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CHAPTER 1

INTRODUCTION

1.1 A GENERAL DESCRIPTION ON THE 2422

CCS's 2422 Floppy Disk Controller supports single- and
double-density data formats, single- and double-sided 5.25"
and 8" drives, and provides 2K ROM containing software
debugging routines and a bootstrap 1loader for 1loading CP/M
(Digital Research's single-user operating system) from
diskette, The 2422 is designed especially for use in CCS's
system 221¢, but provides a number of wuser options for
compatibility with other systems and software.

The 2422 incorportates the following features:

* Ability to <control up to four drives in any combination of
single-sided or double-sided 5.25" and 8" drives.

* Compatibility with the IBM 3749 and System 34 standards for
single- and double-density diskette formats.

* ROM-resident monitor program and bootstrap loader.

* Auto Boot option allowing CP/M to be booted in on reset.

* Compatibility with either Shugart or PerSci drive buses

* Compatibilty with IEEE proposed 5-100 bus

* A compatible version of CP/M that supports single- and

double-density diskette formats in 128, 256, 512, and 1¢24
bytes per sector.
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1.1.1 ROM-resident Firmware Overview

The ROM-resident firmware <consists of the bootstrap
loader and CCS's monitor, the MOSS 2.2 Disk Monitor. The
bootstrap loader is designed to read into memory the system
loader on the first sector of the system diskette and transfer
control to it. The system 1loader in turn reads in the
operating system and disables the monitor ROM, freeing its 2K
of memory space. The MOSS 2.2 Disk Monitor provides routines
for basic console control and software debugging and is
designed to work with CCS's 281¢ Z-8¢ CPU. Both the bootstrap
loader and the monitor are described more thoroughly in
Chapter 4, "The ROM-resident Firmware,"

1.1.2 CCS's Implementation of Cp/M

The 2422 is shipped with a compatible version of CP/M.
CpP/M is organized so that the device-dependent I/0 drivers and
disk routines are 1located in the portion of the operating
system known as the BIOS (Basic I/0 System). The version of
CP/M on the diskette shipped with the 2422 contains a modified
BIOS, called CCBIOS, which is designed to work with the System
2214. The basic principles and operation of CP/M are
described in Digital Research's manual "An Introduction to
CP/M Features and Facilities," while CCS's modifications and
additions to Cp/M are described in CCS's manual "CCS's
Controller-Unique Software.” Both are in your CP/M binder.

1.2 THE 2422 AND SYSTEM COMPATIBILITY

1.2.1 General

The 2422 1is compatible with systems conforming to the
IEEE proposed standards for the S-1¢@ bus.

Note that the 2422 does not contain a serial 1I/0 port.
In CCS's System 2210, the serial port for the console is
located on the CPU. If you do not own a 281¢ Z-8¢ CPU, the
console port must be provided by another board in your system.
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1.2.2 Firmware Requirements

The basic system requirements for firmware compatibility
are 1listed below. Since the monitor firmware is designed to
work with CCS's 2818 CPU, systems with a 2819 CPU configured
as described in Section 3.1 meet requirements 2, 3, and 4
below.

1. ‘Both the Monitor and bootstrap loader require that roughly
256 bytes of low RAM (06@0h-P@FFh) be available on system
reset In addition, memory sharing the ROM's address space
(FOOOh~F7FFh) should be capable of being disabled or
overlaid when the ROM is being accessed. See Section 3.1
for information on configuring your system memory.

2. The ROM-resident firmware requires a 2-808 CPU, since the

firmware uses the 2Z-8f instruction set. The Z-80's
instruction set contains 8@ more instructions than the
8080's. Most of the 2-80 special instructions are

condensations of several 8@80 instructions into one
instruction; owners of an 8080 CPU could thus expand the
72-80 instructions into their 8086 equivalents should they
wish to use the ROM firmware. However, some monitor
routines will have to be pared down or eliminated, since
an 8¢8@ version of the firmware will require more space.
Modifying the firmware involves programming a
user-supplied 2716-type ROM with the revised software and
replacing the original ROM with the newly-programmed ROM.

3. In order for the ROM firmware to be accessed automatically
on power-on or reset, you must have a power-on jump
circuit somewhere 1in your system set to force the CPU to
address F@U@dh on system reset.

4. The console I/0 routines in the Monitor firmware are
designed to drive the 2810 CPU's serial port. If you do
not have a 281@ CPU and wish to use the Monitor, you will
have to modify the console driver routines. Section 4.4.3
containsg instructions on how to do so. The bootstrap
loader does not use the console I/0 routinesg; thus if you
use the 2422 in the AUTO BOOT mode (Section 2.1) in which
only the bootstrap loader is accessed, the ROM firmware
does not need to be modified.
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1.2.3 Operating System Requirements

Your system must meet the following requirements to be
compatible with CC8's controller-unique version of CP/M.

1. CP/M requires 20K of continuous RAM, starting at @@00H.
CCS's distribution version is confiqured for 29K systems,
but can be reconfigured for systems with larger memory:
see MOVCPM in the Controller-Unique Software manual.

2. The system loader, CCBOOT, contains Z-80 unique
instructions. and thus requires a Z-8¢ CPU. Owners of an
8¢98¢ CPU must translate the Z-8¢ instructions into 8080
instructions. CCBOOT also reguires a 4 MHz system clock
to read double-density system diskettes. CCS's customized
BIOS, CCBIOS, is both 8989 and Z-80 compatible.

3. Like the firmware consecle driver routines, the console
driver routines in CCBIOS drive the 281@ CPU's serial
port. 1If you are using a different CPU, you must alter
the console I/0 routines as described in Application Note
1 of the CCS Controller-Unique Software manual,

1.3 DRIVE COMPATIBILITY

1.3.1 General

The 2422 is designed to control soft-sectored floppy disk
drives and to be plug-compatible with Shugart-type or PerSci
drives, As shipped, the 2422 is configured for Shugart-type
drives. The following table lists some of the drives which
are compatible with Shugart drives:

v o i e e e e we A S e mm m mmm e Tk e AR AR S NN e dum mm ew S e ey e owi ey b b Tl mis e e e e
e R S R R R R R T T T T T N S N R T N N RN S e e e e e S EEEE TS ==

| g" 5.25" |
| Shugart SA86@8 or 850 Shugart SA480 or SA450 |
| Memorex 55@ or 552 MPI 51 or 52

| Qume DataTrak 8 MPI 91 or 92

| Seimans FDD 1¢@-8 or 200-8 Tandon TM 140

I [

Remex 2000 or 4000

R e e L L T - - - - T
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owners of PerSci drives will have to make the cut-and-jumps
described in Sections 2.2.1 through 2.2.6 before the 2422 is
plug-compatible with their drives.

All drives contain wuser options, some of which support
daisy-chaining two more drives together. See Section 3.2 on
configuring drives.

1.3.2 Firmware/Operating System Requirements

The bootstrap loadet/monitor firmware should work with
most of the drives 1listed above, since the basic disk
parameters for any read or write operation (track number,
single or double-sided drive, etc.) must be specified by the
user before each operation. A few drive models, however, may
need a faster step rate than specified in the firmware, thus
requiring a modification of the firmware (firmware step rates
are 3gms for 5.25" drives and l¢gms for 8" drives). Refer to
Section 4.4.3 for instructions on altering the step rates.

The basic disk parameters in CCS's BIOS are fixed,
limiting the type of drives that can be wused with the
operating system. The basic disk routines in CCS's BIOS are
designed for Shugart-type single- or double~sided 8" drives
with 77 tracks per side and Shugart-type single-sided 5.25"
drives with 35 tracks per diskette. The number of tracks per
side for the 8" drives 1is currently an industry standard;
however, the number of tracks on 5.25" drives may vary.
Should you own a drive with a different number of tracks, or
wish to implement double-sided 5.25" drives, see the
Application Notes in the Controller-Unique Software manual.

In addition, the CCs firmware/software also requires that
certain drive options be enabled/disabled. Section 3.2
contains general instructions on drive configuration, as well
as specific examples,

1.4 DISKETTE COMPATIBILITY

l1.4.1 General

The disk controller chip used by the 2422, Western
Digital's ¥FD1793, reads and writes diskettes which: 1)
conform to the IBM 3748 format for single-density diskettes or
to the IBM System 34 format for double-density diskettes; and
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2) contain 128, 256, 512, or 1pP24 bytes per sector. Although
the IBM standards were designed for 8" diskettes only, the
1793 will read 5.25" diskettes whose formats are adapted from
the standards. Some minor variations from these standards are
allowed; if you will be writing your own software for the
2422, review the format specifications in the 1793 data sheet
in Appendix B. Please note that the 1793 cannot read
diskettes formatted by the 1771 disk controller chip, although
the 1771 c¢an read diskettes formatted by the 1793.

1.4.2 Firmware/Operating System Reguirements

The following table shows the diskette formats supported
by the ROM~resident firmware:

I F T EFFFEF ¥ F Y S E L EEE T 4 5 B e e

i v — —— ———— i o Erm v e v vk o o mim i i i AR em e e v rwn Tem W T AN U i o e e e TR W e M mw M e WE IS IS TS TS T TN

| 5.25 | Single | 128 ] 18 |
] 5.25 | Single | 256 i 10 l
| 5.25 | single | 512 | 5 |
| 5.25 | Double | 256 | 18 |
| 5.25 | Double | 512 I 10 |
| 5.25 | Double | 1024 | 5 |
| 8.00 | Single | 128 | 26 l
| 8.00 | Single | 256 [ 15 |
| 8.02 | Single | 512 l 8 |
| 8.00 | Double | 256 | 26 |
| 8.00 | Double | 512 | 15

| 8.60 | Double | 1024 ! 8 I

Table 1-2 Firmware-compatible Diskette Formats

CC8's version of CP/M additionally supports single-density
diskettes formatted in 1@24-byte sectors and double-density
diskettes formatted in 128-byte sectors. {Refer to Table 2-1
in the manual "CCS's Controller-Unique Software.") The first
track (Track @g) of any diskette MUST be formatted in

'128-byte, single-density sectors. CCS's utility program
CCSINIT automatically formats the first track of any diskette
in 128-byte single-density sectors. Note that CCSINIT

supports only those formats shown in Table 1-2 above; it does
not support the additional formats supported by the operating
system.
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1.5 SPECIFICATIONS

DRIVE INTERFACE CHARACTERISTICS

Type Drives: Single- or double-sided 5.25" drives

Single- or double-sided 8" drives
Number of Drives: Four maximum of any type or combination
Drive Bus: 8"--Shugart SA850-type

Reconfigurable for PerSci 277/299
5.25"~-Shugart SA45¢ type

Compatible Disks: Single-density, IBM 3740 format
.Double-density, IBM System 34 format
128, 256, 512, 1024 bytes per sector
S5YSTEM INTERFACE CHARACTERISTICS

System Bus 5-190, compatible with proposed
standards IEEE Task 696.1

Firmware MOSS 2.2 Disk Monitor/Bootstrap Loader

PHYSICAL SPECIFICATIONS
Disk Contrelier Western Digital's FD1793

Memory 2316-type 2K ROM
Replaceable with a user-programmed 2716

Power Redquirements +8 volts @ .800 amps
+16 volts @ .@50 amps

Dissipation less than 8 watts

Environmental @ to 70 degrees Celsius
g to 9¢% noncondensing






CHAPTER 2

USER OPTIONGS

The 2422 is shipped from the factory configured for use
in a System 221¢ with Shugart-type drives. Those users whose
system fits this description need only be concerned with the
AUTO BOOT option; once they have configured this option, they
may turn to Chapter 3. owners of a System 221¢ with PerSci
drives will want to read Sections 2.2.1 through 2.2.6 as well.

Sections 2.3.1 through 2.3.7 describe user options
designed for «compatibility with other systems and software.
Figure 2-1 on the following page shows the location of each
jumper option and the configuration of the option as shipped
from the factory.

2.1 AUTO BOOT OPTION

If you are using the ROM-resident firmware, this Jjumper
allows you to choose whether CpP/M will be loaded or the
monitor entered on power-on and reset., The 2422 is shipped
with a shorting plug on pins 1 and 2. 1In this configuration,
CP/M is booted in directly on power-on or reset; that is, the
monitor is not entered first. The BIOS portion of CP/M
handles the 281¢ serial port's initialization, setting the
baud rate to 9.6 Kbaud. Those users who do not own a 281@¢ CPU
will find the Auto Boot mode advantageous: since only the
bootstrap loader portion of the ROM will be accessed, the user
is freed from the chore of modifying the firmware's console
driver routines. However, the BIOS console drivers still
must be modified, as described in Application Note 1 of the
Controller-Unique Software Manual.
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1f the shorting plug is removed, the monitor will be
entered on power-on and reset. CP/M can then be loaded in
under monitor control by use of the Boot command. Entering
the monitor on reset allows the user to take advantage of the
monitor’'s console port initialization routines which
initialize the 281@ serial port's baud rate to the baud rate
set by the console device. The console device's baud rate can
be set to any baud rate between 2 and 56K baud. The shorting
plug can be stored on the board by placing one end on either
pin 1 or pin 2 and letting the other end swing free.

2.2 PERSCI DRIVE OPTIONS

Figure 2-2 below illustrates the necessary cut—-and-jumps
necessary for 2422 to Dbe reconfigured for PerSci drives.
Sections 2.2.1 through 2.2.6 describe the options. See
Appendix D for the pinouts of the 8" drive Dbus when
reconfigured for PerSci drives.

FAST SEEK 1 2 3 ABCD
E 1
Figure 2-2 12 3 IE '
(Software Control) 2
Jumper Configuration 3
for PerSci Drives FAST SEEK KEY:
1 2 3
(Hard Set) %cut trace I jumper

2.2.1 Fast Seek

The FAST SEEK option ig provided for wusers with voice
coil drives. It allows the user to choose between software-
or hardware-enabling of the fast seek mode. Soldering a wire
connecting pads 1 and 2 allows you to enable the fast seek
mode by writing a ¥ to bit 4 of Control Register 2. Soldering
a wire connecting pads 2 and 3 permanently enables the fast
seek mode. 1f you are planning to use the ROM-resident
firmware or the CCS version of CP/M, the fast seek mode will
be enabled only if you set the jumper pads 2 and 3, since the
CCS software does not enable the fast seek mode.
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2.2.2 Drive Select 3

PerSci drives use pin 18, the Shugart drives' HEAD LOAD
line, for DS3 (Drive Select 3). To enable DS3, cut the trace
between Al and A2 and solder a wire between pads A2 and A3.

2.2.3 Drive Select 4

Shugart drives have DS54 (Drive Select 4) on pin 32 of the
bus; PerSci drives have it on pin 4. To enable D84 on pin 4,
cut. the wire between pads B2 and B3 and solder a wire between
pads Bl and B2.

2.2.4 Side Select

The Shugart double-sided drive uses pin 2 cof the bus for
TG43 (Track greater than 43); the PerSci double-sided drives
use it for SIDE SELECT. To enable the SIDE SELECT line for a
PerSci double-side drive, cut the trace between pads Cl and C2
and solder a wire between traces C2 and C3. This modification
allows the CCS software to support double~sided PerSci drives.

2.2.5 Remote Eject

The Shugart 8" double-sided drive bus uses pin 14 for the
output SIDE SELECT, while PerSci drives use it for REMOTE
EJECT. To enable REMOTE EJECT for a PerSci drive, cut the
trace between pads D2 and D3 and solder a wire between D1 and
D2. Once this feature has been installed, writing a 1 to port
@4H will eject the diskette 1in the selected drive. CCs
software does not support the Persci remote eject feature.

2.2.6 Seek Complete

Pin 1@ of the drive bus is used for the status signal
TWO-SIDED by the Shugart double-sided drive and for the status
signal GSEEK COMPLETE by PerSci drives. To enable SEEK
COMPLETE, <¢ut the trace between pads El1 and E2 and solder a
wire between pads E2 and E3.
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2.3 OPTIONS FOR SYSTEM/SOFTWARE COMPATIBILITY

2.3.1 Bank Byte Option

Like CCS's RAM cards, the 2422 Disk Controller can be
hardware assigned to one of eight banks, or levels, of 64K,
allowing up to eight disk controllers can be used in one
system. To assign the 2422 to a bank, wirewrap the BANK BYTE
pins which correspond to the bank level to which you want this
board assigned. (Some boards may not have wirewrap pins; run
a wire between the pads in this case.) For example,
jumpering pins DO assigns this board to bank 0. Once you have
assigned this board to a bank, you can in turn select that
bank and enable the board by outputting to port 40 a data byte
with a logic 1 in the bit position corresponding to the bank
level. For example, the following Z-80 code fragment would
activate bank 3 and deactivate all other banks:

LD A,000001000B ;load accumulator with bank control byte
OUT 40H,A ;joutput bank control byte to port 40H

Although the primary purpose of multiple banks is to support
multi-users, CC58's single-user system 2210 uses the Bank
Select system to simultaneously disable the monitor ROM and
enable high RAM (see Section 3.1). To support this function,
the BANK BYTE pads should be left open entirely.

2.3.2 Bank Enable Option

The Bank Enable option allows you three methods of using
the bank-select system to enable the board. As shipped, the
2422 is hard-wired so that the board comes up enabled on reset
or power-on before any bank-selection occurs. Otherwise, the
bank-select system functions normally; if a bank the 2422 does
not reside in is selected, the 2422 will be disabled. If you
cut the trace between pads 2 and 3 of the BANK EN jumper and
solder a wire between pads 1 and 2, the 2422 will be disabled
after reset or power-on until its bank is selected. IEf you
solder the wire between pads 3 and 4 instead, the 2422 is
removed from the bank-select system entirely and 1is
permanently enabled regardless of which bank is selected.
Whenever the board is selected, the Bank LED lights.
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2.3.3 ROM Enable Option

The ROM Enable option allows you to choose between two
methods of enabling/disabling the bootstrap loader and monitor
firmware. If you leave pads 1 and 2 of the ROM ENABLE jumper
shorted, the bootstrap loader and monitor are enabled when
your system is turned on or reset and disabled when any data
byte is output to port 48h. (Because port 40h 1is the Bank
Select Port as well, you must make sure that the 2422 is
either permanently bank-enabled or bank-enabled on reset.)
This method of disabling the ROM is used by CCS's CP/M loader,
CCBOOT. When it 1is loaded 1into memory by the bootstrap
loader, CCBOOT outputs a @l1H to port 40JH. This will
simultaneously disable the ROM while enabling any RAM assigned

to bank 9.

If you cut the trace between pads 1 and 2 and solder a
wire Dbetween pads 2 and 3, the ROM can then be
enabled/disabled entirely through software control. Writing a
@ to bit 1 of Control Register 2 enables it; a 1 disables it.

2.3.4 Partial ROM Option

This option allows the portion of the ROM containing the
basic I/0 and primitive disk routines used by the monitor to
be available after CP/M is loaded in. This portion of the
ROM, located at F6@@h-F7FFh, contains essentially the same
basic 1/0 routines as CCS's customized BIOS, CCBIOS, on the
distribution diskette. If you are planning to tailor the
CCBIOS to your system, you may wish to have your customized
BIOS call some of the routines located in the ROM. This will
give you the greater reliability of ROM memory and save some
disk space. To allow the basic I/O portion of the ROM to
remain in memory after CP/M 1is 1loaded in, solder a wire
between pads 1 and 2 of the PR EN jumper.

You must leave the basic I/0 portion of the ROM disabled
if you will be running CP/M in a system with 61K of memory or
greater. ‘
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2.3.5 ROM wait State Option

The on-board ROM has the relatively slow memory access
time of 4%¢ nsecs. A CPU running at 4 MHz will not provide
the access time needed by the ROM. The 1793 registers, when
they are memory mapped, also have slow memory access times.
if pads 1 and 2 of the WAIT jumper are left open
(Eactory-configuration), the ROM Wait circuitry 1is enabled,
inserting one Wait state per memory cycle in which either the
ROM or the 1793 is selected. 1I1f a wire 1is soldered between
pads 1 and 2, the ROM Wait circuitry is disabled.

2.3.6 Memory Map Option

CCS makes available to its 2422 users a control ROM which
allows the registers on the 2422 to be memory mapped when the
ROM is inserted into the socket for U2l1. The registers then
occupy memory addresses FFF8H-FFFDH. See Appendix A for a
more detailed description of the 2422 register addressing. If
you plan to use the memory map option, you can enable memory
mapping by installing a wire between pads 1 and 2 of the M MAP
jumper. The CCS firmware/software does not make use of memory

mapping.

2.3.7 Interrupt Options

The interrupt jumpers allow you to tie DRQ and/or INTRQ
to either the Interrupt line (INT), the Nonmaskable Interrupt
line (NMI), or any of the 8 Vectored 1Interrupt 1lines
(VIg-VI7). INTRQ, when active, indicates that a command has
been completed and that the 1793 is awaiting a new command.
DRQ, when active, indicates that the data buffer either has a
byte to be read or requires a new byte to transmit, depending
on the nature of the disk operation in progress. Either or
both of these 1lines can be used to generate interrupts and
thus request servicing from the processor. To generate VI2 by
the active INTRQ, for example, run a bus wire from the INTRQ
pad to the VI2 pad and solder it in. CCS firmware/software
does not make use of the Interrupt lines.






CHAPTER 3

INSTALLATION AND GPERATION

3.1 SYSTEM CONFIGURATION

In order for the ROM=resident firmware to work as

described in Chapter 4 or for CP/M to be loaded properly, you
must set up your system as follows:

1.

Set your system's power-on jump circuit to force the CPU
to jump to location F@@@h when you turn your system on oOr
reset it. If you own a 2810 Z-8¢ CPU, you must set the
JMP EN jumper to ON and set the JUMP ADDRESS SEL jumpers
JAR-JAll to ¥ and JAl2-JAlS5 to 1.

Ensure that any RAM sharing the ROM's memory space cannot
be accessed while the firmware is being accessed. You
may use the 2422's PHANTOM ocutput to do so if your RAM
responds to the signal. Or, if your RAM uses the same
bank select system as the 2422, you can configure your RAM
such that the memory block sharing the ROM's memory space
is bank~disabled on power-on or reset. By assigning the
block to bank @, you can ensure it will be enabled at the
same time the system loader, CCBOOT, disables the ROM by
outputting @1lH to port 4@gH. On the 2965 this method of
enabling/disabling the RAM can be accomplished by setting
the BLOCK SEL Jjumper f£for Block 4 to BE, the BANK PORT
ADDRESS Jjumpers A7-A0 to 0100000d, and selecting D of the
BANK BYTE SEL jumpers.

Note that if you wish to keep the basic 1/0 portion of the
ROM enabled after CP/M is loaded, you have to use the
PHANTOM output to disable the RAM sharing its memory
space.
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3. Ensure that at least 256 bytes of low RAM are enabled on
reset; since CP/M requires at least 20K of continuous RAM,
it would be wise to enable all RAM except that which
directly conflicts the ROM. On the 2865 this would
involve setting the BLOCK SEL jumpers for Blocks 1, 2, and
3 to ME (the bank-independent position).

If you own a 2819 Z-80 CPU, you must also do the following:

1. Set the SERIAL ADDRESS SELECT jumpers to 20H and the SER
EN jumper to ON.

2. Disable the CPU's monitor ROM (ROM EN=OFF) when you are
running CP/M in a 60K or greater system.

3.2 DRIVE CONFIGURATION

All drives come with customer-configurable options,
usually realized in the form of Berg jumpers or programmable
shunts on the PC board. If you are planning to use only oOne
mini drive, 1t can usually remain as configured by the
factory. If you are using an 8" drive or more than one of the
same size drive, you'll need to reconfigure your drives. The
following two sections give general rules regarding the
configuration of 8" and mini drives and give explicit
configuration instructions for a few models of each size
drive. Some of the models have gone through several revisions
since they were first introduced; as result the setup
instructions will not always be the same for two drives of the
same model. If you have guestions, contact your drive
manufacturer.

3.2.1 8" Drive Configuration

The following general rules apply to all 8" drives:

1. The 2422 firmware/software requires that a drive be able
to perform seeks without its head loaded. To enable a
drive to do so, you must make its stepper circuitry
dependent on DRIVE SELECT and independent of HEAD LOAD.
In some cases DRIVE SELECT is terminated with HEAD LOAD;
since this option separates DRIVE SELECT from the HEAD
LOAD termination, DRIVE SELECT will need to be separately
terminated.
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2. Some drives can be configured for either hard-sectored and
soft-sectored diskettes. Select soft-sectored.

3. Two-sided drives should be optioned out so that the disk
side is selected by the SIDE SELECT signal. This is the
standard drive configuration. In addition, the 2422
software requires the TWO-SIDED status signal be enabled.

If you are daisy-chaining two or more drives:

4. You must make sure that the common active lines are
terminated in the last drive on the cable only. This may
involve shorting traces, or removing jumper plugs or
registor packs: see your drive manual.

5. You must also enable the appropriate Drive Select line to
each drive, usually accomplished by moving a jumper plug.
These are four Drive Select lines available, allowing each.
of four drives to be independently selected. Many drives
also allow the option of <chaining up to eight drives
together; the 2422 does not support this option.

6. To avoid electrical noise and improve disk access speed,
we recommend you make the Head Load signal independent of
the Drive Select signal, if your drive gives you the
option. This will cause all the drives to load at the
same time and stay loaded for the duration of a read/write
operation. Since all heads load, you also want to make
the Activity LED on the drive's front panel independent of
HEAD LOAD and dependent on DRIVE SELECT only.

Most drives offer additional options to the ones mentioned
above. These should be left in the factory configuration.

3.2.2 Examples of 8" Drive Configuration

Below are specific instructions on configuring selected
drives so that they conform to rules 1 through 6 above.
SHUGART SA8¢0

1. Plug traces DS and C. Remove plug from B and HL.
Terminate DRIVE SELECT by plugging T2.

2. Close 8@9; open 841.

3. Not Applicable: the SA860 is a one-sided drive.
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daisy-chaining more two or more drives:

plug T1, T3, T4, T5, T6 in the last drive on the bus
interface only. Leave these pins open on all other drives
on the bus.

Plug one of the following Drive Select pins: DS1, DS2,
DS3, or DS4. pads DDS, D1, D2, and D4 should be left
unnconnected.

Close A, X, and Z. Open Y.

SHUGART SA85¢/851, REMEX RFD2008/2001, REMEX RFD4gd6/4001,
MEMOREX 558/552, QUME DATATRAK 8

l.

6.

Cut traces B and HL on the drive's programmable shunt,
Leave the traces 2, A, X, I, and R on the shunt shorted,
Plug DS and C.

Plug the following traces in the following drives: 858
(Shugart); 4p¢¢4 (Remex 4000); 200¢ (Remex 2000); SSE
(Memorex) . Leave open: 851 (Shugart); 4001 (Remex 40040);
2001 (Remex 2¢@1); HSE and HSI (Memorex). Cut 8§ on the
Shugart and Remex programmable shunts. The Qume drive
does not have a hard sector option. N

In the double-sided drives, short 25 and S2 to enable the
signals TWO-SIDED and SIDE SELECT. Leave open S1, S3, 1B,
2B, 3B, and 4B (or alternatively, Bl-B4).

more than one drive:

Remove the terminating resistor pack in all drives except
the drive that is electrically last on the cable,. (At
location 3H in our Shugart, 7A in our Remex, and 2F in our
Memorex.) The Qume has two resistor packs that need to be
removed: 1TM and 2TM.

Jumper only one of the following: DS1, DS2, DS3, or DS4
(located by Jl1). Leave DD in the Shugart and Memorex
plugged. On drives that allow up to eight drives in a
daisy chain, pins DDS, D1, D2, and D4 should be left
unconnected.

Open Y.

SIEMENS FDD 100-8 and 20¢-8

l.

Remove the wvertical jumper between G pads and place a
horizontal jumper between the H pads.
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2. Leave SS shorted and HS open. (Both jumpers are located
by 2C.)

3. For the 200-8, make sure that a jumper exists between the
horizontal 7 pads and that the vertical 8 pads are open.
The Side Sel pads 3-¢ should remain open.

For daisy-chaining two or more drives:

4. Remove terminating resistor on all drives but the last on
the bus Iinterface.

5. Plug one of the following RAD SEL (Radial Select) pins: 4,
1, 2, 3. These pins correspond to the DS1, DS2, DS3, Ds4
on other drives, Leave the Binary Select pins g-7 open.

6. Remove the wire Jjumper between the vestical L pads and
install a wire on the horizontal J pads. For the activity
LED to light on Drive Select, leave U and S of the ACT LED
pins plugged and R and H open.

3.2.3 Configuring 5.25" Drives

5.25" drives tend to be more standardized and simpler to
configure than the 8" drives. If you plan to use only one
5.25" drive, you can plug it in as is. If plan to use more
than one, configure them as follows:

1. Make sure the common 1lines are terminated in the last
drive only. In most, if not all 5.25" drives, this
involves removing the terminating resistor pack from its
socket in all but the last drive.

2. 1If given a choice between loading the head on DRIVE SELECT
or MOTOR ON, choose DRIVE SELECT. Most drives come
configured for DRIVE SELECT; however, since in some cases
choosing between the two optien involves moving a
programmable shunt up or down one position, ensure the
right option is selected before you make any cuts on the
shunt. Shugart's double-sided drive gives the option of
having the drive motor activated by MOTOR ON alone or
either MOTOR ON or DRIVE SELECT. Other double-sided
drives may do the same. Select MOTOR ON alone.

3. Select the multiplexing option. In most 5.25" drives this
involves cutting a trace marked MUX on a shunt. Select
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one of the Drive Select lines by leaving the chosen Drive
Select line shorted and opening the others. Some 5.25"
drives may have only three Drive Select lines (usually
labeled DS1, DS2, and DS3); others have four (DS1-D54 or
DS@-DS3) .

3.2.4 Examples of 5.25" Drive Configuration

Below are some specific Instructions on configuring
selected 5.25" drives so that they conform to rules 1 through
3 above.

SHUGART SA400

1. Remove the terminating resistor pack from all drives but
the one electrically last on the cable. Some older drives
do not have a socketed resistor pack; on these drives you
cut the terminating traces on a shunt in each drive except
the last on the cable.)

2. Leave HS (or HL) on the shunt shorted; make sure HM is
open. (Some older models do not give the user the option
of loading the head on MOTOR ON, and thus do not have
these jumper options.)

3. Cut MX on the shunt. (On some older drives, the MX option
is not 1located on the shunt, but is simply a trace to be
cut on the board.) Leave one of the DS1, DS2, D53 traces
on the shunt shorted; cut the others.

MPI 51/%2 AND TANDON TM 100

1. Remove the terminating resistor packs on all drives but
the last on the bus interface.

2. On the MPI and Tandon drives all configuring is done on a
programmable shunt. Leave HS (Head load on Select)
shorted; open HM (Head load on Motor On).

3. Cut MUX (or MX) and three of the Drive Select 1lines
(DS1-DS4 or DS@E-DS3). Only the Drive Select line that you
want to select the drive should remain shorted.
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SA4590

1. Remove resistor pack 3D from all drives but the last on
the interface.

2. Move the programmable shunt over one position in its
socket so that MM is shorted. This causes the motor to
the drive to be turned on only when the signal MOTOR ON
goes low,

3. Cut MX on the programmable shunt; leave only one of the
Drive Select lines (DS1, DS2, DS3, DS4) shorted.

3.3 INSTALLATION

‘ The cable assemblies needed to connect the 2422 with your
drives are not not supplied with the 2422. For the 5.25"
drives and the 8" drives you need 34 and 5@ conducter
flat-ribbon cables, respectively. The connectors you need are
as follows:

Mating Connectors for the 2422:

5.25" drives (J1) = Ansley #609-3430@ or equivalent
8" drives (J2) = Ansley #609-5030 or egquivalent

Back Panel Connectors:

5.25" drives = Ansley #609-3416 or equivalent
8" drives = Ansley #609-5016 or equivalent

Mating Connectors for Back Panel:

5.25" drives = Ansley $609-343@¢ or equivalent
8" drives = Ansley #609-5030 or equivalent

Mating Connectors to the Drive P. C. Board:

5.25" drives = Ansley #609-5015M or eduivalent
8™ drives = Ansley #609-3415M or equivalent

If you assemble your own cables, be sure that the pin 1 strip
of the cable (usually marked by an outside colored stripe)
matches pin 1 of all the connectors. When installing the
cables, be certain tc match pin 1's on the connectors.
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3.4 OPERATION

3.4.1 Bringing Up the System

The following operation instructions apply only if you
are using the 2422 in its standard configuration with a 281@
7Z-8@ CPU, the Monitor ROM firmware, and the distribution
version of CP/M.

After properly configuring and installing the 2422, power
on the system. If you have the AUTO BOOT jumper set to ON and
your terminal set for 9600 Kbaud, the CP/M sign-on message
should appear on your screen, followed by the CP/M prompt.
You may then use the operating system as described in the CP/M
manual, "An Introduction to CP/M Features and Facilities."

If you have the Auto Boot jumper set to OFF, hit the
return key three times. The system should respond with the
MOSS 2.2 Monitor sign-on message

MOSS VERS 2.2
followed by the monitor prompt, a dash.

You may then use the monitor commands as described in
Chapter 4 or you may boot in CP/M by typlng in a "B" next to
the monitor prompt.

3.4.2 Tips on‘Disketté Use

1. Do not touch or clean the recording surface of the
diskette. Return the diskette to its protective jacket
when it is not in use.

2. Do not expose diskettes to magnetic fields, heat, or
direct . sunlight. Write on the jacket cover with
felt-tipped pen only. Pencil or ball-point pen can ruin
the diskette.

3. Power on your system BEFORE inserting a diskette; power it
down AFTER removing all diskettes. You risk damaging a
diskette if you turn system power on and off while the
diskette is in a drive.
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4.

Keep backup diskettes of ALL important data. Use backup
diskettes cautiously; if the original diskette appears to
be bad, don't assume the problem will disappear when you
use the backup diskette. If the hardware is
malfunctioning, you may lose your backup diskette as well,
Test your system with diagnostic software or a scratch
diskette before you use the backup diskette.

Many diskettes have a write-protect notch, To
write-protect an 8" diskette (i.e., to allow the diskette
to be read but not written to), leave the notch uncovered.
To allow writing to the diskette, fold the tab provided
with the diskette over the notch so that it completely the
notch. For 5.25" diskettes, the instructions are exactly
the opposite.

Some double-sided diskettes have two holes in their
jackets near the center hole and opposite the
write-protect notch. The drive senses whether the
diskette 1is being wused as a one-sided diskette or a
double-sided diskette by which hole 1is covered. Use a
write-protect tab to cover the outside hole when using the
diskette as a single-sided diskette; cover the inside hole
when using it as a doubled-sided diskette. See Figure 3-1
below.

Single-sided Double-sided

Figure 3-1 Two-holed Double-sided Diskettes

Note: Some models of the Shugart 85¢ may require both
holes of a double-sided diskette to be uncovered when it
is used as a double-sided diskette.






CHAPTER 4

THE 2422 ROM RESIDENT FIRMWARE

This chapter c¢ontains a description of the bootstrap
loader and the M0SS 2.2 Disk Monitor. It serves tLtwo
purposes: 1) to give the background information needed by a
user who wishes to modify the firmware; 2) to describe how to
use the monitor. Those users who will not be modifying the
firmware may wish to skip the first several sections and begin
with Section 4.6.

4.1 COLD-START ENTRY

The cold-start entry point is FoOg&h. If you set a
power on jump circuit to this address, the CPU will jump to
the cold-start entry point when your system is turned on or
reset. The cold-start initialization routine loads the low
RAM locations called to by the Z-88 restart commands with jump
vectors to the restart error message. It then finds the
highest active RAM address and locates the monitor stack and
work space below it. Next it checks the state of the Auto
Boot bit (determined by the configuration of the AUTO BOOT
option) in Status Register 1; if the Auto boot bit is @ the
initialization routine passes control to the bootstrap loader,
which then lcocads in CP/M as described in Section 4.4 below.
The monitor work space is overwritten as CP/M is loaded in.
If the Autec Boot bit is 1, the initialization routine
continues, waiting for a series of carriage returns from the
console device. It uses the carriage returns to synchronize
the baud rate of the 2810 CPU's serial port to the baud rate
of the console device. When it has done so, it turns control
over to the monitor executive.
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4.2 PAGE ¢ RAM USED BY FIRMWARE

The following locations in page ¢ memory are used by the
disk controller firmware. Except where noted, these locations
should be reserved exclusively for the firmware's use.

T e e T T
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ADDRESS CONTENTS
gogah-gog2h These locations contain the warm start vector
for the monitor. When CP/M is loaded, they

are overwritten by CP/M's warm start vector.
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gea3h This location contains the Intel Standard
IOBYTE loaded during cold start initialization
and used by the monitor's basic I/0 routines
(see Section 4.4.2).
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PP@B8h-0@BAN Called by the Z-80 restart commands, these
g@loh-0012h locations are loaded with jump vectors to the
BBi18h-pgP1Ah restart error routine (Section 4.6.4) during
0020h-0@22h cold-start initialization. They can be over-
gp28h-gp2Ah written by valid restart routines. Locations
@@30h-p@32h go@sh - gpgAh are also wused for breakpoint
@@38h-0@3Ah processing by the monitor GO command.

0@4vh-p@53h Containing disk parameters used by the monitor

and bootstrap 1loader disk routines, these
locations are described in more detail in
Section 4.3.3.
P@8@h-@17Fh These locations form a temporary buffer for
' the Loader program, CCBOOT, read in from disk.

e T e e e et T 1+ 1+

Table 4-1 Low RAM Locations Used by Firmware

4.3 THE FIRMWARE DISK ROUTINES

The primitive disk routines used by the monitor and the
bootstrap loader are designed to read or write disks which
conform to the IBM 3749 and System 34 standards for

soft-sectored diskette format. Although strictly speaking
these standards apply to 8" diskettes only, they can be
adapted for 5.25" diskettes. Since the primitive disk

routines are designed for diskettes conforming to the IBM
format standards, it might be helpful if we discuss diskette
format in general and the IBM standards in particular.
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4.3.1 Diskette Format

Track numbering on a diskette begins at its circumference
with fTrack @p and proceeds toward the center; thus the
innermost track on an 8" diskette with the standard 77 tracks
is Track 76. Each track on side ¢ of a double-sided diskette
has an associated track on side 1; these track-pairs are often
called cylinders. Unlike track numbering, sector numbering
starts with 1, the number given to the first sector
immediately following the index pulse. The number of sectors
on a track is dependent on disk size, data density, and number
of bytes per sector.

The IBM 3740 standard for single-density diskettes allows
sector sizes of 128, 256, and 512 bytes; the System 34
standard for double-density diskettes allow sectors sizes of
256, 512, and 1924 bytes. (The 1793 can format single-density
diskettes in 1@24-byte sectors and double-density diskettes in
128-byte sectors as well, but those additional sector sizes
have no practical advantage.) Before each sector is an unique
address or ID field identifying the track number, diskette
side, sector number, and sector size. In addition, the 1ID
fields and data fields must be separated by gaps and sync
fields of a minimum length per sector. Figure A-1 of Appendix
A illustrates the IBM 374¢ format standard for single-density
8" diskettes. The 1793 adds an additional constraint in
diskette format: it expects gaps to consist of minimum number
of FFh bytes, followed by several bytes of pggh. Diskettes
formatted by a 1771 disk controller chip do not meet the
1793's requirements. Thus the 1793 cannot read such
diskettes. (The 1771 can, however, read disks formatted by
the 1793.)

4,3.2 Description of the Disk Routines

The firmware contains two routines for sector reads and
writes: DREAD and DWRITE. The bootstrap loader <c¢alls DREAD
for reading the first two sectors of Track @¢; the monitor
Read and Write commands use both routines. DREAD and DWRITE
both transfer one sector at a time and automatically determine
disk size, sector size, and density format if the disk has not
been accessed before. They conform to the CP/M calling
conventions and return a ¢ in the A register 1f the disk
operation was successful and & non-zerce if it was not
successful after ten tries. Both routines reside in the upper
1/2K of ROM which can remain enabled after CP/M is loaded in
(PR EN option--Section 2.3.4). Thus they can be called to
from a user's BIOS. The entry point for DREAD is F6EAh; for
DWRITE, F6EBh.
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4.3.3 Disk Parameters for Disk Operations

DREAD and DWRITE use locations 0040h-0053h to store the
disk parameters they need. Below are the definitions angd
addresses of some of the more important disk parameters:
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Address Name Description

2040hnh DISKNO Stores the number of the currently-
selected drive: @, 1, 2, or 3.

g@d41h TRACK Stores the number of the current track.

0342h SECTOR Stores the numbear of the current
gsector.

@d43h SIDE Stores the byte written to Control
Register 2 to select disk side. (DGh =
side @; 9¢h = side 1)

g045h TWOSID Stores @ if the disk in the currently-

selected drive 1s cne-sided; 1 if it is
two-sided.

@24Anh CUNIT Stores the byte last written to Control
Register 1, giving information on the
currently-selected drive unit.

@d4Ch HSTBUF Stores the starting address in memory
for disk transfers to and from memory.

ZB4Eh~- IDSV Stores the ID field information from

B953h the diskette in the current drive.
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Table 4-2 Disk Parameters

4.4 THE MONITOR'S I/0 ROUTINES

The monitor's basic I/0 routines are essentially the same
as those used by CCBIOS, CCS's customized BIOS. They are
designed for a system using CCS's 2810 Z-80 CPU, configured as
described in Section 3.1. As with the primitive disk
routines, they reside in the last 1/2K of the ROM, allowing
them to be available after CP/M is loaded, should you choose
the PR EN (Partion ROM Enable) option. Section 4.4.3 below
contains information on tailoring this portion of the ROM 'if
you are using a system with a different CPU or wish to provide
driver routines for other peripherals, such as a printer.
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4.4.1 The IOBYTE

The basic I/0 routines 1in this portion of the ROM
implement the IOBYTE function, as developed in the Intel MDS
system and as used by CP/M. The IOBYTE function divides
peripherals into four categories according to type: Console,
typically a teletype or a CRT; Reader, a paper tape reading
device; pPunch, a paper tape punching device; and List, a
hard-copy printing device. At any given time, one of four
physical devices can be assigned to each of the logical device
categories. Table 4-3 below 1lists the allowable physical
devices in each logical device category.
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| Logical Device Physical Device |
Console Teletype
CRT

| I
l f
| Batch Mode (input from logical reader; |
| output to logical list) |
| User Console #1 l
| Reader Teletype 1
| Paper Tape Reader I
| User Reader #1 |
] User Reader #2 |

| Punch Teletype I
| High speed paper tape punch |
I User punch #1 |
| User punch #2 |

| List Teletype |
| High speed line printer (CRT in Cp/M) |
| User list #1 (High speed line printer |
I in Cp/M) |
| User list #2 (User list $1 in CP/M) |
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Table 4-3 Physical-to-Logical Device Assignments

The current physical-to-logical device assignments are
stored in the IOBYTE at location 9@¢3h. The IOBYTE can be
altered through the MOSS monitor Assign Command or the CP/M
STAT c¢ommand. when an I/0 routine involving a logical
category is called, the routine loads the IOBYTE, using it to
determine the currently assigned physical device, and then
jumps to the driver routine called by the physical device
assignment. In each logical category, the firmware provides
provides driver routines only for the Teletype assignment,
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which is the default assignment. These routines are designed
to drive the serial port on the 2818 CPU. Please note that
the physical assignment names do not have to accurately
describe the actual peripheral used; the actual physical
device driven by the teletype assignment routines could easily
be a CRT. The driver routines associated with the remaining
physical device assignments are set equal to the I1/0 error
routine. Thus if an unsupported physical device 1is assigned
to a logical device, the I/0 error message will be displayed
and control returned to the monitor whenever an I/0 operation
involving the logical device is attempted.

4.4.2 The Basic I/0 Routines

The user may call the following basic I/0O routines [from
his own programs while in the monitor or from his own
customized BIOS if the PR EN option is enabled.
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string must be terminated by bit 7 set
in the last character.

| Name Address Description |
| c1 F646 Console Input |
| *coNI F68F Console Input, strips ASCII parity bit |
| *co F600 Console Output |
| *csTs F623 Console Status Input |
| *Lo F610 List Output I
| *LSTAT F669 List Status Input I
| *RI F656 Paper Tape Reader Input |
| *po F67C Papar Tape Punch Cutput |
{ PRTWA  F698 Prints ASCII string on console. The }
| |
| PRTWD  F695 Same as above, only does carriage |
| return, line feed first. |
} CRLF F6A9 Generates carriage return, line feed {

sequence to start new line on console
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Table 4-4 The Basic I/O Routines

The starred routines are CP/M compatible routines, basically
the the same as the following routines used in CCBIOS: CONIN,
CONOUT, CONST, LIST, LISTST, READER, and PUNCH. They perform
the basic IOBYTE handling as described above. Again, actual
driver routines exist only for the teletype assignment for
each logical category. These driver routines conform to the
CP/M calling conventions, passing the data in the C register
for any output and in the A register for any input. PRTWA,
PRTWD, and CRLF are not routines used by a CP/M BIOS; however,
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they are useful routines which are available as long as the
Basic 1/0 portion of the ROM 1is accessible. CI is an
alternative console input routine which does not strip the
parity bit.

4.4.3 Customizing the Basic¢ I/0 Routines

As mentioned before, only the teletype physical device
assignment is supported by the firmware. The teletype drivers
are designed to drive the console port on the 281¢ Z-8p CPU.
Should you wish modify the console drivers to work with
another console port, you will thus have to modify the
teletype driver routines (TTST, TTYIN, TTOST, and TTYOUT)
routines in the source code. Since the teletype device is the
default conscle device, you need also to change the console
initialization code.

To add a peripheral device, you generally need only ¢to
replace the equate to IOER in the physical device drivers with

valid driver code. The equates for additional peripheral
devices are on page C-24 of the firmware listing in Appendix
C. Should you wish to add a printer, for example, that is

selected by the high speed line printer assignment, you would
change the eqguates

LPRT: EQU IOER ; UNASSIGNED LINE PRINTER
LPRST: EQU IOER ; UNASSIGNED LINE PRINTER STATUS

to driver code while preserving the routines' names. Only 1if
you wish your printer to be selected by the default teletype
assignment 1is it necessary to alter the basic I/0 routines
themselves. In that case, the basic I/0 routines LO and LSTAT
should be modified so that the jumps to TTYOUT and TTOST which
are made when the teletype device 1is selected are replaced
with jumps to user-named and user-written printer ocutput and
status routines. Note that in the <case of the Punch and
Reader devices, there are no basic I/0 status routines. The
hecessary status routines must be called by the input or
output drivers. ‘

The firmware may alsc be modified for different drive
step rates, Currently, the step rates are 30ms £for 5.25"
drives and 1lgms for 8" drives. To change the step rates,
modify the following fragment of code (page C-27 the firmware
listing) as indicated:
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SET1: RAL

LXI D,S5TPRAT ;SET THE INITIAL STEP RATE

MVI A,3 ;TC SLOWEST POSSIBLE

. (replace 3 with

. g for 6ms step rate

. 1 for 12ms step rate
. 2 for 2pPms step rate)
MOV M,A

MVI A,2 :SET MAXI STEP RATE

. {replace 2 with

. g for 3ms step rate

. 1 for é6ms step rate

3 for 15ms step rate)

The method of modifying the firmware so far described
involves programming a user-supplied 2716 EPROM with the
modified code and replacing the CCS ROM with it. It is also
possible, however, to modify the firmware using memory overlay
technigques. Since the 2422 generates, but does not receive,
the PHANTOM signal, its ROM has to be moved to the CPU board.
There the selected portions of the firmware can be overlaid by
a peripheral board generating the PHANTOM signal. For
example, instead of replacing the equates LPRT and LPRST with
drive code, the jump instructions to LPRT and LPRST routines
in the basic 1I/0 routines LO and LSTAT can be overlaid with
jump instructions to printer driver routines in the peripheral
board's ROM.

4.5 THE BOOTSTRAP LOADER

The bootstrap loader, when entered at F55Eh, reads in at
locations 8¢gh through 17Fh the contents of the first two
sectors of track @g, side 04 of the disk in drive A and then
transfers control to location 8gh. These sectors should
contain a lecader program, such as CCBOOT on the distribution
system diskette, that loads the system tracks (tracks ¢g@ and
g1 in an 8" diskette; tracks #@¢, @1, and @2 in a 5.25"
diskette) into memory and transfers control to CP/M. 1In
addition, Track g@ of the disk must be formatted in 128-byte
single-density sectors. If the bootstrap loader encounters an
error, it Jjumps to the Disk Error routine in the monitor
portion of the ROM. If are booting Cp/M in from the monitor
so that the 281¢ CPU's serial port is initialized (AUTO BOOT
shorting plug removed), vyou will receive the Disk Error
message as described in Section 4.5.5 and control will be
returned to the monitor. If you are booting in CpP/M directly
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on system power-on or reset (AUTO BOOT shorting plug in
place), your system will "hang." When it is finished reading
in the Loader program, the bootstrap loader leaves some disk
parameters in mMemOry:

e ot ks e i e o S ek o ekl ol el il Tl Al i ek o S il ol ol i el e Y A e e -kt S A i oA A U St S e R S T P T T vk e ek T S Y e et

| NAME VALUE |
DISKNO 9]
SIDE [
TRACK 19]
SECTOR 3
CUNIT 21 for a single-density mini diskette

61 for a double-density mini diskette
IDSV + 3 P¢ if diskette sector size is 128

¥l if diskette sector size is 256

P2 if diskette sector size is 512

73 if diskette sector size is 1024

| I
| |
| |
| |
| |
= _ 31 for a single-density B" diskette }
] |
| I
l [
| !

After it is loaded, the CCBOOT outputs hex #l1 to port 4¢h. If
pins 2 and 3 of the ROM ENABLE jumper have been shorted, this
simultaneously disables the bootstrap and monitor firmware and
enables any RAM assigned to bank @ and with a bank select port
of 4&nh.

4.6 THE MONITOR

CCS's MOSS 2.2 Disk Monitor is designed to allow you to
control a system using a 2810 %Z-80 CPU from the console
keyboard. It allows you to display a block of memory in hex
and ASCII, to move, change, and verify memory, and to transfer
control to a program in memory with breakpoints set. You can
also input or output a data byte to or from any 1/0 port and
command the monitor to read and write floppy disks.

For the MOSS 2.2 Monitor to work exactly as described
below, your 2422 Disk Controller board and 2810 Z-80 CPU must
be configured as described in Chapters 2 and 3.
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4.6.1 The Monitor's Memory Space

In addition to the memory the ROM occupies (F@@Uh-F80@h)
and the page ¥ addresses specified in Section 4.2, the monitor
requires some high RAM locations for the system stack and
temporary storage area. The monitor scans the available
memory until it finds the highest active RAM address and then
counts down 56 bytes to store the breakpoints, registers, and
register restoring routine. It locates the system stack below
that: you should reserve at least 88 bytes of high RAM memory
for the monitor's use.

4.6.2 Bringing up the Monitor

To enter the monitor, turn your system on or reset it.
If the AUTO BOOT shorting plug has been removed, this results
automatically in a cold-start entry into the monitor. Set
your terminal to the baud rate at which you wish to operate.
You have a choice of any baud rate between 2 and 56K baud.
Hit the carriage return Key until the monitor responds with

MOSS VERS 2.2

The maximum number of carriage returns needed before the
monitor responds is three. This series of carriage returns
allows the Dbaud rate of the 2818's serial port to De
initialized to your console baud rate. When the monitor
prompt appears, you may start entering commands.

4.6.3 Monitor Command Format

The MOSS Monitor commands must conform to a specific
format. The general form is

-Cel e2 e3
where - is the prompt, C is the command character and el-e3

are the address and data entries, if any. The essential parts
of a command are as follows: '
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THE COMMAND CHARACTER: The monitor is controlled by
one-character commands entered from the keyboard in
response to the monitor prompt, a dash (~). No space is

allowed between the prompt and the command character.

ADDRESS AND DATA ENTRIES: The general form for an
address is a four digit hex number; for a data byte, a
two digit hex number. Leading zeros need not be
entered; the monitor will supply them. No space 1is
allowed between the command character and the first
address or data entry. Subsequent entries must Dbe
separated by a delimiter. The monitor looks at only the
last four address characters or last two data characters
before a delimiter. So if you make a mistake while
typing an entry, keep typing until the last two or four
characters are <correct, depending on whether it is an
address or data entry.

DELIMITERS: The MOSS Monitor recognizes three
delimiters: a carriage return [CR], a space, or a
comma. A carriage return indicates to the monitor that
the current command is complete and should be executed.
Either a space or a comma can mark the end of an address
or data entry. In our command examples we will
generally use a space as a delimiter, unless a comma
makes the command form clearer. Please note, however,
that you can use the space and the comma
interchangeably. In certain commands a space Or a comma
can also be interchanged with a carriage return. These
are commands for which the Monitor expects a fixed
number of entries {(and hence delimiters) following the
command character.

SAMPLE COMMAND

‘The following commands to display the block of memory
@FFBh to 1@@Ah are all equivalent. Although the spacing 1is
not free-form, some variety in the command form is allowed.
Note that the display command requires two and only two
address parameters, so that the last delimiter can be a comma
or a space as well as a carriage return.

-DOFFB 1@8A[LCR]

-DFFB, 180A,

-DFFB, 180A[CR]

-DFFB 19@A[space]
-DOEFJ@FFB, l0OA[ space]
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.6.4 Error Messages

The MOSS monitor detects four types of error conditions
1d responds with a different error message for each. They
re as follows:

COMMAND ERROR: Should you make an invalid entry, the
command will be aborted, a warm boot of the system will
occur, and the error message

?277

will be printed, followed by the monitor prompt.

1/0 ASSIGNMENT ERROR: As described in Section 4.6.5.1,
the Assign command allows you to assign a physical
device to a logical peripheral category. When an I/O
routine involving the logical category is <called, the
CPU will Jump to the driver routine indicated by the
physical assignment. If there is no driver routine, it
will jump instead to the I/0 Assignment Error routine.
This routine sets the IOBYTE to its default value,
outputs the error message

I/0 ERR

and does a warm boot of the system.

RESTART ERROR: During cold-start initialization,
jump-vectors to a restart error message are loaded 1in
the memory locations called by the Z-80 restart
instructions. This prevents a jump to a restart address
without code. A restart error causes the display of the
message

RST ERR

and a warm boot of the system.

DISK ERROR: The monitor, when executing the Read,
Write, or Boot commands, will output the following error
message and status information if it 1is unable to
eXxecute the command:

DSK ERR U XX T XX 5 XX C XX E XX
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The first three hex bytes identify which physical record
the monitor was unable to read or write. U gives the
unit or drive number ($-3), T the track number, and §
the sector number of the record where the error occured.
C and E give the operation status at the time of the
error. They reflect the contents of two of the 1793's
internal registers: C shows the last command loaded in
the Command register; E gives the contents of the Status
register. See the 1793 data sheet for a description of
these registers' contents.

4.6.5 The Monitor Commands

4.6.5.1 Assign (a)

The Assign command supports the IOBYTE function described
in Section 4.4.1. It allows you to change the
physical-to-logical device assignments and thus choose the
peripherals you wish to work with while in the monitor. To
assign a physical device to a logical device category, enter

-AX

where X equals either C,R,P, or L, the logical device codes.
'If you enter a character other than these four, the computer
will return with ?22?2? and another prompt. If you enter a
valid logical device code, the computer will return
immediately with the prompt. Enter the physical device code
following the prompt. Should you enter a delimiter only or a
nonvalid device code, the device assignment will default to
the previous assignment. Table 4-6 below summarizes the
physical and logical device codes. Refer to Table 4-3 for the
allowable physical device assighnments for each logical device.

e e e e e

| LOGICAL DEVICE PHYSICAL DEVICE |
Console=C Teletype=T
Reader=R CRT=C"
Punch=P Batch Mode=B

High Speed Line Printer=L
User Device #1=1
User Device #2=2

T T T I I S e e i Lt e A T A P A il LMD ol il ol ek N it ek L ey e v P s S S o S o S L i o S L S Lo o i S Lo
—_—_ R S N N L N N N N T e N R s ESNE S EmETm s

Table 4-6 Assign Command Codes

| |
| |
| |
| List=L Paper Tape Reader=P I
{ Paper Tape Punch=p }
| |
| |
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EXAMPLE:
Entering
-AR-P

assigns a high speed paper tape reader toc the Reader logical
device category.

Since the firmware contains driver routines only for the
teletype assignment, you should receive the I/0 error message
if you attempt I/0 operations with any other physical device
without having altered the firmware first.

4.6.5.2 Boot (B)

The Boot command allows you to load in CP/M from disk
under console control. Entering

-B

causes the bootstrap loader to load CP/M in from the disk in
drive A and control to be transferred from the monitor to
CP/M. When CP/M is loaded, the CP/M sign on message will
appear, followed by the CP/M prompt. Should the bootstrap
loader be unable to read in the first two sectors on Track 04,
it will respond with the Disk Error message.

4.6.5.3 Display (D)

This command allows you to display the contents of a
specified block of memory. The general form for the command
is

-Ds £

where S and £ are the start and finish addresses,
respectively, of the memory block.

The resulting display divides the memory into 16 Dbytes
per line. Each line begins with the starting address of the
16 byte block, followed by the hex contents and their ASCII
equivalents. The contents of addresses with the same last hex
digit are aligned in vertical columns. Periods represent data
for which there are no ASCII eguivalents. As the display
fills the screen, it automatically scrolls up. To freeze the
display, type a control-S. To start it again, hit any key on
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the keyboard. Should you wish to escape from the display
mode, hitting any key on the keyboard will abort the routine
and return control to the monitor.

Example:
~DF453,F4C8
F453 El1 08 D9 D1 Cl F1 E1 F9 00 21 00 00 C3 ,YQAqa ...c
F460 00 00 AF 32 03 00 21 6C F4 C3 B5 F6 49 2F 4F 20 .. ..’1tC vI/0
F470 45 52 D2 44 53 4B 20 45 52 52 3A 20 55 AD 20 54 ERRDSK ERR: U~ T
F480 AD 20 53 AD 20 43 AD 20 45 AD QD 8A 3F 3F 3F BF = §~ C- Ew..????
F4S0 4D 4F 53 53 20 56 45 52 53 20 32 2E 32 0D 8A 3E MOSS VERS 2.2,
F4AQ OF D3 24 11 40 Q0 62 6A DB 26 A3 28 FB DB 26 23 b;[&#(a[&#
F4BQ A3 A3 C2 AD F4 E5 29 5C %g 19 E5 29 29 DB 20 2B #ﬁg ggt g e))

F4CO 7D B4 C2 BD F4 E1 3E 83

4.6.5.4 Fill (F)

The £ill command allows you to fill a block of memory
with a specified constant. The general command form is

-Fs f ¢

where s and £ are the start and finish addresses of the memory
block and ¢ is the constant in hexidecimal.

Example:
Entering
-Fl0AA 10BB 1

fills the memory block 10AAh to 10BBh with the constant 1.

4.6.5.5 Goto (G)

The G command allows you to transfer control from the
monitor to another program. It allows you to specify the
entry address and to set up to two breakpoints for returning
contrel to the monitor. When the monitor encounters a
breakpoint, it saves the contents of the Z-8¢ registers in the
system's temporary storage and outputs to the console device
an asterisk followed by the address after the break. It then
returns the prompt. You can use the Examine Register command
(X) at this time to examine or change the saved registers.
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The general form for the G command is
-Gs bl b2

where s is the start or entry address, and bl and b2 are the
addresses of the breakpoints. There are many allowed
variations on this command, however, which makes it a powerful
and convenient command. You have the option of establishing
@, 1, or 2 breakpoints: simply enter a carriage return [cr]
when you have established the number of breakpoints you wish,
If you enter the maximum, two, a delimiter (a comma or space)
is all that is necessary to begin command execution.

You may also begin execution of the program at the PC
address saved 1in the register storage area. Thus you can
return control to the address where the program stopped when
it encountered a breakpoint, or to the address you have loaded
in the saved PC register through the Examine Register command.
Note that since all breakpoints are cleared when any
breakpoint is encountered, you must specify any desired
breakpoints in the command if you use it this way. The form
of the command for transferring program control to the address
in the PC register is

-Glcr] (no breakpoints)
or
-G,bl,b2 (breakpoints set)

There are two more points regarding breakpoints that
ought to be mentioned. Because breakpoints are generated by
the monitor inserting a RST 8 instruction (CF) into the
program at the breakpoint 1location, breakpoints can be set
only in programs residing in RAM, Further, a breakpoint must
be inserted at an op code location. 1If it is inserted in an
operand or data field, it will not be executed.

4.6.5.6 Hex Number Addition (H)

This command provides an easy way to add or subtract hex
addresses. Entering

-Hal a2
where al and a2 are the hex addresses results in the output
s d
where s=al+a2 and d=al+a2. Note that if the sum is greater

than FFFF, the carried one is lost. If a2 is greater than al,
a2 will be subtracted from al + 1¢g@gh.
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4,6.5.7 Input (I)

This general purpose input command allows you to read a
data byte from any input port. To do so, enter

-Ip

where p is the port address in hex. The monitor will respond
by printing the data byte in binary.

4.6.5.8 Move (M)

The M command moves a block of data to a specified
address, The general form for the command is

-ms £ 4

where s and f are the start and finish addresses of the memory
block and d is the destination address.

When using this command, be careful not to locate the
destination address within the source block. Since the block
is moved byte by byte, starting with the byte with the lowest
address, the data being transferred will write over the
portion of the source block 1lying after the destination
address.

4.6.5.9 Output (0)

This general purpose output command allows you to output
a data byte to any output port. Enter

-0p d
where p is the port address and d is the data in hex.
Please note that if the ROM EN option is 1left in its
factory configuration (pins 1 and 2 shorted), you will disable

the monitor ROM if vyou ocutput to port 4@h. The results of
doing so are unpredictable.
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4.6.5.19 Parameters (P)

The P command allows you to specify three parameters
concerning the diskette selected for disk operations: the
number of the unit it is in (u); the number of sectors it has
per track; (s); and whether it is a one-sided or two-sided
diskette (d). These parameters must be set before you attempt
a disk read or write; however, they do not need to be reset
until the parameters are no longer valid. The form of the
command is:

-Pu s d

The value of u should be a number @ through 3, where g selects
drive A, 1 selects drive B, etc. If you try to assign a
number greater than 3, the monitor will return with 2?72 and
the prompt. The parameter s should specify the number of
sectors per track in hex. 1Its value is dependent on diskette
size and format. The following table shows the typical
values for s for a diskettes of a given size and format:

D e e T T - - 4+ 31
NS T IR T S S S T L S L I T T T T T N T L L L N SRR T R R TN m e RS SIS ES

Bytes | 8" Disks ! 5.25" Disks

I I
| Per |  Single Double I Single Double

| Sector | Density Density | Density Density I
| 128 | 1Ak (26d) none | 12h (184) none |
| 256 | Fh (154) 1ah (264) | Ah (1pd) 12h (184d) |
| 512 | 8h {8d) Fh (154) | 5h (5d) Ah (1gd) |
| 1@24 | none 8h (8d) | none 5h  (5d) ]

U O R LT e - T T 1+ 1 %

Table 4-7 Sectors per Track

Note the Firmware does not support 1@824-byte sectors in
single-density and 128-bytes in double-density. The last
parameter, d, is @ for a one-sided diskette; 1 for a two-sided
diskette.

4,6.5.11 Parameters 2 (Q)

The O command allows you to set the starting track, side,
and sector number for disk reads or writes. If you plan to be
transferring contiguous data to or from the disk, these
parameters need to be set prior to the first disk access only.
Enter

-0t d s

where t is the beginning track number in hex, d is the disk



THE 2422 FIRMWARE 4-19

side, and s is the beginning sector number in hex. They must
be reset for noncontiguous memory or sectors. In practice, ¢t
will probably be a number between @ and 4Ch (76d), inclusive,
although the monitor will accept any value up to FFh. The
parameter d is either a ¢ or 1, depending on which side of the
disk you wish the read or write to be performed on. The value
of s will will always be a number between 1 and 1lAh,
inclusive., Should you assign a track number or sector number
greater than the number of tracks or sectors on the disk, you
will get the Disk Error message when you use the Read or Write
commands.

4.6.5.12 Read (R)

The R command allows you to transfer data from a disk
into a specified area of memory. The R command sets the
memory parameters; the disk parameters must have already been
set by the P and Q commands. Enter

-Rs f

where s is the start address in memory and £ is the finish
address. The R command does only complete sector transfers.
Thus if the finish address 1is reached before a sector is
completely transferred into memory, the data will overflow the
- specified memory area. If the diskette 1is single-sided and
the last sector 1in a track is reached before the read into
memory is complete, the drive head steps in to the next track
and the sector pointer is reset to 1. The number of sectors
per track set by the P command determines whether or not the
end of the track is reached. 1In the case of track overflow on
side @ of a double-sided diskette, the read continues on the
same track on side 1. A track overflow on side 1 causes the
head to step in and read the next track on side @.

Please remember that reading double-density diskettes
requires a 4 MHz processor clock.

4.6.5.13 Substitute (8)

The S command allows you to examine the contents of a
specific memory location and alter them if you desire. Begin
the S command by entering

—SS,

where s is the first address in the portion of memory location
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you wish to examine. The computer will immediately respond
with the data contents followed by a prompt:

-Ss 'd_

If you wish to leave the data unaltered, simply enter a
delimiter, If the delimiter is a space or a comma, the
computer will respond with the contents of the next
consecutive memory location and another prompt. If it is a
carriage return, the command 1is terminated and control is
returned to the monitor. Should you wish to alter the data,
enter the desired data followed by a delimiter: a carriage
return 1f you want to terminate the command or a space or a
comma if you wish to review the next memory location. You
also have the option of reviewing the previous memory location
by hitting the line feed key. You can continue examining and
altering memory byte by byte in this way as long as you wish.
To make it easier for you to keep track of where you are, on
every 8-byte boundary (that is, an address ending with either
@ or 8, the monitor will do a line feed and print the address
along with the data.

4.6.5.14 Test (1)

The T command provides a quick way to test RAM memory for
hard data bit failures without destroying the contents of the
RAM. To test a block of memory for bit failures, enter

-Ts f

where s and f are the start and finish addresses of the block,
respectively. The monitor will respond by printing the
address of any byte in error, followed by an B8-bit
representation of the byte in which a 1 indicates an erroneous
bit. For example, should bit 4 of location A3F8h be in error,
the monitor outputs the following display

A3F8 00061000
If you wish to freeze the display type a Control-S. To start

it again, hit any key. Hitting any key while the command is
executing returns you to the monitor.
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4.6.5.15 Verify (V)

You can use the Vv command to compare two blocks of memory
and verify that they are the same. Type

-vs £ v

where s and £ the start and finish addresses of the source
block and v 1is the starting address of the block to be
verified. Should the two blocks match, the monitor will return
with the prompt. Should the contents of two bytes sharing the
same relative address differ, the monitor will display the
source address and byte, followed by a dash and the
corresponding byte in the block being verified. puring the
execution of the command, the display can be frozen or control
returned to the monitor as described in previous section.

4.6.5.16 Write (W)

The W command allows you to transfer a specified block of
memory to a disk. The W command sets the memory parameters;
the disk parameters must have been already set by the P and ¢
commands. (Mind your P's and Q's before doing Reads and
Writes). Enter

-Ws £

where s is the start address of the memory block and £ is the
finish address. The Write routine checks to see if the
finish address in memory has been reached only after it has
completed a sector write. If the finish address 1s reached
before a sector write is completed, the routine will continue
to pull data from memory until the sector is filled. During
disk writes, track overflow is handled as described 1in the
Read command. Please note that writing to double-density
diskettes requires a 4 MHz processor clock.

4.6.5.17 Examine (X)

Used in conjunction with the G command's breakpoint
facilities, ¢the X command 1is a powerful diagnhostic tool.
Entering

-X[cr, space or comma]

causes the Z-8@ registers currently stored in the system stack
area to be displayed for examination., These registers are the
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main and alternate accumulator and general purpose registers,
the Interrupt register (1), the Program Counter register (P),
the Stack Pointer register (S), the two Index Registers (X and
Y) and the Refresh register (R). In addition, the contents of
the memory locations addressed by the main and alternate H and
L registers are also displayed (M and M'}. The registers are
displayed in the following four-row format

A-XX B-¥¥ C-%xX D~-XX E-XX F~xx H-xX L-XX

M-XX P-XXXX S-¥xx%XX I-xx

A'=xX B'-xx C'-xx D'-XX E'-xX PF'-xx H'-xx L'-xX
M'-XX X-XXXX Y-XXXX R-xXx

where xx equals a two digit hex byte and xxxx equals a four
digit hex address.

To examine or alter the contents of one register, enter

-Xr[cr, space or comma]
or
-X'r[er, space or comma]

where r is a main register and r' is an alternate register.
(Note that if you wish to examine the X, Y, or R registers,
you must preface the register character with the prime mark.)
The monitor will return with the hex contents of the register
and a prompt:

-Xr ,d_

As in the substitute memory command, you have the option of
altering the memory (entering the desired contents followed by
a delimiter) or 1leaving the contents unchanged (entering a
delimiter). A carriage return terminates the command; a space
or a comma causes the contents of the next register to be
displayed. Note that altering the contents of the H and L
registers changes the contents of the registers themselves; if
you wish to alter the contents of the memory location they
peint to, alter the M register.

4.6.5.18 1Initialize Baud Rate (Y)

To <c¢hange the baud rate of your system without a system
reset, use the Y command. Enter

-Y (no delimiter)
and then set the baud rate of your terminal to any baud rate

between 2 and 56K baud, Hit the carriage return key two or
three times. The monitor prompt should appear.
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4.6.5.19 Zleep (2)

you can use the Z command to prevent unauthorized use of
your system. Entering

-Z (no delimiter)

locks up the system so it will not respond to anything other
than the ASCII bell character (control G). Entering two
consecutive bell characters will unlock the system, returning
control to the monitor without altering anything.






CHAPTER 5

THEORY OF OPERATION

This chapter 1is organized into three parts: The 2422
program accegsible registers, the system bus interface, and
the disk drive interface. We do not discuss the operation of
the 1793; such a discussion 1is Dbeyond the scope of this
manual. Instead we concentrate on our unique circuitry
external to the 1793. We have, however, included its data
sheet in Appendix C for those of you who need information on
its operation. If you consult it, please keep in mind that
the data sheet covers the entire 1790 family; certain portions
may not be applicable to the 1793.

In this chapter, active-low signals are indicated with an
asterisk following the signal name.

5.1 THE 2422 REGISTERS

The 1793 contains five addressable registers: the
Command register (write only), the Status register (read
only), the Track register, the Sector register, and the Data
register. On the 2422, these registers are addressed as four
I/0 ports, 3¢-33h, the Command and Status registers sharing
the same address. Programming information on these registers
can be found in the 1793 data sheet in Appendix C. In
addition, the 2422 contains four registers external to the
1793: Status registers 1 and 2 (read only) and Control
registers 1 and 2 (write only). These registers are addressed
as two I/0 ports, 34h and ©@4h, the status registers being
selected during Read cycles and the control registers during
Write cycles,. The status registers consist of two 8-bit
buffers, U25 and U26. When enabled by being addressed during
a Read cycle, these chips gate selected signals from the drive
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busses, the system bus, and the control registers onto the
data bus to be read by the CPU. Control registers 1 and 2,
when addressed during a write cycle, latch the command bits on
the data bus and output high or low signals to the disk drive
busses, the CPU and drive interface circuitry, and the 1793.
They are cleared by pRESET* or EXT CLR*. C(ontrol Register 1
consists of a 7~bit latch, Ul3, which latches data bits D@-D6,
and an independent flip-flop, U34b, which latches D7, the Auto

Wait Dbit. The flip-flop is cleared by the INTRQ signal from
the 1793, as well as by pRESET* and EXT CLR*. Control
Register 2 consists of a 4-bit 1latch, Ul2. For the bit
definitions of the external control/status registers, see

Appendix A.

5.2 THE SYSTEM INTERFACE

5.2.1 The Bank Select Circuitry

The 2422 registers and the on-board ROM cannot Dbe
selected unless the internal signal BANK SELECT* 1is active
low. This signal is the Q* output of the flip-flop U31lb; the
complementary Q ocutput is used to light the Bank LED. The
conditions under which BANK SELECT* is active low depend on
the setting of the BANK EN jumper. If the BANK EN jumper has
been set to OFF, disabling the bank select circuitry, the
Preset input to flip-flop U3lb is jumpered to ground, forcing
BANK SELECT* permanently low, thus circumventing the Bank
Select circuitry. If the jumper is set to position ON, the
Clear input to the flip-flop is jumpered to the pRESET* and
EXT CLR* signals from the system bus. If either goes low, as
they both would during powei-on or system reset, the flip-flop
is cleared, and BANK SELECT* is forced inactive high. After
both pRESET* and EXT CLR* release the Clear input, the BANK
SELECT* line can be set low if the flip-flop is clocked while
its D input is high. The flip-flop is clocked when pWR* goes
high at the end of an I/O write cycle to port 48h. The state
of the D input is determined by the Bank Select Byte being
written to port 4@h at this time. Only if the Bank Select
Byte has a 1 in the bit position that is Jjumpered on BANK BYTE
jumpers will the D input be high, resulting in the active BANK
SELECT*. Finally, if the BANK EN jumper has been set to RST,
the flip-flop's Preset input has been jumpered to pRESET* and
EXT CLR*. During power-on or reset, then, BANK SELECT* is
forced active 1low. In this case, BANK SELECT* will go
inactive high only if the iiLip-flop 1is <c¢locked when 1its D
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input is low; in other words, if the user selects another bank
for operation.

5.2.2 Selecting the 2422 Registers

The decoding of the port addresses is accomplished
primarily by U22, an address-decoding ROM. When it is enabled
by either the active sOUT or sINP, it decodes the register
address on the low-byte address lines 1into one of four
outputs. One output goes low for address 48h and is used for
clocking the bank select flip-flop, as described in the
previous section. Another output goes low for addresses in
the 39-33h range. It is ORed with BANK SELECT*; when both
signals are 1low, the resulting low enables the 1793.
Selection of +the individual registers within the 1793 is
performed by address lines A and Al.

The two remaining outputs of U22 are used to select the

external registers. One goes low for either address @4h or
34h. When it is ORed with the active BANK SELECT¥*, the
resulting output enables a a 2- to 4~line deccder, U4d4a. The

final output of U22, which goes low for address 34h, is input
to this decoder, along with the WR line (high whenever MWRITE
or pWR* is active). U44a decodes these two inputs into the
four enable lines to the external registers. Whenever any of
2422's registers are enabled, the Board Select LED lights.

5.2.3 Memory-Mapped I/O

As mentioned before, the 2422 has optional memory-mapped
I/0 capabilities. U2l, when installed, maps the all 2422
registers, expect for the Bank Select register, to the last
six bytes but one of a 64K bank; that is, locations FFF8-FFFD.
When U21 is enabled by an output of address—decoding ROM U23
going low in response to an FF on the high-order address line,
U21 decodes a low-byte address in the F8-FD range into three
outputs which correspond to the 30-33, @4/34, and 34 outputs
of U22 and are tied to them. Thus if U21 receives an address
in the range of F8-FB, for example, it pulls U22's 30-33
output low, resulting in the 1793 being selected as described
above. Table A-1 in App<ndix A shows the registers' memory
locations and the corresponding port addresses.
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5.2.4 Selecting the ROM

The ROM Select circuitry is designed to distinguish the
Basic I/0 portion of the ROM so that it can be enabled
independently of the monitor/bootstrap portion of the ROM.
To do so, U23, an address decoding ROM, decodes a high-byte
address byte in the range of F@-F7 into two outputs when it is
enabled by sINP, sOUT, and sINTA being inactive while BANK
SELECT* is active. One goes low for an address any address in
the ROM's range; the other goes 1low only for a high byte
address in the range of F6~F7. The first output is qualified
by the signal ROM ENABLE¥*; only if ROM ENABLE* is active any
address 1in the Fg@@h to F777h range enable the ROM. The
latter output can enable the ROM only if the PR EN option 1is
installed. If +the option 1is installed, an address in the
range Fo@dh to F7FFh will enable the ROM regardless of the
state of ROM ENABLE*.

The state ROM ENABLE* is controlled either by the Q
output of flip-flop U3la or by bit 7 of Control Register 2,
depending on the c¢onfiguration of the ROM ENABLE jumper.
Shouvld pins 1 and 2 of the ROM ENABLE jumper be shorted, the Q
output of flip-flop Usla becomes ROM ENABLEY*. This flip-flop
is cvleared by PRESET* or EXT CLR*, forcing the ROM ENABLE*
line low during system power-on or reset and enabling the ROM.
The flip-flop can then be clocked by an I/0 write to port 4@h.
Since the D input to the flip-flop is tied high, ROM ENABLE*
goes high when tnhe flip-flop is clocked. Because the bank
the board resides in is also selected by an output to port
4@h, the BANK SELECT* line must be either set permanently low
or set low on reset 1f this method of enabling/disabling the

ROM is to work. If pins 2 and 3 of the ROM ENABLE jumper are
shorted, ROM ENABLE* is Jjumpered bit 7 output of Control
Register 2. Thus the state of ROM ENABLE* is entirely

software controlled:; writing a @ to bit 7 of Control Register
2 pulls ROM ENABLE* low; a 1 pulls it high.

Whenever the ROM is selected, the BOOT and SEL LEDs
light. The bus signal PHANTOM* also goes active, disabling
any memory sharing the ROM's memory space that can respond to
the PHANTOM* signal.

5.2.5 The Data Bus

During Write c¢yc¢les, the 2422's internal bi-directional
data bus is driven by U38, an 8-bit buffer. This chip 1is
enabled whenever MWRITE or pWR* are active when the 2422's
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registers are selected. Once enabled, this chip gates the
data bits on the Data Out bus (output from the CPU) onto the
2422's internal data bus. When the chip is disabled, its
outputs are in a high impedance state. The Data In bus is
driven by U39, another 8-bit buffer. When enabled by PDBIN
being active whenever the 2422's ROM or registers are
selected, this chip gates the data bits on the 2422's internal
data bus onto the Data In bus. When disabled, its outputs are
also in a high impedance state.

5.2.6 ROM Wait Circuitry

The purpose of the ROM Wait circuitry is to increase the
memory access time allowed to the ROM and to the 1793's
registers when they are memory mapped. One Wait state per
memory cycle in which either the ROM or the registers are
addressed is sufficient for this purpose. If the pins 1 and 2
of the WAIT jumper are left open, pREADY is forced low
whenever the ROM or 1793 is selected when pSYNC is high,
PSYNC is used to ensure that that pREADY is pulled 1low 1in
every cycle in which the ROM or disk controller chip is
selected and that it remains low only long enough to generate
one Wait state.

5.2.7 Auto Wait

The Auto Wait circuitry is designed to force the CPU into
as many Wait states as needed when the disk controller is not
ready for transfer of data. It is enabled whenever a 1 is
written to bit 7 of Control Register 1. Addressing Control
Register 1 clocks the Auto Wait flip-flop, U42b. The D input
of the flip~-flop 1is tied to data line DO7. When DO7 goes
high, U42b's Q output goes high. The Q output is ANDed with
the inverted DRQ. Whenever DRQ goes low, indicating the 1793
is not ready for data transfer, the resulting high from the
AND gate pulls the Clear input to flip-flop U42a high,
enabling the flip-flop. The flip-flop is clocked by the output
of U44b, which is used as a a 2- to 1l-line decoder. U44b,
enabled whenever the 1793 is active, decodes address bits AD
and Al. Its output goes low when A® and Al are high,
indicating the data register is being selected. This low is
inverted and clocks the flip-flop U42a. Since the flip-flop's
D input is tied high, Q* will go low. This low pulls pREADY
low, placing the CPU in a Wait state. Whenever DRQ goes
active, flip-flop U42a is cleared, releasing pREADY.
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5.3 DISK DRIVE INTERFACE

5.3.1 The Clock Signal

The 1793 Disk Controller chip needs a 2 MHz signhal at its
CLK 1input when it is operating with 8" drives and a 1 MHz CLK
input when operating with 5.25" drives. All timing on the
2422 board 1is <c¢ontrolled by a 16 MHz crystal. IC Ul5, a
binary counter, divides the 16 Mhz signal by 2, 4, 8 and 16.
The 1 and 2 MHz signals from the divide-by-16 and -8 outputs
are input to Ul6a, a 4-to-l-line multiplexer, the output of
which is tied to the CLK input of the 1793. The Select input
controlling the output of this multiplexer is the MAXI*/MINI
signal from Control Register 1. When the signal is low,
selecting the 8" drive, the output of Ul6a is the 2 MHz clock.
When the signal is high, selecting a 5.25" drive, the output
of Ulea is the 1 MHz clock.

5.3.2 The Read Clock Generator

The 1793 can separate the data bits from the mingled
clock and data bit stream from the disk drive. To do so,
however, it needs a Read Clock signal, RCLK, which provides
the data and clock "windows" reguired to separate the data
bits from the clock bits. RCLK must be phased so it frames a
data or a clock pulse during one phase of its cycle. To do
so, RCLK's nominal cycle should equal the Read Data cycle
time: 2 usecs for an 8" double density disk, 4 usecs for an 8"
single density disk or a 5.25" double density disk, and 8
usecs for a 5.25" single density disk.

To acheive a RCLK of the correct fregquency, the 8 MHz, 4
MHz, and 2 MHz signals from the binary counter Ul5 are
multiplexed by Ul6b, a 4-to-1-line multiplexer. MINI and
DDEN* from Control Register 1 control the select lines of the
multiplexer. Thus the multiplexer outputs the following clock
rates for the following states of MINI and DDEN*:
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MINI DDEN¥* SIGNAL RATE
2 (4] 8 MHz
B 1 4 MHz
1 % 4 MHz
1 1 2 MHZz

Table 5-2 Ul6b Outputs

The above rates are 16x the desired RCLK frequency for each
combination of drive size and format density. The output of
the multiplexer is used to clock an 8-bit parallel-out serial
shift register, Ul7. The eight outputs of this shift register
go high successively as the shift register is clocked; the
time it takes for the eight output to go high, then, is equal
to the length of one phase of RCLK.

The shift register is used in combination with a couple
of flip-flops and NAND gates to detect approximately when
pulses in the read data stream occur. The two flip-flops are
triggered by the pulses in the Read data stream and are set by
the count-3 and count-6 outputs from the shift register, This
enables the circuitry to detect whether a pulse occurs before
count 3, between and including counts 3 and 5, or after count
5. If the pulse occurs before count 3, the circuitry is set
to clock the Read Clock flip-flop, Ul8b, on count 7. The Q
output of this flip-flop is the RCLK signal to the 1793. If
the pulse occurs on or between counts 3 and 5, the Read Clock
flip-flop 1is <clocked on count 8. Another flip-flop, clocked
and cleared by the same signals used by the shift-register and
set by the count 8 output of the shift register, allows the
circuitry to clock the Read Clock flip-flop on count 9, if the
pulse occurs after count 5. The delay between the pulse being
received and the Read Clock flip-flop being clocked ensures
that the pulse will fall well within the window provided by
RCLK. As the Read Clock flip-flop 1is clocked, the shift
register is c¢leared. It then counts to eight to create an
opposite phase of the desired length and on the eighth count
clocks the Read Clock flip-flop. Since the Q* output of the
Read Clock flip-flop is its D input, the state of RCLK will
then change again. This process continues, creating an RCLK
signal of the needed rate and phasing. Since the Read Data
pulses should occur within 16-count intervals (or some
multiple of 16), pulses which occur before count 3 or after
count 6 will tend to move toward the middle counts, since they
clock the Read Clock flip-flop on counts 7 and 9, not 8. The
result is an RCLK signal synchrononized to the Read Data
pulses so that each pulse occurs in the middle of the same
phase of RCLK.
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5.3.3 Read Data Pulse Width

The 1793 recommends that the Read Data pulses be
approximately 258 nsecs in width so that they fall entirely
within the window provided by RCLK. The 2422 employs a
monostable multivibrator, U3a, to ensure that the pulses are
approximately 250 nsecs in length. U3a, clocked by the rising
edge of each pulse in the inverted READ DATA stream, generates
a negative-going pulse of 250 nsecs each time it 1is clocked.
The output of this chip forms the Read Data input, RAW READY,
to the 1793.

5.3.4 Write Precompensation

on a double-density formatted diskette, certain bit
patterns may cause a bit to shift from its nominal write
position and appear at the read data separator early oOr late
enough not to fall within its window when the diskette is
being read. Write precompensation rectifies this problem
during disk writes by shifting such a bit from its nominal
position in the opposite direction to its known read shift.
The 1793 is smart enough to recognize the bit patterns that
cause a bit to shift ana puts out the signals EARLY and LATE
to indicate that the bit being output should be write
precompensated either early or late. Since write
precompensation is usually necessary only for data written on
tracks on the inner half of the disk, the 1793 also puts out
the signal TG43 to indicate that the head is positioned over a
track greater than 43. The 2422, when operating in the double
density mode, uses these signals to write bits needing
precompensation 16¢ nsecs early or late.

The 160 nsec interval is provided by a monostable
multivibrator, U3@a. The positive—going data and clock pulses
from the 1793 are inverted, and the trailing edge of a pulse
triggers the monostable multivibrator. It then puts out a
series of positive-going pulses of 160 nsecs until it 1is
retriggered by a new Write Data pulse.

The direction of the shift is provided by a shift
register, U19. The active low clock or data pulse from the
1793 which triggers the multivibrator also pulls low the load
input to the shift register, loading in the values oOn its
parallel inputs. The shift register is then clocked by the
168 nsec pulses from the multivibrator. When the shift
register is clocked, it outputs the value on its G input and
shifts the values on its inputs down one. The inputs of
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primary interest are the EARLY*, LATE*, and NO PRECCMP*
signals. The EARLY* and LATE* signals are the EARLY and LATE
signals from the 1793 qualified by both TG43 and DDEN. Only
if TG43 and DDEN are both active can either the EARLY* or
LATE* signals be active. NO PRECOMP* is active whenever both

EARLY* and LATE* are inactive. These signals, EARLY*, NO
PRECOMP*, and LATE*, are the G, F, and E inputs to the
register, respectively. As the register is clocked

successively, they are each output in turn. A low output £from
the shift register clocks a second monostable vibrator, the
output of which is the Write Data stream. The 200 nsec
low-going pulse which results from the vibrator being clocked
is the clock or data pulse to be written to the disk. Thus if
EARLY* is low, the shift register output goes low, clocking
U30b, the first time the register is clocked--in other words,
just after it has been loaded. If NO PRECOMP* is low, the
output of the register does not go low until the register 1is
clocked a second time, or 164 nsecs later, If LATE* is low,
the shift register must be clocked three times after it has
been loaded before its output goes low. Thus bits that are to
be written early or late are shifted 160 nsecs in either
direction from the NO PRECOMP, or nominal, position.

5.3.5 Head Load Timing

After the 1793 has given a Head Load Command, it pulls
the HLD output high and waits to start read or write
operations until it receives an high signal on its Head Load
Timing input, indicating that the head 1is engaged and
operable. The 2422 ensures that HLT goes active after a
sufficient delay from HLD. The rising edge of HLD clocks U3b,
a monostable multivibrator, which outputs a negative-going
pulse of about 50 msecs, the HLT signal. When this signal
becomes high again, the 1793 assumes that the head is engaged.
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A.1 THE 2422 ACCESSIBLE REGISTERS

The 2422 Floppy Disk Controller contains nine accessible registers
for controlling disk operations. They are addressed as six I/0 ports
or, if +the memory map decoding ROM has been installed, 3ix memory
locations. Five of these registers are internal to the FD1791: the
Status register (read-only), the Command register (write-cnly), the
Track register, the Sector register, and the Data register, Four
registers are external: Control registers -1 and 2 (write-only) and
Status Registers 1 and 2 (read-only). In addition, the 2422 contains a
write-only register for bank selection. The registers are addressed as
follows:

T L L L L T T e Y ]
g e ]

' Address Register i
1 I/0 Memory#¥ Read Write

1 }
I 30 FFF8 Status Command |
P31 FFFQ Track Track i
Io32 FFFA Sector Sector i
i 33 FFFB Data Data

| 34 FFFC Status 1 Control 1 |
| o4 FFFD Status 2 Control 2 |
| 40 —_— Bank Select i
| I
I |

* Memory Map address decoding ROM must be installed.
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Table A-1 2422 Register Addressing

The FD1793 Data Sheet included with this manual gives bit descriptions
for each of the 1793's internal registers. Descriptions of the external
registers follow.
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A.1.1 CONTROL REGISTER 1

Control Register 1 sets the basic conditions for drive operations. All
bits are reset when the 2422 is reset,.

Table A-2 Control Register 1
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| BIT7 | BIT6 |} BITS | BITY | BIT3 | BIT2 | BIT1 | BIT 0 |
|zzzszzzs)zz===css|s==sszes|assss===)==c==z=z|zzzszzor|szzaszss] =ss===2=22)
i AUTO i DDEN { MOTOR | MINI | DS4 i D83 v Dsz P D3I ]
| WAIT i ON i : | i i |
Bit Definitions:

Bit 7 When set to 1, bit 7 enables the Auto Wait circuitry. Once

enabled, the Auto Wait circuitry places the CPU in a wait
state whenever it attempts a data transfer with the 2422 when
the DRQ (Data Request) line is low. The CPU will remain in a
walt state until DRQ goes high. When reset, the Auto Wait bit
disables the Auto Wait circuitry. Besides being reset when
the 2422 is reset, the Auto Wait bit is reset when INTRQ goes
active, indicating that the 1793 has finished executing a
command .

Bit 6 When set to 1, bit 6 conditions the 2422 for reading and
writing double-density formatted diskettes, When reset, bit 6
conditions the 2422 for single-density operation,

Bit 5 Bit 5 controls the state of the MOTOR ON* signal. Set to 1,
it turns on the spindle motors of all drives receiving the
MOTOR ON¥ signal., When reset, it turns the motors off.

Bit 4 Set to 0, bit U4 conditions the 2422 for operation with mini
drives, Reset to 1, it conditions the 2422 for operation with
8" drives.

Bits 3-0 These bits control the state of the Drive Select lines to the
individual drives. Set to 1, a Drive 3elect bit activates the
Drive Select line to the corresponding drive, selecting the
drive for disk operations. Only one drive should be selected
at a time.
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A.1.2 STATUS REGISTER 1
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Table A-3 3tatus Register 1

A R - e e i S e A e A M AL AE WS A SN A WY M e e e e e W
e forde- e — R M e

BIT6 | BITS | BITY4 | BIT3 | BIT2 | BIT1 | BITO |
::::::::}::::::::{::::::::{:::::::::::::::::l:::::::::::::::::{
AUTO | HLD | DS4 ! DS3 } DS2. i Ds1 ! INTRQ |
BOOT | i i i i g \
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Bit Definitions:

Bit 7

Bit 6

Bit 5

Bit 4-1

Bit 0

Bit 7 reflects the state of the DRQ (Data Request) signal from
the 1793. During disk writes, a 1 in bit 7 indicates that the
1793's data register is empty and can accept a new byte to be
written to disk. During disk reads, it indicates the 1793's
data register holds a data byte to be read by the CPU. A O in
bit 7 indicates the data register is not ready for data
transfer with the CPU.

Bit 6 is used by the CC53 firmware during cold-start
initialization to determine whether CP/M or the monitor is to
be entered. If the shorting plug is placed on the AUTO BOOT
pins 1 and 2, bit 6 is set to 0, causing the cold-start
initialization routine to turn control over to the bootstrap
loader. If the AUTO BOOT pins are open, bit 6 is set to 1,
causing the cold-start initialization routine to turn control
over to the monitor executive,

Bit 5 reflects the state of the HLD* signal from the 1793. A
1 in bit 5 indicates that the Read/Write Head of the
currently-selected drive is loaded.

When a Drive Select bit is set to 1, its corresponding drive
has been selected for disk operations.

Bit 0 reflects the state of the INTRQ signal from the 1793.
This signal goes high when the 1793 has finished executing the
current command in the command register and is awaiting a new
command, ‘

A.1.3 CONTROL REGISTER 2

This secondary control register sets less frequently used conditions for
drive operations. All bits are reset on power-on, reset, or external

clear.
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Table A-4 Control Register 2

e e T i
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{ BIT7 | BIT6 |} BITS | BITY4 | BIT3 | BIT2 | BIT1 | BITO |
_________ beotinwmm  mmeeeecee ] comwmmre e e vmmm e ! - e-——— | I RN |
--------- [ e e D e e e e e R b bl ]
i BOOT | SIDE | don't | FAST | don't | REMOTE | don't | don't |
; ! SELECT | care | SEEK | care | EJECT |} <care | care
Bit Definitions:

Bit 7 If pins 2 and 3 of the ROM EN jumper have been shorted, this

bit enables/disables the monitor/bootstrap loader firmware,
Set to 1, it enables the firmware; reset to 0, it disables the
firmware,

Bit 6 This bit controls the state of the SIDE SELECT signal to the
currently-selected two-sided drive, 3Set to Q, bit 6 selects
side 1 of a two-sided diskette for a read or write. Reset to
1, bit 6 selects side 0 of a two-sided diskette.

Bit 4 If pins 1 and 2 of the FAST SEEK jumper are shorted, bit 4
enables/dlsables the fast seek mode for voice-coil drives.
Set to 1, it enables the fast seek mode} reset to 0, it
disables the fast seek mode.

Bit 2 If pins 1 and 2 of jumper D have been shorted, bit 2 controls
the state of the PerSci REMOTE EJECT signal. Set to 1, bit 2
causes the diskette in the currently-selected PerSci drive to
be ejected.

A.1.4 STATUS REGISTER 2

Table A-5 Status Register 2
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i BITT7T 4 BIT6 | BIT5 | BIT4 | BIT3 | BIT2 | BIT1 | BITO |
::::::::: : ========:================= : 1 : ========= ==:===============
i DRQ i TWO- { DDEN | INDEX | SIDE | WPRT | MINI | TK 00 |
i \ SIDED | i | SELECT | i i i
Bit Definitions:

Bit 7 Bit 7 reflects the state of the DRQ signal from the 1793.

During disk writes, a 1 in bit 7 indicates that the 1793's
data register requires a new byte. buring disk reads, a 1 in
bit 7 indicates that the 1793's data register holds a data
byte to be read by the CPU. A 0 in bit 7 indicates that the
1793's register is not ready for data transfer.
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Bit 6 Bit 6 reflects the state of the signal TWO-SIDED* from the
currently-selected, double-sided 8" drive., A 0 in bit 6
indicates a two-sided diskette is in the drive,

Bit 5 A 1 in bit 5 indicates that the 2422 has been conditioned to
read or wWrite double-density formatted diskettes. A 0
indicates the 2422 has been conditioned for single-density
diskettes.

Bit 4 Bit Y4 reflects the state of the INDEX¥ signal from the
currently-selected drive, It is set to 0 for a minimum of 10
usecs. when the drive detects the index hele on the diskette.

Bit 3 Bit 3 reflects the state of Bit 5 in Control Register 2, thus
indicating which side of a double-sided diskette is selected,
A 1 indicates side 0; a 0 indicates side 1,

Bit 2 Bit 2 reflects the state of the WPRT* signal from the
currently-selected drive, (On some «drives write protect
deteclion circuitry is an optional feature.) A 0 in bit 2
indicates a write-protected diskette is in the currently
selected drive.

Bit 1 A 1 in bit 1 indicates that the 2422 is conditioned for
operation with a 5.25" drive. A 0 indicates that the 2422 is
conditioned for an 8" drive,

Bit © Track 00, This bit indicates whether the currently selected
drive is a 5.25" or 8" drive. When the head is positioned
over Track 00, bit 0 is low for a 5.25" drive and high for an
8" drive.

A.1.5 Bank Select Register

Table A-6 Bank Select Register
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i BANK 7 | | ! | BANK 3 | BANK 2 | BANK 1 BANK ©
i SELECT | SELECT | SELECT  SELECT | SELECT { SELECT i
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The bank the 2422 is assigned to is selected when its bit is set to 1
and is deselected when its bit is reset to 0. The remaining seven bits
are Don't Care bits. On reset, all eight bits are set to U, HNote that
if ping 1 and 2 of the ROM ENABLE Jumper are shorted, any byte output to
the Bunk Select Port disables the bootstrap loader and monitor firmware.



A-6

A.2 DISKETTE FORMAT

2422 PROGRAMMING INFORMATION

Figure A-1 below is an illustration of the 1BM 3740 format for an 8"
single-density diskette. The format differs slightly for a double-
density diskette; see Table A-8 below and the 1793 data sheet for
differences, There is no IBM standard for 5.25" diskettes; the 2422

goftware 1is designed to read

and

write 5,25" diskettes of a format

adapted from the IBM standards for 8" diskettes. For the actual 5.25"
and 8" single- and double-density formats used by the utility program
CCSINIT in initializing diskettes, see Tables A-7 and A-8 below.

TRACK X
index
Last Sector Gap Gap Sector 01 Sector 02 Sector 03
on Track
In%ex SECTOR 01
Gap | Sync Gap | Sync Tracl Side Sector | Sector Gap | Sync GQap | Sync
4 | Field 1 | Fled A% N, No. Ho. gsize |CFC| 2 | Fiota |AM2] Userdata  ORG] TS [ pigg (AM?
S A A
A 2N

A A A A A

A Pre-index gap. The 1783 expects all FF's.
A 6 bytes of 00in FM. 12 byles of 00 in MFM.

A Post-index gap. The 1793 expescts all FF's.

A ID FIELD

AM1 (Address Mark 1) = Hex FE. ldentifies ID field.

Track No.=A value usually between hex 00 and 4C, inclusive.

(0 and 76 decimal.)

Side No.z Hex 00 tor one-sided diskettes and
side O of two-sided diskettes.
Hex 01 for side T of two-sided diskettes.

Sector No.= Sector number in hex.

Sector Size=Hex 00 for 128 bytes per sactor.
Hex Q1 for 256 bytes par sector.
Hex 02 for 512 bytes per sector.
Hex 03 for 1024 bytes per sector.

Figure A-1

A Cyclic Redundancy Check bytes. CRC bytes are generated

during disk writes. Used during disk reads to verify data is
read correctly. CRC includes ait data in 1D and data fields
starting with address mark.

Post-ID gap. The 1793 expects all FF's.

[\ DATA FIELD

AM2=hex FB. Identifies data field.

User data = 128, 258, 512, or 1024 hytes.

Post-data gap. The 1793 expects all FF's.

IBM 3740 Format
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A.2.1 FORMATTING A SINGLE-DENSITY DISKETTE

Table A-7 below shows IBM-compatible formats for single-density 5.25"
and 8" diskettes. These formats are both used by the CCSINIT utility
program; the 8" diskette format conforms to the format specified by the
1793 data sheet.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN

5.25" 8"

I=

el ek et 2 VTN YO

FF (Gap 4)

00 (Sync Field)

FC (Index Mark--8" only)
FF (Gap t1=-8" only)

00 (Sync Field--8" only)
FE (ID Address Mark)
Track Number

Side Number (00 or 01)
Sector Number

Sector Size Indicator
00 128 bytes

01 256 bytes

02 512 bytes

03 1024 bytes

1 1% F7 (CRC request)

1" 11 FF (Gap 2)

6 6 00 (Sync Field)

1 1 FB (Data Address Mark)

128x2n 128x2 1 Data (n=sector size indicator;
data fill=ER)

1% 1% F7 (CRC request)

. n 27 FF (Gap 3)

m m FF (m=zvariable number of bytes;
continue writing until
1793 interrupts out.
out.)

16

Write
bracketed
once for
every
sector

— et ot ot =3 O]

#While the CRC request is only one byte, two CRC bytes are actually
written to disk.

Table A-7 Single-density Diskette Format
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A.2.2 FORMATTING A DOUBLE-DENSITY DISKETTE

Table A-8 below shows IBM-compatible formats for double-density 5.25"
and 8" diskettes. Both of these formats are used by the utility program
CCSINIT; the 8" diskette format conforms to the format specified by the

1793 data sheet.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
5.25" g"
32 80 4E (Gap 4)
- 12 00 (Sync Field--8" only)
- 3 F6 (8" only)
- 1 FC (Index Mark--8" only)
- 50 HE (Gap 1--8" only)
; 8 12 00 (Sync Field)
i 3 3 F5
{ 1 1 FE (ID Address Mark)
Write ' 1 1 Track No.
bracketed | 1 1 Side No. (00 or 01)
field H 1 1 Sector No.
once for | 1 1 Sector Size
every i 00 = 128 bytes
sector i 01 = 256 bytes
i 02 = 512 bytes
H 03 = 1024 bytes
H 1% 1% F7 (CRC Request)
i 22 22 KE (Gap 2)
| 12 12 00 (Sync Field)
i 3 3 F5
i 1 1 FB (Data Address Mark)
| 128x2h 128x2H Data (n=sector size indicator;
d data Fill=EG¥¥)
i 1% 1% F7 (CRC request)
i 22 54 4E (Gap 3)
m m YE (m=variable number of bytes;

continue writing until 1793
interrupts out.)

*While the CRC request is only one byte, two CRC bytes are actually
written to disk.

**% plthough the IBM-format specifies #40h as the fill character,
CP/M requires E5Sh.

Table 4-8 Double-density Diskette Format
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FD 179X-02 Floppy Disk Formatter/Controller Family

FEATURES ‘ s PROGRAMMABLE CONTROLS §
ina Ti . 2
¢ TWO VFO CONTROL SIGNALS gﬂ:céi?;iféﬁ;:,: rack Stepping Time %
e SOFT SECTOR FORMAT COMPATIBILITY o WRITE PRECOMPENSATION =
¢ AUTOMATIC TRACK SEEK WITH o WINDOW EXTENSION
VERIFICATION o INCORPORATES ENCODING/DECODING
¢ ACCOMMODATES SINGLE AND DOUBLE AND ADDRESS MARAK CIRCUITRY
DENSITY FOHMATS ) ® FD1792/4 IS SINGLE DENSITY ONLY
:gm 274? Smss‘l‘le Dgegf'wD(FM)ty MFM) e FD1795/7 HAS A SIDE SELECT OUTPUT
ystem uble Densi
e AEAD MODE 179X-02 FAMILY CHARACTERISTICS
Single/Multiple Sector Read with Automatic
Search or Entire Track Read - FEATPRES A AT ML W4
Selectable 128 Byte or Variable length Sector Single Density (FM) X X X X
¢ WRITE MODE Double Density (MFM) X X X X
Single/Multiple Sector Write with Aulomatic True Data Bus X X
Sector Search Inverled Data Bus X X
! Entire Track Write for Diskette Formatting Write Precomp X X X X
& SYSTEM COMPATIBILITY Side Selection Output X X

Double Butfering of Data 8 Bit Bi-Directional ‘
Bus for Data, Control and Status APPLICATIONS

DMA or Programmed Data Transfers FLOPPY DISK DRIVE INTERFACE .
All Inputs and Outputs are TTL Compatible SINGLE OR MULTIPLE DRIVE CONTROLLER/
On-Chip Track and Sector Registars/Comprehensive FORMATTER '
Status information NEW MINI-FLOPPY CONTROLLER
RAW READ
) DATA ) o ;CLK T
NC U ol vpgostawn e
W]z »l- wrag AQ o | hRasso
[+ 8e B} u}: ore ¢ | At .. RATE.
LA vl 6ore o S > EARLY F
a1 wt- woar M 3 WD Q
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B ] ul - 755G Y b S J] ¥
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. . *1 one suor
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PIN CONNECTIONS = 1 T I
SV
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GENERAL DESCRIPTION

The FD179X are MOS LS1 devices which perform the
functions of a Floppy Disk Formatter/Controller in
a single chip implementation. The FD179X, which
can be considered the end result of both the FD1771
and FD1781 designs, is IBM 3740 compatible in
single density mode (FM) and System 34 compatible
in Double Density Mode {MFM). The FD179X con-
tains all the features of its predecessor the FD1771,
plus the added features necessary to read/write and
format a double density diskette. These inglude ad-
dress mark detection, FM and MFM encode and de-
code logic, window extension, and write precampen-
sation. In grder to maintain compatibility, the FD1771,
FD1781, and FD179X designs were made as close as
possible with the computer interface, instruction set,
and 110 regislers being identical. Also, head load

1793 DATA SHEET

control is identical. In each case, the actual pin as-
signments vary by only a few pins from any one to
another.

The processor interface consists of an B-bit bi-
directional bus for data, stalus, and controt word
transfers. The FD179X is set up to operate on a mul-
tiplexed bus with other bus-criented devices.

The FD179X is fabricated in N-channel Silicon Gaie
MOS technology and is TTL compatible on all inputs
and outputs. The 1793 is identical to the 1791 except
tha DAL lines are TRUE for systems that utilize true
data busses.

The 1795/7 has a side select oulput for controlting dou-
ble sided drives, and the 1792 and 1794 are “Single
Density Only” versions of the 1791 and 1793. On these
devices, DDEN must be left opan,

PIN OUTS
PIN
NUMBER PIN NAME SYMBOL FUNCTION
1 NO CONNECTION NC Pin 1 is internally connected 10 a back bias
generator and must be left open by the user.
19 MASTER RESET MR A logic low on this input resets the device and
loads HEX 03 into the commard register. The Not
Ready (Status Bit 7) is reset during MR ACTIVE.
When MR is brought to a logic high a RESTORE
Command is executed, regardiess of the state of
the Ready signal from the drive. Also, HEX 01 is
loaded into sector register.
20 POWER SUFPLIES Vs Ground
21 Vee +5V 5%
40 Voo +12V 5%
COMPUTER INTERFACE:
2 WRITE ENABLE WE A logic low on Ihis input gates data on the DAL
into the selected register when €3 is low.
3 CHIP SELECT CS A logic low on this input selects the chip and ena-
bles computer communication with the device.
4 READ ENABLE RE A logic low on this input controls the placement of
data from a selecled register on Ihe DAL when CS
IS low.
56 REGISTER SELECT AD, A1 These inputs select the register to_receive/
LINES transfer data on the DAL lines under RE and WE
conirol:
Al AD RE WE
0 0 Stalus Reg Command Reg
0 1 Track Reg Track Reg
1 0 Sector Reg Sector Reg
1 1 Data Reg Data Reg
7-14 DATA ACCESS LINES DALO-DAL7 | Eight bit inverted Bidirectional bus used for trans-
fer of data, controi, and status. This bus is receiver
enabled by WE or transmitter enabled by RE.
24 CLOCK CLK This input requires a free-running square wave
clock for internal timing reference, 2 MMz for 8"
drives, 1 MHz for mini-drives.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

38

39

15
16

17

18

22

23

25

25

26

27

28

29

30

DATA REQUEST

INTERRUPT
REQUEST

FLOPPY DiSK INTERFACE:

STEP
DIRECTION

EARLY

LATE

TEST

HEAD LOAD TIMING

READ GATE (1791/3)

SIDE SELECT OUTPUT
(1795, 1797)

READ CLOCK

RAW READ

HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

DRQ

INTRQ

STEP
DIRC

EARLY

LATE

TEST

HLT

RG

S80

RCLK

RAW READ

HLD

TG43

WG

This open drain output indicates that the DR con-
tains assembled data in Read operations, or the
DR is empty in Write operations. This signal is
reset when serviced by the computer through
reading or ioading the DR in Read or Write opera-
tions, respectively. Lse 10K pull-up rasistor to +5.

This open drain output is set at the completion of any
command and is reset when the STATUS register is
read or the command register is written to. Use 10K
pull-up resistor to +5.

The step output contains a pulse for sach step.

Direction Output is active high when stepping in,
active low when stepping out.

Indicates that the WRITE DATA pulse occurring
while Early is active {high) should be shifted early
for write precompensation.

Indicales that the write data puise occurring while
Late is active (high) shouid be shifted late for write
precompensation.

This input is used for testing purposes only and
shouid be tied to +5V or left open by the user un-
less interfacing to voice coil actuated moators.

When a logic high is found on the HLT input the
head is assumed to be engaged.

A high level on this output indicates to the data
separator circuitry that a field of zeros (or ones)
has been encountered, and is used for synchroni-
zation,

The logic level of the Side Select Output is directly
controlled by the 'S’ flag in Type |l or Ill commands.
When S = 1, SSO is set to a logic 1. When § = 0,
SSO is set to a logic 0. The Side Select Cutput is only
updated at the beginning of a Type Il or Itl command.
It is forced to a logic 9 upon a MASTER RESET
condition,

A nominal square-wave clock signal derived from
the data stream must be provided to this input.
Phasing (i.e. RCLK transitions) relative 10 RAW
READ is important but polarity (RCLK high or low)
is not.

The daia input signal directly tfrom the drive. This
input shall be a negative pulse for sach recorded
flux transition.

The HLD output controls the loading of the
Read-Write head against the media,

This output informs the drive that the Read/Write
head is positioned between tracks 44-76. This output
is valid only during Read and Write Commands.

This output is made valid before writing is to be
periormed on the diskette.

B-3
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FUNCTION

A 250 ns (MFM) or 500 ns (FM) puise per flux
transition. WD contains the unique Address marks
as well as data and clock in both FM and MFM
formats.

This input indicates disk readiness and is sampled
for a logic high before Read or Wrile commands
are performed. If Ready is low the Read or Write
operalion is not performed and an interrupt is
generated. Type | operations are performed re-
gardless of the state of Ready. The Ready input
appears in inverted format as Status Register bit
7.

This is a bi-directional signal used lo signity writing
faults at the drive, and to enable the external PLO
data separator. When WG = 1, Pin 33 functions as
a WF input. ¥ WF = 0, any write command will im-
mediately be terminated. When WG = 0, Pin 33 func-
tions as a VFOE output. VFOE will go fow during a
read operation after the head has ioaded and settled
(HLT = 1). On the 1795/7, it wilt remain fow until the
last bit of the second CRC byte in the (D field, VFOE
will then go high untit B bytes (MFM) or 4 bytes (FM)
before the Address Mark. It will then go active untif
the last bit of the second CRC byte of the Data Field.
On the 1791/3, VFOE will remain low until the end of
the Data Field.

This input informs the FD179X that the Read/Write
head is positioned over Track 00.

This input informs the FD179X when the index hole
is encountered on the diskette.

This input is sampled whenever a Writa Command
is received. A logic low terminates the command
and sets the Write Protect Status bit.

This pin selects either single or double density op-
eration. When = 0, double density is
selected. When DDEN = 1, single density is
selected. This lina must be left open on the 1792/4

PIN :
NUMBER PIN NAME SYMBOL

3 WRITE DATA WO

32 READY READY

33 WRITE FAULT WF/VFOE

- | VFO ENABLE

34 TRACK 00 TR0

35 INDEX PULSE P

36 WRITE PROTECGT WPAT

a7 DOUBLE DENSITY DDEN
ORGANIZATION

The Floppy Disk Formatter block diagram is ilus-
trated on page 5. The primary sections include the
parallel processor interface and the Floppy Disk inter-
face.

Oata Shift Register-—This B-bit register_assembles
serial data from the Read Data Input (

during Read operations and fransfers serial data to
the Write Data output during Write operations.

Data Register—This B-bit register is used as a hold-
ing register -uring Disk Read and Write operations.
In Disk Read operations the assembled data byte is
transferrad in parallel to the Data Register from the
Data Shift Register. In Disk Write operations informa-
tion is transferred in paraliel from the Data Register
to the Data Shift Register.

When executing the Seek command the Data Regis-
ter holds the address of the desired Track position.
This register is loaded from the DAL and gated onto
the DAL under processor control.

Track Register—This B-bit register holds the track
number of the current Read/Write head position. It is
incremented by one every time the head is stepped in
(towards track 76} and decremented by one when the
head is stepped out {towards track 00). The contents
of tha register are compared with the recorded track
number in the 1D field during disk Read, Write, and
Verily operations. The Track Register can be loaded
from or transferred ic the DAL. This Register should
not be loaded when the device is busy.
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FD179X BLOCK DIAGRAM

Sector Register {SR)}—This 8-bit register holds the
‘address of the desired sector position, The contenty
of lhe register are compared with the recorded seclor
fufber it the ID field during disk Read or Write op~
erations. The Seclor Register contents can be loaded
from or transferred to the DAL. This register shouid
nol pe loaded when the device is busy.

Command Register (CR)—This 8-bit register holds
the command presently being executed. This register
should not be loaded when the device is busy uniess
the new command is a force interrupl. The command
register can be lvaded from the DAL, but not read
onto the DAL

Status Register {(STR)-—This 8-bil register holds de- ~

vice Status information. The meaning of the Status
bits is a function of the type of command previously
executed. This regisler can be read onto the DAL,
but not loaded from the DAL.

CRC Loglc—This logic is used to check or to gener-
ate the 16-bit Cyclic Redundancy Check (CRC). The
polynomial is: G(x) = x'® + x'? « x* + {,

- The FD1791/3 has two different modes of_gj

The CRC inciudes all information starting with the
address mark and up to the CRC characters. The
CRC register is preset lo ones prior to data being
shifted through the circuit.

Arithmetic/Logic Unit (ALU)—The ALL! is a serial
comparalor, incrementer, and decrementer and is
used for register modification and comparisons with
the disk recorded ID field. : ‘

. Timing and Control—All computer and Floppy Disk

Interlace controls are generated through this logic.
The internal device timing is generated from an eéx-
ternal cryslal clock.

ration
according to the slate of DDEN. When DDEN = 0
double density (MFM) Is assumed. When DDEN =1,
single densily (FM) is assumed.

AM Detector--The address mark delector detects
10, data and index address marks during read and
write operations.




PROCESSOR INTERFACE

The interface to the processor is accemplished
through the eight Data Access Lines (DAL) and as-
sociated control signals. The DAL are used to trans-
fer Data, Status, and Control words out of, or into the
FD179X. The DAL are three state buffers that are en-
abled as outpul drivers when Chip Select {CS) and
Read Enabie (RE) are active (low logic state) or_act
as input receivers when CS and Write Enable (WE)
are active.

When transfer of data with the Floppy Disk Controller
is required by the_host processor, the davice address
is decoded and CS is made low. The address bils A1
and A0, combined with the signais RE during a Read
operation or WE during a Write operation are inter-
preted as selecting the following registers:

A1:AQ READ (BE) WRITE (WE)
00 Status Register Command Register
0 1 Track Register Track Register
10 Sector Register Sector Register

11 Data Register Data Register

During Direct Mamory Access (DMA) types of data
transfers between the Data Register of the FD179X
and the processor, the Data Request (DRQ) output is
used in Data Transfer control. This signal also ap-
paars as status bit 1 during Read and Write opera-
tions.

On Disk Read operations the Data Request is acti-
vated (set high) when an assembled serial input byte
is transferred in parallet to the Data Register. This bit
is cleared when the Data Register is read by the pro-
cessor. If the Data Register is read after one or more
characters are lost, by having new data transferred
into the register prior to processor readout, the Lost
Data bit is set in the Status Register. The Read op-
aration continues until the end of sector is reached.
On Disk Wrila operations the data Request is acti-
vated when the Data Register transfers its contents
to the Data Shift Register, and requires a new data
byte. It is reset when the Data Register is loaded
with new data by the processor. If new data is not
Inaded at the time the next serial byte is required by
the Floppy Disk, a byte of zeroes is written on the
diskette and the Lost Data bit is set in the Status Re-
gister.

At the completion of every cormmand an INTRQ is
generated. INTAQ is reset by either reading the
status register or by loading the command register
with a new command. In addition, INTRQ is gener-
ated if a Forca interrupt command condition is met.

FLOPPY DISK INTERFACE

The 179X has two modes of oparalion according to the
state of DDEN (Pin 37). When = 1, single density
is selscted. In either case, the CLK input (Pin 24) is at
2 MHz. However, when Interfacing with the mini-floppy,
the CLK input is sat at 1 MHz for both single density and
double density. When the clock is at 2 MHz, the stepping
rates of 3, 6, 10, and 15 ms are obtainable. When CLK
squals 1 MHz these times are doubled,

1793 DATA SHEET

HEAD POSITIONING

Five commands cause positioning of the Read-Write
head {see Command Section). The period of each
positioning step is specified by the r field in bits 1 and
0 of the command word. After the last diractional
step an additional 15 milliseconds of head setiling
time takes place if the Verity flag is set in Type |
commands. Note that Lhis time doubles to 30 ms for
a 1 MHz clock. If = 0, there is zero setlling
time. There is also a 15 ms head setiling time if the £
fiag is set in any Type (l or Il command.

The rates (shown in Table 1) can be applied 10 a
Step-Direction Motor through the device interface.

Step—A 2 us (MFM) or 4 us (FM) pulse is provided
as an output to the drive. For every step pulse is-
sued, the drive moves one track location in a direc-
tion determined by the direction output.

Direction (DIRC)—The Direction signal is active high
when stepping in and low when stepping out. The Di-
rection signal is valid 12 us before the first stepping
pulse is generated.

When a Seek, Step or Restore command is executed
an pptional verification of Read-Write head position
can be performed by setting bit 2 (V = 1) in the
command word to a fogic 1. The verification operation
begins at the end of the 15 millisecond settiing time
after the head is loaded against the media. The track
number from the first encountered ID Field is com-
pared against the contents of the Track Register. f
the track numbers compare and the ID Field Cyclic
Redundancy Check {CRC) is correct, the verify oper-
ation is complete and an INTRQ is generated with no
errars. The FD179X must find an 1D field with correct
track number and correct CRC within 5 revolutions of
the media; otherwise the seek error is set and an
INTRQ is generated.

Table 1. STEPPING RATES

CLh  2MHz  2MHz  TMHz 1MHz 2#MHz 1 MH:z
GOEN 0 1 o 1 x x
R1RD TEST=1 TEST=t TEST-1 TEST-1 TEST=0 TEST+0
00 Ims Ims B8 ms & my 184ps  368u8
01 ams 6 me 12 ms 12 ms 190us  380us
10 WOms 10 ms 20ms 20 my 188us  306us
11 15ms 15 ms 30 ma 30 ms 208u8  416us

The Head Load (HLD) output controls the movement
of the read/wnte head against the media. HLD is ac-
tivated at the baginning of a Type | command if the h
flag is set (h = 1), at the end of the Type | command
it the verify flag (V = 1), or upon receipt of any Type
Il ot {ll command. Once HLD is active it remaing ac-
tive untit either a Type | command is received with
(h = 0 and V = 0); or if the FD179X is in an idie state
(non-busy) and 15 index pulses have occurred.
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Head Load Timing (HLT) is an inputl to the FD179X
which isused for the head engage time. When
HLT =1, the FD179X assumes the head is com-
pletely engaged. The head engage time is typicalty
30 lo 100 ms depending on dnve. The low fo high
transition on HLD 1s typically used to fire a one shol.
The output of the one shol is then used for HLT and
supplied as an inpul 10 the FD178X,
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When both HLD and HLT are true. the FD179X will
then read from or wrie to the media. The “and” of
HLD and HMLT appears as a stalus bil in Type !
status.

In summary tor the Type | commands: it h = 0 and
V=0 HLDisreset. fh = 1andV =0 HLD is set atthe
begiining of the cormmand and HLT is not sampled nor
is there an internal 15 ms delay. H h=0and V =1,
HLD is set near the end of the command. an internal
15 ms occurs, and the FR179X waits for HLT to be
true. th = 1 and V = 1, HLD is set at the beginning
i the command. Near the end of the command. afier
all the steps have been issued. an internal 15 ms
delay occurs and the FD179X then waits for HLT 1o
occur.

For Type Il and Ill commands with E flag off, HLD is
made active and HLT is sampled until true. With E
ffag on. HLD is made active. an internal 15 ms delay
occurs and then HLLT is sampled until true,

DISK READ OPERATIONS

Sector lengths of 128, 256, 512 or 1024 are oblaina-
ble in either FM or MFM formats. For FM. DDEN
should be placed to logical “1.” For MFM formats,
DDEN should be placed to a logical 0. Sector
lengths are determmed at format time by a special
byte in the “ID” field. If this Sector length byte in the
ID held 1s zero, then the sector length is 128 bytes. If
01 then 256 bytes. If 02. then 512 bytes. If 03, then
the sector length is 1024 bytes. The number of sec-
tors per track as far as the FD178X is concerned can
be from 1 to 255 sectors. The number of iracks as far
as the FD179X is concerned is from O to 255 tracks.
For 1BM 3740 compatibility, sector lengths are 128
bytes with 26 sectors per track. For System 34 com-
patibility (MFM), seclor lengths are 256 bytes/sector
with 26 sectors/track; or lengths of 1024 bytes/sector
with 8 sectors/track. (See Sector Length Table.)

For read operations, the FD173X requires AAW
READ Data (Pin 27) signat which is a 250 ns pulse
per flux transition and a Read clock (RCLK) signal fo
indicate flux transition spacings. The RCLK (Pin 26}
signal is provided by some drives but if not it may be

derived externally by Phase lock loops, one shots, or
counter techniques. In addition, a Read Gate Signal
is provided as an outpul (Pin 25) which can be used
to inform phase lock loops when o acquire syn-
chranization. When reading from the media in FM, RG
is made frue when 2 bytes of zeroes are detected.
The FD179X must ind an address mark within the
next 10 bytes; otherwise RG is reset and the search
for 2 bytes of zeroes begins all over again. if an ad-
dress mark is found within 10 bytes, RG remains true
as long as the FD179X is deriving any useful informa-
tion from the data stream. Simitarly for MFM, RG is
made active when 4 bytes of “00" or “FF" are de-
tected. Th. FD179X must find an address mark
within the next 16 bytes, otherwise RG is reset and
search resumes.
During read operations (WG = 0), the VFOE (Pin 33)
is_provided for phase lock loop synchronization.
E will go active when: )

a) Both HLT and HLD are True

b) Sellling Time, if programmed, has expired

¢) Tha 179X is inspecling data off the disk
It WF/VFOE is not used. leave open or tie to a 10K
resistorto + 5.

DISK WRITE OPERATION

When writing is to take place on the diskette the
Write Gate (WG) output is activated, allowing current
to flow into the Read/Write head. As a precaution to
erroneous writing the first data byte must be loaded
into the Data Register in response to a Data Request
from the £FD179X before the Write Gate signal can be
activated,

Writing is inhibited when the Write Protect input is a
logic low, in which case any Write command is im-
mediately terminated, an interrupt is generated and
the Wrile Protect status bit is set. The Write Fault in-
put, when activated, signifies a writing faull condition
detected in disk drive electronics such as failure to
detect write current flow when the Write Gate is acti-
vated. On detection of this fault the FD179X termi-
nates the current command, and sets the Write Fault
bit (bit 5} in the Status Word. The Write Fault input
should be made inactive when the Write Gate output
becomes inactive.

For write operations, the FD179X provides Write
Gate (Pin 30) and Write Data (Pin 31) oulputs. Write
data consists of a series of 500 ns puises in FM
(DDEN = 1) and 250 ns pulses in MFM (DDEN = 0).
Write Data provides the unique address marks in
both fermats.

Also during write, two additional signals are provided
for write precompensation. These are EARLY (Pin
17) and LATE (Pin 18). EARLY is active true when
the WD pulse appearing on {Pin 30) is to be written
early. LATE is active trug when the WD pulse is to be
written LATE. If both EARLY and LATE are low when
the WD pulsa is present, the WD pulse is to be written at
nominal. Since write precompensation values vary from
disk manufacturer to disk manufacturer, the actual
value is determined by several one shots or delay lines
which are located external to the FD179X. The write
precompensation signals EARLY and LATE are valid
for the duration of WD in both FM and MFM formats.

B-7
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Whenever a Read or Write command (Type Il or 1)
is received the FD179X samples the Ready input. If
this inpul is logic low the command is not executed
and an interrupt is generated. Al Type | commands
are performad regardiess ol the state of the Ready
input. Also, whanever a Type Il or lll command is re-
ceived, the TG43 signal output is updated.

COMMAND DESCRIPTION

The FD179X will accept eleven commands. Com-
mand words should only be loaded in the Command
Registar when the Busy status bit is off (Siatus Bit 0),
The one exception is the Force Interrrupt command.
Whenever a command is being executed, the Busy
status bit is set. When a command is completed, an
interrupt is generated and the Busy status bit is re-
sat. The Status Register indicates whether the com-
pleted command encounterad an error of was fault
free. For ease of discussion, commands are divided
into four types. Commands and types are sum-
marized in Table 2.

Table 2. COMMAND SUMMARY

BITS
TYPE COMMAND 76543210
I Restore 0000 HhVIT
| Seeak 0001ThVrnh
| Step 001TuhVnr
| Step In 01 0uwuhVnnun
| Step Out 011uhVrnn
] Read Sector 100mF,EF O
] Write Sector 101mFEF a
1l Read Address i1T000EO00
1] Read Track 11100E00
1] Write Track 11110E0O0
)Y Forca Interrrupt 1101 LG4

1793 DATA SHEET

Table 4. FLAG SUMMARY
TYPE I & It COMMANDS

m = Multiple Record flag {Bit 4)

m = 0, Single Record
m = 1, Multiple Records

a, = Data Address Mark (Bit 0)

a, = 0, FB {Data Mark)
a = 1, F8 {Deleted Data Mark)

E = 15 ms Delay (2MHz)
E =1, 15 ms delay
E = 0, no 15 ms delay
{Fz2) S = Side Setect Flag (1791/3 only)

S = 0, Compare for Side 0
§ = 1, Compare for Side 1

(Fy) C = Side Compare Flag (1791/3 only)
C = 0, disable side select compare
C = 1, enable side select compare
(F.} S = Side Select Flag
(Bit 1, 1795/7 only)
$ = 0 Update 550 to 0
S = 1 Update SSO to 1

{F;) b = Sector Length Flag
(Bit 3, 1975/7 only)

Sector Length Field

00 o 10 1
b=0 256 512 1024 128
b=1 128 256 512 1024

Note: Bits shown in TRUE form.

Tabie 3. FLAG SUMMARY

TYPE | COMMANDS

h = Head Load Flag {Bit 3)

h = 1, Load head at beginning
h =0, Unload head at beginning

V = Verify flag (Bit 2)

V = 1, Verify on destination track
V = 0, No verily

rr, = Stepping maotor rate (Bits 1-0)

Reter to Table 1 for rate summary
u = Update flag (Bit 4)
u = 1, Update Track register

u = 0, No update

Table 5. FLAG SUMMARY
TYPE IV COMMAND

li = Interrupt Condition flags (Bits 3-0)
10 = 1, Not-Ready to Ready Transition
11 = 1, Ready to Not-Ready Transition
i2 = 1, Index Pulse
13 = 1, Immediate Interrupt

I3 -lg = 0, Terminate with no Interrupt

TYPE | COMMANDS

The Type | Commands include the Restore, Seek,

Step, Step-In, and Step-Out commands. Each of the

Type | Commands contains a rate field (ron), which

?_eﬁrn:ines the stepping motor rate as defined in
able 1.
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The Type | Commands contain a head load flag (h)
which determines if the head is to be loaded at the
beginning of the command. If h = 1, the head is
loaded at the beginning of the command (HLD output
is made active). If h = 0, HLD is deactivated. Once
the head is loaded, the head will remain engaged
until the FD179X receives a command that specifi-

cally disengages the head. ! the FD179X is idle

{busy = 0) for 15 ravolutions of the disk, the head will
be automatically disengaged (HLD made inactive).

The Type | Commands also contain a verification (V)
flag which determines if a verification operation is 1o
take place on the destination frack. If V = 1, a verifi-
cation is performed, if V =0, no verification is per-
formed.

During verification, the head is loaded and after an
intarnal 15 ms delay. the HLT input is sampled.
When MLT is active (logic true), the first encountered
ID field is read off the disk. The track address of the

ID fisld is then compared to the Track Register; if

B-9

there 15 a match and a valid ID CRC, the verification -

i5 complate, an interrupt is generated and the Busy
status bit is reset. if there is not a match but there is
valid I} CRC, an interrupt is generated, and Seek
Errar Stalus bit (Status bit 4) is sel and the Busy
status bit is reset. If there is a match but not a valid
CRC, the CRC error status bit is sel (Status bit 3},
and the next encountered 1D field is read from the
disk for the verification operation. If an ID field with a
vald CRC cannot be found after four revolutions of
the disk, the FD179X terminates the operation and
sends an interrupt, {INTRQ).

The Step, Step-In, and Step-Out commands contain

an Update fiag (U). When U = 1, the irack register is -

updated by one for aach step. When U = 0, the track
ragister is not updated.
On the 1795/7 devices, the SSO output is not affected

duting Type 1 commands, and an internal side com-
pare does not take place when the (V} Verlfy Flag is

-on,

S fassr mpapd omg
SEEW £ORCW DAD MWD .

U ] o]

@'— = B | AT

TRACK B Wby
R Tt
v

"

OWMAND

Ti¥ STER.IN

STER-OuT,
1

A !
o8

TYPE | COMMAND FLOW

TYPE | COMMAND FLOW
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RESTORE (SEEK TRACK 0)

Upon receipt of this command the Track 00 {TROO)
input is sampled. It TROG is active low indicaling the
Read-Write head is positioned over track 0, the Track
Register 15 loaded with zeroes and an inlerrupt is
generated. If TROO is not active low, stepping pulses
(pins 15 lo 16} at a rate specitied by the o field are
1ssued until the TROO input is activated. At Ihis time the
Track Register is loaded with zeroes and an interrupt is
generated. f the TR input does not go active low
atter 255 stepping pulses, the FD179X lerminates op-
eration, inerrupts, and sets the Seek error status bit.
A verification operation takes place if the V Rag is
set. The h bit allows the head to be lcaded at the
stan of command. Note that the Restore command is
executed when MHA goes from an active to an inac-
tive state.

HOTE FYIYY & TWERE 4 e o DELAE
TS copcn e AL N e sy

TYPE | COMMAND FLOW
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SEEK

This command assumes that the Track Register con-
tains the track number of the current position of the
Read-Write head and the Data Regisler contains the
desired track number. The FD179X will update the
Track register and issue stepping pulses in the ap-
propriate direction until the contents of the Track re-
gister are equal to the contents ol the Data Register
(the desired frack location). A verification operation
takes place if the Vflag is on. The h bit allows the
head to be lpaded at the start of tha command. An
‘inferrupt is genarated at the completion of the com-
mand.

STEP

Upon receipt of this command, the FD179X issues
one stepping pulse to the disk drive. The stepping
molar direction is the same as in the previous step
command. After a delay determined by thero fisid, a
verification takes place it the V fiag is on. if the u flag is
on, the Track Register is updated. The h bit allows the
head to be loaded at the start ol the command. An
interrupt is generated at the compietion of the command:

STEP-IN

Upon receipt of this command, the FD179X issues
one ‘stepping pulse in the direction towards track 76.
it the u flag is on, the Track Register is incremented
by one. After a delay determined by the riro field, a
verification takes place if the V flag is on. The h bit
allows the head to be loaded at the start of the
command. An interrupt is generated at the comple-
tion of the command. .

STEP-OUT

Upon receipt of this command, the FD179X issues
one stepping pulse in the direction towards track Q. It
the u flag is on, the Track Register is decrementad by
one. After a defay determined by the nro field, a ver-
ification takes place if the V flag is on. The h bit a-
lows the head to be loaded at the start of the com-
mand. An interrupt is generated at the completion of
the command.

TYPE Il COMMANDS

The Type || Commands are the Read Sector and
Write Sector commarns. Prior to loading the Type It
Command into the Cammand Register, the computer
must load the Sector Register with the desired secior
number. Upon receipt of the Type Il command, the
busy status Bit is set. If the E flag = 1 (this is the
nornal case) HLD is made active and HLT is sam-
pled after a 15 msec delay. if the E fag is 0, the
head is loaded and HLT sampled with no 15 msec
delay. The 1D fleld and Data Field format are shown

onpage 13,

When an 1D field is located on the disk, the FD179
compares the Track Number on the 1D fieid with the
Track Register. if there is not a match, the

b
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courttered 1D field is read and a comparison I8 again
made. If there was a match, the Sector Number of
the ID field is compared with the Sector Register. If
there Is not a Sectar match, the next encountered D
fisld is read off the disk and comparisons again
made. It the 1D fieki CRC is correct, the data field is
then located and will be either written into, or read
from depending upon the command. The FD179X
must find an ID field with a Track number, Sector
number, side number, and CRC within four revolutions
of the disk; otherwise, the Record not found status bit is
set (Status bit 3) and the command is lerminated with an
interrupt.

&Y BUBY. ATRIT DA, LOST
DATA, RECORD NOT FOUND &
STATUB BTE b 4 & INTRO

¥

FLA

G 10
S50 LINE 117987 ONLY)

note

O THEAF (% NG 1% DR AY
L R4 YAND GLK s PERE I8 30ME DELAY,
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Sector Length Table
Seclor Length Number of Byles
Fleld (hex) in Sector (decimal)
00 128
(1]} 256
02 512
03 - 1024

Each of the Type )i Commands contains an (m) flag
which determines if muftiple records (sectors) are to
be read or written, depending upon the command. If
m = 0, a single sector is read or writlen and an inter-
rupt is generated at the completion ol the command.
It m = 1, multiple records are read or writien with the
sector register internally updated so that an address
verification can occur on the next record. The
FD179X will continue to read or write multiple records
and update the sector register until the seclor regis-

INTRO RESET BUSY
SET RECORD-NOT FOUND

HAVE
5 INOEX HOLES
PASSED
:
N

BRWNG IN SECTOR LENGTH FIELD
SVORE LEMGTH 1N INTERNAL
AEGIITER

LAC EAROA
)

TYPE Il COMMAND

TYPE )l COMMAND
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ter excesds the number of sectors on the track or
until the Force Interrupt command is loaded into the
Command Register, which terminates the command
and generates an interrupt.

If the Sector Register exceeds the number of sectors
on the track, the Record-Not-Found status bit will be
set.

The Type Il commands also contain side select com-
pare flags. When C = 0, no side comparison is made.
When C = 1, the LSB of the side number is read off the
1D Field of the disk and compared with the contents of
the (S) fiag. If the S flag compares with the side number
recorded in the ID field, the 179X continues with the
1D search. it a comparison is not made within 5 index
pulses, the interrupt line is made active and the Record-
Not-Found status bit is set.

The 1795/7 READ SECTOR and WRITE SECTOR com-
mands include a b’ flag. The 'b’ flag, in conjunction with
the sector length byte of the ID Field, aflows different
byte lengths to be implemented in each sector. For IBM
compatability, the 'b’ flag should be set to a one. The

1793 DATA SHEET

‘g’ flag allows direct control over the SSO Line (Pin 25)
and is set or reset at the beginning of the command,
dependent upon the value of this flag.

READ SECTOR

Upan receipt of the Read Sector command, the head
is loaded, the Busy status bit set, and when an ID
field is encountered that has the correct track
number, correct sector number, correct side number,
and correct CRC, the data field is presented to the

- computer. The Data Address Mark of the data field must

be found within 30 byles in single density and 43 bytes in
double densgity of the last ID field CRC byte; if not, the
Record Not Found status bit is set and the operation is
tarminated.

When the first character or byte of the data field has
been shifted through the DSR, it is transferred to the
DR, and DRQ is generated. When the next byte is
accumuiated in tha DSR, it is transterred to the DA
and another DRQ is generated. It the Computer has
not read the previous contentis of the DR belore a
new character is transferred that character is lost and

WIRO RESET BuSY
EET RECORD-NOT FOUMND

NTRG. ATMIT BLEY
SET CAC EAROR

OLnyY TEYTES OF GAR

M WTAG. RESET BUSY
SET 4057 DATA

vES
TFLAY 4 BYTE OF GAP

TN CW WG § WRITE
SEYTES OF FEROY

|DAT g
3

DELAY 11 BYTES

'

WHITE DATA AM

TURN ON WG § WRITE.
12 AvTES OF 26RCH

TYPE i COMMAND

TYPE il COMMAND
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the Lost Data Status bit is sel, This sequence con-
linues until the complete data field has been inpulted
lo the computer. Il there is a CRC error at the end of
Ihe data field, the CRC error status bil is set, and the
command is terminated (even if it 15 a multiple record
command).

At 1he end of the Read operation, the type of Data
Address Mark encountered in the data field is re-
corded 1n the Status Register (Bt 5} as shown below:

STATUS
BT S
1 Deleted Data Mark
0 Data Mark

WRITE SECTOR

Upon receipt of the Write Sector command, the head
15 lpaded (MLD acbve) and the Busy slatus bit 1s sel
When an ID field 1s encountered thal has the correct
frack number, correct sector number. correct side num-
ber. and correct CRAC. a DRQ is generated The FD179X
counts off 11 byles in single density and 22 bytes in
doubte density fram the CRC figid and the Write Gate
{WG) output 1Is made active f the DRQ 1s serviced (1.e.,
the DR has been loaded by the computer). If DRQ has
nol been serviced. the command 1s terminated and the
Lost Data status bit 1s set If the ORQ has been ser-
viced. the WG is made active and six bytes of zeros
in single density and 12 bytes n double density are
then wntten on the disk At this ttme the Data Ad-
dress Mark s then wniten on the disk as determined
by the a field of the command as shown below:

a Data Address Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The FD179X ther wriles the data freld and generates
DAG s to the computer If the DRQ is not serviced in
ume for continuous writing the Los! Data Status Bit 1s
set and a byte of zeros is wntten on the disk. The
command is not terminated. After the last data byte
has been written on the disk. the two-byte CRC is
computed internally and written on the disk followed
by ane byte of logic anes in FM or in MFM. The WG
output 15 then deactivated.

TYPE lit COMMANDS
READ ADDRESS

Upon receipt of the Read Address command, the
head 15 loaded and the Busy Status B is set. The
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next encountered 1D field is then read in from the
disk., and the six data bytes of the (D lield are as-
sembled and transferred to the DR, and a DRQ is
generated tor each byte. The six bytes of the ID field
are shown below:

TRACK SIDE SECTOR | SECTOR | CRC | CRC
ADDR | NUMBER [ ADDRESS | LENGTH 1 2
1 2 3 4 5 6

Although the CRC characters are transtarred o the
computer, the FO179X checks for validity and the
CRC error status bit is set if there is a CRC error.
The Track Address cof the 1D field is written into the
sector register. At the end of the operation an inter-
rupt is generated and the Busy Status is reset.

READ TRACK

Upon receipt of the Read Track command, the head
is loaded and the Busy Stalus bit is set. Reading
starts with the leading edge of the first encountered
i.dex pulse and continues until the next index pulse.
As each byte is assembled it is transferred to the
Data Register and the Data Request is generated for
each byte. No CRC checking is performed. Gaps are
ncluded in the mput dala stteam. The accurnulation
of bytes is synchromzed 1o each Address Mark en-
countered. Upon completion of the command. the in-
terrupt is activated. RG 15 not activated during the
Read Track Command. An internal side compare is not
performed during a Read Track.

WRITE TRACK

Upon receipt of the Wrile Track command, the head
is loaded and the Busy Status bit is set. Writing
starts with the leading edge of the first encountered
ndex pulse and continues until the next index pulse,
at which tme the interrupt is activated. The Data Re-
quest is activated immediately upon receiving the
command. but writing will not start until after the first
byte has been loaded inlo the Data Register. If the
DR has not been loaded by the time the index pulse
is encountered the operation is terminated making
the device Naot Busy, the Lost Data Status Bit is set,
andg the Intarrupt is aclivated. If a byte is not present
in the DR when needed, a byte of zeros is substi-
tuted. Address Marks and CRC characters are writ-
ten on the disk by detecting certain data byte pat-
terns in the outgoing data stream as shown in the
table below. The CRC 'generator is initialized when
any dala byte from FB to FE is about lo be transfer-
red from the DR to the DSR in FM or by receipt of
F5 in MFM.

GAP| ID | TRACK SIDE {SECTOR|SECTOR |[CRC|CRC|GAP|DATA CRC { CRC
| AM[NUMBER [NUMBER |[NUMBER|LENGTH | 1 2 it AM [DATAFIELD| 1 2
ID FIELD DATA FIELD

In MFM only, IDAM and DATA AM are preceded by three bytes of At with clock transilion between bits 4 and 5

missing.
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INTRQ PEE!
BUSY M1 Rt

DELAY I BvTE
TIMES

vES F

— —

DN T DR

WRITEFD FEOR
FO-FB Cin - O7
HNITIALIZE CRC

5
R BEEN
LOADED?

white
BYTE OF 2ERDS ;
SEY DATA LOST :

WRITE A1° ih MFM
TH MIEEING CLOCH
wYIALIZE CAC

WRITE C2* 1M P
Wi TH MISSING CLO
wRITE 7 CRC
CHARS

TYPE It COMMAND

WRITE TRACK

CONTROL BYTES FOR INITIALIZATION

TYPE lil COMMAND WRITE TRACK

DATA PATTERN FD179X INTERPRETATION FD1791/3 INTERPRETATION

IN DR (HEX) IN FM (DDEN = 1) IN MFM (OTEN = 0)

00 thru F4 Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM

F5 Not Allowed Write A1* in MFM, Preset CRC

F& Not Allowed Write C2°* in MFM

F7 Generate 2 CAC bytes Generate 2 CAC bytes

F8 thry FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in MFM

FC Write FC with Clk = D7 Write FC in MFM

FD Write FD with Clk = FF Write FD in MFM

FE Write FE, Clk = C7, Preset CAC Write FE in MFM

FF Write FF with Clk = FF Write FF in MFM

*Missing clock transition between bits 4 and 5

**Missing clock transition between bits 3 & 4
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4
SET ausy
REEET STATUS
BTS20 5
INOEX
L PULSE
?
YES
SMIFT ONE 81T
INTC OSR
COPY'S FLAG
TO SSO LINE
(17957 ONLY)
VES SET NTRG
INDEX,
FULSE RESET BusY
SET HLD
NO
ADDRESS YES
MARK DETECTEC
»
w0
NO
YES
HAVE B
i . | L BITS BEEN
ASSEMBLED
DELAY 158" "
YES
NO o SET LOST
s'ﬁ.'a’% DAYA BIT
k)
YES . YES ]
TG4
UPCATE TRANSFER
DSR TG DR
NO
BEY
' - 0RO
YE! READ
8 ADDRESS
WTET- § NO DELAY TYPE (it COMMAND )
M TEST =t and CLK=1 MNHZ. 30 M5 DELAY Reﬂd Tfack/Address




HAVE 8 YES
WOEX HOLES
PASSED
>

HAS
IOAM BEEN
DETECTED

?

YES

SHIFT 1 BYTE
WTO DSR

TRAKSFEN
BYTE TO DR

TRANSFER TRACK
HUMBER TO SECTOR
REGISTOR

CRAC YES

SET WTRQ
PESEY BUSY

TYPE W COMMAND
Read Track/Address

16
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TYPE IV. COMMAND

FORCE INTERRUPT

This command .can be leaded into the command re-
gister at any time. If there is a current command
under execution (Busy Status Bit set), the command
will be tertinated and an interrupt will be generated
when the condition specified in the lo through b field
is detected. The interrupt conditions are shown be-
low:

lo = Not-Ready-To-Ready Transition

I = Ready-To-Not-Ready Transition

Iz = Every Index Pulse

I3 = Immediate Interrupt (requires reset, see
Note)

NOTE: iflo - [3 = 0. there is no interrupt generated but
the current command is terminated and busy is
resel. This is the only command that will enable
the immediate interrupt 16 clear on a subse-
gquent Load Command Register or Read Status
Register. .

STATUS DESCRIPTION

Upon receipt of any command, except the Force In-
terrupt command, the Busy Status bit is set and the
rest of the status bits are updated or cleared for the
naw command. If the Force Interrupt Command is
received when there is a current command under
axecution, the Busy status bit is reset, and the rest of
the status bits are unchanged. If the Force Interrupt
command is received when there is not a current
command under execution, the Busy Status bit is
resel and the rest of the status bits are updated or
cleared. In this case, Status reflects the Type | com-
mands. .

‘The format of the Status Register is shown below:

(BITS)
6 5 4 3 2 1 0
57 | 56 ] 55 ) 54 |53 | 821 51 | 80

Status varies according to the type of command exe-
cuted as shown in Table 6.
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FORMATTING THE DISK

(Reter to section on Type I} commands lor flow diag-
rams.) '

Formatling the disk is a relatively simple task whan
operating programmed /O or when opperating under
fFormatling the disk is accomplishad by positioning
the R'W head over the desired track number and is-
suing the Write Track command. Upon receipt of the
Write Track command, the FD179X raises the Data
Request signal. At this point in time, the user loads
the dala register with desired data to be written on
the disk. For every byle of informailion to be writlen
on the disk, a data request is generated. This sequ-
ence continues from one index mark to the next
index mark. Normally, whatever data pattern appears
in the data register is written on the disk with a nor-
mal clock pattern. However, if the FD179X detects a
data pattern of F5 thru FE in the data register, this is
interpreted as data address marks with missing
clocks or CRC generation. For instance, in FM an FE
pattern will be interpreted as an (D address mark
(DATA-FE, CLK-C7) and the CRC will be initialized.
An F7 pattern wiill generate two CAC characters in
FM or MFM. As & consequence, the patterns F5 thru
FE must not appear in the gaps, data fields, or iD
fields. Aiso, CRC's must be generaied by an F7 pat-
tern.

Disks may be formatted in IBM 3740 or System 34
formats with sector lengths of 128, 266, §12, or' 1024
byles.
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IBM 3740 FORMAT—128 BYTES/SECTOR

Shown below is the IBM single-density format with
128 bytes/sector. In order 1o format a diskette, the
user must issue the Write Track command, and load
the data register with the following values. For every
byte to be written, there is one data request.

NUMBER HEX VALUE OF
QF BYTES BYTE WRITTEN
40 FF (or QO)
6 00
1 FC {Index Mark)
. 26 FF (or 00)
6 00
1 FE (ID Address Mark)
1 Track Number
1 Side Number (00 or 01)
1 Sector Number (1 thru 1A)
1 0o
1 F7 (2 CRC's written)
1" FF. {or 00)
6 00
1 FB (Data ~ddress Mark)
128 Data (IBM uses ES})
1 F7 (2 CRC's written)
L 27 FF (or 00)
247+ FF {(or 00)

*Wrile bracketed field 26 times

**Continue writing until FD179X interrupts out.
Approx. 247 bytes.
1-Optional ‘00" on 1795/7 only.
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IBM SYSTEM 34 FORMAT-
256 BYTES/SECTOR

Shown baeiow is the IBM dual-density format with 256
bytes/sector. In order to format a diskette the user
must issue the Write Track command and load the
data register with the tollowing values. For every byte
to be wrilten, there is one data request.

NUMBER HEX VALUE OF
OF BYTES BYTE WRITTEN
a0 4E ‘
12 o0
3 Fé
1 FC (Index Mark)
50" 4E
12 00
K] F&
1 FE {ID Address Mark)
] Track Number (0 thru 4C)
1 Side Number (0 or 1)
1 gector Number (1 thru 1A)
1 1
1 F7 (2 CACs written)
22 4E
12 00
3 F5
1 FB {Data Address Mark)
256 DATA
1 F7 {2 CRCs written)
4E
553+ 4E
* Write bracketed fleld 26 times
**Continus writing until FD179X interrupts oul.
Approx. 588 bytes.

ELECTRICAL CHARACYERISTICS
MAXIMUM RATINGS
Voo With Respect to Vss (Ground) =15 1o —0.3V

Max. Voitage 1o Any Input With =15 to —0.3V
Respact to Vss

Vpp = |D ma Nominal ~ Vgg = 35 ma Nominal
OPERATING CHARACTERISTICS (DC)

Operating Temperature
Storage Temperature

1793 DATA SHEET

1. NON-IBM FORMATS

Variations in the IBM format are possible to a limited
sxtent if the following requirements are met: sector
size must be a choice of 128, 256, 512, or 1024 bytes;
gap size must be according to the following table, Note
that the Index Mark is not required by the 179X. The
minimum gap sizes shown ara that which is required by
the 179X, with PLL lock-up time, motor speed variation,
etc., adding additional bytes.

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gap It 11 bytes FF 22 bytes 4&
. 6 bytes 00 12 bytes GO
3 bytes A1
Gap NI 10 bytes FF 24 bytes 4E
. 3 bytes A1
b 4 bytes 00 8 bytes 00
Gap IV 16 bytes FF 16 bytes 4E

*Byte counts must be exact. .
**Byte counts are minimum, except exactly 3 bytes
of A1 must be written,

0°C to 70°C
~-55°C o +125°C

TA = 0°C 10 70°C, Voo = + 12V = .8V, Vs = OV, Vee = + 5V £ .25V

SYMBOL CHARACTERISTIC MIN. MAX. | UNITS | GONDITIONS
e input Leakage 10 BA Vi = Voo
lou Output Leakage 10 pA Vour = Voo
Vi input High Voltage 26 v
Vi input Low Voltage 08 \
Vo Output High Voltage 28 v le =—100 nA
Vou Qutput Low Vohage 0.45 \ lo=1.6 mA
Po Power Dissipation 0.5 w




1793 DATA SHEET

TIMING CHARACTER'ST'CS
Ta = 0°C to 70°C, Voo = 4 12V = 6V, Vss = 0V, Ve =45V = 25V

READ ENABLE TIMING

SYMBOL CHARACT'EFIISTIC.‘ MiN. TYP, MAX, UNITS | CONDITIONS
TSET Setup ADDR & CS to RE_ 50 4 nsec
THLD Hold ADDR & CS from RE 10 nsec .
TRE AE Putse width __ 400 nsec C. = 50 pt
TDRR ORQ Reset from RE ‘ 400 500 nsec
TIRA INTRQ Reset from RE 500 3000 nsec See Note 5
YOACC Data Access from RAE - 350 nsec C. =50 pl
TOOH Data Hold From RE 50 150 nsec C. = 50 pi

- '-“1“ P “S—'_T'-I
VT -
ot "--—----'

aeg f,
-{ taEaviCE e l— -
e o_l ‘ l.— ‘w

e

) Tart l--

wmorq v T§ kv 6 SERANENYL Y TIEO LOW T DESED
S Pvii OO E D Wl CLOCH - vy .

1 REMVICE WDWET CATE G
T
[ I T

READ ENABLE TIMING



WRITE ENABLE TIMING

1793 DATA

SYMBOL CHARACTERISTIC MIN, TYP. MAX. UNITS | CONDITIONS
TSET Setup ADDR & CS to WE 50 ,nsec
THLD Hold ADDR & CS from WE 10 nsec
TWE WE Puise Width _ 350 nsec
TDRR DRQ Reset from WE 400 500 nsec .
TIRR  INTRQ Reset from WE 500 3000 nsec See Note 5
TDS Data Setup to WE 250 nsec
TOH Data Hold-from WE 70 nsec
INPUT DATA TIMING:
SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNITS | CONDITIONS
Tpw Raw Aead Pulse Width 100 200 nsec | See Note 1
the Raw Fead Cycle Time 1500 nsec | 1800 ns @ 70°C
Tc RCLK Cycle Time 1500 nsec |1800 ns @ 70°C
[ T RCLK hold to Raw Read 40 nsec | See Note 1
Txz Raw Read hold to RCLK 40 nsec
T *—~|
A
aaw wfal j IJ_
e [ ==
L I _——_J
AR R
AR -
NOMINAL
DISKETTE |MODE { DDEN |- CLK | T, | T» [ T.
8" MFM [} 2MHz {1 us |1 p3 [ 2 s
a8 FM 1 SMHZ |2 48 | 2u8 | dus
[ MFM 0 1MHz | 2us | 2u8 [ 4 u8
5" ) 1 IMHZ [4pus |48 [0 un
agrent e
ek INPUT DATA TIMING

WRITE ENABLE TIMING




1793 DATA SHEET

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz)

SYMBOL CHARACTERISTICS MIN. TYP. MAX. UNITS | CONDITIONS
Twp Write Data Pulse Width 450 500 550 nsec F
' 150 200 250 nsec MFM
Twy Write Gate to Write Data 2 jusec FM
. 1 nsec MFM
Tobe Write data cycie Time 23,004 psec =CLK Error
Ts Early (Late) to Write Data 125 : nsec MFM
Th Early (Late) From 125 ; nsec MFM
Write Data
Twi Write Gate off from WD 2 usec FM
‘ 1 ‘ usec MFM
Twd! WD Valid 10 Clk 100 nsec CLK=1 MHZ
50 nsec CLK =2 MHZ
Twd2 WD Valid afier CLK 100 nsec CLK=1 MHZ
30 nsec CLK=2 MHZ

o A M~
= T -

o VA

] | e

WRITE DATA/GLOCK RELATIONSHIP
{DDEN= O}

WRITE DATA TIMING

B=21
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MISCELLANEOUS TIMING:

1793 DATA

SHEET

SYMBOL " CHARACTERISTIC MIN. TYP. | MAX. UNITS CONDITlONS
TCD: Clock Duty {low) 230 250 | 20000 nsec
TCD: Clock Duty {tigh) 200 250 | 20000 nsec
TSTP Step Pulse Output 2ord pusec Note 5
TDIR Dir Setup 10 Step 12 , psec |- :%?_GK ERFOR
TMR Master Aeset Pulse Width ‘50 usec : i
Tie Index Pulse Width 10 usec
TWF Write Fault Pulse Width 10 usec See Note 5

-I'».lwl"

e b e

’*W_

T

MISCELLANEOUS TIMING

NOTES:

1. Pulse width on RAW HEAD (Pin 27) is normally
100-300 ns. However, pulse may be any width if
pulse is entirely within window. If pulse occurs in both
windows. then pulse width must be less than 300 ns
for MFM at CLK = 2 MHz and 600 ns for FM at 2
MHz. Times double for 1 MHz.

2. A PPL Data Separator is recommended lor 8 MFM.

3. tbcshould be 2 us. nominal in MFM and 4 s nominal
in FM. Times double when CLK = 1 MMz,
4, RCLK may be high of low during AAW ﬁ'r"sT\B (Poiamy

is unimportant}.

5. Times double when clock = 1 MHz.
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Table 6. STATUS REGISTER SUMMARY
ALL TYPE | READ READ READ WRITE WRITE
BIT | COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK
S7 [NOT READY  |NOT READY NOT READY NOT READY |NOT READY | NOT READY
S6 |WRITE o 0 "0 WRITE WRITE
PROTECT PROTECT PROTECT
S5 |HEAD LOADED | o RECORD TYPE 0 WRITE FAULT | WRITE FAULT -
$4 |SEEK ERROR |ANF ANF ) ANF 0
S3 |CRC ERROR |CRC ERROR | CRC ERROR 0 CRC ERROR 0
s2 |TrRack 0 LOST DATA LOST DATA LOST DATA |LOST DATA  |LOST DATA
S1 |INDEX DRQ DRQ DRO DRQ DRQ
S0 |BUSY BUSY BUSY BUSY _ BUSY BUSY
STATUS FOR TYPE | COMMANDS
BIT NAME MEANING

§7 NOT READY

This bit when set indicates the drive is not ready. When reset it indicates that the drive
is ready. This bit is an inverted copy of the Ready input and logically 'ored’ with MR,

S6 PROTECTED

When set, indicates Write Prolect is aclivaled. This bit is an inverted copy of WRPT
input.

S5 HEAD LOADED

When set. it indicates the head is loaded and engaged This bit is a Iogical ‘and” of

HLD and HLT signals.

54 SEEK ERRCR

When se!, Ihe desired track was not veritied. Tms bit is reset to 0 when updaled

S3 CRC ERROR

CRC encountered in 1D field.

S2 TRACK 00 When set. indicates Read/Write head is positioned to Track 0. This bit is an inverted
copy of the input.

51 INDEX When sel, indicates index mark detected from drive. This bit is an inverted copy of the
IP input.

50 BUSY When set command is in progress. When reset no command is in progress.

STATUS FOR TYPE

Il AND Il COMMANDS

BIT NAME

MEANING

S7 NOT READY

This bit when set indicates the drive is not ready. When reset, it indicates that the drive
1s ready. This bit is an inverted copy of the Ready input and 'ored’ with MR, The Type It
and Nl Commands will not execute untess the drive is ready,

56 WRITE PROTECT]

On Read Record: Not Used. On Read Track: Not Used. On any Write: [t indicates a
Write Protect. This bit is reset when updaled.

S5 RECORD TYPE/
WRITE FAULT

On Read Record: It indicates the record-type code from data field address mark.
1 = Deleted Data Mark. 0 = Data Mark. On any Write: It indicates a Write Fault. This bit
is resel when updated.

54 RECORD NOT
FOUND (RNFY

When set, it ingicates that the desured track, seclor, or side were not found. This bit is
reset when updated.

§3 CRC ERROR

If S4 is sel, an error is found in one or more 1D fields: otherwise it |nd|cales arror in
data field. This bit is reset when updated.

S2 LOST DATA

When sel. it indicates the computer did not respond to DRQ in one byte time. This bit is
reset to zero when updated.

51 DATA REQUEST

This bit is a copy of the DRQ output. When sel, it indicatas the- DR is full on a Read
Operation or the DR is ampty on a Write operation. This bi Is reset to zero when up-
dated.

S0 BUSY

When set. command is under execution. When reset, no command is under execution.
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TITLE 'DISK MOSS 2,2 MONITOR'

MACLIR Z80
PAGE 6l
! DISK MOSS MONITOR (VERSION 2,2)
P 14 JUNE 1980
 ALL RIGHTS RESERVED BY ROBERT B. MASON
MOSS:  ORG OF DOOH
ROM : EQU OFO0OOH  $ROM START ADDRESS
WSVEC: EQU 0 'VECTOR FOR WARM RESTART
NBKPTS: EQU 2 'NUMBER OF BREAKPOINTS
CTRLS: EQU 134 *ASCII DC3
CR: EQU 0dH *ASCIT CARRIAGE RETURN
LF+ EQU 0AH *ASCIT LINE FEED
FMFD:  EQU OCH 'ASCITI FORM FEED
BELL: EQU 7 sASCII CNTRL CHAR TO RING THE BELL
I0BYTE: EQU 3 'ADDRESS OF 170 CONTROL BYTE
SDATA: EQU 20H 'SF IAL DATA PORT BASE ADDRESS
SINTEN: EQU §BiTa.1 ISERTAD DNTERECRT BRRELA REGTSTER
SIDENT: EQU SDATA+2 +SERIAL INTERRUPT IDENTIFICATION RE
SI.CTRL: EQU SPDATA+3 ;SERTAL LINF CONTROL REGISTER
SMDMCT: EQU SDATA+L $SERTAL MODEM CONTROL REGISTER
SLSTAT: EQU SDATA+5 ‘SERIAL LINE STATUS REGISTER
SMDMST: EQU SDATA+6 $SERTAL MODEM STATUS REGISTER
SPSV: EQU 6 y3TACK POINTER SAVE LOCATION
{ REGISTER STORAGE DISPLACEMENTS FROM
; NORMAL SYSTEM STACK LOCATION,
iLoc: EQU 15H
BLOC: EQU 134
CLOC:  EQU 134
DLOC:  EQU 114
ELOC:  EQU 10H
FLOC:  EQU 14H
HLOC:  EQU 314
LLOC:  EQU 30H
PLOC: EQU 344
SLOC:  EQU 17H
TLOC: EQU 35H
TLOCX: EQU 254
LLOCX: EOU >0H
A°LOC: EQU 9
BPLOC: EQU 11
CPLOC: EQU 10
DPLOC: EQU 13
EPLOC: EQU 12
FPLOC: EOU 8
HPLOC: EQU 15
LPLOC: EQU 15
XLOC: T EQU 7
YLOC:  EQU 5
RLOC:  EAU 5
ILOC:  EQU 3

E DISK CONTROLLER UNIQUE EQUATES
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CP/M MACRO ASSEM 2.0

00%0
(030
0031
0032
0631

0034

Q040
0041
oQu2
ooy
004
0ou5

F0oo
F003
FO06
Fo09
Fooc
FOOF
FQ12
FO15
F018
Fo18
FO1E
Fo21

Fo24 C

] T T TR TG ] TR T YT T T T
DVOoOOOQOQOO0COCO0
£ FLA AL LD LD PO PO PO IO PO

Wi = T 2 IO~ — T Gop

2
[
&

C35BF0

DSTAT
DCMMD
DTRCK
DSCTR
DDATA
DFLAG
DCNTL

’

DISKNO:
TRACK:
SECTOR:
SIDE:
SPT:
TWOSID:
STPRAT:
STATUS:
CMND:
LUNIT:
CUNIT:
RWFLG:
HSTBUF :
I1DSV:
TBUF :

L]
[3
’
.
L]
-

CBOOT:
CONIN:
READER:
CONOUT :
PUNCH:
LIST:
CONST:

EXR I T

1BL:

#002

EQU
EQU
EQU
EQu
EQy
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU

JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP
JMP

FIRMWARE LISTING

DISK MQSS 2,2 MONITOR

30H
DSTAT
DSTAT+1
DSTAT+2

DSTAT+
DSTAT+

DSTAT+4

40H

DISKNO+1

TRACK+1

SECTOR +1

SIDE+1
SPT+1
46H

47H
STATUS+1
49H

:DISK STATUS PORT
*DISK COMMAND PORT

;DISK THKACK PORT
sDISK SECTOR PORT

;DISK DATA PORT
;DISK FLAG PORT
;DISK CONTROL PORT

JACTIVE DISK NUMBER

3 SIDE SELECT HOLD AREA

+SECTORS PER TRACK HOLD
:SINGLE /DOUBLFE, SIDED SWITCH HOLD

:3TEP RATE SAVE AREA

;LAST USED DRIVE

LONIT+1 :CURRENT DRIVE

LBH
HCH
4EH
80H

INIT
Cl

RI

CO

PO

LO
C3T3
IOCHK
TOSET
MEMCK
RTS
RT3
REST

ASGN
BOOT
QPRT
DISP
QPRT
FILL
GOTO
HEXN
INPT
QPRT
QPRT
QPRT
MOVE
QPRT
QUPT
PARM
QPARM
READ
SUBS

sHOST BUFFER ADDRESS
;DISK ID SAVE AREA

JUMP TARGETS FOR BASIC INPUT/OUTPUT

;COLD START

;CONSOLE INPUT

;READER INPUT

1CONSQOLE QUTPUT

;PUNCH QUTPUT

(LIST OUTPUT

sCONSOLE STATUS

;PUT TOBYTE INTO (A)
:(C) HAS A NEW IOBYTE
sMEMORY LIMIT CHECK
;TIODEF- DEFINE USER I/0 ENTRY POINT
;oPCL- T/0 CONTROL
$BREAKPOINT ENTRY POINT

TBL CONTAINS THE ADDRESSES OF THE ACTION ROUTINES
THE EXECUTIVE USES IT TO LOOK UP THFE DESIRED ADDRESS,



FIRMWARE LISTING c_3
CP/M MACRO ASSEM 2.0 #003 DISK MOSS 2.2 MONITOR
FOUD 8FF2 - DW MTEST
FOUF 09F1 Du QPRT
FO51 91F1 D COMP
FO53 F7FU DW WRITE
F055 ECF2 DW XMNE
FO57 9FF4 DW 18250
FO59 B2F1 DW BYE
! THE COLD INITTALIZATION CODE
FO5B F3 INIT: DI :DISABLE INTERRUPTS
FO5C 373F00 LXI SP,3FH :USE STACK TO INITIALIZE RESTARTS
FOSF 2100C LXI H, JAP*256 - WITH RESTART ERROR VECTO
FO62 11B2F LXI D, RSTER i
FO65 0610 MVT B, 16 116 TIMES (64 BYTES)
FO67 D5 INIT1: PUSH D
F068 E5 PUSH H
DJNZ INIT1
FO069+10FC
FOBB 3195F0 LXI 3P, FAKE-2 sSET UP TEMPORARY STACK
FO&E 3E00 MVI a,0 . SKIP THE NEXT INST
FO6F ORG m ] *SAVE A BYTE HERE
! MEMSIZ CALCULATES THE TOP OF CONTIGUOUS RAM, IT SEARCHES
: FROM THE BOTTOM UP UNTIL A NON-RAM LOCATION IS
: FOUND., IT THEN TAKES OFF FOR MONITOR WORK SPACE
: NEEDS AND RETURNS THE VALUE IN (H,L).
FO6F C5 MEMSIZ: PUSH B sMONITOR START LOCATION
FO70 0100F0 LXI B, ROM
FO73 21FFFF LXI H, -1 +START OF MEMORY ADDRESS SPACE
FO76 24 MEMSZ1: INR H
FO77 7TE MOV AM
FO78 2F CMA
FO79 77 MOV M, A
FO7A BE CMP M
FO7B 2F CMA
FO7C 77 MOV M, A
JRNZ MEMSZ2
FOTD+2004
FOZF 7C MOV A, H *SEE IF ON MONITOR BORDER
FO80 B8 CMP B
JRNZ MEMSZ 1
FO81+20F 3
FO83 25 MEMSZ2: DCR H *TAKE OFF WORKSPACE
FO8F O1DEFF LXI B, EXIT-ENDX-3*NBKPTS+1
FO87 09 DAD B
F088 C1 POP B +(B,C) IS UNPREDICTABLE DURING INIT
F089 C9 RET
1]
: ROUTINE MEMCHK FINDS THE CURRENT TOP OF CONTIGUOUS MEMORY
: (LESS THE MONITOR WORKSPACE) AND RFTURNS THE VALUE,
FOBA E5 MEMCK: PUSH H :SAVE (H,L)
FO8B CDEFFO CALL MEMSIZ :GET THE RAM SIZE
FO8E 7D MOV AL _
FOSF D63C SUT b *TAKE OFF WORK SPACE
JRNC MEMCKO
FOg1+3001
F093 25 DCR H
FOGL 44 MEMCKO: MOV B, H
F095 E1 POP H
F0%6 C9 RET
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CP/M MACRO ASSEM 2.0 #1004 DISK MOSS 2,2 MONITOR

F097 99F0 FAKE:  DW FAKE+2
FO99 F9 SPHL
FO9A 1745F Y LXI D, EXIT
FOOD EB XCHG
FOE 011D00 LXI B, ENDX-EXIT
LDIR
FOA 1+EDBO
FOA3 010600 LXI B, 3¥NBKPTS
FOAG D5 PUSH D
FOAT E1 POP H
FOA8 2B DCX H
LDIR
FOA9+EDBO
FOAR 21E6FF LXI H,-24
FOAE 39 DAD sp
FOAF E5 PUSH H
FOBO 23 INX H sADJUST USER STACK LOCATTON
FOB1 23 INX H _
FOB2 220600 SHLD  SPSV “SAVE THE STACK INITIAL VALUE
FOBS 160A MVI D,10  SINITIALIZE REGISTER STORAGE AREA
FOB7 C5 . INIT2: PUSH B
FOBS 15 DCR D - 3LOOP CONTROL
JRNZ INIT2
FOB9+20F C
. INSERT I/0 INIT CODE HERE
FOBB CD59F5 CALL ~ 'DINIT  ;SEE IF AUTO BOOT WANTED
FOBE CDOFFY CALL 18250 :INITIALIZE THE 8250
FOC1 CDOUF6 CALL  RTS
FOC4 2190F4 - LXI H,LOGMSG ;LOG ONTO THE SYSTEM
FOC7 CDOSF6 CALL  PRTWD ,
JR WINIT ;GO TO MONITOR EXECUTIVE
FOCA+1843

RNUTINE EXF READS ONE PARAMETER, IT EXPECTS THE FIRST
CHARACTER OF THE PARAMETER TO BE IN THE A REGISTER

[Tleacesvevaus

ON ENTRY.
FOCC 0601 XF: MVI B, 1 :SET UP FOR ONE PARAMETER
FOCE 210000 LXI H.0
JR EX1 +TRST CHARACTER IN A ALREADY

FOD1+180C
' ROUTINE EXPK READS PARAMETERS FROM THE CONSOLE
: AND DEVELOPS A 16 BIT HEXADECIMAL FOR EACH ONE.
: THE NUMBER OF PARAMETERS WANTED IS IN THE B REG
: ON ENTRY. A CARRTAGF RETURN WILL TERMINATE THE
: ENTRY SEQUENCE: A BLANK OR A COMMA WILL END THE
: CURRENT PARAMETER ENTRY. FEACH PARAMETER ONLY
: TAKES THE LAST 4 DIGITS TYPED IN; ANY EXCESS IS
: DISCARDED. A NON—HEX DIGIT WILL TERMINATE THE
: ENTRY SEQUENCE AND CAUSE A WARM BOOT OF THE MON,
As3: DJNZ AS2 +PART OF THE ASSIGN CODE

FOD3+1079
EX3: JRNZ QPRT «NON-ZERO IS ERROR

FOD5+2032

FOD7 05 EXPR1: DCR B -MORE PARAMETERS?

FODe CE RZ 'NO, RETUEN

FODG 210000 EXPR:  LXI H,0 STNITIALIZE PARAMETER

FODE CD7BF3 £X0: CALL gCHO :GET NEXT NUMBER

FODF U4F EX1: MOV C, A *SAVE CHAR FOR LATER USE

FORED CDBOF3 CALL N IBBLE

JRC EX2 SNOT A NUMBER, JUMP

FNE3I+3808



FIRMWARE LISTING

CP/M MACRO ASSEM 2.0

FOE5 29
FOE6 29
FOET 29
FOE8 29
FOE9 B5
FOEA 6F

FOEB+18EF
FOED E3

FOEE ES5
FOEF 79

FOFO CDC3F3
FOF3+30E0

FOER+1012
FOFT C9

FOF8 CD7BF3
FOFB 216EF1
FOFE 110500

F101 0604
F103 BE
F104+2842
F106 19
F107+10FA
F109 218CF4
F10C CDY8F6
F10F 2A0600
F112 F¢g
F113 210FF1
F116 E5
F117 220100
F11A 3EC3
F11C 320000
F11F CDAYF6
F122 CD78F3
F125 D641
F127+
F150+gREq
F12B+30DC
F12D &7
F12E &F
F12F 1600
F131 0602

EX2:

'
v
'
!
5
ASGN:

A30:

QPRT:

#005

DAD
DAD
DAD
DAD
ORA
MOV
JR

XTHL
PU3H
MOV

CALL
JRNC

DJINZ
RET

C-5

DISK MOSS 2.2 MONITOR

Mmoo
(o

H

A C
P2C
EX3

- QPRT

MAIN ACTION ROUTINES

;MULTIPLY BY 16

;ADD ON NEW DIGIT
;GO GET NEXT DIGIT

+PUT UNDER RETURN ADDRESS ON STACK
{RESTORE RETURN ADDRESS

+REGET THE LAST CHARACTER

+TEST FOR DELIMITER

+JUMP IF NOT CARRIAGE RETURN

;CARRET WITH MORE PARAM MEANS ERROR

: LOGICAL ASSIGNMENT OF PERIPHERALS
;THIS ROUTINE CONTROLS THE ASSIGNMENT OF PHYSICAL

PERIPHERALS TO THE FOUR LOGICAL DEVICE TYPES, IT
ALTERS IOBYTE (MEMORY LOCATION 0003) TO MATCH THE

CURRENT ASSIGNMENT,
CONSQLE, READER, LIS3T, AND PUNCH.

THE FOUR LOGICAL DEVICES ARE
IN ALL CASES,

THE TTY DEVICE IS SET UP AS THE DEFAULT DEVICE,

CALL
LXI
LXI
MVI
CMP
JRZ

DAD
DJINZ

LXI
CALL

ECHO +GET THE LOGICAL DEVICE DESIRED

H,ALT  :START OF CONVERSION TABLE

D, APT-ALT :DISTANCE BETWEEN LOGICAL ¢
ol *NUMBER OF \LOGICAL CHOICES

M :IS THIS ONE IT?

AS1 (YES, JUMP

D :NO, GO TO NEXT LOGICAL ENTRY

AS0

H gwsc +GET ADDRESS OF QUESTION MARK MSG

PRTWA  :PRINT IT

E THE WARM START CODE

WINIT: LHLD  SPSV

SPHL |

WINITA: LXI H,WINIT
PUSH H
SHLD  WSVEC+1
MVI A,0C3H
STA WSVEC
CALL CRLF
CALL DECHO
SUI 141
JRC QPRT
CPI 170
JRNC QPRT
ADD A
MOV E,A
MVI D.0
MVI B, 2

yRESET THE STACK
;RESET RETURN AND WARM START VECTOR

;START A NEW LINE

‘GET THE COMMAND

GET RID OF ASCII ZONE
1BAD COMMAND

sCHECK UPPER LIMIT
sBAD COMMAND

;DOUBLE IT FOR TABLE OFFSET
'SET UP FOR DOUBLE ADD

;SET UP FOR TWO PARAMETERS



149
F14B CD78F3

—_ e el 3 ed i
M
(=)
(2]

TN T TTEO T T T T T T T T T Ty T T T T T o
A e S el b ) ) ) ot el ) el el h el el — — — el e

NN IOy VOV ONOVONOYCRAUTIL UV JIJIWTOTAIL
NEWN—OTm OeoJowio=00 Waekce 3

T eeaaweasuiases o anusne

o]
[Fs]
iy
e

AS2:

ASH:

A35:

TOSET:

IOCHK:

ALT:

APT:

FIRMWARE LISTING

#006 DISK MOSS 2.2 MONITOR

LXI g,TBL sGET ACTION ROUTINE ADDRESS
DAD

MOY AM ;LOAD H,L INDIRECT

INX H

MOV H,M

MOV L,A

PCHL ;GO TO ACTION ROUTINE

FILL ACTION ROUTINE

THIS ROUTINE FILLS A BLOCK OF MEMORY WITH A USER-
DETERMINED CONSTANT. IT EXPECTS THREE PARAMETERS
TO BE ENTERED IN THE FOLLOWING ORDER:

START ADDRESS
FINISH ADDRESS

FILL VALUE
CALL EXPR3 :GET THREE PARAMETERS

MOV *PUT DOWN THE FILL VALUE

CALL HILO *INCREMENT AND CHEGK THE POINTER
JRNC FIO0 ‘NOT DONE YET, JUMP

POP D *RESTORE STACK POINTER IN CASE
JR WINIT ! STACK WAS OVERWRITTEN

MOV D,B :SAVE THE COUNTER RESIDUE

MVI B, 4 ‘LOOP CONTROL

CALL DECHO  GET THE NEW ASSIGNMENT

INX H *INCREMENT POINTER

CMP M :SEE IF THIS IS IT

JRNZ AS3 _

MOV L,B :SAVE THE RESIDUE TO FORM ASGT
DCR L ‘ADJUST VALUE

MOV B,D ‘REGET THE LOGICAL RESIDUE

MVI H, 3 *SET UP THE IOBYTE MASK

DCR B YADJUST THIS ONE ALSO

JRZ AS5 :NO SHIFT NEEDED

DAB g *SHIFT THE MASKS INTO POSITION
DA

DJNZ ASU +NOT DONE YET, JUMP

LDA TOBYTE

ORA H :MASK THE DESIRED ASSIGNMENT IN
XRA H *LOGICAL ASGT BITS NOW OFF

ORA L ‘PUT IN NEW VALUE

MOV C,A

MOV A.C

SE% IOBYTE :SAVE NEW ASSIGNMENTS

R

LDA TOBYTE

RET

DB "o :LOGICAL LIST DEVICE TABLE

DB FL *USER DEVICE #2

DB 1 ‘USER DEVICE #1

DB " 'LIST TO HIGH SPEED PRINTER

DB ' ‘LIST TO ITY

DB 1pt ‘LOGIPAL PUNCH DEVICE TABLE

DB 121 :USER DEVICE #2

DB KN ‘USER DEVICE #1
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F176 50 DB 'p? yPUNCH TO HIGH SPEED PUNCH
F177 54 DB 'T! ;PUNCH TO TTY

F178 B2 ART: DB 'R sLOGIPAL READER DEVICE TABLE
F179 32 DB 2! yUSER DEVICE #2

F17A 31 DB ! +USER DEVICE #1

E17B 50 DB 'p? ¢READER T0 HIGH SPEED READER
F17C 54 DB 'T! +READER TO TTY

F17D 43 ACT: DB 'c! ;LOGIPAL CONSOLE DEVICE TABLE
F17E 31 DB T +USER DEVICE #1

F17F 42 - DB B! ;CONSOLE TO BATCH (PRINTER OR PTR)
F180 4 DB 'C? ;CONSOLE TO CRT

F181 5 DB 'T! ;CONSOLE TO TTY

THE BYE ROUTINE IS USED TO PREVENT UNAUTHORIZED USAGE
OF THE 3Y3TEM, THE 3Y3TEM LOCKS UP AND WILL NOT
RESPOND TO ANYTHING OTHER THAN TWO ASCII BELL
CHARACTERS. WHEN IT SEES THEM CONSECUTIVELY
CONTROL IS RETURNED TO THE MONITOR WITHOUT ALTERING

avedbmgmsnrwamse

ANYTHING,
F182 0602 BYE:  MVI B,2 :SET UP FOR TWO CHARACTERS
F184 CD8FF6  BYE1: CALL  CONI GO READ THE CONSOLE
F187 FEO7 CPI BELL  jSEE IF AN ASCII BELL
JRNZ ~ BYE NG, START OVER AGAIN
E189+20F
F1&B CDTEF3 CALL  ECH1  ;ECHO THE BELL
| DJNZ  BYE1  ;NOT YET, GET NEXT ONE
F 185 +10F 4
F190 ¢9 RET sRETURN TO MONITOR
:  COMPARE ROUTINE
L]
;THIS ROUTINE COMPARES TWO BLOCKS OF MEMORY AGAINST EACH
: OTHER, IF ADIFFERENCE IN THE RELATIVE ADDRESSES
; IS DETECTED, THE ADDRESS OF THE FIRST BLOCK IS
; DISPLAYED, ALONG WITH ITS CONTENTS AND THE CONTENTS
: OF THE OTHER BLOCK'S SAME RELATIVE ADDRESS.
F191 CD86F3  CGOMP:  CALL  EXPR3 ;GO GET THREE PARAMETERS
F194 04 CMPA: LDAX B 'GET SOURCE 2 DATA
F1%5 ¢5 PUSH B *SAVE SOURCE 2 POINTER
F196 46 MOV B, M 'READ SOURCE 1 DATA
F197 B8 CMP B :COMPARE DATA
JRZ CMPB  }JUMP IF OK
F 198+280C
F194 F5 . PUSH  PSW sSAVE SOURCE 2 DATA
F19B CDFBFS5 CALL  LADRB  {WRITE THE ADDRESS
F19E 78 MOV A,B +sGET SOURCE 1 DATA
F10F CDFUF5 CALL  DASH1  }FORMAT
F1A2 F1 POP PSW ‘REGET SOURCE 2 DATA
F1A3 CDE6F5 CALL  HEX1  ;OUTRUT IT
F1A6 C1 CMPB:  POP B
F1A7 CD9YBF3 CALL  HILOXB ;INCREMENT SOURCE 1 POINTER AND SEE
JR CMPA~  ;JUMP IF NOT DONE YET
F1AA+18E8

DISPLLAY ACTION ROUTINE

THIS ROUTINE DISPLAYS A BLOCK OF MEMORY ON THE
CURRENT CONSOLE DEVICE (CONSOLE DUMP), THE USER
MIST SPECIFY THE START AND FINISH ADDRESSES,

THE DISPLAY IS ORGANIZED TO DISPLAY UP TO 16 BYTES
PER DISPLAY LINE, WITH ALL COLUMNS ALIGNED SO

EACH COLUMK HAS THE SAME LAST HEX DIGIT IN ITS ADDR

[T e T N

e b
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F1AC CDAYF6 DISP:  CALL EXLF :GO GET BLOCK LIMITS
F1AF CDFBF5 DIS1: CALL LADRB  :DISPLAY THE START ADDRESS
F1B2 7D MOV A,L !SEE IF ON 16 BYTE BOUNDARY
F1B3 CDFOF 1 CALL TRPLSP $SKIP OVER TO RIGHT COLUMN
F1Bd E5 PUSH H 'SAVE (H,L)
F1B7 TE DIS2: MOV A,M :GET THE ' CONTENTS
F1B8 CDE6R5 CALL HEX 1 :QUTPUT IT
F1BB CD8FF3 CALL HILO :INCREMENT, CHECK POINTER
JRC DIS7 :DONE IF CARRY SET
F1BE+3824
F1C0 CDFEF5 CALL BLK *MAKE COLUMNS
F1C2 7D MOV AL *READY FOR NEW LINE?
F1C4 E60F ANI OFH
JRNZ DIS2
F1C6+20EF
F1C8 Et1 DIS3:  POP H *REGET LINE START ADDRESS
F1C9 7D MOV AL 'SKIP OVER TO RIGHT SPACE
FI1CA E60F ANI OFH
F1CC CDFSF1 CALL TRPL2
FI1CF 7E DISY4: MOV AM :GET MEMORY VALUE
F1DO E&7F ANT 7FH :STRIP OFF PARITY BIT
F1D2 uF MOV C,A 'SET UP FOR OUTPUT
F1D3 FE20 CPI 1’ !SEE IF PRINTABLE IN ASCII
JRC DIS5 !JUMP IF SO
F1D5+3804
F1D7 FETE CPI 7EH
JRC DIS6
F1Dg+8§02
F1D 2F DIS5:  MVI c,'.' ELSE, PRINT A DOT
F1DD CDOYFOQ DISé:  CALL CONOUT
F1EQ CDOCF3 CALL HILOX  :INCREMENT (H,L) AND SEE IF DONE
F1E§ (o) MOV AL ‘NOT DONE, READY FOR NEW LINE?
F1EL EBOF ANI OFH
JRNZ DISY :JUMP IF NOT
F1E6+20ET
JR DIS1 +DO THE NEXT LINE
F1E8+18C5
F1EA 93 DIS7:  SUB E :SKIP OVER TO START ASCII PRINTOUT
F1EB CDFOF1 CALL TRPLSP
JR DIS3 :GO PRINT THE ASCII
F1EE+18D8
F1F0 E60F TRPLSP: ANI OFH +ISOLATE THE LOW FOUR BITS
F1F2 47 MOV B,A ‘PREPARE TO SPACE OVER TO RIGHT COL
F1F3 87 ADD A :TRIPLE THE COUNT
F1FL 80 ADD B
F1FS 47 TRPL2: MOV B,A :PUT BACK INTO B
FIF6 04 INR B :ADJUST COUNTER
FIF7 CDFEF5 TRPL1: CALL BLK DO THE SPACING
DJNZ TRPL1  :NO, DO ANOTHER COLUMN
F1FA+10FB
FIFC C9 RET

GO TO ACTION ROUTINE

GOTO COMMAND TRANSFERS CONTROL TO A SPECIFIED ADDRESS.
IT ALLOWS THE SELECTIVE S3ETTING OF UP TO TWO BREAKPOINT

ssvMtsIesenwtwe
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F200+3837

F202+2810
F2OH CDCCFO
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F225+280A
F227 73
F228 23
F229 72
F228 23
F228 1A
Fa22C 77
F22D 23
F22E 3ECF
F230 12
F231 79 Go2:
F232 FEOD
F234 €1

F235+2802

b237+?OE1
F239 CDAGF6 GO3:
b23C
FEED 2143F4
240 Eb
F241 21CFF3
F24y 220900
F247 211300
F24A 39

F2uB M1
F24C E9

-
k]
»
-
*
v
.
1
.
’
.
t
.
i

F2u4b CDDT7FO
F250 €1

NPT

PUSH
PUSH

CALL

POP
PCHL

C-9
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GOO « YES, BUT SET SOME BREAKPOINTS
EXF :GET NEW GOTO ADDRESS
HﬁFLOC :PUT ADDRESS IN PC LOCATION
3
E' sLOW BYTE
M,E sHIGH BYTE
A C
ck :SEE IF A CR WAS LAST ENTERED
GO3
B, NBKPTS
gﬁTLOC +POINT TO TRAP STORAGE
B :SAVE NUMBER OF BREAKPOINTS
H :SAVE STORAGE POINTER
B,2 {SET UP TO GET A TRAP ADDRESS
EXPR1  +GET A TRAP ADDRESS
D ‘GET THE TRAP ADDRESS INTO (D,E)
H ‘REGET THE STORAGE ADDRESS
%,D 'INSURE THE TRAP ADDRESS ISN'T ZERO
GO2 :JUMP IF SO
M,E :SAVE THE BREAKPOINT ADDRESS
H
M, D
H
D sSAVE THE INSTRUCTION FROM THE BP A
M, A
H
g,RST OR 8 +INSERT THE BREAKPOINT
A,C *REGET THE DELIMITER TO SEE
ch YUIF WE ARE DONE SETTING BREAKPOIN
B *  UNLOAD THF STACK FIRST
GO3 Yyps, JuMp
GO1 +JUMP IF NOT AT BP LIMIT
CRLE
H :GET RID OF STACK JUNK
H, RS9
H,REST
+SET BREAKPOINT JUMP VECTOR ADDRESS
gbeu *FIND REGISTER SET ROUTINE ADDRESS

D ;ADJUST THE STACK
;GO TO THE DESIRED PLACE

: GENERAL PURPOSE INPUT/OUTPUT ROUTINES

‘THESE ROUTINES ALLOW BYTE-BY-BYTE INPUT OR OUTPUT ¥ROM
THE CURRENT CONSOLE DEVICE.
THE MONITGR "I" OR “O" COMMAND,

THEY AR INVOKED 3Y
THEN AMSWERING THE

QUESTIONS WHICH APPEAR ON THE CONSOLE.

CALL
POP
INP

EXPR1 JGET INPUT PORT NUMBLL
B (GET PORT # INTO C RUEGISTER
£ sREAD VALUE INTGO B REGISTER

-
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F251+ED58
F253+1851
F255 CDDSFO
F258 D1
F259 C1

F25A+ED59
F25C C9

F25D CD86F3
F260 7E

F261 02
F262 CDO9BF3
F265+18F9

F273+280F
F275 FEOA

F27T7+280D
F279 E5
F27A CDCCFO
F27D D1

=)
=

~3iNIMIRAOCY TI-q~J 7]
2 TN OO T O —

88 E60T
F28A CCFBF5

F28D+18DC

OUPT:

MOVE

s4sagwsaseane

...

MOVE:
MOV

PR R e L L R L 2

-

SuBS:
SUB1:

SUB2:
SUB3:

FIRMWARE LISTING
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JR BITS2 :GO DO A BINARY PRINT OF THE VALUE
CALL EXPR ;GET THE ADDRESS AND DATA FOR OUTPU
POP D :DATA VALUE INTO E

POP B PORT INTO C

OUTP E iDO THE OUTPUT

RET

ROUT INE

THIS ROUTINE EXPECTS THREE PARAMETERS, ENTERED IN T
SOURCE FIRST BYTE ADDRESS

SOURCE LAST BYTE ADDRESS

DESTINATION FIRST BYTE ADDRESS

CALL EXPR3 +GET THREE PARAMETERS

MOV ALM OET NEXT BYTE

STAX B OVE

CALL  HILOXB GO INCREMFNT CHECK SOURCE POINTER
JR MOV 'NOT THERE YET, GO DO IT AGAIN

SUBSTITUTE ACTION ROUTINE
THIS ROUTINE ALLOWS THE USER TO_INSPECT ANY MEMORY LOCATIO

AND ALTER THE CONTENTS, IF DESIRED AND IF THE ADDRE
IS IN RAM. THE CONTENTS MAY BE LEFT UNALTERED

BY ENTERING A SPACE, COMMA, OR A CARRIAGE RETURN.

A CARRIAGE RETURN IS ENTERED, THE ROUTINE Ib TERMIN
IF A SPACE OR COMMA IS ENTERED, THE ROUTIN

PROCEEDS TO THE NEXT LOCATION AND PRE%ENT% THE USER
WITH AN OPPORTUNITY TO ALTER IT.

CALL EXPR1 ;GO GET ONE PARAMETER

POP H ;GET THE START ADDRESS

MOV A,H GET THE CONTENTS OF THE ADDRESS
CALL DASH1 DISPLAY IT ON CONSOLE AND A DASH
CALL PCHK GEF CHECK CHARACTER

RC DONE IF CARRIAGE RETURN

JRZ SUB2 'NO CHANGE IF BLANK OR ,

CPI LF ;SEE IF PREVIOUS BYTE WANTED

JRZ SUB3 yYES, DO IT

PU3SH H :SAVE MEMORY POINTER

CALL EXF !GO GET REST OF NEW VALUE
POP D 'NEW VALUE TO E REGISTER

POP H ‘RESTORE MEMORY POINTER

MOV M,E ‘PUT DOWN NEW VALUE

MOV A C :GET THE DELIMITER

CPI CR ‘SEE IF DONE (CARRIAGE RETURN)

RZ YES, RETURN TO MONITO

INX H NO, "INCREMENT MEMORY POINTER

INX H *ALLOW A FALL-THROUGH ON THE NEXT I
Bex H 'ADJUST (M,L) AS APPROPRIATE

MOV A,L ‘GET LO ADDRESS BYTE

ANT 7 'SEE IF ON A BOUNDARY

cZ LADRB  :CALL IF ON THE BOUNDARY

JR SUB1 :GO DO THE NEXT LOCATION
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MTEST ROUTINE TESTS A SPECIFIED BLOCK OF MEMORY TO
SEE IF ANY HARD DATA BIT FAILURES EXIST. IT IS
NOT AN EXHAUSTIVE TEST, BUT JUST A QUICK INDICATION
OF THE MEMORY'S OPERATIVENESS.

F28F CDALF6 MTEST: CALL EXLF

T Ry R

F292 T7E MTEST?: MOV A M :READ A BYTE
F293 F5 PUSH Py 1SAVE IT
F20L 2F CMA !COMPLEMENT IT
F295 77 MOV M, A ‘WRITE IT
F206 AE XRA M 'RESULT SHOULD BE ZERO
F207 CUATF2 CNZ BITS 'LOG ERROR IF NOT
F20A F1 MTEST2: POF PSW 'RESTORE ORIGINAL BYTE
F20B 77 MOV M, A
F29C CDY9CF3 CALL HILOX  :POINT TO NEXT AND SEE IF DONE
JR MTEST1 +NO, CONTINUE
F29F+18F 1
| ]
F2A1 D5 BITS:  PUSH D :SAVE (D,E)
FoA2 5F MOV E,A ‘SAVE ERROR PATTERN IN E
F2A3 CDFBF5 CALL LADRB  :FIRST PRINT THE ADDRESS
F2A8 0608 BITS2: MVI B, 8 {1.OOP CONTROL FOR 8 BITS
FoA8 SB BITS1: MOV AE ‘GET NEXT BIT
FA9 07 RLC P"INTO CARRY
F2AR 5 MOV E,A 'SAVE REST
F2AB 3E18 MVT A,10'/2 ;BUILD ASCII 1 OR O
F2AD 17 - RAL *  CARRY DETERMINES WHICH
F2AE UF MOV C,A ‘NOW, OUTPUT IT
F2AF CDO9FO CALL cONOUT
DJNZ BITS1  :DO IT AGAIN
F2B2+10F Y4
F2BU D1 PoP D
F2B5 C9 RET
1 ]
: EXAMINE REGISTERS COMMAND INSPECTS THE VALUES OF THE
+  THE REGISTERS STORED BY THE LAST ENCOUNTERED BREAKPOINT
! THE VALUES MAY BE MODIFIED IF DESIRE
F2B6 23 XAA: INX H :SKIP OVER TO NEXT ENTRY
FZBg 23 INX H
F2B8 3 XA: INR M +SEE IF AT END OF TABLE
2B9 C8 _ RZ :COULDN'T FIND MATCH, QUIT
FEBA F2C1F2 JP XAB *SORT OUT BIT 7 OF TABLE
F2BD F680 ORI 80H :SET IT ON TEST VALUE
JR XAC
F2BF+1802
F3C1 EBTF XAB: ANI 7FH :RESET BIT 7
F2C3 35 XAC: DCR M :TO BE PULLED OUT IN ROM
Foclh BE CMP M 'SEE IF THIS IS IT
JRNZ XAA NG, GO TRY AGAIN
F2C5+20EF
F2C7 CDFEFS CALL BLK :YES, PREPARE TO SHOW CURRENT VALUF
F2CA CD15F3 CALL PRTVAL GO PRINT THE VALUE
F2CD CDF7FH CALL DASH ‘PROMPT A NEW VALUE
F2D0 CDCOF3 CALL PCHK ‘GET THE INPUT
F2D3 D8 RC ‘DONE IF CARRIAGE RETURN
JRZ XF ‘JOMP IF NO CHANGE DESIRED
FoD 442812
F2D6 E5 PUSH H +TO BE CHANGED, SAVE POINTER
F2D7 CDCCFO CALL EXF :GET THE NEW VALUE
F2DA E1 POP H : INTO (H,L)
F2DB 7D MOV AL :GET THE NEW LOW BYTE

F2npc 13 INX D JADJUST POINTER
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F2DD 12
F2DE E3
F2DF T7E
F2EQ E3
F2E1 0Y

F2E2+3OD?
FeEd 13

F2F2+38083

F2F 4+28F9
F2F6 FE27

F2F 8+20BE
F2FA 2155F3

F2FD+18F0

F2FF TE
F300 4F
F301 3C

c8
FCA9F6
CDOY9FQ
CDFYFS
CD15F3
CDFEF5
23

+18E4

23
7k
E63F
c602
EB
6F
2600
39
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TE
0601
07
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XE:
XFi

XMNE:
XMNE1:

PRTVAL:

#012

STAX
XTHL
MOV
XTHL
RLC
JRNC

INX
MOV
STAX

FIRMWARE LISTING
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D
A,M

XA
H, PRMTB
XMNE1

AN
C,A

A

CRLF
CONOUT
DASH
PRTVAL
BLK

XG

A, M

PV

PV

D
H,A
D

D

;PUT IT DOWN

RECOVER THE TABLE POINTER
‘GFT THE ATTRIBUTES

;SET THE STACK STRAIGHT
SFW IF 8 BIT REGISTER
'JUMP IF 30

;REGISTER PAIR, DO OTHER 8 BITS

sRESTORE THE lABLh POINTER
‘SEE IF IT WAS A

sDONE IF SO

uET ADDRESS OF REGISTER LOOK-UP TA
PIND OUT WHAT ACTION IS WANTED
SHOW ALL IF CARRIAGE RETURN

; IGNORE BLANKS OR COMMAS

;SEE IF PRIMES WANTED
NO MUST BE SINGLE REGISTER

{YES, SET TABLE ADDRESS
; AND FIND OUT WHICH ONE

sSEE IF Al END OF TABLE

‘DONF IF S
iSTART & NEW LINE IF BIT 7 IS SET

;PROMPT FOR A NEW VALUE
GO PRINT THE VALUE
FORMAT ER

PPOINT TO NEXT ENTRY
‘DO THE NEXT VALUE

;POINT TO NEXT ENTRY
Ghl QFFSET AND ATTRIBUTES BYTE
ISOLATE THE OFFSET

‘ALLOW FOR RETURN ADDRESS

;SWAP POINTERS
BUILD THE ADDRESS OF THE REG CONTE

;RE-SWAP THE POINTERDS

NOW FIND OUT ATTRIBUTES

‘SFT Up FOR SINGLE REG VALUL

+JUMP IF SINGLE REGISTER VALUE WANT
;SET UP FOR REGISTER PAIR

;JUMP IF REGISTER PAIR IS NEXT

:SPECIAL CASE FOR MEMORY REGISTER
BUILD ADDRESS IN (H,L)
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F331 7TE MOV AM :GET THE MEMORY VALUE
F332 E1 POP H 'RESTORE (H,L)
DJINZ PV2 TALWAYS JUMP
F§%3+1001
F335 1A PV1: LDAX D :GET THE REGISTER CONTENTS
F336 CDEGF5 PV2: CALL  HEX1 ‘OUTPUT THE VALUE
F33%9 1B DCX D *ADJUST THE MEMORY POINTER
£33010F3 DJNZ PV 1
+
F%%C 9 RET
F33D C115 AcTBL: DB 80H+'A' ,ALOC
F33F 4213 DB 8 BLOC
F3L7 4312 DB 1CrICLOC
F343 4517 DB 'O DLOC
F345 4570 DB 'E ' ELOC
F3u7 414 DB 'F1IFLOC
F349 4831 DR tH' THLOC
F34B 4C30 DB ‘L7 LLOC
F34D CDF1 DB 80H+ M HLOC +0C OH
F34F 5084 DB ipt PLOC+8OH
F351 5397 D8 151 ) SLOC+80H
F353 4903 DB 1117 I00C
! REST OF Z-80 REGISTER OFFSETS
F355 €109 PRUTB: DB 80H+'A" ,APLOC
F357 4208 DB B!, BPLOC
F359 4304 DB 1¢ . CPLOC
F358 410D DB 'D' . DPLOC
F35D 450C DB B EPLOC
F35¢ BR08 DB 'F1 'FPLOC
F361 HR0F DB "H ' HPLOC
F363 4COE DB 1.0 ' LPLOC
F365 CDCF DB 80H4 "M, HPLOC +0COH
F367 5887 DB X1, XLOC+80H
F369 5985 DB "Y1 YLOC +80H
F368 .5202 DB 1R IRLOC
F36D FF OB OFF 1
' GENERAL PURPOSE ROUTINES
! ROUTINE CONV CONVERTS THE LOW ORDER NIRBLE OF THE
: ACCUMULATOR TO ITS ASCII EQUIVELANT. IT
: PUTS THE RESULT INTO C FOR LATER OUTPUT.
F36E E60F CONV:  ANI OFH :STRIP OFF BITS 4-7
F370 C690 ADI GOH :PUT ON THE ASCII ZONE
F372 27 DAA
F373 CE40 ACT 4OH
F375 27 DAA
F376 UF MOV c,A sPUT IN OUTPUT PASS REGISTER
F377 €9 RET
{ KOUTINE ECHO READS A BYTE FROM A HALF-DUPLEX CONSOLE
: DEVICE, THEN ECHOES THE CHARACTER BACK TQ THE
: CONSOLE.
F373 CDETFS DECHO: CALL PASH sPRINT A DASH
F378 CDAFFB ECHO:  CALL CONI 'CONSOLE READ, WRITE ROUTINE
F37€ C5 ECH1:  PUSH B 1TUSAVE (R, C)
F37F 4F MOV C,h ©  PASS CHARACTER IN € REGISTER
F380 CDO9FO CALL CONOUT 3 OUTPUT IT
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F383 79 MOV A,C s PUT CHARACTER BACK INTO A
F38% C1 POP B :  RESTORE (B,C)
F385 C9 RET
: ROUTINE EXPR3 GETS THREE PARAMETERS, DOES A CR, LF AND
: THEN LOADS (B,C), (D,E), AND (H,L) WITH THE PARAMETER
F386 04 EXPR3: INR B 2 IS ALREADY IN THE B REGISTER
F387 CDDYFU CALL EXPR :GET THE PARAMETERS
F38a C1 POP B *PUT PARAMETERS INTO REGISTERS
F%BB D1 POP D _
F38C C3AAF6 JMP CRLFA  :GO DO THE CARRIAGE RETURN SEQUENCE
{ ROUTINE HILO INCREMENTS (HM,L). IT THEN CHECKS FOR (AND
: DISALLONS) A WRAP-AROUND SITUATION. IF IT OCCUR3,
; THE CARRY BIT WILL BE SET ON RETURN, IF NO WRAP-
: AROUND OCCURRED, (H,L) IS COMPARED TO (D,E) AND
: THE FLAG BITS SET AGCORDINGLY.
F38F 23 HILO:  INX H :INCREMENT (H,L)
F390 7C MOV AH ITEST IF ZERO
F391 B5 ORA L :IN (H,L)
F392 37 STC :SET CARRY FOR (H,L)=0
F393 C8 RZ ;RETURN IF (H,L) = 0
F30L 7B MOV A,E {COMPARE (H,L$ TO (D,E)
F395 95 SUB L
F396 7A MOV A,D
F397 9C SBB H
F398 €9 RET :RETURN WITH FLAGS SET
’
: ROUTINE HILOX INCREMENTS (H,L). COMPARES IT TO (D,E) AND
*  "IF EQUAL, RETURNS CONTROL TO'THE MONITOR EXECUTIVE.
' OTHERWISE, CONTROL RETURNS TO THE CALLING ROUTINE.
F399 D1 HILOD: PQP D :GET RID OF RETURN ADDRESS
F304 C9 RET *RETURN TO MONITCR
F39B 03 HILOXB: INX B :INCREMENT (B, C)
F39C CD8FF3  HILOX: CALL  HILO :INC AND CHECK (H,L)
JRC HILOD ;DONE IF CARRY SET
F39F+38F8
F341 CD12FO CALL  CONST ;SEE IF CONSOLE BREAK PENDING
F3AY4 BT ORA A
F3A5 C8 RZ *NONE, RETURN TO CONTINUE
F3A6 CDSFF6 CALL  CONI :SEE IF WAIT OR BREAK
F3A9 FE13 CPI CTRLS
JRNZ HILOD  ;JUMP IF BREAK
F%AB+20EC
F3AD C38FF6 JMP CONI sWAIT FOR ANY INPUT
: ROUTINE NIBBLE CONVERTS THE ASCII CHARACTERS 0-9 AND
: A-F TO THEIR EQUIVELANT HEXADECIMAL VALUE, IF
: THE CHARACTER IS NOT IN RANGE, THE CARRY BIT IS SET
: FLAG THE ERROR.
F3B0 D630 NIBBLE: SUI 1o :ASCII TO HEX CONVERSION
F3B2 D8 RC - DONE IF QUT OF RANGE
F3B3 FE17 CPI  * 'G'-'0" {CHECK UPPER END
F3BE 3F cMe * TOGGLE THE CARRY BIT
F386 D8 RC : DONE IF OUT OF RANGE
F3B7 FEOA CPI t91-1Q'4+] :SEE IF NUMERIC
F3B9 3F CMC : TOGGLE THE CARRY BIT
F3BA DO RNC : DONE IF 30
F3BB D607 SUT 'A'='9'—-} 3SUBTRACT THE ALPHA BIAS
F3BD FEOA CPI 10 :  SET CARRY FOR INVALID CHAR
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F3C0 CD7BF3 PCHK:
F3C3 FE20 P2C:
F3Ch C§

F3Ch FE2C

F3C8 C8

F3C9 FEOD

F3CB 37

F3CC C8

F3CD 3F

F3CE C9

F3CF E5 R
F3D0 D5

F3D1 C5

F3D2 F5

F3D3 CDEFFO

F3D5 E

F3D7 210A00

F3DA 39

F3DB 060U

FgDD EB

F3DE 2B RS1:
F3DF 72

F3E0 2B

F3E1 73

F3E2 DI

F3E3+]0F

F%Eg o

F3E6 OB

F3E7 F9

F3E8 212500

F3EB 39

F3EC D

F3ED 1602

F3EF 7E RS2:
F3F0 91

F3F1 23

F3F2 76

F3F3 98

F3F 442806 _
F3F6 23 RS3:
F3F7 23

F3F8 15

F3F9+20F U

C-15

#015 DISK MOSS 2.2 MONITOR
RET

ROUTINE PCHK READS A CHARACTER FROM THE CONSOLE, THEN

CHECKS IT FOR A DELIMITER, IF IT I3 NOT

A DELIMITER NON-ZERO CONDITION IS RETURNED

IF IT IS A bELIMITER A ZERO CONDITION IS RETURNED.
FURTHER, IF THE DELIMITER IS A CARRIAGE RETURN

THE CARRY BIT IS SET. A BLANK OR A COMMA RESET THE
CARRY BIT.

CALL ECHO «GET, TEST FOR DELIMITER

CPI 1 +BLANK?

RZ '\ YES, DONE

CPI ot ! NO, 'COMMA?

RZ ' YES, DONE

CPI CR y NO CARRIAOF RETURN?

STC ! SHOW IT IN CARRY BIT

RZ ! DONE IF CR

g%% 'CLEAR CARRY FOR NO DELIMITER

ROUTINE REST TRAPS ALL OF THE REGISTER CONTENTS WHENEVER

ESTART 1 _INSTRUCTION IS EXECUTED, THE TRAPPED CON
ARE ORED IN THE SYSTEM STACK AREA #OR LATER ACCES

USE BY THE GOTO AND THE EXAMINE REGISTERS COMMANDS,

E§¥SFRT INTERRUST DISABLER SOFTWARE AT 3START COF REST:

{SAVE ALL THE REGISTERS

PUSH D

PUSH B

PUSH P3W

%#ﬁ% MEMSIZ sGET THE MONITOR'S STACK LOCATION
LXI H,10 ;GO UP 10 BYTES IN THE STACK

DAD 3P : TO SKIP QVER TEMP REGISTER SAVE
MVI B,4 +PICK OFF THE REGISTER VALUES
XCHG

DCX H

MOV M,D 1SAVE IN WORK AREA

DCX H

MOV M, E

POP D

DJNZ RS1

POP B ;GET THE BREAKPOINT 'LOCATION

DCX B

SPHL +SET THE MONITOR STACK
sSET UP TO RESTORE BREAKPOINTS

o=
=3
-
o
S
>

BKPTS ;LOOP CONTROL FOR N BREAKPOINTS
s3EE IF A SOFTWARE TRAP

==

=

{MAYBE, TRY REST OF ADDRESS
!FOUND'ONE, JUMP TO RESET IT

{NOT FOUND, TRY NEXT ONE

-
=
>
TJIT 3mbIObUUUﬁI
N

(9]
5%
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CP/M MACRO ASSEM 2.0 #016 DISK MOSS 2.2 MONITOR

F3FB 03 RSU: INX B :NONE FOUND
F3FC 212000 RS5: LXI H,LLOCX
F3FF D1 POP D
FL0o 39 DAD Sp
F401 73 MOV M,E +STORE USER (H,L)
FU02 23 INX H
F403 72 MOV M,D
Fyok ¢5 PUSH B :SAVE (B,C)
F405 OF2A MVI ¢,'%'  ITYPE THE BREAK INDICATION
F407 CDOYFO CALL cONoOUT
FL4OA DI POP D *REGET THE BREAKPOINT LOCATION
FLOB 3EFU MV A,RS9/25
F40D BA CMP D :SEE IF A RET BREAKPOINT
JRZ RS6
FUOE+2809
F419 23 INX H
Fu11 23 INX H
Fu12 73 MOV M,E +RESTORE USER PROGRAM COUNTER
Fiy13 23 INX H
Fy1L 72 MOV M,D
FU15 EB XCHG :PRINT THE BREAKPOINT LOCATION
Fu416 CDE1F5 CALL LADR
FU19 212500 RS6: LXI H, TLOCX
Fu1C 89 DAD Sp
FUiD 010002 LXI B NBKPTS*356
FU20 . SE RS7: MOV EM :RESTORE BREAKPOINTED LOCATIONS
FU21 71 MOV M, C ‘RESET SYSTEM BP SAVE AREA
Fup2 23 INX H
Fu23 58 MOV D,M
FU2L 71 MOV M.C
Fu25 23 INX H
FLU26 7B MOV AE
Fu27 B2 ORA D
JRZ RS8 +DO NOTHING IF ZERO
FlU28+2802
FU3A TE MOV A,M
F42B 12 STAX D
FUs¢ 23 RS8: INX H +SAME THING FOR OTHER
NINZ RST7 : BREAKPOINT
FR2D+10F 1
EXAF *NOW SAVE THE Z-80 UNIQUES
FU2F+08
EXX
Fﬂ 0+D g
1 ES E5 PUSH H
Fu 2 D5 PUSH D
Fu33 cb PUSH B
F43} F5 PUSH PSW
PUSHIX
F435+DDE5
PUSHIY
FU437+FDES5
: LDAT
F4394ED57
F43B 47 MOV B,A
LDAR
FH%C+ED5F
MOV C,A
FU3F C5 PUSH B
Fuuo C313F 1 JMP WINITA ;RETURN TO MONITOR
Fuu3 E5 RS9: PUSH H :RET BREAKPOINT ENCOUNTERED, ADJUST
F4u4l CF RST 1 :DO THE BREAKPOINT

FHU5 C1 EXIT:  POP B
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Fuu6e 79

FULT7+EDUF
Fuug 78

FLUUA+EDYT
FY44C+DDE1
FULE+FDE
F450 F1
Fi451 C1
F452 D1
Fus3 E1

Fus44+08

vy
~

000
000

=N s D

B TICAMEGO 0o~ oW
o0

YT T T T AT T G
g =P ¥ ol N
(2,38, 18; 1%, 6218, [N, L 18, 18 ;|
+
it OO TICNIDE

0300
16CF Y
3B5F6
92
2054AD
2053AD
2043AD

2045AD
0D8A

ENDX:
; ERROR

[
1
L)
*
L
¥
L)
L
.
L]
.
Al
.
v
.
¥

OER:

U92F UF 2045TOMSG:
44534B20USDERMSG:

"H8C 3F3F3FBF  OM3G:

FLQF
FUAT
FUATZ

3E0OF
D324
114000

Fi
F490 4DUF535320LOGMBG:
FL49D OD8A

#017

MOV
STAR

MOV
STAI

POPIX
POPIY

POP
PCP B
POP b
POP H
EXAF

EXX

POP
POP
POF
POP
SPHL
DB

LXI
JMP

EQU
HANDLERS

THREE TYPES OF ERRORS ARE DETECTED: A RESTART
ERROR; AN I/0 ASSIGNMENT ERROR; AND CERTAIN PROGRAM
ERRORS (DETERMINED BY THE PARTICULAR RQUTINE WHERE
THE ERROR CONDITION WAS ENCOUNTERED.) EACH CAUSES
A UNIQUE MESSAGE TO BE PRINTED, THEN DOES A WARM
INITIALIZATION OF THE MONITOR. THE I/0 ERKOR
CAUSES THE I/0 ASSIGNMENTS TC BE RESET TO DEFAULT A

DISK MOSS 2.2 »MONITOG
A,C

152
=

s PLACE FOR EI

OO LuRo
<

XRA A *SET IOBYTE TO DEFAULT VALUE
STA IOBYTE

LXI H.IOMSG :GET ADDRESS OF I/0 ERROR MSG
JHP COMERR  :G0 PROCESS IT

DB 1I/0 ER', 'R '+80H

DB 'DSK ERR: U','='+80H

DB vTY T_T180H

DB ' S, 1= 1480H

DB ' C', '~ '4+80H

DB 1 E','—1480H

DB CR, LF +80H

DB 127221 121,80H

DB 'MOSS VERS 2.2

DB CR, LF +80H

i INITIALIZATION CODE FOR_THE 8250 ASYNCHRONOUS COMMUNICATI

ELEMENT, T
8250, A3 WELL A3 THE WORD FORMAT.

THIS CODE WILL INITIALIZE THE BAUD RATE OF TH
8 DATA RITS, 1 STOP
ETTHER 2 OR 3 CARRIAGE RET

MUST BE ENTERED TO ESTABLISH THE CORRECT BAUD RATE.

¢ AND KO PARITY ARE SELECTED.
I

VI 250
OUT

LX¥T

A,OFH
SMDMCT
N, 4OH

ySET UP THE
;3ET UP TO TIME THE START BIT
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FU4A6
FU4AT
FUAS
FUAA

62
64
DB26 182504
A3

FUAB+28FB

FLAD
FUAF
F4BO

by g g T
g gl o gl
GaaocETEzow
VNS Omoams

DB26 I8250B:

23
A3

A3
C2ADF 4

8820 I8250C:

E
3E83 I8250D:

FU4EC+18D8

FU4EE
FYEF
F4F0
FUF1
Fup2
FuF

F4F

Fi4Fs

FUFG
F4F7
FHET

B7 DIVY:

3E0] READ:
AF WRITE:

ORA
MOV
RAR
MOV
MOV

MOV
RET

MVI
ORG
XRA

FIRMWARE LISTING

DISK MOSS 2.2 MONITOR

H,D
L!D
SMDMST
182504
SMDMST
H

E

E
182508

a4

ZHIP TN IOOoOm T @

SINTEN
SLSTAT
TTYIN
7FH
ODH

H

£
plvz
DIV2

D

H
I8250D

sMAKE (H,L)=0
WAIT FOR START BIT

(NOW, TIME THE START BIT DURATION

+SAVE COUNT IN CASE OF 4 MHZ
:PREPARE THE 2 MHZ DIVISOR
+SET Up THE FUDGE FACTOR
+APPLY THE FUDGE FACTOR

;SAVE FOR LATER U3SE
{WAIT FOR 8 BIT TIMES

;WASTE SOME TIME

sREGET 2 MHZ DIVISOR
;SET DIVISOR REGISTER ACCESS

+SET THE DIVISOR
+SET DATA REGISTER ACCESS
+DISABLE INTERRUPTS

sAND RESET ERROR FLAGS

yGET A CHARACTER

;:STRIP OFF ANY FARITY BIT

;SEE IF IT TS A CARRIAGE RETURN
+SET THE STACK STRAIGHT

;DONE IF CARRIAGE RETURN RECEIVED
;ELSE, MUST BE 4 MHZ SYSTEM

7 SO, COUNT=COUNT#*5/4

+GO SET THE NEW DIVISCR

;CLEAR THE CARRY BIT
+yDO A 16-BIT RIGHT SHIFT

+SET THE READ/WRITE FLAG
1SAVE A BYTE HERE
tRESET THE READ/WRITE FLAG



FIRMWARE LISTING C-19

CP/M MACRO ASSEM 2.0 #U19 DISK MOSS 2.2 MONITOR

FUF8 324800 STA RWFLG  :SAVE THE FLAG
FUFB 218000 LXT H, &0H
FUFE 224900 SHLD LUNIT  :FORCE A RFAD ADDRESS COMMAND
F501 CDAUFG CALL EXLF :GET THE START, STOP ADDRESS
F504 D5 PUSH D {SAVE THE LIMIT
F505 3A4B00 RW 13 LDA RWFLG
F508 R7 ORA A 1SEE IF READ OR WRITE
JRNZ RW2 {JUMP IF READ
F509+2008
F50B 224C00 SHLD HSTBUF  ;SET THE WRITE SOURCE RUF
F50E CDEBF6 CALL DWRITE :ELSE, DO THE WRITE
JR RW3
F511+1803
F51g CDETF6 RW2: CALL DREADH  :DO THE READ
F518 D1 RW3: POP i}
JRNZ DERROR tJUMP IF ERROR
Es1g+206z
F519 384400 LDA SPT {GET THE SECTORS PER TRACK
F51C L7 MOV B,A *SAVE IT
F51D DB31 IN DYRCK  ISEE IF ON TRACK 00
F51F B7 ORA A
JHRNZ RW 4 sJUMP IF NOT
F520+200B
F522 061A . MVI B, 26 {ELSE, SET THE SECTORS PER TRK 00
F52L 384800 LDA CONIT
F527 E610 ANT 10H
JRNZ RW 4
F5294+2002
F52B 0612 MVI B, 18 :MINI DRIVES
F52D E5 RW Y3 PUSH H :SAVE THE DMA ADDRESS
F52E 214200 LXT H,SECTOR ;SET UP MEMORY POINTER
F531 7E MOV A M +GET NUMBER OF SECTORS
F532 B§ CMP B {SEE IF TRACK OVERFLOW
JRC RW5 :JUMP IF NOT
F533+4381R
F535 344500 LDA TWOSID :SEE IF DOUBLE-SIDED
F538 BY ORA A
JRZ RW7 {JUMP TF NOT
F5§8+2BOB o
F538 340300 LDA SIDE :YES, SEE IF HEXT SIDE OR TRACK NEE
F53E FEDO CPI ODOH
JRNZ RW7 iNEXT TRACK, JUMP
F540+2004 .
F542 3EQ0 MVI A,Q0H  :ELSE, SET NEXT SIDE
JR RWS
F544+1805
F546 3EDO Rw7: MVI A,ODDH
F548 2B DCX H sELSE, UPDATE THE TRACK
F549 34 INR M :
F5UA 23 INX H
F5uB 324300 RYW8: STA SIDE
F54E 3600 MV M, 0 :  AND THE SECTOR POINTER
FE50 34 RWS: INR M
F551 E1 POP H :RESTORE THE DMA ADDRESS
F552 2B DCX H .
F553 CDYCF3 CALL HTILOX  :SEE IF DONE
F556 DS ggSH gw1 :CONTINUE IF CONTROL RETURNED
F557+18AC

ROUTINE DINIT CHECKS THE 2u422'3 AUTO.BOOT CONTROL BIT
DURING INITIALIZATION, IT THEN TRANSFERS
CONTROL TO EITHER THE MONITOR OR THE RBOOTSTRAP,
AS APPROPRTATE,

Trumawavews
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CP/M MACRO ASSEM 2,0 #020 DISK MOSS 2,2 MCNITOR

F559 DB34 DINIT: 1IN DCNTL ;SEE TF AUTO-BOOT WANTED
FggB EGUO ANI 40H
F55D CO RNZ ;NO, RETURN TO MONITOR INITIALIZATI

{ ROUTINE BOOT LOADS IN THE FIRST TWO SECTORS OF
H DRIVE 00 INTO LOCATIONS 80H-17FH, THEN

; TRANSFERS PROGRAM CONTROL TO LOCATION 8CH.
H IT EXPECTS THE DOS LCADER TO BE ON THESE
H TWO SECTORS.
L}
B

FS5E 210000 00T:  LXI H,0 :SET UP THE DISK PARMS
F561 224000 SHLD DISKNO
F564 2701D0 LXI H,ODOOIH :SIDE 0, SECTOR 1
F567 224200 SHLD SECTOR
F56A 2718000 LXI H, TBUF
F56D 224900 SHLD LONIT  ;FORCE A DISK DFTERMINATION
F570 CDETF6G CALL DREADH GO GET A SECT
JRNZ DERROR :QUIT IF AN ERROR ENCOUNTERED
F5;g+2ooa
FB75 3E02 MVI A2 -GET SECTOR 2, ALSO
FR77 324200 STA SECTOR
F57A CDE7F6 CALL DREADH
F57D CA8000 JZ TBUF :GO TO THE LOADER
F580 2173FY DERROR: LXI H,DERMSG ;ADDRESS OF DISK ERROR MESSAGE
F583 CDY5F6 CALL PRTWD  :START THE MESSAGE
F586 304000 LDA DISKNG :DO THE UNIT ASSIGNMENT
F589 CDAIF5 CALL DERR 1
FESC 3A410D LDA TRACK  :AND THE TRACK
F58F CDAIF5 CALL DERR1
F592 344200 LDA SECTOR :AND THE SECTOR
F595 CDATFS CALL DERR 1
F508 3A480D L.DA CMND ;AND THE COMMAND
F598 CDAIF5 CALL DERR 1
FSOE 3A4700 LDA STATUS :AND THE STATUS
F5A1 CDEGES DERR1: CALL HEXT 'OUTPUT IT IN HEX
F5AY4 C398Fb JMP PRTWA  $CONTINUE THE MESSAGE

SET DISK PARAMETERS ROUTINE EXPECTS THREE PARAMETERS
TO BE ENTERED FROM THE CONSOLE. THESE PARAMETERS
ARE: UNIT NUMBER (0-3); SECTORS PER TRACK;
AND DOUBLE-SIDED SWITCH (0O OR NON-0).
ONLY THE UNIT NUMBER IS CHECKED FOR ERRORS.

THIS ROQUTINE MUST BE CALLED BEFORE USE OF EITHER
THE DISK READ OR WRITE ROUTINE,

ARM: CALL EXPR3 GET THE THREE PARAMETERS

Muswsdturwartwswetdas

F5A7 CDB6F3

FSAA 7D MOV AL 'ERROR CHECK THE UNIT ASSIGNMENT
F5AB B7 ORA A

FSAC FAOGF1 IM QPRT

FBAF FEOH CPI l

F5B1 D209F1 ING QPRT

FEBY4 324000 STA DISKNO ;SET THE UNIT SELECT

Fssg 6B MOV L,E *MOVE THE SECTORS PER TRACK OVER
F588 61 MOV H!C " “AND THE TWO-SIDED SWITCH

FERG P24400 SHLD SPT 'STORE THEM

FEBC €9 RET :

ROUTINE QPARM ALSO SETS CERTAIN DISK PARAMETERS. IN THIS
CASE, THE DESIRED START TRACK, SIDE, AND SECTOR ARE
SET., THESE PARAMETERS NEED ONLY BE SET PRIOR TO TH
FIRST DISK ACCESS, OR WHEN A NON-CONTIGUOUS DISK AC

wrwe e Wt gy
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CP/M MACRO ASSEM 2.0 #021

F5BD CD86F3
F5C0 61
F5C1 224100
F5CH 7B
F5C5 BY
F5C6 3EDO
F5C8+2802
F5CA 3E90

F5CC 324300
F5CF C9g

F5DA+EDS2
F5DC+1803

Fs5F2+180C

FS5F4 CDE6F5
FoFT OE2D

FRFG+1805

F5FR
FsFB CDDEF5

DISK MOSS 2,2 MONITOR

IS DESIRED. IF THE PARAMETERS ARE NOT RESET BETWEE
DISK ACCESSES, THE DATA TRANSFER WILL OCCUR TO/FROM
THE NEXT LOGICALLY SEQUENTIAL DRISK LOCATIONZ,

OPARM: CALL

EXPR3  ;GET THE THREE PARAMETERS
MOV H,C *MOVE OVER THE START SECTOR
SHLD  TRACK  *STORE THE TRACK AND SECTOR
MOV ALE 'GET THE SIDE INDICATOK
ORA A 'SEE IF SINGLE-SIDED
MVI A,0DOH $SIDE O SELECT BITS
JRZ QPARM1 :JUMP IF SO
MVI A,90H  3ELSE, SET THE SIDE 1 CONTROL BIT
QPARM1: EE% stpe 'SAVE IT

HEXN ROUTINE
THIS ROUTINE ALDS AND SUBTRACTS TWO HEXADECIMAL 16 BIT
ggﬁggggD NUMBERS AND DISPLAYS THE RESULTS ON THE

EXN: CALL EXLF +GET THE TWO NUMBERS
PUSH H SAVE IT FOR THE SUBTRACT

DAD D DD THEM
CALL LADRB sOUTPUT THEM

:
:
A

POP H JREGET THE FIRST NUMBER
ORA it 1CLEAR THE CARRY BIT
DSBC D ;DO THE SUBTRACT

JR LADR +GO QUTPUT THE RESULT

ROUTINE LADR PRINTS THE CONTENTS OF (H,L) ON THE
CURRENT CONSOLE, EITHER AT THE START OF A NEW
LINE (EP = LADRA) OR AT THE CURRENT LOCATION (EP

wtss W ws eray

= LADR).
LADRA: CALL CRLF ;START A NEW LINE
LADR: MOV A,H sGET HIGH TWO DIGITS
CALL HEX1 sPRINT THEM
MOV A,L sGET LOW TWO DIGITS
HEX1: PUSH PSW {SAVE THE LOW DIGIT
RRC sPUT HIGH NIBBLE INTO BITS 03
RRC
RRC
RRC
CALL HEXZ +GO PRINT SINGLE DIGIT
POP PSW +REGET THE LOW DIGIT
HEX2: CALL CONV ;GO INSERT ASCII ZONE
JR Cco ;D0 THE CHARACTER QUTPUT

: ROUTINE DASH TYPES A DASH ON THE CURRENT CONSOLE DEVICE.
DASH1: CALL HEX 1 +FIRST, PRINT ACCUM AS TWO HEX DIGI
DASH:  MVI C,'—' :GET AN ASCII DASH

JR ch :GO TYPE IT
IOBYTE HANDLERS

ORG MOSS+5FBH
LADRB: CALL LADRA sOUTPUT (H,L) AS 4 ASCTT DIGITS

cawrwa
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F5SFE OE20 BLK: MVI C,' ' :OUTPUT A BLANK

F600 340300  CO: LDA TOBYTE _

F603 £603 ANI 3 s ISOLATE CONSOLE ASGT
F605 CADEF6 JZ TTYOUT :TTY DEVICE ACTIVE
F608 FEQ2 CPI 2

F6OA FAGIFY JM CRTOUT :CRT ACTIVE

F60D C262F4 JINZ CUSOt1  :;USER CONSOLE 1 ACTIVE
F610 3A0300 Lo: LDA IOBYTE

F613 E6CO ANI OCOH -ISOLATE LIST ASGT
F615 CADEF6 JZ TTYOUT :TTY DEVICE ACTIVE
F618 FE8O CPI 80H

F6E1A FAB2FY JM CRTOUT :CRT ACTIVE

F&61D CAH62F4 JZ LPRT :LINE PRINTER ACTIVE
F620 C362F4 JMP LUSE1  :USER PRINTER 1 ACTIVE
F62 3A0300 &sTS:  LDA IOBYTE

F62 % ANI 3 :ISOLATE CONSOLE ASGT
F628 CAC Fé JZ TTST *TTY ACTIVE

F62B FEO2 CPI 2

F62D FAG2F4 JM CRTST  :CRT ACTIVE

F630 C262FU JINZ CUST1  $USER CONSOLE 1 ACTIVE
F633 3A0300 BATST: LDA TOBYTE

F636 E60C ANI OCH +ISOLATE BATCH ASGT
F638 CACEF6 JZ TTST STTY ACTIVE

F63B FE(S8 CPI 8

F63D FAGZFY JM PTRST  ;PAPER TAPE READER ACTIVE
F640 CA62FY JzZ RUST1  $USER READER 1 ACTIVE
F643 C362FY JMP RUST2  $USER READER 2 ACTIVE
F646 3A0300 ¢Is ‘L.DA TOBYTE

F649 E603 ANT 3 sISOLATE CONSOLE ASGT
F6UB CACEF6 JZ TTYIN  TTY DEVICE ACTIVE
FGUE FFQ2 CPI 2

F650 FA62FY JM CRTIN  :CRT ACTIVE

F653 C262F4 JNZ CUST1  :USER CONSOLE 1 ACTIVE
F656 340300 RI: 'L.DA TOBYTE

F659 E60C ANI 0CH :ISOLATE BATCH ASGT
F65B CACEF6 JZ TTYRDR TTY ACTIVE

F65E FEO8 CPI 8

F660 FAG2FY IM PTRIN  :PAPER TAPE READER ACTIVE
F66% CAB62F Y4 JzZ RUST!1  $USER READER 1 ACTIVE
F666 C362F4 JMP RUST2  1USER READER 2 ACTIVE
F669 340300 LSTAT: LDA IOBYTE

F66C E6CD ANI OCOH +ISOLATE THE LIST DEVICE ASSIGNMENT
FH6E CADEF6 JZ TTOST

F671 FESO CPI 80H

F673 FAG2F 4 IM CRTOST

F676 CAB2FY JZ LPRST

F679 C362FY JMP LUST1

F67C 3A0300 108 LDA TOBYTE

F67F E63D ANI 30H :ISOLATE PUNCH ASGT
F681 CADEF6 JzZ TTPNCH TTY ACTIVE

F684 FE20 CPI 20H

F686 FAG2FUY JM HSP +HIGH SPEED PUNCH ACTIVE
FE89 CAG2FY JZ PUSO1  *USER PUNCH 1 ACTIVE
F68C C362F4 JMP PUSO2  +USER PUNCH 2 ACTIVE
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+ ROUTINE CONI READS THE CONSOLE AND STRIPS OFF THE ASCIT
: "PARITY BIT,
F68F CDUBF6 C¢ONI:  CALL CI sGET THE NEXT CHARACTER
F692 EBTF ANT 7FY ‘STRIP OFF THE PARITY BIT
F69L C9 RTS: RET
! ROUTINE PRTWD PRINTS AN ASCII STRING ONTO THE CONSOLE.
: THE STRING MUST BE TERMINATED BY BIT 7 SET IN THE
: LAST CHARACTER OF THE STRING. THE STRING WILL STAR
: A NEW LINE (EP = PRTWD) OR CONTINUE CN THE SAME
: LINE (EP = PRTWA)
F695 CDAOF6 PRTWD: CALL CRLF :START A NEW iLINE
F698 €5 PRTWA: PUSH B 'SAVE (B,C)
F699 UE PRTA: MOV C,M {GET NEXT CHARACTER FROM MEMORY
F69A CDOOF6 CALL e :0UTPUT IT
F69D 23 INX H :INCREMENT MFMORY POINTER
F6OE 79 MOV A,C
F6OF 07 RLC <TEST FOR BIT 7 DELIMITER
JRNC PRTA :NO DELIMITER, GO DO NEXT GHARACTER
F6AQ+30F7
F6AZ C1 PRTB:  POP B :RESTORE (B,C)
F6A3 C9 RET
! ROUTINE EXLF READS TWO PARAMETERS, PUTS THEM INTO THE
: D,E AND H,L REGISTFRS, THEN DOES A CARRIAGE RETURN,
: LINE FEED'SEQUENCE.
F6A4 CDDYFO EXLF:  CALL EXPR :GO GET TWO PARAMETERS
F6AT7 D1 POP D
F6AR E1 POP H
! ROUTINE CRLF GENERATES A CARRIAGE RETURN, LINE FEED
: SEQUENCE ON THE CURRENT CONSOLE TO START A NEW LINE
: IT INCLUDES TWO NULL CHARACTERS FOR TTY TYPE
; DEVICES FOR THE HEAD MOVEMENT TIME.
F6AY ES GRLF:  PUSH Y :SAVE THE CONTENTS QF (H,L)
F6AA 2%COF6 CRLFA: LXI H, CRMSG ADDRESb Of CR,LF MESSAGE
F6AD CDO8F6 CALL PRTWA OUTPUT IT
F6BO E1 POP H ,RESTORE (H,L)
F6B1 C9 RET
F6B2 21BBF6 RSTER: LXI RSTMSG :GET ADDRESS OF RESTART ERROK MSG
F6B5 CDO5F6 COMERR: CALL PﬁTWD -PRINT IT ON NEW LINE
F6B8 30000 JMP WSVEC  :GO TO WARM BOOT
F6BB 52535420H5RSIMSG DB RST ER','R'+80H
F6C2 ODOAO080 “CRMSG: DB CR LF, 0, 80H
! 1/0 DRIVERS FOR THE 8250 ASYNC COMM ELEMENT
F6C6 DB25 tTST: IN SLSTAT :GET 8250 LINE STATUS
F6CR E60T ANT 1 :SEE IF RECEIVE DATA AVAILABLE
F6CA C8 R ‘RETURN IF NOT
F6CB COFE ADI OFEH 'FLAG THAT DATA IS AVAILADLE
F6CD C9 RET
F6CE DB25 TTYIN: IN SLSTAT ;GET 8250 LINE STATUS
F6D0 1F RAR \MOVE RX DATA READY BIT INTO CARRY
JRNC TTYIN  :LOOP UNTIL DATA IS IN
F6D1+30FB

F6D3 DR20 I SDATA sREAD THE DATA
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Febs
F6D6
F6D8
F6DA
F6DB
F6DD

F6DE

FEDE

Fi62

Fl62

Fue2

c9

DB25
E620
C8
C6BF
C9

CDDEF 6
F2E1+28FB

FEEL D320
FEBEH C9

nn

Hnn

RET
TToST: IN SLSTAT ;GET 8250 LINE STATUS
ANI 20H ‘TSOLATE TX BUFFER EMPTY BIT
RZ 'RETURN IF NOT EMPTY
ADI OBFH 'FLAG THE EMPTY STATE
RET
TTYOUT: CALL  TTOST  :GET 8250 LINE STATUS
JRZ TTYOUT WAIT UNTIL ONE OF THE REGISTERS EM
MOV A,C MOVE THE DATA OVER
ouT SDATA  :0UTPUT THE DATA
RET
! EQUATES FOR ADDITIONAL CONSOLE DEVICES
CRTIN: EQU I0ER
CRTOUT: EQU I0ER
CRTST: EQU TOER
CRTOST: EQU I0ER sUNASSIGNED CRT OUTPUT STATUS
CUST1:  EQU TOER ‘UNASSIGNED USER CONSOLE (INPUT)
CUSO1: EQU I0ER ‘UNASSIGNED USER CONSOLE (OUTPUT)
CUST1: EQU TOER
! EQUATES FOR ADDITIONAL PAPER TAPE PUNCH DEVICES
TTPNCH: EQU TTYOUT ;UNASSIGNED TELETYPE PUNCH
HSP: EQU I0ER *UNASSIGNED HIGH SPEED PUNCH
HSPST: EQU 10ER ‘UNASSIGNED HIGH SPEED PUNCH STATUS
PUSO1: EQU TOER ‘UNASSIGNED USER PUNCH 1
PUSO2: EQU TOER *UNASSIGNED USER PUNCH ?
! EQUATES FOR ADDITIONAL LIST DEVICES
LPRT: EQU TOER :UNASSIGNED LINE PRINTER
LPRST: EQU I0ER ‘UNASSIGNED LINE PRINTER STATUS
LUSE1: EQU 10ER LIST DEVICE 1
LUST1: EQU TOER *UNASSIGNED LIST DEVICE 1 STATUS
! EQUATES FOR ADDITIONAL PAPER TAPE READEK DEVICES
TTYRDR: EQU TTYIN  ;UNASSIGNED TELETYPE PAPER TAPE REA
PTRIN: EQU I0ER ‘UNASSIGNED HIGH SPEED PAPER TAPE R
PTRST: EQU TOER ‘UNASSIGNED HS PTR STATUS
RUST1: EQU IOER ‘UNASSIGNED PAPER TAPE READER 1
RUST1: EQU TOER ‘UNASSIGNED PAPER TAPE READER 1 (ST
RUSI2: EQU T0ER "UNASSIGNED PAPER TAPE READER 2
RUST2: EQU TOER *UNASSIGNED PAPER TAPE READER 2 (ST

THE FOLLOWING RQUTINES DO THE PRIMITIVE, DISK ACCESSES,
IN ALL CASES, ONE SECTOR OF DATA IS TRANSFERRED.
IF THE DISK HAS NOT BEEN PREVIOUSLY ACCESSED,
THESE ROUTINES WILL AUTQMATICALLY DETERMINE THE
DISK TYPE (8" OR 5"), SINGLE OR DOUBLE DENSITY,
AND SECTOR SIZE,

BEFORE THE DESIRED DATA I3 TRANSFERRED, THE DESIRED
TRACK IS SEEKED OUT, THE DESIRED SECTOR AND SIDE IS
SET, THEN THE ACTUAL DATA TRANSFER.

UP TO TEN TRIES WILL BE ATTEMPTED BEFORE THE DATA
TRANSFER IS ABORTED. ON RETURN T0 THE CALLING

EER AL LR DR R I IR TR I Y]
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CP/M MACRO ASSEM 2.0 #025 DISK MOSS 2.2 MONITOR

ROUTINE, THE A KREGISTER WILL CONTAIN A ZERQ IF THE
OPERATION WAS SUCCESSFUL, OR NON-ZERO IF NOT
SUCCESSFUL. THE FLAG REGISTER WILL NOT NECESSARILY
CORRESPOND WITH THE A REGISTER CONTENT.

THESE ROUTINES ARE CP/M COMPATABLE, AWND MAY BE USED
AS PART OF THE BIOS.

LT E X YR S ey

F6ET 224C00 DREADH: SHLD HSTBUF ;SAVE THE DMA ADDRESS

F6EA 3E01 DREAD: MVI A7 ySET READ FLAG
F6EB ORG $-1 +SAVE A BYTE HERE
FOEB AF DWRITE: XRA A ySET WRITE FLAG
FOEG 324800 STA RWELG ySAVE IT FOR LATER USE
FO6EF 0604 MVI B, 10 (NUMBER OF RETRIES
F6F1 C5 AGN: PUSH B
F6F2 CD3BF CALL SEEK
FOFS CCFDF CZ RDWR
F6F8 C1 READ3: POP B
FE6Fg C8 RZ
DJNZ AGN
FoFA+10F5
F6FC C RET
F6FD 5F RDWR: MOV E,A 1SAVE COMMAND
F6FE 3A4BOO LDA RWFLG
F701 B7 ORA A
F702 7B MOV AE +REGET THE COMMAND
JRZ WRDAT 'WRITE IF ZERO
F703+2810
F705 324800 RDAT: 3TA CMND
F708 D330 OUT DCMMD ;DISK COMMAND PORT
READ1: INIR
F70A+EDB2
F70C 15 DCR D
JRNZ READ1
F;OD +20FB
F70F CDZEFT CALL EQJ
F712 E69C ANTI 9CH ;ISOLATE READ ERROR BITS
F714 C9 RET
F715 F620 WRDAT: ORI 20H ;ADD WRITE COMMAND
FT17 324800 STA CMND
FT718 D330 ouT DCMMD ;DISK COMMAND PORT
WRT1: OQUTIR yDO THE OUTPUT
F7T1C+EDB3
F71E 15 DCR D yIN CASE > 256 BYTES
JRNZ WRT1
F71F+20FB
JR EQJ
F721+180B
]
F723 0608 EQJB: MVI B,8 sBASIS OF RESTORE COMMAND
F725 3A4600 EOQJA: LDA STPRAT ;GET THE STEP RATE BITS
F728 BO ORA B +ADD ON THE COMMAND
F729 324800 3TA CMND
F72C D330 ouT DCMMD ;DO THE COMMAND
F72E DB34 EOJ: IN DELAG ;DISK FLAG PORT
F730 1F RAR
JRNC EQJ
F731+30FB
F733 BE3n EOQJ1: IN DSTAT ;GET THE DISK STATUS
F'735 324700 STA STATUS
F738 L6FC ANT OF CH
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F73A

F750 D
F752
F754
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SO Eo—]

€9
CD8EF7

T CU423F7
F8

3A4200
D332
DB31

4F
3A4100
B9

214000

+280?
SA5 00

3
F265F7
E5
OE80Q
CDC3F7
DB34
E620
3E04

F776+2801
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RDWRT:

RDWRTO:

RDWRT1:

RDWRTZ2:

1DRDS:
IDRD:

IDRD1?:

#026
RET
CALL

FIRMWARE LISTING
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IDRD
EOQJB

SECTOR
D3SCTR
DTRCK
C,A
TRAFV

RDWRI
DDATA
B, 1CH
EbJA
98H
DTRCK

40H
RbWRTo

IDSV+3
H

A
RDWRTO

80H
séTUP
DFLAG
20H

A4
ROWRT1

X
2
oy
m

,DDATA

=00 mmggowo

mAG @

H
H, IDSV

sINSURE HEADER HAS BEEN HEAD
sRESTORE THE DRIVE IF ERROR
sDONE IF NO DRIVE

+SET THE SECTOR

sDISK SECTOR PORT

sDISK TRACK PORY

’SAVE IT

sGET DESIRED TRACK

yJUMP IF NO SEEK NEEDED

+SET THE SEEK TRACK
;BUILD THE SEEK COMMAND
DO THE 3EEK

,SFFK ERROR MASK
;DONE IF SEEK ERROR

'CHFCK FOR TRACK 00

yBUILD SECTOR BYTE COUNT
yJUMP IF TRACK Q0

ET SECTOR SIZE
UBLE

3G
:DO
1L0OP CONTﬁOL

;AUTO-WAIT BIT

sDISK FLAG PORT
s3EE IF HEAD IS LOADED

+JUMP TIF NOT

+sELSE, RESET THE HEAD LOAD FLAG
'BUILD A READ SECTOR COMMAND
'GET THE DMA ADDRESS

'GET THE BYTE COUNT

+SET UFP FQR Z-80 I/0

'SEE IF 128 BYTE SECTOR

;JUMP IF NOT

;CLEAR THE FLAGS
;BUILD A STEP-IN CCMMAND

;GET THE CUNIT VALUE
iSEE IF SAME AS LUNIT
sRETURN IF SO

{SET THE AUTO-WAIT BIT

sINSURE A DRIVE IS THERE
;sERROR IF NOT

;SAVE POINTER

,oET UP TO READ ADDRESS

B, 600H+DDATA

D 1
A,OCHH

{READ ADDRESS COMMAND
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FT7A8 CDOSF7 CALL RDAT
F7AB E1 POP H *RESTORE POINTER
JRZ IDRD2  :JUMP IF GOOD READ
F7AC+2808
F7AE 3£40 MVI A 404  ;SEE IF DDEN IS SET
F7B0 BE CMP M
F781 D8 RC +TAKE THE ERROR IF SO
F7B2 B6 ORA M 'ELSE, TRY DDEN
F7B3 77 MOV M, A
JR IDRD
F7B4+18D8
]
F7B6 DB32 IDRD2: 1IN DSCTR  :GET THE TRACK NUMBER
F7B8 D331 ouT DTRCK  :SET THE TRACK REGISTER
F7BA B7 ORA A *INSURE NOT ON TRACK 0
JRZ IDRDS  :JUMP IF NOT OKAY
F7BB+28CC
F7BD 7E MOV A,M sREGET SELBITS
F7BE 324900 STA LUNIT  :UPDATE LAST USED UNIT
F7C1 AF XRA A :RESET ERROR FLAGS
F7C2 C9 RET
1]
*SET UP DRIVE NUMBER
F7C3 214A00 SETUP: LXI H,CUNIT ;SEE IF DRIVE HAS BEEN ACTIVE
F7C8 TE MOV ALM ‘GET THE SELBITS
F7C7 BT ORA A ‘SEE IF SET UP YET
JRNZ SU0 :YES, SKIF INIT CODE
F7C8+2025
F7CA 341000 S$ETIT: LDA DISKNO ;GET THE DESIRED DRIVE
F7CD U7 MOV B,A +SAVE IN WORK REGISTER
F7CE 04 INR B :PREPARE TC CONVERT TO SELBITS
E7CE AF XRA A *ZFRO TO A
F7D0 37 sTC ‘BRIVE SELECT BIT
F7D1 17 SET1:  RAL :SHIFT BIT INTO POSITION
- DJINZ SET1 :LOOP TIL BIT IS IN POSITION
E;Dﬁ+1gFD
FrDLI Fe20 ORI 20H *ADD ON MOTOR ON BIT
F7D6 77 MOV M, A 'SAVE IT
F7D7 D3§M OuT DENTL bELECI THE DRIVE
F7D9 118600 LXI D,STPRAT <SET INITIAL STEP RATE
F7DC 3EN3 MV A3 - T0 SLOWEST POSSIBLE
F7DE 12 \ STAX D
F7DF CD23F7 CALL EOJB tRESTORE THE DRIVE
FTE2 F8 RM :DONE IF DRIVE NOT READY
FTE3 DBOUY IN i ‘READ THE MINT TRKOO BIT
F7E5 1F RAR *ISOLATE IT
JRNC SUO < JUMP IF MINI DRIVE
FTE6+300
F7E8 3E1 MVI A,10H  ;ELSE, ADD ON MAXI BIT
F7EA B6 ORA M
F7ER 77 MOV M, A
F7EC 3h02 MVI A2 +SET MAXI STEP RATE
7EE STAX D
F7EF DB31 SU0; IN DTRCK  ;ELSE, SEE IF TRACK ZERO
F7F1 B ORA A
FIF2 7 MOV A M :REGET THE SELBITS
JRNZ sl
F7F 342002
F7F5 E6RF ANI OBFH +INSURE DDEN IS RESET
F7F7 B1 SU1: ORA o iADD ON AUTOWAIT BIT
FTF8 D33u AUT DCNTL  CUTPUT THE SELBITS
F7FA 3AL300 L.DA SIDE *SET THE SIDE SELECT
F7FD D30 ouT ir
FTFF C9 RET
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D.1 SYSTEM BUS INTERFACE

Table D-1 System Bus 3ignals

T e P - 3 L Y -]
2 4t 2 b T e e e e e e e ]

i BUS |  SIGNAL | SIGNAL i
i PIN i NAME i DESCRIPTION !
l===z==z====!sgsssssss===-=|coocos2sEzZEZsSISSSSSSES=ISSESSITITISITRITIEISIE
{ Inputs | ! !
i i i i
v 79-87 I AD-A1S ! Address lines A0-A415.

| 29-34 i i i
i 37 i i i
| 35-36 | DOO-DO7 i Data Out lines (output from CPU). i
i 38-40 | ; i
| 88-90 i i '
i 96 i SINTA | Interrupt Acknowledge status signal. '
| 45 i sOUT ! Indicates the current bus cycle is an output |
i ] ! cycle. H
| 46 1 SINP | Indicates the current bus cycle is an input

! ' | cycle. H
i 76 i PSYNC | Indicates the beglnning of a machine cycle,

i 78 ! pDBIN | CPU or other bus master input strobe,

V77 |  pWR¥® | Indicates data bits on D0O0-DO7 are valid.

175 i RESET* | CPU reset signal. i
i 54 | SLAVE CLR* | Bus slave reset signal. !
| 68 | MWRT | Active with pWR¥ during memory write cycle.

] ] 1 ]
] ] 1 1
| Outputs | d !
] ] 1 ]
| ] | 1
! 41-43 | DIQ-DI7 | Data In lines (input to CPU). !
I 91-95 i i g
1 72 i RDY | Synchronizes data transfer between bus slave |
H i I and master by indicating slave's readiness. |
i 67 | PHANTOM* | Disables normal memory when Phantom memory

i i | 1is active. :
P73 i INT# ! Requests interrupt service from CPU. |
P12 i NMI¥* | Requests nonmaskable interrupt (i.e. cne !
d i {  that cannot be software-disabled).

™R i | VIO-VIT7* ! Yectored Interrupt lines 0-7. !
] ] i ]
] 1 1 i
| Power ] i !
i i i i
i 1,51 | 48 Volts ! Unregulated +8 Volts from power supply. i
P2 I 416 Volts | \Unregulated +16 Volts from power supply. !
| 50,100 | GND { Ground, !

S e T T T T Y T
il o e —§ =P — R — R — =i R A e e e
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Figure D-1 System Bus Pinouts
Inl
vev 1 || 51 +sv
+16v 2 [ E 52
3 1 53
Vioe & é 1| s4 SLAVE CLR
Viies | I3 s5
Vizes | ] s6
Vide 7 |1 3| 57
viae 8 |l 1| s8
vise 9 |[] [ 59
vie®io |} 21 so
vitTei+ | 3] 61
NMi®1z ([ 11| 62
13 | 3| e3
14 |l 3| s4
15 I 3] es
16 | D) se
17 | f3| 67 PHANTOM
18 |[J 1 68 MWRITE
19 | (3| 69
20 [ A 70
21 |[CH 3] 71
22 |CQ 3] 7z ®oY
23 | 31 739INT
24 || 74
25 |H 1| 75 RESET
26 || 51| 76 pSYNC
27 |CH | 77 sWR
es [ 3| 78 eoBIN
as 29 | 2] 79 ao
A4 30 I:E ) 80 At
A3 31 [C] | 81 A2
A15 32 ([ | 82 as
A12 33 | 1| 83 A7
A9 34 (O] aa As
po1 35 ] II| a5 Asa
poo 38 ([ 1| 86 a14
A10 37 | 1:| 87 A11
po4 38 |[f] (]| 88 DO2
pos ae [ 3| 89 poa
poe 40 (1l 1| 90 po7
piz 41 | ] 81 D4
DI3 42 |CH | 92 DIs
b1z 43 | )] 23 pDIe
44 1 1| 24 bIt
sOUT 45 (| [[| 95 pio
sINP 46 [l [[TJ| @6 sINTA
a7 (41 e7
48 (I ! o8
49 E% | o9
GND 50 :LE::J 100 GND
L1
TOP VIEW

& lurper-anabled signals
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D.2 DRIVE BUS INTERFACE

Not all the signals available on the 2422's drive interface are
implemented on every drive. The left hand column in Table D-2 notes
whether or not the signal is avalilable on all drive types, 8" drives
only, or PerSci drives only.

Table D-2 Drive Bus Signals

" b A S S 4P WD W e b e b S AR A e e e A M M A 6 NS NP S MR Gm G W MR TR R Mw we wk wh Wb WS A M R G M E W R T W
I 3 3 - - Tt - I e e e R e R R e

When low, indicates seek is finished.
Causes the diskette in the currently
selected drive to be ejected.

e Y T T T T T R P L R R A S R R el
A I A I R T T A T T e e R e i it

PerSci| REMOTE EJECT*
|

!"USED | SIGNAL i SIGNAL H
i BY { NAME ! DESCRIPTION
::::::::::3:2:::::::::::i=======:=::::::::::::::::::::::::::::::::::::::3
| i Inputs | |
] | ] t
] ] 1 ]
| All 1 DS1=-D34 ! Drive Select lines 1 through 4. !
| All i MOTOR ON* | Turns the motor on to all drives accepting

! b ! the signal. Not used by some 8" drives. !
| Al | STEP* !  Each negative pulse steps the Read/Write !
i i ] Head forward or backward one track., 1
| All iy DIRC ! Determines the direction the R/W head steps. |
] i | The head steps to the diskette center if

] H i DIRC high; to the perimeter if DIRC low, i
! ALl | WRITE GATE* | When active, write operations are enabled. |
| All | WRITE DATA¥ | The combined clock and data pulses written H
i i ' to the diskette, !
{ ALl { SIDE SELECT ! Indicates which side of a two-sided diskette |
' i H is selected. High = side 0; Low = side 1. |
) 8" i TRACK > u3* ! When low, causes the write current to be !
' ! ! reduced by 20%. Not used by all B" drives. |
] ] ] 1
] 1 i 1
| { Qutputs H '
1 ] 1 ]
1 \ 3 1
| All | INDEX* i Pulses low when an index hole is detected.

| All | TRK 0O* | Indicates the Read/Write Head is positioned |
| i i over TRK 00. !
i All ! WRPT¥* | Goes low when a write-protected diskette is

i i 1 detected. H
i All ! READ DATA# !  The intermingled clock and data pulses from |
H i ; the drive. Each recorded flux transistion |
H ' ] results in a negative pulse. d
18" | HLD®* |  Loads the Read/Write Head. ]
i 8" i READY* | Indicates the drive is ready for operation

! ! | (drive door closed and drive up to speed}. |
i an i TWO-SIDED¥* ! Indicates a two-sided diskette is in the H
: ! ! currently selected drive, 1
! PerSci) SEEK COMPLETE*| When high, indicates seek is in progress. ]
1 | ] |
[} | i !
i ) i
' i i
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17
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GROUND < 25
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33
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3
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CONNECTORS
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o These signals appear on the 8" drive

48

80d 40 3943 8

BS54
INDEX

DER)

05 2

ERE]
MOTOR ON
DIRG

STEP
WRITE DATA
WRITE GATE
TRACK 00
WPRT

READ DATA
SIDE SELEGT
TRACK> 43
TWO-GIDED
SIDE SELECT
HEAD LOAD
INDEX
READY
MOTOR ON
GEE

DS 2
DSaw
D84

DIRC

STepP
WRITE DATA
WRITE GATE
THACK 00
WPRT

READ DATA
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Drive Bus Pinouts
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bug in both configurations.

? SIDE SELECT
4 D34

6 TWO-SIDED @
& INDEX @

10 SEEK COMPLETE
12

14 AEMGTE EJECT
16~ READ LOAD @
18 DS 3

20 INDEX

22 READY

24 MOTOR ON
26 DS 1

28 DS 2

a0

ag

34 DIRG

36 STEP

38 WRITE DATA
40 WRITE GATE
42 TRACK 00

44 WPRT

46 READ DATA
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D.3 USER REPLACEABLE PARTS

Please use CC3 part numbers when ordering spares or replacements.

QTY REF NO.
Capacitors

2 c1,C13

14 C2-4,8-11,14-18

21,22

4 €5,6,19,20

1 c7

1 C12

Integrated Circuits

OVt e e a3 3 b w3 a3 W s =2 PN = U N =

—t e ) = s NS

U1
uz2
u3,30

Uh,18,31,38,42

us
U6, 14
u7,20
us
ug, 41
u10,11,27
uie
U13
U1s
Uié
ul7
U19

U21 (optional)

uz2

u23

U2y

ua25,26,36,37
39,40

uz28,29

U33

U3k

U32,35

ua3

usl

Resistors

3
1

R1,2,3
R

DESCRIPTION

56pF 500V 10% Mica
. 1uF 50V 20% Monolythic

4.7uF 35V 20% Tantalum
LU47uF 50V 20% Monolythic
10pF 500V 10% Mica

7805, +5V Regulator

78L12, +12V Regulator

THLS123

T4LSTY

TULS38

TULS14

TULS00

FD1793~02

7407

7H06

TULS175

THLS2T3

TUL3197

TYLS153

TYLS 16U

T4L5165

5623 ROM, I/0 memory map

5623 ROM, programmed I/0 decode
5623 ROM, programmed ROM decode
2316 ROM, MQS8S 2.2 Disk Monitor
TULS24 4

TU4LSOU
T4LS10
THLS132
TULS32
T4L508
T4LS139

220 ohm, 1/4W, 5%
7.5, 1/4W, 5%

CCS PART NO.*

42215-55605
42034-21046

42804-5U4756
42034-204746
42215-51005

32000-07805
32000-17812
30000-00132
30000-00074
30000-00038
30000-00014
30000-00000
31900-01793
30200-07407
30200-00006
30000-00175
30000-00273
30000-00197
30000-00153
30000-00164
30000-00165

94000-00001
94000-00002
93601-00001
30000-00244

30000-00004
30000-00010
30000-00132
30000-00032
30000-00008
30000-00139

40002-02215
40002-07525



D-6 TECHNICAL INFORMATION
QTY REF NO. DESCRIPTION CCS PART NO.*
1 R5 1K, 1/74W, 5% 40002=01025
1 R6 150 ohm, 1/4W, 5% 40002-01515
1 R7 220K, 1/4W, 5% 40002~02245
1 R8 11K, 1/4W, 5% 40002-01135
1 RO B_TK, 1/4W, 5% LO002z2-04725
2 R10,11 2.7K, 1/4W, 5% 40002-02725
1 Z1 150 ohm x 7 20% SIP Network 40930-71516
3 22,3,4 2.7TK x 7 20% SIP Network 40930-72726

Sockets
9 Xu3,12,16,19, 16-Pin IC Sockets 58102~00160

21-23,30,44

14-Pin IC Sockets

58102-00140

24 XU4-T7,9-11,14
15,17,18,20,
27"'29|31-35|38'

§1-43
1 Xu8 40-Pin IC Socket 58102-00400
7 XU13,25,26 20-Pin IC Sockets 58102-00200
36,37,39,40
1 Xuz24 24=Pin IC Socket 58102-00240
Miscellaneous
CR1-3 LEDs, Rectangular Red 37400-00001
J1 Connector, Right Angle 2 x 17-Pin  56005-02017
J2 Connector, Right Angle 2 x 25-Pin 56005-02025
W1 Header Strip, 1 x 2-Pin 56004-01002
Y1 16 MHz Crystal DIP 48321-60003

[ NS % S O S Y U T SR

Heatsink, TO0=-220, .5"

Berg jumper plug

Serew, b-32 x 3/8"

Nut, Hex Kep 6=32

PCB Extractor, Non-locking
Roll Pin Extractor Mounting

60022-00001
56200-00001
71006~32061
73006-32001
60010-00001
60010~00000
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