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SECTION 1

INTRODUCTION

1.1 GENERAL

This manual covers the installation, operation, and theory of operation of the
TM 990/303A floppy disk controller module, shown in Figure 1-1. Figure 1-2 is
a block diagram of the board. This board provides a controlling interface
between a microcomputer such as the TM 990/101MA and the following disk
drives:

Shugart model SA 400 (mini)
Shugart model SA 800 (standard)
CDC model 9UOUB (standard)
Qume model DT-8 (standard)

Note that the TM 990/303A is used with only these models (this does not
include other models in a series such as the Shugart 801). The TM 990/303A can
be used with the TM 990/100M, TM §90/100MA, or TM 990/101MA microcomputer
modules. However, because of buffering on the TM 990/100M and TM 990/100MA
boards, the controller cannot do DMA (direct memory access) with the memory
on these boards, only with an expansion memory board used with the TM
990/100M or TM 990/100MA.

If the TM 990/303A is to be used with the TM 990/101M module, the PCB must be
modified to the equivalent of the TM 990/101MA microcomputer module. All TM

990/101M modules returned to the factory for repair will automatically be up-
dated.

The PCB part number will show if the module has been modified to the correct
revision level. This part number is found on the conductor side of the board.
A part number of 994725-1 A or 994725-1 B (or higher letter) indicates a
PCB that has been modified to the proper revision level. A part number such
as 994725-1 A indicates a PCB not modified to the proper revision level.

For users of any of the three disk drives, Table 1-1 illustrates the diskette
formats used with their corresponding disk drives.

TABLE 1-1. DISKETTE FORMATS AND CORRESPONDING DISK DRIVES

Disk Drive Formats

Diskette Formats CDC SA SA Qume
g40O4B 400 800 DT-8

IBM Single Density/1 Side X X X
IBM Double Density/1 Side X X
TI Double Density/1 Side X

IBM Single Density/2 Sides
IBM Double Density/2 Sides
TI Double Density/2 Sides

D¢ DS D4 K DG S




1.2 FEATURES

The TM 990/303A floppy disk controller has the following features:

Formats supported:
~ IBM single density format
- IBM double density format
- TI Digital Systems Group (DSG) double density format (TILINE
floppy controller)
Disk sizes: Standard or mini

Disk sides:

- One side only on Shugart and CDC
- Two sides on Qume DataTrak 8

Number of disk drives (daisy chained): Four maximum for standard size,
and three maximum for mini size.

Recording methods:

- Single density frequency modulation (FM)
- Double density modified frequency modulation (MFM)

Data format:

- IBM 3740 compatible
- TI FS 990 compatible

System interface:

- CRU (controller initialization)
- DMA transfer (data and commands)

Three LED's indicate controller status
Bootstrap load feature can be used to initialize system from diskette.
Controller firmware (see below) provided on two TMS 2716's (2 K

words’; controller firmware EPROM space expandable to 4 K words by
using two TMS 2532's.

Software on the controller includes the following features:

Seventeen commands including controller self test, read and write
to/from diskette and host memory, read to and write from controller
and host RAM, bootstrap load from diskette software, format diskette,
execute program in controller memory, read status of specified drive.

Command completion interrupt to host (interrupt level jumper select-
able); completion status reported to host.

Controller call through interrupt via CRU.

-2
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FIGURE 1-2. TM 990/303A BLOCK DIAGRAM
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1.3 MANUAL ORGANIZATION

This manual is organized as follows:
e Section 1: General information and specifications of the TM 990/303A

® Section 2: How to install the TM 990/303A including required peripheral
equipment, cabling, disk drive requirements, system configuration

e Section 3: Bringing up the system, demonstration software, bootload at
powerup, data formats and disk drive parameters

e Section 4: Theory of operation ineluding circuit descriptions, timing
diagrams

e Appendices containing auxiliary data including logic<diagrams, list of
materials, cable pinouts, disk format tables, ete.

1.4 TYPICAL SYSTEM CONFIGURATION

In Figure 1-3, the TM 990/303A board is included in a card cage with a TM
990/101MA microcomputer and a TM 990/201 memory expansion board. The system
terminal connects to P2 of the microcomputer board. Two standard-sized floppy
disk drives are connected to the floppy controller by a TM 990/527 cable; if a
full four-drive standard-size capability is desired, the user can provide his
own cable using the data in Appendix F. (Up to three model 400 mini-sized

floppy drives can be connected in a system using model 400 drives; these can
be connected using the TM 990/535 cable.)

Note that the disk drives are "daisy-chained"; that is, they are connected by
a single cable having connectors for each disk unit.

In a typical system, the bootstrap load feature of the TM 990/303A would be
used to load into host RAM the routines to initialize the system. An initial
load routine would be used to bring in other system tasks from the diskette to
host RAM. These routines could include a file manager, device service routines
to drive peripherals, as well as other system software requirements. The disk
controller could then cause execution of a task in host memory that would
start dedicated system functions.

o o g

PPN

Before applying power to the system carefully follow the installation
procedures specified in Section 2 of this manual. When using a TM
990/5xx card cage, the etch on the backplane between lines 95 and 96
must be open (cut) in each slot that the TM 990/303A board is
installed. Follow the procedure shown in section 2-6 and Figure 2-2.
This applies to all TM 990/303A boards installed (ggg just to two or
more boards).
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TM 990/510 CARD CAGE
T™ 990/101MA MICROCOMPUTER
TM 990/303A FLOPPY CONTROLLER

COLORED STRIPE
TM 990/527 CABLE

FIGURE 1-3. TYPICAL SYSTEM CONFIGURATION USING TWO MODEL 800 DISK DRIVES

1.5 POWER

1.5.1 TM 990/303A Power Requirements

The following are dc power requirements for the TM 990/303A:

+5 Vde +12 Vde -12 Vde (voltage tol- CUnit
Typ Max Typ Max Typ Max erance +3%)

T™M 990/303A 2.1 3.0 0.1 0.2 0.04 0.2 A

During a powerup or a powerdown of either the disk controller or the disk
drive (or both), data previously recorded on the diskette will not be
destroyed due to controller action. Any operation in progress during a power
sequence will not be completed.

If power is being supplied from separate power supplies, the system requires
that -12V be turned on first and be turned off last. There is no required
sequence in turning on the remaining voltages. This does not apply if the
system uses only one power supply.
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1.5.2 Disk Drive DC Power

+5 Vde -5 Vde +12 Vde +24 Vde
Iyp Max Typ Max Iyp Max Typ Max Unit

SA 400 0.5 0.7 0.9 1.8 A
SA 800 0.8 1.0 0.05 0.07 1.3 1.7 A
CDC 9404B 0.7 1.3 A
Qume DT-8

- 1 drive 0.9 1.3 0.7 1.0 A
- 2 drives 1.6 2.2 0.8 1.2 A
- 3 drives 2.3 3.1 0.9 1.4 A
- 4 drives 3.0 4.0 1.0 1.6 A

1.6 ENVIRONMENT
Ambient Temperature

Operating: 0 to 50 degrees C (32 to 122 degrees F) at sea level
Storage: -40 to +100 degrees C (-40 to +212 degrees F)

Shock:
Shipping: 15 g applied to shipping container
Ambient Humidity:

Operating: 5 to 85 percent relative humidity without condensation
Storage: 5 to 95 percent without condensation

1.7 APPLICABLE DOCUMENTS

TM 990/100MA Microcomputer User's Guide

TM 990/101MA Microcomputer User's Guide

TMS 9900 Microprocessor Data Manual

TMS 9901 Programmable Systems Interface Data Manual

TMS 9902 Asynchronous Communication Controller Data Manual
T 990/201/206 Expansion Memory Boards

TM 990/203 Dynamic RAM Memory Expansion Module

TM 990/527 Cable for Standard Disk Drives User's Guide

TM 990/535 Cable for Mini Disk Drives User's Guide
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SECTION 2
INSTALLATION AND OPERATION
2.1 GENERAL

This section covers the installation of the TM 990/303A Floppy Disk Controllier
and some demonstration software to illustrate controller operation.

Ry

1. Before applying power to your TM 990/303A board, properly set plugs and
connectors as described in the following:

e Jumper plugs at TM 990/303A board (section 2.4, Figure 2-1, Table 2-1)
Jumper plugs at Shugart 800 drive (section 2.5, Figure 2-2, Table 2-2)
Jumper plugs at Shugart 400 drive (section 2.5, Table 2-3)

Jumper plugs at CDC 9UOUB (section 2.5, Figure 2-3, Table 2-4)

Jumper plugs at Qume DataTrak 8 (section 2.5, Figure 2-U4, Table 2-5)
Cable attachment to standard drive (section 2.7, Figures 2-7, 2-8), or
Cable attachment to mini drive (section 2.7, Figures 2-9, 2-10)

Cut backplane etch where controller board installed (see 2, below)

2. When using a TM 990/510 or /520 card cage, the etch on the backplane
between lines 95 and 96 must be open (cut) in each slot that the TM
990/303A board is 1installed. Follow the procedure shown in section
2-6 and Figure 2-5. This applies to all TM 990/303A boards installed.

Verify the system configuration using the check list in section 2.8 before
applying power. Improper settings may harm equipment.

2.2 UNPACKING

FFind the following:
e TM 990/303A Floppy Disk Controller Board
e TM 990/303A Floppy Disk Drive User's Guide
e Warranty Card

Remove the TM 990/303A module from its protective packing. Report any
discrepancies to your supplier.

2.3 REQUIRED EQUIPMENT

This disk controller board is recommended for use only with the following disk
drives:

e Shugart SA 800 (standard)

e Shugart SA 400 (mini)

e CDC 9Qu4904B (standard)

® Qume DataTrak 8 (standard)

A power supply must be supplied to meet the requirements of:
e Disk drive(s)
e TM 990/303A board as specified in section 1.5.
e TM 990/101MA, TM 990/100MA, or TM 990/100M microccmputer board.
e If installed, an expansion memory board (necessary for TM 990/100M or
TM 990/7100MA system) or other auxiliary board.



A TM 990/510 (four slots), TM 990/520 (eight slots), or equivalent card cage
should be used to provide signal and power bussing to the microcomputer, disk
controller, and (if used) expansion memory board. The microcomputer should be
placed in the top of the cage (slot 1) with other boards below it.

A terminal (and proper terminal cabling) is required such as the Texas Instru-
ments 733 or 743 for user interaction.

A connecting cable such as the TM 990/527 (two standard diskette drives) or TM
990/535 (three mini drives) is required between the disk controller and the
floppy disk drive(s). Appendix F lists disk drive pinouts. An expansion RAM
memory board will provide additional storage and work space for the host
system. Suggested memory boards include the TM 990/203 dynamic memory board
or the TM 990/206 static RAM board. Because memory on the TM 990/100M and the
TM 990/100MA boards is buffered, it cannot be used for DMA.

2.4 JUMPERS ON TM 990/303A BOARD

Controller jumper settings are listed in Table 2-1; controller jumper
locations are shown in Figure 2-1. The "Position" column contains the word or
symbol as stenciled on the board that corresponds to the particular jumper
setting desired. The term "Out" means the jumper is not installed; "In" means
the jumper is installed. Note that jumper J9 (upper left of Figure 2-1) is not
used. This jumper is reserved for future use in the designation of disk size.
Jumper J8 specifies default disk format (IBM single density or TI double), but
this can be changed by a command (see note below).

NOTE

The Define Drive command (command 101¢ in Table 3-2) must specify
the same standard or mini size as jumnpered at pins J10 and J11.
Failure to match the software designation (via the Define Drive
command) and the hardware settings at J10 and J11 will result in
incorrect performance. This command does not have to conform to
jumper J8 format setting which prescribes the default value only at
a powerup or bootload; this default can be changed by the Define
Drive command.

2.5 JUMPERS ON DISK DRIVE

Follow the manufacturer's instructions for setting jumpers on the respective
disk drive printed circuit board. Suggested disk drive jumper settings are
listed in Table 2-2 (Figure 2-2) for the Shugart model 800, Table 2-3 for the
Shugart model 400, Table 2-4 (Figure 2-3) for the CDC model 9404B, and Table
2-5 (Figure 2-4) for the Qume DT-8.

On the model 800, the user must select a unique drive number (DS1 to DS4) for
each drive to correspond to the disk drive ID (00 to 11) in word 2 of the
Command List (section 3.4.3.4). ID 00 corresponds to DS1, ID 01 to DS2, ete.
If the drive is the last (or only) drive on the cable, install terminator
jumpers on T1, T2, T3, T4, TS5, and T6.

If a single model 400 drive is used, it is shipped from the factory properly
Jumpered. If two or three drives are used, open the MX shunts, and leave
closed the applicable drive-select shunt (DS1-DS3) while the other two drive
select shunts are cut (opened). Only the last disk drive on the cable will
have the termination resistor pack installed; remove it from the others.
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FIGURE 2-1. JUMPER LOCATIONS ON TM 990/303A BOARD

TABLE 2-1. TM 950/303A JUMPER SETTINGS

Function Jumper Pin’ Position | As Shipped?
Select Bootstrap Load
Automatic Bootstrap Load J1 E1-E2 LOAD
J2 E5-E4 LOAD
No Automatic Bootstrap Load J1 E1-E3 - Yes
J2 E5-E6 - Yes
Interrupt Level to Host J3
Interrupt Level 1 E55-E7 1
Interrupt Level 2 E56-E8 2 Yes
Interrupt Level 3 E57-E9 3
Interrupt Level 4 E58-E10 y
Interrupt Level 5 E59-E11 5
Interrupt Level 6 E60-E53 6
Interrupt Level 7 E61-E54 7
Select Default Format for
Powerup Reset J8
IBM Single Density,
Single Sided, 8 in. In Yes
TI Double Density,
Single Sided, 8 in. Out
Select Disk Size?
Standard Size J10 E19-E18 STD Yes
J11 E16-E17 STD Yes
Mini Size J10 E19-E20 MINI
Ji E16-E15 MINI

Note: 1. Out = jumper not installed; In = jumper installed.
2. Jumpers J4, J5, Jb, and J7 not used with TMS 2716 as onboard memory
3. Jumper J9 is not used; provided for future use.
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TABLE 2-2., SUGGESTED SHUGART SA 800 DISK DRIVE JUMPER SETTINGS
Termination Intermediate
Board Board
Jumper Board Jumper Jumper

Name Position In or Out In or Out

A A In In

B A In In

C (P18) B In In

D B Out Out

DC B In In

DDS C Out Out

DS D In In

DS1 E See Note 1 See Note 1

DS2 E See Note 1 See Note 1

DS3 E See Note 1 See Note 1

DSY E See Note 1 See Note 1

HL D Out Out

T1 C In Out

T2 o In Out

T3 E In Out

T4 E In Out

5 E In Out

T6 E In Out

X F Out Out

Y G Out Out

Z G In In

800 H In In

801 H Out Qut

Note 1. Only one of the DS1 to DSU4 (Drive Select 1 to 4) is jumpered
to select a disk drive; this number (1 to 4) corresponds to
the disk drive select number specified in the two LSBs of
Command Word 2.

TABLE 2-3. SUGGESTED SHUGART SA 400 DISK DRIVE SIGNAL PLATFORM SETTINGS
Termination Intermediate
Board Board
Name Connection Connection
MH Open Open
MX Open » Open
DS3 See Note 1 See Note 1
D32 See Note 1 See Note 1
D31 See Note 1 See Note 1
HL Closed Closed
Resistor Pack at 1E Installed Removed

Notes 1. Only one of the DSt to DS3 (Drive Select 1 to 3) is shorted
to select a disk drive; this number (1 to 3) corresponds to
the disk drive select number specified in the two LSBs of
Command Word 2.

2. The program shunt can be replaced with a DIP switeh (AMP
435626-4) for ease in programming.
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TABLE 2-4, SUGGESTED CDC 9404B DISK DRIVE JUMPER SETTINGS

Terhination Intermediate

Jumper Board Board

Board Jumper Jumper

Position In or Out In or Out
W1/W5 A See Note 1 See Note 1
W2/W5 A See Note 1 See Note 1
W3/W5 A See Note 1 See Note 1
Wi /W5 A See Note 1 See Note 1
Terminator Pack B In Out
Beckman
R220/330

NOTE 1

Drive designators W1 to W4 correspond to drive select numbers 1 to 4.
One of these is jumpered to W5 to designate the disk drive number
which corresponds to the disk drive select number in the two LSBs of
Command Word 2. As shipped from the factory, W1 is jumpered to W5 to
designate the drive as drive 1, selected by a 00p in bits 14 and 15
of Command Word 2. For example:

Install

Disk Drive Select Number Jumper
1 Wi/W5

2 W2/W5

3 W3/W5

y W4/W5

To select drive 2, 3, or 4, the user must first remove the soldered
jumper installed at the factory between Wland W5 (to select drive 1).
It is recommended that the user substitute a four-switch standard DIP
package (AMP 435166-2 or 435626-1, 7000 series) between W5 and W1 to
W4h, This allows the user to easily designate the drive number by
setting one of the four switches to ON.
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TABLE 2-5. SUGGESTED QUME DT-8 DISK DRIVE JUMPER SETTINGS

‘Termination | Intermediate

Jumper Description Board Board Board
Position In or Out In or Out

D31 Drive select 1 D See Note 1 See Note 1

DS2 Drive select 2 D See Note 1 See Note 1

D33 Drive select 3 D See Note 1 See Note 1

DSy Drive select 4 D See Note 1 See Note 1

RR Radial ready 8) In In

R1 Radial index and sector d In In

R Shunt option for Ready Output H In In

23 Two-sided status output B In In

I Index output H In In

DC Disk change option B In In

HL Stepper power from Head Load H Out Out

DS Stepper power from Drive Select G Qut Out

WP Inhibit write when write protected I In In

NP Aliow write when write protected I Out Out

DL Door lock latch option G Out-# Outf

B Radial head load H In4 In

X Daisy chain head load H Out 4 Out+

A Radial Select H In In

Z In-use from Drive Select H outd Quté

Y In-use from Head Load G In-k In

S1 Side select option using direction C Out4 Out ¢

sS2 Standard side select input c In # In &

S3 Side select option using Drive Select C Out & Out

C Head load B In 4 In¢

D In use B Out-4 Out 4

W See note 2 C Outd Out k-

SS See note 2 In + In +

D1 Binary method of drive select E Out Out

D2 Binary method of drive select E Out Out

D4 Binary method of drive select E Out Out

DDS Binary method of drive select F Out Out

B1-B4 Two double side drive select D Out Out

1™ Termination resistor packs A In Out

2T™ Termination resistor packs A In Out

NOTES

1. Only one of D31 to DSU is installed to designate the drive number.
This number (DS1 to DS#4) corresponds to the disk drive select number
specified in the LSB's of Command Word 2 (e.g., to designate a disk
drive as number 1, jumper DS1).

2. Traces W and SS are not on some Qume DT-8 models that have been
modified for use with TI options. These board require the following
modifications before being used with the TM 990/303A:

a. Reconnect trace C which has been opened.

b. Remove a wire from 2G pin 8 to 1D pin 5 (no head load latch)

c. Remove a wire from J1-18 pad (e¢) to 1D pin 3 (no head load in use)
d. Remove a wire from 3F pin 10 to 3F pin 7.
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IN TM 990/510, CUT ETCH AT SLOTS
CONTAINING TM 990/303A BOARD(S)

FIGURE 2-5. LOCATION OF SOLDER BRIDGE BETWEEN PINS 96 AND 95 OF MOTHERBOARD

2.6 BOARD INSTALLATION

Turn power off before installation of cards into the card cage. Install the
microcomputer board at the top of the cage with other boards beneath. Where
the TM 990/303A boards are installed, cut the etch on the card cage backplane
between lines 95 and 96 as shown in Figure 2-5. This is the same as for
multicontroller systems as explained in section 2.10. Do not apply power until
cards are properly installed and cables connected as specified in section 2.7.
With power applied, the controller will execute a self-test with LEDs DS2 and
DS3 on and DS1 off; when the test is successfully completed, these two LEDs
will extinguish and DS3 will remain illuminated. Board status, as shown in
the LEDs, is explained in section 2.9.




TM 990/510 CARD CAGE

\\\\__ COLORED STRIPE
T™M 990/527 CABLE

(SEE FIG. 2-4 & 2-5)

FIGURE 2-6. SYSTEM INTERCONNECTIONS USING TM 990/5i2(ﬂﬁﬂ£ (STANDARD SIZE)

2.7 CABLING

Figure 2-6 shows a typical system configuration using a standard size drive
and TM 990/527 cable. Detail connections using the this cable are shown in
Figures 2-7 and 2-8.

e Connect the data cable from the terminal to connector P2 of the micro-
computer board.

e The TM 990/527 cable has three connectors on it. The end with the two
connectors closest together contains the connectors to the two disk
drives. The single connector at the other end goes to the controller
board, and is attached with the colored stripe to the left of
connector P4 as shown in Figure 2-7. As shown in the figure, pin 2
and the colored stripe are at the left of the connector when properly
installed. The colored stripe encloses the wire to pin 1.

e Connect one or both of the disk drive cable connectors to the back of
the disk drive(s). Consult the manufacturer's installation instruction
for proper orientation of pin 1 on the disk drive connector. Pin 1 on
the TM 990/527 cable is designated by a diamond engraved into the
connector close to the side near the colored stripe. See Figure 2-8
for orientation. If pin 1 is on top of the edge connector at the disk
drive, the diamond on the connector must also be on top, oriented with
that pin.

Figures 2-9 and 2-10 show similar cabling for model 400 mini drives using the
TM 990/535 cable and its interface card. Note that the card acts as the inter-

face between the 50-pin connector P4 on the TM 990/303A board and the 34-wire
cable.



NOTE

If you want to make you own cable, be aware that the connector plugs
of various vendors, including TI, do not necessarily use the
numbering schemes on the board edge connector. ALWAYS refer to the
board edge when wiring a connector.

CONNECTOR P4 OF TM 990/303A BOARD

CONNECTOR P1 OF
TM 990/527 CABLE

PIN 1{BOTTOM}

COLORED STRIPE

(WIRE TOPIN 1) RIBBON CABLE

FIGURE 2-7. CONNECTING TM 990/527 DISK DRIVE CABLE TO P4 OF TM 990/303A BOARD

TM 990/303A

PIN 2 ON TOP (SEE FIGURE 2-3)

PIN 1 ON TOP
(SEE MANUFACTURER'S INSTRUCTION
; FOR ORIENTATION)

COLORED
STRIPE

DISK DRIVE
PC BOARDS

FIGURE 2-8. TM 990/527 CABLING BETWEEN CONTROLLER AND STANDARD SIZE (8 in.)
DISK DRIVES



CONNECTOR P4 OF TM 990/303A BOARD

CONNECTOR P5

INTERFACE PC BOARD
INTERCONNECTS 50-PIN
CONNECTOR TO 34-PIN
CABLE

TM 990/535 CABLE

COLORED STRIPE

FIGURE 2-9. CONNECTING TM 990/535 DISK DRIVE CABLE TO P4 OF TM 990/303A BOARD

Y\TM 990/303A

INTERFACE PC CARD
WITH TM 990/535 CABLE

TM 990/535 CABLE

COLORED
STRIPE

PC BOARDI(S) AT
MODEL 400
MiINI DISK DRIVE(S)

FIGURE 2-10. TM 990/535 CABLING BETWEEN CONTROLLER AND MODEL 400 DISK DRIVES
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2.8 SYSTEM CHECK AND POWER APPLICATION

Do not apply power until the PC cards (TM 990/303A as well as the disk drive)
are properly jumpered and installed and cables are connected as specified in
this section. Before applying power, use the following check list to verify
proper installation according to applicable paragraphs, figures, and tables:

] Jumper plugs at TM 990/303A board (section 2.4, Figure 2-1, Table 2-1)

[ Jumper plugs at disk drive (section 2.5, and one of
Table 2-2, Figure 2-2 for Shugart 800, or
Table 2-3 for Shugart 400, or
Table 2-4, Figure 2-3 for CDC 9404B, or
Table 2-5, Figure 2-4 for Qume DT-8 disk drive).

[__1Backplane etch is cut at controller board slot, pins 95/96 (section 2.6,
Figure 2-5).

] Cable attachment to standard drive (section 2.7, Figures 2-7, 2-8), or
cable attachment to mini drive (section 2.7, Figures 2-9, 2-10)

Cable attachments should be as shown in the applicable figure. When system
installation has been checked and verified, apply power. If power is being
supplied from separate power supplies, the system requires that -12V be turned
on first and be turned off last. There is no required sequence in turning on
the remaining voltages. This does not apply if the system uses only one power
supply.

With power applied, the controller will execute a self-test. LEDs DS2 and D33
will go on; when test is complete, these will go off and DS1 will remain on
indicating no error. LED interpretation is shown in section 2.9.

2.9 ONBOARD LED ERROR CHECK
Placement of the three LEDs on the TM 990/303A is shown in Figure 1-1 (DS3 to

DS1, left to right as seen from the front of the card cage). These lights
reflect board status as shown below.

D33 DS2 DS1 Condition/Examples

N/A N/A On No error condition

off off off No power

off On Off Self-test error (clock, memory)

On ofr off Disk drive error (write protect, not ready)
On On Off Controller error (CRC, overrun, I/0)

2.10 TWO OR MORE TM 990/303A BOARDS IN A SYSTEM

More than one TM 990/303A board can be installed in a card cage and share the
bus on the motherboard. However, several items must be considered:

® Access to the bus must be arbitrated
e FEach board must have a unique CRU address space for communicating with

the host microcomputer



Access through the common bus will be arbitrated by the GRANTIN.B- signal at
P1-96 and the GRANTOUT.B- signal at P1-95 as shown on page 4 of the schematics
in Appendix D. Through these two signals, the bus is arbitrated so that the
board in the highest position in the chassis (closest to the microcomputer
board) has priority -for the bus over the board beneath it in the chassis.

The solder pattern on the motherboard of the card cage has to be opened
between the pins of 96 (top) and 95 (bottom) for the slots containing the TM
990/303A boards. The location of these lines is shown in Figure 2-5. This
allows the upper board to obtain bus control by presenting his GRANTOUT.B
signal (via pin 95 on the lower side of the TM 990/303A board) to the lower
board's GRANTIN.B- line (pin 96 on the upper side of the board). This lets
the controller board with the higher priority (higher slot position) to
suspend bus access by the lower-priority board.

Communication via the CRU is covered in detail in Section 3. As stated above,
each board will require a unique CRU base address for communication with the
host micromputer. This CRU address is selected by bits programmed into the
743287 PROM at socket U13. This socket must contain a PROM programmed with a
pattern so that each board has a unique CRU address. For example (as shown in
Figure 3-3 of the next section), the TM 990/303A board is shipped so that it
occupies the 32 bits of CRU address space between hardware base address 10016
and 120q6. The 745287 PROM at U13 must be programmed so that its DO1 output
has a low value on it when driven by address lines A3.B to A3.10. The address
line value to enable a low value at DO1 on one TM 990/303A must be different
from the address line value driving the other U13 PROMs of the other TM
990/303As. As shipped, the U13 PROM outputs a low at DO1 when address lines
A3.B to A10.B are all zeroes except for A5.B (a one). Instructions to
reprogram U13 are provided in Appendix E of this manual.



2.117 DEMONSTRATION PROGRAM

With the system properly connected and powered up, the program in Figure 2-11
can be entered into host memory using TIBUG. (This program cannot be run on
the TM 990/100M/100MA microcomputers as DMA cannot be accomplished to the RAM
on these microcomputer boards.) This program causes the disk controller to
read the message "Congratulations it works" from host memory, write this
message to disk, read the message back from disk, and write the message to the
system terminal. This program assumes:

o The disk format is IBM single density and follows the format block as
shown in Appendix A, page A-2 for that format. This format is called
out in the define drive block of code at source lines 0051 to 0058;
note that the assembled values for this block match the values shown
on page A-2. If another format is used, the define format values for
the particular format are presented in Appendix A; these values can be
substituted into source lines 0051 to 0058.

e The system is jumpered for the disk size and format desired; the TM

990/303A board is shipped jumpered for IBM single density, standard
size.

e TIBUG is in EPROM in lower memory and RAM is in upper memory on the
microcomputer. The program is loaded beginning at FC201g and requires
RAM between FC00¢g and FDA21g, as assembled.

o The disk drive accessed is DS1 which should be the jumpered ID at the
disk drive PC board.

RSy

} CAUTION

Data will be written to and read from the second track, first sector

on the diskette (take care that data present on the diskette used
will not be destroyed).

The program can be entered line-by-line by using the memory (M) inspect/change
command of TIBUG. The second column contains the memory addresses; the third
column cotains the object codes to insert at those addresses.

If assembled, the program uses an AORG directive to load the program beginning
at FC2041¢ (with workspace pointer at FC001g), and it uses an entry vector
label on the END assembler directive. These allow the program to be loaded
with the TIBUG L command without a bias specified, and then executed
immediately with the TIBUG E command as shown below:

Program entry is at memory address FC8216; this value must be in the program
counter before re-executing the program. Note that the program checks the
Operation Complete bit of the Command List to determine completion of the
Command List. It also enters a timeout loop in case of failure to complete the
command and set the Operation Complete bit. The use of a timeout routine is
necessary as a regular programming practice to avoid hangups in case the
command is not completed and the Operation Complete bit is not set.
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2.2.0 72,274 12536111 THURSDAY, 0OCT 25, 1979,
FAGE
IDT - FLOPLEMO®
AURG HFLR0 FROGRAM LUAD ADDRESS

Q00

e WM HHE WP RN HNE W R EHF EWFH WP HHR W HEH HHF

## THIS FROGRAM IS A DEMONSTRATION OF THE TM #90/2038 FLOPEY

#3 | CONTROLLER WITH A TM 770/101MA BOARD. THIS PROGRAM

#% ASEUMES THE FOLLOWING EUT CAN EE CHANGED TO USE OTHER

#y FORMATS:

## 1. THE CONTROLLER IS CARLEDN TO ONE OF THE STANDARD

*i SIZED DISE DRIVES SUITABLE FOR THIS CONTROLLER WITH
#it THE DRIVE NIMFPEREDN AS DS,

#% 2. NOOINTERRUFTS TO THE HOST ARE GENERATED FOR COMMANI
*3 COMPLETION.,

## Z. THIS FROGRAM CAN BE RE-EXECUTED CONTINUOUSLY WITH THE
#3 LESER MAKING EXPERIMENTAL MODIFICATIONS AS DESIRED. IF
*3 OFERATION IS UNSUCCESSFUL --— CHECE JUMFERS ON CONTROLL
*#3 ANDY ON DISE DRIVE TO VERIFY FORMAT COMPATIBILITY.

##% 4. DISE FORMAT 1% IEM STANDARD SIZE. AND THE CONTROLLER
3% BOARDY 1% JUMPERED THUSLY AT 410, 2 11,

® SINGLE DENSITY IS SFECIFIED IN THE DISE DRIVE FORMAT
#3 ko BEGINNING AT MEMORY ADDRESS ZFC34 (200 COLUMNY .
33 SER CAN CHANGE THE FORMAT FARAMETERS IN THIS

#3 < IF DESIRED (E.G.. FOR MINI FORMAT), BUT JUMFER
4 COORIINGLY.

¥% G0 IT IS SUGGESTED THAT A NEW DISKETTE BE USED FOR THIS
*# DEMD FROGRAM. ONLY ONE TRACKE (SECOND TRACK) WILL

B BE FORMATTED: THE FORMAT USED WILL BE IBM STANDARID,
*% Lo A TM PP0/101MA BOARD IS USED WITH TIBUG IN LOWER MEM-

*% ORY, RAM IN UPFER MEMORY, OR A MEMORY BOARD WITH RAM

% IN LUFFER MEMORY AND & THM 990/101MA ECARD.

#% 7. A CHECE IS MADE FOR ERRORS IN COMMAND EXECUTION:

3¢ HOWEVER, NO ERROR CORRECTION ROUTINES ARE FRIMIDELD.
#x g, DATA WILL BE WRITTEN TO THE FIRST SECTOR OF THE SECOND
#3t TRACE ON THE DISKETTE. TAKE CARE THAT DATA WILL NOT
3t BE DESTROYED AT THIS ADDRESS.

% 10/25/7 Al WALEH

#% O2/10/7%  M.L.ETRAIN

HHFE O HEHE FEE OREF R R AR HEE HME HHE REN HHE HEHF EHH NEF
LE I S S S T S S S B T TS R I S S I
#x EQUATES, COMMAND LISTS. AND COMMAND LIST DATA
®H RO ¥ K ¥ OB K K K ¥ X K R ¥ ¥ 0# B B H
# EQUATE MNEMONICE
COMND Bty = LACEMENT ON CRU FOR COMMAND BIT
= Ecir 10 LACEMENT ON CRU FOR CUE RIT
FT B0 11 LACEMENT ON CRL) FOR BUSY RIT
: 12 SPLACEMENT ON CRU FOR ACCERT RBRIT
AT C BYTES FOR FIRST COMMAND LIST
CMLETT DATA 000F EXTENDED ADDR. ALL ONEZ FOR MEM BRD
DATA CLISTI BYTES & AND 2

FORMAT RBLOCE FOR IBM SINGLE DENSITY
#1101 DISE SIZE, N0, OF SURFACESD

# DIEF INE
FORMAT DIATA

0

naTa 77 NUMBER OF TRACES

DATA 1000 HEAD STEF TIME X 10 LIS

DATA 1500 FTER SETTLING TIME X 10 Us
DATA 2500 HEAD LOAD TIME X 10 US

DATA 1000 HEAD LNLOAD TIMEOUT (M3)

DATA C DENZITY, SYNC TYPE. INTERLACE
DATA ¢ SEC/TR

DEMO PROGRAM TO READ TO/WRITE FROM DISK (SHEET 1 OF
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FLOPTEMD SDEMAC 2.0 7a0ET Sebs 11 THURTZDAY. OCT 25, 1w7%.
READ AND WRITE MESGZAGE TO/FROM DISKETTE FAGE 0003
QOLD # FIREST COMMAND LIZT -— DEFINE DISK FORMAT
O0&1 34 0000 CLISTI DATA O WORIDY O, CLEAR FLAGHE
OO&Z Q000 DATA O WORD 1. CLEAR FLAL
O0&H3 1000 DATA 1000 WORD 2, DEFINE DIZE FORMAT COMMAND
(”N')/ 4 QOO0 DATA © WORDE 2, NOT NEEDED
QODO DATA O WIIRL NOT NEEDELD
QOO0 DATA O WORD NOT NEEDETL
DATA =000F WORD ADDRESS OF

()()()r
z LATA

WORTY

4,
:'
Ly
L’
5
4
"J

> FORMAT FPARAMETERZ ADDR
DATA - WORD 2, CHAIN TO NEXT CMD K
ATA 2N WORD %, NEXT MO LIST qul[.'ﬁf
* % DN COMMAND LIST . FORMAT = & F SINDE O
CLISTZ DATA O WORTE O
3 3 DATA O WORT 1-
(‘('/4 DATA WORD 2, SR COMMANLD
0075 LATA WORD 2. FIORMAT SECOND TRACE (O1)
Q07 & DATA WORTE 4, SLIRFAL MR ADDRESS
0077 DATA C WIORD 5. NOT NEEDED
DATA HO00F WL YTE (F THE -
DATA FQTFHN WiORD 7, OF FORMAT FATTERN
[IATA WORLE & liHHIN TO NEXT MDD HDIIF\F b
O&TA WIIRT )
¥ THIRI l_".l'lNMHNIl l - WRITE :
# PHYSTCAL STORASGE MODE USEDRD IN WORDES 2
Fi CLTwTE DATA O WORD 0, CLEAR
7 F OATA O WD 1, LEAR
F NATH LJHF\II NFJTFI
F NATA
F DIATH
F ATA
F I‘IATF) .
F
Fr W If- ll Sa DHE »
Fi WORD 7, l‘JE)fT IMT! l [—T HDﬂhL
- RE&AD FROM DI -
.."_:Tl‘ll—u—ul._v}_, MUIJI, l‘ SED TN WORDS
OO0 L IETA DATa O Wit O«
0000 LATA O WORTT 1,
8 LUATA WORD 2. RE CIOMMEANT
LT WIIRDY 2. (% 4) TRACE. = AN
DATA WORD 4, =ECTOR AUDR - - STORGE
DATA - WORTE 5, READ THE i
LaTA WORDE &. NEW AR
DATA FMNLLMZG WD 7. FINAL ADDR HEAGE

DATA

FIGURE 2-11.

)
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FLOFDEMD SDEMAL 2.2.0 78,274 1
REAL AND WRITE ME:

t34211 THURSDAY, 2CT 25, 1979,
AGE TO/FROM DISKETTE FAGE 0004

O104 ’ 3 # +* 3* 3* 3* 3 3+ k-3 #* 3 * +* +* * ¥* 3# #* * *
0107 ## TASK AREA

0105 ET I N T T T ST S S S ST S ¥ #¥ ¥ ¥ # ¥  #  #
0102 ## ROUTINE T SEND 32 COMMAND LIST ADDRESS BYTES

0110 ## TO DISE CONTROLLER MODULLE THROUGH CRLU

0111 3% i
o112 2 0Z2EO0 START LWFI HFCOO0 DEFINE WORKSFACE FOINTER

0113 LI R12, 5210 CRU SOFTWR BASE ADDR
o114 # INITIALIZE CONTROLLER THROUGH CRU
0115 1I0E SRO 14 REZET CONTROLLER
01146 FORC 1EOE sRZ 14 RELEAZE RESET., OFERATE
0117 # TEST CRU CONDITIONS: IF ACCERT OR BUSY NOT ZERO,
# LISE RESET TO CLEAR THESE (IN ACTUAL FRACTICE,
# USE LOOF UNTIL BITE BECOME SET)
ACEF) TE ACCERT ACCERT = ZERO?

JEE ACEFR] NS LOOF UNTIL ACCZERT = O
BUSYLD TR BLIZY YES, RUZY = ZERO?

JEG RUSYL N, LOOF UNTIL BUSY = O
# ZET UF ADDRESS OF FIRST COMND LIST IN R2

LI RZ, CMLETI+1 MSBS3 IN SECOND BYTE

# FOR FIRZT ADDRESS BYTE, COMMAND BIT = 1

SRO COMND COMMAND BIT A ONE

=y LINR #R2+, = ADDIR BYTE TO CRU
T 1TIOA SRO0 CLE CALSE INTERRUPT
1FOE  ACCEFRD TEH ACTERT CONTR RECY BYTE? (ACCERT=17%)
1&FE JNE ACCEFR1 ML LOOF UNTIL RECVD
LEOA =SRE CUE YEZ, ACENOWLLEDGE THIS
1FOR ACITERZ TR ACCERT CCERT = 07
12FE JER ACTERS NCH o LOCE LINTIL ACCERT=0
1EOR ERI COMND COMMAND=0 FOR BYTES 2 & 2
# SEND SECOND ARDDRESS BYTE
FREE LR #R2+, 8 ADODR BYTE TO CRU

L LDOA SRO CUE CALKSE. INTERRUFT
1FOR  ACCEFZ TR ACCERT CONTR RECV BYTE? (ADCERT=17)
1&FE JANE ACCERS NCL o LODF LINTIL RECVD

SRZ CUE TS, ACENMWLEDGE THIE
ACCEF4 TR ACCERT FT = 0%

R ACCERS N OO UNTIL ACCERT=0
¥ SEND THIRD ADDRESS BYTE
R B LIOCR #RZ2, 8 ADDR BYTE TO CRL
10/ SEO CLIE CALISE INTERRUFPT
1FOR  ACCEFS TH ACCERT CONTR RECY BYTE? (ARCCEFRT=17)
t&FE ANE ACCERS NCL Lo UNTIL RECVD
1EOH SRZ CUE YEZ, ATENOWLEDGE THIS
1FOR  ACCERS TR ACCERT ACCERT = O7F
13FE JER ACCERS NO,  LOOF UNTIL ACCEFRFT=0
## THIRD BYTE 0OF FIRST ADDRESS SENT
#% SET UF COMMAND LIST 1 NUMBER IN ERROR MESSAGE

[ RS, 0zl ASCIT SFACE ANI 1IN RS

o133
140
0141
0142
014z
0144
0145
0144
0147
0145
0147
D150

MOV RS, @WORD MOVE T MEZSAGE

FIGURE 2-11. DEMO PROGRAM TO READ TO/WRITE FROM DISK (SHEET 3 OF 6)
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FL.OFD
READ

0157
0153
0159
0140
0141
Qlez
QléeR
0144
0145
01464
0147
(9] ¥
0149
0170
0171
17z
0173
0174
0175
0174

0177

0175

O17%

FIGURE 2-11.

EMO SNSEMAL 2.2,0 78.274
AND WRITE MESSAGE TO/FROM DISKETTE

18: 36211 THURSDAY,

ocT 25,

1979.
PAGE 000

## CLEAR FIRST WORD OF EACH COMMAND LIST AND FINAL
#% MESSAGE LACATION IN CASE THIS DEMO PROGRAM IS

## EXECUTED AGAIN ANDI AGAIN
FoDo O4E0 LR @CLISTL
FChz Fiz4
FCD4 O4EQ CLR eCcLIsTZ
FCDa FC43
Fons O4EQ CLR  eCLIST:
FCDA FCsC
FCno O4E0 LR erLIsST4
FIDE F270
FCEO O4E0 LR @FNLMSG ZERO FREVENTS MESSAGE WRITE
FCEZ FDEO
## SET UF FOR FIRST WORD OF EACH COMMAND LIST TO BE
## BE READ BY TIMEOUT AND OFERATION COMPLETE ROUTINE.
#% INCREMENT NUMBER OF COMMAND LIST IN ERROR .
## (BIT O A ONE = COMMAND COMPLETE)
## NO ERROR CORRECTION ROUTINE PROVIDED IN THIS DEMO PROGRA
FZE4 0204 1.1 R4, CLISTH SET UF 13T LIST ADDR
FLEA FCz4
FCES O&AD BL @TIMOUT GO TIME QT
FIZEA FD2O
FrED O%A0 ING  @WIRLD INCREMENT WORD IN ERROR MESZAGE
FLEE FDS&
FOCFO 0204 () R4-CLISTZ SET UP ZND LIST ADDR
FoFz F43
FLF4 OLAD EL @TIMOUT GO TIME U7
FOFA FOZO
FUOFE 05Q0 INC  @WORD INCREMENT WORD IN ERROR MESSAGE
FrFa FDSA
FLFC 0204 LI R4,CLISTS SET UFP ZRD LIST ADDR
FIZFE FCSC
Froo 04&/0 BL @TIMOUT G TIME oUT
Fooz Fozo
Fong 0540 ING  @WORD INCREMENT WORD IN ERROR MESSAGE
FOOA
FLios L1 R4-CLIZTS SET P 4TH LIST
FOO0A
FLoo 0ARO0 EL @TIMIIT G0 TIME QT
FOOF FRZO
## MESSAGE WRITTEN TO DISKETTE
##% THEN READ FROM DISEETTE T NEW HOST MEMORY LOCATION
®## NOW WRITE TO TERMINAL FROM NEW HOST ADDRES:S
FIto ZFAO WRITE XOF  @FNLMZG, 14 WRITE MESSAGE USING TIRUG
Fniz Fnzo
Fliig4 0440 B @20 ERANCH TO TIBUG, MISSION COMPLETE
FO14 0020
## ERROR ROUTINESZ IF DEMONSTRATION FAILES, SUGGEST THAT
#%# USER CHECE JUMPER SETTINGS TO SEE THAT THEY AGREE
## WITH THE FORMAT SELECTED (DEFAULT IS IBM STANDARD,
## SINGLE DENSITY. CHECK BOTH CONTROLLER AND DISK DRIVE.
Fiis 2FAC ERROR XOF  @ERRMESG. 14 SEND ERROR MESSAGE
FOlAa FOZE
FIllo 0440 E @30 BRANCH TO TIRBUWG FOR LUSER INFUTES
FIME Q030

2-20
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FLOFDEMO SOEMAC 3.2.0 78.274 1234211 THURSDAY, OCT 2S5, 1979,
READ AND WRITE MESSAGE TO/FROM DISKETTE PAGE 000&
0123 .o#% COMMAND TIMEOUT ROUTINE READS FIRST WORD OF COMMAND

0174 ## LIST FOR COMPLETION AND ALSO RUNS TIMER IN CASE

0195 #% COMPLETION DOES NOT OCCUR WITHIN A SPECIFIED TIMES

## IF TIMECUT QCCURS OR ERROR FOUND, ERROR MESSAGE
¥ ## WRITTEN CUT.
01eE FD2O 0205 TIMOUT LI RS, 10 SET UP MASTER COUNTER
FOZE O00A
0179 FhO24 0704 TIMOUL SETD RA SET UF INNER COUNTER

D200 FD2é&6 06046 TIMOUZ DEC R& DECREMENT INNER COUNTER

P 14FE JNE TIMOIZ IF NOT O, KEEF LOOFING
cong MOV ®*R4,R2 LOOK AT WORD O FOR COMPLETION
1405 JNE TIMOLIG IF COMPLETE GO CHECK ERROR
06035 DEC RS NOT COMPLETE. DECREMENT COUNTER
1&F2 JNES TIMOLH IF NOT O, G0 THRUD INNER LOOF

OZ0B  TIMOU3 LI R11,ERROR SET UP ERROR RETURN
FLos

RT ERROR RETURN (#R11)
TIMOU4 SA R34 DO WE HAVE ERRORS 7

JNES S TIMOLES IF YEZS, GO To ERROR EXIT

RT NO-ERROR EXIT (#R11)

#H ¥ ¥ ¥ ¥ O®  F ¥ ®  *  #  F K ¥ ¥ ¥ ¥ ¥ H ¥

## DEMT MESSAGES

| 2 EX - R 2 T T T TN T S S S S . T T S T -3

114 ##%FH# ERRORN MESSAGE ##3%3%

0215 FIERE OR  ERRM=G BYTE 06/, 0D LINE FEED CARRIAGE RETLURN
Fo=F O

Oz1é FR4O
Frid1
F4z !
Fri4z 4F
Frn44 5
Fo4as 20
Fri44 47

TEXT “ERROR IN COMMAND LIST

FO47  4E
Fo4s 20
Fo4v 43
Fo4a  4F
FD4E 4D
FLAD 4D
FDAD 41
FI4E  4AE
FO4F 44
FIimo 20
FOS1 40
: 49
=4
20

60000 WORD  DATA O WORD NUMEBER FLACED HERE

L 0A BYTE Z0A, =00, 307

FLS® O
Fisa 07

OI1F FOSE 00 BYTE © END-0F -MESSAGE DELIMITER

FIGURE 2-11. DEMO PROGRAM TO READ TO/WRITE FROM DISK (SHEET 5 OF 6)
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FLOFDEMO SDEMAC L0 7B.274 la:346:11 THURSDAY, QT 25, 197%.

2.2
REALI AND? WRITE MESSAGE TO/FROM DISKETTE FAGE 0007
0221 ###### MESSAGE TO WRITE AND READ TO/FROM DISKETTE s####xsx
5y FoSi EVEN
FLosC 0A MESG BYTE =0/, 0D LLINE FEED/CR
FOsD on
OZz24 FOSE 43 TEXT “CONGRATULATIONS, IT WORKS!-
FLSF 4F

F40 4F

Fli1  ~ 47

Fhoaz oy

FDAZ 41

Fl44 54

FD&S bt

Flit4 41

Fo&s7 41

Fhias =4

Fhoes 4%

FLD&A 4F

FOaER 4E

Fh& b

FoaD 20

FLI&E 20

FDAF 4

FIi7o =4

FD71 20

FI7z =7

FO7:z 4fF

Fn74a Sz

FO7s 4K

FLR74 S

FOz7 21
QZ25 Fo7a 0A BYTE 0/, =0LL 207, =07

Fnz=z oo

FII7A 07

Fo7e 07

L7 Q0 BYTE O ENDI—-(F ~M
7E FFFF  FATERN DATA »FFFF FIORMAT =

AGE DELLIMITER
- WITH AL ONES

Foss  FNLMEG ENDD START REGINNING OF STOREL
i MO WARNINGSE

FIGURE 2-11. DEMO PROGRAM TO READ TO/WRITE FROM DISK (SHEET 6 OF 6)
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SECTION 3
COMMUNICATING WITH THE TM 990/303A DISK CONTROLLER
3.1 GENERAL

This section describes the methods for communication between a host micro-
computer and the TM 990/303A disk controller. This section is designed to help
the user construct the device service routine (DSR) for handling the storage
and retrieval of data to and from the TM 990/303A. Included are the following
means of communication:

1. Initial contact through Communication Register Unit (CRU)
(section 3.3)

2, Communication via Command List in host memory (section 3.4)
3. Interrupts to both controller (section 3.2) and host (section 3.5)
4, Bootstrap load at powerup (section 3.6)

Initial method of communication would be through the CRU (1 above) or boot-
strap load at powerup (4 above). Using the CRU, explained in section 3.3, a
20-bit address is passed to the disk controller; this is the address in host
memory of a ten-word block that defines a command for the controller to
execute. This ten-word block is called the Command List and is used to
transfer command data to the controller and return status and error data to
the host. Command data to the controller includes the number of bytes to
transfer, data addresses in host memory and diskette, and the chaining address
of the next Command List to be executed. The controller accesses the Command
List via direct memory access. The controller executes the command in the
Command List and reports back completion status (successful completion, error
completion, etc.) via the same Command List written back to host memory.
Communications through the Command List in memory is explained in detail in
section 3.4.

The disk controller also can indicate command completion (successful or other-
wise) via a dedicated interrupt. The specified interrupt level must be
Jumpered at the disk controller, and the host is responsible for enabling the
interrupt at the CRU interface, in the Command List, at the host TMS 9901
interface, and at the host microprocessor interrupt mask. Interrupts to the
host are covered in section 3.5.

Some transactions through the Command List require the use of data placed in
other host memory blocks. A series of Command Lists can be "chained" by giving
the memory address of the next Command List in the last two words of the
present Command List; thus, one beginning Command List address entered through
the CRU can be used to start execution of a series of commands defined in a
series of Command Lists, each list located in its own memory location. If one
command in the chain is terminated unnaturally, execution of the present
command and future commands in the chain is terminated.

If jumpered, a bootstrap load can be initiated at powerup. In this case, the
disk controller receives the Command List from a sector on a formatted

diskette. This Command List usually is used to initialize the system
and is explained in section 3.U.



3.2 CONSIDERATIONS

1.

If an error occurs during a command to the disk controller, the executing
command is terminated. If the command was part of a "chain" of commands,
termination of this command also terminates the other commands in the
chain. ("Chaining" is where the address of the next Command List is
obtained from the previous Command List, ete.) Thus, it is recommended
that an interrupt be issued at the end of every command to allow an
interrupt service routine to determine corrective action should operation
be terminated other than successfully.

Interrupt service routines at the host as a result of command completion
should consider the following:

e Maintenance by the host microcomputer of a Command List address table
pointer showing the address of the just-completed Command List so that
errors can be monitored by the interrupt service routine.

e Error handling routines.

e Reenabling of interrupts at the host CRU, TMS 9901, and microprocessor
as well as specifying interrrupts in the Command List.

Interrupts and interrupt service routines are covered in more detail in
section 3.5.

Take care when writing to controller memory (e.g. via the Write Controller
Memory command) in that parts of controller memory are reserved for
functions such as memory mapping. The only areas of controller RAM that
can be written to are from address FC001¢ to FFFFqg. See Figure 3-1.

-

0000

Controller
ROM

N N

OFFE

Expanded Memory
X for Controller $

Use

FTFE )
F800 RAM Reserved

For Controller

Use Controller
Fcoof ~— =~ 1 L RAM
Host Addressable RAM

FFFF j

FIGURE 3-1. DISK CONTROLLER MEMORY MAP
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10.

1.

12.

Should the controller become "locked up," recovery would be thru writing a
one to the RESET bit on the CRU; issuing a Reset Command would be
ineffective while the controller is 1locked up.

Because the disk controller writes to an image of the Command List,
setting error and status bits as dictated, the host should intiialize
these bits to zeroes when building the list.

Completion of a command by the controller can be determined by the host by
checking the Operation Complete bit of word 0 in the Command List.
However, it is possible that the controller can inadvertently "lock up"
during operation and never set the Operation Complete bit. Because of
this, a timeout routine should also be used that would transfer host
control to a recovery routine should the controller not complete its
command in a proper time period. Such a timeout routine is shown in the
demonstration program in Section 2 (Figure 2-11, starting at source line
193). In the routine, a continuous check is made of word 0 which has been
initialized to all zeroes. If this state does not change (command
completion will set one or more bits in the word) during the specified
time period, host control is transferred so that a recovery can be made
(instead of a lockup). See the next consideration below.

Code passed to the disk controller for controller execution must be
thoroughly tested beforehand. The controller could become inadvertently
"locked up" by writing to sensitive CRU or memory locations. (The host
could check for a "locked up" situation via a timeout operation. Recovery
could be through the RESET bit on the CRU interface.)

Care must be taken when passing code to the disk controller then
commanding the controller to execute the code (Execute Controller Memory
command). The passed code must not be position dependent in that
relocatable portions are not relocated during the Write Controller Memory
command such as that done by a relocating loader.

Do not read or write across 64 K memory boundaries (this consideration
applies to systems using extended addressing). Instead, use multiple
writes to write across such boundaries. For example, to write from
diskette to host memory space FC00ig to 101FEqg, execute two writes -- one
to FC004¢ to FFFEqg and a second to 100004g to 101FEqg.

The controller can be used with different disk formats, and the user must
be aware of changes in hardware as well as software when changing
controller use from one format to another. For example, when changing from
a standard-size diskette drive to a mini diskette drive, the user can
specify the new format in software using the Define Drive command;
however, he also must make jumper setting changes on the TM 990/303A board

(i.e., change jumpers J10 and J11 from the STD setting to the MINI
setting).

The onboard memory of the TM 990/100M or TM 990/100MA microcomputer cannot
be accessed via DMA and must not be in the memory map of the expansion
memory.

The TM 990/303A can be used with the TM 990/100M, TM 990/100MA, or TM 990/
101MA microcomputer modules. If the TM 990/303A is to be used with the TM
990/101M module, the board PCB must be at revision B or later. Board
revision level is shown on the non-component side following the PCB number

3-3



BD 994725-1. For example, PCB number BD 994725-1 A (B)or BD 994725-1 B
are at the correct revision level; however, BD 994725-1A is not at the
correct revision level. See section 1.1 for detail information.

13. Although each make of drive uses one of two diskette sizes (standard or
mini), there are significant differences between the two. Therefore, it is
not recommended to that a system configuration contain drives of different
makes or models.

14. A full 65 K bytes of data cannot be transferred to or from the disk
because the byte count is contained in a 16-bit word. The maximum length
of data that can be transferred to or from the disk is FF8016 for IBM
single density, FF00qg for IBM double density, and FF601g for TI double
density.

3.3 COMMUNICATION THROUGH THE CRU (Software Base Address 2104¢)
Initial communication between the host and disk controller is through the CRU

in which the disk controller is told the address of the Command List to be
executed. The transfer of this address is via three data transfers in which

TO DISK CRUBIT FROM DISK
CONTROLLER ADDRESSED CONTROLLER
LSB HDW BASE+0 0
1 0
COMMAND 2 0
LIST 3 ()
ADDRESS a4 )
5 0
6 (]
MSB 7 0
COMMAND 8 0
() 9 0
CUE 10 0
0 1 ACCEPT
0 12 BUSY
INTERRUPT ENABLE 13 0
RESET 14 0
0 HDW BASE + 15 INTERRUPT ISSUED
CUE ‘
| ! : | l
I I I [ ! I
ACCEPT i i I I J N I
] ! I | I I
) | { | : |
COMMAND | | ; I !
1 | | | | |
CMD LIST
ADDRESS W 1ST BYTE ///// 2ND BYTE /// / | sroBYTE U/
e
BUSY |

FIGURE 3-2. CRU INTERFACE AND TIMING
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one address byte is sent to the controller in each transfer. Three bytes
contain the Command List address (in the order sent):

® Four zeroes followed by the most significant four bits of the 20-bit
address. If a memory board with extended addressing capability is
used, set these bits to the value as mapped.

e The most-sigificant eight bits of the low-order 16 bits.

® The least-significant eight bits of the low-order 16 bits.
This communication is via 16 CRU bits starting at CRU software base address
021016 as specified in a PROM at socket U13. (CRU software base address is the
entire contents of R12.) The user can program his own PROM for an alternate

address and insert it in this socket (this is described in Appendix E).

Figure 3-2 shows the signals, signal timing, and data bits that are output to
and input from the disk controller over the CRU.

To Disk CRU Bit and (Software, From Disk
Controller Hardware Base Addresses) Controller
LSB (200, 100) 0

0
Command 0
List Q
Address 0
0
0
MSB (20E, 107) 0
LSB Hdwr Base + 0 (210, 108) 0
1 0
Command 2 0
List 3 0
Address y 0
5 0
6 0
CRU MSB 7 0
Bits COMMAND 8 0
Used 0 9 0
CUE 10 0

0 11 ACCEPT

0 12 BUSY
INTERRRUPT ENABLE 13 0
RESET 14 0

0 Hdwr Base + 15 (22E, 117) INTERRUPT ISSUED

COMMAND (230, 118) 0
0 0
CUE 0

0 ACCEPT

0 BUSY
INTERRRUPT ENABLE 0
RESET 0

0 (23E, 11F) INTERRUPT ISSUED

FIGURE 3-3. 32-BIT CRU INTERFACE BLOCK AS SHIPPED FROM FACTORY
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14,
15.
16.

21,
22,

26.
27.
28.

33.
34,

39.
4o.

HOST

Initial Setup:

a. Set CRU software base address in R12

b. Set counter of address bytes to 3%,
¢. Wait until BUSY & ACCEPT are zeroes
Set COMMAND bit to one (next data byte
is first of three bytes of address)

Load data byte (address byte) onto CRU
Set CUE bit to cause interrupt to disk

controller (INT1-) 5.
6.
7.
8.
Is ACCEPT bit a one? If no, wait.
If yes, set CUE to zero. Set
COMMAND bit to zero. 1.
12,
13.
Is ACCEPT a zero? If no, wait.
If yes, decrement counter (to 2).
Load 2d byte on CRU; set CUE. 17.
18.
19.
20.
Is ACCEPT a one? If no, wait.
If yes, set CUE to zero. 23.
24,
25.
Is ACCEPT a zero? If no, wait.
If yes, decrement counter (to 1).
Load 3d byte on CRU, set CUE. 29.
30.
31.
32.
Is ACCEPT a one? If no, wait.
If yes, set CUE to zero. 35.
36.
37.
38.
Is ACCEPT a zero? If no, wait.
If yes, decrement counter (to 0); exit.
*NOTE: When (either) counter reaches
FIGURE 3-4.

DISK CONTROLLER

Is COMMAND bit a one? (1st
byte is being sent?)

If yes, set interrupt mask,
set BUSY bit to a one, and
set byte counter to 3¥,
Store 1st byte.

Set ACCEPT bit to one.

Is CUE a zero?
If yes, set ACCEPT to zero.
Decrement counter (to 2).

Is CUE a one?

If yes, check COMMAND; if COMMAND
is a one, return to step 6.

If COMMAND a zero, store 2d byte.
Set ACCEPT to one.

Is CUE a zero?
If yes, set ACCEPT to zero.
Decrement counter (to 1).

Is CUE a one?

If yes, check COMMAND; if COMMAND
is a one, return to step 6.
If COMMAND a zero, store 3d byte.
Set ACCEPT to one.

Is CUE a zero?

If yes, set ACCEPT to zero
Decrement counter (to 0).
Counter = 0, so exit. BUSY
bit is set.

zero, routine is exited.

COMMUNICATION BETWEEN THE HOST AND DISK CONTROLLER TO STORE

COMMAND LIST ADDRESS THROUGH THE CRU



The CRU addressing scheme for each TM 990/303A takes up 32 bits of CRU address
space; however, the user need use only 16 bits as explained earlier and in
Figure 3-2. Figure 3-3 shows these 16 CRU bits in relation to the 32-bit
block being addressed starting at CRU software base address 20044. Note that
because address line A11 is not used and A10 selects between the lower 8 CRU
bits and upper 8 CRU bits, each 8-bit section is repeated; thus, the middle 16
bits can be used to have a contiguous 16-bit addressing scheme.

Figure 3-4 shows the "handshaking" between the disk controller and host to
effect the transfer of the Command List Address. Figure 3-5 is example of code

to make the transfer. In Figure 3-2, a software base address of 2101 is used
(hardware base address 10844 as shown in the 32-bit CRU block in Figure 3-3).
The middle 16 bits of the 32-bit CRU address block are used; the first and
last 8 bits are reserved.

3.3.1 Output to Disk Controller Over CRU (Figure 3-2)

* EQUATE MNEMONICS

COMND EQU 8 DISPLACEMENT ON CRU FOR COMMAND BIT
CUE EQU 10 DISPLACEMENT ON CRU FOR CUE BIT
ACCEPT EQU M1 DISPLACEMENT ON CRU FOR ACCEPT BIT
BUSY EQU 12 DISPLACEMENT ON CRU FOR BUSY BIT

* BYTE STORAGE FOR COMMAND LIST ADDRESS
ADDR  BYTE >OF,>FE,00 3 ADDRESS BYTES (COMMAND LIST ADDRESS)
* LOAD CRU SOFTWARE BASE ADDRESS IN REGISTER 12
LI  R12,>210
*# SET UP COUNTER TO COUNT THREE BYTES
LI R1,3
* BUSY & ACCEPT MUST BE ZEROES BEFORE CONTINUING
ACCEP1 TB  ACCEPT ACCEPT = ZERO?
JEQ ACCEP1 NO, LOOP
BUSY1 TB BUSY  BUSY = ZERO?
JEQ BUSY1 NO, LOOP
* LOAD ADDRESS OF THREE BYTES OF COMMAND LIST ADDRESS
LI  R2,ADDR
#*%#
** ROUTINE TO SEND THREE ADDRESS BYTES
#% OF COMMAND LIST THROUGH CRU
* %

¥ FOR FIRST BYTE, SET COMMAND BIT TO 1 (MEANS 1ST BYTE BEING SENT)

SBO COMND
LDBYTE LDCR *¥R2+,8 ADDR BYTE TO CRU
SBO CUE CAUSE INTERRUPT TO DISK CONTROLLER

ACCEP2 TB  ACCEPT DISK ACKNOWLEDGES BYTE RECEIVED???27?
JNE ACCEP2 NO, LOOP UNTIL CONTROLLER SETS ACCEPT TO ONE
SBZ CUE YES, ACKNOWLEDGE CONTROLLER SETTING ACCEPT BIT
SBZ COMND FIRST BYTE SENT, COMMAND =.0 LAST 2 BYTES
ACCEP3 TB  ACCEPT CONTROLLER RETURNS ACCEPT BIT TO ZER0???
JEQ ACCEP3 NO, LOOP UNTIL CONTROLLER SETS IT TO ZERO
DEC R1 YES, THIRD BYTE SENT???? (R1 EQUALS ZERO?)
JNE LDBYTE NO, LOOP, LOAD ANOTHER BYTE ON CRU
. YES, CONTINUE

FIGURE 3-5. PROGRAM TO PASS COMMAND LIST ADDRESS
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3.3.1.1 Command List Address (Bits 0-7). This is the address in host memory
of the Command List. The Command List must be located in host memory on an
even byte boundry (LSB of the address a zero).

3.3.1.2 COMMAND Bit (Bit 8). Set the COMMAND bit to a logical one for transfer
of the first byte of the Command List address, and set it to a logical zero
for the second and third bytes of the Command List address. The COMMAND bit is
valid only when the CUE bit (bit 10) is a logical one.

3.3.1.3 CUE Bit (Bit 10). Causes an interrupt to INT1- of the disk controller
to initialize CRU data transfer. Checked as CRU bit during transfer of bytes
two and three of Command List address over CRU.

3.3.1.4 INTERRUPT ENABLE Bit (Bit 13). Set this bit to a logical one to permit
the disk controller hardware to issue interrupts to the host as directed by
the Command List. Set this bit to a logical zero to clear the INTERRUPT
ISSUED bit (bit 15). During interrupt-driven operation, this bit is normally
set to a one to enable interrupts, then a zero to clear the INTERRUPT ISSUED
bit (bit 15), then a one to re-enable interrupts. The host is also responsible
for enabling interrupts at both the host TMS 9901 and microprocessor, for
specifying in the Command List (word 2) that an interrupt is wanted at command
completion, and for properly jumpering J3 for the correct interrupt level.

3.3.1.5 RESET Disk Controller Bit (Bit 14). Set this bit to a logical one to
cause an unconditional reset of the disk controller (same as a powerup reset
but not the result of the RESET switch toggled). This could be used to recover
from a software "lockup™ of the controller. After resetting the controller,
set (toggle) RESET to a zero to allow normal operation to resume. RESET causes
execution of the following:

Disable interrupts.

Turn off the Write gate.

Unload head from disk surface.

Set BUSY bit on CRU interface (bit 12) to logical one.
Set up to receive CUE interrupt at CRU.

Initialize workspace address for timer routine.

Clear status flags.

Indicate track position unknown.

Perform controller RAM test.

10. Perform checksum test on ROM contents.

11. Check accuracy of TMS 9901 timer.

12. Turn on LED DS1.

13. Set up CRU interface to receive commands.

14, Enable interrupts on controller.

15. Set BUSY bit on CRU interface (bit 12) to logical zero.
16. Enter an idle loop, wait for an interrupt (for example, interrupt
on CRU specifying Command List address is at CRU).

OV oOoO~TO0OWMmEWN =
.

3.3.2 Input From Disk Controller Over CRU (Figure 3-2)

3.3.2.1 ACCEPT Bit (Bit 11). A logical one sensed at this bit indicates that
the disk controller has recognized the enabled CUE bit and has read the
COMMAND bit and address bits. The ACCEPT bit can be set to a one only if the
CUE bit is a one and can be set to a zero only if the CUE bit is a zero; this
means that the ACCEPT bit can change state only if the CUE bit has already
been changed to that state.
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3.3.2.2 BUSY Bit (Bit 12). A logical one sensed at this bit indicates that the
disk controller is currently executing a command and is unable to accept a new
command. This bit will be a zero when the disk controller is not executing a
command and is awaiting further command input. The BUSY bit should not be
tested to determine if the disk controller has completed a command; instead,
check the OPERATION COMPLETE bit in the first word of the command's Command
List for this status. The BUSY bit should be a zero bhefore addressing the CRU
to transfer the Command List address.

3.3.2.3 INTERRUPT ISSUED Bit (Bit 15). A logical one sensed at this bit
indicates that the disk controller has issued an interrupt. This bit is
cleared by writing a zero to the INTERRUPT ENABLE bit (bit 13). Clearing this
bit and re-enabling the interrupt should be part of the interrupt service
routine (see paragraph 3.3.1.4).

3.4 COMMUNICATION THROUGH MEMORY (COMMAND LIST)

The Command List is another means of communication between the disk controller
and the host microcomputer. This 1ist is a ten-word block, shown in Figure
3-6, of system memory that is accessed by the host directly and by the disk
controller via direct memory access. The address of this block is given to the
disk controller via the CRU as explained in section 3.3 or via the last two
words of the presently executing Command List ("chaining").

Do not place the Command List in ROM. It is important that the disk
controller write back to the Command List showing errors, command
completion, etc. The Command List must be in RAM.

A summary of the Command List (Figure 3-6) is as follows:

Word 0: Disk Controller Primary Status. This contains three data bits
designating that the disk controller has completed its operation
(0C, bit 0), or that at least one of several errors occurred (ER,
bit 1), or that the controller issued an interrupt upon
completion (IO, bit 2). There are also four bits explaining
status of the errors incurred by the disk unit and a bit
indicating the error indicator is in word 1; other error status
bits are in Word 1. (Section 3.4.17.)

Word 1: Disk Controller Secondary Status. This contains 13 bits
indicating disk status and disk-type data {(e.g., number of sides,
diskette size, diskette format) from the disk drive as well as
errors incurred by the disk unit. When an error is reported in
this word, the unit error bit (bit 15) in Word O is set. (Section
3.4.2.)

NOTE

The status bits (8 to 15) do not represent the format specified by
the Define Format command (command 10). Instead, these bit values are
the values read via hardware on connector P4 (from the disk drive)
and at Jjumpers J8 and J9. Only J8 is monitored by the controller --
for the bootstrap load function. J9 is not monitored by the
controller, but its setting will be reflected in bit 10 of word 1
(if jumpered, a one).
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Word 2:

Words 3 & 4:

Word 5:

Words 6 & 7:

Words 8 & 9:

N~

Command and Disk Unit ID: This word contains an eight-bit code
for a command to the disk controller, two bits identifying which
disk controller is to answer the command, and a flag field
specifying additional command data to the disk controller.
(Section 3.4.3.)

These two words contain the storage address of the diskette data
addressed. (Section 3.4.4.)

This word contains the number of bytes to be transferred. This
will be an even number with bit 15 forced to zero. This transfer
count must be a multiple of a sector length (Section 3.4.5).

These two words contain the 20-bit memory address of (1) the
data to be transferrred to disk or (2) the location of a list
which is used by some commands. (Section 3.4.6.)

These two words contain the 20-bit memory address of the next
Command List address. (Section 3.4.7.)

NOTE

Because the disk controller writes into the Command List to indicate
the status of command completion, all bits of the Command List should
be initialized by the host to a proper value (i.e., set all status
and error bits to zeroes).



Word 0: Primary Status

oc | ER| I0 E;;Egg;;iégzaézngﬁ%:%;; DE :8:; ID | oV 2§<; SE | UE
3 4 5 6 7 8

0 1 2 9 10 11 12 13 14 15
— 2

v

Check if ER bit (1) is Set

OC = Operation Complete ID = Disk ID Error

ER = Error Occurred OV = Overrun Error

I0 = Interrupt Occurred SE = Data Field Search Error
DE = Data Error UE = Unit Error

Word 1: Secondary Status

4 4 //
oL Y07 wep % //// SI|{ ST| BC DF | DS|WP |HD { DR { ND | SD
/] N/

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
- v _— | N\ v J L - J
Disk Drive Individual Drive Status

Status (See below)
OL = Off Line SI = Seek Incomplete
WP = Write Protect ST = Self Test Error
BC = Bad Command

Drive Status Bits (reflect J8, J9 settings and inputs from disk
drive via connector Ply):
Bit 8: Spare (Pi-24)

Bit 9: DF = Diskette Format; 0 = TI Double, 1 = IBM (J8)

Bit 10: DS = Diskette Size; O = Mini, 1 = Standard (J91)

Bit 11: WP = Diskette Write Protected?; 0 = No, 1 = Yes (Pu-44)
Bit 12: HD = Head at Track 00?; 0 = No, 1 = Yes (PU-42)

2Bit 13: DR = Drive Ready?; O = No, 1 = yes (P4-22)

2Bit 14: ND = New Diskette Inserted?; O = No, 1 = Yes (Pi-12)
Bit 15: SD = Sides on Diskette; 0 = 1 side, 1 = 2 sides (P4-10)

NOTES: 1. J9 not used by controller; if jumpered = 1, not jumpered = O.
2. For mini drives, bits 13 (DRIVE READY) and 14 (NEW DISKETTE) are
not used; these signals are not provided via connector P4 for mini
drives (only standard drives).

Word 2: Command to Disk Drive

Command Number IE | DV ;gzzaéiggéggzégi Disk #

0 T 8 9. 13 18 15
Flags,
IE = Interrupt Enable Flag DV = Data Verify Flag

FIGURE 3-6. TEN-WORD COMMAND LIST (Sheet 1 of 2)
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Word 3: Storage Address (Most Significant Word or Track Number)

0 15
Bit 0: 1 = Mass storage mode, 0 = Physical storage mode
Word 4: Storage Address (Least Significant Word)
0 15
Word 5: Byte Count
0
0 15
Word 6: Memory Address (Most Significant Word)
Most
Significant
Memory Bits
0 1112 15
Word T7: Memory Address (Least Significant Word)
0
0 15
Word 8: Next Command Chain Address (Most Significant Word)
Most
Significant
Memory Bits
0] 11 12 15
Bit 0: 1 = Chaining, 0 = No chaining
Word 9: Next Command Chain Address (Least Significant Word)
0
0 15

FIGURE 3-6.

TEN-WORD COMMAND LIST (Sheet 2 of 2)




3.4.1 Word 0, First Status and Error Indicator Word

OC | ER | IO ;;::ijgzgzégjji:fj DE ;25 ID| OV 2;2; SE | UE

0 1 2 9 11 12 15

OC = Operation Complete ID = Disk ID Error :2;;;// SET TO
ER = Error Occurred OV = Overrun Error = ZEROES,
I0 = Interrupt Occurred SE = Data Field Search Error //j; RESERVED
DE = Data Error UE = Unit Error

3.4.1.1 Word 0, Bit O, Operation Complete (0C). This bit is set when the
command (in word 2) has been completed successfully or has been terminated as
the result of a an error (error causes are decoded by bits in words O and 1).

Monitor this bit to determine command completion (rather than the BUSY bit
which remains on for all commands).

3.4.1.2 Word 0, Bit 1, Error Occurred (ER). This bit is set when a command is
terminated because of an error. Cause of the error is indicated by the error
bits in words O (bits 9, 11, 12, and 14) and 1 (bits 5, 6, or 7). Since error
indicators are in both words 0 and 1, monitor bit 15 of word 0 (UE); if a one,

the enabled error indicator is in word 1; if a zero, the enabled indicator is
in word 0.

3.4.1.3 Word 0, Bit 2, Interrupt Occurred (IO). When set, the disk controller
had issued an interrupt to the host upon command completion. The interrupt
enable bit on the CRU (CRU bit 13) must be set to a one and the Interrupt
Enable (IE) flag in List Word 2 must be set to enable interrupts. After an
interrupt occurs, interrupts must be cleared and re-enabled by setting the CRU
Interrupt Enable bit to a one, then a zero, and then a one. Level of the
interrupt is jumper selectable at jumper J3 as explained in Table 2-1.

NOTE

The following bits in word O (bits 9 and 11 to 15) and bits 5, 6,
and 7 in word 1 explain errors. The Error bit (bit 1) will be
set and the command will terminate if one of these error indicators
are set. Bit 15 of word 0 in dicates whether the set error bit is in
word O (bit 15 a 0) or word 1 (bit 15 a 1).

3.4.1.4 Word 0, Bit 9, Data Error (DE). This bit is set when an error occurs
during the reading of the data field when executing a Read Data command
(command 03) or when executing a Read Deleted Data command (command OA) or
during the reading of the ID field when executing Read ID command (command
0C). A data error occurs when the calculated cyclic redundancy check (CRC)
word does not match the precalculated CRC value written on the disk for the
respective field. Before a command is terminated because of this error, four
attempts to correctly read the data will be made. This error sets the ER bit
(word 0, bit 1) and terminates the command.



3.4.1.5 Word 0, Bit 11,Disk ID Error (ID). This bit is set when an unsuc-
essful search is made by the disk controller for the track ID in the header
area of each sector. Five tracks will be searched for this header, and four
tries will be made at each track. This error sets the ER bit (word 0, bit 1)
and terminates the command.

3.4.1.6 Word 0, Bit 12, Overrun Error (OV). This bit will be set if the DMA
interface cannot transfer data at the rate required by the disk controller.
This error will occur during execution of the Read Data or Write Data commands
(specified in Word 2). This error sets the ER bit (word 0, bit 1) and
terminates the command.

3.4.1.7 Word 0, Bit 14, Search Error (SE). This bit is set when the disk con-
troller fails to read a data field in 3 to 5 milliseconds after the track and
sector ID field has been read (could be bad track format-check jumper settings
on controller and disk drive, they should match the desired drive format).
This error sets the ER bit (word O, bit 1) and terminates the command.

3.4.1.8 Word 0, Bit 15, Unit Error (UE). This bit is a logical OR of the
error indicators in word 1 (i.e., if any of the three errors indicated in word
1 are active, this indicator is set). This error also sets the ER bit (word 0,
bit 1), which allows the host to more quickly determine system error. If the
ER bit is set, a check of the UE bit will indicate whether to scan word 1 for
the error (UE bit set) or to scan word 0 for the error (UE bit reset). This
error indication sets the ER bit (word 0, bit 1) and terminates the command.

3.4.2 Word 1, Second Status and Error Indicator Word

4 /.
OL / WP SI|ST|BC| ------ DRIVE STATUS -~=-=--
Z //:

0 2 5 6 7 8 15
OL = OFF LINE SI = SEEK INCOMPLETE L SET TO
WP = WRITE PROTECT ST = SELF TEST ERROR = ZEROES,
BC = BAD COMMAND ,/<: RESERVED

3.4.2.1 Word 1, Bit 0, Unit Off Line Status (OL). This bit indicates that the
DRIVEREADY- signal is not active (drive not ready). This signal becomes
active (drive is ready) by the diskette being placed in a drive and both of
the following:

e power is applied to the drive, and

® two index holes have been sensed.

The DRIVEREADY- line 1is disabled whenever the power is cycled, the door is
opened, diskette removed, or side 1 (vs. side 0) of a single-sided diskette is
selected, and consequently the OL bit is reset. This error sets two error bits
(ER bit in word O, bit 1, and the UE error in word O, bit 15) and terminates
the command.

3.4.2.2 Word 1, Bit 2, Write Protect Status (WP). This status bit will be set
when an attempt is made to write to a diskette that has been write protected.
Data cannot be written to a write-protected diskette. Figure 3-7 shows the
write-protect tab locations. A diskette is write protected when:

e the write protect tab is removed from a standard-sized diskette

e the write protect tab is installed on a mini-sized diskette.



3.4.2.3 Word 1, Bit 5, Seek Incomplete Error (SI). This bit will be set after
failure to sense a signal stating that the disk access arm reached the
position over track 00 after completion of a Restore command. To see if this
error can be overcome, issue another Restore command; if this seek is then
successful, the SI bit will be reset. This error sets two error bits (ER bit
in word 0, bit 1, and the UE error in word 0, bit 15) and terminates the
command.

3.4.2.4 Word 1, Bit 6, Self Test Error (ST). This bit is set when an error
occurs during the running of the controller self test. This diagnostic is
executed by the Controller Test command (command code 01). This efror sets two
error bits (ER bit in word 0, bit 1, and the UE error in word 0, bit 15) and
terminates the command.

3.4.,2.5 Word 1, Bit 7, Bad Command Error (BC). This bit is set when an attempt
is made to execute an invalid command (code not recognized) or execute a
command with an invalid disk storage address. Examples are:
e mass storage address is not on a sector boundry
e the mass storage address is too large
e an illegal disk is defined in the parameter table such as single
density TI

Disk storage address is contained in words 3 and 4 of the Command List and is
computed as explained in section 3.4.4. This error sets two error bits (ER bit
in word 0, bit 1, and the UE error in word 0, bit 15) and terminates the
command.

MINI SIZE DISK
WRITE PROTECT TAB

STANDARD SIZE DISK
WRITE PROTECT TAB

Note:
For standard drives, remove tab for write protect.
For mini drives, attach tab for write protect.

FIGURE 3-7. WRITE PROTECT TAB ON DISKETTE



3.4.2.6 Word 1, Bits 8 to 15, Drive Status. With bit 15 a spare (see below),
bits 8 to 14 indicate specifications and status of the disk drive and diskette
as seen by the disk controller. Some reflect the position of jumper-selectable
options on the disk controller board. These bits indicate the following:

Bit 8: Spare Input (shows logic state of pin P4-24 from disk drive).
Bit 9: Diskette Format (Jumper J8): 0 = TI double
1 = IBM
Bit 10: Diskette Size (Jumpers J9, J10, & J11): 0 = Mini size
1 Standard size
Bit 11: Diskette Write Protected: 0 Not write protected
1 Write protected
Bit 12: Head at Track 00: 0 = Not at track 00
1 = At track 00
Bit 13: Drive Ready: 0 = Drive not ready
1 Drive ready
Bit 14: Diskette Changed: O = Same diskette (no change)
1 = Diskette changed since bit a zero
Bit 15: Number of Diskette Sides: 0 = Single sided
1 = Double sided

3.4.3 Word 2, Commands, Flags, and Disk ID

0 1 2 3 y 5 6 7 8 9 10 11 12 13 1 15

<——— COMMAND CODE

Y

// SET TO
IE = INTERRUPT ENABLE FLAG DV = DATA VERIFY FLAG / = ZEROES,
RESERVED

3.4.3.1 Word 2, Bits 0 to 7, Command Code. These bits contain the command to
be executed by the disk controller. These command bytes are listed in Table
3-1 and explained in detail in Table 3-2.

3.4.3.2 Word 2, Bit 8, Interrupt Enable Flag. When set to one, the disk
controller will issue an interrupt to the host when the command is either
successfully or unsuccessfully completed. This is the preferred method of
command completion since it allows the host to determine corrective action
should the command be terminated without successful completion. Interrupts are
covered more in detail in section 3.5.

3.4.3.3 Word 2, Bit §, Data Verify Flag. The Data Verify flag pertains only to
read and write commands. If set to one during a read command, data is read
again from the diskette and compared to the data stored in host memory during
the first read. If the bit is set during a write command, the controller
performs a read-after-write and verifies the data written to diskette. A
comparison error will set the Data Error flag (bit 9, word 0).

3.4.3.4 Word 2, Bits 14 & 15, Disk ID. These two bits contain the binary
ID number of disk units 0 to 3, indicating which disk unit will be acted upon
by the Command List. Connections to the disk drives of signals DSELECT1- to
DSELECTU4- from the disk controller select the specified drive. A jumper at the
disk drive must correspond to the disk ID as follows: ID 00 corresponds to
drive jumpered to DS1, ID 01 to DS2, ID 10 to DS3, and ID 11 to DSA.
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TABLE 3-1. SUMMARY OF COMMANDS TO DISK CONTROLLER

Command
Code
(Hex) Meaning
00 Store Status Command. Stores the diskette and disk drive status into a

01

02

03
04

05

06

07

08

09

0A

0B

oc

0D

OE

OF

10

specified host memory location.

Controller Test Command. Executes disk controller self test.
Reset Command. Resets the controller.

Read Data Command. Reads data from diskette in sector blocks.
Write Data Command. Writes data to diskette in sector blocks.

Bootstrap Load Command. Causes the controller to execute a bootstrap
load (executes a Command List at a predefined disk sector).

Read Controller Memory. Reads data from controller memory; writes it
to host RAM.

Write Controller Memory. Writes data from host memory to controller
RAM.

Execute Controller Memory. Causes controller to branch to a controller
memory location as if it was the start of a two-word vector address of

a BLWP instruction. The controller then executes the code at those
vectors.

Format Track Command. Causes one track of diskette to be formatted
according to specified or default format parameters.

Read Deleted Data Command. Read data from a deleted sector.

Write Deleted Data Command. Writes data to sector(s) and designates
sector(s) as deleted sector(s).

Read ID Command. Read ID field at specified track and sector

Read Unformatted Command. Starting at a specified track and sector,

read specified number of bytes without respect to data and control
fields.

Seek Command. Places read/write head at specified physical track of
diskette.

Restore Arm Command. Places read/write head at track 00.

Define Drive Command. Specifies characteristics of the diskette
(e.g., mini or standard size, number of surfaces, disk density), and
disk drive (e.g., step time, step settling time, head load and unload
time), and format (e.g, number of tracks, sync type, sector interlace
factor, bytes per sector, sectors per track).




TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2

Command
Code Meaning
(Hex)
00 Store Status Command. A i6-byte block of disc controller RAM is used

01

02

03

to store a list of parameters describing the disk drive and diskette
used. These parameters are default values or as specified by the
Define Disk Drive command (10). The Store Status command reads these
parameters into host memory at the host address specified in words 6
and 7 of the command list. It is not necessary to specify the
controller memory address in words 3 and 4, nor specify the byte count
in word 5. The parameter list in controller RAM can be changed by the
Define Drive command.

Controller Test Command. This causes the controller self test to
execute. This test is contained in controller firmware and consists of
a checksum test on the firmware in addition to a test of the TMS 9901
timer and RAM. The RAM test consists of a walking one, walking zero,
and non-destructive read/write. The timer test consists of timer
operation, timer verification, and timer interrupt. If an error occurs
during this self test, the Self Test error bit (ST, bit 6 in word 1)
will be set.

Reset Command. The Reset command performs the same steps as for a
reset request through the floppy disk controller CRU interface (bit
E as explained in section 3.3.1.5) except that (1) a bootstrap load is
not performed even though this operation is jumpered, and (2) a
controller test is performed (same as Controller Test command above).
Naturally, this command cannot bring the controller out of a "locked
up" condition as commands cannot be sent to the controller when this
condition exists. Recovery would be via the CRU RESET bit (3.3.1.5).

Read Data Command. (See cautions below and on next page.) The read
data command reads the specified number of bytes (in Command List Word
5) from the disk storage address (list Words 3 and 4) to the host
memory address (list words 6 and 7). Data will be read beginning at
sector boundaries only. Naturally, the controller will not support
reads from more than one disk in a single read operation. All reads
will be on a word (16 bits) basis; thus, the byte count in word 5 of
the Command List must be even.

t CAUTION 1

Data is read and written in sectors only. This means that the byte
count in word 5 of the Command List must be a multiple of sector
length. During a read or write, the byte count in word 5 is
decremented to determine the transfer count. When at the beginning of
a sector read or write, the transfer count must be equal to a sector
byte length or greater. If less than a sector byte length, the com-
mand is terminated and any value remaining to be transferred will
not be transferred (i.e., a transfer count less than a sector byte
length will be ignored). This may result in a transfer of less data
than originally specified in word 5. (Note: this CAUTION also
applies to the Write Data command and is repeated above the Write
Data command on the next page.)
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TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2 (Continued)

Command
Code
(Hex)

Meaning

on

After this command is read, the host can later check for unit errors
returned in case the disk drive was off line (OL error, word 1, bit 0)
or track 00 status was not found (Seek Incomplete error, word 1, bit
5). Bytes transferred will be returned in word 5.

When this command is executed, a seek is executed to the specified
track. A read of sector IDs is performed until the correct starting
sector is read. If the sector ID is not found, four retries to read it
will be made. Failure to read the sector ID after five tries will

result in command termination and the ID error (word 0, bit 11) being
set.

After finding the correct sector ID, the data from that sector is
read on a word-by-word basis. As each word is read, the transfer count
from word 5 is decremented. Before a (next) sector is read, the
(remaining) transfer count is checked; if the count is less than the
byte count of a sector, the read operation ceases. If the entire
sector is read and the remaining byte count is at least equal to the
number of bytes in a sector, the next sector(or next cylinder in two-
sided disks only) will be read. If the sector at the end of a track is
read and the byte count is at least equal to the number of bytes in a
sector, the controller will switch to the first sector on the next
logical track (or next surface or next cylinder in two-sided disks)
and resume the read operation. A CRC check is made after each sector
is read. If a CRC error is encountered, the Data Error (DE, word O,
bit 9) will be set and the command terminated.

Ry

} CAUTION

PO OPOY

Do not read or write across 64 K address boundaries (this applies to
extended addressing only). For example, to write to host memory
address FE0OOq1g to 101FE4g, do two writes (or reads) ~-- one to FE0016
to FFFE1g and a second to 1000044 to 101FEqg4.

Data is read and written in sectors only. This means that the byte
count in word 5 of the Command List must be a multiple of sector
length. During a read or write, the byte count in word 5 is
decremented to determine the transfer count. When at the beginning of
a sector read or write, the transfer count must be equal to a sector
byte length or greater. If less than a sector byte length, the command
is terminated and any value remaining to be transferred will not be
transferred (i.e., a transfer count less than a sector byte length
will be ignored). This may result in a transfer of less data than
originally specified in word 5.

Write Data Command. (See CAUTIONS above.) This command writes the

specified number of bytes (Command List word 5) from the host memory
address (list words 6 and 7) to the disk storage address (list words 3
and 4). Data will be written to the disk address beginning at a sector
boundary, and data is transferred on a word (16 bits) basis.
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TABLE 3-2., COMMANDS TO DISK CONTROLLER IN WORD 2 (Continued)

Commnand

Code
(Hex)

Meaning

05

After this command is read, the host later can check for unit errors
returned in case the disk drive was off line (OL, word 1, bit 0) or
track 00 status was not found (Seek Incomplete, word 1, bit 5). The
number of bytes transferred will be returned in word 5.

When this command is executed, a seek is executed to the specified
track (cylinder for two-sided disks). A read of sector IDs is
performed until the correct starting sector is read. If the sector ID
is not found, three retries to read it will be made. Failure to read
the sector ID after five tries will result in command termination and
the ID error (word 0, bit 11) being set.

After finding the correct sector, the number of bytes in word 5
(transfer count) will be checked. If the transfer count is less than
the number of bytes in a sector, the command terminates. As each word
is written to the sector, the transfer count is decremented. After
writing to each sector, the transfer count is checked; if 1less than
the number of bytes in a sector, the command terminates. After writing
to a sector, the CRC value for the sector is computed and entered. If
after writing to a sector and the transfer count is not less .than a
sector byte count, the next logical sector on a track (or next
eylinder or next surface in two-sided disks) is written to. If the
transfer count is not less than a sector byte and the last sector on a
track was written to, the first sector on the next track (or next
cylinder or next surface in a two-sided disk) is written to. This
continues until the sectors are written to with CRC values compiled
and entered for each sector.

Bootstrap Load Command. This command causes the controller to seek to

sector 0, track 00, surface 0 of unit 0 (designated DS1 by drive
jumpers), ignore the first 56 bytes and interpret the next ten words
as the Command List for that unit. The eleventh word is the checksum
(two's complement of the ten-word Command List) for the Command List.
The controller then executes the specified command.

This command does not observe a chain address, and a chain to a next
Command List will not occur. There are two command lists involved with
this command, this bootstrap command list originating in memory and
the command list on the diskette that will be executed. Upon command
completion, values will be returned to words 0, 1, and 5 of the
command list in memory for either command list -- for the command list
in memory if it was prevented from executing, or for the command list
on the diskette after it was executed. Values returned (to words 0, 1,
and 5 respectively) include the primary status word (word 0) and data
for the secondary status word (word 1) which will contain command
status data for the command 1list, and the byte transfer length in word
5. (A power-up bootstrap load differs in that these three values are
returned in words 1, 2, and 5 beginning at the address in words 8 and
9 of the command list on the diskette.) The checksum word causes the
11-word block to be summed to a 0 value.

This command is also executed during a powerup reset where the
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TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2 (Continued)

Command
Code
(Hex

Meaning

-~

06

o7

08

09

bootstrap load is jumpered. It is very useful in a system which does
not have a controller initialization routine in ROM. The address in
sector 0 of track 00 must already have been set up by a disk
initialization routine. This is the same as the optional bootstrap
load performed at powerup as explained in section 3.6. After a powerup
bootstrap load, the two status words and transfer length are placed in
host memory as if the address in the chain field was the address of
the command list. These three words are not placed contiguously in the
host memory. The two status words will be placed in words 0 and 1 of
this ten-word area; the transfer length will be placed in word 5.

Read Controller Memory Command. This command causes the number of
words specified in list word 5 to be read from the controller memory
(ROM or RAM), starting at the address in list words 3 and 4, and to
write these to the host memory address specified in list words 6 and
7.

Write Controller Memory Command. This command causes the number of

words specified 1in 1list word 5 to be written from host memory to the
(RAM only) controller memory space starting at the address specified
in list words 3 and 4 (see CAUTION below). Starting address of host
memory is specified in list words 6 and 7. All data loaded into the
controller RAM must be absolute or position independent since the
controller has no relocating capability such as that provided by a

relocating loader.
i CAUTION ¢

The host can write only to specified addresses in controller
RAM; writing outside of this area could seriously upset system
operation. These address bounds for writing to the controller
are from FC00¢¢ to FFFEqg.

Execute Controller Memory Command. This command causes the controller

CPU to branch to the memory address specified in list words 3 and 4 as
if-this address was the two-word vector destination of a BLWP
instruction and the new workspace pointer and program counter values
were stored at this location. This command can be used in conjunction
with the Write Controller Memory command (07) where a code sequence is
passed to controller RAM, then executed by the Execute Controller
Memory command. The code sequence requires a termination with an RTWP
command, the same as a normal BLWP-initiated subroutine. Note the
restrictions on controller RAM in the CAUTION above.

Format Track Command. This command causes one track of a diskette to

be formatted according to the format parameters generated by the
Define Drive command (command 104¢). If parameters have not been
redefined by the Define Drive command, the default format is either
IBM standard or TI double depending upon jumper J8. After formatting
the track, a CRC test is made of each sector on the track. The track
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TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2 (Continued)

Command
Code
(Hex)

Meaning

0A

0B

oc

address is placed in words 3 and 4 of the Command List. The data
pattern to place in the sector data field is specified in a 16-bit
word in host memory; this memory location is placed in words 6 and 7
of the Command List.

The controller will first check signal lines to determine if the disk
unit is in a ready status (not off line) or if the diskette is not
write protected; negative status will be indicated in Command List
word 1 (OL or WP bit). Any negative condition will terminate the
command .

When the arm is correctly positioned, the controller will then proceed
to format the diskette track according to the format specified in the
Define Drive command (or default format).

If flaws are found during a CRC check of a sector, a Data Error will
be indicated (DE, word 0, bit 9). It will be the host's responsibilty
to label the track as bad (e.g., generate table lookup of track
status).

IBM double density diskettes will automatically be formatted with
track 00 in single density and the remaining tracks in double density.
Diskette formats are explained in detail in Appendix C.

Read Deleted Data Command. This command is similar to the Read Data

command (03) except that this command will read and transfer the data
in a sector's data field which has been designated as a deleted sector
by the Write Deleted Data command (command 0Bqg). Sectors can be
designated as deleted sectors if found to be bad. Attempts to read a

deleted sector by the Read Data command (03414) will result in both an
ID Error and Data Error (ID and DE, word O, bits 11 and 9). More
than one sector can be read; however, the byte count in word 5 must be
a multiple of the amount of bytes in a sector.

Write Deleted Data Command. This command writes data to sectors as in

the Write Data command (0U4) except that this command also writes a
specified code in field AM2 of the control fields of a sector to
designate the sector as a deleted sector. The specified code will vary
depending upon diskette format, discussed in Appendix C. The write
function is initiated the same as the Write Data command (Ol4qg). This
command is normally used to indicate bad tracks.

Read ID Command. This command causes the controller to seek to the

specified track and sector and read the ID Field, which is four or six
bytes that follow address marker 1 (AM1). The ID field specifies the
track number, head number, record number, and physical record length
as shown for the various diskette formats in Appendix C. The ID field
contents are written to the host address specified in words 6 and 7.
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TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2 (Continued)

Command
Code
(Hex)

Meaning

oD

OE

OF

10

Read Unformatted Command. This command reads control data as well as
user data beginning at a specified sector. It causes a drive to seek
to the specified track, wait for the correct address marker (AM1) of
the specified sector, and attempt to synchronize with the next address
mark (AM2). Following synchronization, data words will be transferred
to memory starting at the disk address specified (words 3 and 4 of the
Command List) until the specified number of bytes are transferred.
However, data following the sector specified may not be read correctly
because of possible loss of synchronization. No cyelical redundancy
check (CRC) will be made, and reading will continue without respect to
data field boundaries (reading to include data bytes, control fields,
etec.); however, data following the sector specified may not be read
correctly because of possible loss of synchronization.

Seek Command. This command causes the read head to seek the specified
physical track. Prior to initiating the seek, the controller
determines disk unit status by checking the DRIVEREADY- line which
tells if the diskette is installed, door closed, and at least two
index holes sensed. If not ready, the Unit Error bit (UE, bit 15, word
0) and Off Line bit (OL, bit 0, word 1) will be set. Seeks will be to
one cylinder at a time.

Restore Arm Command. This command causes the read head to return to
physical track 00. To determine if the head failed to reach track 00,
test the Seek Incomplete error (word 1, bit 5).

Define Drive Command. This command is used to modify items in the
Drive Parameter List, located in controller RAM, which describes the
characteristics of the disk drive and diskette. The Drive Parameter
List is shown in Figure 3-8. Figure 3-9 shows the Drive Parameter List
default values brought in from controller ROM to controller RAM
during reset or powerup (the default format is that set at jumper J8
with IBM single density if J8 jumpered, or TI double density if J8 not
jumpered). Figures in Appendix A show values that could be used
depending on which diskette format is used.

NOTE

The parameters in the Define Drive command take precedence
over jumper positions set on the board (Table 2-1) pertain-
ing to the same drive parameter.

The address in host memory of the newly generated Drive Parameter List
is placed in words 6 and 7 of the Command List. Not needed are
specific values for the destination controller address of the Drive
Parameter List in words 3 and 4 and the list length (16 bytes) in word
5 as these are provided by the controller.
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TABLE 3-2. COMMANDS TO DISK CONTROLLER IN WORD 2 (Concluded)

Command
Code
(Hex)

Meaning

A definition of the words in the Define Drive Parameter List is as

follows:

Word O: Bits 0 to 7: Diskette Size (must be jumpered

Word

Word

Word

Word

Word

Word

the same at J10 and J11): 0 = mini size, 1 = standard size
Bits 8 to 15: Surfaces (1 or 2)

: Number of Tracks (or cylinders for 2-sided disks)

: Step Time in 10 microsecond units (time to step the disk read

head one track distance)

Step Settling Time in 10 microsecond units (wait time for disk
read head to settle at a track)

: Head Load Time in 10 microsecond units (time to lower head to

diskette)

: Head Unload Timeout in milliseconds (time to wait after a

command is complete before unloading head)

: Bits O to 3: Disk Density: 0 = single density
1 -

= double density
Bits 4 to T7: Sync Type: 0 = IBM
1 =TI

Bits 8 to 15: Sector Interlace Factor: This is the distance,
measured in physical sectors, between each
contiguous logical sector. Because there is a
time factor occurring while the data is being
manipulated in a read-sector or write-sector
operation, the physical location of contiguous
logical sectors can be offset for efficient use
of time. The distance between physical locations
of contiguous logical sectors allows for normal
disk travel during the time needed to manipulate
the data written to or read from that sector
(e.g., bring it to a buffer or bring it from a
buffer). The factor number minus 1 is the number
of physical records separating contiguous
logical records. Table 3-3 is a list of inter-
lace factors (1 to 25) showing the placement of
logical sectors according to physical sector (in
the column on the left).

Word 7: Bits 0 to 5: Sectors per Track

Bits 6 to 15: Bytes per Sector
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Word

Word

Word

Word

Word

Word

Word

Word

(1= Std)
DISK SIZE (0= Mini) SURFACES (1 or 2)

0 78 15

NUMBER OF TRACKS (CYLINDERS)

HEAD STEP TIME (10 us units)

STEP SETTLING TIME (10 us units)

HEAD LOAD TIME (10 us units)

HEAD UNLOAD TIMEOUT (milliseconds)

0 15
DENSITY SYNC TYPE
0=Single |0=IBM SECTOR INTERLACE FACTOR
1=Double | 1=TI
0 34 7 8 15
SECTORS

PER BYTES PER SECTOR

TRACK
0 56 15

FIGURE 3-8. DRIVE PARAMETER LIST
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Word

Word

Word

Word

Word

Word

Word

Word

Notes:

DISK SIZE (Std=1) SURFACES (1)
0 7 8 15
NUMBER OF TRACKS (77)
0 15
HEAD STEP TIME (1000 10-us units)
0 15
STEP SETTLING TIME (1500 10-us units)
0 15
HEAD LOAD TIME (3500 10-us units)
0 15
#HEAD UNLOAD TIMEOUT (1000 ms)
0 15
DENSITY |SYNC TYPE
FM=0 IBM=0 INTERLACE FACTOR=0
0 ER 7 8 15
SEC/TRACK=26 BYTES PER SECTOR=128
0 5 6 15

1. These are the IBM single-density default
values with jumper J8 installed.

2. For Shugart model 800 only.

Hex

Value

0101

004D

03E8

05DC

ODAC

03E8

000Q

6880

FIGURE 3-9. DEFAULT VALUES FOR DEFINE DRIVE FORMAT BLOCK, SHEET 1 OF 2

(IBM SINGLE DENSITY FOR SHUGART 800)
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Word

Word

Word

Word

Word

Word

Word

Word

Notes:

DISK SIZE (Std=1) SURFACES (2)
0 78 15
NUMBER OF TRACKS (77)
0 15
HEAD STEP TIME (300 10-us units)
0 15
STEP SETTLING TIME (1500 10-us units)
0 15
HEAD LOAD TIME (3500 10-us units)
0 15
HEAD UNLOAD TIMEOUT (1000 ms)
0 15
DENSITY SYNC TYPE
MFM=1 TI=1 INTERLACE FACTOR=0
0 34 78 15
SEC/TRACK=26 BYTES PER SECTOR=288
0 56 15
1. These are the default values with jumper J8
not installed.

2. For Qume DataTrak 8 only.

Hex

Value

0102

004D

012C

05DC

ODAC

03ES8

1100

6920

FIGURE 3-9. DEFAULT VALUES FOR DEFINE DRIVE FORMAT BLOCK, SHEET 2 OF 2
(TI DOUBLE DENSITY FOR QUME DATATRAK 8)
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TABLE 3-3. STANDARD SIZE SECTOR PLACEMENT ACCORDING TO SECTOR INTERLACE FACTOR

Physical Logical Sector According to Interlace Factor¥®

Sector

Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

0 6 0 0 o0 O 0o o o0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 13 9 13 21 13 15 13 3 1319 13 2 13 7 13 23 13 11 13 5 13 17

2 2 1 18 7 16 9 4 10 6 8 12 11 4 2 14 5 20 3 22 4 10 6 8

3 3 14 1 20 11 22 19 23 9 21 5 24 6 15 21 18 17 16 7 17 15 19 25

4 4 2 10 1 6 5 8 7 12 324 9 8 4 2 10 14 6 18 8 20 12 16

5 5 15 19 14 1 18 23 20 15 16 17 22 10 17 9 23 11 19 3 21 25 25 7

6 6 3 2 8 22 1 12 4 18 11 10 7 12 6 16 2 8 9 14 12 4 5 24

7 7 16 11 21 17 14 1 17 21 24 3 20 14 19 23 15 5 22 25 25 9 18 15

8 8 4 20 2 12 10 16 1 24 6 22 5 16 8 4 7 2 12 10 3 14 11 6

9 9 17 3 15 7 23 5 14 1 19 15 18 18 21 11 20 25 25 21 16 19 24 23

10 10 5 12 9 2 6 20 11 4 1 8 3 20 10 18 12 22 2 6 7 24 4 14

11 11 18 21 22 23 19 9 24 7 14 1 16 22 23 25 25 19 15 17 20 3 17 5

12 12 6 4 3 18 2 24 8 10 9 20 1 24 12 6 4 16 5 2 11 8 10 22

13 13 19 13 16 13 15 13 21 13 22 13 14 1 25 13 17 13 18 13 24 13 23 13

14 14 7 22 10 8 11 2 5 16 4 6 12 3 1 20 9 10 8 24 2 18 3 4

15 15 20 5 23 3 24 17 18 19 1725 25 5 14 22 721 9 15 23 16 21

16 16 8 14 4 26 7 6 2 22 12 18 10 7 3 8 1 4 11 20 6 2 9 12

17 17 21 23 17 19 20 21 15 25 25 11 23 9 16 15 14 1 24 5 19 722 3

18 18 9 6 11 14 3 10 12 2 7 4 8 11 5 22 6 24 1 16 10 12 2 20

19 19 22 15 24 9 16 25 25 5 20 23 21 13 18 3 19 21 14 1 23 17 15 11

20 20 10 24 5 4 12 14 9 8 2 16 6 15 7 10 11 18 4 12 1 22 8 2

21 21 23 7 18 25 25 3 22 11 15 9 19 17 20 17 24 15 1723 14 1 21 19

22 22 11 16 12 20 8 18 6 14 10 2 4 19 9 24 3 12 7 8 5 6 1 10

23 23 24 25 25 15 21 719 17 23 21 17 21 22 5 16 9 20 19 18 11 14 1

24 24 12 8 6 10 4 22 3 20 5 14 223 11 12 8 6 10 4 9 16 7 18

25 25 25 17 19 5 17 11 16 23 18 7 15 25 24 19 21 3 23 15 22 21 20 9
*NOTES:

24

13
12
25
11

10
23

22

21

20

19

18

17

16

15

14

[l ACRE VR S U i o \NE N e S i Yo )

1) The above table is for standard sized TI format. To change to standard IBM format, add the value one
(1) to each logical sector number in the body of the table. For example, the logical sectors under
interlace factor 1 (numbered 0 to 25) would be renumbered with the value 1 added to each (1 to 26).

2) This table does not pertain to mini sized diskettes.

3) Interlace Factor 0 and 1 are the same.

4) Columns under each Interlace Factor number show the physical consecutive (concatenated)’ postions of the
logical sectors starting with sector 0 (top line). For example, looking downward at a diskette and

following the sectors counterclockwise, the logical records for a diskette with an Interlace Factor of 2
would be a logical sector 0 followed by logical sector 13, then 1, 14, 2, 15, 3, etc.



3.4.4 Words 3 and 4, Storage Address on Diskette
Command List Words 3 and 4 may be used in two modes:

e mass storage mode (section 3.4.4.1)
e physical storage mode (section 3.4.4.2)

The modes are specified by a zero (mass storage) or a one (physical storage)

in bit zero of word 3.
CAUTION ;

When words 3 and 4 contain a memory address (i.e., for the Read
Controller Memory (06), Write Controller Memory (07), and Execute
Controller Memory (08) commands, these words must also be the
equivalent of a sector address. If not, an error will be given when
the address is checked for being a valid sector address. It is
recommended that address FC0041¢ be used as this will not cause an
error (also equivalent to a sector address).

3.4.4.1 Mass Storage Mode

Word 3 0 MOST SIGNIFICANT WORD
0 15
Word 4 LEAST SIGNIFICANT WORD 0
0 15

Note: bit zero of word 3 is a 0 to specify mass storage.

In the mass storage mode, list words 3 and 4 comprise storage address on the
diskette. By dividing this 32-bit number, the disk controller can determine
physical track (cylinder), surface (head), and sector address. Diskette
storage address (SA) is determined by the following equation:

Diskette Storage Address: {(T x Ny x Ng) + (H x Ng) + S} x N

Where:

logical track number (O to 76)

surface number (0 or 1)

sector number (0 to 25)

Ny= number of surfaces per diskette (1 or 2)

Ng= number of sectors per track (16 or 26)

Ng= number of bytes per sector (128, 256, or 288)

o3
o ou
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The following are parameters for different diskette formats:

IBM SD IBM DD TI DD Mini SD Mini DD

Sectors per Track 26 26 26 16 16
Bytes per Sector 128 256 288 128 256

Example 1. Address for logical track 10 (T), surface O (H), sector 3 (S) on an
IBM single-density single-sided diskette:
Diskette Storage Address: {(10 x 1 x 26) + (0 x 26) + 3} x 128
(260 + 0 + 3) x 128
(263) x 128 = 33,664 = 838044
Example 2. Address for 1logical track 12 (T), surface 1 (H), sector 20 (S) on
a TI double-sided double-density diskette:

Diskette Storage Address: {(12 X 2x26)+ (1 x26) + 20 }x 288

(624 + 26 + 20) x 288
(670) x 288 = 192,960 = 2F1C016

The diskette storage address must be a multiple of sector length. With 31 bits

the user has the capability to address up to 23V or 2,147,483,648 bytes. The
address range will be 0 to 2,147,U483,64613 or TFFF FFFEqq bytes.

3.4.4.2 Physical Storage Mode

Word 3 1 TRACK OR CYLINDER (0-76 or 0-34)

01 15
Word 4 SURFACE (0 or 1) SECTOR (0-25 or 0-15)

0 78 15

Note: bit zero of word 3 is a 1 to specify physieal storage.

The sector field identifies the logical sector on the track. Note that TI
double density format begins with sector 00 while the other four diskette
formats supported by the TM 990/303A have sectors beginning with 01.
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3.4.5 Word 5, Byte Count

0

0 ' 15
Note: Bit 15 must be a zero (even byte count only)

Word 5 contains the amount of bytes to be transferred. This value must be even
(bit 15 a zero), and must be a multiple of a sector length,

3.4.6 Words 6 and 7, Memory Address of Data to Transfer

MOST
Word 6 " SIGNIFICANT
MEMORY BITS
0 11 12 15
Word 7 LEAST SIGNIFICANT MEMORY BITS 0
0 15

Note: Bit 15 of word 7 must be a zerd'(word boundary only)

Words 6 and 7 contain the beginning address in host memory for a data
transfer. This is a 20-bit address with the extended address bits in bits 12
to 15 of word 6, and the least significant 16 bits in word 7 with bit 15 a
zero (word boundary).

3.4.7 Words 8 and 9, Chain Address of Next Command List

In the bootstrap load Command List, these words contain the address where
status wil be stored.

MOST
Word 8 | #* SIGNIFICANT
MEMORY BITS
0 11 12 15

¥If bit 0 is zero, no chaining; if a one, do chaining

Word 9 LEAST SIGNIFICANT MEMORY BITS 0

0 15

Note: Bit 15 of word 9 must be a zero (word boundary only)

If bit 0 of word 8 contains a one, a chaining function will be executed and
the disk controller will seek out this address as the beginning of the next
Command List to be executed. In this manner a series of Command Lists can be
executed. Words 8 and 9 contain the host memory address of the next Command
List to be executed. Bit O of word 8 must contain a one in order to enable the
chaining function. This is a 20-bit address with the extended address bits in

bits 12 to 15 of word 8, and the least significant 16 bits in word 9 with bit
15 a zero (word boundary).
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3.5 COMMUNICATION THROUGH INTERRUPTS

A third means of communication between the host microcomputer and the disk
controller is through one interrupt to the host from the controller and one
interrupt to the controller from the host. These interrupts are described as
follows:

e From disk controller to host: An interrupt to a jumper-selectable
interrupt level on the host that tells the host that a command has
been completed. To determine the condition of completion (successful,
error occurred, etc.), the host should monitor the status bits
returned back to the Command List of the respective command. The disk
controller is shipped jumpered for a level 2 interrupt to the host.

e From host to disk controller: An interrupt to level one of the disk
controller that tells the controller that the host is to send data to
the controller via the CRU. This interrupt is caused by setting the
CUE bit to a one as described in section 3.3. Because the controller
will not respond to an interrupt if busy, the host should first check
the BUSY bit at the CRU (bit Cq1g using hardware base address 010814)

before issuing the interrupt. This CRU interface is shown in Figures
3-2 and 3-3.

Both interrupts are maskable at the respective TMS 9901 parallel interfaces as
well as through the interrupt mask at the microprocessor (if the mask level is
set to a lower number than the interrupt level, the interrupt is masked out).

3.5.1 Command Completion Interrupt from Disk Controller to Host

Through an interrupt, the controller can tell the host microcomputer that a
command has been completed. In order for the host to utilize interrupts, the
host must supply vectors (workspace pointer and program counter values) for
the interrupt in lower memory. The TM 990/100M TIBUG monitor comes from the
factory with vectors for interrupt traps 3 and 4. The TM 990/101MA TIBUG
monitor uses a scheme whereby all interrupt vectors are populated. The
following discussion is for a TM 990/101MA microcomputer.

The interrupt level is jumper selectable on the TM 990/303A at J3 (jumper pos-
itions are explained in Figure 2-1 and Table 2-1). For example purposes, the
following must be accomplished in order to enable a level 2 interrupt to be
recognized at the host TM 990/101MA microcomputer (coding to accomplish this
is shown in Figure 3-10):

1. Set up the level 2 interrupt link area at the TM 990/101 by:

e Loading memory address FF6Ejg with 04201¢ (BLWP instruction).

e Loading memory address FF704¢ with the address of the 2-word
vector area of the interrupt service routine (ISR).

e Loading memory address FF724g with 03801 (RTWP instruction).

2. At the two-word vector area of the ISR, load the ISR workspace pointer
and ISR entry (PC value) addresses. Conclude the ISR with an RTWP.

3. Set the jumper on the disk controller at J3 to level 2 to use
interrupt 2 in this example (this is the position as shipped).

4. Enable the interrupt level at the host microcomputer board's TMS 9901
so that it recognizes the desired interrupt level (level 2 in this
example). To do this:

e Load the TMS 9901 software base address in R12 (010045 for TM
TM 990/101 miecrocomputer).

e Through the CRU set bit 0 to a zero to place the TMS 9901 in the
interrupt mode (SBZ 0).
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IDT  “INTDEM”
. TITL “INTERRUPT DEMO-
* ZET UP INTERRUPT LINK RRER IN HOET RAM

LI Fls>FFRE RDDR OF 2-WORD BLOCK IN INT LINK RRER
LI R2y>0420 BLWP MRCHINE CODE
mayY R2.eR1+ MOYE TO INTERRUPT LINK ARRER
L1 RZe>FCO0 HRODRE OF YECTORT TO INT =ERY RTHN
MOy RIseRl+ MOYE TO INTERRUPT LINK RRPER
L1 FZs > 0220 FETIHP MACHINE CODE
Moy  R2sep1 MOYE TO INTERRUPT LINMK ARER
« ZET UP TWO-WORD YECTOR TO INTERRUPT ZERYICE ROUTINE J1ZR>
LI Rl«:FCZO0 ADDRESE OF YECTORT IN HOZT RAM
L1 F2s:FC20 I1ZR WORKEZPRCE POINTER
MOY R2eR1+ MOvYE TO YECTOR ARER <WHORD 12
L1 RZs >FCRO IZR EMTRY <PC WRLLE?
MOy RE2seRt MOYE 7O YECTOR RREAR <WORD 23
+ EMRELE TM= 2301 AT HOET TO RECOGNIZE INTERRUPT 2
LI F12s>100 2301 ZOFTWARE BATSE HDDRESE
B2 0 F301 TO INTERRPUPT MODE
RO 2 EMAEBLE INTERRUPT 2
+ EMAELE TMZ 2300 AT HOET TO RECOGNIZE INTERRUPT 2
LIMI 2
+ EMREBLE IMTERRUPTE AT CONTROLLER
L1 Rles:>210 CRV BREE RIDODREZE OF CONMTROLLER
RS O1Z ZET TO ZERO
RO 1= TOSGLE ERCE TO ONE

.'

IN BUILDIMG COMMAND LISTs BE ZURE TO ZET INTERRUPT
+ EMRBLE EIT TO & OME <WORD 2+« BIT 32
END

FIGURE 3-10. EXAMPLE OF CODING TO LOAD INTERRUPT LINK AREAS AND ENABLE
INTERRUPTS ON A TM 990/101MA

o through the CRU set bit 2 to a one to enable interrupt 2 in this
example (SBO 2).

5. Set the interrupt mask at the microprocessor to a level 2 or lower
priority (LIMI 2 or higher number in operand for this example).

6. Through the CRU (explained in section 3.2), change (toggle) the
Interrupt Enable bit (bit Dyg) from a logical zero to a logical one.

7. When building the Command List, set the Interrupt Enable bit (bit 8 of
word 2) to a one so that completion is signaled with an interrupt.

When the interrupt is issued, the Interrupt Occurred bit in the Command List
(bit 2 of word Q) is set to one. To re-enable interrupts, set the Interrupt
Enable bit at the CRU to zero, then a one, and repeat steps 1 to 6.

NOTE

It is not practical to use interrupts with chained commands unless an
interrupt is requested for each command (not just for the last
command). This is because if a error occurs during a command in the
middle of the chain and no interrupt is requested, execution of the
entire chain halts without informing the host through an interrupt.
The host would have to poll the Command Completion bit of each
Command List to find the Command List last completed.
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The interrupt service routine in the host can be given several responsibil-
ities:

1) Determine address of the just-completed Command List through a pointer
pointing to the address of the last-executed Command List. Keep this
pointer updated.

2) Determine if an error occurred during the last command by checking
word 0, bit 1 (ER). If a one, check word 0, bit 15 (UE) to see if the
error indicator is in word 1; if not, check the error indicators in
word O (bit 15 a one means indicator is in word 1, a zero indicates
indicator is in word 0).

3) Re-enable interrupts at the CRU and at TMS 9901 and microcomputer of
host (see example at beginning of this section).

3.5.2 Command-Ready Interrupt from Host to Disk Controller

When the user wishes to call the controller to execute a Command List, he
calls it through the CRU as explained in section 3.3. This eall through the
CRU actually causes an interrupt at the controller. This is the only interrupt
to the disk controller from the host.

This interrupt is initiated by setting the CUE bit to a one. When this occurs,
an interrupt is sent to INT1- of the controller TMS 9901 programmable inter-
face. See section 3.3 for a full explanation of this interface.

3.6 POWERUP BOOTSTRAP LOAD OPTION

If jumpered, a bootstrap load feature allows the initialization of the system
by executing a specified command list placed on the disk by the user. If

jumpered at J1 and J2 (see Table 2-1), the bootstrap load occurs during one of
the following:

e upon powerup of the disk controller,
e upon execution of the Bootstrap Load command (command 05),
® an active PRES.B- signal on the backplane.

NOTE

Powerup bootstrap load can be used only with the disk format
specified at jumper J8; IBM single density, single sided, 8 inch (J8
jumpered) or TI double density, single sided 8 inch (J8 unjumpered).

This option is activated by the PRES.B- signal (not the IORST.B- signal). When
executed, the host microprocessor is placed in a hold state until the
bootstrap load is completed (see CAUTION on next page). To implement this
option, the following jumpers must be installed:

e E1 to E2
e EY to ES

The bootstrap load causes the controller to search for and execute a Command

List in the diskette (which has been formatted accordingly by the user)
located at the first sector of track 00 on disk unit 0 (DS1). The first 56
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bytes are ignored; the next 10 words (16 bits) are interpreted as the command
list and the eleventh word is used as a checksum word. This Command List
cannot be chained to another command. Load the chain field (words 8 and 9)
with the address in host memory where the controller will return a three-word
block consisting of: the primary status word (same as word 0 of the Command
List), the secondary status word (same as word 1), and the transfer length
(same as word 5). These can be read for command completion status. It is the
responsibility of the host to first format the diskette with the desired
bootstrap Command List starting with the 57th byte of track 00, surface O.

While the Command List is being retrieved, the host processor is held in an
idle state by controller hardware holding HOLD.B- low. When the host processor
is released from this hold state, it does a reset, obtaining WP and PC vectors

from lower memory.
i CAUTION

The disk controller could lock up the system during a boot-
strap load under one of these circumstances: (1) A CRC error

in reading the sector containing the Command List, (2) a
checksum error in reading the Command List (perhaps failure to
find the Command List), or (3) error during execution of the
Command List read. Any of these will place the controller in
the idle mode without releasing the host microprocessor which
remains in the hold mode.

The procedure for preparing the diskette for the bootstrap load is as
follows:

1. Write the command list in the first sector of track 00,
side 0, of disk zero, starting with the 57th byte.

2. If the bootstrap load command list (see 1, above) is to
read data from the disk and write this to host RAM, this
data also must have been written onto the disk prior to
executing the bootstrap load.

NOTE
This initialization of the system diskette must be done before

the diskette is wused by the host system bootstrap load
routine.
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SECTION 4
HARDWARE DESCRIPTION
4,1 GENERAL

An overview of a typical system using the TM 990/303A disk controller will be
presented first, followed by a detailed description of the disk controller
including the local processor, disk drive interface, host system interface,
and read/write controller.

4,2 SYSTEM DESCRIPTION

A typical microcomputer disk system is shown in Figure Y4-1. The major
elements in the system are the TM 990/303A disk controller, TM 990/101
microcomputer, TM 990/203 memory, TM 990/510 card cage, terminal, and one to
four disk drives.

The TM 990/303A disk controller communicates with the microcomputer system
using the Communications Register Unit (CRU) for initialization and direct-
memory access (DMA), for command, status, and data transfer. The disk
controller can be configured to automatically load a program into memory upon
system power-up.

1 TO 4 UNITS
A
( A
DISK o DISK
TERMINAL DRIVE DRIVE
4 )
¥ y
™™ 990/101 T™ 990/203 ™ %i2£303A
MICROCOMPUTER MEMORY CONTROLLER
SYSTEM BUS

FIGURE 4-1. TYPICAL SYSTEM BLOCK DIAGRAM
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4,3 CONTROLLER DESCRIPTION

The TM 990/303A disk controller consists of a local processor system (section
4.4), disk drive interface (section 4.5), host system interface (section 4.6),
and read/write controller (section 4.7) as shown in Figure 4-2. The local
processor system contains a TMS 9900 microprocessor, TIM 9904 clock generator,
read-only memory (ROM), read-write memory (RAM), decode PROM and wait-state
control logic. The disk drive interface contains a TMS 9901 programmable
interface adaptor, a multiplexer for additional inputs, and disk drive
interface driver and receiver circuits. The host system interface consists of
a CRU interface and a DMA interface. The DMA interface contains an input data
register, an output data register, a memory address register, and memory
access control logic. The read/ write controller contains two ROM controllers
for data bit and word processing, a data shift register, a
cyclie-redundancy-check (CRC) circuit, a phase-locked loop (PLL) for data
synchronization and control logic.

*
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[ 4
(=]
[+ %
< r————-- 2
- ' | DDRESS CONTROL
Meosq 9902 e RU | 9900 A > &
< I ] DECODE
S S J
-
—
a
o s
DATA
9901 - i ROM
Y |
<
=
[82]
» )
3 -
INTERFACE >
< -
&1 bBur&mx [* RAM
@ >
-
=
— A
13}
>
L)
x 4
READ/WRITE [* DMA
CONTROLLER | CONTROLLER
| Y Y \ y
SYSTEM ADDRESS DATA CONTROL
CRU I/F BUFFER BUFFER BUFFER
SYSTEM SYSTEM SYSTEM SYSTEM
CRU ADDRESS DATA CONTROL
BUS BUS BUS SIGNALS

*Optional EIA port is used for board test and checkout. This port is not

populated when shipped.

FIGURE 4-2,

DISK CONTROLLER BLOCK DIAGRAM
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4.4 LOCAL PROCESSOR SYSTEM

The local processor system contains a TMS 9900 microprocessor operating at 3
MHz. The clocks for the processor are provided by a TIM 9904 clock generator
using a 48 MHz crystal oscillator which is divided down to give the four-phase
clocks for the processor. The clock generator also provides synchronization
of the processor RESET signal as well as crystal-controlled clock signals for
the read/write controller.

The local processor memory consists of 2048 16-bit words of ROM (with
provision for future expansion to 4096 words) and 1024 16-bit words of RAM.
The local memory bus is also used for local, memory-mapped 1/0. Local memory
addresses are decoded by a 32 X 8 PROM and by a 3 to 8-1line decoder which is

gated with write enable (MWE-) to generate load signals for local RAM and data
registers.

The DMA address, DMA data, command data (from host system CRU), and read/write
controller data register are memory-mapped I/0 devices. The local processor
memory map is given in Table 4-1. Certain memory address bits are used during
memory-mapped I/0 to the DMA and read/write controllers in addition to the
data bus. These features will be described in the appropriate sections of
this manual. The DMA and read/write controllers will delay the local

processor using wait states via the READY signal if they are accessed prior to
data being available.

TABLE 4-1. PROCESSOR MEMORY ADDRESS MAP

Address | Read Function | Write Function
0000-1FFE ROM
2000-3FFE Reserved Reserved
4000-~5FFE DMA Address
6000-7FFE *DMA Data ¥DMA Data
8000-9FFE ®Read/Write Controller

ACOO-BFFE %Read/Write Controller
CO00-DFFE Command Data

EOCOO~FFFE RAM RAM

*Processor wait states are used for synchronization.

4.5 DISK DRIVE INTERFACE

The disk drive interface consists of a TMS 9901 programmable interface
adapter, an 8-input multiplexer, a drive-select decoder, output buffers, and
input receiver circuits. The TMS 9901 contains parallel I1/0, interrupt, and
timer sections interfaced to the local processor through the CRU. The parallel
I/0 port CRU bit assignments are given in Table 4-2. Fifteen ports are used
as outputs and one port is used as an input. The ACCEPT, BUSY, SYSINT-, and
COMMAND signals are used by the host system interface. The DDENSITY,
RFMIWPCOMP, LED- and RWRST- signals are used by the read/write controller. The
other I/0 ports are used as outputs to the disk drive interface circuit.

The disk drive select signals, DSELECT1- through DSELECT4-, are generated by
decoding the DSELO and DSEL1 signals from the TMS 9901. The drive select
signals and all other drive control signals except HEADLOAD- and WRITEDATA-
are controlled by the DRIVENABLE- output from the TMS 9901. The DRIVENABLE-
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signal is pulled-up to the inactive state whenever the TMS 9901 is reset (All

TMS 9901 outputs become inputs).

This prevents any disk operation except

headload from occurring in the event of system power-on, power-off, or reset.

TABLE 4-2.

TMS 9901 PARALLEL I/0 PORT BIT ASSIGNMENT

CRU Base Address (R12) is 1F6016

BIT
ADDRESS

IN/OUT

SIGNATURE

FUNCTION

-0

Ul =W

O 003

10

1"

12

Out
Out
Out

Out
Out
Out

Out

Out
Out
Out

Out

Out

Out

DSELO
DSEL1
WGATE

DIR
SIDE
DDENSITY

RFMTWPCOMP

STEP
HLOAD
ACCEPT

BUSY

RWRST-

DRIVENABLE-

Disk drive unit select LSB.

Disk drive unit select MSB.

Disk drive write gate. When active (high),
WGATE enables data to be written on the
disk.

Disk drive step direction.

Disk drive side select.

When active (high), DDENSITY causes the
data separator to interpret read data in
double density mode. After changing this
bit, allow at least 12 microseconds before
trying a read or write operation. When in-
active, DS3 is illuminated.

When active (high), RFMTWPCOMP selects the
TI sync format (554¢) in read-mode and
enables precompensation in write mode.
When inactive in read mode,IBM sync format
(0016) is selected. When inactive, DS2 is
illuminated.

Disk drive step.

Disk drive head load.

When active (high),ACCEPT indicates to the
host system that a command or data byte
has been read by the disk controller.

When active (high), BUSY indicates to the
host system that the disk controller is
busy and cannot accept a new command.

When active (low), RWRST- clears all flip-
flops, registers, and counters in the
read/write controller except for the data
separator and clears the read/write con-
troller address bit functions (All
inactive except RESET- and PRESETCRC-).

When active (low), DRIVENABLE- enables all
disk drive control signals except HEADLOAD
and WRITE DATA (outputs from the control-
ler). DRIVENABLE- is inactivated when the
controller is reset.
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TABLE 4-2. TMS 9901 PARALLEL I/O PORT BIT ASSIGNMENT (CONTINUED)

BIT
ADDRESS IN/OUT | SIGNATURE FUNCTION

13 Out SYSINT- System interrupt. The high-to-low trans-
ition of SYSINT- sets the INT flip-flop.
This will cause an interrupt to be issued
to the host system if interrupts have been
enabled through the CRU. When active
(low), SYSINT- clears the automatic boot-
load flip-flop.

14 Out LED- When active (1ow),~LED- turns on disk
controller status indicator DS1.

15 In CCOMMAND When active (high), CCOMMAND indicates

that the host system is sending a command
byte to the disk controller. This signal
can also be used as interrupt 7 by the
9901.

The TMS 9901 interrupt assignment is given in Table 4-3. These signals can be
used as either interrupts or inputs as required by the firmware. The TMS 9901
timer section is used by the firmware to provide timing for various disk
operations.

An 8-bit multiplexer is also interfaced to the local processor through the
CRU. This multiplexer is used as the auxiliary input port P4. The auxiliary
input port CRU bit assignments are given in Table 4-U4., In addition to disk
drive inputs, two jumpers (J8 and J9) are connected to the auxiliary input
port. These jumpers are used in conjunction with the two-sided signal
(TWOSD-) to define the disk drive type to be used during an automatic bootload
operation. Jumper J9 is not monitored by controller firmware; however, J8 is
used to determine the default value of the disk format (IBM or TI) during a
bootload. The jumper configurations are given in Table 4-5.




TABLE 4-3.

TMS 9901 INTERRUPT ASSIGNMENT

CRU Base Address (R12) is 1F4014.

BIT
ADDRESS

INTERRUPT
LEVEL

SIGNATURE

FUNCTION

CCUE-

COMINT-

ALHOLDQ-

OVERRUNQ-

CRCERRORQ-

INDX-

CCOMMAND

Control bit. Set to zero to write mask or
read interrupts.

When active (low), CCUE- indicates that
the host system is sending data or command
to the disk controller.

Communication interrupt. When active (low)
COMINT~ indicates that the optional 9902
communication interface is issuing an in-
terrupt.

Automatic bootload. When active (low),
ALHOLDQ- indicates that the automatic
bootload flip-flop is set as the result of
system power-up or the power-on reset sig-
nal (PRES.B-).

Data overrun error. When active (low),
OVERRUNQ- indicates that a data timing
error has occurred during a disk read or
write operation.

Cyclical redundancy check error. When low
(active), CRCERRORQ- indicates that a data
error has occurred during a disk read
operation.

Disk drive index. When active (low), INDX-
indicates that the index hole in the disk-

ette is being sensed by the disk drive.

See TMS 9901 parallel I/0 port bit assign-
ment (bit 15).
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TABLE 4-4,

AUXILIARY PARALLEL INPUT PORT BIT ASSIGNMENT

CRU Base Address (R12) = 1F8016

BIT
ADDRESS SIGNATURE FUNCTION ADDRESS

0 TWOSD- Disk drive two sided.

1 DCHG Disk drive disk change.

2 DRDY Disk drive ready.

3 TZERO Disk drive track zero.

M WPROT Disk drive write protect.

5 SIZE- Disk drive size. When active (high), SIZE-
indicates that the disk drive is mini-sized
using 5-inch diskettes; when low, standard
size is indicated. This is via jumpering J9
which is not interpreted in the present
configuration.

6 FMT- Format type. When active (high), TI format
is indicated. When low, IBM format is
indicated. SELZ2 indicates that host system
memory data is organized as 8-bit bytes,
otherwise host system memory is organized
as 16-bit words.

7 SPAREIN Spare input. This bit indicates the state
of pin 24 of the disk drive connector.

TABLE 4-5. BOOTLOAD FORMAT SELECTION
FORMAT SIGNAL JUMPER CONNECTIONS
J9 J8
SELECTED SIZE-| FMT- | TWOSD- E21 to E22 E23 to E24

IBM Single 0 0 0 Install Install

IBM Double 0 0 1 Install Install

TI Double 0 1 X Install Remove

MINI Single 1 0 X Remove Install

MINI Double 1 1 X Remove Install

NOTE: Jumper J9 is not interpreted under the present configuration.




4.6 HOST SYSTEM INTERFACE

The TM 990/303A disk controller contains a host system CRU interface for
initialization and a host system DMA interface for command and data transfer.
4,6.1 Host System CRU Interface

A block diagram of the host system CRU interface is shown in Figure 4-3. The
host system software CRU base address is set to 0210q¢ by a 256 X 4 PROM which
is installed in the disk controller prior to shipment (section 3.3 and Figure
3-3 explain the CRU software base address and the resulting 32 CRU bits used).
If some other CRU base address is required by the user, the PROM can be
replaced with an appropriate PROM (Refer to Appendix E for PROM coding
requirements). The disk controller is assigned 32 consecutive CRU bit
addresses starting at the base address. 16 bits are assigned to the

general-purpose CRU interface scheme as shown in Table 4-6, The other 16 bits
are reserved.

A11-A14 > RESET
CRUOUT <—»| BUFFER |— 4 f;?gg |, INT CoeBLE
CRUCLK- -
COMMAND
ADDRESS 256 X 4 > 8 - BIT MD8
BUS <—» PROM SHIFT ————» THRU
A3-A10 I—————————w REGISTER MDI5
- BUSY
. 8-INPUT ACCEPT
CRUIN = N MUX
JUMPER
SELECT <-—— BUFFER INTS?EUPT l———— SYSINT-
INT1-INTY
FIGURE 4-3. SYSTEM CRU INTERFACE BLOCK DIAGRAM
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TABLE 4-6. GENERAL-PURPOSE CRU INTERFACE

Host System CRU Base Address is 021014¢.

HOST SYSTEM : OUTPUT FUNCTION INPUT FUNCTION
RELATIVE CRU (TO DISK CONTROLLER) (FROM DISK CONTROLLER)
BIT ADDRESS

016 LSB -

A

116 -—

216 -_

316 Output -

Data “

416 --

516 _—

616 —_—

Y

716 MSB -—

816 | COMMAND --

916 - -

A16 CUE -

'B1g - ACCEPT

C16 - BUSY

D1g INTERRUPT ENABLE -

E16 RESET _—

Fi6 - INTERRUPT ISSUED

The general-purpose CRU interface provides a means to transfer data between
two systems. The disk controller implements a subset of the general-purpose
CRU interface as shown in Table 4-6. Eight-bit data fields are transferred
from the host system to the disk controller using the CUE and ACCEPT signals
in a handshaking scheme as shown in Figure U4-34a. The handshaking procedes
sequentially as shown. The CUE signal is activated by the host system when
ACCEPT is inactive and after the data field and COMMAND signal are valid. The
ACCEPT signal is activated by the disk controller after the data field and
COMMAND signal have been read. The CUE and ACCEPT signals are then
inactivated in sequence as shown.

The 20-bit command list address is sent to the disk controller in three 8-bit

data transfers as shown in Figure U4-4b. The COMMAND signal is activated only
for the first data byte. The BUSY signal is activated by the disk controller
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prior to accepting the last data byte and remains set until the controller can
accept a new command.

The general-purpose CRU interface scheme allows the host system to reset the
disk controller by activating the RESET signal. This causes the local
processor to reset and execute its initialization firmware when the RESET
signal is inactivated. The host system can control disk controller interrupts
through the INTERRUPT ENABLE signal. Activating this signal allows the disk
controller to interrupt the host system. Inactivating this signal resets any
disk controller interrupt.

CUE | |
| @ ®
accerT 777777771 [ L

NN ST > LTI VALID VI

OUTPUT DATA

(a) Handshaking Scheme

CUE [ | [ | | .
ACCEPT | | | | [ V7
COMMAND | |

STATUS

output paTa////1  eyte 1 V//A syte 2 V//A evie 3 1/ ////

BUSY !

(b) Multi-byte Command Sequence

FIGURE 4-4, GENERAL-PURPOSE CRU INTERFACE



A interrupt is reset and re-enabled by inactivating, then activating the
INTERRUPT ENABLE signal. If an interrupt is being issued by the disk
controller, the INTERRUPT ISSUED signal is activated. This signal can be
tested by the host system to determine if the disk controller is interrupting
in systems which allow other devices to share the disk controller interrrupt
level. Once issued, the disk controller interrupt is latched until reset by
the host system.

The general-purpose CRU interface data field is transferred from the host
system CRU into an 8-bit, parallel-output shift register. This shift register
is a memory-mapped I/0 device on the local processor memory bus (bits 8
through 15). The shift register must be loaded by an 8-bit Load CRU (LDCR)
instruection prior to setting the CUE bit.

4,6.2 Host System DMA Interface

The host system DMA interface contains two 16-bit data registers (one for
input, one for output), a 20-bit address register, memory-access control
logiec, control signal buffers, and the automatic bootload latch. The data
registers allow data to be transferred between the host system memory bus and
the local processor memory bus. ' These registers are memory-mapped I1/0 devices
on the local memory bus. The host system memory address is stored in a 20-bit
register. This register is also a memory-mapped I/0 device on the local
memory bus. The address register must be loaded with a new address prior to
each host system DMA cycle. The sixteen least-significant address bits are
loaded from the local memory data bus; the four most-significant address bits
are loaded from the local memory address bus. Thus all twenty address bits
can be loaded with one firmware instruction. In addition, the data transfer
direction is also defined through the local memory address bus. The DMA
controller address bit utilization is given in Table U4-7.

The extended address and transfer direction are loaded into the DMA controller

from the address bus at the same time the lower 16 address bits are loaded
from the data bus using a base address of 40004¢.

TABLE 4-7. DMA CONTROLLER ADDRESS BIT UTILIZATION

ADDRESS
BIT SIGNATURE FUNCTION

7 WRITEQ-~ When active (low), this bit allows the DMA
controller to control the system data bus
during direct memory access and write data
into memory. When inactive (high), a direct
memory access will read data from system mem-
ory.

1 XAOQ

12 XA1 These bits are the four most significant bits

13 XA2 of the 20-bit system memory address.

14 XA3

The disk controller performs a single-cycle direct memory access each time the
memory address register is loaded by the firmware. Loading the host system
memory address sets the DMABUSYQ flip-flop. The DMABUSYQ flip-flop is reset
at the end of each memory access by the high-to-low transistion of the MEMCYCQ
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“signal. If either of the data registers is accessed by the local processor
during a DMA cycle, the local processor is held in a wait state until the DMA
cycle is complete. The DMA controller memory access timing is shown in Figure
4-5. The DMA logic equations are given in Table 4-8. The subscripts used in
the table refer to the respective flip-flop inputs.

suscek. 8-~ L L W W W W W W wr

DMABUSYQ V///// |
REQUESTQ i+ |
HOLD. B- | 7F |
HOLDA. B | ; L
GRANTA | 1
MEMENQ- | |
MEMCYCQ~ 1 l
WEQ- - f

READY .B VA VA
READYQ [ |

meavre /77772 777

BUSY. B- ] |

GRANTIN. B-

GRANTOUT. B- It J ]

FIGURE 4-5. DMA MEMORY ACCESS TIMING (1 WAIT STATE)
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TABLE 4-8. DMA CONTROLLER LOGIC EQUATIONS

REQUESTQ; = DMABUSYQ * (HOLD.B + HOLDA.B-)
REQUESTQgy = READYQ

GRANTQpgpg. = ALHOLDQ-

GRANTQ; = REQUESTQ * GRANTIN.B * HOLDA.B ¥ BUSY.B-

GRANTQg READYQ * ALHOLDQ-

MEMCYCQj REQUESTQ * GRANTQ

MEMCYCQg = READYQ

READYQ; = REQUESTQ * GRANTQ * READY.B
READYQy = READYQ
WEQ; = REQUESTQ * GRANTQ

WEQy = READYQ

WEQcLR- = WRITEQ
MEMENQ = REQUESTQ * GRANTQ
GRANTOUT .B- = (GRANTIN.B * REQUESTQ-)-

HOLD .B-

(REQUESTQ + GRANTQ)-

BUSY.B- = GRANTQ-

The DMA interface also contains the automatic bootload latch ALHOLDQ. This
latch is set during system power-up by either the PRES.B- signal or by an on-
board RC timing circuit. The automatic bootload can be disabled by jumpers.
When the ALHOLDQ latch is set, the disk controller activates the HOLD.B-
signal thus disabling the host processor. The ALHOLDQ latch remains active
until reset by the firmwares activation of the SYSINT- signal. The HOLD.B-
signal remains active until the end of the next DMA cycle. The automatic
bootload timing is shown in Figure U4-6. The processor memory timing with wait
states is shown in Figure 4-7.
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ALHOLDQ __|
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FIGURE 4-6.
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WRITE DMA READ DATA FROM WRITE DATA TO
ADDRESS WORD CONTROLLER DMA CONTROLLER
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owABUSYa [ —

DMASEL { L
RWBUSYQ V77774 7
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FIGURE 4-7. PROCESSOR MEMORY TIMING WITH WAIT STATES

4,7 READ/WRITE CONTROLLER

The read/write controller provides the interface between the local processor
memory bus and the disk drive serial data stream. A block diagram of the
read/write controller showing the major components is given in Figure 4-8. The
read/write controller contains a phase-locked loop (PLL) for data synchron-
ization, a PROM-based bit controller, a synchronization and precompensation
decode PROM, a flip-flop for data and clock separation, a PROM-based word
controller, a 16-bit data shift register, a eyclie-redundancy-check (CRC)
function, and a control register.

The read/write controller is a memory-mapped I/0 device on the local processor
memory bus. The local processor memory address is used to control the
operation of the read/write controller. The address bit utilization is given
in Table 4~9., These bits (MA7 through MA14) are loaded into the control
register during a memory write operation to the read/write controller. The
control register configures the bit controller, word controller, and the data
path for read or write operations.
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TABLE 4-9. READ/WRITE CONTROLLER BIT UTILIZATION

Base Address When Writing To Read/Write Controller Is A0001g

ADDRESS
BIT SIGNATURE FUNCTION

7 RESET- When active (low), RESET- clears OVERRUNQ and
and CRCERRORQ flip-flops.

8 EXPROM When active (high), EXPROM selects the expansion
section of the data separator, sync/precomp, or
read/write PROMs (jumper enabled).

9 READENABLE When active <(high), READENABLE allows the read/
write controller to search for address marks and
assemble data words.

10 BEREAD When active (high), BEREAD enables the phase-
lock loop to lock onto read data. When inactive
the phase-lock loop locks onto the crystal
oscillator.

11 READ When active (high), READ sets the data path
multiplexer and data separator to the read mode.

12 WRITEMARK When active (high), WRITEMARK enables the read/
write controller to write an 8-bit address mark
using the most-significant data byte as the
clock pattern (0 = delete clock, 1 = enable
clock).

13 ACCUMCRC When active (high), ACCUMCRC enables the CRC
generator to accumulate the CRC check word and
selects the data shift register to write data.
When inactive, the CRC check word is shifted to
write data.

14 PRESETCRC- When active (low), PRESETCRC- initializes the
CRC check word to all ones.

§.7.1 Read/Write Data Path

The read/write data path is shown in Figure 4-9. The data path is configured
for read or write operations by the control register. Read operations use all
blocks in the data path except the write data multiplexer and the precompensa-
tion shift register. Write operations use all blocks in the data path.

Write data is selected through the write data multiplexer as shown in Table
4-10. Write data is selected from either 8-bit section of the 16-bit data
shift register or from the CRC generator. While an address mark is being
written, the deleted clock pattern is contained in the least-significant half
of the data shift register. The bit controller selects data or clock informa-
tion through the write data multiplexer as required for data encoding.




The data path is configured for read or write operation by the READ
multiplexer (shown in Table 4-11) and by the BCREAD multiplexer (shown in
Table 4-12). The BCREAD multiplexer also controls the VCO phase detector

inputs which causes the VCO to synchronize to either read data or the local
processor clock.

ENABLE
DATA

CPU CPU cLock

l |

READ M BIT [——> M
DATA — L 8-BIT 8-BIT -
| U | CONTROLLER [—=1 o1 ReG [T SHIFT ReG u
X ROM N
READ ¢+
Yo ¥
' 7
" WRITE
8-BIT ML e | oA
SHIFT REG Y
) READ
pﬁé'ég,ﬁp SYNC PATTERN PHASE ERROR
ROM ADDRESS MARK DETECT

PRECOMP | COMPOSITE
SHIFT REG WRITE DATA

FIGURE 4-9. READ/WRITE DATA PATH
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TABLE 4-10. WRITE DATA MULTIPLEXER
(74LS151)
SELECT INPUT SIGNAL ROUTED TO OUTPUT
UPQ(SDWINDOW) | ACCUMCRC | WRITEMARK OUTPUT OUTPUT
SEL C SEL B SEL A Y W
0 0 0 CRCOUT CRCOUT-
0 0 1 CRCOUT CRCOUT-
0 1 0 SRDATAMSB SRDATAMSB-
0 1 1 SRDATAMSB SRDATAMSB-
1 0 0 1 0
1 0 1 SRDATALSB SRDATALSB-
1 1 0 1 0
1 1 1 SRDATALSB SRDATALSB-
NOTE: SELECT- is held low.
TABLE 4-11., READ MULTIPLEXER
OUTPUT SIGNAL SELECTED SIGNAL SELECTED
SIGNAL WHEN READ = O WHEN READ = 1
SETCRC- PRESETCRC- RW3Q(READSYNCQ-)
WINDOWJ UPQ(SDWINDOW) PHASEGOOD
DATAQ- WRITE DATA MUX RDATAQQ
FALSE OUTPUT
CRCIN WRITE DATA MUX SRDATALSB
TRUE OUTPUT
TABLE 4-12. BCREAD MULTIPLEXER
OUTPUT SIGNAL SELECTED SIGNAL SELECTED
SIGNAL WHEN BCREAD = 0 WHEN BCREAD = 1
UPCLK XTAL6MHZ UPQ(SDWINDOW)
DNCLK VCO6MHZ DNQ(PCLOADQ)
CLOCKSHIFT Logic ONE CLOCKWINDOW
BCTRIN MA12 RW1Q(RBCTRINQ)




4.,7.2 Bit Controller

The bit controller, shown in Figure 4-10, provides read data bit synchron-
ization and write data encoding. The bit controller provides inputs to the
PLL phase detector during reading and provides a synchronized data and clock
stream BC5Q(SDATAQ) to the data path. Data and clock information is not
separated by the bit controller. A half-bit-cell clock BCUQ(HBCLK) is
provided to the window flip-flop which performs the data separation function.
During writing, the bit controller encodes the write data into a data and
clock stream BCS5Q(SDATAQ), sets the window flip-flop to the correct state
using BCUQ(HBCLKQ) and UPQ(SDWINDOW), and provides a load signal DNQ(PCLOADQ)
for the precompensation shift register.

The phase-locked loop (PLL), shown in Figure 4-11, consists of a phase
detector, low-pass filter, voltage-controlled oscillator (VCO), a clock rate
multiplier, the bit controller, and part of the BCREAD multiplexer. During
write operations, the PLL synchronizes the VCO to a 6-MHz clock from the local
processor. During read operations, the bit controller synchronizes the VCO to
the incoming data stream producing a nominal 6-MHz clock which tracks the read
data.

5
Vi
y
BC1Q-BC5Q 3
DATAQ- ") BC4Q(HBCLKQ)
-+ -
__ READ 256 X 8 1 BC5Q(SDATAQ)
» ——{ REQ >

DNQ(PCLOADQ)

~ DDENSITY | PROM
-“+— ) >
UPQ(SDWINDOW)

BCCLK-

FIGURE 4-10. BIT CONTROLLER BLOCK DIAGRAM
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BCREAD

XTAL6MHZ
DDENSITY
READ 1AM
Y1
r vwa | UPCLK
READ BIT " PHASE
DATA ™ CONTROLLER DNGQ ux DNCLK DETCTOR
»{ B? e
1 v2 l
> a2
BCCLK —b ~Lg¥:$225
6MHZ-STD
3MHZ-MINI | l
RATE VCO6MHZ
MINI > muLTIPLIER [ * - Vveo

FIGURE 4-11. PHASE-LOCKED LOOP BLOCK DIAGRAM

The VCO output is used directly (6 MHz) for standard-size diskettes or divided
by two (3 MHz) for mini-sized diskettes by the rate multiplier. The
read/write controller operates synchronous to the VCO output clock.

Typical phase detector timing for double-density read operations is shown in
Figure 4-12. The phase detector inputs, UPQ(SDWINDOW) and DNQ(PCLOADQ) are
used to cause phase corrections of 1, 2, or 3 bit controller clock periods.
Note that the phase detector has negative-edge triggered inputs.

The bit controller state diagrams for writing single density (FM) and double
density (MFM) are shown in Figures 4-13 and 4-15. The state transitions occur
vertically from top to bottom of the diagram except as shown. The bit
controller timing diagrams for writing FM and MFM are shown in Figures 4-14
and 4-16.

The bit controller state diagrams for reading FM and MFM are shown in Figures
4-17 and 4-18. 1In the absense of a data pulse from the disk drive, the state
transitions occur vertically from top to bottom of the figure. If a data
pulse occurs, the horizontal state transition path (if shown) is taken and the

indicated phase correction is made (E1, E2, etc.) using UPQ(SDWINDOW) and
DNQ(PCLOADQ)
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UPQ (SDWINDOW) 1 " ™ y 1
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(b) Data Occurs Late In Window

FIGURE 4-12. DOUBLE DENSITY PHASE DETECTOR TIMING
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STATE  gp 07 gg 019210 14 1245 08 99 OA g 03, 05 g 14 45 16 4 OC g O g 07 o

UPQ(SDWINDOW) | 1 [~
DNQ(PCLOADQ) ] M
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FIGURE 4-14. WRITE FM TIMING
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FIGURE 4-15. BIT CONTROLLER WRITE MFM STATE DIAGRAM
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4.7.3 Synchronization and Address Mark Detection

Synchronization and address mark patterns are recorded on the disk preceding
ID and data fields. Synchronization patterns allow the phase-locked loop to
lock into syne with the incoming data and provide a data and clock reference
for bit synchronization. Address marks provide a reference for byte
synchronization. Address marks are unique bit patterns which violate the
encoding rules by deleting clock bits. The synchronization and address mark
patterns for various recording formats are given in Table 4-13.

The synchronization and address mark patterns are detected by the sync/
precompensation PROM. The incoming clock bit pattern is shifted into an 8-bit
shift register and decoded by the PROM. 1If a phase error condition exists
during a synchronization pattern, the window flip-flop is held in the clock
window state until the phase is correct. This process is shown in Figure
4-19. The sync detect, address mark detect, and phase error conditions are

encoded into the AM+PHASERR and SYN+PHASERR signals for use by the word
controller.

TABLE 4-13. SYNCHRONIZATION AND ADDRESS MARK PATTERNS

IBM-FM IBM-MFM TI-MFM
PATTERN FORMAT FORMAT FORMAT
Sync Data 00000000 00000000 01010101
Sync Clock 11111111 11111111 00000000
Track AM Data 11111100 11000010
Track AM Clock 11010111 00010100
ID AM Data 11111110 10100001 00001010
ID AM Clock 11000111 00001010 01010000
Data AM Data 11111011 10100001 00001011
Data AM Clock 11000111 00001010 01010000
Delete AM Data 11111000 10100001
Delete AM Clock 11000111 00001010
Synchronization
Phase Error XXX00000 XXX00000 XX010101
Clock Pattern

NOTE

IBM-MFM address marks are repeated 3 times and
followed by the appropriate IBM-FM address mark data
pattern and normal clock pattern.
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(a) IBM FORMAT

XXXXX00 0ooco0c 0000001 0000010
CONTENTS OF CLOCK

SHIFT REGISTER ¥ | XXXX000 | XXX0000 | XX00000 | X00000O l\ | V | 4 | oooot01 | 0001011 | 0010111 |

Bese soata® ] [ [ L L L L LT L 1 J

cockwrnoow 1 [ [ L[ 1_J J J LJ L
o T LT L UL UL
AM + PHASERR [ —
SYN + PHASERR 777} J 1

(b) TI FORMAT

0101010
CONTENTS OF CLOCK |
SHIFT REGISTER | xxxxx01 | xxxx010 | xxx0101 | xx01010 | x010101 | ¥ | 1010100 | 0101000 | 1010000 |

BCSQ (SDATA®) [ | L 1 1 7L
CLOCKWINDOW — LJ J I 17 1 L J_—L. L
cokswret- 1 [ L L W U U WU ur
AM + PHASERR [ 1

SYN + PHASERR /77 [ 1

l

*NOTE :
False address mark detection will be ignored by read/write controller.

FIGURE 4-19. PHASE ERROR RECOVERY TIMING DIAGRAM

4-30



4.7.4 Precompensation

Data precompensation is a method of compensating for bit shift caused by the
magnetic media. The write data is shifted in the direction opposite of the
expected shift due to the media prior to recording the data. The
precompensation process is performed by two 8-bit shift registers and a PROM
(a 74LS166 at U63) which is also used for synchronization and address mark
detection.

Data and clock bits are shifted into an 8-bit shift register. The shift
register parallel outputs are encoded by the sync/precompensation PROM. The
precompensation patterns are given in Table 4-14. The PROM outputs are loaded
into another 8-bit shift register and shifted by a 6 MHz clock to produce a

16T-nanosecond precompensation. The output shift register timing is shown in
Figure 4-20. -

TABLE 4-14., ROM-GENERATED PRECOMPENSATION PATTERNS

ROM INPUT SIGNAL ROM OUTPUT SIGNAL COMMENT
RFMIWPCOMP | CR1{CR2|CR3|CRY4|CR5|CR6{CRT | PCE|PCEO|PCO|PCLO|PCL
1 X X 0 © 1 0 o0 0 1 1 1 0 On-Time
1 X X 0 o0 1 0 1 0 0 1 1 1 Late
1 X X 0 0 1 1 0 0 O 1 1 1 Late*
1 X X 0 0 1 1 1 0 o 1 1 1 Late*
1 X X 0 1 1 0 O 1 1 1 0 0 Early#*
1 X X O 1 1 0 1 1 1 1 0 0 Early#*
1 X X 0 1 1 1 0 0 1 1 1 0 On-Time#*
1 X X o0 1 1 1 1 0 1 1 1 0 On-Time*
1 X X 1 0 1 0 0 1 1 1 0 0 Early
1 X X 1 0 1 0 1 0 1 1 1 0 On-Time
1 X X 1 0 1 1 0 0 O 1 1 1 Late*
1 X X 1 0 1 1 1 0 o 1 1 1 Late®
1 X X 1 1 1 0 O 1 1 1 0 0 Early#*
1 X X 1 1 1 0 1 1 1 1 0 0 Early#*
1 X X 1 1 1 1 0 0 1 1 1 0 On-Time#*
1 X X 1 1 1 1 1 0 1 1 1 0 On-Time*
X X X X X 0 X X 0 O 0 O 0 No Data
0 X X X X 1 X X 0 1 1 1 0 Disabled
NOTES

1. X is a don't care condition.

2. Patterns marked with an asterisk (*) do not
occur for double-density (MFM) encoding.
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veosmiz ~ | [ LT LT L L LS Mgy uuy
DNQ (PCLOADQ) F"'] |

WDATA (EARLY) [ |

WDATA (OWN-TIME) | |

WDATA (LATE) | 1

FIGURE 4-20. PRECOMPENSATION SHIFT REGISTER TIMING

4,7.5 Word Controller

The word controller, shown in Figure 4-21, provides data synchronization on a
16-bit word basis. During reading, the word controller operates as a
PROM-based controller to check for a synchronization pattern followed by an
address mark before establishing word synchronization. The word controller
read mode flowchart is given in Figure 4-.22, If a phase error is encountered
prior to word synchronization, the word controller corrects the window
flip-flop using the PHASEGOOD signal. During writing, the word controller
operates as a logic array. The word controller logic equations are given in
Table 4-15.

The word controller provides the interface between the read/write controller
and the local processor. When the read/write controller is accessed as a
memory-mapped I1/0 device, the word controller causes the local processor to
enter a wait state until the data transfer occurs by using the RWBUSYQ signal.
If the processor is not accessing the read/write controller at the time when a
data transfer must occur, the OVERRUN latch is set.

The word controller utilizes a 4-bit counter to count data bits. During data
transfer, the counter is cleared and sixteen data bits are counted. During
address mark transfer, the counter is set to eight and eight data bits are
counted. When the counter carry occurs, data is transferred between the data
shift register and the local processor. The word controller timing is shown
in Figures 4-23, L4-24, and U4-25.
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BCTRCARRY # DCMDLOADG

RWSELQ _ RWSELQ
 RWSEL
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~ CLOCKWINDOW T —->
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FIGURE 4-21. WORD CONTROLLER BLOCK DIAGRAM
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1 000 l 010 T 110

0 — BCTRLOAD-

001

SYN + PHASERR
Y

AM + PHASERR

SYN + PHASERR

RWSELG

RWSELQ

Y

0 — BCTRLOAD~ 0 — BCTRLOAD~
41 — RWBUSY-

0 —~ BCTRLOAD-
T — RWBUSY-

011 100 . l

!

1 —~ SETOVERRUN
1 — RWBUSY-

AM + PHASERR

N
BCTRCARRY
Y

0 — BCTRLOAD-
1 — RWBUSY-

|

NOTES

1. Binary States (000 to 110) are shown atop some rectangular blocks
some blocks are left blank (used only to show state).

2. The final procedure block in the lower right is the last block to
states 010, 100, and 110,

FIGURE 4-22. WORD CONTROLLER READ MODE FLOWCHART
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TABLE 4-15. WORD CONTROLLER LOGIC EQUATIONS

PHASEGOOD = READENABLE * AM+PHASERR * SYN+PHASERR * ( 000 + 001 + 010 + 011 )
RWBUSY- = READENABLE * RWSELQ * BCTRLOAD + READENABLE- * RWSELQ * BCTRCARRY

SETOVERRUN = READENABLE * RWSELQ- ¥ BCTRLOAD * + READENABLE- * RWSELQ-
* BCTRCARRY

BCTRLOAD = READENABLE * ( 001 *¥ SYN * AM- + 011 * BCTRCARRY ¥ (SYN * AM)-
+ 010 * AM *® SYN- + 100 * (BCTRCARRY + AM * SYN-) + 110 ¥
BCTRCARRY) + READENABLE- * RWSELQ * BCTRCARRY
DCMDLOAD = RWBUSY- * RWREAD-
NOTE
Binary numbers (e.g. 011) represent the word controller
state defined by the signals RW3Q, RW2Q, and RW1Q.
BIT COuNTER | 12 | 13 | 14 | 15 | o8 | 19 | 2710 |
cockwznoow [ L L. L J LJ ] o[
RWSEL T | ) 44/,
RWSELQ |~ © T T |
RWREAD- 77727777777777777;27;;77[ F;;;;;;;;;;;;;;;:?:::QQ;

BCTRCARRY I l

BCTRLOAD- I I
RWBUSYQ | I

FIGURE 4-23. WORD CONTROLLER READ TIMING
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BIT COUNTER | 12 | 13 | 14 | 15 | o8 | 19 | 2/0 |

cockurwoow || | [ L[ 1 L I L I
RUSEL _— """~ """ """ | V//A

RWSELQ """ """ [ |

RwreA>- /77777177 777777777 VL1 nriiiriiiizzy
BCTRCARRY [ L

BCTRLOAD- L

DCHDLOAD [ 1

bCMDLOADG [

RWBUSYA J

FIGURE 4-24. WORD CONTROLLER WRITE TIMING

BIT COUNTER I x ] x | x | o | 1 | 2 | 3 ]
CLOCKWINDOW P L I 0 I v
CLOCKSHIFT- LJ L] L] L L] 1 L
AM+PHASERR [ |
syw+PHASERR [/ /// /17 [/ [1/ 1111111117 VI iz
seTReaRRY /7111111111111
BCTRLOAD- | |

RW3(READSYNCQ~) |

SETCRC- |

FIGURE 4-25. WORD CONTROLLER READ TIMING-ADDRESS MARK DETECT
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4,7.6 Control of Read and Write Operations

Read and write operations are controlled by the CRU output bits DDENSITY and
RFMTWPCOMP and by the control register. Writing an ID or data field is
accomplished by changing the control register contents while loading the data
into the read/write controller. The ID field write timing is shown in Figures
4-26 and 4-28., Reading an ID or data field is accomplished by using the
control register to start the word controller. The word controller detects
the address mark, synchronizes the data, and starts the CRC checking process.
The ID field read timing is given in Figures 4-27 and 4-29.

The CRC check output is latched in the CRCERROR flip-flop and held valid for
one 16-bit word time. The CRCERROR signal must be sampled during this time at

the end of a read operation. The CRC error latch timing is shown in Figure
4-30.

DATA BYTE lSYNISYN[SYN[SYNISYNISYNI AM1|191]102[193|104[CRC}CRC| 00 | 00 |
DCMDLOAD [] f] ] [] [] [] 4[] [17 rl []

RESET- | L
WRITEMARK ]

ACCUMCRC I m
PRESETCRC- l ; I
WGATE [ |

FIGURE 4-26. 1ID FIELD WRITE TIMING - SINGLE DENSITY
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DATA BYTE | X | X lSYNISYN|SYN|SYN|SYN|SYNIAM1|ID1|IDZ| 1|>3| ID4|CRC|CRC] X ] X | X | X |

RUBUSY U u U U U
REsET™ | L
READENABLE | 1
BCREAD | L
— 1
RW3Q | L
RW2q I L | L
e U L
PHASEGOOD 77/ U (YHHTTTTITITIIIIiiiii
CRCERRORQ VI A L JL_
FIGURE 4-27. ID FIELD READ TIMING - SINGLE DENSITY
DATA BYTE  [SYN[SYN| --- [sYN[syn| a1 | a1 | a1 ] FE | 101|102] 103] 104] cRC | cRe] 00 | 00 |
pcMoLoAD ] ., N M-I f1L 11 I1 1 I .
RESET- | L
WRITEMARK [ L
accuMeRe | L
PRESETCRC- J L
ueATE | |

FIGURE 4-28.

ID FIELD WRITE TIMING -~ IBM DOUBLE DENSITY
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DATA BUTE  |SYN|SYN|SYN|SYN|SYN|SYN| A1] A1 | a1 FE | 101 |102]1D3|104[CRC]CRe] X | X | x | X |

RWBUSY uud U U u u U
RESET- | L
READENABLE | L
BCREAD | L
READ | ‘ l_
RW3Q [ L
RW2Q LT L_J L
o [
PHASEGO0D ///] U i
ereerrora __ 7/ /7777777777777 77777 I -

FIGURE 4-29. 1ID FIELD READ TIMING - IBM DOUBLE DENSITY

BIT COUNTER | ¢ | 72 | & | 9 | 10 | mn |

clockwzwoow [ [ [ L L L] L]
atawrnoow — | [ L[ L L L[ 1

scs I
acsa F
CRCERROR ///// [/ /LI L[ LIA VI
CRCERRORG- L

FIGURE 4-30. CRC ERROR LATCH TIMING
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APPENDIX A

DISKETTE FORMATS AND CORRESPONDING DISK DRIVES

Disk Drive Formats

Diskette Formats CDC SA SA Qume

9404B 400 800 DT-8
IBM Single Density/1 Side X X X‘ X
IBM Double Density/1 Side X X X
TI Double Density/1 Side X X
IBM Single Density/2 Sides X
IBM Double Density/2 Sides X
TI Double Density/2 Sides X




Hex

Value

Word O | DISK SIZE (Std=1) SURFACES (1) 0101
0 78 15

Word 1 NUMBER OF TRACKS (77) oouD
0 15

Word 2 HEAD STEP TIME (1000 10-us units) 03E8
0 15

Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15

Word 4 HEAD LOAD TIME (3500 10-us units) ODAC
0 15

Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03ES8
0 15

ENSITY SYNC TYPE

Word 6 FM=0 IBM=0 INTERLACE FACTOR=0 0000
0 34 7 8 15

Word 7 SEC/TRACK=26 BYTES PER SECTOR=128 6880
0 56 15

Notes: 1. This is the default format for bootstrap load with
jumper J8 installed.
2. For Shugart 800 only.

FIGURE A-1. IBM SINGLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 1 OF 3
(SHUGART 800 ONLY)
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Hex

Value
Word O DISK SIZE (Std=1) SURFACES (1) 0101
0 78 15
Word 1 NUMBER OF TRACKS (77) 004D
0 15
Word 2 HEAD STEP TIME (2750 10-us units) OABE
0 15
Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15
Word 4 HEAD LOAD TIME (6000 10-us units) 1770
0 15
Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 15
DENSITY SYNC TYPE
Word 6 FM=0 IBM=0 INTERLACE FACTOR=0 0000
0 34 7 8 15
Word 7 SEC/TRACK=26 BYTES PER SECTOR=128 6880
0 56 15

Note: For CDC 94C4B only.

FIGURE A-1. IBM SINGLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 2 OF 3
(CDC 9404B ONLY)
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Hex

Value

Word O DISK SIZE (Std=1) SURFACES (2) 0102
0 78 15

Word 1 NUMBER OF TRACKS (77) 004D
0 78 15

Word 2 HEAD STEP TIME (300 10-us units) 012C
0 15

Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 78 15

Word U HEAD LOAD TIME (3500 10-us units) ODAC
0 78 15

Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 78 15

Word 6 DENSITY SYNC TYPE INTERLACE FACTOR=0 0000

FM=0 I1BM=0

0 34 7 8 15

Word 7 SEC/TRACK=26 BYTES PER SECTOR=128 6880
0 56 15

Note: For Qume DataTrak 8 only.

FIGURE A-1. IBM SINGLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 3 OF 3)
(QUME DATATRAK 8 ONLY)
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Hex

Value

Word O | DISK SIZE (Std=1) SURFACES (1) 0101
0 7 8 15

Word 1 NUMBER OF TRACKS (77) 004D
0 15

Word 2 HEAD STEP TIME (1000 10-us units) 03ES8
0 15

Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15

Word 4 HEAD LOAD TIME (3500 10-us units) ODAC
0 15

Word 5 i HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 15

ENSITY |SYNC TYPE

Word 6 | MFM=1 IBM=0 INTERLACE FACTOR=0 1000
0 34 78 15

Word 7 | SEC/TRACK=26 BYTES PER SECTOR=256 6900
0 56 15

Note: For Shugart 800 only.

FIGURE A-2. IBM DOUBLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 1 OF 2
(SHUGART 800 ONLY)
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Hex

Value
Word O DISK SIZE (Std=1) SURFACES (2) 0102
0 78 15
Word 1 NUMBER OF TRACKS (77) 004D
0 15
Word 2 HEAD STEP TIME (300 10-us units) 012C
0 15
Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15
Word 4 HEAD LOAD TIME (3500 10-us units) ODAC
0 15
Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 , 15
DENSITY SYNC TYPE
Word 6 MFM=1 IBM=0 INTERLACE FACTOR=0 1000
0 34 7 8 15
Word 7 SEC/TRACK=26 BYTES PER SECTOR=256 6900
0 56 15

Note: For Qume DataTrak 8 only.

FIGURE A-2. IBM DOUBLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 2 OF 2
(QUME DATATRAK 8 ONLY)
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Hex

Value

Word O | DISK SIZE (Std=1) SURFACES (1) 0101
0 7 8 15

Word 1 NUMBER OF TRACKS (77) 004D
0 15

Word 2 " HEAD STEP TIME (1000 10-us units) 03E8
0 15

Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15

Word 4 HEAD LOAD TIME (3500 10-us units) ODAC
0 15

Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 15

ENSITY [SYNC TYPE

Word 6 | MFM=1 TI=1 INTERLACE FACTOR=0 1100
0 34 78 15

Word 7 | SEC/TRACK=26 BYTES PER SECTOR=288 6920
0 56 15

Note: For Shugart 800 only.

FIGURE A-3. TI DOUBLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 1 OF 2
(FOR SHUGART 800 ONLY)
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Hex

Value
Word O DISK SIZE (Std=1) SURFACES (2) 0102
0 7 8 15
Word 1 NUMBER OF TRACKS (77) 004D
0 15
Word 2 HEAD STEP TIME (300 10-us units) 012C
0 15
Word 3 STEP SETTLING TIME (1500 10-us units) 05DC
0 15
Word 4 HEAD LOAD TIME (3500 10-us units) ODAC
0 15
Word 5 HEAD UNLOAD TIMEOUT (1000 ms) O3ES8
0 15
ENSITY SYNC TYPE
Word 6 MFM=1 TI=1 INTERLACE FACTOR=0 1100
0 34 7 8 15
Word 7 SEC/TRACK=26 BYTES PER SECTOR=288 6920
0 5 6 15

Note: For Qume DataTrak 8 only.

FIGURE A-3. TI DOUBLE DENSITY DEFINE DRIVE FORMAT BLOCK, SHEET 2 OF 2
(FOR DATATRAK 8 ONLY)
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Hex

Value
Word O DISK SIZE (Mini=0) SURFACES (1) 0001
0 7 8 15
Word 1 NUMBER OF TRACKS (35) 0023
0 15
Word 2 HEAD STEP TIME (4000 10-us units) OFAO
0 15
Word 3 STEP SETTLING TIME (1000 10-us units) 03E8
0 15
Word 4 HEAD LOAD TIME (7500 10-us units) 1D4C
0 15
Word 5 HEAD UNLOAD TIMEOQOUT (1000 ms) 0O3E8
0 15
DENSITY
Word 6 FM=0 SYNC TYPE INTERLACE FACTOR=0 0000
0 34 7 8 15
Word 7 SEC/TRACK=16 BYTES PER SECTOR = 128 4080
0 56 15

FIGURE A-4, MINI SINGLE DENSITY DEFINE DRIVE FORMAT BLOCK
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Hex

Value

Word O DISK SIZE (Mini=0) SURFACES (1) 0001
.0 78 15

Word 1 NUMBER OF TRACKS (35) 0023
0 15

Word 2 HEAD STEP TIME (4000 10-us units) OFAO
0 15

Word 3 STEP SETTLING TIME (1000 10-us units) 03ES8
0 15

Word 4 HEAD LOAD TIME (7500 10-us units) 1DUC
0 15

Word 5 HEAD UNLOAD TIMEOUT (1000 ms) 03E8
0 15

ENSITY

Word & MFM=1 SYNC TYPE INTERLACE FACTOR = O 1000
0 34 7 8 15

Word 7 SEC/TRACK=16 BYTES PER SECTOR = 256 4100
0 56 15

FIGURE A-5. MINI DOUBLE DENSITY DEFINE DRIVE FORMAT BLOCK
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APPENDIX B

DISK DRIVE SPECIFICATIONS

TABLE B-1. MINI (5.25 INCH) FLOPPY DRIVE SPECIFICATIONS

Single Density Double Density Measure
PERFORMANCE SPECIFICATIONS
Diskette Capacity
Unformatted
Per Surface 875 1750 kilobits
Per Track 25 50 kilobits
IBM Format
Per Surface 71,680 143,360 bytes
Per Track 2,0u48 4,096 bytes
Per Sector 128 256 bytes
Transfer Rate
Total 125 250 kilobits/sec
Data 81 162 kilobits/sec
Rotational Latency (Avg) 100 100 milliseconds
Seek Time
Track to Track 4o 4o milliseconds
Average 463 463 milliseconds
Settling Time 10 10 milliseconds
Head Load Time 75 75 milliseconds
FUNCTIONAL SPECIFICATIONS
Rotational Speed 300 300 rpm
Recording Density (Inside
Track) 2581 5162 bpi
Flux Density 5162 5162 . fei
Track Density 48 48 tpi
Tracks 35 35
Sectors per Track (Soft) 16 16
Index ) 1 1
Encoding Method FM MFM
Media Requirements (2
Sided) SA104 SAT04




TABLE B-2. STANDARD (8 INCH) FLOPPY DRIVE SPECIFICATIONS

Single Density Double Density Measure
PERFORMANCE SPECIFICATIONS
Diskette Capacity
Unformatted
Per Surface 3.2 6.4 megabits
Per Track 41.7 83.3 kilobits
IBM Format
Per Surface 256,250 512,512 bytes
Per Track 3,328 6,656 bytes
Per Sector 128 256 bytes
TI Format
Per Surface 576,576 bytes
Per Track 7,488 bytes
Per Sector 288 bytes
Transfer Rate
Total 250 500 kilobits/sec
Data 159 318 kilobits/sec
Rotational Latency (Avg) 83 83 milliseconds
Seek Time
Track to Track 10 10 milliseconds
Average 260 260 milliseconds
Settling Time 8 8 milliseconds
Head Load Time 35 35 milliseconds
FUNCTIONAL SPECIFICAITIONS
Rotational Speed 360 360 rpm
Recording Density (Inside
Track) 3200 6400 bpi
Flux Density 6400 6400 fei
Track Density 48 48 tpi
Tracks 77 77
Sectors per Track (Soft) 26 26
Index 1 i
Encoding Method FM MFM

Media Requirements SA100/IBM Diskette II SA100/IBM Diskette II




APPENDIX C

DISKETTE TRACK FORMATS

C.1 GENERAL

This appendix shows the format associated with the five formats compatible
with the TM 990/303A floppy disk controller:

Format Figure

Standard-size, single-density track format C-1
IBM-compatible, standard-size, double-density track format c-2
TI-compatible, standard-size, double-density track format C-3
Minj-size. single-density track format c-4
Mini-size, double-density track format C-5

C.2 NOMENCLATURE

In the figures in this appendix, cirecled numbers are used to identify
various fields and markers. These numbers represent the following:

(:) Sync Field. This field synchronizes the diskette drive circuitry
to the information being read from the diskette.

<:> AM1 (Address Marker 1). This marker identifies the information
that follows as being the ID field.

3) ID Field.

a. Formats other than TI double density. The ID field consists of
four bytes of information identifying the address and size of the
sector.
e First byte. Track number (004¢ thru 4Cig)
e Second byte. Head number (004g = side 0, 0145 = side 1)
e Third byte. Record number with 1 record per sector (1 thru 26)
e Fourth byte. Physical record length in bytes:

004¢ = 128 bytes

0116 = 256 bytes

b. TI double density format. Three words as follows:

ID Word 1 HEAD 0 0 0 O TRACKS

0 4 5 89 15
ID Word 2 RECORDS PER TRACK = 1A4q RECORD NUMBER

0 78 15
ID Word 3 BYTE COUNT = 01204¢

0 15



© ® @ © ©

@

S

Cyclic Redundancy Check (CRC). The CRC is the 16-bit remainder

value generated on a write data or write format operation by per-
forming a polynomial division of the string of bits including the
address mark and the data field using the following polynomial
divisor:

In addition, to reduce the possibility of a false CRC check, a

partial remainder value of FFFF1g is preset into the CRC generator
prior to any CRC generation or checking operation.

During an ID location or read data operation, the address mark and
following data, including the previously written CRC value, are
again divided by the divisor polynomial. If the data does not
contain any errors, the resulting remainder value in the CRC gener-
ator wil be 0000.

Gap 2. This contains the fixed number of gap data bytes.

AM2 (Address Marker 2). This identifies the field that follows as
being a data record or a deleted data record.

Data Record. A Data Record field contains the bytes of data.

Gap 3. This contains two bytes of binary zeroes followed by a
variable number of gap data bytes.

Gap UB. This is the pre-index gap which consists of a variable
number of gap data bytes.

Gap 4A. This is the post-index gap which consists of a fixed number
of gap bytes.

Track AM. This follows the index mark and identifies the start of
a track.

Gap 1. This consists of two bytes of zeroes followed by a fixed'
number of gap data bytes.

c-2



NO. OF
BYTES

RGTATION
EEEE—

/////f——TRACK 76

TRACK 00

C-3

- ‘ \\
- ~N
- P e //// ; \\ ~ - > N
- - < / 7/ \ ~
- -~ ~
P —~ P - //// | N\ A ~ N ~ ~
SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR
25 26 01 02 03 04
7 // h i\\
/ , \\
/ / \\
/7 / NI
/ y INDEX HOLE -
/ ~ -
™~
/ / . ~
/ \\‘\
y GAP GAP SYNC | TRACK | GAP ~
y 4B 4A FIELD AM 1 ~ -

/ NO. OF | 547 40 6 1 26 -
T @ & © ™
SYNC 1D GAP SYNC GAP
fzewd | AM 1 | Freln | CRC 5 FIELD AM 2 DATA RECORD CRC 3
6 1 4 2 11 6 1 128 2 27

188 TOTAL BYTES .
FIGURE C-1. STANDARD-SIZE, SINGLE-DENSITY TRACK FORMAT




ROTATION
_—
TRACK 76

TRACK 00

~ - / 7 ~ -
-7 Ve s/ | \ ~ ~ >
- - Vavs \ ~ ~
- e | ~
-~ P avd \ ~ \
- - /s 7/ | N ~ ~
g s Vs ~ ~
N ~
SECTOR | SECTOR SECTOR SECTOR SECTOR SECTOR
25 26 01 02 03 04
/ NN
// y ~\L
/ / S
/ g AN
y ,/ INDEX HOLE S
/ / S~
~ ~
7/ / ~ ™~
/ o
4 GAP GAP | SYNC | TRACK | GAP >~
// 48 4A | FIELD | AM 1 ~
/ NO. OF ' 508 | g0 | 12 4 | 50 [N
( BYTES \\I

| ® © O O ® |

SYNC ID GAP SYNC GAP
AM 2
FIELD AM 1 FIELD CRC > FIELD DATA RECORD CRC 3

NO. OF| 12 4 22 12 4 256 2 54

T O 0 ® 0 0 0 © o 6

- 372 TOTAL BYTES

v

NOTE

Shown above is for all tracks except track 0, side 0;
track 0, side 0 shown in next page.

FIGURE C-2. IBM-COMPATIBLE STANDARD-SIZE DOUBLE DENSITY TRACK FORMAT
(PAGE 1 OF 2)

c-4



ROTATION
R ——

TRACK 76

TRACK 00

~
P - = ~
SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR
25 26 01 02 03 04
/ // \\iik
// / \\\\
/ \‘\
7 / \Q\
y p INDEX HOLE N
/ / \\\ ~
7/ / . ~
/ ~
// GAP GAP | SYNC | TRACK | GAP ~
y 4B 4A FIELD AM 1 ~ -

/ NO. OF 40 6 1 26 ~
( BYTES 247 ~
| ® © W ® 1
!

SYNC 1D GAP | SYNC GAP

M2
freLp | MM 1 | pieLp | CRC A FIELD A DATA RECORD CRC 3
NO. OF 6 1 4 2 11 6 1 128 2 27
BYTES

188 TOTAL BYTES

NOTES

1. Shown above is track 0, side 0; other tracks on side O
and all tracks on side 1 on previous page.

2. Shown are physical sector numbers.
sector 0 only, only logical sectors 1 to 13 are present.

In this format for

Y

FIGURE C-2. IBM-COMPATIBLE STANDARD-SIZE DOUBLE DENSITY TRACK FORMAT
(PAGE 2 OF 2)
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ROTATION
—_—

TRACK 76
TRACK 00
rd
— - I 4 ~ A ~
e - - - s I \ ~ ~
~ / /s / N ~ ~
- - v | \ N ~
- ~ e ‘ N -
SECTOR | SECTOR SECTOR SECTOR SECTOR SECTOR
24 25 00 01 02 03
/ ~NON
// , \\\
Y / \\
/ \§
~
7 ,/ INDEX HOLE S~
7/ / ~ ~ ~
/ ~ ~ - N
GAP GAP | SYNC | TRACK | GAP ~
7 4B 4A | FIELD | AM 1 ~
/ NO. OF [ 473 0 0 0 51 T~
BYTES <:> . \\T
® @ |
SYNC D GAP | SYNC GAP
fretn | M1 | prelp | CRC 2 rELp | AM 2 | DATA RECORD | CRC 3
NO. OF| 12 1 6 2 21 8 1 288 2 51
BYTES
- 392 TOTAL BYTES -
FIGURE C-3. TI-COMPATIBLE, STANDARD-SIZE, DOUBLE-DENSITY TRACK FORMAT
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NO. OF
BYTES

ROTATIO

N

—

C-7

TRACK 34
TRACK 00
P
~ - e 77 N ~ ~ ~
- e
- ad \ ~ ~
- 7 s | N N -
- - e 7 //// | N ~ - >~
SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR
15 16 01 02 03 04
7/ ~ON
// y ~N
/ \\
/ ; N
7 / \t ~
/ Y, INDEX HOLE NN
/ / \\\ ~
/ / ~ ~ - -
y, GAP GAP SYNC TRACK GAP ~
y oo 4B LA FIELD AM 1 ~ .
/ NO. OF 0 1 ~
BYTES 101 0 0 6 ~ \7
SYNC ID GAP SYNC GAP
FIELD AM 1 FIELD CRC > FIELD AM 2 DATA RECORD CRC 3
6 1 4 2 11 6 1 128 2 27
- 188 TOTAL BYTES >
FIGURE C-4. MINI-SIZE, SINGLE-DENSITY TRACK FORMAT




ROTATIO

N

—_—

TRACK 34

TRACK 00

_ -~
P - - ~
SECTOR SECTOR SECTOR SECTOR SECTOR SECTOR
15 16 01 02 03 04
4 // \‘iik
// / \\\\
/ N~
7 / \Q\
/ y INDEX HOLE N
/ / \\\ ~
/ / ~ ~ - -
y GAP GAP SYNC TRACK GAP ~
y 48 4A FIELD AM 1 ~ -

/ NO. OF | 5.3 0 0 0 50 G
( BYTES \w
| ® ® O @ ®
|

SYNC ID GAP SYNC GAP

FIELD AM 1 FIELD CRC 5 FIELD AM 2 DATA RECORD CRC 3

NO. OF[ 12 4 22 12 4 256 2 54
BYTES

O

® & ©

FIGURE C-5.

® O

372 TOTAL BYTES

c-8
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MINI-SIZE, DOUBLE-DENSITY TRACK FORMAT

Y
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APPENDIX E

PROGRAMMING PROM FOR UNIQUE CRU ADDRESS

E.1 GENERAL

A program in the T74LS287 PROM in socket U13 of the TM 990/303A board is used
to specify the CRU base addresses for communication through the Communication
Register Unit (CRU) as described in section 3.3. Two base addresses are used,
one to transfer address bytes of the Command List (hardware base address
01081¢ or software base address 02101¢6) and one to transfer command signals
(hardware base address 0110qg or software base address 02201¢4). These
addresses are the result of the PROM monitoring address lines A3 to A10 and
thus enabling/disabling the data transfer signal (DATASEL) or the command
transfer signal (CMDSEL-) by its programmed contents. This means that the user
can replace this PROM with another programmed PROM in order to use a different

Displacement
To Disk CRU Bit and From Disk From Hardware
Controller (Hardware Base Addresses) Controller Base Addr
LSB Base + 0 (100) 0
1 0
Command 2 0
List 3 0
Address y 0
5 0
! : :
MSB 7 0
LSB Base + 8 (108) 0 0
9 0 1
Command A 0 2
List B 0 3
Address C 0 4
l D 0 5
E 0 6
MSB F 0 7
COMMAND Base + 10 (110) 0 8
0] 1 0 9
CUE 12 0 10
0 13 ACCEPT 11
0 14 BUSY 12
INTERRRUPT ENABLE 15 0 13
RESET 16 0 14
0 Base + 17 (117) INTERRUPT ISSUED 15
COMMAND 18 (118) 0
0 19 0
CUE 1A 0
0 1B ACCEPT
0 1C BUSY
INTERRRUPT ENABLE 1D 0
RESET 1E 0
0 Base + 1F (11F) " INTERRUPT ISSUED

FIGURE E-1. CRU ADDRESS SCHEME FOR TRANSFERRING COMMAND LIST ADDRESS
AS SHIPPED FROM FACTORY



SOFTWARE BASE ADDRESS
A

4 N
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
X X X | R12
DON'T CARE | ,

Y

HARDWARE BASE ADDRESS

8 9 10 11 12 13 14 15
ADD SIGNED

\Mj&jg_5L__E, DISPLACEMENT

BIT SIGN
EXTENDED J::L
6o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

lofofof T [T T [ I T T T 1 1 T | aooressoeus

k_____v____A¥, —~ )
SET TO ZERO EFFECTIVE CRU BIT ADDRESS
FOR ALL CRU ON ADDRESS LINES A3 TO Al4
OPERATIONS

. — J

HARDWARE BIT ADDRESS

FIGURE E-2. CRU ADDRESS NOMENCLATURE

CRU addressing scheme (the scheme as shipped is shown in Figure E-1). The
relationship between the address bus, hardware base address, and software base
address is shown in Figure E-2.

Note in Figure E-1 that the first eight CRU bits (at hardware base address
01007¢) are the address (data) bytes to be transferred serially to the disk
controller. The next eight CRU bits (hardware base address 010816) are a
repeat of the first eight bits. This is the same for the second 16 CRU bits
which contain the command data for the address-byte transfer -- the first
eight bits (hardware base address 01101¢) are repeated in the second eight
bits (hardware base address 01181g). The reason for the first eight bits being
repeated is that address line A11 is not monitored in this address scheme.
Only address lines A3 to A10 are decoded by the PROM at U13; thus, the value
on A1l is not taken into consideration for the CRU address. If the value on A3
to A10 remains the same while A11 is toggled, the PROM output remains the
same. Because of this, there are 16 bits in the center of the 32-bit scheme
that appear for programming ease to be contiguous and which can handle both
the data (address bytes) and command transfer through the CRU.
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E.2 PROM INPUT/OQUTPUT

Input to the PROM consists of the address lines A3 (most significant bit or
MSB) to A10 (least significant bit or LSB). Output of the PROM consists of a
four-bit "nibble," of which only the MSB (DO4) and the LSB (D0O1) are connected
to the board logic. The middle outputs (D02 and D03) are not connected. Input
and output pins on the PROM are shown in Figure E-3.

Data outputs are:

) DOY4 is DATASEL for transfer of the data address byte
° D01 is CMDSEL- for transfer of command bits.

The arrangement of bus address line to PROM address input is not straight-
forward; that is, the most significant bus address line A3.B is not connected
to the most significant PROM address input line H. Because of this, the user
must take care in interpreting his address line values corresponding to the

internal PROM address. This correspondence of bus address line to PROM address
is shown in Figure E-4.

A10.B —H (MSB)

A6.B —G

A5.B —F

A9.B ——E

A3.B —D (LSB) DOt }|—— CMDSEL-
A8.B —C DO2+—— NC

A4, B —B DO3[—— NC

A7.B —— A (LSB) (MSB) DOY4 f————— DATASEL

FIGURE E-3. PROM U13 ADDRESS INPUT AND DATA OUTPUT PINS

E.3 REQUIRED DATA OUTPUT

In order to effect correct data transfer and command transfer, the following
values must be on DO1 and DOY (DO2 and DO3 can be treated as "don't cares").

' Select data transfer: D01 (CMDSEL-)
DO4 (DATALEL)
° Select command transfer: DO1 (CMDSEL-)
DOY4 (DATASEL)
° All other times: DO1 (CMDSEL-)
DO4 (DATASEL)

Q- OO0 - -

In other words, for data transfer, the nibble output will be 1XX1, (with X as
a don't care), for command transfer, the nibble output will be 0XX0,, and for
all other times the nibble will be 0XX1, (using zeroes for don't cares, these
would be respectively the values 9, 0, 1).
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E.4 CONSIDERATIONS

The software base address must be a value between 002014 (hardware base

address 00101¢) and 1FEOqg (hardware base address OFFO1g). Note that the
nibble in R12 consisting of bits 8 to 11 must be an even value (i.e., bit 11
is not decoded).

Because address line A11.B is not decoded, the user selects a CRU area
consisting of 16 CRU bits for each address input, even though only eight bits
are to be transferred. This results in the duplication of purpose of the CRU
process as shown in Figure E-1, As shown in that figure, a software base
address of 020044 or 021041g can be used for transferring the Command List
address. Thus a total CRU address space of 32 CRU bits is needed for both the
data transfer and the command transfer (each at their own CRU address). As
shipped, the data transfer uses CRU software base address 0200¢g and command
transfer uses CRU software base address 022016- However, for convenience,
software base addresses 0210qg (for data) and 02204¢ (for command) can be used
for the programmer to make one contiguous CRU address space.

E.5 DETERMINE THE PROM ADDRESSES TO BE CODED

Use the following steps to determine to PROM addresses and their respective
codes:

1) Compute the desired CRU hardware base address (in register 12, this is
bits 3 to 14) or CRU software base address (all 16 bits).

2) Insert the hardware base address into the 12 blanks of R12 as shown at
the top of Figure E-U4. Note that only the values in R12 bits 3 to 10
are relevent since only these will be decoded by the PROM address
input lines. Do not enter values for R12 bits 0-3 or 11-15.

3) Following the lines between R12 and the PROM, copy the same binary
values into the PROM address input boxes. The resulting eight-bit
value will be the PRCM address at which to program the respective
nibble contents as explained in section E.3.

3 4 5 6 7 8 9 10 11 12 13 14 15

Address
Line Connections
(A3 to A10)
y to PROM at U13
10 6 5 9 3 8 4 I
MSB LSB
A
H G F E b C B A = PROM address inputs

FIGURE E-4, INTERPRETING HARDWARE BASE ADDRESS AS ADDRESS INPUT TO PROM AT U13
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E.5 EXAMPLE 1

® Desired software base address for data transfer: 032016
. Desired software base address for command transfer: 034016

The results are shown in Figure E-5.

3 4 5 6 7 8 9 10 11 12 13 14 15

R12 ;iézziigiii 0]0}0 1 100} 1 X| X} X] X ;Eigi

Address

Line Connections
(A3 to A10)

to PROM at U13

MSB 1 1 6] 0 0|0 0 1 LSB

TTT1777]

H G F E D C

A = PROM address inputs
Result: Program PROM address Cl1g with 10012

(a) Determine Data Transfer PROM Nibble Contents (Sftwr Base Addr 03204¢g)

3 4 5 6 7 8 9 10 11 12 13 14 15

Address

Line Connections
(A3 to A10)

to PROM at U13

10 6 5 9 3 8 4 7

MSB 0 1 0 1 0 0 0 1 LSB

TTTTTT]

G E D C B

> ]

= PROM address inputs
Result: Program PROM address 511 with 00005.
(b) Determine Command Transfer PROM Nibble Contents (Sftwr Base Addr 03404¢)

Note: program all other PROM addresses with 00015.

FIGURE E-5. EXAMPLE 1 RESULTS

E-5



E.6 [EXAMPLE 2

° Desired software base address for data transfer: 120016
° Desired software base address for command transfer: OFEQqg

The results are shown in Figure E-6.

3 4 5 6 7 8 9 10 11 12 13 14 15

0 1 2
R12 ;222;;// 1 0 0 1 0 0 0 0 X X X X /j://
/| /

Address

Line Connections
(A3 to A10)

to PROM at U13

MSB 0 1 010 1 00O LSB
H G F E D C B A = PROM address inputs

Result: Program PROM address 481 with 10012

(a) Determine Data Transfer PROM Nibble Contents (Sftwr Base Addr 12004¢)

3 4 5 6 7 8 9 10 11 12 13 14 15

0 1 2
//// 7
R12 0 1 1 1 1 1 1 1 X X X X

Address

Line Connections
(A3 to A10)

to PROM at U13

MSB 1 1 1 1 0 1 1 1 LSB

=
(o]
]
m
o
(@]
to
=

= PROM address inputs

Result: Program PROM address FT1g with 0000>.

(b) Determine Command Transfer PROM Nibble Contents (Sftwr Base Addr OFEO04¢)

Note: Program all other PROM addresses with 0001».

FIGURE E-6. EXAMPLE 2 RESULTS
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APPENDIX F

PIN LIST FOR CONTROLLER-TO-DRIVE CABLES

TABLE F-1. PIN LIST FOR TM 990/527 CABLE FOR MODEL 800 DRIVE

Pin at Pin at
Connector Disk
P4 Drive Signal
P42 2 LOW CURRENT (Not used by Shugart models)
P4-4 h E51 (unpopulated jumper pin)
P4-6 6 E52 (unpopulated jumper pin) .
Pu4-8 8- MOTORON-
PL4-10 10 TWOSIDED-
PL4-12 12 DISKCHANGE-
PU-14 14 SIDESELECT-
P4-18 18 HEADLOAD-
P4-20 20 INDEX~
PU4-22 22 DRIVEREADY-
PU-24 24 SPAREINPUT-
PL-26 26 DSELECT1-
PL4-28 28 DSELECT2-
PU4-30 30 DSELECT3-
P4-32 32 DSELECTY-
PL-3Y4 34 DIRECTION-
P4-36 36 STEP~
P4-38 38 WRITEDATA-
PU-40 4o WRITEGATE-
Puy-42 y2 TRACKZERO-
P44y Ly WRITEPROTECT-
PL4-46 46 READDATA-~
NOTES:

All odd-numbered lines are tied to ground. Odd-numbered pins at
connector P4 are on the bottom side of the PC board.

Note that the dash number at connector P4 is the pin number at the
disk drive edge connector.

Jumper pins E50, E51, and E52 are not provided on the board as
shipped; instead plated through holes are connected to the pins at
connector P4, These are provided for future use.

Pin 2 at connector P4 is connected to the color-coded ribbon-cable
edge.



TABLE F-2. PIN LIST FOR TM 990/535 CABLE FOR MODEL 400 DRIVE

50-Pin’ 34-Pin?

Connector Output

P4 at P5 Signal
P4-8 P5-16 MOTORON-
PL4-20 pP5-8 INDEX-
PL-26 P5-10 DSELECT1-
P4-28 P5-12 DSELECT2-~
P4-30 P5-14 DSELECT 3~
PU4-34 P5-18 DIRECTION-
P4-36 P5-20 STEP-
P4-38 pP5-22 WRITEDATA-
P4-40 P5-24 WRITEGATE-
PL4-42 P5-26 TRACKZERO-
Ph-uy pP5-28 WRITEPROTECT-
P4-46 P5-30 READDATA-
NOTES

PC board 1600134-0001 is connected to the 50-pin connector at PU to
provide cross-over wiring to a 34-pin output compatible with the 34-
pin connector at the model 400 (mini) disk drive. This interface
board is included as part of the 3i4-wire cable, TM 990/335. P5 is
the 3U4-pin output of this interface board.

The dash number at P5 is the corresponding pin number at the disk
drive connector. P5 is the 34-pin output of this interface board.

Odd-numbered pins are connected to ground only. Those odd-numbered
ground pins in the cable are P4-7 (P5-1), P4-11 (P5-3), PL-19 (P5-5),
P4-21 (P5-7), and the odd numbers from P4-25 to P4-U45 (P5-9 to P5-29)
inclusive.

Pin 2 at connector P4 is connected to the color-coded ribbon-cable
edge.
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Symbol

o1, CO2
03, COu
o5
06
co7, CO8
c09
c10
C11-C63

CR1

DS1-DS3

L1
L2

APPENDIX G
PARTS LIST
Description

Capacitor, 68.0 uFd, 15 V, 10%

Capacitor, 22.0 uFd, 15 V, 10%

Capacitor, 0.10 uFd, 50 V, 5%, ceramic

Capacitor, 39.0 pFd, 500 V, 5%, mica

Capacitor, 270.0 pFd, 500 V, 5%, mica

Capacitor, 0.010 uFd, 100 V, 10%, ceramic
Capacitor, 22.0 pFd, 200 V, 10%, ceramic
Capacitor, 0.047 uFd, 500 V, +80%/-20%, axial lead

Diode, silicon zener, 1%, 5V (E7918)

Optoelectronic device, TIL 220

Coil, RF, 0.33 uH, phenolic core
Coil, RF, 100 uH, 4.5 ohm, 133 mA

RO1-RO4, R23, R26,
R28, R30-R32 Resistor, 1.0 kilohm, 5%, 0.25 W

RS, R36

R6

ROT-R10

R11

R12-R19

R20, R37-RUO

Resistor, 4.7 kilohm, 5%, 0.25 W
Resistor, 2.2 kilohm, 5%, 0.25 W
Resistor, 15 ohm, 5%, 0.25 W
Resistor, 68 ohm, 5%, 0.25 W
Resistor, 150 ohm, 5%, 0.25 W
Resistor, 330 ohm, 5%, 0.25 W

R21, R22, R24, R25
R27, R29, R33,

R34, R35

Resistor, 10 kilohm, 5%, 0.25 W

U OO = &~ >N O



Symbol

Uo1

Uo2
U03-U06
U07-U12, U14
U13

U15

U16

u17

U18, UM
u19, U20
U21

u22

U23

U2k

u25

u26

U27, U6Y
U28

U29

U30

U31

u32

U33, U34, U35
U36, U66
U37, U65
U38

U39, U46, US1
U0, U53
us2

U43, U49
ULl

uLs

us7

u48

Us2

ush

Us5

Us6, U58
Us7

U61

U62

U63

Y1

Jumper Plugs

Description

EPROM, TMS 2716

EPROM, TMS 2716

Static RAM, TMS 4045 (alternate is 2114)
IC. SNTA4LS3T4N

PROM, CRU decode, T4S287

IC, SNT4S241N

IC, SNTULS240ON

Network, SN74LS132N

Network, SNT4LS112N

Network, SN74S114N

IC, MC4024P

IC, MCHO4UP

IC, SNTULS259N

IC, SNT4SO9N

Network, SN74S32N

Network, SN74S02N

Network, SN74S112N

Network, SNTUSTUN

Network, SNT7409

Network, SNTA4LS138N

TIM 9904 four-phase clock generator driver
Microprocessor, TMS 9900

IC, SNT4LS299N

Network, SNTLLSOON

Network, SN7YLSTUN

PROM, data separator, TUSUT1
IC, SNTHLS273N

Network, SNT4LS157N

PROM, processor decode, 745288
IC, SN74LS251N

Network, SNTA4LSO8N

PROM, read/write controller, TUSUT1
IC, SNTULS161N

™S 9901 programmable systems interface
Network, SN74LS151N

IC, CRC Generator, FCD 9401
Network, SN74L3145

Network, SN7438N

IC, SNTLLS241N

IC, SN74LS16LN

PROM, sync/precomp,74S471

IC, SN7ULS166N

Crystal, quartz, 48 MHz, 0.005 %, 3d overtone (HC-180U)

These plugs are available from:
Berg Electronie, Inc.
Rt. 3
New Cumberland, Penn. 17070

Berg part number 65474-005
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APPENDIX H

DEMONSTRATION SOFTWARE

H.17 GENERAL

Optional TM 990/425 demonstration software is available for verifying the
correct operation of the TM 990/303A floppy disk controller. The software is
provided on two TMS 2716 EPROM chips which can be plugged into the EPROM
memory areas on the TM 990/10X microcomputer board or the TM 990/201 memory
board. The demonstration software has two RAM memory requirements: 1) The CPU
poard must be configured for TIBUG (i.e., RAM at F80014-FFFF1g), and 2) a UK
block of RAM beginning at F0004g or lower. This software is executed under
the TIBUG monitor and uses the I/0 utilities provided by the monitor. An
assembly listing of the demo software is provided as part of this appendix.

The software is completely position independent in that it can be plugged into
any location on the address map (except those locations which are reserved
such as TIBUG workspaces, interrupt vectors, or load vectors). The entry point
is the first address occupied by the EPROM module. The 4K block of RAM can
start on any 4K memory boundry except those used by TIBUG and the
demonstration software.

The TM 990/303A demonstration-software structure is shown in Figure H-1.

TIBUG
BLOCK ry I,Q, o PRINT
DATA = HELP
COMPARE LIST
A
BLOCK PATTERN
DATA | "X AN 'P'| INITIALIZE
TRANSFER MENMORY
FormAT | _'F' "C' | coMMAND
DISKETTE y'1 ISSUEPR
'y INITIALIZE L
- SYSTEM

DEVICE SERVICE ROUTINE

L e - e e e —— -

STATUS CHECKER

FIGURE H-1. TM 990/303A DEMONSTRATION SOFTWARE STRUCTURE
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H.2 INSTALLATION

The EPROM's can be inserted on either the TM 990/10X microcomputer board or on
the TM 990/201 memory board.

H.2.1

a.

b'

Installation on Microcomputer Board

Turn off power to the system. Remove TM 990/10X board.

Remove any EPROM's installed in sockets Ud3 or U45. Leave the
TIBUG EPROM's installed in sockets Uld2 and Uld.

Set jumper J2 to 2716.

Set jumper JY4 to 16 (indicating 2716). Jumper J3 should remain set at
08 (setting for the TIBUG EPROM's).

Install the demo EPROM marked U433 in socket Ud43. Install the
demo EPROM marked U445 in socket U45.

Install the board into the system and reapply power.

Call up the TIBUG monitor (toggle the microcomputer board RESET
switch and press the character A on the keyboard).

Using the R command, set the Program Counter (P=) to 10001 or to the
first location in the demonstration software.

Using the E command, execute the software demonstration program.

?R

W=FFCb
P=2000 1000
7E

?7?

H.2.2 1Installation on the TM 990/201 Memory Board

a.

b.

Turn off power to the system. Remove the memory board.

On the memory board, place the two TMS 2716 demonstration software
chips on ad jacent horizontal EPROM sockets (e.g., US6 and U64) with
the lowest numbered chip going to the lowest numbered socket (e.g.,
the U43-marked chip in U56 and the Uld5-marked chip in U64).

Install jumper J2 on the memory board to the SLOW position.

Set switches 1 to 4 at S1 to a configuration corresponding to place-
ment of the chips in the memory map. For example, if the sockets U56
and U6bY are used (this is EBLK7), then any one of the settings can be
used (see the TM 990/201 memory board user's guide). EBLK7 is mapped



into every memory map configuration selected by switches 1 to 4.
The only difference is the beginning address. For example, with
switches 1-4 set to OFF-ON-ON-ON, EBLK7 starts at address 2000.
This being the case, the demonstration software can be executed with
the following interaction with TIBUG. "

?R

W=FFC6
P=01AY4 2000
?E

H.3 DEMONSTRATION SOFTWARE COMMANDS

When the demonstration software is executed, it outputs an opening message
that prompts (??) the user to enter one of the eight one-character commands.
The eight commands are explained in the following paragraphs.

The opening banner message is shown below:

?E
TM 990/303 DEMO SOFTWARE REL. 1.1 02/28/80

EPROM AT >2000 DEMO RAM AT >E000
??

The location of the EPROM and RAM being used are printed so that the user can
compare the listings to the contents of memory.

H.3.1 Help Command (H)
To obtain a list of the eight one character commands observed by the

demonstration software, enter the H command. The following list will be
output:

??H

COMMANDS

H = HELP, PRINT HELP MESSAGE

Q = QUIT, RETURN TO TIBUG .

I = INITIALIZE DEMO SOFTWARE, INTERACTIVE USER INITIALIZATION

C = COMMAND ISSUER, USER MAY INTERACTIVELY ISSUE COMMANDS TO THE
DISK CONTROLLER

X = BLOCK DATA TRANSFER

P = INITIALIZE RAM MEMORY WITH PATTERN

V = MEMORY TO MEMORY DATA COMPARE

F = FORMAT DISKETTE

292

H.3.2 1Initialize Demo Software Command (I)

This command allows the user to initialize demonstration software parameters.
This command will be entered when an 'I' is typed in response to the prompt

(272).
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The following six questions will be asked with the operator entries shown.,

271

UNIT TO BE TESTED (0/1/2/3,DEF=0) ?
SOFTWARE CRU BASE OF /303 (DEF = >200 ) ?
USE MASS STORAGE MODE (Y/N,DEF=Y) *?

USE INTERRUPTS (Y/N,DEF=N) ?

HALT ON ERROR (Y/N,DEF=Y) 2

PRINT ON ERROR (Y/N,DEF=Y) ? Y
??

If the operator does not enter one of the acceptable entries (e.g., Y/N,
0/1/2/3) the question will be asked again. There are no default answers for
these questions. If the operator does not initialize the system prior to
executing the FORMAT or COMMAND ISSUER commands, the initialization questions
will be asked. The operator will have to initialize the system every time the
demo software in entered from the TIBUG monitor.

H.3.2.1 UNIT TO BE TESTED (0/1/2/3,DEF=0) ?

The unit to be tested refers to the disk drive the demo software will issue
commands to in the FORMAT command. The controller is able to talk to a maximum
of four (DS1 to DSY as jumpered) drives provided they are connected to the
controller via the daisy chain ribbon cable. If the user specifies a disk
drive that is not present, errors will occur during the execution of commands.
Units 0 to 3 correspond to DS1 to DS3.

H.3.2.2 SOFTWARE CRU BASE OF /303 (DEF = >200 ) ?

The host system has a CRU interface to the TM 990/303A board. The default (as
shipped) CRU address of the the TM 990/303A board is hexadecimal 200. If the
user decides to move the the TM 990/303A board to another position in the CRU
map, this question provides a means of testing the board at the new location.

H.3.2.3 USE MASS STORAGE MODE (Y/N,DEF=Y) ?

Data on the floppy disk may be addressed in two modes; mass storage mode,
and the physical mode. The answer to this question will determine what
questions will be asked when using the COMMAND ISSUER (C) command in the
demonstration software.

H.3.2.4 USE INTERRUPTS (Y/N,DEF=N) ?

The use of interrupts is primarily dependent upon the system software. The
response to this question will also determine if commands issued via the
COMMAND ISSUER will use interrupts. When executing with interrupts the
controller will generate an interrupt upon completion of each command. When
using the demo software the user should have jumper J3 on the TM 990/303A
board set for interrupt 2. The demo software will be able to report whether
errors occurred when they were expected. The demo software will also fill the
intermediate interrupt vectors with the correct address of the demo software
interrupt service routine.



H.3.2.5 HALT ON ERROR (Y/N,DEF=Y) ?

An affirmative answer to this question will cause control to return to the
demo command sScanner when an error occurrs when a command is sent to the
controller. This question affects commands issued to the controller from both
the FORMAT and COMMAND ISSUER routines. When running the FORMAT command it is
desirable to halt when errors occur. However when using the COMMAND ISSUER and
looking at signals with the oscilliscope it may be desirable to continue
looping even though an error has occurred.

H.3.2.6 PRINT ON ERROR (Y/N,DEF=Y) ?

An affirmative answer to this question will allow error messages to be printed
when an error occurs. When monitoring signals with an oscilliscope it may be
desirable to not print messages since this would make synchronization harder.

H.3.3 QUIT (Q)

This command aliows the operator to return to the TIBUG monitor.

H.3.4 COMMAND ISSUER (C)

This command allows the user to interactively issue commands to the disk
controlier. The user may build up to 10 command lists prior to issuing them to
the disk controller. The user will be prompted by the demo software to enter
all the information required to build up a command list. The unit specified
in the Initialize (I) command will not be used in building lists for this
command(C). Failure to initialize the system prior to using the Command
Issuer, will cause the system initialization questions to be asked. Shown
below are the questions as asked by the Command Issuer using both storage
modes of data addressing.

Mass storage mode:

?2C

COMMAND # (0- >10) ? O

UNIT # (0/1/2/3,DEF=0) ? O

DATA VERIFY ON READ/WRITE (Y/N,DEFz=N) ? N
MSW DISK STORAGE ADDRESS (0- >7FFF) ? 0
LSW DISK STORAGE ADDRESS (0- >FFFE) ? 0
BYTE COUNT ? O

MEMORY MAP ADDRESS (0~ >F,DEF=F) ? F
MEMORY ADDRESS (0~ >FFFE) ? 4000
COMMAND # (0- >10) ? Carriage return
CHECK STATUS (Y/N,DEF=Y) ? Y

LOOP THRU COMMAND CHAIN (Y/N,DEF=N) ? N

EXECUTE (Y/N,DEF=Y) ? Y
77



Physical storage mode:

?2C

COMMAND # (0- >10) ? O

UNIT # (0/1/2/3,DEF=0) ? 0

DATA VERIFY ON READ/WRITE (Y/N,DEF=N) ? N
TRACK NUMBER (0- >4C OR 0- >22) 2?2 O
SURFACE (O OR 1, DEF = 0) 2 0

SECTOR (1- >1A OR 1- >10) 2 1

BYTE COUNT ?

MEMORY MAP ADDRESS (0- >F,DEF=F) ? F
MEMORY ADDRESS (0- >FFFE) ? 4000
COMMAND # (0- >10) ? Carriage return
CHECK STATUS (Y/N,DEF=zY) ? Y

LOOP THRU COMMAND CHAIN (Y/N,DEF=N) ? N

EXECUTE (Y/N,DEF=Y) ? Y
??

When the demo software types out a prompt(??) after a command has been issued
to the controller the user may inspect the command list issued to the

controller by looking at memory starting at the RAM memory location printed in
the opening banner.

H.3.4.1 COMMAND # (0- >10) ?

The command number refers to one of the 17 commands that may be issued to
the disk controller. These commands are discussed in section 3.4.3 of this
manual. If a larger value than 10 hexadecimal is entered, the user will be
asked the question again. The value is placed in the most significant byte
of word 2 of the command list. If a carriage return is entered, the building
of command lists cease. If a carriage return is entered as the response to
the first time this question is asked, the user will be prompted (2?) again.
If a carriage return is entered after one or more command lists have been
built the 'status, loop, and execute' questions will be asked. The demo
software will automatically handle the chain pointers (words 8 & 9) if more
than one list is built up.

H.3.4.2 UNIT (0/1/2/3,DEF=0) *?

The unit entered is the disk drive the particular command list will be
issued to. This allows the user to issue command lists to different drives
when chaining command lists (H.3.4.10). If the value entered is larger than 3,
the question will be asked again. The value entered here will be placed in the
two least significant bits of word 2 of the command list.

H.3.4.3 DATA VERIFY ON READ/WRITE (Y/N,DEF=z=N) ?

An affirmative answer to this question makes bit 9 in word 2 of the command
list equal to a one. This bit is interrogated by thé read and write data
commands to compare the dzata read from or written to the disk to the data in
host memory. All other commands ignore this bit. If a 'Y' or 'N' is not
entered as the answer, the question will be asked again.
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H.3.4.4,1 MSW DISK STORAGE ADDRESS (0- >TFFF) ?

If the user decided to use the mdss storage mode this address is the most
significant 16 bits of the 31 bit mass storage address used to determine where
the head is positioned and the data is transferred to or from. If the value is
larger than 7FFF hexadecimal is entered, only the 15 least significant bits
will be used as an address.

H.3.4.4.2 TRACK NUMBER (O~ >U4C OR 0- >22) ?

If the user decides to use the physical storage mode of addressing this
question asks for the track number. This track number is the physical track
location where the head will be positioned. This value is logically 'OR'ed
with hexadecimal 8000 and placed in Word 3 of the command list. The numbers
shown in parentheses are the allowable tracks for a standard and mini size
diskette respectively using IBM formats.

H.3.4.5.1 LSW DISK STORAGE ADDRESS (0- >T7FFE) ?

When using the mass storage mode of addressing, this value is the least
significant 16 bits of the 31-bit address that is used to determine head
positioning and data transfer address. If a value is entered in which the
least significant bit is a 1, it will be ignored because the address needs

to be on a word boundary. The user is cautioned that the 31 bit mass storage
address must be on a sector boundary.

H.3.4.5.2 SURFACE (0 OR 1,DEF=0 ) ?

The physical storage mode of addressing requires that the user decide which
side of the disk is going to be addressed. The user should be aware of the
type and model of drive that is being used. All drives will have a surface 0.
This value will be placed in the most significant byte of Word 4 of the
command list that is being built by the demonstration software.

H.3.4.5.3 SECTOR (1- >1A4 OR 1- >10) *?

In the physical storage mode Word 4 also contains the sector number in the
least significant byte. When this hexadecimal number is entered it is combined
with the surface and placed in Word Y4 of the command list. Hexadecimal 1A and
10 are the maximum sectors/track on a standard and mini diskette respectively.

H.3.4.6 BYTE COUNT ?

The byte count refers to the amount of data to bt transferred to or from the
disk controller. When specified in a read or write operation, this hexadecimal
value should be a multiple of one sectors data length.

H.3.4.7 MEMORY MAP ADDRESS (0- >F,DEF=F) ?

The memory map address is the four most significant bits of the twenty bit
address space where data will be transferred to or from by the controller.
When the demo software is used with the TM 990/201 memory board, this value
should be zero. When used with the TM 990/203 memory board this value should

be F. If a map address larger than hexadecimal F is entered, the question
will be asked again.



H.3.4.8 MEMORY ADDRESS (0- >FFFE) ?

This memory address is the least significant 16 bits of the memory storage
address where data will be transferred to or from the controller. The demo
software will automatically force the least significant bit to zero (word
boundary). The user should be cautioned not to transfer data from the
controller to addresses occupied by EPROM and RAM workspace areas used by the
demo software and TIBUG.

H.3.4.9 CHECK STATUS (Y/N,DEFzY) ?

An affirmative answer to this question will cause the status bits in command
list words 0 and 1 to be examined. If there are errors and the 'PRINT ON
ERROR' questioned was answered 'Y', the error message will be printed. If
neither a 'Y' or 'N' is entered, the question will be asked again.

H.3.4.10 LOOP THRU COMMAND CHAIN (Y/N,DEF=N) ?

This question gives the user the choice of executing the built command list(s)
only once or over and over. If the lists are executed repeatedly it can only
be stopped by halting on an error if an error occurs or by depressing the
ESCape key on the users terminal. This looping mechanism allows the user to
look at signals with an oscilliscope. If an allowable response(Y/N) is not
entered the question will be repeated.

H.3.4.11 EXECUTE (Y/N,DEF=zY) ?

This is the last question the user must answer before the chain of command
lists can be executed. If the user answers with a 'N' the user will be
prompted(??) and the command list(s) will not be executed. This last
question is an escape if an error was made in the building of the command
lists.

H.3.4.12 Error Messages.

The TM 990/303A demonstration software will report errors when an unexpected
condition exists between the host system and controller, or when an error is
reported back from the disk controller. For error messages to be reported on
the user terminal, the operator must give an affirmative answer to the 'PRINT
ON ERROR (Y/N)?' question asked during initialization (H.3.2.6). Any
operation with the controller may be halted if the user gives an affirmative
answer to the 'HALT ON ERROR' question asked during initialization (H.3.2.5).
By answering negative to both of these questions the user may set up command
loops for scoping electrical signals without time between disk commands for
error printing. Many error messages do not indicate a malfunction of the disk
controller, but could be caused by improper configuration of the system. This
should be able to determine if the controller board is operational by

examining the LED indicator lights on the edge of the board (see section 2.9
for LED use).



H.3.4.12.1 CONTROLLER WOULD NOT ACCEPT LIST ADDRESS

This error occurs when the host attempts to transfer the address of the
command list to the controller via the Communications Register Unit (CRU). If
the controller does not respond to this address transfer initiation the above
message will be printed on the user's terminal. Prior to the address transfer
the controller 'BUSY' signal should indicate a not busy state. Some possible
causes of this error are: a) no disk controller board is in the system, b) the
CRU address at which the controller responds may different than that used in
the device service routine, c¢) the controller board may be malfunctioning.
The user may attempt to correct this state by resetting the controller via the
CRU.

H.3.4.12,2 CONTROLLER BUSY- COMMAND NOT ISSUED

This error occurs when.the host device service routine attempts to transfer
a command list address but the 'CONTROLLER BUSY' signal generated by the
disk controller indicates the controller is busy and cannot accept the list
address. One possible cause of this error is attempting to initiate a list
address transfer while the disk controller is processing another command 1ist.
Another possible cause of this error is a disk controller malfunction. The
user can attempt to rectify this condition by resetting the disk controller.

H.3.4.12.3 COMMAND DID NOT COMPLETE IN 25 SECONDS

This error occurs when the disk controller fails to turn on the 'OPERATION
COMPLETE' bit in Word 0 of the command list in 25 seconds after the list
address was transferred to the controller. Most commands should be completed
by the disk controller in a few seconds, however 25 seconds is adequate time
to allow the disk controller to attempt several retries to overcome error
conditions. If the controller does not complete a command in 25 seconds the
controller will also be in the busy state and must be reset. One cause of
this error is a controller malfunction.

H.3.4,12,4 COMMAND DID NOT INTERRUPT UPON COMPLETION

This error occurs when a command completes but does not interrupt the host.
To issue commands which interrupt the host upon completion, the user must
answer affirmative to the initialization question 'EXECUTE USING
INTERRUPTS' (H.3.2.4). If this is not done this error will never occur. If
the user desires to use interrupts, he should make sure all conditions
allowing interrupts are set up correctly. This error is an indication of
controller malfunction or improper interrupt jumper setup.

H.3.4.12.5 UNEXPECTED INTERRUPT FROM CONTROLLER

This error occurs when an interrupt from the controller occurs but is not
expected. If the user does not desire interrupts from the controller he needs
to answer the question discussed in the previous section negatively. Again the
user should make sure that the conditions for interrupts to occur are not

setup. This error is an indication of a disk controller or system configura-
tion malfunction.



H.3.4.12.6 NO RAM EXISTS, CANNOT USE DEMO

This error can occur immediately after the demonstration software is entered
from TIBUG. This error identifies an error in the memory map configuration in
that the demonstration software could not find a 4K block of memory to use.
If this error occurs, the user should turn the power off, extract the CPU and
memory boards and recheck the jumpers and switch configurations. This error
does not indicate any problem with the controller or disk drive.

H.3.4.12.7 BAD EPROM, CANNOT USE DEMO

This error can also occur immediately after the demonstration software is
entered from TIBUG. This error indicates that the contents of the demon-
stration software EPROMs are incorrect. The contents of the EPROMs are
verified by performing a checksum on the contents of the EPROM. When this

occurs the user should not use the demonstration software because the results
will be unpredictable.

H.3.4.12.8

%#% FRROR UNIT: X COMMAND: XX
HOST ADDR: XXXXX STORAGE ADDR: XXXXXXXX LENGTH: XXXX DRIVE STATUS: XX

BITS:
OC ER IE DE ID OR SE UE OL WP SI ST BC
X X X X X X X X X X x X X

This error message is returned to the user when an error occurs when using the
"C" command to issue commands to the disk controller. This error message will
only be printed if the "PRINT ON ERRORS" prompt was answered affirmatively
during initialization. The first line of the message tells the user what disk
drive is being addressed and what command was issued to it. This is a great
deal of help if several commands are chained together which deal with more
than one unit. The data for this line 1is extracted from word 2 of the
command list. The second line shows the source or destination address in the
host memory where data is written to or from. The host address is extracted
from words 6 and 7 of the command list. The second line also shows the disk
storage address for the attempted command. This is the contents of words 3 and
4 of the command list. The length shown represents the amount of actual data
transferred. This is the value returned to the controller in word 5. The
drive status on the second line is returned by the controller and represents
the lines of the disk drive as read by the controller (see section 3.4). The
last three lines of this error message are a breakout of the error bits in
words 0 and 1 of the command list which are returned from the controller.
Section 3.4 provides an in-depth discussion of these error bits. The value of
the error bits (0 or 1) will appear direcly below the error bit synonyms.
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H.3.5 FORMAT DISKETTE (F)

This command allows the user to format diskettes on the drive specified during
initialization. This command will only format single sided diskettes. If the
initialization questions have not been answered prior to entering this
command, they will be asked. Shown below are the prompts for the format
diskette command.

?7F

NUMBER OF SIDES (1 OR 2,DEF=1) ?

SIZE OF DISKETTE (8 OR 5 IN,DEF=8) ?

FORMAT: O = IBM SINGLE, 1 = IBM DOUBLE, 2 = TI DOUBLE (DEF=0) *?

With the information gained from initialization and the above prompts command
lists will be built to define the drive parameters and format the diskette.

H.3.5.1 NUMBER OF SIDES (1 OR 2,DEF=1) ?

This question refers to the number of usable sides on the diskette to be
formatted. The combination of two sides and mini diskettes is illegal, and the
user will be prompted again.

H.3.5.2 SIZE OF DISKETTE (8 OR 5 IN,DEF=8) ?

The answer to this question tells the demonstration software whether a mini (5
in.) or standard (8 in.) diskette is being used. This information also defines
the number of tracks to be formatted. If a value other than 5 or 8 is entered,
the prompt will be asked again.

H.3.5.3 FORMAT: O =IBM SINGLE, 1 = IBM DOUBLE, 2 = TI DOUBLE (DEF=0) ?

The type of format specified determines how the disk is addressed, the
amount of data per sector, and the storage capacity of the diskette. If a
value larger than 2 is entered this prompt is asked again. The diskette size
of 5 inches and the TI DOUBLE format is an illegal combination and will

cause both prompts to be asked again. After both prompts have been answered
the demonstration software will attempt to format the diskette.
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H.3.6 BLOCK TRANSFER ROUTINE (X)

This command is entered from the demonstration software command scanner by
entering the character 'X'. This command allows the user to move a block of
data from one memory location to another. The user will be prompted for the
source address, destination address, and the number of bytes to be trans-
ferred. The user should terminate all entries with a space character. All
entries are hexadecinal and must be an even number. Shown below are the
prompts for this command.

272X

SOURCE = XXXX DEST = YYYY LENGTH = LLLL
??

The user should terminate all entries with a space character.

H.3.7 INITIALIZE RAM MEMORY WITH PATTERN (P)

This command is entered from the demonstration software command scanner by
entering the character 'P'. This command allows the user to initialize memory
with a data pattern. This command is useful for initializing memory before
read and write operations. The user will be prompted for a memory address,
byte count, and data pattern. All entries are in hexadecimal and are
terminated with a space character. The start address and byte count must be
even numbers. Shown below are the prompts for this command.

??P

ADDR1 = XXXX LENGTH = LLLL PATTERN = -PPPP
22 '

H.3.8 MEMORY TO MEMORY DATA COMPARE (V)

This command is entered from the demonstration software command scanner by
entering the character 'V', This command allows the user to verify the
contents of two blocks of memory by comparing the contents of the two blocks
on a word by word basis. If two corresponding memory locations do not have the
same contents an error message is printed. This command is very useful in
comparing data after write and read operations. The user will be prompted for
the starting addresses of the two blocks of data and the number of bytes to be
compared. All entries are in hexadecimal and terminated by the space
character. Shown below are the prompts for this command and the error print
out.

72V
ADDR1 = XXXX ADDR2 = YYYY LENGTH = LLLL

¥%¥ERROR

ADDR1 = XX42 DATA = ABCD ADDR2 = YY42 DATA = ABCC
2?

H.4 USING THE DEMO SOFTWARE'S DEVICE SERVICE ROUTINE
The user may take advantage of the demonstration software's Device Service

Routine (DSR) by calling it as a subroutine. This enables the user to test
his own software with the floppy disk controller without having to write his
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own DSR. By using the demo software's DSR the status checker and interrupt
service routines may be utilized. To use the DSR the user must first
initialize all the variables which the demo software manipulates during entry
and the Initialize (I) command. These variables are:

e ROMBAS Start address of the EPROM

e RAMBAS Start address of the DEMO RAM

e BAS303 Base CRU address of the TM 990/303A

e UNIT Don't care

e INITFL Determine if interrupts are to be used
e HALTFL Halt if an error is encountered

e PRNTFL Print if an error is encountered

¢ STORFL Don't care

e UNITFL Will insert own unit

This initialization can be done by entering the demo software and executing
the Initialize (I) command. To interface to the DSR, the user's calling
routine must be set up in a certain manner. The requirements are:

o RO must contain the address of the command list
® R9 must contain the demo software's RAM base

e A subroutine vector must be defined with a workspace and program
counter.

Shown below is the initialization process and a code segment wﬁich could use
the DSR.

Initialize Segment

?R

W= FFC6

P= 01A4 1000

?E

TM990/303 DEMO SOFTWARE REL. 1.1 02/28/80
EPROM AT >1000 DEMO RAM AT >FCO00

2?1

UNIT TO BE TESTED (0/1/2/3,DEF=0) ? O
SOFTWARE CRU BASE OF /303 (DEF= >200) ? 200
USE MASS STORAGE MODE (Y/N,DEF=zY) ? N

USE INTERRUPTS (Y/N,DEF=Y) ? N

HALT ON ERROR (Y/N,DEF=Y) ? Y

PRINT ON ERROR (Y/N,DEF=Y) 7 Y

?27Q

?R

W= FFC6

P= 1000 2000 Enter start address of user's code
?E

Y
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User's Code Segment

COMISR EQU >15A4 Define address of 'COMISR'
RAMBAS EQU >F226 Define address of RAMBAS
ENTRY ----

LI RO,CMDLST Get command list address

MOV @RAMBAS,R9 Get base of demo RAM

BLWP @EXCMD Go execute command
CMDLST BSS 20 Command list
WPCODE BSS 32 Workspace for DSR

EXCMD DATA WPCODE,COMISR ** The address of 'COMSIR'
should be taken from the

demo software listing.
END

Note: The user should be cautioned not to use the same RAM memory area that
the DEMO Software uses.
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303 DEMO  SDSMAC 3.2.0 78.274  12:57:30 MONDAY. MAR 03, 1980,

TM990/203 DEMO SOFTWARE RAM SYSTEM DEFINITION PAGE 0002
0002 IDT <303 DEMO”
0003 FHHHH R Y
0004 * RAM SYSTEM DEFINITION ¥
0005 + *
0006 # This module contains all the RAM definitions for the ¥
0007 * TM990/303 floppy disk demo software. *
0008 ¥ *
0009 R
0010 *
%{% #======> BUFFER DEFINITIDNS
* .
0013 0000 RAMST EQU 0000 START OF DEMO RAM DEFINITION
0014 0000 COMBUF EQU RAMST BUFFER COMMANDS ISSUED FROM
%}2 00C8 ELF EQt) COMBUF+200  BUFFER COMMMANDS ARE BUILT IN
ggllg #======3 WORKSPACE DEFINITIONS
H
0019 0190 WPZ2  EQU BUF+200 1ST DYNAMIC WORKSPACE
0020 O1B0 WP3  EQU WP2+32 ZND DYNAMIC WORKSPACE
0021 01D0 WP4  EGU WP3+32 3RD DYNAMIC WORKSPACE
%% 01F0 l:PS EQU wP4+32 4TH DYNAMIC WORKSPACE
0024
0025 *
0026 0210 INITFL EQU WP5+32 INITIALIZE FLAG. 1234 = YES
0027 0212 INTFLG EQU INITFL+2 INTERRUPT FLAG
0028 0214 INTOCC EQU INTFLG+2 INTERRUPT OCCURRED FLAG
0029 0216 HALTFL EQU INTOCC+2 HALT ON ERROR FLAG
0030 0218 PRNTFL EQU HALTFL+2 PRINT ON ERROR FLAG
0031 0214 ERRFLG EQU PRNTFL+2 SYSTEM ERROR FLAG
0032 021C INTEXP EQU ERRFLG+2 INTERRUPT EXPECTED FLAG
0033 021E LOOPFL EQU INTEXP+2 LOOP ON CHAIN FLAG
0034 0220 UNITFL EQU LOOPFL+2 DETERMINES IF INIT UNIT INSERTED
0035 0222 STATFL EQU UNITFL+2 STATUS CHECK FLAG
(0)0039 FD20 EXAREA EQU WP1+32 EXECUTABLE AREA
¥
88%8; #======> GENERAL PURPOSE VARIABLES
*
0040 0224 ROMBAS EQU STATFL+2 BASE OF EPROM
0041 0226 RAMBAS EQU ROMBAS+2 BASE OF RAM
0042 0228 BAS303 EQU RAMBAS+2 CRU BASE OF /303 BOARD
0043 0226 UNIT EQU BAS303+2 UNIT UNDER TEST
0044 022C STCRFL EQU UNIT+2 STORAGE MODE FLAG
(043 0 = PHYSICAL, NOT 0 = MASS
00(())26} FDOO HPI EQU >FDOO ONLY KNOWN WORKSPACE
)
(048 ¥======> XOP DECLARATIONS
0049 *
0050 DXOP PRINT, 14 MESSAGE PR
0051 DXOP INCHAR, 11 INPUT A CMRACTER
0052 DIOP HEXOUT,10  OUTPUT A HEX 4
0053 DXOP HEXIN,9 INFUT A HEX #
0034 DXOP CHI1OUT,8 CUTPUT 1 HEX XHARACTER

H-15
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TMI90/303 DEMO SOFTWARE RAM SYSTEM DEFINITION PAGE 0003
0056 B
0057 ¥ VALUE EQUATES ¥
0058 FEHHHH
0059 0004 CHNCTR EQU 10 MAX # OF COMMAND LISTS
0060 0010 MAXCMD EQU 210 MAX CMD CODE
0061 0003 MAXUNT EQU 3 MAX INIT #

0062 0040 VFYBIT EQU 240 VERIFY BIT

0063 000F MAXMAP EQU OF MAX MAP ALLOWED

0064 800F CHNBIT EQU >800F CHHN BIT IN WORD 8 WITH MAP OF
0065 FFF8 MINUSS EQU -8 NEG

0066 0008 MAXWDS EQU 8 CWINAMLISTTOBEMVED
0067 000C BUSY EQU XC CRU BUSY BIT

0068 000B ACCEPT ERU DB CRU ACCEPT BIT

0049 0008 COMAND EQU 28 CRU COMMAND BIT

0070 000A CLE  EQU XA CRU CUE BIT

0071 0000 INTBIT EQU 2D INTERRUPT ENABLE BIT TO /303
0072 0100 CRUO1 EQU 2100 CRU ADDR OF TMS7901

0073 000E CLKINT EQU DE TH59901 CLOCK INTERRUPT VECTOR + 2
0074 0460 BRANCH EQU 2440 UNCONDITIONAL BRANCH OPCODE

0075 0064 TICKCT EQU 100 25 SECONDS

0076 0003 CLKBIT EQU 3 CLOCK INTERRUPT BIT

0077 0000 INTCLK EQU 0 CLOCK/INT MODE BIT

0078 0002 INT303 EQU 2 /303 INTERRUPY BIT

0079 0080 INTEN EQU 280 INTERRUPT ENABLE BIT
0080 0004 FLPVEC EQU XA FLOPPY INTERRUPT VECTOR + 2
0081 0010 WAIT EQU 210 WAIT VALUE
0082 0003 THREE EQU 3 HEX 3
0083 EOSB STATI EQU 2E0SB PRIMARY STATUS BITS
0034 ABOO STAT2 EQU JABOO SECONDARY STATUS BITS
0085 0001 ONE  EQU | VALUE |
0086 0003 HEX3 EQU 3 HEXADECINAL 3
087 3900 YES  EQU ‘Y/¥256 ASCII ¥
0088 4E00 NO EQU /N‘¥256 ASCII N
0089 0140 MAXCRU EQU 2140 LOWEST ALLOWABLE CRU ADDRESS
0090 0200 DEFCRU EQU 2200 DEFAULT CRU BASE
0091 0458 EQU >045B RETURN=B #R11 OPCODE
0092 FFFE MINUSZ EQU -2 VALUE NEG 2
0093 0080 TIBUG ERU 280 TIBUG ENTRY ADDRESS
0094 000D CR EU D CARRIAGE RETURN
0095 0004 LF EQU A LINE FEED
0096 0007 BELL EQU 7 BELL CODE
0097 AARA PATTRN EQU DAAAA RAM PATTERN
0098 FOOO RAMBEG EQU FO000 FIRST POSSIBLE RAM ADDR
0099 1B00 ESCAPE EQU 21B00 ASCI1 ESCAPE
0100 2000 SPACE EQU 22000 ASCI1 SPACE
0101 0DO0  CARRET EQU >0D00 ASCI] CARRIAGE RETURN
0102 0022 MINMAY EQU 24 MAX TRACK FOR MINI
0103 O004C STDMAX EQU 74 MAX TRACK FOR STD
0104 COFS MOVI  EQU SCDFS OPCODE FOR MOV 3RS+, ¥R7+°
0105 CD47 MOV2 EQU >CD47 OPCODE FOR “MOV *R7, #R5+/
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TN¥90/303 DEMG SOFT

0108

0109

0110

o111

0112

0113

0114

0115

0116

0117

0118

0119

0120

0121

0122

0123 0000 0300
0002 0000

0124 0004 02E0
0006 FDOO

0123 0008 0ACS

0126 000A 0204
000C 00007

0127 O00E 1302

0128 0010 04CA

0129 0012 1012

0130 0014 0204
0016 0435B

0131 0018 068

0132 001A 0228

001C FFEb
0133 001E C28B
0134
0135
0136
0137 0020 CO4A
0138 0022 COBA
0139 0024 0222
0026 OFF8’
0140 0028
0141 0022 Al7!
0142 0024 8081
0143 002C 16FD
0144 0026 C145
0145 0030 1303
0146 0032 2FAA
0034 02947
0147 0036 1045
0148
0149
0130
0131 0038 020C
0034 0100
0152 003C 1E17
0153 003 CDI5

0155 0044 16FC
01536 0046 1D17
0157
0158

Entry: 7R (

W = {srace)
P=1

?E

SCANO
SCANOL LI R10,RETURN

BL R10

12:57:30 MONDAY. MAR 03, 1980,

-
g

COMMAND SCANNER

This module is entered via TIBUG. An example is shown
below. This module handles the self relocation of

PROMs, the RAM search, input from the user: prints the
‘HELP’ list, and return to TIBUG.

start address of EPROM)(cr)

SHUT DOWN INTERRUPTS
SET UP WORKSPACE

CLEAR THE ACCUMULATOR
LOOK AT START ADDRESS

IF NOT. BIASED, JUMP
DEBUG-LOADER HAS BIAS, CLEAR BASE

GO_T0 PROGRAM
SET UP “RT/ OPCODE
PC VALUE TO Ri1

SCANO2 Al R11,SCANOO-SCANO2 PC-10 = EPROM START

NGV R11,R10
¥

R10 = BASE VALUE FOR WP

#====== D0 EPRON CHECKSUM

MOV R10,R1
MV R10,R2
Al R2,ENDEMO

C
JNE  SCANO9
MOV R3.RS

JEQ  SCANO3

GET START OF EPROM
CALCULATE END OF EPROM
ADD IN LENGTH OF CODE

ADD IN EPROM VALUE
ARE WE DONE 2
IF NO, ADD AGAIN

WAS THE SUM 0 ?
IF YES, GO ON

PRINT €BADROM(R10) PRINT BAD ROM MSG

P @IT
¥

G0 BACK TD TIRUG

#======) INITIALIZE THE /203 PARITY

¥

SCANO3 LI R12,CRUO1
SB1 23

SCANIC MOV 3RO, #RS5+
CI RS, WPL

JNE  SCANIO
SB0 23
#

#======) D0 RAM SEARCH

H-17

GET 9901 CRU BASE

SET UP /203 RESET
DO _READ/WRITE
ARE WE DONE ?

IF NO, JUWP
RESET /203

:
iz
i
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TM990/303 DEMO SOFTWARE COMMAND

0159 ¥
0160 0048 020C

004A AAAA
0161 004C 0209
OO4E

LI  R12,PATTRN
LI  R9,RAMBEG

F000
0162 0050 CA4C SCANO7 MOV R12,4R9
SETO RS

0163 0052 0705
0164 0054 8540
0163 0056 1306
0166 0058 0227

0054 F000
0167 003C 16F9
0168 00SE 2FAA

0060 0273
0169 0062 102F

0170 0064 CA47 SCANOS MOV

0066 0226
0171 0068 CA4A
006 0224
0172 006C 6201

006 1234
0173 006E” INTVAL Ew $-2

0174 0070 8A41

0072 0210

0175 0074 1302

0176 0076 04E9
78 0

C  RI2,*R9
JEQ  SCANOG
Al R9,-21000

JNE  SCANOT

12:57:30 MONDAY, MAR 03, 1980.
SCANNER

SET UP PATTERN
SET P ist RAM ADDR

SET UP PATTERN

PUT BUS ALL ONE WAY

IS THE PATTERN THERE ?
IF YES, JU¥

SUBTRACT 1000

IF NOT AT ZERO, JUMP

PRINT @NORAM(R10) PRINT THE ERROR MESSAGE

P IT

G0 TO TIBUG

R, RANBAS(R?) SAVE THE VALUE OF RAM BLOCK

MOV R10,BROMBAS(R?) SAVE THE VALUE FOR ALL WPs

LI RI,>1234

CHECK FOR INIT ALREADY

R1,@INITFL(R?) ARE WE INITIALIZED ?

JEG

SCANOS
CLR RINITFL(R9)

IF YES, JMP
CLEAR THE INITIALIZE FLAG

0078 0210
0177 007A 2FAR  SCANOS PRINT eMSGIST(RIO) PRINT THE HEADER MSG
PRINT EROMMSG(R10) PRINT ROM MESSAGE

007C 0243
0178 007E 2FPR
0080 02B1-
0179 0082 2E8A

HEXOUT R10

PRINT @RAMMSG(R10) PRINT RAM MESSAGE

HEXOUT R9

#======3 COMMAND SCANNER

0 *
0185 008A 02E0 SCANO4 LWPI WP1

008C FDOO
0186 008E 2FAA
0030 00ED”
0187 0092 2£C1
0183 0094 0204
0096 FFFE
0189 0098 0203
009A GOE4’
0199 009C AOCA

0191 00%E DO33
0192 00RO 13F4

0198 00BO Al4A
0199 00B2 A10S
0200 00B4 C114

SET UP WP AGAIN

PRINT €PROMPT(R10) PUT OUT 72/

INCHAR R1
LT  R4.MINUSZ

LI  R3.CMDLST
A  RI0.R3

SCANOS MOVE #R3+,RO
JEG  SCANO4

INCT R4
CB RL.RO

JNE SCANOS

PRINT €CRLF(R10)

LI  RS.CHDADR
R10: R

]
A RS:R4
MOV #R4.R4

GET THE INPUT CHAR
SET UP INDEX CTR

GET ADDRESS OF CHAR LIST

ADD IN BASE OF EPR[H

GET CHAR FROM TABLE

IF END OF TABLE, PROMPT AGAIN
ADVANCE INDEX CTR

DOES INPUT MATCH TABLE ?

IF NO, CHECK NEXT CHAR
DO A CR.LF

ADD IN TABLE ADDRESS
ADD IN THE BASE

ADD BASE OF TABLE TO OFFSET
GET CONTENTS OF TABLE

PAGE 0005



3 DEMC  SDSMAC 3.2.0 78.274  12:57:30
TH990/J0 3 DEMO SOFTWARE COMMAND SCANNER
0201 00BS AL0A A R1O,R4
0202 00B8 0203 LI  R3,WP2
00BA 0190
0203 00BC AOCY A R%R3
0204 O0BE 0403 BLWP R3
0205 00CO 10E4 JMP  SCANO4
0204 *
0207 * > QUIT COMMAND
¥
0209 00C2 0460 QUIT B  @TIBUG
00C4 0080
0210 +
0211 * > HELP COMMAND
0212 ¥
0213 00C6 C260 HELP
00C8 0012

0214 00CA C2R9
00CC 0224

0215 00CE 2FhA
00D0 00F3”

0216 00D2 0380

MONDAY, MAR 03, 1980,
PAGE 0006

ADD IN BASE OF EPROM
GET TARGET WP

ADJAUST THE RAM START
GO TO ROUTINE
GO TO SCANNER

GO TO THE MONITOR

MOV 818(R13),R? GET THE RAM BASE

MOV @ROMBAS(R9),R10 GET THE BASE ADDRESS OF EPROM
PRINT BHLPMSG(R10) PRINT THE HELP MESSAGE

RETURN TO COMMAND SCANNER

RTwP

H-19
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TH990/303 DEMO SOFTWARE COMMAND SCANNER PAGE 0007
0218 ¥
0219 §======
0220 ¥
0221 00D4 0880/ CMDADR DATA ISSCMD.HELP, INIT.QUIT, XFEROO, INIT10
0006 00C6’
0008 02CE/
00DA 00C2’
00DC 0C32/
00DE 0C8C*
0222 00EQ OCCC’ DATA VEFY0O.FORMAT
Q0E2 0D7C” .
0223 00E4 43 CMDLST BYTE “C/»“H . 172 7R, “X* 2 P72 V5 F*5 0
00ES 48
00ES 49
00E7 351
00E8 358
00E9 S0
00ER 56
00ER 44
00EC 00
0224 *
0225 #=======3 MESSAGES
0224 *
0227 O0ED 07 PROMPT BYTE BELL.CR,LF,“?7,77/,0
00EE 0D
00EF  OA
00F0 3
WF1  3F
00F2 00
0228 00F3 (7 HLPMSG BYTE BELL.CR.LF
00F4 0D
00F5  OA
0229 00F6 43 TEXT “COMMANDS: 4
0230 0OFF 0D BYTE CR,LF,LF
0100 04
0101  OA
0231 0102 48 TEXT ‘H = HELP, PRINT HELP LIST”
0232 011B 0D BYTE CR.LF
o11C 04
0233 0110 3 TEXT ‘@ = QUIT, RETURN TO TIBUG”
0234 8%%(7: 0,3 BYTE CR.LF
¢
0235 0138 49 TEXT “I = INITIALIZE DEMO SOFTWARE. INTERACTIVE”
0236 0161 20 TEXT © USER INITIALIZATION/
0237 gg‘g 3% BYTE CR.LF
0238 0177 43 TEXT “C = COMMAND ISSUER, USER MAY INTERACTIVELY’
0239 01A1 20 TEXT  ISSUE COMMANDS TO DISK CONTROLLER-
(240 01C3 0D BYTE CR.LF
01C4 0OA
0241 01C5 38 TEXT ‘X = BLOCK DATA TRANSFER -
0242 01bD 0D BYTE CR.LF
01 04
0243 0iDF 50 TEXT ‘P = INITIALIZE RAM MEMORY WITH PATTERN *
0244 0206 0D BYTE CR.LF
0207 04
0245 0208 36 TEXT ’V = MEMORY TO MEMORY DATA COMPARE -
0246 0220 0D BYTE CR.LF
022B  0A
0247 022C 46 TEXT “F = FORMAT DISKETIE *

- H-20
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TM990/303 DEMO SOFTWARE COMMAND SCANNER PAGE 0008

0248 0240 0D BYTE CR.LF,0
0241  0Oh
0242 00
0249 3%23 gg MSGIST BYTE CR.LF
0250 0245 54 TEXT ‘TM990/303 DEMO SOFTWARE REL. 1.1 02/28/80°
0231 0270 00 CRLF  BYTE CR.,LF.0
0271  0Oh
0272 00
0232 0273 A NORAM TEXT ‘NO RAM EXISTS, CANNOT USE DEMO/
0253 0291 0D BYTE CR.LF,
0292 0h -
0293 00
0234 0294 42 BADROM TEXT /BAD EPROM, CANNOT USE DENO‘
0255 026 0D BYTE CR,LF,0
026F  0A
0280 00
0236 02B1 43 ROMMSG TEXT ‘EPROM AT >/
0257 02BB 00 BYTE 0
0258 02BC 20 RAMMSG TEXT © DEMO RAM AT >
0259 02CC 00 BYTE 0
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TN990/303 DEMG SOFTWARE PARAMETER INITIALIZE PAGE 0009
0262 FHH R R R R E R R R R R
0263 * INITIALIZE PARAMETERS *
0264 * ¥
0265 # This module initializes the parameters used by the *
0266 # command issuer subroutine. This section of code is *
0267 * entered three wavss thru the command scanner, from *
0268 # the format module and from the command issue module. *
0269 # The last two are caused when those commands are *
0270 + attemrted but the parameters have not been previously #
0271 # initialized. 4
0272 ¥ *
0273 FHHHHHHHH S H R
0274 02CE EVEN
0275 0ZCE C26D INIT MOV @18(R13),R9? GET THE RAM BASE ADDR FROM

0200 0012
0276 * R OF OLD WP
0277 g%lﬁ 8%2 MOV @ROMBAS(R9).R10 GET THE ROM BASE ADDR
0278 02D6 04C7 INITOO CLR R7 INITIALIZE UNIT VALUE
0279 8%82 gg?g; PRINT @UNTMSG(R10) PRINT THE UNIT QUESTION
0280 02DC 064 BL  @INSUB{R10) MOVE CODE & EXECUTE

02DE 0D&4/
0281 02EC 2E47 HEXIN R7 GET THE UNIT
0282 02E2 02647 DATA INITOL PROCESS THE TERMINATOR
0283 0264 02D6° DATA INITQO IF NOT HEX ASK AGAIN
0284 g%gg gozgg INITO CI  R7,HEX3 IS THE # TOO LARGE ?
0285 02EA 15F5 JGT  INITOO IF YES, GET ANOTHER ONE
0286 8%% ggg MOV R7,8UNIT{R?) STORE UNIT NUMBER
0287 g%FFO gg% INITO2 LI R7,DEFCRU  SET UP DEFAULT CRU BASE

2

0288 g%f;g a“gﬁ, PRINT @CRUMSG(R10) ASK FOR CRU BASE
0289 02F8 046AA BL.  @INSUB(RIO) MOVE CODE & EXECUTE

02FA 0D64”
0290 02FC 2£47 HEXIN R7 GET THE CRU BASE
0291 Q2FE 03027 DATA INITO3 PROCESS THE TERMINATOR
0292 0300 02F0” DATA INITO2 IF NOT HEX, ASK AGAIN
0293 8%8% 8112% INITOZ CI  R7.MAXCRU IS VALUE TOO LOW ?
0294 0306 11F4 AT INITO2 IF YES, JAMP
0295 0308 0227 Al R7,>10 ADMIST CRU BASE

0306 0010
0296 8338% gg% MOV R7,8BAS303(RY) SAVE THE CRU BASE
0297 031(2) 022% LI R8,STORFL  GET ADDR OF STORAGE MODE FLAG

0312 ¢
0298 8%{2 842%/ LI R12,STORMG  GET ADDR OF STORAGE MESSAGE
0299 (318 0700 SETG RO SET UP DEFAWLT
0300 8%%3 863%! BL  @ASKSUB(R10) GO INPUT STORAGE
0301 g%g gg(l)g LI R8,INTFLG  GET THE ADDR OF INTERRUPT FLAG
0302 8322% g%gtz LI R12,INTMSG GET THE ADDR OF INTERRUPT MESSAGE
0303 0326 04C0 CLR RO SET UP DEFAULT
0304 0328 06AA N @ASKSUB(RIO) GO INPUT INTERRUPT FLAG
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TMI90/303 DEMO SOFTWARE PARAMETER INITIALIZE PAGE 0010
0328 03507

0305833%8%)2 LI R8,HALTFL  GET THE ADDR OF HALT FLAG

0306 833% 823({):03, LI RIZ,HLTMSG GET THE ADDR OF HALT MESSAGE

0307 0334 0700 SETO RO SET UP DEFALLT

0308 8% %J Bt @ASKSUB(R10) GO INPUT HALT FLAG

03098%8%(}% LI RS.PRNTFL  GET THE ADDR OF PRINT FLAG

0310 8% 8&0%/ LI RI12,PRTMSG  GET THE ADDR OF PRINT MESSAGE

0311 0342 0700 SETO RO SET UP DEFALLT

0312 6% 8%, BL  @ASKSUB(RIO) GO INPUT PRINT FLAG

0313 0348 CAbA MOV INTVAL(R10),BINITFL(R?) SET THE INITIALIZE FLAG
0347 006E’
034C 0210

0314 034E 0380 RTWP RETURN TO COMMAND SCANNER
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‘SOFTWARE

12:57:30 MONDAY, MAR 03, 1980.

TH390/303 DEMO PARMMETER INITIALIZE PAGE 0011
g7 H ASKSUB SUBROUTINE *
0319 0350 A209 ASKSUB A  R9,R8 ADJUST RAM BASE
0320 0352 C400 RO, #R8 SET UP DEFALLT
0321 0354 A30A RIGRI2  GET REQL ADIR OF MESSAGE
0392 056 RO ASKSUI FRINT I3 )
0323 0358 2ECO INCHAR RO INPUT THE ANSHER
0324 0358 0280 €1 RO.SPACE IS IT A SPACE TERMINATOR ?
0325 02 130C JEQ  ASKSU2 IF YES, JUP
0326 gggg g% CI  RO,CARRET IS IT A RETURN TERNINATOR ?
0327 0364 1309 JEQ  ASKSU2 IF YES, JUWP
0328 0366 0280 €I RO.YES ISITA 'Y 2
0348 5900
0729 036 1402 MNE_ ASKSU3 IF NO, JMP
0330 034C 0718 SETO 8 TURN ON FLAG
0331 03%E 1004 P ASKSU2 60 T0 EXIT
0332 0370 0280 ASKSU3 CI  RO.NO ISITA N ?
0372 4E00
0333 0374 16F0 JNE  ASKSUL IF_NO» ASK QUESTION AGAIN
0334 0374 0AD8 (LR #R8 CLEAR THE FLAG
0335 0378 0458 ASKSU2 RT RETURN
0336 F S RHHHHHHHHHEHHHHHHHEHHEHEHRHHHH
0337 H INITIALIZE MESSAGES s
0338 FHHHHEHHHEE
0339 0374 0D UNTMSG BYTE CR.LF
0378 04
0340 037C 55 TEXT “UNIT TO BE TESTED (0/1/2/3:DEF=0) 2 *
0341 0340 07 BYTE BELL,0
031 00
042 0382 0D INTHSG BYTE CRoLF
043 034 55 TEXT “USE INTERRUPTS (Y/N.DEF=N) ? /
0344 031 07 BYTE BELL.0
032 00
0345 03(3 0D HLTMSG BYTE CR.LF
034 0A
0386 035 48 TEXT “HALT ON ERROR (Y/N,DEF=Y) 2 *
0347 031 07 BYTE BELL.0
0¥2 00
0348 033 0D PRTMSG BYTE CR.LF
0%4 04
0349 035 50 TEXT ‘PRINT ON ERROR (Y/N.DEF=Y) 7 ¢
0350 0402 07 BYTE BELL.0
0351 0404 gg CRUMSG BYTE CR.LF
032 odoe 3 TEXT “SOFTWARE CRU BASE OF /303 (DEF= >200) ? *
0353 0426 07 BYTE BELL,0
MF 00
0354 040 0D STORMG BYTE CRiLF
0355 432 55 TEXT ‘USE MASS STORAGE MODE (Y/N,DEF=Y) 7 ¢
0356 0456 07 BYTE BELL,0
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TM990/303 DEMO SOFTWARE STATUS CHECKER SUBROUTINE PAGE 0012
0359
832(1) * STATUS CHECKER SUBROUTINE #
¥ ¥

0362 # This subroutine checks the status of the command Jjust #*
0353 *  completed. This subroutine is called by the command #
0364 #  issyer subroutine only if the system status check flas #
0363 # 15 on. This routine will set the system error flas if #
0366 #  there was an error from the execution of the command. #
0347 # This flag is used to determine whether to halt on #
0368 #  errors, If the print on error flas is on the error #
0359 # wmessaoe will be printed indicating the relevant. +
0370 #  information about the command. L ]
0371 * ¥
0372 S S HHHHHHHHH
0373 0458 EVEN
0374 04% 6260 STATUS MOV @18(R13),R9 GET RAM BASE
0375 844555 C%g? MOV BROMBAS(R?),R10 GET THE ROMPAS OF THE EPROM
0376 ?“42(2) ggz CLR @ERRFLG(R9) CLEAR THE SYSTEM ERROR FLAG
0377 0464 C11D MOV #R13,R4 GET THE ADDRESS OF THE COMMAND LIST
0378 0466 C214 MOV #R4,R8 GET THE PRIMARY STATUS
0379 0468 0A18 SLA R8.1 MOVE ERROR BIT INTO MSB
0380 0464 1101 JLT STATO3 IF ERROR BIT = ‘1, JMP
0381 046C 0380 STAT0Z RTWP RETURN
0382 844% 8;%: STATO3 SETO ®ERRFLG(R9) TURN ON SYSTEM ERROR FLAG
0383 844;% %g'g MOV @PRNTFL(R9),RO IS THE PRINT FLAG ON ?
0384 0476 13FA JE@ STAT02 IF N0, GO TO EXIT
0385 &;g ﬁl PRINT @ERRUNT(R10) PRINT THE UNIT MESAGE
0386 %;E 5:2.0“%4 MOV @4(R4),R8  GET THE WORD WITH UNIT/CHMD
0387 0480 C1C8 MOV RS,R7 PUT INTD WORKING REGISTER
0388 8:82&4 8(2)3% ANDI R7,THREE STRIP OFF THE UNIT
0339 0486 2607 CHIOUT R7 PUT OUT THE UNIT
0390 m %?2! PRINT @CMDMSG(R10) PRINT THE COMMAND
0391 048C ORCS SRC R8,12 SET UP LEFT CHARACTER
0392 OASE.2E08 CHI0UT R8 PUT QUT LEFT CHARACTER
0393 0490 09C8 SRL R8.12 SET UP RIGHT CHARACTER
0394 0492 2E08 CHI0UT R8 PUT QUT RIGHT CHARACTER
0393 8:32 nggf PRINT @HOST(R10) PRINT “HOST ADDR‘
0396 0493 224 CHIOUT @12(R4)  PRINT HOST STATUS

0494 000C
0397 049C 2EA4 HEXOUT e14(R4)

049E 000E
0398 04A0 2FAA PRINT €DRIVE(R10) PRINT ‘STORAGE ADDR‘

04A2 0576°
0399 044 2EA4 HEXOUT @4(R4) PRINT STORAGE ADDR

04A6 0006 '
0400 04A8 2EA4 HEXOUT @8(R4)

0484 0008
0401 gac& %ggg, PRINT @LENGTH(R10) PRINT ‘LENGTH’
0402 04BO ZER4 HEXOUT @10(R4)  PRINT THE BYTE COUNT
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TH990/303 DEMO SOFTHARE STATUS £HECKER SUBROUTINE PAGE 0013

0410 04C8 0705
0411 04CA 0208

04CC EOSB
0412 0ACE C1D4
0413 04D0 0206

0402 0001
0414 04D4 C208
0415 04D6 130D
0416 04D8 0A18

0421 04E2 1801
0422 O4EA
0423 04E6 2FAA

0424 04EA 2E06
0425 OAEC 2FAA
O4EE 05657

0426 04F0 10EF
04F8 0002

0432 0500 2FRA
0502 0270°
0433 0504 0380

PRINT @IRIVST(R10) PRINT ‘DRIVE STATUS’

MOV @2(R4).R0  GET THE H/W STATUS

SRC R0, 4 RIGHT JUSTIFY LEFT CHARACTER
CHI0UT RO PUT OUT LEFT CHARACTER

SRL R0.12 RIGHT JUSTIFY RIGHT CHARACTER

CHIOUT RO PUT OUT RIGHT CHARACTER
PRINT @BITS(R10) PRINT ‘BITS/

SETO RS SET UP FLAG
LI  R8,STATI SET UP BIT SELECTOR

MOV #R4,R7 GET THE PRIMARY STATUS
STATOA LI R6,0NE SET UP VALUE

MOV R8,R8 ARE WE DONE WITH THIS WORD ?
JE@  STATO5 IF YES, JMP
SLA RS, 1 DO WE CHECK THIS BIT ?
JOC  STATO06 IF YES, JMP
SLA R7,1 MOVE BIT OVER
M STATO4 GO CHECK NEXT BIT
STAT06 SLA R7» 1 MOVE DATA BIT INTO CARRY
JOC  STATO7 IFA ‘1%
b SET DATA TU ALL ZERO’S

(R R
STATO7 PRINT SPACE1(R10) PUT OUT 1 SPACEARACTER

CHI0UT Ré PUT OUT RIGHT CHARACTER
PRINT @SPACE2(R10) PRINT 2 SPACES

J¥  STATO4 GO DO NEXT BIT
STATOS INV RS CHANGE THE FLAG

JNE  STATO8 IF_DONE, JUMP

MW @2(R4),R7  GET SECONDARY STATUS

LI  R8,5TAT2 SET UP BIT SELECTOR

JHP  STATO4 GO PROCESS ZND WORD
STATO8 PRINT €CRLF(R10) DO A CR.LF
RTwP RETURN
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TH990/303 DEMO SOFTWARE STATUS CHECKER SUBROUTINE PRGE 0014
0435 HHEHHHHHHHHHHH
g{% ¥ STATUS CHECKER MESSAGES ¥

HHHHH R H

0438 0506 0D ERRUNT BYTE CR,LF.LF

0507 OA

008 0A
0439 0509 24 TEXT “##¥ ERROR UNIT: -
0440 0519 00 BYTE 0
0441 (51A 20 CMDMSG TEXT / COMMAND: -
0442 0525 00 BYTE 0
0443 0326 0D BITS BYTE CR.LF.LF

0527 0A

0523 0A

0329 42 TEXT /BITS:”
0445 0526 OD BYTE CR.LF

052F O

0446 0530 4F TEXT OC ER IE DE ID OR SE UE OL WP SIY

0447 0554 20 TEXT ¢ ST BC’
0448 0562 0D BYTE CR.LF,
0563 0A
0564 00
0A49 0365 20 SPACE2 BYTE * 7
0450 0566 20 SPACE! BYTE * 7,0
0367 00
0451 0568 0D HOST  BYTE CR.LF
0569 0A
0452 0568 48 TEXT ‘HOST ADDR: ¢
0433 0575 00 BYTE 0
0454 0576 20 DRIVE TEXT - STORAGE ADDR: *
0435 0586 00 BYTE 0
0436 (0587 20 LENGTH TEXT < LENGTH: *
0437 0591 00 BYTE 0
0458 (0592 20 DRIVST TEXT - DRIVE STATUS: -
0439 052 00 BYTE 0
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220
0491 05C4 1302

0432 05C6 CO69

0080

0495 05D4 E9CI
05D6 FFF4
0477 0508 CDF8
0492 05DA 1102
0499 05DC 04D7
0500 05DE 1005
0501 0SEQ C107
0502 05E2 03C7
0503 05E4 C07
0504 0SE6 C218
0505 O3E8 10E5
0506 OSEA 0208
05EC 0000

0507 Q5EE A209
0508 05F0 (329
05F2 0228

0309 05F4 1FOC
0510 0SF6 1606

Moo e e o de de WK N NI e e 3 o o

12:57:30 H.’N'R;Y, MAR 03, 1980.

ISSUER SUBROUTINE PAGE 00135

COMMAND ISSUER SUBROUTINE

This subroutine initializes the transfer of the command
list to the disk controller. The command list is first
moved to 3 buffer used by this routine. This is done 5o
that commands can be initiated from EPROM. This
subroutine also determines whether status bits are
checked. The “HALT ON ERROR’ flas is alse checked in
this routine. This subroutine is called by the format
module and the issue command module.

This is the DSR that user software may call. Appendix H
of the TM?90/303 manual describes this interface. A
example of this interface is the ‘FORMAT’ command.

e L LL LY,

i

EVEN
COMISR MOV @18(R13),R9 R? = RAM BASE

MOV @ROMBAS(R?),R10 GET THE BASE OF THE EPROM
COMIO1 MOV #R13,R8 GET ADDR OF 1ST LIST
LI R7.COMBUF  GET ADDR OF CMD ISSUER BUFFER
A R%R7 ADJUST FOR RAN
COMIO2 LI  Ré6,MAXWDS  GET # OF WDS TO BE XFERRED
COMIO3 MOV #RB8+,#R7+  MOVE DATA
DEC R6 DECREMENT THE CTR
JE COMIO3 IF NOT DONE, KEEP MOVING
LR Ri CLEAR THE UNIT
MOV @UNITFL(R9),RO DO WE INSERT THE INIT
JEG  COMI20 IF NO: QP
MOV @UNIT(R?),R1 SET UP THE UNIT #
COMI20 MOV @INTFLG(R9),RO DO WE USE INTERRUPTS ?
JEQ  COMIOS IF N0, JUP
Al R1,INTEN SET UP INTERRUPT ENABLE BIT
COMIOS SOC R1,8-12(R7) TURN ON UNIT & INT BIT
MOV #RB8+,#R7+ DO WE CHAIN ?
JT  COMIO4 IF YES, JMP
CLR *R7 ZERQ THE LAST WORD
J¥ COMI0S GO SET UP XFER
COMIO4 MOV_ R7.R4 SAVE ADDR OF LAST CHAIN WORD
INCT R7 R7 POINTS TO NEW LIST
MOV R7,#R4 UPDATE CHAIN POINTER
MOV #R8,R8 GET NEXT CHAIN ADDR
JHP - CONIO2 GO MOVE NEXT LIST
COMIO6 LI  R8,COMBUF  GET ADDR OF 1ST LIST
A  R9.RB ADJIST FOR RAM
MOV @BAS303(R9),R12 SET UP CRU ADDR OF TM?00/303
T8 BUSY IS THE CONTROLLER BUSY ?
JNE  COMIOS IF NO, JUWP
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TH990/303 DEMO PAGE 0014
0511 OSF8 €029 MOV @PRNTFL(R?),R0 DO WE PRINT ?

O5FA 0218
0512 Q5FC 1302 JEG COMIO7 IF NO, QWP
0513 % g,;gg' PRINT @BSYMSG(R10) PRINT ‘CONTROLLER BUSY/
gﬁsig 0602 0380 COMIO7 RTWP EXIT SUBROUTINE

*

0516 # > SET UP INTERRUPT SERVICE ROUTINES

0517 ¥
0518 0604 COL0 COMIOS MOV 8CLKINT.R1
e GET ADDR OF CLOCK INT VECTOR

0519 0608 0202 . LI R2,BRANCH  GET BRANCH OPCODE
0608 0450

0520 060C 0203 R3,XFERIN  GET PC
060E 0722

-
—

0521 0610 CC42 MOV R2,#R1+ SET UP INTERMEDIATE VECTOR
0522 0612 AOCA A RI10-R3 ADJUST FOR EPROM ADDR
0523 0614 C443 MOV R3,#R1
0524 gﬁg 8832 MOV @FLPVEC,RI  GET ADDR OF VECTOR 2
0525 061A CLA2 MOV R2,#R1+ SET UP BRANCH COMMAND
0526 32}% 8;92, LI R3,CONINT  GET ADDR OF CONTROLLER ISR
0527 0620 AOCA A  RIOR3 ADD IN EPROM BASE
0528 0622 C443 MV R3,#1 PUT REAL ADDR_IN VECTOR
w2 %%z gr.‘?% LI RO,2F00 SET UP MAP BITS
0530 0628 0207 LI R7,COMBUF  SET UP LSB ADDR
062/ 0000

0531 062C ALY A R%:R7 ADJUST FOR RAM
0532 gg% 8?88 LI  R12,CRU01  GET CRU ADDR OF CLOCK
0333 (@)9“324 ﬁl LDCR @CLKVAL(R10).15 LOAD THE CLOCK VALUE
0534 0636 1E00 SBZ INTCLK G0 TO INTERRUPT MODE
0535 0638 1D03 SB0 CLKBIT TURN ON CLOCK INT
0936 0634 1002 SBO_ INT302 TURN FLOPPY INT
0537 32% 80388 LINI 3 OPEN UP INTERRUPT WINDOW
0938 8244(2) %32% MOV @BAS303(R9),R12 GET CONTROLLER CRU ADDR
0339 m 835704 MOV @4(R7).R3  GET THE WD WITH INT BIT
0540 0648 0493 SLA R3,9 PUT INT BIT INTO CARRY
0541 0644 1701 JNC  COMIZ1 IF NO_INT, JuP
gﬁ 064C 1DOD SB0 INTBIT ELSE ENABLE BIT AT CRU

¥
85.5“45 # > PUT OUT COMMAND

¥
0546 064E 3200 COMI21 LDCR RO,8 PUT OUT MAP BITS
0547 0650 1D08 SB0 COMAND SET CONMAND BIT T0 1
0548 0652 1D0A SB0 CUE SET CUE T0 I
0549 0654 1FOB COMIO? TB_  ACCEPT HAS THE DATA BEEN TAKEN ?
0350 0636 14FE JNE  COMIO? IF NO, KEEP TESTING
0951 0638 1E0A SBI CUE TAKE CUE LOW
0552 0654 1FOB COMI10 TB  ACCEPT HAS ACCEPT GONE LOW ?
%3 065C 13FE JEQ COMIL0 IF NO, KEEP CHECKING

¥
% #======) WRITE OUT 2ND BYTE OF THE ADDRESS

¥
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TH990/303 DEMO SUBROUTINE

COMMAND ISSUER PAGE 0017

0569 0670 3207
0570 0672 1DOA
0571 0674 1FOB
0572 0676 16FE
0573 0678 1E0A
0574 0674 06C7
0575 067C 020C

0467E 0100

0004

0580 0684 04E9
0686 021C

0581 0688 04E9
068A 0214

0582 068C 0493
0583 068E 1702
0584 0690 0729

0692 021C

0385 0694 0200
06%6 074C’
0386 0698 ACOA
0587 0694 C060
069C 000F
0588 069t 05C1
0589 06A0 CA40
05%0 06A2 0200

06A4 0064
0591 06A6 33EA
06A8 074R°
0392 06AR C157
0393 06AC 13FE
0594 06AE 0205
0680 0010
0595 0682 0605
0596 06B4 16FE
0597 06B6 0300
06B8 0000
(598 06BA C169
06BC 021C
0599 06BE 1308
0600 06L0 C169
06C2 0214
0601 06C4 1605
0602 06C6 C169
06C8 0218

LDCR R7.8 SEND OUT 2ND BYTE
SBZ COMAND TAKE COMMAND LOW
SB0 CUE SET CLE T0 1
COMIIt T8 ACCEPT HAS DATA BEEN TAKEN ?
JNE COMIN IF NO, KEEP TESTING
Sz CLE TAKE CUE LOW
COMI12 TB  ACCEPT HAS ACCEPT GONE LOW ?
JEQ  COMII2 IF NO, KEEP TESTING
. SWPB R7 PUT LAST BYTE IN LEFT BYTE
: > WRITE OUT 3RD BYTE
LDCR R7,8 LOAD 3RD BYTE
SB0 SET CUE 10 1
COMI13 TB_ ACCEPT HAS THE DATA BEEN TAKEN
JNE COMII3 IF NO, KEEP CHECKING
SBI CUE TAKE CUE LOW
SWPB R7 STRAIGHTEN OUT ADDR
LI R12,CRUO1  SET UP CRU BASE OF CLOCK
*
: > START CLOCK
COMI19 MOV @4(R7),R3  GET THE WD WITH INT BIT
CtR QINTEXP(R?) CLEAR INT EXPECTED FLAG
CLR @INTOCC(R?) CLEAR INT OCCURRED FLAG
SLA R3.9 PUT INT BIT INTO CARRY
JNC  COMI 14 F_NO INT. Juwp
SETO @INTEXP(R?) SET THE INT EXPECTED FLAG
COMI14 LI  RO,CMTOUT  SET UP ADDR OF TIMEOUT ROUTINE
A RI0.RO ADD IN EPROM BASE
MOV @CLKINT.R!  RE-SET UP CLOCK INT VECTOR
INCT Rt POINT TO ADDR
MOV RO, #RY PUT IN NEW ADDR
LI RO,TICKCT  SET UP COUNTER FOR 25 SEC @
LDCR @CLKVAL{(R10),15 RELOAD THE CLOCK
IS THE D DONE ?

COMI1S MOV *R7,RS
JEQ  COMI1S

CONMIZ22 DEC RS
JNE

LI RS.HAIT
CoM122

LIMI O

MoV

JEG  COMILS

COMMAN
IF_NO, KEEP CHECKING
SET UP WAIT VALUE

DEC WAIT VALLE
IF NOT DONE, CAN BE PULLED
SHUT DOWN INTERRUPTS

@INTEXP(R9).RS WERE WE EXPECTING INTERRUPTS ?

IF
@INTOCC(R?).R3 DID FE GET AN INTERRUPT ?

MV
JNE COMIL6
MoV

IF YES, JUW

@PRNTFL(R?),RS DO WE PRINT ?
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COMMAND

TH990/303 DEMO SOFTWARE

0603 06CA 1302
060406CCZFM
06CE 08297

0605 06D0 C169
222

06DA 01D0
0609 06DC A149
0610 06DE 0206
06E0 04587
0611 06E2 A10A
0612 O6E4 0405
0613 06Eb C169
06E8 021A
0614 06EA 1303
0615 Q6EC C169
04EE 0216
0616 06F0 1628
0617 06F2 C167
06F4 0010
0618 06F6 1112
0619 06F8 C169

06FA 021E
0620 06FC 1325

0702 0080
0623 0704 1F15
0624 0706 1607
0625 0708 04(5
0626 0704 3605
0627 Q70C 0285
070E 1B00
0628 0710 1602
0529 0712 046A
0714
0630 0716 C300
0631 0718 046A
071A 05AC”
0632 071C C1E7
071E 0012
0633 0720 10AF

I

12:57:20 MONDAY, MAR 03, 1980.
SUBROUTINE

ISSUER PAGE 0018

JEG COMI16 IF NOs JUMP

PRINT @NDINT(R10) ELSE PRINT NO INT GENERATED
COMI16 MOV @STATFL{R?).RS DO WE CHECK STATUS ?

JEQ  COMIL7 IF N0, JUWP

MV R7.R0 SET UP ADDR OF CMD LIST FOR STATUS

LI R5.WP4 SET UP WP ADDR

A R%RY ADJST RAM

LI R6,STATUS  SET UP PC ADDR

A RlO,Rb ADJUST EPROM BASE

BLWP RS G0 CHECK STATUS

MOV ERRFLG(R?).RS DID WE HAVE AN ERROR ?

JEG  COMIL7 , JUMP

MOV BHALTFL(R9), RSWEMTCNERRMS"

JNE  XFERIL IF YES, JUWP TO EXIT
COMI17 MOV @16(R7),RS DO WE CHAIN ?

JT COMIL8 IF YES,

MOV SLOOPFL(R?),RS DO WE LC[P ?

JEG  XFERI2 IF NO, EXIT

MOV R12.R0 SAVE CRU ADDR

LI R12,280 GET CRU ADDR OF TMS9302

B 2 HAS A KEY BEEN HIT ?

JNE  COMIZ3 IF NO, JUMP

ClR RS CLEAR INPUT REG

STCR RS:8 READ THE TMS 9902

Cl RS:E WAS THIS AN ESCAPE CHAR ?

JNE  COMIZ3 IF NO» CONTINUE

B #5CANO4(RIO) GO TO COMMAND SCANMER
COMIZ23 MV RO.R12 RESTORE R12

B @COMIOI(R1IO) YES, BRANCH
COMI18 MOV @18(R7),R7  GET THE NEW ADIR

JP  COMI1? GO PROCESS NEXT COMMAND
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TM990/303 DEMO SOFTWARE INTERRUP

0636

0637

0638

0639

0640

0641

0642 0722 0300
0724 0000

0643 0726 C26D

04645 0728 1E00
0646 0730 1E03
0647 0732 1D03
0648 0734 0069

0736 0218
0649 0738 1304

0650 0734 C069
073C 0224

06351 073E 2FAL
m s’

0740 07D1
0652 0742 020E
0744 0748/
0633 0746 A381

0454 0748 0380
0655 074A 5BSD
0656

0657

0658
05639 074C 0300
074E 0000
0660 07350 C26D
0752 0012
0661 0754 020C
0756 0100
0662 0738 1E00
0663 0758 1EO3
0664 075C 1D03
0665 OTE 0629
0760 01B0
0666 0762 16F2
0667 0764 C069
0766 0218
0668 0768 13EC
0669 0768 COL9
076C 0224
0670 076E 2FAL
0770 O7FE’
0671 0772 10E7
0672

0573

0674

0673 0774 0300
0776 0000

0676 0778 C26D
077/ 0012

0677 077C (329
077E

0228
0678 0780 1EOD

12:57:30 MONDAY, MAR 03, 1980,

T SERVICE ROUTINES PAGE 0019
x INTERRUPT SERVICE ROUTINES i
HHHHHH

4
¥:

#
XFERIN LINI 0

> ISR FOR CRU TRANSFER TIMEOUT

SHUT DOWN INTERRUPTS

MOV @18(R13),R9 GET RAM BASE

LI  R12,CRUDI  GET CLOCK INT

SBZ INTCLK GO TO INT MODE

SBZ CLKBIT CLEAR THE INT

SB0 CLKBIT SET UP FOR NEXT INT
MOV @PRNTFL(R9),R1 DO WE PRINT ?
JE@  XFERIL IF NO

MOV

) JUNP
EROMBAS(R?).R1 GET THE EPRON BASE

PRINT @XFRMSG(R1) PRINT THE MESSAGE

XFERIT LI R14,.XFERI2  CHANGE RETURN ADDRESS
A RI.R14 ADJUST FOR RAM
IFERIZ RTWP RETURN
250 HS TICK VALUE

CLKVAL DATA >5B3D
#

#======> COMMAND EXECUTION TINE OUT ISR

#

CHTOUT LIMI © SHUT DOWN INTERRUPTS
MOV @18(R13),R9 GET RAM BASE
LI R12,CRUO1  GET 9901 CRU ADDR
SBZ INTCLK GO TO INT MODE
SBZ CLKBIT CLEAR THE INTERRUPT
SBO CLKBIT SET UP_THE INTERRUPT
DEC eWP3(R9) DEC THE TIME QUT CTR
JNE XFERI2 IF NOT 0, EXIT
MOV QPRNTFL(R9) R1 DO HE PRINT ?
JE@ XFERI1 F NG,
MOV BROMBAS(RY), Rl GET THE EPRl'H BASE

PRINT @TOUTMG{(R1) PRINT THE TIME OUT MESSAGE

J¥  XFERII

]

GO TO ERROR EXIT

#======) CONTROLLER ISR

#
CONINT LIMI 0O

SHUT DOWN INTERRUPTS

MOV @18(R13),R? GET RAM BASE
MOV @BAS303(R9),R12 GET /303 CRU ADDR

SBZ INTBIT

CLEAR INTERRUPT
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0679 0782 1D0D
0680 0784 020C
0786 0100
0681 0788 1E0O
0682 078A 1EQ2
0683 076C 1D02
0634 078 0729
0790 0214
0685 0792 €029
0794 021C
0686 0796 1608
0687 0798 CO69
0794 0218
04688 079C 1302
0689 079E C069
0780 0224
0690 0742 2FA1
07A4 08577
0691 0786 10CD
0692
0693
0694
0695 07A8
07A9
0696 0784
0697 07CE
07CF
07D0
0698 (701
0702

0679 0703
0700 O7FB
07FC
07FD
0701 O7FE
07FF
0702 (800
0703 0826
0827

0828
0704 0829
0824

0705 0928
0706 0854
0855
0856
0707 0957
0858
0708 0859
0709 087D
087
087F

SESHSSSESHESIBSHESIESLSSBESRES

SDOMAC 3.2.0 78.274
TH990/303 DEMO SOFTWARE INTERRUPT SERVICE ROUTINES

12:57:30 MONDAY. MR 03, 1980,

SBO INTBIT SET UP INTERRUPT AGAIN

LI  R12,CRUO1  GET CRU BASE OF 9901

SBZ INTCLK GO TO INTERRUPT MODE

SBZ INT303 CLEAR INTERRUPT

SB0  INT303 SET UP_INTERRUPT

SETO @INTOCC(R?) SET INTERRUPT OCCURRED FLAG
MOV @INTEXP(R?),R0 DID WE EXPECT AN INTERRUPT ?
JNE  XFERI2 IF YES, 60 TO EXIT

MOV @PRNTFL(R?),Rt DO HE PRINT ?

JE@  XFERI IF NO, JUWP
MOV @ROMBAS(RY).R1 GET EPROM BASE

PRINT @NOTEXP(R1) PRINT ‘UNEXP INT/ WSG
. J¥ XFERIM G0 TO ERROR EXIT

M , COMMAND ISSUER MESSAGES

BSYMSG BYTE CR.LF
TEXT ‘CONTROLLER BUSY - COMMAND NOT ISSUED
BYTE CR,LF.0

XFRMSG BYTE CR,LF

TEXT ‘CONTROLLER WOULD NOT ACCEPT LIST ADDRESS”
BYTE CR.LF,0

TOUTMG BYTE CR.LF

TEXT “COMMAND DID NOT COMPLETE IN 25 SECONDS”
BYTE CR.LF,0

NOINT BYTE CR.LF

TEXT “COMMAND DID NOT INTERRUPT UPON COMPLETION/
BYTE CR,LF,0

NOTEXP BYTE CR.LF
EEV%E ‘UNEXPECTED INTERRUPT FROM CONTROLLER’

¥ ?
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TM790/303 DEMO SOFTWARE 1SSUE COMMAND SUBROUTINE PAGE 0021
0712 R
8;%2‘ : ISSUE COMMAND SUBROUTINE *

¥
0715 # The “ISSUE COMMAND’ subroutine allows the user to *
0716 * interactively issue a maximum of 10 command lists to *
0717 +# the floppy disk contreller. The operator enters this *
0718 # subroutine by enterina a ‘C” to a 77 eromrt. The *
0719 * operator is then asked a series of questions which *
0720 ¥ allow him to build command lists which can later be *
0721 * issued to the contreller. ¥
0722 ¥ ¥
0723 FEEHHEEEHHHHEHHHH

EVEN

0724 0880
0725 % %?g ISSCMD MOV 818(R13),R9 GET RAM BASE FROM OLD WP R9

0726 @ ggz MOV 8ROMBAS(R9),R10 GET EPROM BASE

0727 0888 BAGA € @INTVAL(R10),@INITFL(R?) DO WE NEED TO INIT ?
088A 006E’
088C 0210

0728 (88E 1307 JEG 155000 IF NO, JMP

0729 08%0 0201 LI RL,WP3 SET UP FOR BLWP
0892 01B0

0730 0894 AO49 A R%RI ADJIST RAM BASE

0731 0896 0202 LI R2,INIT SET UP PC ADDR
0893 02CE/

0732 089A AOBA A  RIG,R2 ADJUST ROM BASE

0733 089C 0401 BLWP Ri GO DO INITIALIZATION

0734 089t OAE9 1ISSCOO CLR EUNITFLIR9) CLEAR UNIT FLAG. WE WILL INSERT
0735 08A0 0220 .

OUR OWN

0736 08A2 0207 LI  R7,BUF GET ADDR OF BUFFER

08A4 00CB
0737 0BAS ALCY A R9%:R7 ADJUST RAM BASE
0738 08A8 0208 LI R8,CHNCTR  SET UP CTR

08A4 000
0739 0BAC O4F7 1SSCOL CLR #R7+ ZERQ WORD 0 (PRIMARY STATUS)
0740 OBAE 04F7 CLR *R7+ ZERO WORD 1 {SECONDARY STATUS)
0741 08B0 04C! ISSCO2 CLR RI CLEAR INPUT REGISTER
0742 %ﬁ OZ:A?(;’ PRINT €COMMSG(R10) ASK FOR COMMAND
0743 Q8BS 06AA BL  @INSUB(R1G) MOVE CODE & EXECUTE

08B8 0D64/
0744 (08BA 2E41 HEXIN R1 GET A HEX VALUE
0745 03BC 07D8* DATA 1SSC21 IF “CR‘ GO l"ALL CMND ISSUER
0746 OBBE 03B0~ DATA 155002 IF NOT HEX, ASK AGAIN
0747 %g 8%% 1S5C03 CI  RI,MAXCMD IS THIS TOO LARGE ?
0748 08C4 15F5 J6T  ISSC02 IF YES, ASK AGAIN
0749 08C6 06C1 SWPE Ri LEFT JUSTIFY FOR MOVE
0750 08C8 (04C4 1S5C04 CLR R4 SET DEFALT TO 0
0751 % (Z)FA%’ PRINT @UNITMG(R10) ASK FOR UNIT
0752 0BCE 06AA BL  @INSUB(R10) MOVE CODE & EXECUTE

0800 0D647
0733 08D2 2644 HEXIN R4 GET A HEX VALLE
0754 08D4 03D8° DATA 155005 GO0 PROCESS THE DEFALLT
0735 (8D6 08C8° DATA 1SSC04 IF NOT HEX, ASK AGAIN

0756 08D8 0284 1ISSCOS CI R4, MAXUNT IS THE UNIT T0O LARGE ?
08DA 0003
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TH90/303 DEMO SOFTWARE ISSUE COMMAND SUBROUTINE

0757 08DC 15F3 J6T 155004 IF YES, -ASK AGRIN

0758 OBDE AQ44 A  Ri.RI ADD UNIT TO COMMAND

0759 g%g ZFM 1SSC06 PRINT @VERMSG(R10) ASK VERIFY MESSAGE

gt 25 e i

0762 (0BE8 0285 Cl  RS,SPACE gACE IMTCR ?
08EA 2000

0763 08eC 130B JEQ  ISSC07 IF YES, JUMP

0764 % 8% Cl RS,CARRET  CARRIAGE RETURN TERMINATOR ?

0765 08F2 1308 JER  IS5C07 IF YES, JUMP

0766 OBF& 0285 CI R3:NO IS ANSHER A ‘N° 7
08F6 4E00

0767 0OF8 1305 JEQ 155007 IF YES, JMP

0768 08FA 02685 CI RS, YES IS ANSHER A “Y" ?
08FC 5900

0769 0BFE 16F0 JNE 185006 IF NOT “Y/ or “N’, ASK AGAIN

0770 0900 0204 LI R4, VFYBIT  TURN ON VERIFY BIT
0902 0040

0771 0904 AOA4 155007 A R4.R1 COMPLETE WORD 2

0772 0906 CDC1 MOV R1,3R7+ PUT WORD 2 IN LIST

0773 8% g%g ISSCO8 MOV BSTORFL(R9),RI MASS STORAGE MODE ?

0774 090C 1316 JE@  ISSC25 IF NO, JuMP

0775 090E 04C1 CLR Rt CLEAR INPUT REGISTER

0776 gg}(z) gg?g, PRINT @STORE1(R10) ASK FOR MSW OF STORAGE ADDR

0777 ggi4 0%20; BL  @INSUB(R10) MOVE CODE & EXECUTE

0778 0918 2E41 HEXIN R1 GET THE MSH

0779 0914 091E/ DATA 15SC09 PROCESS THE 0

0780 091C 0908~ DATA 1SSC08 IF NOT HEX, AS AGAIN

0781 091E 0A11 155009 SLA Ris1 STRIP OFF BIT 0

0782 0920 0911 SRL RI,!

0783 0922 CDCY MOV RI,#R7+ PUT WORD 3 AWAY

0784 0924 04C1 1IS5C10 CLR RI CLEAR INPUT REGISTER

0785 8?’%3 2;22 PRINT @STORE2(R10) ASK FOR LSW OF STORAGE ADR

0786 092A 0504 BL  @INSUB(RI10) MOVE CODE & EXECUTE

0Ds4’

0787 092E 244 HEXIN Ri GET THE LSW

0788 0930 0934° DATA 155C11 PROCESS THE ¢

0789 0932 0924° DATA 155C10 IF NOT HEX, ASK AGAIN

0790 0934 0911 15SC11 SRL RI,1 STRIP OFF BIT 15

0791 0936 OALl SLA Rl

0792 0938 1021 JP 155028 GO GET THE LENGTH

0793 093A 04C1 1SSC25 CLR Rl CLEAR INPUT REGISTER

0794 % gggg/ PRINT 8PHY1(R10) ASK FOR TRACK #

0795 0940 064 BL  @INSUB(R10) MOVE CODE & EXECUTE
0942 0D64”

0796 0944 2£41 HEXIN Ri GET THE TRACK #

0797 0946 09447 DATA IS5C26 PROCESS 0

0798 (948 09347 DATA 158C25 IF NOT HEX, ASK AGAIN

0799 0’;& gg&l} 155C26 ORI R1.38000 TURN ON PHYSICAL BIT
0

0800 094E CDC1 MOV R1,#R7+ PUT WORD 3 IN LIST

0801 0950 04C0 ISSC27 CLR RO INITIALIZE SURFACE 70 0

0802 0952 AR PRINT @PHY2(R10) ASK FOR SURFACE

H-35

PAGE 0022



303 DEMD  SDSMAC 3.2.0 78.274  12:57:30 MONDAY, MAR 03, 1980.
SOFTWARE ISSUE COMMAND SUBROUTINE

TM990/303 DEMO

096E 0D64
0812 0970 2e41
0813 0972 0976°
0814 0974 09667
0815 0976 0241

0978 001F
0816 0974 DOAO
0817 097C CDC1t
0818 097E 04C1
0819 0980 2FAA

0982

0820 0784 0LAA

0986 0Ds4/
0821 0788 2E41
0822 0984 (96E’

0823 098C 097E°
0824 O98E 0241
0990 FFFE
0825 0992 CIC1
0826 0994 0201
0996 000F
0827 0998 2FAA

099A 0ABS’
0828 099C 06MR

099t 0D64
0829 0940 2£41
0830 09A2 09R6°

s

000F
0833 09Ah 15F4
0834 09AC CIC1

0840 (09BC 09AE’
0841 09BE 0241
09C0 FFFE
0842 09C2 CDC1
0843 09C4 0608
0844 0706 130D
0845 09C8 0201
09CA 800F

BL  @INSUB(R10) MOVE CODE & EXECUTE

HEXIN RO
DATA 1SSC29
DATA 1SSC27
185C29 ANDI RO, 1
SLA RO.8
185031 CIR RI
PRINT 8PHY3{(R10)
BL  @INSUB(R10)

HEXIN R
DATA 1SSC32

DATA 15SC31
IS5C32 ANDI R1,>1F
MOVB RO.RI

ISSC28 MOV R1, 7+
IS5C12 CLR Ri

GET SURFACE/SECTOR

PROCESS 0
IF NOT HEX, ASK AGAIN
STRIP OFF BIT

LEFT JUSTIFY
CLEAR INPUT REGISTER
ASK FOR SECTOR

MOVE CODE & EXECUTE

GET INPUT

PROCESS 0

IF_NOT HEX, ASK AGAIN
STRIP OFF BITS

PUT IN SURFACE
PUT WORD 4 IN LIST
ERO THE LENGTH

i
PRINT @BYTCNT{R10) ASK FOR LENGTH

BL  RINSUB(R10)

HEXIN R1
DATA 1SSC13

DATA ISSC12
ISSC13 ANDI R1,OFFFE

MOV RI,¥R7+
ISSCI4 LI RILOF

MOVE CODE & EXECUTE

IF NOT HEX, ASK AGAIN
STRIP OFF BIT 15

PUT LENGTH IN LIST
INITIALIZE WAP BITS

PRINT @MAPNSG(RI0) ASK FOR MAP ADDR

BL  @INSUB(R10)

HEXIN R1

DATA ISSC1S

DATA 1SSC14
155C1S €I RI,MAXMAP

J6T IS5C14

MOV Ri,#R7+
155C16 CLR Rl

BL  @INSUB(R10)

HEXIN R1

DATA 1SSC17

DATA ISSC14
I1S5C17 ANDI R1.DFFFE

v Rl *R7+

JEQ ISSCI.’O
LI  R1,CHNBIT

MOVE CODE % EXECUTE

GET THE MAP
PROCESS THE 0
IF NOT HEX, ASK AGRIN
IS THE MAP TOO BIG ?

IF YES, ASK AGAIN.

PUT THE MAP IN THE LIST
CLEAR THE ADDRESS
PRINT @MEMMSG(R10) ASK FOR MEMORY ADDRESS

MOVE CODE & EXECUTE

GET THE ADDRESS
PROCESS THE 0

IF NOT HEX, ASK AGAIN
STRIP OFF BIT 15

PUT MEMORY ADDR IN LIST

DEC LIST CTR
IF LAST LIST, JMP

PAGE 0023
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SUBROUTINE

TH990/303 DEMO SOFTWARE ISSUE COMMAND
0846 09CC CDCI MOV R1.#R7+ PUT_INTO COMMAND 1 15T
0847 09CE 05C7 INCT R7 R7 POINTS TO NEXT LIST
0848 0900 C9L7 MOV R7.-2(R7)  SET UP CHAIN ADDR
0902 FFFE
0849 8’;}% 39%/ B @ISSCOI(R10) GO ASK QUESTIONS AGAIN
0830 %![g % 155C21 CI  R8,CHNCTR  DID THEY STOP AT IST LIST ?
0851 09DC 1343 JEG  185C30 IF YES, EXIT
0852 gg% g%% Al R7,MINUSB  POINT TO LAST CHAIN ADDR
0833 09E2 04F7 ISSC20 CLR #*R7+ CLEAR OUT CHAIN POINTER
0854 0%E4 04D7 - CLR #R7
0855 %g % LI  RO,BUF SET UP ADDR OF COMMAND LISTS
0836 0%EA AOOY A ADJUST RAM BASE
0857 % ggszl-\ 155C18 PRINT QSTATH}(RIO) ASK CHECK STATUS COMMAND
0858 09F0 2£C1 INCHAR RI GET ANSWER
0839 09F2 0705 SETO RS SET UP DEFAULT
08560 09F4 0281 R1,SPACE SPACE TERMINATOR ?
09F6 2000
0861 09F8 1304 JEQ@  ISSC33 IF YES, JUWP
0862 8¥2 g% Cl RI,CARRET  CARRIAGE RETURN TERMINATOR ?
0863 (9FE 1307 JEQ  1SSC33 IF YES, JU¥P
0864 0A00 0281 CI  RIYES IS = ’Y’ ?
0402 5900
0863 0A04 1304 JE@ ]5SC33 IF YES, JuP
0866 0A06 0281 Cl  R1.NO IS ANSWER = ‘N° ?
0A08 4E00
0867 0AOR 16F0 JNE  ISSCI8 IF N]T ‘Y oor ‘N
0868 0AOC 04C5 CLR RS SET FOR NO STATUS
0869 82(1)(6' 83423 1SSCX3 MOV RS, BSTATFL(RY) STME FLAG VALUE
0870 ggﬁ %Fﬂg?)’ ISSC23 PRINT €LOOPMG(R10) ASK LOOP QUESTION
0871 0At6 04Ct CLR R1 CLEAR THE LOOP FLAG
0872 0A18 2ECS mcum RS GET THE ANSHER
0873 0A1A 0285 RS, SPACE SPACE TERMINATOR ?
0AIC 2000
0874 OAIE 130A JEQ  I5SC34 IF YES, JoP
0875 % 8% CI RS,CARRET  CARRIAGE RETURN TERMINATOR ?
0876 0A24 1307 JEQ  ISS5C34 IF YES. JMP
0877 0A26 0285 ClI  RS:NO IS THE ANS&ER NO ?
0A28 4E00
0878 0A2A 1304 JEQ  ISSC34 IF YES, JuwP
0879 0A2C 0285 CI RS, YES IS THE ANSWER YES ?
0AZE 5900
0880 0A30 16F0 JNE 155023 IF N0, ASK AGAIN
0881 0A32 0701 SETO R1 SET THE LOOP FLAG
0882 %3346 %gﬁ ISSC34 MOV R1,®00PFL(R?) STORE FLAG VALUE
0833 % g?g’ 1S5C24 PRINT BEXMSG(R10) ASK EXECUTE GUESTION
0884 OA3C 2£C5 INCHAR RS GET _THE ANSWER
0885 0A3E 0285 I RS:NO IS THE ANSHER NO ?
0A40 4E0O
0886 0A42 1310 JEQ  ISSC30 IF YES, EXIT ROUTINE
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TH990/303 DEMO SOFTWARE ISSUE COMMAND SUBROUTINE

0887 0A44 0285

0846 2000
0888 0A48 1306
0889 0A4A 0285

0A4C 0DOO
0890 0A4E 1303
0891 0AS0 0285

0452 5900
0892 0AS4 16F1
0893 0AS6 0204

s

0896 0A60 AL4A
0897 0A62 0404

0898 0A44 0380 ISSC30 RTWP

PAGE 0025

C1 RS, SPACE SPACE TERMINATOR ?
JE@  ISS(35 IF YES, WP
CI  RO,CARRET  CARRIAGE RETURN TERMINATOR ?
JE@  ISSC35 IF YES, JUP ‘
CI RS, YES IS THE ANSHER YES ?
JNE  I55C24 IF N0, ASK AGAIN
ISSC35 LI R4, WP3 SET UP WP ADDR
A R9:R4 ADJIST FOR RAM
LI RS.COMISR  SET UP PC ADDR
f  RIORS ADJUST FOR ROM
BLWP R4 ISSUE COMMAND
RETURN
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TM990/303 DEMO SOFTWARE ISSUE COMMAND SUBROUTINE

0900

0901

0902

0903 0Abb
0h67

0904 0A68

0905 OATE

0906 CA7F

0A80
0907 0A81
0908 0R%A
0909 0A%B

0944 OC31

B R SR R e R SR E SRR E SR AESSEE S5 SSS5E SV SRR EHBSELES

* ISSUE COMMAND MESSAGES

FHEHHHHHHEHHEHHHEHHHHBHEHHHHHEHHH R S E R R R

COMMSG BYTE CR,LF
TEXT “COMMAND # (0 - 210} 2/
BYTE 0
UNITMG BYTE CR.LF
TEXT ‘UNIT % (0/1/2/3,DEF=0) 7
BYTE 0
VERMSG BYTE CR.LF
[Ti%ftj (’)DATA VERIFY ON READ/WRITE (Y/N.DEF=N) ? ’
BYTCNT BYTE CR,LF
TEXT “BYTE COUNT 2 ¢
BYTE 0
MAPMSG BYTE CR,LF
g%g 6!‘EHCRY MAP ADDRESS {Q- OF,DEF=F) ? ¢
MEMMSG BYTE CR.LF
TEXT “MEMORY ADDRESS (0~ BFFFE) 2 °
BYTE ¢
STOREL BYTE CR.LF
!T;E’_Xrg (”HSH DISK STORAGE ADDRESS (0- >7FFE} 2 ¢
STORE2 BYTE CR.LF
g%é 6!.8“ DISK STORAGE ADDRESS (0- XFFFE) 2 ¢
PHY!  BYTE CR.,LF
TEXT ‘TRACK NUMBER (0 - MC OR 0 - >22) ? ¢
BYTE 0
PHY2  BYTE CR.LF
TEXT “SURFACE (0 OR 1,DEF=0) ? /
BYTE 0
PHY3  BYTE CR,LF
TEXT "SECTOR (1 - 1A ORI - 210} 2
BYTE 0
STATMG BYTE CR.LF
TEXT ‘CHECK STATUS (Y/N,DEF=Y) ? ¢
BYTE 0
LOOPMG BYTE CR.LF
ITB%II (’,LOCP THRU COMMAND CHAIN (Y/N,DEF=N) ? ¢
EXMSG  BYTE CR,LF
TEXT “EXECUTE (Y/N,DEF=Y) ? -
BYTE 0
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TM990/303 DEMC SOFTWARE MEMORY UTILITIES

0947
0944
0749
0950
0951
0952

0957

0958

0959

0960

0961

0962 0C32

0963 0C32 C26D
0C34 0012

0964 0036 C209
0C38 0224

0963 OC3A 0204

0C3C 0C607

(966 OC3E 06PA
0C40 0DAC’

0967 0C42 C141
0963 0C44 0204
0C46 0C4CY
0969 (CA8 060A
0C4A 0DAC/

0970 0CAC C1C1
0971 OCAE 0203
0C50 CDFS

0972 0C32 0204

0C54 0C767
0973 0C36 06AA

0CS8 0D4ac’
0974 0C34 C181
0975 OC3C 13FA
0976 OCSE 1030
0977 :

0980 0C&0 0D
0C61  0A

3
x
SERFS

0988 0C8B 00

12:57:30 MONDAY, MAR 03, 1980,

PAGE 0027

FRHEHHHHHHHEHHHHEEHHHH HHHHHHHHHHHHHHEHHEHHHHHHHHHH

: BLOCK TRANSFER ROUTINE

*# This routine is entered from the /425 demonstration

*# software command scanner by entering the character ‘X‘.
* This routine is used to move a block of data from one
* memory loacation to another. The user will be prompted
* for the source address, destination address, and the

* number of bytes to be transferred. All entries must be

# an even number i.e. word boundry.
¥
* PROWPT: 2%

% SOURCE = XXXX DEST = YYYY LENGTH = LLLL

*

R L L L E L

FHEHEHHHHHHHHHHHEHHHHHEHHHEHHEHHEHHHHHEHHHHHHHHHHHHHHHE

€18(R13),RY GET THE RAM BASE
MOV €ROMBAS(RY),R10 GET EPROM BASE
LI  R&.XFERMI  GET ADDR OF MESG !
BL  EGETDAT(R10) GO GET THE DATA

MOV R1.RS PUTlstADMINRS
LI R4, XFERMZ  GET ADDR OF MESG 2

BL  @GETDAT(R10) GO GET THE DATA

MOV R1,R7 PUT 2nd ADDR IN R7

LI R3:MOV SET UP EXECUTE CODE
IFEROZ L1 R4, XFERM3  GET ADDR OF MESG 3

BL  @GETDAT(R10) GO GET THE LENGTH

MOV RI,R6 PUT THE LENGTH IN Ré

JE@  XFERO2 IF 0, ASK AGAIN

JP INITIS GO TO EXECUTE CODE

¥
#======) TRANSFER & INITIALIZE MESSAGES

#

XFERM! BYTE CR,LF
TEXT /SOURCE =
BYTE 0

XFERM2 TEXT ~ DEST = -
BYTE 0

AFERM3 TEXT © LENGTH = ~
BYTE 0

Dath = -

INITML TEXT ©
BYTE 0
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TM990/303 DEMO SOFTWARE MEMORY UTILITIES

0990

0991

0992

0993

0994

0995

0994

0997

0998

0999

1000

1001

1002

1003

1004

1005 0C8C

1006 0C8C C26D
0CBE 0012

1007 0C90 C2A9
0092 0224

1010 0C9C C141
1011 OC9E 0203
0CAQ CD47
1012 0CA2 0204
0CA4 O0C76°
1013 0CA6 06AA
0CA8 0D4C’
1014 OCAA C181
1015 OCAC 13FA

1016 OCAE 04C1
1017 OCBO 2FAA

1019 0CB8 241
1020 0CBA OCBE’
1021 OCBC OCAE’
1022 OCBE CICH
1023 0CCO ZFAA

0CC2 02707
1024 0CC4 0483
1023 0CCs 0646
1026 0CC8 1&FD
1027 0CCA 0380

HEERHEEEE N

*
¥

* This routine is entered form the /425 demonstration

# software command scanner by entering the character ‘P’.
# This routine allows the user to initialize memory with
# a data pattern. The user will be prompted for a memory
# start address, brte count, and data pattern. All

* entries are in hexadecimal.

HHHHEE
MEMORY INITIALIZE ROUTINE

l for this routine;

Shown below is the prompting

PAGE 0028

T T L LI LY

l PROMPT: 7P
¥ ADDRT = XXXX LENGTH = LLLL DATA = PPPP
*
FEHHEHEH

EVEN
INIT10 MOV @18(R13).R9 GET THE RAM BASE

MOV eROMBAS(RY),R10 GET THE EPROM BASE

LI R4,VFYMI GET ADDR OF MESG 1!

BL  @GETDAT(RIO) GO GET THE DATA

MOV RL.RD PUT START ADDR IN RS

LI R3.MOV2 SET UP EXECUTE CODE
INITI4 LI R4.XFERM3  GET ADDR OF MESG 2

BL  €GETDAT(R10) GO GET THE DATA

MOV RI.R6 PUT LENGTH IN Ré

INIT14 IF 0, ASK AGAIN

JE
INITIZ QLR Rl

REG

CLEAR THE INPUT
PRINT INITMI(R10) ASK FOR DATA PATTERN

BL  @INSUB(R10) MOVE CODE & EXECUTE

HEXIN RI1

DATA INITI3 PROCESS THE 0

DATA INIT12 IF NOT HEX, ASK AGAIN
INIT13 MOV R1,R7 PUT PATTERN IN R7
INIT1S PRINT €CRLF(RI10) DO A CARRIAGE RETURN
INITID X R? EXECUTE A MOVE COMMAND

DECT R DECREMENT THE LENGTH

JNE
RTWP

INITll IF NOT DONE, JUMP BACK

RETURN TO SCANMER
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1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051 0CCC
1052 0CCC C26D

OCCE 0012
1053 0CDO C2A%
0CD2 0224
1054 0CD4 0204

1059 OCE6 C181
1060 OCES 0204
OCEA 0C767
1061 OCEC 06AA
OCEE 0]
1062 0CFO C1C1
1063 OCF2 13FA
1064 OCF4 2FAA
OCFb6 02707
1065 OCF8 8DBS
1066 OCFA 1503
10467 OCFC 0647
1068 OCFE 16FC
1069 0D0OO 0380
1070 0DO2 2FAA

L4

0D04 0D41/

1071 0D06 0645
1072 0DO8 0646
1073 ODOA 2FPA

0DOC 0D2C/

1074 ODOE 2E85
1075 0010 ZFM

0D12
1076 0D14 2EBS

12:57:30 MONDAY, MAR 03, 1980,

FEFEHHF R R R R

*
¥
*

BLOCK TO BLOCK COMPARE

This routine is entered from the /425 demonstration

# software command scanner by entering the character “V’.
# This routine allows the user to verify the contents of
* two blecks of memory by comparina the contents, If the
# corresponding memory words are not esual an error

# message is printed. The user will be prompted for the
+ starting addresses of the two blocks of data and the

# number of brtes to be compared. All entries are in

* are in hexadecimal and the data is compared on word

# boundries. Shown below is the prometing and error

# print outs

*

We oo M e o s o o e s o o B e s o ok e e e

P

# PROMPT: oW
: ADDR1 = XXXX ADDRZ = YYYY LENGTH = LLLL
¥ ¥ ERROR
# ADDRY = X142 DATA = ABCD ADDR2 = YY42 DATA = ABCC
*
Hﬂﬂﬂ*&nﬁﬂmﬂm{immmﬂm

E
VEFYOO MOV e18¢R13),R9 OGET THE RAM BASE

MOV @ROMBAS(R?).R10 GET THE ROM BASE

LI  R4,VFYM1 GET ADDR OF MESG 1

BL  EGETDAT(R10) GET 1st ADDRESS

MOV RIL,RS PUT 1st ADDR IN RS

LI R4, VFYM2 GET ADDR OF MESG 2

BL  @GETDAT(R10)} GET 2nd ADDRESS

MOV RI.R6 PUT 2nd ADDR IN Ré
VEFY03 LI R4, XFERM3  GET ADDR OF MESG 3

Bt @GETDAT(R10) GET THE LENGTH

MOV RI1.R7 PUT LENGTH IN R7

JEG  VEFYO3 IF 0. ASK AGRIN

PRINT €CRLF(R10) DO A CARRIAGE RETURN
VEFYOL C  #RS+,#Ré+  DOES THIS WORD COMPARE 7

JNE_ VEFY02 IF N0, JUMP

DECT R7 DECREMENT THE LENGTH

JNE  VEFYOL IF NOT DOME, KEEP CHECKING

RETURN TO SCANNER

RTWP
VEFY02 PRINT @VFYM3(R10) PRINT OUT ERROR

DECT RS

BACK UP POINTERS

DECT R6
PRINT @VFYMI(RI0) PUT OUT ist ADDR

HEXOUT RS
PRINT @INITMI(R10) PUT OUT Ist DATA
HEXOUT #R5+
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1077 D16 2FAA
0D18 0035
1078 ODIA 268%
1079 0DIC 2FA
ODIE 0C82/
1080 0D20 26B6
1081 0022 2FAA
0DZ4 0270°

1082 0D26 0647
1083 0028 16E7

1101 6D50 04Ct
1102 0D52 2794

1105 0BSA ODSE”
1106 0DSC 00507
1107 ODSE 0241
0D60 FFFE
1108 0D42 0430
1109 0D64 020C
0D66 FD20
1110 0D68 CF3B
1111 0D6A C73B
1112 ODAC AFOA
1113 ODGE C73B
1114 OB70 AFOA
1115 0D72 C72A
0074 Of
1116 0076 0460
0078 FD20
1117 OO7A OA5R

£

12:57:30 MONDAY, MAR 03, 1980,
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PRINT @VFYM2A(R10) PUT OUT 2nd ADIR

HEXOUT Ré
PRINT @INITMI{R10) PUT OUT 2nd DATA

HEXOUT #R6+
PRINT €CRLF(R10) DO A CARRIAGE RETURN

DECT R7 DECREMENT THE LENGTH
JNE  VEFYOL IF NOT DONE, KEEP CHECKING
RTWP RETURN TO' SCANNER
FHHH R
¥ VERIFY MESSAGES *
HHEEH
VFYM  TEXT “ADDRI = -
BYTE O
VFYM2A BYTE 320,220,220

VFYM2 TEXT ‘ADDRZ = 7

BYTE 0
VFYM3 TEXT ‘#¢ ERROR’
BYTE CR.LF,0
HEHHHH R RO
* GET DATA SUBROUTINE *
HEHHHHEH P R R R R R
EVEN
GETDAT A R10.R4 ADRIST EPROM BASE
MW R1l, SAVE RETURN
GETDA! (LR R1 CLEAR INPUT REGISTER
PRINT *R4 PRINT THE PROMPT
BL  @INSUB(R10) MOVE CODE & EXECUTE
HEXIN RI INPUT THE HEX VALUE
DATA GETDA2 PROCESS 0
DATA GETDA! IF NOT HEX. ASK AGAIN

GETDA2 ANDI R1,2FFFE STRIP OFF BYTE BIT

RETURN TO UTILITY
SET UP EXECUTE ADDH

MOVE “HEXIN OPCODE
MOVE ADDR1

ADD IN ROM BASE
MOVE ADDRZ

A RIO,#RI2+  ADD IN ROM BASE
MOV RRTCMD(R10),#R1Z SET UP “RT”

B EEXAREA GO EXECUTE CODE

RTCHMD RT NEEDET' OPCODE

#R0
R12.EXAREA

1+ #1124+
MOV #R11+, #R12
A RIO,*R1Z2+
MV #R1L+,#R12

B
INSUB L1
MoV
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TMI90/303 DEMO SOFTWARE FORMAT DISKETTE COMMAND PAGE 0031
1120 FEHE R R R
1121 * FORMAT DISKETTE COMMAND *
1122 * ¥
1123 ¥ This command formats a diskette. The user is asked for %
1124 # the size of diskette and the fermat to be used. Shown ¥
112 # below iz the promptino: *
1126 * ¥
1127 ¥ ¥ ¥
IR i :

# OrR S IN, *
1130 * EI?MTO‘IBHS 1=1§fﬁuﬁ£,‘-nwm +
1131 # {DEF=0 *
1132 P FHHE
1133 0D7C EVEN
1134 gg;lé %?g FORMAT M(V @18(R13).R9 GET THE RAM BASE
1135 g!gg gﬁ‘zgz MOV @ROMBAS(R9),R10 GET THE EPROM BASE
1136 OD84 BALA C  @INTVAL(R10),RINITFL(R9} HAVE WE INITED ?
0D86 006E
0D8g 0210
1137 ODBA 1307 JEQ  FORMIO IF YES, GO (N
1138 0D8C 0201 LI R1,WP3 SET UP WP
ODSE 01B0
1139 0D90 A049 A R%Rl ADJUST FOR RAM
1140 0D92 0202 LI  R&INIT GET PC ADDR
0094 O2CE7
1141 0D9 AGBA A  R10,RZ ADJUST ROM BASE
1142 0098 0401 BLWP RI INITIALIZE SYSTEM
1143 8%3@ 83076_! FORMIO LI  R8,MINMAX  SET UP MAX TRK OF MINI
U WL
1144 0D9E O4E9 (LR ®LOOPFL(R?) TURN OFF LOOP FLAG
00RO 021E
1145 8%2% 87%2 SETO @STATFL{R9) SET STATUS CHECKER FLAG ON
Z27
1146 ODAS 0204 FORMIL LI Rés1 SET DEFAULT SIDE T0 1
0DAZ 0001
1147 ())% %;A[g PRINT @SIDMSG(R10) PRINT SIDE MESSAGE
l £
1142 ODAE 04AA Bl @INSUB(R10) MOVE CODE & EXECUTE
ODRO QDA4~
1149 OIB2 2E44 HEXIN R& GET # OF SIDES
mo QDB4 ODC4~ DATA FORM20 IF 0, ASK AGAIN
151 ODB6 ODAL” DATA FORM11 IF NOT HEX, ASK AGAIN
1"' (DB8 (284 CI  R&sH ISITAL?
0DRA 0001
1153 ODBC 1303 JEG FORM20 IF YES, JMP
1154 ODBE 0284 CI  Ré,2 ISITAZ?
ODCO Q007
1155 ODC2 14F1 JNE  FORM11 IF NO, JUMP BACK
1156 ODCA CO46 FORMZ20 MOV Ré6,RI SAVE # SIDES
1157 ODCé G206 FORMAL LI RA.R SET DEFAILT SIZE TO B
OBCE 0008
1158 g?ﬁg@ /)E;:(E) PRINT @SI7MSG(R10) PRINT SIZE PROMPT
1159 ODCE 04606 BL  @INSUB(R10) MOVE CODE & EXECUTE
OpIe QDA8”
1140 ODOZ 7E84 HEXIN R& GET HEX INPUT
1161 o048 ODES” DATA FORMI? IF O, ASK AGAIN
11462 0DD& ODCA” DATA FORMAL IF NOT HEX, ASk AGAIN
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PRINT @CRLF(R10)

1163 0DD8 2FPA
onDg 02707
1164 ODDC 0284
ODDE 0005

1163 ODEO 1305
1166 ODE2 0286
0DE4 0008

1167 ODES 14EF
1148 ODE8 0208
ODEA 004C

1169 QDEC 0284
ODEE 0005

1170 ODFO 1503
1171 0DF2 0281
’ 0DF4 0002
1172 0DF6 13D7
1173 0DF8 04C4
1174 ODFA 2FPA
ODFC OF92/

1173 ODFE 06A4
OE0O 0D64/

1174 0E02 2E44
1177 OE04 0E0B/
1178 OEQ6 ODF8’
1180 OEOA 020B
0E0C 0001

1181 OEOE 2FPA
0E10 02707

1182 (E12 (284
OE14 0002

1183 0E16 15F0
1184 OE18 0207
OEIA OFIE’

1165 OE1C ALCA
1186 OEIE 0288
0EZ0 (04C

1187 0E22 1304
1188 0£24 0284
0E26 0002
189 0E28 13E7
190 0E24 C104
1191 0E2C 1300
1192 OEZE 1004
1193 0E30 0227
0E32 0020

1194 0E34 C104
1195 0E36 1308
1196 0E38 0227
0E3A 0010

1197 0E3C 0284
3E 0004

1198 0E40 1302
1199 0E42 04CB
1260 OE44 0227
0E44 0010

1201 0E48 0201
0E4A 00C8

1202 O0EAC 0202
OE4E OEFS”

— b

oI
JEQ
i
FORM19 L1
FORN1Z CI

JNE
CI

JEQ
FORMAZ

Ré&:3

FORM12
R6.8

NE  FORMAL

R, STOMAX
Ré&: 5

FORMAZ
R1,2

FORMI1

12:57:30 MONDAY, MAR 03, 1980.

PAGE 0032
) A CARRIAGE RETURN
ISITS5?

IF YES, JuWp
Isirtg?

IF NO, ASK AGAIN
SET UP MAX SIZE FOR STO

MINI 2

IF NG, JMP
2 SIDES ?

JUWP IF ILLEGAL COMBO
DEFAULT TO lﬂ! SINGLE

(LR R4 SET
PRINT BFORMGI(R10) ASK FOR FORMAT

BL  @INSUB(R10) MOVE CODE & EXECUTE

HEXIN R4

DATA FORMA3
DATA FORMAZ
1179 OEQ8 C301 FORMA3 MOV RI,R12

LI

PRINT €CRLF(R10)

Cl
JGT
L1

A
Cl

JEQ
Cl

JER
MoV

Ril.1

k4,2

FORMA2
R7.MINTAL

R16G,R7
R&. STDMAX

FORMA4
R4,2

FORMAZ
R4.R4

JQ  FORMAG

P
FORMA4 AL

MoV
JEQ
Al
CI
JEO
CLR
FORMAS Al
FORMAL LI

L1

FORMAS
R7.32

R4.R4
FORMAS
R7.16
R4, 1
FORMAS
R1t
R7.16
R1.BUF

Rz, DEFCMD

GET THE VALUE
PROCESS THE ©

IF NOT HEX, ASK AGRIN
MOVE SIDE

SET UP SECTOR #

DO A CARRIAGE RETURN
IS THE # VALID ?

IF NG, JUMP BACK
GET START OF MINI TABLE

ADD_IN ROM BASE
IS THIS STD ?

IF YES, JUuP
ISTHIS TI ?

IF YES, ILLEGAL CMD. ASK AGAIN
IS THIS IBM SINGLE ?

IF YES, JMP

GO ADJIST ADDR

BIMP DOWN 2 TABLES

IBM SINGLE ?
IF YES, JMP
BUMP DOWN TO IBM DOUBLE
IBM DOUBLE ?
IF YES, JP

CLEAR SECTOR, T1 DOUBLE
ADJUST TABLE ADDR

GET ADDR OF BUFFER
GET ADDR OF DEFINE DRIVE CMD
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12:57:30 MONDAY. WAR 03, 1980.

TM990/303 DEMO SOFTWARE FORMAT DISKETTE COMMAND

1203 0ES0 AO4Y
1204 0E32 AOBA

QE60 FFFA
1210 0E62 €081
1211 0E64 0200

0E64 0008

1212 0E68 CC77
1213 OE6R 0600
1214 OE6C 16FD
1215 OE&E 0729
0E70 0220
1216 0E72 0203
0E74 01BO
1217 0E76 0204
0E78 05A4’
1218 OE7A AOCY
1219 OE7C A104
1220 0ETE 0200
0EB0 00C8
1221 0E82 AMOY
1222 0E84 028C
0EB6 0002
1223 0EG8 1601
1224 OEQA 0592
1225 0E8C 0403
1226 OESE C1A9
0E90 021A
1227 0E92 1630
1223 0E94 04Ch
1229 0E96 0ACT
1230 0E98 0280
0E9A 0002
1231 QE9C 1602
1232 OESE 0207
OEAD 0100
1233 QEAZ 0200
OEA4 0014
1234 OBAG 0201
OEAS 00CE
1235 OEAA 0202
OEAC OF0A°
1236 OEAE AOA9
1237 OEBQ AOBA
1238 GER2 CC72
1239 OER4 (0640
1240 OEB6 15FD
1241 OERB EG46
OEBA FFF2
1242 OERC CB4R
OEBE FFF4
1243 QECO 0Z8C
0ECZ 0002

1244 OECA 1604
1245 OECH 04A07

A R%.RI

A RIO:R2

LI  ROZO
FORMA7 MOV #R2+, #R1+

DECT RO

JNE  FORMAY
MV R1,@-6(R1)

MOV R1.R2
LI RO,8

MOV #R7+,#R1+
DEC RO

JNE  FORML7
SETO @UNITFLIRY)
LT R3.WP3

LI R4,COMISR
A R%R3

A R10.R4

L1 RO-BF

R9,RO
R12,2

FORMI3
2
R3

FORM17

A
Cl
JNE
INC
BLWP
Moy
NE
CLR
CLR
£l

NE
L1

FORMAR LI

FORMLZ

FORM1R
Ré

R7
R1Z,2

FORMAR
R7,2100

R0, 20

LI RI.BUF

LT R2,FORCHMD
A R%:A1

A RI0.RZ
FORMAT MOV 02+, #R1+

[ECT RO
JNE FORMAY
SOC Ré,@-14(R1)

MV RIL8-12(R1)
£r a1z,

JNE  FORMI4
EC A7

H-46

ADLKIST RAM BASE
ADJIST ROM BASE
SET WP CTR

MOVE CMD LIST

DEC LENGTH

IF NOT DONE. KEEP MOVING
PUT ALDR IN LIST

SAVE ADDR OF DATA
SET UP LOOP CTR

HOVE_THE DATA INTO RAM
DEC THE CTR ,
IE NOT DONE, JUMP BACK
INSERT THE UNIT

SET UP BLWP VECTOR

ADUST FOR RAM
ADJUST ROM BASE
SET UP PARAMETER

TWO SIDED 2
IF NO, JMP

CHANGE TABLE
ISSUE CMD

@ERRFLG{R?).Ré DID WE GET AN ERROR 2

IF YES, EXIT
SET UP COUNTER
SET UP SIDE

2 SIDES ?

IF NG, JUMP
INIT T3 SIDE 2

SET UP LOOP CTR
GET ADIR OF BUFFER
GET ALDR OF FORMAT CMD

ADJUST FOR RAM
ADJIST FOR ROM

PUT TRK #
PUT IN SECTOR #
[WBLE SIDED

IF N, M
WAS IT O 2

PAGE 0032
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TM990/303 [EMO SOFTWARE FORMAT DISKETTE COMMAND

1246 OECR 1102
1247 OECA 04C7
1248 OECC 1002
1249 OECE 0207

OEDO 0100
1250 OED2 D847

OED4 FFF4
1251 0ED6 C001
1252 0ED8 0220

0EDA FFEC
1253 OEDC 0403
1254 OEDE CO29

OEEQ 021A
1235 OEE2 1608
1256 OEE4 0280

OEES 0002
1257 OEE8 1602
1258 OEEA C1C7
1259 OEEC 13DA
1260 OEEE 0386
1261 OEFQ 8206
1262 OEF2 1207

I.E F
1263 OEF4 0380 FORM1E RTWP

AT FORMIS IF YES, JUMP
R R7 SET 10 SIDE O
JHP FORMIA GO_PUT IN SIDE
FORMIS L1 R7,2100 SET UP SIDE 2
FORM14 MOVB R7.8-12(R1) PUT SIDE IM CMD
MV R1.RO SET UP PARAMETER
Al R0O,-20 POINT TO WORDO
BLWP R3 ISSUE FORMAT CMD
MOV BERRFLG(R9).RO DID WE GET AN ERROR ?
JNE  FORMIS IF YES, EXIT
€I R12,2 2 SIDES ?
JNE  FORMIi6 IF NO,
MOV R7.R7 HAVE WE_ DM BOTH SIDES ?
JEQ  FORMAS IF NG, GO BACK
FORM16 mc Ré INC THE TRK #
R6,R8 ARE WE DONE
ORMAS IF NGO, JUMP BACK
IF YES, EXIT

H-47
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TM990/303 DEMO SOFTHWARE FORMAT DISKETTE

1263

1264

1267
1268 OEF4 0000
0EFS 0000
OEFA 1000
OEFC 0000
0EFE 0000
OF00 0000
1269 QF02 OOOF
OF04 0000
OF06 0000
OF08 0000
1270 OF0A 0000
OFOC 0000
OFGE 0900
OF10 8000
1271 OF12 0000
OF14 0000
1272 OF14 OQ0OF

1273 OFIE 0001
0F20 0023
OF22 OFAQ
0F24 03E8

1274 OF26 1DAC
0F28 038
OF28 0000
OF20 4020

1275 OF2E 0004
OF30 0023
OF32 OFAQ
OF34 03E3

1276 OF34 1D4C

1277 OFE 0101
OF40 004D
0F42 038
OF44 05DC

1278 OF44 ODAC
OF48 03f48
OF48 0GOG
OFAC 4330

1279 GF4E 0101
0FS0 004D
OF52 03EE
OF54 0500

1280 OFSA GDAC
0F38 033
OFSf 1000
OFSC 63700

1281 OFSE 0101
OF60 004D
0F62 02FR
OFA4 05DC

1282 OF&6 ODAC

#
#======> COMMANDS

¥

DEFCMD DATA 0,0,21000,0,0,0
DATA 2F20,0,0

FORCMD DATA 00,3900, 28000

DATA 0.0
DATA 2F.0,0,0

MINTA1 DATA 1,35, 2FA0, 338

DATA >1D4C, >3E8. 0, 24080
MINTAZ DATA 1,35,2FA0,23E8

DATA >1DAC, 23ER, 21000, 24100
STDTAL DATA >101,77,1000,1500

[ATA 2500, 1000, 0, 36880
STOTA2 DATA 101,77, 1000, 1500

DATA 3500, 1000, 21000, 6900
STDTA3 DATA 2101,77,1000,1500

DATA 3500, 1000, 21100, 26920

H-48
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TM990/303 DEMO SGFTHARE FORMAT DISKETTE COMMAND PAGE 0036
0F68 038
OF6A 1100
OF6C 6920
1283 FHEEE A R
1284 ¥ FORMAT MESSAGES ¥
1285 FHEEHE R
1286 OF6E 0D SIIMSG BYTE CR.LF
OF&F (A
1287 OF70 52 TEXT “SIZE OF DISK (8 OR 3 IN,DEF=8) ? ~
1288 OF91 00 BYTE 0
1289 OF92 0D FORMG! BYTE CR.LF
0F93  0A
1290 0F94 46 TEXT ‘FORMAT: ¢ = IBM SIM’:‘LE, 1 = IBW DOUBLE’
1291 OFBA 2C TEXT 7, 2 = TI DOUBLE {
1292 OF4 Q0 BYTE O
1293 OFDS  OD SIDMSG BYTE CR.LF
0FD6  OA
1294 OFD7 4E TEXT “NUM OF SIDES (1 OR 2,[€F=1) ? °
1295 OFF3 00 BYTE O
1296 OFF& 2401 CHKSUM DATA >2401
1297 OFF8 ENDEMO
1298 END
N0 ERRORS, NG WARNINGS

H-149
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