data not available
ORI 0OFFH
RET
L
5 CONSOLE INPUT
¥
H Read the next character into the A register, clearing the high order
5 bit. If no character currently ready te read then wait for a character
H to arrive befeore returning.
L
H EXIT A& = character read from rerminal.
I3CONIN:
MVL A, CON
ouT GBI 30U
IN GBI3S yGet status from uart
ANT GBL3DV
JZ I3CONIN
IN GBI3D
ANI 7Fh
RET

M U W ur e

CONSOLE CUTPUT

Send a character to the console. If the console is not ready to receive
a character walc until the consele is ready.
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; .
H ENTRY C = ASCII character to output to console.

1 3ICONOUT:
MVL - A,CON
QuT GBI3U
IN GB13s ;Get uart status
ANI GBI MT ;Test if buffer empty
JZ I 3CONOUT
MOV AC
auUT GBI3D
RET

Lisasct OQutctput.

Send a character to the list device. If the list device 1s not ready
to receive a character wait until the device is ready. '

*
»
5 ENTRY € = ASCII character to be output.
I3LIST: LDA IOBYTE - 3Get IOBYTE status
ANTI 0COH ;Check for ULI1:
UL OcOH
MVI A,ULS
Jz I3UL1
MVI 4,PRN
‘I3ULL: OUT GBI U
I3LST1: IN GBL3S
ANT GBI 3MT+GBI3DS
1008 GBI IMT+GBI3DS
JRZ I3LsT1
MOV A,C
QuT GBI3D
RET

List Status,
Return the ready status for the list device.
EXIT A = 0 {(zero), list device is not ready to accept another charac.

4 = FFh (255), list device 1s ready to accept a character.
3LET: LDA TIOBYTE )

= ws uwr ws wr wr we s

ANI OCOH : sCheck for ULL: .-
SUT 0COH : _
MVI A,ULS
Jz 13LS1
MVI A, PRN
I3LSl: OUT GRI3U
IN GBI3S
ANT GBI MT+GBI 3DS
SUT GBI3THGBI3DS
MV A, OFFH
RZ
XRA A
RET
ENDIF
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DISCLAIMER

Godbout Electronics makes no representations or warranties with respect to
the contents hereof and specifically disclaims any implied warranties of
merchantability or fitness for any particular purpeose. Further, Godbout
Electronics reserves the right to revise this publication and to make
changes from time to time in the content hereof without obligation of
Godbout Electronics to notify any person of such revision or changes.

CBIOS - Sorcim CompuPro CP/M 2.2 CBIOS.

I I

| CBIOS |

| |

CompuPro Sorcim Corp.
Oakland, CA Santa Clara, CA

This product is a copyright program product of
Sorcim Corp. and is supplied for use with the CompuPro
Disk controllers.

Version number: 2.2K

M WE Ma W e WA MR WE WE ME W WA U WY MR W WE MR Wl M W

80-10=-27 Ver 2.24

81-03-05 Ver 2.,2E Seek fixes. dwd.

81-03-30 Ver 2.2F Add Bit Banger. phm.

81-04-25 Ver 2.2G Add System Support, two list devs. bdg.
B1-05-21 Ver 2.2H Add flushing fixes. dwd

81-09-08 Ver 2.2J Add Interfacer 3 support routines. bdg.
B1-10-26 Ver 2.2ZK Add list device for interfacer 3. bdg.

Fix deblocking in SETTRK

The fellowing code is supplied to customers who
purchase a hard/floppy disk system from CompuPro.
The intent of the following cede is to illustrate
how to create a CBIOS for the user supplied

WA e A MR WA WA MY B W W e ME MR W M W MR e W

+ CP/M 2.2. Lines of code beginning with ";+" were
+ modified for assembly with Digital Research’s ASM
+ assembler. Syntax changes and comments can be found
+ near the modified lines.
CompuPre IEEE 696 Floppy Disk Controller.
CompuPro IEEE 696 chassis and motherboards.
Compufro IEEE 696 Dual Processor hoard.
CompuPro IEEE 696 RaM 20 boards (2).
CompuPro IEEE 696 Interfacer I (assigned port 0 thru 3).
OPARM: EQU 32 sMemory size in Kbytes, or Bios load address

VERS: EQU 22
CBIOSV: EQU 11 $CBIOS revision level (2.2K)
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FALSE:
TRUE:
Z80:
Cc8080:
HARD:
BANG:
SYSSUP:
INTER 3:

BIOSLN:

CR:
LF:
BELCNT:

K:
3t
option:

option:

MSIZE:
BIO0S:
LWAMEM :

MSIZE:
BIOS:
LWAMEM :

BDOS:
CCP:

-

IOBYTE:
GCDRISK:
BIORAM:
OPTS:

L]
TICK:
DBUF:

HSTSIZ:
CPMSIB:
FPYSIB:

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

)

EQU
EQU
EQU

EQU
IF
set
if
set
endif
if

EQu
EQU
EQU
ENDIF
IF

if

EqQU
EQU
EQU
ENDIF
EQU
EQU

0

NOT FALSE
FALSE

not Z80
FALSE
TRUE
TRUE
TRUE

010004

0Dh
OAh
5%1000

1024

OPARM < (64+2)
false

oparm/ (64+1)
true

not option
OPARM
MSIZEMK-BIOSLN
MSIZE*K~-1

OPARM > (64+1)
option

(OPARM4BIOSLN ) /K

OPARM
OPARM+BIOSIN-1

BIOS-QEQOh+6
BIOS-1600h

Page Zero Definitions.

EQU
EQU
EQU
EQU

EQU
EQU
CP/M to
EQU

EQY
EQU

3

4

40h
BTIORAM
BIORAM+1
BIORAM+2
80h

iSet to true if processor is Z80.

;Otherwise processor 1s 8080 type.

sSet to true 1f hard disk code

jFalse to eliminate Bit Banger.

;Set to true to include System Support code.
;Set to true to include Interfacer 3 support

sBios length

;Delay count for 5 Mhz CFU

sIf absolute

:Size of CP/M memory
;:Start of CP/M jump table

$+If PRL generation

;5ize of CP/M memory
;Start of CP/M jump table

sBDOS entry point

;Lacation of TOBYTE

sLocation of curremt disk

;16 ram cells

$GBC DISKL board switch options
3GBC {cell before TICK}

;GBC Sample period

tDefault sector buffer

host disk constants

1024
1024/128
2048/128

sBlocking/Deblocking buffer size
;Standard sectors im block
;Sectors in floppy disk block
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LT RCTY

DSESE:
DSKS2:
DSKD1:
.DSKD2:
DS KD 3:
DSKD4:
DSKD 5:
DSKDG:
HAXFTP
DSKE8s1
DEK8s2
DSK8M1
DSKEM2

S1DSM:
S2DSM:
DLIDSM;
D2DSM:
D3ADSM:
D4DSM:
D5DSM:
D6DSM:

-

WRALL:
WRDIR:
WRUAL:

W R WA WE e W W Wa

NDSK;:
WOHRD:
NOFDD:
ALVS:
CSVS:

e Wy W Ua we wa

A Wb mE 4 ae

QP/M disk control block equates which define the
disk types and maximum storage capability of each

disk type.

EQU 0 ;Single densaicy, single sided.
EQU 1 ;Single density, double sided.
EQU 2 ;Double density, single sided.
EQU 3 s;Double density, double sided.
EQU 4 sDouble density, single sided
EQU 5 ;Double density, double sided
EQU 6 sDouble density, single sided
EQU 7 ;Double density, double sided
EQU DSKDS  ;Maximum floppy type

EQU 8 ;SA 1002 and first half SA 1004
EQU 9 slast half SA 1004,

EQU 10 sFirst half of Memorex 8 inch drive
EQU i1 sLast half of Memorex 8 inch drive
EQU ((77-2) %26} /CPMSIB

EQU ((77-2)%2%26) /FPYSIB

EQU ((77-2)%2%26) /FPISIB

EQU ((77=2)*242%26)} /FPYSIB

EQU ((77-2) *4*15) /[FPYSIB

EQU ((77-2)*2%4%]5) /FPYSIB

EQU ((77=2)%*8#8) /FPYSIB

EQU ((77~2)*2%8*8) /FPYSIB

BDOS constants on entry to write

EQU 0 swrite to allocated
EQU 1 swrite to directory
EQU 2 swrite to unallocated

Macro for generating Control Blocks for disk drives
The format of these disk control blocks are as follows:

16 bits = => translation table.

48 bits = Work area for CP/M.

16 bits = => DIRBUF.

16 bits = =» Parameter block.

16 bita = => check vector.

16 bits = -> allocation vector.

SET 0 sNumber of disk drives

SET 0 ;Number of hard disk drives
SET 0 sNumber of £loppy disk drives
SET 0 sAllocation vector size
SET 0 iCheck vector size

The following jump table definmes the entry points
into the CBIOS for use by CP/M and other external
routines; therfore the order of these jump cannot

be modified. The location of these jumps can only

be modified by 400h locations, which is a restriction
of MOVCPM.
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ORG BIOS
JMP CBOOT ;Cold boot
JMP WBOOT ;Warm boot
JSCST  JMP CONST ;Console status (input)
JSCIN P CONIN ;Console input
Jscour P CONOUT ;Console output
JSLIST JMP LIST sList output
JMP PUNCH ;Punch ocutput
JMP READER sReader input
JMP HOME ;Set track to zero
JUP SELDSK ;Select disk unit
JHE SETTRK iSet track
JME SETSEC j8et sector
JMP SETDHA sSet Disk Memory Address
JMP READ sRead from disk
JMP WRITE sWrite onto disk
JSLST  JMP LISTST ;List status {output)
JMP SECTRN iTranslate sector numher
""""" - JMP SETNUM ;Set number of sectors to read
JMP SETXAD ;iSet extended address bank.
H Extended bank addresses.
CXADR: EQU 00h $GP/M Bank
BEADR: EQU 00k ;BIOS Bank
H Disk Input / Output port assignments.
FOPORT EQU 0CcOh ;Base port address for Controller
FDCS EQU FDPORT i3tatus register
FICD EQU FDPORT+1 ;Data register
DMA EQU FDPORT+2 ;Dma address {(when write}
INTS EQU FDPORT+2 ;Status Reglster (when read)
SER EQU FDPORT+3 ;Serial port
H Controller function definitions
F$SPEC equ 03 ;Specify
FSDSTS equ 04 ;Drive starus
FSWRT equ [¢):] iWrite data
FSRDAT equ 06 ;Read data
FSRECA equ 07 jrecalibrate
F$RSTS equ 08 sRead status
FSDRID equ 10 ;Read ID
F5SEEK equ 15 :Seek

W owe e we

Disk drive constants

To alter step rate times from the selected § ms to a
lower rate, simply comment out {(";") the 8 ms rate and
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remove the ";'" from in front of the faster rate.
8 ms step rate 1s selected as shipped.

LTS

STEFR: equ 8 ;Shugart SA 800 or other 8 ms drive

3 ms step rate for QUME and other drives with 3 ms step
rates should be set for 4 ms due to problem in 8272 and
7654 controller chip.

CLEC TR

$STEPR: equ 4 34 ms step rate
SRT: equ 16=-5TEPR jController value
HUT: equ 240/16 sHead unload = 240 ms
HDLT : equ 35 i ;Head load = 35 ms
: equ Ob ;S8et DMA mode
7 6 5 4 3 2 1 0
STO | Ic | SE | EC | NR | HD | Us |
b e . s - - 'l L Jl_
§T1 lEN [ 5 | DE |OR | O | ND | NW | MA |
L L L d 3 . 'l A +
ST2 | $ | c4 | DD JWC|SH|SN|BC|MD]
ST3 | ¥r | WP | RY | TO | TS | HD | us |

IC = Interrupt code.
00 - Hormal termination by TC signal.
01 - Abnormal termination.
10 - Invalid command.
11 - Abnormal termination (READY dropped).
SE = Seek end, inticates end of seek.
EC - Equipment Check.
NE -~ NHot ready.
HD ~ State of the head select.
US = State of the unit select.
EN - End of Cylinder, Read EOT sector.
DE - CRC error in ID or data fields.
OR - Over run.
ND = No Data.

NW = Not writable (write protect detected)

MA - Missing address mark.

We We We e We WY We W MR WA MR WE W W Wa W W R W W WE M WE WE WE WE WE WE M Wa WE e M W W we W W uMe ws we 2

CM = Control Mark (deleted data address mark).
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DD = CRC error in data field.

wc

Wrong cylinder.
SH - Scan equal hit.

SN - Scan not satisfied.

BC = Bad cylinder.
MD - Missing data mark.
FT - Fault.

WP - Write protect signal.

M W W W Y MR MR R W s MR W W W W W W e

RY -~ Ready.

Y

TO0 = Track zero.

TS - Two sided disk is inserted.

W W W

Morrow Designs Hard Disk Comtroller Equates.

HDPORT: EQU 050h
UDSTAT: EQU HDPORT-H} ;Status and control
HDCMD: EQU HDPORT+1 ;Command channel
HDFNC: EQ@ HDPORT+2 ;Function

HDDATA: EQU HDPORT+3 sData port

;Base port address

IN HDSTAT 7

I
Halg €=we——mmaman -+
ILEVEL
NREADY
NFAULT
TIMOUT
COMPLT
OFDONE

5 4

wh W e

+——a

X
T

B —)
+——————

m———— e

Mh e WE W W W M ME WA W W W M W W WS W e

wh e e

TRACKQ

AR A AN AT AT AT A

S ——_ 1

IN HDCMD

Rl <«

- —

RO <
RETRY <

— k3

———— O

- —

SDONE <

OUE HDSTAT

WPROT <
DSKCLK

- —t

+o——

<

t ———

ROUN <
FRENBL

<

+——— o0
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¥
; QUT HDFNC 7 6 5 4 3 2 1 0
H [ I R N
; NHEAD < } t t + | | | |
; DIR < + | 1
; 'NSTEP < £t
; DRIVE < et
H Hard disk commands {(QUT HDCMD).
H$RBDT: EQU 0h sreset buffer pointer (data}
H$RSDT: EQU 0lh sRead sector data
HSRSHD: EQU 03n ;Read sector header
HSWSDT: EQU 05h ;Write sector data
HSWSHD: EQU 07h sWrite sector header
HSRHPT: EQU 08h ;Reset header pointer

ENDIF
STEFMS: DB {SRT SHL 4)+0
3 Sector Translation Tables.
XTABLE: DW LTS ;Single 128

DW XTD1 ;:Double 256

DW XLTD2 ;Double 512

bW XLTD3 ;Double 1024
X1S: DB 0,6,12,18, 24,4, 10,16, 22, 2,8, 14,20

DB 1,7,13,19,25,5,11,17,23,3,9,15,21
XLTD1l: DB o, 1,18,19,36,37, 2, 3,20,21,38,39

b3:) 4, 5,22,23,40,41, 6, 7,24,25,42,43

DB 8, 9,26,27,44,45,10,11,28,29,46,47

DB 12,13,30,31,48,49,14,15,32,33,50,51

DR 16,17, 34,35
XLTD2: DB 0, 1, 2, 3,16,17,18,19

DB 32,33,34,35,48,49,50,51

DB 4, 5, 6, 7,20,21,22,23

DB 36,37,38,39,52,53,54,55

DB 8, 9,10,11,24,25,26,27

DB 40,41,42,43,56,57,58,59

DB 12,13,14,15,28,29,30,31

DB 44,45, 46, 47
XLTD3: DB 0, I, 2, 3, 4, 5, 6, 7

DB 24,25,26,27,28,29, 30,31

DB 48,49,50,51,52,53,54,55

DB 8, 9,10,11,12,13,14,15

DB 32,33,34,35,36,37,38,39

DB 56,57, 58,59,60,61,62,63

DB 16,17,18,19,20,21,22,23

DB 40,41 ,42,43,44,45,46,47

83



SKMSK:

wr ws ] wa

DPBASE:
ndsk

nofdd
cBvs

alvs
ndsk

nofdd
cevs
alvs
ndsk

nofdd
c3Vs

alvs
nd sk

nofdd
c8vs
alvs

DPRS1:

DPBS2:

Disk selection masks. .
A B c D E F G H
DB O0h,0lh, 02h,03h, 000, 00,000, 00k, 00h
1 J K L M N o] P
Control Blocks for disk drives

set ndsk+1

dw x1lts,0,0,0,dirbuf ,dpbsl+l, csviesvs,alv+alvs
set nofdd+l

set eovat+{256/4)

set alve+((d6dsmt?) /B)

set ndsk+1

dw x1ts,0,0,0,dirbuf ,dpbal+l, caviesvs,alv+alvs
set nofdd+l

set cavs+(256/4)

set alvs+{{d6dsmt7) /8)

set ndsk+l

dw xlts,0,0,0,dirbuf ,dpbsl+l,csvtesvs,alvtalvs
set nofdd+l

set cavat+(256/4)

set alvs+{{d6dsmt7) /8)

set ndsk+1

dw x1ts,0,0,0,dirbuf ,dpbsl+l,csviesvys,alv+ialvs
set nofdd+l

set csvet+(256/4)

get alvs+{{(dédsmt7) /8)

IE HARD

ENDIF

Disk type definition blocks for each particular mode.

;Single density, single sided.

db dsksl

dw 26

db 3,7,0

dw sldsm=1,64~-1

db 11000000b, 00000000bL
dw (64+3) /4

dw 2

s3ingle density, double sided.

db daks2

dw 26

db 4,15,1

dw s2dsm-i,128-1

db 110600000b, 000000000
dw (12843) /4

dw 242
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DPED1:

DPBD2:

DPED3:

DPBD4;

DPBDS:

DPBD6;

db
dw
db
dw
db
dw
aw

db
dw

dw
db
dw
dw

db
dw
db
dw
db
dw
dw

db
dw
db
dw
db
dw
dw

db
dw
db

sDouble density, single sided.

dskdl
2526

4,15,0
dldsm-1,128-1
11000000b, 00000000b
(128+3) /4

2

;Double density, double sided.

dakd2

2%26

4,15,0

d2dam-1, 256-1
11110000t , 000000000
(256+3) /4

2%2

sDouble density, single sided.

dskd3

L*15

4,15,0
d3dsm-1,128-1
110000005, 000000000
(12843} /4

2

sDouble density, double sided.

dskdé

4%15

4,15,0

d4dsm~1, 256-1
11110000, 0000000C0L
(256+3) /4

242

sDouble density, single sided.

dskd5

843

4,15,0

d5dsm-1, 128-1
11000000b, 00000000
(128+3) /4

2

sDouble density, double sided.
dskdb

8*8
4,15,0
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DPR58L:
DPBS82:

DPBM81:

DPBM82:

GBPO:
GBPl:
GBP2:
GBDATA:
GBSTAT:
GBTEMT:
GBDAV:
GROPT:
GRPE:
GBOR:
GBFE:
GBCC:
GBCB:
GBRIE:
GBTIE:
GBCD;
GBCA:
GBTSB:
GBNP:
GBEPS:
GBNBI:

W e W E wa e e e e e e

CONST:

dw
db
dw
dw

IF

ENDIF

dédsm—-1,256-1
11110000%,00000000b
(256+3) /4

2%2

BARD

3Shugart SA 1000, first half.
;Shugart Sa 1000, last half.
jMemorex 8 inch. first half.

sMemorax 8 inch. last half.

CompuPro Interfacer board equates.

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQ
EQU
EQU
EQU

CONSOLE

0 ;Serial port zero

2 ;Serial port ome

4 ;Serial port two

0 sData on even 1/0 unit

t ;Status on odd I/0 unit
00000001 b ;Transmit buffer empty
00000010b sData available

Q00001 00b s0ptional status line
¢00461000b jParity error

00010000k ;Overrun error

00100000b jFraming error

01000000 3RS 232 CC input
100000G0b sRS 232 CB input
00600001 sReceiver interrupt enable
00G00010b iTransmitter interrupt enable
00060100b 3RS 232 CD output
00001000 sRS 232 CA output

0001 0000b sNumber of stop bits
00100000b ;No parity

010003001 ;Even parity

10000000b snumber of bits/character

STATTUS

This routine samples the Console status and returns the
following values in the A register.

EXIT

IN
ANI

ORI
RET

A =0 (zero), means no character
currently ready to read.

A = FFh (255}, means character

currently ready

to read.

GBPO+HGBSTAT sInput from port
GBDAV sMask data available

3If data nmot available
OFFh
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M W WE we e e we e

CONIN:

W W W W e WA W e

CONOUT:

WE MA W s wr we W

PUNRCH:

WA U W WE WE W Wl

READER:

CONSOLE INPUT

Read the next character into the 4 reglster, clearing
the high order bit. If no character currently ready to
read then wait for a character to arrive before returning.

EXIT A = character read from terminal.

™ GBPO+GBSTAT

ANI GBDAV

Jz CON'IN sIf data not available
IN CGBPO+GBDATA

ANI 7Fh

RET

CONSOLE OUTPUT

Send a character to the console. If the console
is not ready to receive a character wait until
the console is ready.

ENIRY € = ASCII character to output to console.

IN GBPO+GBSTAT

ANI GBTBMT

Jz COROUT sIf tramsmit buffer not empty
MOV A,C

ouT GBPO+GBDATA

RET

Punch OQuetpuct.

Send a character to the punch device. If no punch
device exists then immediately return.

ENTRY C = ASCII character to output.

IN GBP1+GBSTAT

ANI GBTBMT

Jz PUNCH sEf transmit buffer £full
HOV A,C

oUT GBPL+:BDATA

RET

Reader ITnpuct.

Read the next character from the currently assigned
reader device into the A register.

EXIT A = character read from the reader device.
IN GBP1+GBSTAT ;Input from port

AN GBDAY sMask data available

Jz READER 3sIf data not available
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IN GBP1+GBDATA
RET

List Outpuct,
Send a character to the list device. If the list

device 1s not ready to receive a character walt
until the device is ready.

T R IR L L L

ENTRY C = ASCII character to be output.

LIST: DA IOBYTE ;Get IOBYTE status
ANI OCOH ;Check for UL1:
SuL 0COH
JZ - ULl

LIST1: 1IN GEP1+GBSTAT ;Get status
ANI GBCC+GRTEMT
SUL GBTBMT
JNZ LIST1
MOV A,C
ouT GBP1-+GBDATA
RET

UL1: LIST OUTPUT

Send a character to the second interfacer

wa wa oy e e

UL1: IN GBP2+GBSTAT ;Get status
ANI GBCCH+GBTBMT
SUL GBTBMT
JNZ ULl
MOV A,C
oUT GBPZ+GBDATA
RET

List S8tataus.
Return the ready status for the list device.

EXIT- A = 0 {(zero), list device is not ready to
accept another character.
A = FFh (255), list device is ready to accept
a character.

L A

LISTST: 1DA IOBYTE
ANI OCOH sCeck for ULI1:
SUL OCOH
JZ UL 18T
IN GBP1+GBSTAT
LSTAT: ANI GRCCHGBTBMT
sSUL GBTBMT
RZ ;If ready
ORI OFFh
RET
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UL1IST:

M W WE W e M M e

W M ows My W WA W W e

WA WS WA e e MR W W

yBANG:

samp:

IN GBP2+GBSTAT
JMP LSTAT
IF BANG

TITLE ‘Bit Banger for CompuPro DISKI®
Bit Banger for CompuPro DISK].

81-03-28 phm

7 Data bits, no. parity

For 2 MHz 80853, use 300 Baud.
For 5 MHz, use 600 Baud.
Normal bit timinga.

__ TICK ___
Baud uSec/bit MHz SMHz
4800 208 << 25
2400 416 18 46
1200 833 38 92
600 1667 75 216
300 3333 102 E%-53
110 can’t b5 >

Regtriction on higher rates is due to the fact
that we can only adjust speed by integral TICK
counts: Unless number > 100, cannct tune in closer
than one percent-

Timing for the Bit Banger is via programmed delays,
so be very careful if changes are contemplated.
Baud = Bit per second of serial data.

Cycle = Machine cycle (clock period, T=-5tate).
Tick = 1/n of a bit time (PERIOD of sample).

1200 baud = 833 uSec/bit

* 2 MHz = 1667 cycles/bit

/ 16 sample rate= 104 ecycles/Tic

EQU SER . 38erial bit latech port

db 0ffh

DS 10 ihuckets for Space counts
db DEfh

CONSOLE STATUS

BitBanger has nc status available, so always
replies NO. This means that Ctrl-5 will
not work when using the BitBanger.

Exit A= FFh means character avallable.
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KONST:

5‘" wE oy W W W W s WE W e

outer

Kra a
RET

Output 1 Character.
Entry (= Character to output.

Line assumed marking.
Exit Line marking, but stop time not elapsed.
Transmission format:

Data bits ioverted;

Start(0), DO, D1, ++., D6, Stop(l), Leaves marking
Note: Cannot destroy DE or HL.
Uses AF, BC.

push h
push d
MOV A,C
ani 7£fh suse Bit7? as Start bic (0)
xel (FFh ;invert data -
~ RLC sadjust
MOV C,A
mvi B, 7+1+l ;7 bit data, 1l Start, 1l fudge
Write 8 bits.
loop time:
N=28
= (N * MT+6) + (N+1)*(37) - 3
N=28

W MR U o e W WA VS Wa W M W W W

procli$n:

.
¥

proclim:

NT = 8#*MT + 48+333-3

378 + 8% (A3*TICK-3)
378 = 24 + (344%TICK)
354 + 344%TICK

10 + 344%(TICK+L)

]

for each bit:

NI = 43#%M-3 + 6 + 37 -~ 3
= 37 + 43
= -6 + 43*%(TICK+1)
1lda tick 1{7 7
MOV E,A 5(5 4
MOV 4,C 3 (5 4
RRC s (4 4
MOV C,A ; (5 4
der B & 4
JZ procl$6 ;if enuf bits read
inx h 3 (5 6
Begin output loop for this bit.
ouT ¥BANG s (10 10 113}
anl 80h (7 7
RLC s (4 4
RRC 3 (4 4
MOV D,A 3 (5 4
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der E s (3 4 4)

JNZ procl$m ;{10 10(7) L0)
H 3 (2244
3 inner loop= 43%M-3
; 21+M)
JUP procl$n
procl$e:
mvi B,2 ;2 Stop bits
pracl$62:
1lda TIiCK
MOV E,A
inx a
procl$65:
mvi A, 0 sStop bit= Mark= 1
OUT yBANG (10 10 11}
ani 80h ;(7 i
RLC ; (4 4
RRC 3 (4 4
MOV D,A 3 (5 4
der E ; (5 4 4)
JNZ procl$es ; (10 L@y 1)
der B
JNZ procl$62 s;if more stoppers
POP D
POP H
RET

Bit Banger Input.

Exie A= Character read.
Bit7 clear.

Uses AF, BC, DE, HL.

e e W e we we

H Timing for BO8Q BOBS z80
KONIN:
1xi H, SAMP
mvi B,9+1
: Wait for Start bit.
proc2$10:
N yBANG
RLC
JNC proc2$Lo 3if line still Marking

How take 7 uniform samples.
The number of peeks in each determines the sample width.

proc2én:

1lda TICK s (13 13

MOV E,A 5 (5 4

ROV m,d 3 (7 7

mvi d,0 {7 7

der B 3(5 4

Jz proc286 ;(10) if enuf bies read
inx H 3 (5 6
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H Begin sampling loop for this bit.

¥
procZims. _
m yBANG s (10 10 11}
ani 80h 5(7 7 '
RLC 3G 4
ADD 3} ; (& [
MOV D,A ; (5 4
der E . 3(5-. ‘4 4)
JNZ proc2iM ;(10 10(7) 10)
JHP procZém ; (10 10 10}
H s (224
3 loner loop= 43%M~3
H 21 %M)
; Reduce sample counts to data bits.
H Note that due to DISK] inversion,
H 0 Space = Count[1i] > Threshold
H 1 Mark = Count[i] < Threshold .
s Actually, all counts "near” mid-range are probably
H ETrOrS.
proc2$6: :
1xi h,SAMP+3 3=> Data bit ©
1lda TICK-1 :
MOV D,A ;C= Threshold for Mark versus Space
ixi B,0700h
proc2$64:
MOV A,C
RLC
MOV C,A
mov a,m
‘CMP D
JHC proc2$66 31f large count
inr C iset bit for Mark :
proc2$66:
dex H
der B
JNZ proc2§6d ;1f more bits to reduce
MOV A,C
RET

Determine speed of terminal.

User must input a "U”

Relies on being able to measure the width of the

Start bit. Therefore, needs an odd-numbered Ascii

to be Input.

Consecutive samples look like this:
eeo11111121111110000. . 0D XXARKLK+ ¢«

O Wi wa we we e W WA W W

Mark Space  Mark
eesidle . Start Data® (ignores..)
aud :
1xi h, SAMP
mvi B,3
1xi D,1
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H Wait for Start bit.
proc3$10:

N yBANG

RLC

JNC proc3SLO 3if line still Marking
H Now measure width of next several pulses.
H The number of peeks in each determines the sample width.
proc3én:

MOV C,E 5(5 [

1da TICK 3 (13 13

mov m,d i (7 7

mvi D,0 : (7 7

der B 3 (5 4

Jz proc3$6 ;(10) if enuf bits read

inx R ;1 (5 &
H Begin gampling loop for this bit.
proci$m:

inr a2} 3 (5 4 4)

IN yBANG (10 10 11)

ani 80h s (7 7

RLC s (4 4

CMP [ s (4 4

MOV E,A 3(5 4

JZ proc3sM ; (10 Lo(7) 10)

JMP proc33N ; (10 10 10)
H 3 (2244
3 inner loop= 43%-3
H 21 %M}
: Reduce gample counts to data bits.
proc3$6:

lda SAMP+1

sta TICK ;set nominal bie width

ora a jclear carry

RAR swidth / 2 = threshold

sta TICK~1

RET

ENDIF

IF sYssuy
H CompuPro System Support l equates.
GBSS: EQU 30h ;System Support starting port
GBMP(: EQU GRSS+0 sMaster PIC port O
GBMPLl: EQU GBSS5+1 jMaster PIC port 1
GB5P0: EQU GR55+2 3Slave PIC port 0
GBSP1: EQU GBSS5+43 iS8lave PIC porc 1
GBTO: EQU GBSS+4 sTimer number O
GBT1: EQU GBRSS+5 ;Timer number 1
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GBT2:
GBTIC:
GBFPPD;
GBFPPC:
GBCLKC:
GRCLKD:
GBUD:
GBUS:
GBUM:
GRUC:

SEDAV:
SSTBMT:

W owr W W W W

sTINIT:

MR ws R MR WA W W s WA M W

sCONST:

wE ows W e W e W

EQU
EQU
EQU
EQU

EQU
EQU

page

GBSS+6 ;Timer number 2

GBSS+7 sTimer control port

GBS5+8 ;Floating point processor data port
GB35+9 ;¥loating point processor command port
GBSS410 ;Clock command port

GBSS+11 ;Clock data port

GBSS5+12 ;Uart data port

GBSS+13 jUart status port

GB5S5+14 jUart modem port

GBSS+13 ;Uart command port

00000101 ;System Support Data Available
00000001b ;System Support Transmit Buffer Empty

CONSOLE INITIALTIZATION

This routine performs the Initialization required by
the System Support UART.

MVL
ouT
MVL
ouUT
MVI

ouT
RET

A,111011106 sAdsync, 1éx, B bits, no parity, even, 2 stops
GBUM ;Set up mode register 1
A,01L111110B 39600 baud
GBUM :Set up mode register 2
A,00100111b ;jTrans. on, dtr low, rec. on, no break,
H no reset, rts low
GBUC ;Set up command port

CORSOLE STATUS

This routine samples the Console status and returns the
following values in the A register.

EXIT

N
ANI
RZ
ORI
RET

A = 0 {(zero), means no character
currently ready to rxead.

A = FFh (255), means character

currently ready to read.

GBUS sInput from port

SSDAV sMask data available
$If data aot avallable

OFFH

CONSOLE INPUT

Read the next character into the A register, clearing
the high order bit. If no character currently ready to
read then wait for a character to arrive before returning.
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H EXIT A = character read from terminal.

sCONIN:
IN GBUS iGet status from wart
ANI SSDAV
JZ s CONIN
IN GBUD
ANT iFh
RET

CONSOL OUTPEPUT

Send a character to the comnsole. If the console
i3 not ready to recelve a character wait until
the console 1s ready.

L O Y BT Ty

ENTRY C = ASCII character to output to console.

sCONOUT:

N GRUS sGet uart status

AN SSTBMT 3Test 1if buffer empty

JZ sCONOUT

MOV AC

ouT GBUD

RET

ENDIF

IF¥ INTER3
; CompuPro Interfacer 3 support routines
GBI 3: EQU 10h ;Interfacer 3 Base address
GBI3D: EQU GBI3H ;Uart data location
GBI3S: EQU GBI3+1 sUart status
GBI3M: EQU GBI 3+2 sUart mode register
GBI3C: EOW GBI3+3 jUart command register
GB1lJ: EQU GBI 3+7 iUart select register
GBIIDV:; EQU 00000010b sInterfacer 3 Data Available
GBI3MT: EQU 00000001b ilnterfacer 3 Transwit Buffer Empty
GBI3DS: EQU 10000000b jInterfacer 3 Data Set Ready
CON: EQU 7 sInterfacer 3 GConsole Select
PRN: EQU [ sInterfacer 3 Printer Select
TLS: EQU 5 ;Interfacer 3 ULl Select

CONSOLE INITIALIZATION

This routine performs the initialization required by
the Interfacer 3.

e e W e wa

I3INIT: ]
MVL A, CON ;Console select
ouT GBI U ;Select Uart 7
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WA W W MR we W W W W

T 3CONST:

e wa e

MVI
ouT
MV1
oUT
MVI

ouUT

MVI
ouT
MV1
oUT

ouT
MVI

ouT

MVL
oUT
MVL
aur
MVI
OUT
MVL

ouT
RET

CONSOLE

A,11101110b
GBI M
A,0L111110b
GBI M
4,00100111b

GB13C

A,PRN
GBL3U
4,11101110b
GBI M
A,01111110b
GBI 3M
A,00L00111b

GB13C

A,ULS
GBL3U
A,11101110b
GBL3M
A,01111110b
GBI 3M
4,00100111b

GBI 3C

-3Async, 16x, 8 bits, no parity, even, 2 stops

sSet up mode register 1

39600 baud

;Set up mode register 2

3Trans. on, dtr low, rec. on, no break,
H no reget, rts low

;Set up command port

;Printer Select

;Select Uart O

sAgync, 16x, 8 bits, no parity, even, 2 stops
;S5et up mode register 1

39600 baud

;Set up mode register 2

3Trans. on, dtr low, rec. on, no break,

H no reset, rts low

;Set up command port

iUser list 1 Select

;Select Uart O

sAsyne, l6x, 8 bits, no parity, even, 2 stops
;Set up mode register 1

39600 baud

;Set up mode register 2

3Trans. on, dtr low, rec. on, no break,

H no reset, rts low

;Set up command port

STATUS

This routine samples the Console status and returns the
following values in the A register. :

EXIT

MVL
ouT
IN

AN
RZ

OR1
RET

CONSOLE

4 = 0 (zero), means no character
currently ready to read.

4 = FFh (255), means character
currently ready to read.

A,CON
GBI3U
GBI3S
GBL3DV

OFFH

;Input from port
tMask data available
;If data not available

INPUT

Read the next character into the A register, clearing
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EXIT

13CONIN:
MVE
oUT
IN
AN
JZ
IN
ANI
RET

CONS

ML W M WE W e e

ENTRY

I3CONOUT:
MVI
QutT
IN
ANT
JZ
MOV
ouT
RET

L1i1st

M WA W R W R W W

ENTRY

L3LIST: LDA
ANT
sSUI
MVi
JZ
MVL

I3UL1l: OUT

I3LSTl: IN
ANT
SUI
JNZ
MOV

the high order bit. If no character currently ready to
read then walt for a character to arrive before returning.

A = character read from terminal.

A, CON

GRIIU

GBI3S ;Get status from uart
GBI3DV

I3CONIN

GBLAD

7Fh

OLE OUTPEUT

Send a character to the console. If the console
is not ready to receive a character walt until
the console is ready.

C = ASCII character to output to console.

A, CON
GBI 3G

GBIL3S ;Get uvart status

GBI 3MT ;Test if buffer empty
I 3CONQUT

AC

GB13D

Qutput.

Send a character to the list device. If the list
device 13 not ready to receive a character wait
until the device is ready.

C = ASCII character to be output.

IOBYTE ;Get IOBYTE status
0c0H ;Check for ULI:
0cOoH

A, ULS

13U0LL

A, PRY

GBI3U

GBI13S

GBI MT+GBI DS

GBI MTHSBI3DS

I3LST1

A,C
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ouT GRI3D
RET

List Status.

Return the ready status for the list device.

EXIT A = 0 (zere)}, list device is not ready to
accept another character.

A = FFh (255}, list device is ready to accept
a character.

I3LST: LDA IOBYTE
ANI 0COH ;Ceck for UL1:
SUI OCOH
MVI A,ULS
JZ I3L51
MVL A, PRN
I3L81l: oOuUT GBI3U
IN GRI 35
ANT GBI SMT+GBI 3DS
5U1 GBI MT+GRI DS
MVI A, OFFH
RZ
XRA A
RET
ENDIF
s File is BIQS4.asm
H SELECT DISK DRIVE
¥
H Select the disk drive for subsequent disk transfers and
H return the appropriate DPB address. This routine
H diverges from the normal CP/M implementation of just
H saving the disk selection value until the transfer is
H performed. This divergence is required because floppy
H disks are a removable media and come in more than on
H format. This routine determines the correct format and
H initializes the DPH with the appropriate values for the
H format type.
L]
H ENTRY € = disk delection value.
H DE and 1 = 0, must determine disk type.
; = 1, drive type has been determined.
y
H EXIT HL = 0, if drive not selectable.
H HL = DPH address 1f drive is selectable.
¥
H DPH is intialized for the appropriate fleppy
H disk format.
SELDSK: MOV A,G

CPI NBSK
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JHC
PUSH
MVL

LX1
DAD
MOV
STA

MoV
MOV
DAD
DAD
DAD
DAD
LXT
DaD

LXI
XCHG
DAD
MOV
INX
MOV
MOV
XCHG
ocX
LDAX
5TA
PP
CPL
RNC

MOV
ANT
RNZ

FUSH
CALL
POP
JHZ

STA
ICHG
Hov
MVI
DAD
DAD
DAD
DAD
LXT
DAD
XCHG
PUSH
LXL

SELD1
b
B,0

H,DSKMSK
B

AM
SEKDSK

=N ]

-

,DPBASE

oomERD D@

=
Y, ]
L3
a3

r“;.:l::.'l::?-lﬂ
= =

"

o

i)

SEKTYP
D
MAXFTP+1

SEKTYP

o

> DPBS 141

mEDm oD

= -

B, 5%2

s If invalid drive
j5ave drive selection mask

sSave selection code
;Compute DPH address
]

;¥4

;%8

;%16

DPH address

.;1
o
]

un-:
[l
]

DPH (DPB}

;DE

IPB address

sSave disk type
;jReatore Drive selction mask

;If hard disk

sMask selected bit
;If drive previously selected

3Save DPH address

jDetermine disk type
sRestore DPH address

;1f disk type not determined

;S8ave disk type
sMove type

322

%4

38
;%16

iDE = DPB address
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DAD B jCompute DPH DPB address
MOV M,E ;5et DPB address into DPH
INX H
MOV M,D
ANT UFEh ;Remove sided bit
MOV E,A
MVI D,0
LT H, XTABLE
DAD I
XCHG
POP H
LDAX D ;jSet translation table
MOV M,A saddress into DPH
IRX H
INX D
LDAX D
MOV M, A
DCX H
RET
SELD1: LXI H,0
MOV AL
STA CDISK
RET
HOME

Return disk to home. This routine sets the track number
to zero. The current host disk buffer is flushed to the

Wr W Wy W WY W

disk.
HOME:
CALL FLUSH sFlush host buffer
XRA A
STA HSTACT ;Clear host active flag
STA UNACNT ;Clear sector count
STA SEKTRK
STA SEKTRE+1
RET
H
H SET TRACK.
H
H Set track number. The track number is saved for later
H use during a disk transfer operation.
H
3 ENTRY BC = track number.
SETTRK:
IF Z80
db CGedh, 43h
dw sektrk
ENDIF¥
IF 8080
MOV L,C
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MOV H,B
SHLD SEKTRK
EXDIF

IHLD  UN
MOV A
XRA C
MOV C,A
AH
B
C

ATRK
L

MOV
XRA
ORA
RZ 3If same track

we s

Clear Unallocated block count (force pre-reads).

CUNACT: XRA A A =0
STA UNACNT sClear wnallocated block count
RET

Set the sector for later use iIn the disk transfer. No
actual disk operations are perfomed.

Wi W s ws wa

Entry BC = sector number.

SETSEC: MOV A,C
STA SAVSEC jsector to seek
RET

Set Disk memory address for subsequent disk read or.
write routines. This address is saved in DMAADR until
the disk transfer is performed.

ENTRY BC = Disk memory address.

WE WR W W Wr e W wE

EXIT DMAADR = BC.

SETDMA :
IF Z80
db Oedh, 43h
dw dmaadr
RET
ENDIF
IF 8080
MOV H,B
MOV L,C
SHLDP TMAADR,
RET
ENDIP

Translate sector number from logical to physical.

ENTRY DE = 0, no tramslation required.
DE = translation table address.
BC = sector number to translate.

W WE W W W e
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EXIT HL = translated sector.

SECTRN:
LDA UNASEC
CMP c
CNZ CUNACT 41Ef sectors do not match
MOV A,C .
STA LOGSEC
MOV L,C
MOV d,B
MOV 4,D
ORA E
RZ $If no translation
DAD b
MOV L,M
MVI H,0
RET

SET SECTOR COUNT
Set the number of continuous sectors to transfer.

ENTRY C = Number of sectors to transfer.

WA W W W WA W W W

EXIT NUMSEC = C

SETNUM
MOV 4,C
STA NUMSEC
RET

SET EXTENDEDRD BANK

Set the extended bank data tranfer address.

ENTRY € = Extended address bank.

e oW W Wa W W W W

EXIT DMAADE = C.

SETXAD:
MOV A,C
STA TMAADE
RET

Boot CP/M from disk.

The CBOOT entry point gets control from the cold start
loader and is responsible for the basic system initial-
ization. This includes outputting a sign-on message and
initializing the following page zero locatioms:

0,1,2: Set to the warmstart jump vector.
3: Set to the initial IOBYTE value.
4: Default and logged on drive.

W MR s e W MY we W wE we
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CBOOT:

CBOOT 4:

5,6,7: Set to a jump to BDOS.
40: (Set by BOOT) Board switch optioms.

If BANG is true (DISK] bit serial latch is to be
supported), then board switch option 1 means to

use the BitBanger for console I/0.

Register C must contain the selected drive, which is
zero to select the A drive. The exit address is to
the GCP routine.

The WBOOT entry point gets control when a warm start
occurs, a ~C from the console, a jump to BDOS (function
0), or a jump to location zero. The WB0OOT routine reads
the CCP and BDOS from the appropriate disk sectors.
WBOOT must also re—-initialize locations 0,1,2 and 5,6,7.
The WBOOT routines exits with the C register set to the
approprilate drive selection value. The exit address

is to the CCP routine.

Disk layout Definition.
Cylinder 0 Head ©

0 thru 3 Boot program
4 thru 26 Reserved for CBLOS
256 byte sectors -- Cylinder 1 Head 0:
0 thru 7 CCP
8 thru 21 BDOS
22 thru 26 **Regerved for CP/M expanslon¥*

512 byte sectors =- Cylinder 1 Head 0:

0 thru 3 CcCP
4 thru 11 BDOS
12 thru 15 **Reserved for CP/M expansion**
1024 byte sectors —— Cylinder 1 Head 0:
0 thru 1 CCP
2 thru 5,7  BDOS
6 **Reserved for CP/M expansioni*
LXI SP,DBUF
1da opts
IF BANG
CPL 1
JNZ CBOOT 4 31f BitBamger not selected
Ixi H,KONST ! shld J4CST+L
Ixi H,KONIN ! shld J$CIN+1
1xi H,KONOUT ! shld J$coUT+l
CALL BAUD jget terminal speed
JME CBOOTX
ENDIF
IF SYSSUP
CPL P
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CBOOT 5:

CROOT 6:

CBOOTX:

WBOOT:

SIGHON:

"R TRE*2Y

BCPM:

JHZ CBOOT S sIf System support not selected
LXI H,sCONST I SHLD JSCST+1
LXI H,sCONIN ! SHLD JSCIN+1
LXI H,sCOROUT ! SHLD JS$COUT+L
GALL sTINIT jInitialize System Support
JMP CBOOTX
ENDIF
IF INTER3
CPL 3
JNZ CBOOT6 1If Interfacer 3 not selected
LXI H,I3CONRST | SHLD J$CST+1
LXI H,I3CONIN | SHLD JSCIN+L
LXI H,T3CONOUT ! SHLD J3COUT+1
LXI H,I3LIST ! SHLD J$LIST+1
LXI H,IL3L8T 1 SHLD J$LST+L
CALL I3INIT sInitialize Interfacer 3
ENDIF
LX1 H,SIGNON
CALL PRINT ;0utput Bammer
XRA A
STA CDISK sForce A drive
STA IQOBYTE iClear 1/0 byte
;Warm boot
LXL SF,DBUF
CALL BCPM ;Boot CP/M
JNZ WBOOT 3If error
LXI B, DBUF ;Set default data tranafer address
CALL SETDMA
MVL A,0C3h ;Store jumps in low memory
S5TA o
STA 5
LXI H,BI0S+3
SHLD 1 '
LX1 H,BDOS
SHLD 6
LDA CDISK
MoV C,A
JHP CCP 31Go to CPH
DB CR,LF,LF
DB ‘CompuPro Systems *
DB CR,LF,MSIZE/10+°0" ,MSIZE mod 10 + ‘0°
DR ‘K CP/M *,VERS/LO+°07,” ., VERS mod 10 + “0°
j3):] CBIOSV+"@* ,CR,LF, 0

Exitc A = 0, load sucessful.

Z bit » 1, load

CALL HOME

wvl C,"A="A"

successful.

;Force buffer £lush
;Select Disk "A’
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BCPM1:

BCPME:

BSECT:

1xi
CALL
HOV
ORA
JZ,
LDA
RAR
ICR

MOV
1xi
DAD
mnov
STA
1xi
shld
MVL
sta
LDA
ani
Adi
mvi
MOV
shld
MVI
ata

CALL
myl
CALL
JNZ
mvi
sta
LDA
cpi
JC
Ixi
SHLD
mvi
STA
wvi
JMP

RET

1xi
CALL
ORT

DB
DB
DB

D,0
SELDSK
A,L

H
BCPME
SEKTYP

A
BCPME

C,4A

;Force disk type determination

$11f drive not selected
;Get disk type
;Remove sided bit

;If invalid boot type

H,BSECT j;Boot sector table

B
A,M
NUMSEC
H,CCP
TMAADR
A, CXADK
DMAADE
SERTYP
1b

1

H,0
L,A

sGet number of sectors
;Set buffer address

;5et extended address

sMask sided bit

SEKTRK . jSet track

A,0
SAVSEC

SETACT

A, F$RDAT+040h
FINAL

BCPME

a,l

NUMSEC

SEKTYP

dskd5

BCPM1

H,CCP+5%1024-312

BUFADR
A7

ACTSEC

A, FSRDAT+040h
FINAL

A

B, 500
DELAY

224256/256
22%256/512
22%256/1024

i1Set boot sector
sMove SEK to ACT
s;Read data

31f read erros

;If not 1024 byte

sRead data

3Clear error indicator

sDelay 500 milli-seconds
;Set error indicator

;double 256 byte secfors
sdouble 512 byte sectors

jdouble 1024 byte sectors
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IF HARD

DB 22%256 /256 ;34 1000 haxd disk
DB 22%256/512 sMemorex 8 inch
ENDIF

Read a CP/M 128 byte sector.

T P T L

EXIT A = 0, successful read operation.
A = 1, unsucessful read operation.
Z bit = 1, successful read operation.
Z bit = 0, unsuccessful read operation.
READ: CALL CHKBKD ;Check for blocked drive
MVI A, FSRDAT sBead- from single density floppy
JC FINAL sIf non=blocked transfer
XRA A ;Set flag to force a read
STA UNACHT 3Clear sector counter
CALL FILL ;Fi1l buffer with data
FGP B
POP D
IF 8080
MVI c,128
CALL MOVDTA sMove 128 bytes
endif
IF Z80
LXT B,128 sMove 128 bytes
db Qedh,0b0h
endif
LDA ERFLAG
ORA A
RZ 3If no error
XRA A
STA HSTACT 3Clear host active
ORI 001h 38et error flag
RET

Write the selected 128 byte CP/M sector.

3

H

H

H ENTRY C = 0, write to a previously allocated block.

H C =1, write to the directory.

H C = 2, write to the first sector of unalleocated

H data block.

H

R EXIT A = 0, write was successful.

H A =1, write was unsucessful.

H Z bit = 1, write was successful.

H Z bit = 0, write was unsucessful.

WRITE: CALL CHKBKD ;Check for blocked drive
MVL A, FSURT jWrite to single density floppy
JC FINAL 31f non-blocked transfer
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MOV A,C iWrite type in ¢

STA WRTYPE
CPL WRUAL
JNZ WRIT2 1If write to allocated
LDA SEKTYP
CP1L MAXFTP
MVI 4,2048/128
JC WRIT1 sIf floppy disk
MVI A,4096/128
WRIT1: STA UNACNT
LHLD SEKTRK
SHLD UNATREK 3UNATRK = SEKTIRK
LDA LOGSEC
INR A
JHP WRIT3
WRIT2; LbA TNACKRT
ORA A
JZ WRIT4 3If no unallocated records
DCR A
STA UNACNT
LDA SEKTYP
RAR
MOV L,A
MVI q,0
LXT D,LSITT=-1
DAD D
LDA UNASEC jIncrement logical sector
INR A
CMP M ;Last sector in track table
JNZ WRIT23 sIf not end of track
LHLD UNATRK
INX H
SHLD UNATRK
XRA A
WRIT3: STA UNASEC
MVL A, OFFh
WRIT4: CALL FILL
FOP D
POP H
IF c8080
MVI G, 128
CALL MOVDTA jMove 128 bytes
endif
IF 280
LXI B,128
db Oedh, 0bOh
endif
MVL A,l
STA HSTWRT sHSTWRT = 1
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LSTTT:

MY MR WY WY e W

TREAD;

TRD1:

LDA
ORA

LpaA
CPL
cz

ORA
RET

DB
DB
DB
DB

TREAD -

ERTRY

Exit

OR1
RET

LDA
ANL
RRC
RRG
RRC
STA
1xi
myvi
CALL
RNZ

ERFLAG

A :
;1If any errors occurred
WRTYPE jwrite type
WRDIR sto directory?
FLUSH ;Force write of directory
ERFLAG
A
2526 ;Double 256 bhyte
4%15 : ;Doutile 512 byte
B#8 sDouble 1024 byte
2%32 $Shugart 8 Inch (256 byte)
4421 ;Memorex 8 inch (512 bye)

Determine floppy disk type.
C = Selected drive.

Zbit set = no error
A = disk type (0-3}

4,C

'A'

NRDYM2 ;Set drive into message
SPECIFY ;Set disk parameters

b, 240 ;Time delay for selecting sides
delay .
SEKDSK sMove drive to command buffer
ACTDSK 3Set into ACTDSK

H,DSTS

B,DSTSL

EXECP sPerform command

B,1

GCHMPS 3Get the one status byte
G20h ;Mask ready bit

TRD1 s1f drive is ready

H, NRDYM1

PRINT :

OFFh jClear zero flag

TEMPBF ;Get status byte

008h . sMask TS bit

SEKTYP © ;S5ave sided flag
H,RECAL ;Do a test seek

B, LRECAL

MOVETO 3;Process command

sIf error
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TRD2:

TRD3:

DSTS:
DSTSL:

RECAL:
LRECAL:

DRID:
DRIDL:

NRDYML:
NRDYM2:

WE e W M W W we M WE W

FILL:

CALL
RNZ

mvi
STA
1xi
mvi
vl

JZ

LA
ARI
STA
ANT
JHZ
ORI
RET

LbA

MOV
LDA
ORA,
MP

DB
equ

DB
equ

bB
equ

DB
DB
DB

A,2 ;Seek to track two
DOSEEK ;Bo szeek
$If error

A, FSDRID

DRID

H,DRID

B,DRIDL

c,7

EXECX sProcess command
TRD3 3If read wvalid
DRID

040h ;Compliment MFM bit
DRID

040h

TRD2 sIf MFM not tried
OFFh

TEMPBE+6 ;Get number of bytes

A

B,A

SEKTYP

B ;Combine N with sided flag
A . $S5et zero flag

F$DSTS5,0
$-DSTS

F$RECA, O
$=-RECAL

F$DRID, 0
$=DRID

CR,LF, ‘Drive
fx'
* not ready.”,0

FILL - fill host buffer with approprite host sector.

ENTRY

EXIT

STA
LDA
CPL
JC

BUI

4 = 0, Read required if not im buffer.
Otherwise read not required.
On exit the stack will contain the following
values:
POP X 3% = hoat record address.
FOP y ;¥ = caller’s buifer addreass.
RDFLAG 3;Save read flag
SEKTYP ;Get disk type
MAXFTP+1
FILL1 sIf floppy disk
DSKB51=-2
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FILL1l: RRC jdivide by 2

ANT 3h

MOV B,A ;B = log base 2 (sector size) - 7

LXI D, HSTBUF ;jinitlal offset

LXI H,128 ;128 byte records

LDA SERSEG sGet logical sector
FILL2: ZXCHG

RRC :

JNC FILL3 3If low bit not set

DAD D ;Add bias to offset
FILL3: XCHG

DAD H

ANI 07Fh ;Mask sector

DCR B

JNZ FILL2 . 3If not all bits checked

STA SEEKSEC

LHLD DMAADR

XTHL ;8et return parameters

PUSH D

PUSH H iSet return address

LXI H, HSTACT shost active flag

MOV AM

MVI M, 1 salways becomes 1

ORA A

JZ FILL6 3If host buifer dnactive

LXI H,HSTSEC

LXI I, SEKSEC

MVL C,SEKTYP-SEKSEC+]
FILL4: LDAX D

CMP M

JRZ FILLS ;I1f mis-match

INX H

INX D

IR C

JNZ FILL4 $If all bytes not checked

RET
FILLS5: CALL FLUSH 3sPlush host buffer
FILL6: LHLD SEKDSK ;sMove disk and type

SHLD HSTDSK
SHLD ACTDSE
LHLD SEKTRK
SHLD HSTTRK
SHLD ACTTRK

LDA SEKSEC

STA HSTSEC

STA ACTSEC

LDA RDFLAG

ORA A

RNZ sIf no read required
MVI A, FSRDAT+040n iRead double density
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JMP BLEKXFR

s we

FLUSH = Write out active host buffer onto disk.

FLUSH:
LXI H,HSTWRT
MOV A M
ORA A
RZ sIf host buffer already on disk
MVI M,0
LHLD HSTDSK ;Move disk and type
SHLD ACTDSK :
LHLD HSTTRX
SHLD ACTTRK
LDA HSTSEC
STA ACTSEC :
MVL A, FSWRTH)40h sWrite double density

»

H BLKXFR =- blocked mode transfer.

¥

H ENTRY A = command.

BLKXFR: MOV C,A
LXI H,HSTRBUF ;5et buffer address
SHLD BUFADR
MVI A,BXADR
STA BUFADE
MOV A,C

H JMP FINAL

L]

H FINAL -— Preform final transfer processing.

¥

H ENTRY A = Command.

FINAL: CALL PRCDCH tProcess command, drive, cylinder
Ixi H,CIOPB+D 3Set buffer address
mov m,C ;Set command
INX H
nov m,B ;Set drive
INX H
mov m, B ;8et cylinder
INX H
mov m, D ;5et head
INX H
MOV E,A 35ave N field
LDA ACTSEC 1Get sector
MOV C,A
INR A
mov m,A ;Set beginning sector
INX H
MOV A,E ;Get type
CPL 4
Jp HDFNL 3If hard disk
mov m, A ;Set N field

INX H



FNL1:

FNL2:

FNL3:

TR

HDFNL:

ADD
ADT
HOV
MVI
ACI
MOV
LDA
ADD
nov
INX
LbaX
wmov
INX
INX
LDax
mov

MVL
STA
LDA
CALL
JNZ

Ixi
myi
mov
ouT
Dex
der
JNZ

1Ixi
mvi
mvi
CALL
Cpi
JNZ
LDA
sSUL
STA
RZ

LDA
DCR
JHZ
ORL
STA
RET

A

CMDTYP and Offh

E,A

A’O

CMDTYP /256
D,A '
NUMSEC

c

m,A

A

BEATDOE o

»A

A MRTRY
RTRY
CIOPB+2
DOSEEK
FNL3

H,BUFADE
B,3

A,m

MA

i

B

FNL2

H,CIOPB
B,CIOPL
c,7

EXEC

40h

FNL3
TEMPBF+1
80n
ERFLAG

RIRY
A

FNL1
Olh
ERFLAG

sHA2

;Compute ending sector number

;Set EOT

iSet GFL field

;Set DTL

sSet retry count
3Clear retry count
;Get cylinder number

;Seek to proper track
;:If seek error

jget ext adr
;jdata is backward in memory

;1f not all 3 bytes

;Set command buffer length
jperform operation

$sIf error

$sIf no errors
;Get retry counter
;1f not permanent error

;8et error flag

HPFNL -- Hard disk final command processing.

IF
CALL

NOHRD
HDSEL
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HDFHL1:

RTRY:
MRTRY:

-

CMDTYP:

M W W W NE W wr wr W wd

PRCDCH:

STA
RNZ
MVI
STA
CALL
CALL
STA

LDA
DCR
JRZ
LDA
MVL
MOV
LXI
DAD
MVI
endif

ORI
STA
RET

DB
EQU

Command

o ue

B
DB
DB
DB

PRCDCH —

ENTRY

EXIT

MoV
LpA
MOV
LHLD
LDA
CPL
JNC
XCHG
MoV
ANI

ERFLAG

A,MRTRY
RIRY
HDSEEK
HDXFER
ERFLAG

RIRY

A
HDENL 1
ACTDSK
D,0
E;A
H,HPCYL
1]
Mo('l)

A
001h
ERFLAG

]
10

sIf select error
18et retry count

;3eek to correct track
iPerform hard disk transfer

1If no errors

sIf attempts left

sForce track zero seek

jMaximum retry count

buffer disk type dependent values.

GPL DTL
007h,128
00Eh, 255
O1Bh, 255
035,255

A command .

drive.
command »
head.
cylinder.

= ==
hoanx

C,A
ACTDSK
B,A
ACTTRK
ACTTYP
MAXFTP+E
CDCH2

H,4
1
CDCHI

sSingle denaity

;Double density 256 bytes
sBouble density 512 bytes
;Double density 1024 bytes

Process Command, Drive, Cylinder, and Head.

N field (D..4).

;Save Comnmand
;jGet track number
;Get type

3If hard disk
;Save type

;1f single sided

13




CDCHI1:

CDCH2;

TR TR T TS

DOSEEK:

e

MOV
ANT
MOV
RLC
RLC
ORA
MOV
MOV
RAR
MOV

MOV

IF
MOV
ANT
HOV
DAD
DAD
DAD
DAD
MOV
CHA
ANI
ORA
MOV
DAD
DAD
MOV
MOV
ANT
CPL
MVL
MVI
RZ
MVL
ENDIF
RET

Seek to
Entry
sta

Ixi
mvi

NOHRD

¢, HSWSDT

;5et head

jCombine head with drive

;Adjust track for cylinder

;Remove sided bit

;Save head
3%2

Hl

;*8

;%16

shead * 16

sCombine with drive
s %32

s %64
strack®64 /256 = track/4

sIf read command

gspecified Track/Sector

A = Track

DSEKC+2
H, DSERC
B, DSERL

Move head according to command.



LT P

MOVETO:

MVEOQ1:

SPECIFY:

DSEKC
DSEFL:

SPEC

2
g

LTI T DR PR T

EXECP:

EXECX:

ENTRY

Exit

CALL
IN
ORA
JP
mvi
OUT
myi
CALL
Cpi
RZ
LDA
ANL
MOV
LDA
CHP
JNZ
ORL
RET

SPECIFY

Ixi
vl
i
LDA
ORI
moy
dex
JMP

BB
EQU
DB
db
db
equ

EXEC
Entry

Exit

mvi

HL = address of command buffer.
B = length of command buffer.

Z bit set if no error.

EXECP
INTS

A

MVTO1

A, FSRSTS
FDCD
B,2
GCMPS
20h

;Perform seek

;if not complete
sjrequest status
;Get status

;Lf seek complete

3Get true status byte
;Mask disk unit

TEMPBF
3h

C,A
ACTDSK
C
MVIOL
001h

sIf not proper unit
jClear zero flag

- Specify disk drive characteristics.

H, SPEG+1
B,LSPEC
c,0
STEPMS
HUT

m,A

H

EXEC ;Specify disk command
FS$SEEK, 0,0

$-DSERC

FSSPEC
(srt shl 4)+hut
(hdit shl I)}+nd
$-8PEC

= FWA of command buffer.
= # of bytes to output
= # of bytes for status

ﬂmﬁ

If C < 0 then see GCMPS.

c,0 iSet no status byte
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EXEC:
EXEC1:

EXEC2:

Wr WS WE W W Wr WA e

GCMPS:

GCMPS 21

-y owe wa wa we

MOVDTA:

LDA
MOV
DCX

MOV

MOV

N
ORA
Jp

ACTDSK 38et drive into command buffer

M,A
H
FDGS
A
EXEC1 ;1f no master ready bit
A,m jcommand byte
FDCD ito controller
H
B
EXEC1 31f more bytes
4,C s# of status bytes+l
A
;if no status bytes
B,C s# of statua bytes
INTS
A
EXEC2 3If operation not complete

Get completion status.

Entry

Exit

1xi
IN
ORA

IN

mov
INx
Der

LDA
ARI
RET

1f
MOVDTA

ENTRY

MOV
STAX
INX

B= # of status bytes to read

TEMPBF = status bytes read in.
A = [TEMPBF] and OF8h.
Flags set according to above value in A.

H, TEMPBF ;3et status buffer address
FICS

A

GCMPS2 $1f not ready

FDCD 3Get status byte

m,A

H

B sdecrement counter
GCMPS 2 jwalt until all done
TEMPBF ;Get first status byre
0F8h

c8080

= Move data in memory.
C = number of bytes to move

DE = destination address.
HL = gsource address.

AM ;Source character
D jto destination
H
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INX D

DCR c sloop 128 times

JINZ MOVDTA ;If transfer not complete
RET

ENDIF

Check blocked disk transfer.

EXIT Cbit set, unblocked device.
Cbit clear, blocked device.

Me we wr ws wn

CHEBXD:
XRA A
STA ERFLAG j;Clear error flag
LDA SEKTYP
CPL DSKD1
JC CBKD2 3If not blocked device
CPI MAXFTP+1
JRC CBEDL 3If hard disk
LHLD SEKTIRK
MOV A,H
GRA L
MVI A,DSKs1 3A = Single density
JZ CBKD2 $If zero force non-blocked
CBKD1 LbA SAVSEC
STA SEKSEC
XRA A jClear carry flag
RET
SETACT: LDA SEKTYP
CBKD2: STA ACTTYF s;8et actual disk type

LHLD DMAADR
SHLD BUFADR

LDA DMAADE
STA BUFADE
LDA SEKDSK
STA ACTDSK

LHLD SEKTRK
SHLD ACTTRE

LDA BAVSEC

STA ACTSEC

STC 35et carry flag
RET

Delay Delay the millisecond count contained in BC.

e oWy W we

Destroys A and flags.

DELAY: MVI A,DELGNT /26
DLAYL: ICX B
INX B
DCR A
JNZ DLAYL ;If not 1 millisecond




L P o T

FRINT:

wa Wy

BUFADR:
BUFADE:

HSTACT:
HSTWRT:
UNACNT:
TNATRK:

BCX B

MOV A,C

ORA B

JNZ DELAY $If not desired count
RET

Print message terminated by zero byte.
ENTRY HL -> message buffer, terminated by zero.
EXIT HL -> zero byte + 1.

A= 0.

Z bit set.

Destroys only HL, Flags, and A registers.

MOV A,M ;Get a character

ORA A

INX H

RZ ;1f zero the terminate
PUSH B

MOV C,A

CALL JSCOUT sOutput to the console
POFP B

JMP PRINT

Physical data buffer address ((DMAADR) or HSTBUF)

DW 0 ;jLower 16 bits {least, middle)
DB 0 sExtended address

User data buffer address

oW 0 sLower 16 bits (least, middle)
DB 0 sExtended address

space 4,10

BIOS blocking / deblocking f£lags.

DB 0 ;host active flag
PB a shost written flag
DB 0 junalloc rec CHNT
DW 0 ;Track

DB 255 ;Sector

DB 0 ;Logical sector

space 4,10
Area for storage of hard disk cylinders.

if hard
db (-1, {-1),(~1),{-1)
endif

CP/M disk work space.

bs ALVS
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csv:

W W WA MY e MR MR Wr W W

SEKSEC:
SEKTRK:
SEKDSK:
SEKTYP:

ACTSEC:
ACTTRK:
ACTDSK:
ACTTYP:

HSTSEC:
HSTTRK:
HSTDSK:
HSTTYP:

RDFLAG:
ERFLAG:
WETYPE:

SAVSEC:
NUMSEG:

CIOPL:
CIOPB:
TEMPBF:
ESPACE:

DIRBUF;
HSTBUF;

DS Csvs

Disk access information.
This area 1s organized into the following groups
sector number
track number
disk drive
drive type
Each of these groups has three cells for the
current disk request, ACTual disk tramsfer,
and active host disk.

bs 1 ;jCurrent request

ns 2 jCurrent request

DS 1 ;Current request

DS 1. jCurrent disk’s type

DS 1 jActual transfer operation
DS 2 jActual transfer operation
Ds 1 sActual transfer operation
DS 1 sActual disk’s type

DS 1 sActive host disk

DS 2 jactive host disk

DS 1 sdctive host disk

s 1 sActive disk’s type

space 4,10
Disk transfer flags and counters.

BsS 1 ;Read flag

D3 1 iError reporting

DS 1 jWrite operation type
DS L jSave sector

DS 1 ;Bumber of sectors
EQU 9

DS CIOPL 3Disk command buffer
DS 8 jResult status cells
ORG LWAMEM-HSTSIZ-128

s 128 sDirectory buffer

DS HSTSIZ-1 ;Host buffer




3+
+BOOT

R ws WE W e W W W R WS W WA M M W W WL we WA W W e W W W W s W MY MR e W e W W W MR W w Wl e W

$40OPARM:
OFARM:

_VBRS:

FALSE:
TRUE:

TITLE "Soreim ColdStart Boot for GBG DISKL.’
ColdStart Boot load for CP/m 2.2
on GompuPro DISKL.

i
Disk |
BGOT !

I

-
1
T

Copyright 1981, Sorcim Corp.

Thias product is a copyright program product of
SORGIM and is supplied for uwse with the GBC Ll71
series controllers. .

CompuPro Sorcim Corp.
Qakland, CA : Santa Clara, CA

Version number: 2.2F
Version date: 1981 March 31

The following code is supplied to customers who
purchase a hard/floppy disk system from CompuPro.

The following code is written onto track 0 sector O
of the hard disk. This routine is read into memory
at location O by the user’s PROM. This routine then
loads the reat of the system into memory.

The format of the Floppy Disk Boot sectors are as followa:

Routine
T Sector Name
0 0 thru 3 Boot program (this routine)

4 thru 25 BIOS
1 0 thru 7 CCP
8 thru 21 BDOS

22 thru 25 reserved

EQU %0 ;Capture 0 parameter
EQU 32 ;Memory size in Kbytes, or
Bios load address
EQU 22
EQU 0

EQU NOT FALSE
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: EQU 1024

bicaln! equ 1000h
i+ IF OPARM < (B4+2)} ;If absolute
option: set false
if oparm/ {64+1)
option: set true
endif
if not option
MSIZE: EQU OPARM ;8ize of CP/M memory
CBIOS: EQU MSIZE*K-biosln ;Start of CP/M jump table
ENDLF ' ’
s+ IF OPARM > (64+1) ;1f PRL generation
1f option
MSIZE: EQU (OPARMH0EOOh)} /K ;Size of CP/M memory
CBIOS: EQU OPARM ;S5tart of CP/M jump table
ENDIF
BDOS: EQU CBIOS-0EQOh+6 ;Start of BDOS
CCP: EQU CBIOS-1600h 3$8tart of CCP
OPTS: EQU 40h ;0ption selections byte
H Assembly Constants T o o
FDPORT EQU 0COH ;Base port address for Controller
FDCS EQU FDPORT sStatus register
FDCD EQU FDPORT+1 sData register
DMA EQU FDPORT+2 ;Dma address (when write}
INTS EQU FDPORT+2 ;Status Register (when read}
3 Input on port disables boot rom.
SER EqQU FDPORT+3 ;Serdial port
3+ DELCNT a 5000 jDelay count
DELCNT EQU 5000 sBelay count
P Controller function definitions
3 Specify (00) command
;+ NSEC = o ;Sect verify number
3+ F.RTK = 02 ;Read track
;+ F.SPEC = 03 1Specify
3+ F.DSTS = 04 ;Drive status
;+ F.RDAT = 06 ;Read data
3+ F.RECA = 07 srecalibrate
;+ F.RSTS = a8 sRead status
3+ F.SEEK = OFh - iSeek
NSEC equ 0 iSect verify number
FSRTK  equ 02 : " ;Read track
FYSPEC equ 03 ;8pecify
FSDSTS equ Q4 ;Drive status
FSRDAT equ 06 : ;Read data
FSRECA equ 07 irecalibrate
FSRSTS equ 08 ;Read status
FSSEEK equ OFh 38eek
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;+ SRT = 16-28 Shuggart 800s

SRT equ 16-8 3= Shuggart 800s

i 16-3 3= Shuggart 850s

H 16-3 3= Remex

3+ HUT: = 240/16 sHead unload = 240 ms
3+ HLT: = (35+1}/2 ;Head load = 35 s
3+ ¥D: = Q0 $1Set DMA mode

HUT: equ 240/16 sHead unload = 240 ns
HDLT: equ (35+1) /2 sHead load = 353 ms
ND: equ 00 1Set DMA mode

it apace 4,10

Bootstrap load.
Do not change any addresses from here to S5TART:
Entry C= Board switches from ROM (0 .. 3)

-y irn wE

ORG 100h
BO0OT:
JMP START sinvariance
13 space 4,10
H Function data for contreller to bhoot
DATA DB 0 ;Extended
;+ ENTRY: DB high CBIOS
ENTRY: DB CBIOS shr &
i+ j2);] low CBIOS
DB CBIOS and Offh
s+ LDMA EQU *-DATA
LDMA EQU $~DATA
:++ SPEC DB F.SPEC
SPEC DB ¥ $SPEC
it VFD 4\SRT, 4\HUT
i+ VFD 7\HLT, 1\ND
dh grt shl (8-4) + hut
db {hdlt shl (8-7}} + nd
3+ LSPEC = *-SPEG
LSPEC equ $=-SPEC
;+RECAL DB F.RECA, 0
3 HLRECAL = *~RECAL
REGAL DB FSRECA, O
LRECAL equ $~-RECAL
s+ READ: DB F.RDAT
READ: DB FSRDAT
DB 0 shds,dsl,ds0
DR 0 3L = gector ID info
DB 0 sHead
DB 5 iRecord (sector)
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DB 0 N
DB 26 sRead to end of track
DB 7 sGPL
DB 128 3sDTL
s +LREAD = *READ
IREAD equ $-READ
START:
MOV A,C ssave board options
i+ STO A,OPTS
sta QFTS
RETRY:
3+ LDK DE,DATA
1x1i D,DATA
i+ LDK B, LDMA
mvi B,LDMA
: Output beginning IMA address
:+ ADDR: LD A, [del
ADDR : ldax d
ouT DMA ;set IMA
INX D
DCR B
JNZ ADDR ;if NOT all 3 bytes
; Load Specify Command
i+ LDK B, LSPEC
mvi B,LSPEC
SPECl: 1IN FDC3
s+ OR A
ora A
JP SPEC1 ;1f no master ready bit
i+ LD A, lde) ;load command byte
ldax d sload command byte
oUT FID ;to controller
INX D
ICR B
JNZ SPEC1 sif more bytes
: Recalibrate drive
3+ LDK B,LRECAL
mvi B, LRECAL
RCALL: 1IN FDCS
(£ OR A
ora A
JP RCALL 3if no maater ready bit
i+ LD A, (de] ;load command byte
ldax d s+load command byte
QUT FDCD sto controller
INX D
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DCR B

JNZ RCALL 31f mere bytes
RCAL2: 1IN INTS

ORA A

JP RCAL2Z : sIf not complete
i+ MVI A,F.RSTS

MVI A, FSRSTS

ouT- FDCD
RCAL3: 1IN FDCS

ORA A

JP RCAL3

IR FDCD

SUL 20h

MOV GC,A
RCAL4: 1IN FDCS

ORA A

JB RCAL4

IN FDCD

ORA c

JNZ START
H Now set~up rvead command
i+ LIK B, LREAD

mvi ©  B,LREAD
READI: 1IN FICS
He OR A

ora A

JP READ1 31f no master ready bie
it LD A, lde] tload command byte

ldax d ;load command byte

ouT FDCD jto controller

INX D

DCR B '

JNZ READL 3if more bytes
READ2: 1IN INTS

ORA A

JP READZ sIf not complete
READ3: 1IN FDCS

ORA A

JP READ3

I FICD

SUL 40h

MOV L,A
READ4: IN FDCS

ORA A :

JP READ4

IN FBCD

sur 80h

MOV H,A
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LDK
mvi
IN
OR
ora

IN

DEC
der
INZ

MOV
ORA

LD
Ihld
MOV
MOV
MOV
JMP
pchl

ERD

B,7-2
B, 7-2
FDCS

READS
FDCD

READS
A,L

RETRY
HL,ENTRY
ENTRY
D,H

H,L

L,D

(hl]

51f not ready

jread gtatus

sjwalt until all done

;1f problems

sreverse

jenter CBIOS
senter CBIOS

I25s




3+ TITLE  ‘ROM Boot for CompuPro DISKL Comtroller.
;GBCROM - Sorcim ROM Boot for CompuPro Disk Controller.
*

H + +

; I I

; | RoM BOOT |

; I I

; t +

H

; COMPUPRO SORCIM Corp.

H QOakland, CA Santa Clara, CA
3

H Copyright 1981, Sorcim Corporation.

]

H This product 1s a copyright program product of

; Sorcim aund is supplied for use with the

H CompuPro IEEE 6%6 Floppy Disk Controller.

]

H Version number: 2.2F

H Version date: 81 March 31

;+ ROMFWA EQU *0 * 100k

romfwa equ 0

s Assembly Constants

FDPORT EQU OCOH ;Base port address for Controller
FDCS EQU FDPORT ;15tatus register

FICD EQU FDPORT+1 sData register

DMA EQU FDPORT+2 ;Dma address (when write)
INTS EQU FDPORT+2 ;Status Register (when read)
H Input on port disables boot rom.

SER EQU FDPORT+3 38erial port

;+ DELCNT = 5#1000 ;3 MHz processor
delent equ 5*%1000 35 Mhz processor

H Controller function definitions

3 Specify (00) command

3+ NSEC = 0 ;Sect verify number

3+ F.RTK = 02 ;Read track

4+ F.SPEC = 03 ;Spacify

;+ F.DSTS = 04 ;Drive status

s+ F.RDAT = 06 sRead data

s+ F.RECA = 07 irecalibrate

3+ F.RSTS = 08 ;Read status

3+ F.SEEK = 0Fh sSeek

NSEC equ 0 ;9ect verify number
FSRTK  equ 02 sRead track

FSSPEC equ 03 ;Specify

F$DSTS equ 04 sDrive status

FSRDAT equ 06 ;Read data

FSRECA equ 07 srecalibrate

FSRSTS aqu 08 ;Read status
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FS$SEEK equ OFh ; Seek

;+ SRT = 16-8 3= Shuggart 800s
SRT equ 16-8 ;= Shuggart 800s
: 16-3 ;= Shuggart 850s
; 16=3 3= Remex
3+ HUT: = 240/16 ;Head unload = 240 ms
;+ HLT: = {(35+1) /2 ;Head load = 35 ms
3+ ND: = Q0 ;Set DMA mode
HUT: equ 240/16 ;Head unload = 240 ms
HDLT: equ {35+1)/2 ;Head load = 35 ms
ND: equ o0 sSet DMA mode
ORG ROMFWA
;+ LOC 0
START: JMP ROM1 ;forced jump to location 3
3+ ROM1: LBK BG,20 sWait 20 MSec
ROML: 1xi b,20 sWailt 20 MSec
i+ LDK HL,ROM2 sReturn from delay
Ixi h ,ROM2 sReturn from delay
e DELAY
ROM2: LXIL D, DATA
H Output beginning DMA address
MVI B, LDMA
;+ ADDR: LD A, [del
ADDR: ldax d
oUT DMA ;set DMA
INX D
DCR B
JNZ ADDR s1f NOT all 3 bytes
5 Load Specify Command
MVT B, LSPEC
SPECLl: 1IN FDCS
Ha OR A
ora A
Jp SPEC1 ;if ne master ready bit
i+ LD A, [de] sload command byte
ldax d jload command byte
uUT FDCD jto controller
INX D
DCR B
JNZ SPEC1 ;1f more bytes

Recalibrate drive

MVI B,LRECAL
RCALl: 1IN FDCS
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ROCALZ:

RCAL 3:

RCAL4:

-

READI:
i+

READ2:

READ3:

MVI
our

LDK
Ixi
LDK
1x1i
JMP

IN

JB
IN
sSUT
MOV
IN
ORA
JP
IN
ORA
JHZ

Now

MVI
IN
OR
ora

LD
ldax
ouUT
INX
DCR
JNZ

IN
ORA

IN

A

A
RCAL1
A, lde]
d
FDCD
D

B
RCALL

INTS
A
RCALZ

A,FSRSTS
FDCD

BC, 250
b, 250
HL,RCAL3
h,RCAL3
DELAY

FDCS
A
RCAL3
FOCD
20h
C,A
FDCS
A
RCALS
FDCD
c
ERROR

set-up read command

B,LREAD
FDCS
A

A
READL
A, lde]
d
FDPCD
2]

B
READL

INTS
A
READZ

FDCE

3if no master ready bit
;iload command byte

; load command byte

jto controller

$11f more bytes

3If not complete

;Leave light on «25 seconds
;Leave light on .25 seconds
;jset return address
jset return address

3If error in recalibrate

31f no master ready bit
sload command byte
;load command byte

jto controller

;1f more bytes

3sIf not complete
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ORA A

JP READ3
IN FDCD
SUL 40h
MOV L,A
READ4: 1IN FDCS
ORA A
JP READ4
IN FOCD
SU1 80h
MOV H,A
MVI B,7-2
READS: 1IN FDCS
s+ OR A
ora A
JP READS ’ 3if not ready
IN FDCD : sread status
i+ DEC B
der B )
JNZ READS swait until all done
MOV AL
ORA H
JZ GOBOOT 31f no error during read
3+ space 4,10
3 Error during read or recalibrate.
3+ ERROR: LDK BC,1000 ;Wait 1 second before retry
i+ LDK HL,ROM2
ERROR: 1xi b, 1000 ;Wait 1 second before retry
1xi h,ROMZ
: JMP DELAY
it space 4,10
H Delay a period of time.
; .
3 ENTRY BC = number of milliseconds to delay.
H HL = return address.
;+ DELAY: LDK A,DELCNT /26
DELAY: mvi A,DELCNT/26
DLAY1: INX B
DCX B
DCR A
JNZ DLAY1
bi[69.4 B
MOV A,B
ORA c
JNZ DELAY
PCHL jreturn to caller
it space 4,10
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H Function data for controller to boot
DATA DB 0 ;Extended
i+ bR high BOOT
DB boot shr 8
i+ DB low BOOT
DB boot and Qffh
;+ LDMA EQU *-DATA
LDMA EQU $-DATA
:++ SPEC DB F.SPEC
3+ VFD 4\SRT, 4\HUT
s+ VFD 7\HLT, 1\ND
SPEC DR F$SPEC
db {srt shl 4)+hut
db (hdlt shl {8~7))+nd
3+ LSPEC = *-5PEC
LSPEC equ $=SPEC
;+ RECAL DB F.RECA, 0
3+ LRECAL = *-RECAL
RECAL DB F3RECA,O
LRECAL equ $-RECAL
3+ READ: DB F.RDAT
READ: DB FSRDAT
DB 0 shds,dsl,ds0
DB 0 3C = sector ID info
DB 0 sHead
DB 1 ;Record (first sector)
DB 0 H!
DB & ;EOT (last sectors)
DB 7 ;GPL
DB 128 ;DTL
3+ LREAD = *~READ
LREAD equ $-READ

Next instruction disables rom, shadow
of next instructiom must be jump to
execute boot code just loaded ar 100h

ORG © ROMFWA+LO0h=4 ;Leave exact room

+ DS (10Oh~4) ~ *
Ds (l00h-4) ~ §

GOBOOT:

s+ LDK C,high ROMFWA spass board switch value to Boot
mvi c,romfwa shr 8 ;pass board switch value to Boot
ouUT SER jmust preceed Boot immediately

BOOT: _

3+ ASSERT BOOT = lOCh
END
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s
IF YOU NEED ASSISTANCE ALWAYS CONTACT )

YOUR COMPUPRO DEALER FIRST

CUSTOMER SERVICE INFORMATION

Our paramount concern is thal you be satished with any Godbout
CompuPro product. I this product fails to operate properly. it may be
returned to us for service; see warranty information helow.

If you need further information feel free to write us at;

Box 2355, Oakland Airport, CA 94614-0355

LIMITED WARRANTY IN#ORHATION

Godbout Electronics wilt repair or replace, at our option, any parts
found to be defective in either materials or workmanship for a period of 1
year from date of invoice. Defective parts MUST be returned for
replacement.’

If a defective part causes a Godbout Eiectronics product to operate
improperly during the 1 year warranty pericd, we will service it free
(original;owner only) if delivered and shipped at owner's expense to and
from Godbout Electronics,  If improper operation is due to an error or
errors “on the part of the purchaser, there may be a repair

.charge. Purchaser wili be notified if this charge exceeds $50.00.
. “We are not responsible for damage caused by the use of solder in-
- tended for purposes other than electronic equipment construction,
failure to follow printed instructions, misuse or abuse, unauthorized
maodifications, use of our products in applications other than those in-
tended by Gedbout Electronics, theft, fire, or accidents,

Return to purchaser of a fully functioning unit meeting all advertised
specifications in effect as of date of purchase is considered to be com-
plete fulfilment of all warranty obligations assumed by Godbout
Electronics. This warranty cavers only praducts marketed by Godbout
Electrenics and does not cover other equipment used in conjunction
with said products. We are not responsible for incidental or conse-
quential damages.

Prices and specifications are subject to change without notice. owing
to the volatile nature and pricing structure of the electronics industry.

- -

"DISK 1" is a trademark of W.J. Godbout.
"TRI-STATE" is a trademark of National Semiconductor Corp.
"SINGLE/DOUBLE DENSITY FLOPPY DISK CONTROLLER" January 1980,

pages | = 16, Copyright 1980, Intel Corporation. Reprinted
by permission of Intel Corporation.

Copyright 1981, 1982 by Godbout Electronics. All rights reserved. We
gncourage quotation for the purposes of product review if source 1is
credited. Printed in U.5.A.

COMPUPRC division GODBOUT ELECTRONMNICS - BOX 2355 OAKLAND AIRPORT, CA 94614-0355



