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PREFACE

This manual provides detailed instructions for installing a Texas Instruments Model DS10
Cartridge Disk System in conjunction with a properly installed Model 990 Computer. In addition,
ii contains information required tc program the computer to use the disk system and a
description of the disk system with specific attention to the controls and indicators. Th
information is divided into the following sections:

Section

1 General Description — This section briefly describes the features and major com-
ponents of the disk system to acquaint the reader with the system.

2  Installation — This section contains step-by-step procedures for unpacking and install-
ing a Model DS10 Cartridge Disk System. Information is also provided to ensure that
the site for the installation is properly prepared prior to installation of the disk system.
The procedures given in this section presuppose that the reader is not familiar with
digital electronics.

3 Programming — This section presents interfacing information for use by a programmer
in designing a service routine to control the disk system’s activity.

4  Operation — This section describes the controls and indicators of the disk system for
disk system operators, and describes the use of those controls and indicators in the
operation of the disk system.
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SECTION 1

GENERAL DESCRIPTION

1.1 GENERAL

The Model DS10 Cartridge Disk System (Figure 1-1) is a moving-head random-access magnetic disk
data storage system for the Model 990 Computer. The system consists of a printed wiring board disk
controller and up to two Model DS10 Cartridge Disk Drives as shown in Figure 1-2. A Model DS10
Cartridge Disk System consisting of one disk controller and two disk drives is capable of storing
25.2 million unformatted bytes of data, 12.6 million per disk drive (20 million, 10 million per disk
drive, when formatted). ‘

The disk system features include:
®  Single printed wiring board controller capable of supporting two disk drives.
®  Transfer rate of 312K bytes per second
* A fixed and a removable disk
*  Automatic track switching across head and cylinder boundaries
®  Variable record formats, from one sector to full track

¢  Efficient disk formatting and double-frequency recording for high percentage use of
storage

®  Controller self-diagnostic capability

The Model DS10 Cartridge Disk System uses a magnetic medium-density (2200 bits per inch) disk
(one fixed, one removable) and flying heads that move laterally over the disk surfaces to select dif-
ferent cylinders. Control for up to two disk drives resides on a disk controller printed wiring board
(PWB) located in a Model 990 Computer chassis. The controller uses an on-board microprocessor
to handle all time-critical events in the transfer of data between the computer and the disk drive. The
disk drive assembly includes the mechanical, eletromechanical, and electronic components required
to rotate the disks, perform track selection, and read and write data on the disk.

1.2 SYSTEM CONFIGURATION

Figure 1-2 illustrates the relationship of the major components of the Model DS10 Cartridge Disk
System. The disk controller is a full-width PWB that is installed in the computer chassis to interface
with the computer’s high-speed TILINE* data bus.

Two cables are required to connect the controller to the primary disk drive. One cable carries con-
trol signals and serial data from the controller to the primary disk drive, and the other cable carries
status signals and serial data from the primary disk drive to the disk controller. When a second disk
drive is installed into a system, the disk drive is daisy-chained to the first disk drive with two addi-
tional cables. The cables that interconnect the two disk drives perform the same functions as the

*Trademark of Texas Instruments Incorporated.

1-1 Digital Systems Division
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Figure 1-2. Model DS10 Cartridge Disk Unit Subsystem Simplified Diagram

cables that interconnect the disk controller with the first disk drive. The second disk drive functions
as though it were connected directly to a disk controller.

The cables connect to an adapter board at each disk drive. The adapter board mates the flat
ribbon cable connectors to the Winchester connector on the disk drive.

1.2.1 TILINE BUS. The TILINE bus is an asynchronous, high-speed, 16-bit parallel data bus
used to transfer data between the central processing unit (CPU) of the computer, the computer’s
memory, and any TILINE device installed in the computer, such as magnetic tape and disk
storage systems. Any full-sized 990 circuit board plugged into the Model 990 Computer chassis
may engage the TILINE bus and participate in data transfers. The TILINE bus is divided
between two chassis connector slots, P1 and P2, in a full-width chassis slot.

Two classes of TILINE users interface with the TILINE bus. Users of the bus that contend for con-
trol of the bus are called TILINE masters, and users that only accept data from the bus are called
TILINE slaves. The disk controller is both a master and a slave, depending on the operation being
conducted. The disk controller is a slave when receiving commands from the CPU and a master
when contending for the bus to transfer data to or from the computer’s memory.

Data is transferred between the TILINE bus and the disk controller as parallel, 16-bit words. The
associated address information is transferred as parallel, 20-bit words. In addition, a number of
control lines are used to synchronize TILINE bus transfers and to indicate data parity errors.
Figures 1-3 and 1-4 illustrate the timing relationship between the major signals on the TILINE inter-
face. The signals in Figures 1-3 and 1-4 are described as follows:
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Figure 1-3. TILINE Master-to-Slave Write Cycle Timing

®  TILINE Go (TLGO-) — alow-active, master-generated signal that alerts all slaves on the
TILINE bus that a master is ready to initiate a data transfer. TLGO- directs all slaves to
monitor the TILINE address (TLADR, 00-19) and respond when addressed. The master
that generated TLGO- holds TLGO- low until the addressed slave responds with TILINE
Terminate (TLTM-) or until the master times out.

®  TILINE Read (TLREAD) — a high-active, master-generated signal that directs the ad-
dressed slave to fetch data from the addressed memory location and make the data
available to the master that generated TLREAD. If TLREAD is low, the addressed slave
is directed to store in the slave’s addressed memory location the data that the master has
made available on the interface.
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. TILINE Terminate (TLTM-) — a low-active, slave-generated signal that informs the
master that generated TLGO- that the slave has accepted the master’s data during a
memory write or that the slave’s memory data is valid on the interface as TILINE Data
(TLDAT, 00-15). The slave that generated TLTM- holds TLTM- low until the master
removes TLGO-.

. TILINE Address (TLADR, 00-19-) — 20 low-active, master-generated signals that ad-
dress the slave memory location to be accessed for the read or write operation.

e TILINE Data (TLDAT, 00-15-) — 16 low-active master- or slave-generated signals that

provide two-way data transfer over the TILINE interface.

. TILINE Memory Error (TLMER-) — a low-active, slave-generated signal that informs
the master that the active slave detected a parity error when data was fetched from the
slave’s memory. The slave performs no parity check on data fetched from its registers.

1.2.2 DISK CONTROLLER. The disk controller is a microprocessor-based controller with a set of
control ROMs (read only memories) implemented on a full-sized Model 990 PWB. The disk con-
troller can be installed into any standard TILINE chassis slot. The controller slave address is set by
switches located on the controller PWB as described in Section 2. The disk controller supports up to
two disk drives connected as shown in Figure 1-5.

All disk controller operations are initiated by instructions (commands) from the computer. These in-
structions are directed to the slave address assigned to the controller.

After a disk controller command has been initiated by the computer, the computer cannot read or
write to the slave address of the designated controlier until the command is completed. When the
controller is busy and a slave request is initiated, the request is terminated normally and the idle bit
is forced to zero.

After initiation of a command by the computer, the disk controller may become a TILINE master.
The controller contends for TILINE access on a positional priority basis by cycle-stealing with the
CPU and with any other TILINE master devices that are active. After gaining access to the TILINE
bus, the disk controller transfers 16-bit parallel data words to and from the slave it has addressed (in
most cases, a computer memory module). The disk controller is autonomous (not dependent on any
CPU action after it has been activated).

Figure 1-6 shows the disk controller (PWB) and Figure 1-7 shows the disk controller (fine line
PWB).

1.2.3 DISK DRIVES. The Model DS10 Cartridge Disk Drive (Figures 1-1 and 1-2) is a voice coil-
actuated disk drive with four moving heads (two each for a fixed and a cartridge disk). The disk
drive assembly contains the read/write heads, voice coil, analog and digital circuit boards, power
supply, power amplifier, cartridge receiver, spindle and drive motor, one fixed disk, filter, air
blower and cooling system.

The disk drive operates at 2400 revolutions per minute (rpm) and has an unformatted storage
capacity of 100 million bits of data. Each drive contains one fixed disk and accepts a removable car-
tridge to double its storage capacity. The disk drive is available for slide mounting in a standard
482.60-millimeter (19.00-inch) rack with 266.70 millimeters (10.50 inches) of panel space (Figure
1-1) or mounted in its own standalone cabinet (Figure 1-8). Table 1-1 lists the performance
characteristics of the disk drive.
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937516—0001 — CABINET MOUNT

50-WIRE CABLE

937516—-0003 - RACK MOUNT

40~WIRE CABLE
37515—-0001 = CABINET MOUNT
37515-0003 = RACK MOUNT

N
P3 P4
6.1 M
220 FT) CABLE
CABINET MOUNT) DISK CONTROLLER ASSEMBLY
(COMPONENT SIDE)
937505-0001
\ 2262100-0001
3.05 M
(R WSORS
- P1 P2 pu
\ NOTES: 1., WHEN ONLY ONE DISK DRIVE IS USED
THE TERMINATING RESISTORS ARE
CABLE LOCATED ON THE PRIMARY DISK
ADAPTER DRIVE.
2. STANDARD CONFIGURATION,
.83 M
6 FT)
DAISY P2
CHAIN 'F’,g PRIMARY DISK DRIVE
CABLES P3 (LOGICAL UNIT O—FIXED _
— LOGICAL UNIT 1-REMOVABLE)
937513-0001 (RACK MOUNT)
937513-0005 (CABINET MOUNT)
40-WIRE /' —
CABLE P2]
937515-0002 P4 SECONDARY DISK DRIVE
(LOGICAL UNIT 2-FIXED _
50=-WIRE —— LOGICAL UNIT 3—REMOVABLE)
CABLE CABLE
937516~0002 ADAPTER
937510-0001
(A)142127A TERMINATING RESISTORS!

Figure 1-5. Interconnection of Disk Controller and Two Disk Drives

1.3 SYSTEM OPERATION

The Model DS10 Cartridge Disk System provides an auxiliary mass storage facility for the
Model 990 Computer system. The disk system performs disk-to-memory transfers between
TILINE memory and disk memory. The data transfer, whether read or write, is initiated by
software executing in the computer’s central processing unit (CPU) and controlled by firmware
executing in the microprocessor of the disk controller after receipt of a command from the

computer.

The computer addresses the disk system via the disk controller’s slave address. The disk controller
then functions as a TILINE master and relieves the computer of direct responsibility for the data
transfer. The disk controller fetches parallel data from TILINE memory (write) or transfers serial
data from disk (read); converts the data to serial or parallel, depending upon the direction of the
data transfer; and completes the transfer. The disk operates under complete control of the disk con-
troller.
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(A) 143665

Figure 1-8. Model DS10 Cartridge Disk Drive (Cabinet Mount)
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Table 1-1.
Item

Spindle speed

Tracks per surface
Tracks per drive
Tracks per cylinder*
Sectors per drive
Sectors per track
Heads per cylinder*
Heads per drive
Recording surfaces per drive
Recording mode
Track density
Recording density

Bits per disk drive

Bits per cylinder

Bits per track

Bits per sector
Capacity (unformatted)
Words per sector
Format overhead

Bit rate

Average access time
Average latency time
Track-to-track access time

Maximum access time

Disk Drive Specifications

Specification

2400 rpm with £2% speed variation with input
frequency #0.5 hertz and input voltage +10% —

15%

408, numbered O through 407
1,632

2 on each of two disks
32,640

20

2

4

4

Double frequency

200 tracks per inch

1524 bits per inch (outer track)
2200 bits per inch (inner track)

50,000,000 nominal
250,000 nominal
62,500 nominal
3,125

12.6 megabytes
144

48 words

2.5 megahertz

35 milliseconds
12.5 milliseconds
7 milliseconds

60 milliseconds

NOTE: *A cylinder of storage consists of 2 tracks on either
the removable cartridge or the fixed disk. The cartridge and
the fixed disk are separate logical units, although they share a
common spindle and a common head carriage; therefore, a
cylinder does not cross disk boundaries.

In a system with one disk controller and two disk drives, the disk controller functions as though only
one disk drive with more storage space were attached. All operations for different disk drives are
identical except for the unit select signal used to identify the drive being addressed.

1.4 SYSTEM SPECIFICATIONS

Table 1-2 lists the physical and electrical characteristics for the disk system.

1-10
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Table 1-2. General Characteristics of Model DS10 Cartridge Disk System

Item Description

Controller physical dimensions 361.95 % 266.70 X 12.70 millimeters
(14.25 x 10.50 x 0.50 inches)

Disk drive physical dimensions See Figures 1-9 and 1-10

Ac power requirements (disk drive) See Table 1-3

Dc power requirements (disk controller) +5 Vdc @ 5.5 amperes
—12 Vdc @ 0.03 ampere

Operating temperature 16° to 32°C (60° to 90 °F) with a maximum gradient
of 6.7°C (12°F) per hour

Operating humidity 10 to 90% relative with no condensation

Heat generated by disk drive 1050 BTU/hr

30.23MM
(1.19 IN,)

261.87 MM
(10.31 IN,)

(A) 1372288

Figure 1-9. Rack Mount Disk Drive Physical Dimensions
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LB‘I.?S MM

’7:(1.25 IN.)

r 863.60 MM
(34.00 IN.)

501,65 MM
(19,75 IN,)

76.20 MM
(3.00 IN,)

(A) 1372298

Figure 1-10. Cabinet Mount Disk Drive Physical Dimensions
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Table 1-3. Ac Power Requirements
for Disk Drive (Both 50- and
60-Hertz Drives)

Voltage Operating Current

(Vac) (Amperes)
100 5.6

110 5.0

120 4.6

130 43

140 40

150 38

160 3.6

170 33

180 32

190 3.0

200 29

210 2.7

220 2.6

230 2.5

240 24

250 23

NOTE: Frequency must be main-
tained at +0.5 hertz tolerance. Start
current is two times rating for each
drive and lasts for five seconds.
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SECTION 2
INSTALLATION

2.1 GENERAL

This section contains information for unpacking and inspecting a Model DS10 Cartridge Disk
System, and installing the system as a part of a Model 990 Computer system. Information is also
provided to ensure that the site for the installation is properly prepared prior te installation of
the disk system.

The user should read this entire section before proceeding with the installation. Circumstances that
are unique to the user’s site may dictate that the installation procedures be performed in a different
order from that set forth in this section. Familiarity with the entire installation procedure will pro-
vide a basis for planning the task before starting.

CAUTION

Do not connect or disconnect any plug or circuit board when
power is applied, as voltage transients may damage electronic parts.

The expansion guidelines for the disk system allow daisy-chaining two disk drives from one disk
controller as described in Section 1. Available kit options are:

® Complete single-disk drive system — includes disk controller, disk controller-to-disk
drive interface cables, adapter board, and one disk drive

®  Disk controller only — includes disk controller and disk controller-to-disk drive interface
cables with adapter board

®  Primary disk drive — includes one disk drive

®  Secondary disk drive — includes one disk drive, disk drive-to-disk drive interface cables,
and adapter board.

NOTE

All of the above options are available with rack- or cabinet-mount
disk drives for operation on 110-volt, 60-hertz and 100-volt or
230-volt, 50-hertz operation. Other voltage and frequency options
must be set during installation.

Major system components, along with their associated part numbers, are listed in Table 2-1. Kit
components and additional options, along with the assembly part numbers and purchase price, may
be obtained from Texas Instruments Incorporated upon request. Components of a typical disk
system are shown in Figure 2-1.

Interrupt level assignments are required to interface the disk controller to the Model 990
Computer’s TILINE bus. These connections are made at the factory before shipment for a
standard configuration and installation. However, if necessary, the user may assign new interrupts

2l Digital Systems Division
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Table 2-1. Model DS10 Cartridge Disk System Components

Component Part Number
Model DS10 disk controller (PWB) 937505-0001
Model DS10 disk control (fine line PWB) 2262100-0001
Model DS10 disk drive, rack mount 937513-0001
Model DS10 disk drive, cabinet mount 937513-0005
Disk cartridge 937507-0001
40-pin, 6.10-meter (20-foot) bus cable assembly 937515-0001
50-pin, 6.10-meter (20-foot) bus cable assembly 937516-0001
Cable adapter 937510-0001
40-pin, 1.83-meter (6-foot) daisy chain cable assembly 937515-0002
50-pin, 1.83-meter (6-foot) daisy chain cable assembly 937516-0002
40-pin, 3.05-meter (10-foot) bus cable assembly 937515-0003
50-pin, 3.05-meter (10-foot) bus cable assembly 937516-0003

to suit his needs. If new interrupts are required, these assignments and connections must be
made during installation.

Also, the following operations must be performed during installation:

® TILINE address switches on the disk controller must be set to the slave address that
the software is to recognize.

® The disk controller must be assigned to a permanent location (slot) in the computer
chassis.

° Daisy-chained disk drives must have their unit designations (0 or 1) set by jumpers on
the disk drive.

2.2 SITE REQUIREMENTS

Certain conditions are prerequisite for installation of a disk system including physical space for the
disk drive, power for the disk drive, a Model 990 Computer with 12K memory, and an available
TILINE chassis slot.

2.2.1 MOUNTING SPACE REQUIREMENTS FOR RACK MOUNT DISK DRIVE. The disk
drive is available for mounting in a standard 482.60-millimeter (19-inch) (RETMA) rack. If the rack
for the disk drive is stationary, approximately 610 millimeters (24 inches) must be provided between
the rear of the rack and any stationary objects (walls, racks, etc.) to permit personnel access for
cable connection or maintenance. If the rack is movable, sufficient space must be provided for the
rack to be moved away from any stationary objects far enough for personnel to have access to the
rear of the rack for cable connection or maintenance. If the rack is movable, sufficient cable slack to
provide the necessary movement must be planned in advance of the installation. Approximately 762
millimeters (30 inches) must be provided between the front of the rack and any stationary objects so
that personnel can slide the disk drive out of the rack for maintenance and install and/or remove the
disk drive. Figure 2-2 shows the recommeiided dimensions for rack mounting the disk drive.

2.2.2 MOUNTING SPACE REQUIREMENTS FOR CABINET MOUNT DISK DRIVE. The disk
drive is available in a self-contained cabinet. The cabinet is movable, so sufficient space must be
provided for the cabinet to be moved away from any stationary objects far enough for personnel to
have access to the rear of the cabinet for cable connection or maintenance. Sufficient cable slack
must also be provided to allow the necessary movement.

Digital Systems Division
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Figure 2-1. Model DS10 Cartridge Disk System Components
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NOTE * IF THE DRIVE IS MOUNTED IN A CABINET WITH A COMPUTER CHASSIS
THE DIMENSION FOR "A”IS 622 ,3 MILLIMETERS (24,5 INCHES),
THIS DIMENSION CAN BE ACCOMPLSHED BY REVERSING ONE OF
THE SLIDE MOUNTING BRACKETS, (SEE FIGURE 2-21)

223:13 T3 880-23 o1
A. DISTANCE FROM FRONT MOUNTING 04, . M
RAILS TO REAR MOUNTING RAILS. Ezl .50 TO 28.25 OR

27.75 TO 29.75 IN,)
B. MINIMUM CLEARANCE BETWEEN 446.02 MM
MOUNTING RAILS (FRONT AND REAR). (17.56 IN.)
C. DISTANCE BETWEEN MOUNTING HOLES | 453.64 TO 471,42 MM
(FRONT AND REAR). (17.86 TO 18.56 IN,)
D. MINIMUM LENGTH OF CABINET FROM 764.54 MM
FRONT MOUNTING RAILS (CABLE AND (30,70 IN,)
CONNECTOR CLEARANCE).

(A) 1372318

Figure 2-2, Recommended Rack Dimensions for Model DS10 Cartridge Disk Drive
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Space must be provided at the sides of the cabinet for maintenance personnel to stand while working
on the drive. Figure 2-3 shows the physical dimensions of the cabinet.

2.2.3 AC POWER REQUIREMENTS. The disk system can be ordered configured for operation
from 100 or 110 volts, 60 hertz or 100 or 230 volts, 50 hertz. Any of the voltage/frequency combina-
tions listed in Table 1-3 may be selected by following the conversion procedure included in the in-
stallation procedure. Prior to installation, the site must be prepared to provide the necessary voltage
and current required by the disk drive configuration.

2.2.4 MODEL 990 COMPUTER. The Model DS10 Cartridge Disk System requires a Model 990
Computer with TILINE, an available full-width TILINE chassis slot, and a software operating
system. These must either be ordered with the disk system or provided at the site prior to installation
of the disk system.

755.65 MM
469.90 MM (29.75 lNo)
(18.50 IN.) OVERALL LENGTH
le———— OVERALL —
WIDTH 457 .20 MM

(18,00 IN.)

\

31,75 MM
—{1.25 IN,)
b

863,60 MM
(34,00 IN,)

OVERALL
HEIGHT

76,20 MM
(3.00 IN,)

(A) 1372328

Figure 2-3. Physical Dimensions of Cabinet Mount
Model DS10 Cartridge Disk Drive
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Table 2-2. Site Environmental Requirements for Model DS10 Cartridge Disk System

Item Requirement

Temperature 16° to 32°C (60° to 90°F) with a maximum gradient of 6.7 °C (12 °F)

per hour
Humidity 10 to 90% relative with no condensation
Altitude -305 to 3048 m (-1000 to 10,000 ft.)
Pressure 1060 to 660 millibars = 793 to 513 mm (31.2 to 20.2 in.) Hg with

maximum gradient of 5 mm Hg

2.2.5 SUPPORTIVE ENVIRONMENT. Table 2-2 lists the parameters for a supportive operating
environment for the disk system. Prior to installation, it must be ensured that the site meets the
requirements.

2.2.6 CABLING RESTRICTIONS. Cable lengths affect the positioning of the equipment at the
site. The primary disk drive must be positioned so that the 6.10-meter (20-foot) interconnection
cables (cabinet mount) or 3.05-meter (10-foot) interconnection (rack mount) may be connected to
both the disk drive and computer, and be routed along a convenient out-of-the-way path; they must
have sufficient slack at either end to provide access for maintenance and installation. In like man-
ner, the secondary disk drive, if used, must be positioned so that the 1.83-meter (6.00-foot) cables
may be connected to both disk drives, and be routed along a convenient out-of-the-way path; they
also must have sufficient slack at either end to provide access for maintenance and installation.

2.3 UNPACKING INSTRUCTIONS

The disk drives are shipped in containers as shown in Figures 2-4 and 2-5. If the disk drive is received
at the same time as the computer system, the disk controller, interconnection cables, and technical
manuals may be packed with the computer. Otherwise, these items are packaged in a polyethelene
bubble pack and ethafoam in the accessory package shown in Figure 2-4 (for rack mount) or in a
separate package for the configuration shown in Figure 2-5.

2.3.1 UNPACKING RACK MOUNT DISK DRIVE. Upon receipt of the container, inspect the
container to ensure that no physical damage occurred during shipment. If damage is apparent,
notifv carrier immediately.

WARNING

The unpacked rack mount disk drive weighs approximately 67
kilograms (148 pounds). When unpacked, handling of the unit re-
quires assistance by another person or use of a portable hoist or
hydraulic lift, to avoid the possibility of back strain.

NOTE

Save all shipping materials except where noted for use in reship-
ment of unit.

After ensuring that no damage has been done to the container or its contents during shipping,
unpack the disk drive according to the following instructions:
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Figure 2-4. Rack Mount Disk Drive Shipping Configuration
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(A) 137234A

Figure 2-5. Cabinet Mount Disk Drive Shipping Configuration
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(A) 137235

Figure 2-6. Placement of Disk Drive for Shipping Bolt Removal

1. Position container so that address label is upright.
2. Cut and discard metal bands around shipping container.

3. Open top flaps of shipping container and lift shipping container by flaps up and off
assembly.

4. Remove manual from top of accessory package and read unpacking instructions.
5. Grasp accessory package by its sides, lift it out of inner tube, and set it aside.
6. Lift cardboard inner tube off disk drive and set aside.
WARNING
The following step requires' at least two persons.
7. Grasp disk drive by placing fingers underneath sides of unit and lift clear of foam base.

Rotate unit 90 degrees as shown in Figure 2-6 and set unit on foam base to expose mount-
ing bolt heads underneath wood base.

9. Open plastic bag surrounding disk drive; press bag down around disk drive sides. Unit can
now be lifted free of wood base and plastic protective bag.

10. Remove three screws (Figure 2-7) that hold electronics cover in place and remove elec-
tronics cover.

11. Remove carriage lock pin (Figure 2-8) by rotating head of pin 90 degrees counterclockwise
and pulling straight up. Store pin on side of magnet as shown in Figure 2-8.
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ELECTRONICS
COVER SCREWS

(A) 137236 (990-1077-15-5)

Figure 2-7. Location of Electronics Cover Screws

12. Press in on outboard end of card cage cover clamp (Figure 2-9) and move clamp end for-
ward until free of screw. Lift up on free end of clamp to release end hooked onto inboard
side of card cage.

13. Lift card cage cover off and set aside.

NOTE
Refer to Figure 2-10 for steps 14 through 23.
NOTE

The following steps are necessary only if a problem occurs during
installation.

14. Remove control PWB and verify that S1 settings are as shown in Figure 2-11.
15. Replace control PWB.

16. Remove sector PWB and verify that switch settings are as shown in Figure 2-12.
17. Replace sector PWB.

18. Remove servo PWB and verify that switch settings are as shown in Figure 2-13.
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CARRIAGE LOCK PIN MAY
BE STORED ON SIDE OF

TO INSTALL:

INSERT STRAIGHT LEG OF PIN INTO SMALL
HOLE IN ACTUATOR FRAME, TWIST 90°
COUNTERCLOCKWISE , PRESS DOWN, AND
ALLOW PIN TO RETURN TO NORMAL POSITION.

TO REMOVE !
TWIST 90° COUNTERCLOCKWISE AND PULL UP.

MAGNET AS SHOWN

(A) 137237 (990-977-35-11)

19.
20.
21.

22.

23.

Figure 2-8. Carriage Lock Pin Location

Replace servo PWB.
Remove data recovery PWB and verify that switch settings are as shown in Figure 2-14.
Replace data recovery PWB.

Remove r/w/e PWB and verify that resistor modules are in orientation shown in Figure
2-15.

Replace r/w/e PWB.
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CLAMP

OUTBOARD END

CARD CAGE
COVER

(A)137238A

Figure 2-9. Card Cage Cover and Clamp Location

24. Replace card cage cover and clamp.
25. Reinstall electronics cover. Disk drive is now ready for attachment of slides.

2.3.2 UNPACKING DISK CONTROLLER. The disk controller is packaged in the special two-
piece ethafoam package shown in Figure 2-16. For the rack mount disk drive, the controller is
shipped inside the accessory package shown in Figure 2-4. For the cabinet mount disk drive, the con-
troller is shipped in a separately shipped accessory package similar to the one for the rack mount
disk drive. The unpacking procedures for the controller are the same for all configurations once the
accessory package has been separated from the rest of the shipping materials. The instructions are as
follows:

B
w2
[§8)
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DATA
R/W/E RECOVERY SERVO SECTOR CONTROL.
PWB PWB PwB PWB PWB

(A) 137239 (990-977-35-11)

Figure 2-10. Disk Drive PWB Locations

1. Use a utility knife to slit tape holding down top flaps of accessory package.
2. Remove disk controller package.

3. Remove tape holding two pieces of ethafoam together and carefully lift off the half
that is on top. Either the circuit board or the ethafoam spacer is now exposed.

4, If circuit board is exposed (it is inside the ethafoam piece you have lifted), reassemble
package and turn it over.

2-13 Digital Systems Division



946261-9701

E INDICATES SWITCH POSITION
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ACTIVE LOW INTERRUPT

ACTIVE HIGH INTERRUPT
R.T.Z.S. RESETS FAULT

ACTIVE HIGH INTERRUPT

ACTIVE LOW INTERRUPT
R.T.Z.S. DOESN'T RESET FAULT

SPARE

XX

ols |9
NiT1|F
INVALID CYL. ADD. INTERRUPT 8
X7 READY STAYS TRUE
DROP READY WITH FAULT DURING FAULT CONDITION
(DENSITY STATUS) 100 TPI 6[X] 20w
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41X
3
2
1

SPARE

(A) 137240

Figure 2-11. Control PWB Switch Settings
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E INDICATES SWITCH POSITION
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Figure 2-12. Sector PWB Switch Settings
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& INDICATES SWITCH POSITION
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Figure 2-13. Servo PWB Switch Settings
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E INDICATES SWITCH POSITION sTo
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Figure 2-14. Data Recovery PWB Switch Settings

5. If ethafoam spacer is exposed, lift it off and set it aside. The circuit board is now exposed,
taped along its edges to remaining half of the package.

6. Ensure jumpers (see Figure 2-17) are securely installed.
7. Remove tape and lift circuit board out of package.
2.3.3 UNPACKING CABINET MOUNT DISK DRIVE. Upon receipt of the container, inspect it

to ensure that no physical damage occurred during shipment. If damage is apparent, notify
carrier immediately.
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E INDICATES LOCATION OF PIN 1
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200 | PRE-ERASE | 75300100| A NONE

X [ 200 SpnopPLE 75300200| B | 75300200| A

% RESISTOR MODULE USED INDICATED BY (X).

Figure 2-15. R/W/E PWB Resistor Module Orientation
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ETHAFOAM
PACKAGE HALF

ETHAF OAM
SPACER

DISC
CONTROLLER

ETHAF OAM
PACKAGE HALF

(A) 137243

Figure 2-16. Disk Controller Shipping Configuration

WARNING

The unpacked cabinet mount disk drive weighs approximately 114
kilograms (252 pounds). When unpacked, handling of the unit re- i
quires at least two persons, and is simplified by use of a portable

hoist or hydraulic lift for transporting the drive over long distances.

The unit can be rolled on its casters over short distances.

NOTE

Save all shipping materials except where noted for use in reship-
ment of the unit.
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Figure 2-17. Disk Controller Standard Jumpers
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After ensuring that no damage has been done to the container or its contents during shipping,
unpack the disk drive according to the following instructions:

1. '~ Position container so that address label is upright.

2. Cut and discard metal bands around shipping container.

3. Open top flaps of shipping container and lift out wood and ethafoam spacer.
4. Lift shipping container by flaps up and off assembly.

5. Use a claw hammer or wrecking bar to dismantle sides of inner packing assembly.

WARNING
Do not attempt to lift disk drive alone or by top assembly.

6. Using a hoist, portable lift, or another person, lift the disk drive up and off the base
and set it on floor.

7. Lift the front of the rear cover of the disk drive and rotate it backward to expose the
electronics cover.

8. Remove three screws {Figure 2-7) that hold electronics cover in position and remove elec-
tronics cover.

9. Remove carriage lock pin (Figure 2-8) by rotating head of pin 90 degrees counterclockwise
and pulling straight up. Store pin on side of magnet as shown in Figure 2-8.

10. Reinstall electronics cover and reposition rear disk drive cover.

2.3.4 UNPACKING ACCESSORIES. The interconnection cables, whether for a primary or secon-
dary disk drive, slides {for rack mount only), and all manuals and paperwork shipped with the disk
drive are shipped wrapped in plastic bags in the accessory package. Open the bags and remove the
accessories. -

2.3.5 UNPACKING, HANDLING, AND STORING DISK CARTRIDGES. The disk cartridges are
shipped in reusable corrugated shipping containers that are lined with polyurethane foam. The
entire container, including the disk cartridge, can be handled by one person. The shipping
container provides adequate storage protection for the disk cartridge with no degradation of
performance when stored in specified environments as described in following paragraphs.

CAUTION

When storing disk cartridges in the shipping containers, do not
stack the containers more than eight high.
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2.3.5.1 Unpacking Disk Cartridges.

CAUTION

Disk cartridges are precision instruments. Tolerances as small as a
few millionths of an inch are common. A little precaution in the
handling and storing of disk cartridges can prevent costly rerun
time and protect valuable data recorded on the disks.

Open the shipping carton and unpack the disk cartridge as follows:
1. Inspect shipping container for any evidence of damage.
2. Remove disk cartridge from shipping container and protective bag.

3. Remove cartridge from bottom cover and turn upside down on top cover. Perform
visual inspection of bottom protective disk. Look for dents or scratches.

4. Carefully clean inside of disk cartridge top and bottom covers with a clean, lint-free
cloth moistened with water or isopropyl alcohol. Be careful to prevent any foreign
material from entering the disk area.

5. Always keep top and bottom covers of canister together when the cartridge is not in use.
Dust and lint can accumulate in an open canister and may later contaminate the cartridge.

CAUTION

Do not, under any circumstances, attempt to use a disk cartridge that
you suspect is damaged because such usage can cause damage to the
disk drive.

CAUTION

The disk cartridge used with the Model DS10 Cartridge Disk Drive
must be in accordance with Texas Instruments Specification
937507. The recording surfaces in the disk cartridge must be
error-free.

The case, or canister, of a disk cartridge consists of a plastic top cover with a handle and a bottom
cover (see Figure 2-18). The handle locks with the cartridge spindle, and the disk cartridge should be
carried from place to place by the handle. The disk cartridges should be stored in the same room en-
vironment as the disk drive or brought into the room for temperature conditioning no less than one

hour prior to use.

2.3.5.2 Handling Disk Cartridges. The following precautions should be observed when handling
disk cartridges.

CAUTION

To prevent dust, dirt, and foreign material from entering a disk
cartridge and contaminating the disk, the disk cartridge should
always be in its cover when not in use.
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COVER RELEASE
BUTTON

HANDLE
DISK CARTRIDGE

(A) 137245 DUST COVER

Figure 2-18. Disk Cartridge

1. Carry disk packs from place to place using the handle.

2.  Always reassemble the disk cartridge by setting the dust cover down on a solid surface,
then placing the cartridge into the dust cover.

3. Never set the disk cartridge on any surface without the dust cover in place.
4. Never stack disk cartridges or set anything on top of a disk cartridge.

2.3.5.3 Storing Disk Cartridges. The following precautions should be observed when storing disk
cartridges.

1. Always store the disk cartridges in the operating environment listed in Table 2-2.

2. Disk cartridges that have been stored in, or subjected to, environments outside the range
listed in Table 2-2 should be conditioned to the environment listed in Table 2-2 for at least
24 hours prior to use. During this period of conditioning, the cartridges should be re-
moved from their containers.

3. For long term storage, store the disk cartridges in their original shipping containers no
more than eight high. The containers provide protection against dust and debris, large
environmental changes, contamination by chemicals, and physical damage.
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2.3.6 VOLTAGE CONVERSION PROCEDURES. If the disk drive is to be operated from any of
the voltages listed in Table 1-3 other than 100 volts, 50 hertz, 110 volts, 60 hertz, or 230 volts, 50
hertz, the following procedure should be performed at this time to prepare the disk drive.

1.

Remove voltage adapter assembly (Figure 2-19) at lower left of rear of the drive next to
power cord.

NOTE

For each voltage option, there are two jumpers. One end of each
jumper is fixed (pins 14 and 15) and should not be removed.

Refer to Table 2-3 for proper jumper connections for desired voltage.

Pull moveable end of jumper(s) out of plug and reinsert into location indicated by Table
2-3.

Install jumper plug into connector.

If necessary, remove existing line cord plug and replace with a new one (customer-
supplied) to provide proper mating of line cord with power outlet.

Alter voltage designation on ID plate at rear of disk drive to reflect new operating
voltage.

2.4 INSTALLATION

Installation of the disk system consists of attaching slides to the rack mount disk drive and installing
the drive into a rack, or positioning a cabinet mount disk drive; attaching cables to the disk drive(s)
and routing the cables to the computer chassis; preparing the computer chassis to receive the disk
controller; preparing the disk controller slave address; and installing and cabling the disk controller.

2.4.1 INSTALLATION OF RACK MOUNT DISK DRIVE. Installation of the rack mount disk
drive consists of attaching the rack slides to the disk drive and then installing the assembly into a
properly positioned rack. The following procedure should be observed.

NOTE
Refer to Figure 2-20 during the following steps.
Attach a plastic slide mount and a plastic keyed slide mount to each side of the disk drive
with 8-32 x 5/8-inch panhead machine screws and No. 8 internal-tooth lock washers.
NOTE

Orient V-groove channel in unkeyed plastic mount downward.
Orient flat sides of keyed mounts inward and downward.

Attach a plastic stabilizer to each side of disk drive with 8-32 X 1/2-inch panhead
machine screws, No. 8 internal-tooth lock washers, and No. 8 flat washers.
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Figure 2-19. Voltage Jumper Plug and Connector

NOTE

The stabilizers should be mounted with their keys extending
downward. Leave stabilizers slightly loose at this time.

3.  Adjust the slides so that the dimensions of the assembly correspond to those shown in
Figure 2-2.

4, Adjust and secure the front mounting brackets so that the flange fronts are flush with
fronts of slides (See Figures 2-20 and 2-21).
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Table 2-3. Disk Drive Input Voltage Jumper Connections

Jumper No. 1

Voltage Fixed Pin Moveable Pin

100
110 -
120
130
140
150
160
170
180
190
200
210
220
230
240
250

14
14
14
14
14
14
14
14
14
14

14 .

14
14
14
14
14

=W R Oy = DWW R LN NN W N

NOTE

~ Jumper No. 2
Fixed Pin Moveable Pin

15 7
15 7
15 7
15 7
15 8
15 8
15 8
15 8
15 8
15 8
15 9
15 9
15 9
15 9
15 9
15 9

The flanges can be located as much as 25 millimeters (one inch) in
front of the slide ends to accommodate certain rack dimensions.
Maximum extension of the unit out of the rack is reduced by this

action.

5.  Adjust and secure rear mounting brackets and cable retractor (left side only) as shown in

Figures 2-20 and 2-21.

6. Ensure that the white plastic button in each front slide mounting bracket is in one of the
two holes provided so that the button is on top and can act as a bearing between the mov-
ing and nonmoving parts of the slides.

7.  Extend slides to full extension. The intermediate catches at 457 millimeters (18 inches)
must be released on both sides. Slides lock at full extension.

8.  With the aid of an assistant or a lift, set the disk drive on top of the slides, ensuring that
all four plastic slide mounts rest on the top edges of the slides and that keys of front
.mounts engage notches in slides.

CAUTION

Use only 8-32 x 5/16 screws for mounting slide to plastic-keyed slide
mount. If longer screws are used, the ribbon cable on the left side will

be damaged.
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Figure 2-20. Rack Slide Assembly Mounting
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10.

11.

12.

13.

Figure 2-21. Rack Mount Slide Configuration (Right Side Only)

Coat threads of two 8-32 % 5/16-inch panhead screws with Grade C Loctite (or equivalent)
and install through each slide into keyed slide mounts.

Adjust stabilizers installed in step 2 to prevent wobbling and to provide smooth slide
operation. Tighten stabilizers.

Attach latch assembly to disk drive with 8-32 x 5/8-inch panhead machine screws. No. 8
lock washers and No. 8 flat washers. Leave screws slightly 1oose at this time.

Insert knob through front panel and attach to latch assembly with an 8-32 x 5/8-inch
panhead machine screw, a No. 8 internai-tooth lock washer, an 8-32 % 1/4-inch spacer,
and an 8-32 hex machine nut.

Adjust latch so it catches front vertical rack rail, securely holds disk drive in retracted
position, and releases easily when knob is pushed to left.

2.4.2 INSTALLATION OF CABINET MOUNT DISK DRIVE. Installation of the cabinet mount
disk drive consists of placing the unit in the space provided for it and leveling the unit. Leveling
should be performed after the interconnection cables have been connected to the disk drive.
Level the cabinet as follows:

1.
2.

Remove jack screws from plastic container.
Lift one side of cabinet and support it high enough to insert jack screws.

Start jack screws into threaded holes beside casters. Thread screws into holes far
enough to allow casters to touch floor when unit is lowered.

Lower cabinet and repeat steps 2 and 3 for opposite side.

Unscrew jack screws until casters are raised off floor.
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Using a level as reference, adjust jack screws until cabinet is level along all four sides of
cabinet top.

2.4.3 COMPUTER CHASSIS PREPARATION FOR DISK CONTROLLER. If the disk drive
system is shipped as part of the Model 990 Computer system, the computer chassis is shipped with
chassis slots assigned, interrupt connections properly made, etc. Normally, the disk controller is in-
stalled in computer chassis slot 7 (in a 13-slot chassis), its TILINE address is set to >FFCO00 (the sym-
bol >indicates hexadecimal), its interrupt level is set at 13, and the access granted connections are
permanently made. No further preparation is necessary for a computer chassis shipped with a disk
controller installed. If the disk system is shipped separately from the initial computer system, or if
the configuration is to be changed, the computer chassis must be adapted for the new configuration.
If a nonstandard configuration is used, refer to the computer hardware reference manual for the
proper model (990/5, 990/10, or 990/12). (See the preface for the formal titles and part numbers of
these manuals.) In addition, the power capacity of the computer chassis must meet the requirements
of the disk controller and all other boards installed in the chassis. The disk controller requires + 35
Vdc at 5.5 amperes and -12 Vdc at 0.03 ampere.

If a computer chassis slot other than slot 7 is selected, the TILINE access granted signal chain must
be modified. This is accomplished by removing the jumper in the access granted circuit, as described
in paragraphs 2.4.3.1 and 2.4.3.2.

If the controller is not purchased as part of the system, the user may have to make the interrupt con-
nections as part of the board instailation. Paragraphs 2.4.3.3 and 2.4.3.4 describe the interrupt
connections.

TILINE address settings and Interrupt assignments must be coordinated with the operating system
software. If you are adding on to a previously-purchased system, refer to the system generation in-
structions in the operating system documentation upon completion of the hardware installation.

2.4.3.1 Reconfiguring Access Granted Circuit for New Chassis Slot (6- and 13-Slot Chassis). The
TILINE is a common data path that is connected to all slot positions in the 990 chassis. Users of this
bus fall into two major types: masters and slaves. Slave devices are addressed by master devices and
commanded to accept or transmit data. Some TILINE penpherals including the disk drive con-
troller, have both master logic and slave logic.

In order to resolve conflicts between multiple masters contending for TILINE control, a positional
priority scheme is used. The TILINE access-granted signal, which established positional priority
among masters, is wired along the P2 side of the chassis. The TILINE master installed in the highest
numbered slot has the highest priority, with priority decreasing with each slot toward the central
processor location (or slot 1).

The TILINE access granted signal enters each master on backplane connector P2, pin 6. The signal
leaves the master on pin 5 of P2. Logic circuitry on the master controller allows the access granted
output to be inhibited to lower priority masters.

For chassis slots not occupied by TILINE masters, jumpers or etch on the backplane connector pins
are installed to ensure continuity. By convention, the jumpers are installed at all available slot loca-
tions except slot 7. Slot 7 is reserved for the first TILINE master device (positional priority); in this
case, the disk controller. Additional TILINE masters may be inserted at slot positions of higher or
lower priority if the jumper connected between P2-5 and P2-6 is removed at the selected slot
locations.
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Installing a disk controller in a location other than slot 7 requires that the TILINE access granted
jumper (P2-5 to P2-6) be removed from the chosen slot, and that the continuity of the TILINE ac-
cess granted lines between the highest priority master and the central processor board must be
preserved. This means that if an intermediate slot is assigned to a TILINE master, that master must
be installed to preserve continuity and to allow the priority system to function.

Current production assemblies have the TILINE access granted jumpers accessible from the connec-
tor side of the motherboard when all boards are removed from the chassis. These jumpers are shown
in Figures 2-22 and 2-23. Simply remove the jumper plug (or cut the jumper, if the jumper is a wire)
for the selected chassis slot, and reinstall all circuit boards in their proper location. As noted
previously, the continuity of the TILINE access granted line from the highest TILINE master to the
central processor must be preserved. Therefore:

1. All slots other than those containing TILINE master controllers must have the TILINE
access jumper installed.

2.  All master controllers must be installed in their proper location.
If the chassis is an early production version (i.e., if it does not have jumpers as shown in Figures 2-22
or 2-23), it is necessary to remove the back cover and power supply to gain access to the TILINE ac-
cess granted jumpers. For these chassis, the following steps should be followed:

1. Tum off all power and unplug the computer ac line cord.

WARNING

Lethal voltages are exposed when the access cover is removed. Power
supply capacitors may retain charges long after ac power is removed.

2. Remove the left access cover (as viewed from the front of the chassis). The cover is
fastened by four or six hex head machine screws.

3. If the chassis is a-13-slot chassis with a 20-ampere power supply, siots i through 6 are
visible above'the power supply. To work on these slots, proceed to step 4. To work on
any other slots, remove the power supply as follows:

a. Disconnect the color-coded connectors from the component side of the power
supply board. -

b. Unscrew the machine screws and standoffs that secure the power supply to the
frame and to the motherboard.

c. Carefully pull the power supply board straight forward until the connector at the
bottom center of the power supply board is disengaged from the pins protruding
from the motherboard. Lift the power supply board out of the chassis.
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Figure 2-22. TILINE Access Granted Jumper Locations for
6-Slot Chassis (Current Production)

4. The rear of the motherboard is now exposed. The P2 connectors are at the left side,
nearest the fan. Refer to Figure 2-24 for views of the left end of the P2 connector in a
13-slot and 6-slot chassis.

5. In a 13-slot chassis, the TILINE access granted jumpers (P2-5 to P2-6) are wire jumpers
soldered to the connector pins as shown in view A of Figure 2-24. To remove a jumper,
clip the jumper at each end as close as possible to the pins and remove the wire.

6. Ina 6-slot chassis, the jumpers are part of the printed wiring board etch as shown in view
B of Figure 2-24. Note that pins 1 and 2 are concealed by the ground plane. To remove a
jumper, cut the jumper etch at two points with an X-acto* knife and lift off or scrape
away the excess conductor.
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12 JUMPER

13 HAS NO JUMPER
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7. To install a jumper, solder a short length of #26 AWG wire between P2-5 and P2-6.

8. To reinstall the power supply, proceed as follows:
CAUTION

The male pins protruding from the lower center of the
motherboard are subject to bending if the mating connector on the
power supply is not properly aligned with these pins.

a. Slip the power supply over the cable harness and into the side of the chassis. The
metal-shell jumper connector (for the standby power supply) should appear at the
bottom center of the power supply board.

b. Align the power supply circuit boards on the two alignment pins and carefully
slide the board straight back so that the pins protruding from the motherboard
slip into the connector on the power supply circuit board. The view of these pins
is blocked by the power supply board.

c. Reinstall the machine screws and standoffs that hold the power supply in place.
Do not omit the lockwashers, as both mechanical and electrical connections are
made by the machine screws and standoffs.

d. Reconnect the power supply to the wiring harness by instailing the color-coded
plastic connectors.

*X-acto is a registered trademark of X-acto Corporation

A. 13—-SLOT CHASSIS* B, 6—SLOT CHASSIS*
TILINE ACCESS TILINE ACCESS
GRANTED (TLAG) : GRANTED (TLAG)
JUMPER SOLDERED JUMPER ETCHED
P2 TO PINS 5 AND 6 PIN 5 TO PIN 6

-~

ol . o PINS 1 ’
AND 2 ]
° CONCEALED M-, |

BY GND PLANE -

GND PLANE STRAPS

*NOTE THESE ARE REAR VIEWS OF THE 990 MOTHERBOARD, |.E,, VIEWS FROM
THE POWER SUPPLY SIDE,

(A) 133946A

Figure 2-24. TILINE Access Granted Jumpers (P2-5 to P2-6)
on the Model 990 Backpanel
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9. Reinstall the cover removed in step 2.

10. Record the new slot assignment on the configuration chart affixed to the chassis.

2.4.3.2 Reconfiguring Access Granted Circuit for New Chassis Slot (17-Slot Chassis). Continuity of
the TLAG jumpers in the 17-slot chassis is controlled by two socket-mounted DIP switches, each
with eight individual switch sections. These switches are accessible from the rear of the 17-slot
chassis, as shown in Figure 2-25. To set or check these switches, the following steps should be
performed.

1. Turn off power and unplug the chassis ac line cord. Allow about 30 seconds for the power
supply bleeders to discharge the power supply capacitors.

WARNING

Opening the chassis rear cover (power panel) exposes high voltages if
the ac line cord is installed in a live socket. Do not contact the large
filter capacitors on the power module.

CAUTION

The wire hinges on the chassis rear cover do not allow the cover to
pivot beyond 90 degrees. Attempts to open the chassis rear cover
beyond 90 degrees may damage the hinge mountings.

2. Using a coin or flat-bladed screwdriver, release each of the 11 quarter-turn latches on the
chassis rear cover. Pull the cover straight back 38 millimeters (1.5 inches) to extend the
wire hinges, and then open the cover to the 90-degree position. The hinges are on the right
as viewed from the rear of the chassis.

3. Refer to Figure 2-26, which shows the correspondence between switch sections and chassis
slots. Set the appropriate switch segment OFF for any slot which is assigned to a TILINE
master device, such as the disk controller. All other switch segments should be ON.

4. Refer to paragraph 2.4.3.4 if interrupt assignments are to be changed.

CAUTION

There is a possibility of interference between heat sinks in the chassis
and modules mounted inside the rear access cover as the door is
closed. Do not force the door closed if resistance is felt.

5. Rotate the door to a position parallel to the rear of the chassis, with hinges fully extended.
Grasp the rear access cover at the left and right sides and push it straight back to its
mounting position against the chassis.

6. Using a coin or screwdriver, lock the 11 quarter-turn latches which hold the access cover
‘ in position.

7. Record the new slot assignment on the configuration chart affixed to the chassis.
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INTERRUPT
PLUG

S2 S1

(A)141779

Figure 2-25. Interrupt Plug and TLAG Jumper Switches in the 17-Slot Chassis
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SWITCHES ARE SHOWN SET FOR!:

SYSTEM DISK CONTROLLER = SLOT 11
979A TILINE MAGNETIC TAPE CONTROLLER = SLOT 12
FD1000 TILINE FLEXIBLE DISK CONTROLLER = SLOT 15
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CONTROLLER IS INSTALLED IN THE CORRESPONDING
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Figure 2-26. 17-Slot Chassis TLAG Jumper Switch Settings

T10L6719T9r6



946261-9701

2.4.3.3 Interrupt Connections (for 6- and 13-Slot Chassis). Interrupt connections required to inter-
face peripheral equipment to the 990 processor are usually made before the system is delivered to the
customer. These interrupt assignments are coordinated with the software supplied with the system.
However, if the controller is not purchased as part of the system, the user may have to make the in-
terrupt connections as part of the board installation. Standard Texas Instruments software expects
to find the controller interrupt assigned to interrupt level 9, which is connected to slot 8 in the stan-
dard chassis configuration. If the controller is installed in slot 9 or 11, the interrupt jumpers will
have to be changed, or a different interrupt level assigned to the software.

The 990 processor has 16 interrupt levels, numbered O through 15. Interrupt level 0, which is internal
to the processor, has the highest priority. Interrupt levels 3, 4, and 6 through 15 are external inputs
which are available for assignment to peripheral controllers installed in the chassis. Interrupt level
assignments must be coordinated with the software, so that the processor may correctly respond to
(and clear) the interrupts.

Chassis backplane wiring brings the interrupt output lines from slots 2 through 3 and the processor
interrupt lines to wire-wrap pin headers adjacent to slot 1. Jumper wires between the pins connect
the circuit board interrupt outputs to the processor interrupt inputs. These jumpers may run directly
from pin to pin, or may be mounted on jumper plugs which slip over the pins. Figure 2-27 shows the
jumper plugs installed in the chassis. The jumper wires are omitted for clarity.

INTERRUPT JUMPER PLUGS
(MATED TO W/W PIN HEADERS)

FRONT OF CHASSIS

1A 11 AtJ2
_ Pi éﬁ _ P2 _
T X 0 |0 " 0.
n = 0 p | O = -
] O = O p |0 = e
I:L A4 lJ I_r A4 Jjg
A N5 m— Np |O- come—— L

REMOVE CIRCUIT BOARDS IN FIRST F!IVE
LOCATIONS FOR ACCESS TO JUMPER PLUGS

AND WIRE—WRAP PIN HEADERS
(A)133096 A

Figure 2-27. Location of Interrupt Jumpers (6- and 13-Slot Chassis)
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There are two rows of pins in the header. The top row has 15 pins connected through the mother-
board to the 15 interrupt levels of the processor. Additional pins on the top row are provided in
the 13-slot chassis for special configurations, such as CRU expansion. The bottom row contains
48 pins in a 13-slot chassis or 20 pins in a 6-slot chassis. Two of these pins are wired to each of the
possible circuit board interrupt outputs. This allows multiple interrupts to be connected to one

interrupt level.

Interrupt pin assignments are shown in Figures 2-28 and 2-29, which are views of the jumper plugs
as seen from the jumper wire side. The X marks identify jumper plug positions which have no cor-
responding pins on the header. The O marks identify jumper plug positions which have no cor-
responding pins on the earlier production header.

The configuration chart on top of the chassis details the interrupt level and chassis slot assignments.
Any modifications should be recorded on the chart.

The detailed procedure for assigning and changing interrupt levels is presented in the hardware
reference manual for the 990 computer (see preface). The information presented here is a brief sum-
mary of that procedure.

CAUTION

Do not remove or install any circuit board or modify any jumper
while power is applied to the 990 processor.

To gain access to the interrupt jumpers, remove the circuit boards installed in slots 1 through 5. The
interrupt jumpers will be visible on the motherboard just above the slot 1 connectors. The interrupt
output of a full-sized board is on P2 of the assigned slot location. Therefore, if slot 8 is chosen for
the controller, the interrupt output will be found at 8P2 of the wire-wrap pin header. A single
jumper should be run from 8P2 pin to the selected interrupt level input to the processor. Level 9
is standard for Texas Instruments tape control software. A jumper is installed between 8P2 and level
9 as part of the standard 990 chassis configuration.

After completing any interrupt jumper modifications, carefully reinstall the removed circuit boards
(component side up) according to the configuration chart fastened to the top of the computer.
Update the configuration chart to correspond to the interrupt jumper modifications.

NOTE

System software is highly dependent on the interrupt structure of
the computer. Any deviations from standard interrupt configura-
tions must be brought to the attention of the system programmer
before or during software installation.
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CHASSIS INTERRUPT
JUMPER PLUG JMPER WiRE
1A1J3 1A1J2
LocaTionzpt | ] [X] 6P2 D D 6
zer | [ [ ee2 | (] O 7
e 1 0 sez | (O O 8
3P1 D E sp2 D D 5
a1 | [ 2 | [ O 10
1 I TJ O | wevers a2 | O 0O "
sev 0 O 2 se2 | O O 12
5P1 D D 3 3p2 D D 13
e | [ O 4 ee2 | [0 O 14
e | [0 O 5 LocaTtion 2P2 O O | weveuss
NOTE:
PINS NOT INSTALLED IN
BACKPLANE PIN 'HEADER
(A) 138673

Figure 2-28. 6-Slot Chassis Interrupt Jumper Plugs

2.4.3.4 Interrupt Connections for 17-Slet Chassis. Interrupt lines in the 17-slot chassis are wired to
a 70-pin connector accessible from the rear of the chassis. A jumper assembly plugs into the connec-
tor to make the interrupt level to chassis slot connections. This assembly appears at the lower right
of the chassis backplane as shown in Figure 2-25.

The jumper assembly is a PWB because it should not be necessary to alter the standard interrupt
level assignments. If it should become necessary to change interrupt levels, the customer may pur-
chase a special variable jumper assembly or modify the etch on the fixed jumper card. Figure 2-30
shows the pin assignments on the interrupt connector.

To gain access to the interrupt jumper assembly, open the chassis rear access cover as described in
paragraph 2.4.3.2, steps 1, 2, 5, and 6. Observe all cautions and warnings.

Remove the interrupt jumper assembly by gently rocking it up and down to loosen the connector
and then pulling straight back. :

When reinstalling the assembly, make sure the pins are properly aligned before applying mating
force.
CAUTION

It is possible to install the interrupt jumper assembly upside down.
Note that pin 1 is at the bottom of the interrupt connector.
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Figure 2-29. 13-Slot Chassis Interrupt Jumper Plugs
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CHASSIS SLOT
CONNECTION

A2P2-66
A2P1
A3P2
A3P1
A4P2
A4P1
ASP2
ASP1
A6P2
A6P1
A7P2
A7P1
ABP2
ABP1
A9P2
ASP1
A10P2
A1OP1
A11P2

Al11PY
Al12P2

Al12P1
A13P2
A13P1
A14P2
A14P1
A15P2
AI5P1
A16P2
AT6P1
A17P2
A17P1-66

(A)t141780

PIN PIN CHASSIS SLOT
ASSIGNMENT ASSIGNMENT CONNECTION
O70 690 | TLIORES- A1P1-14
m] O TLPRES—- AlP1—-13
ad O RESTART- AlP2~28
2p2 O O | INTERRUPT LEVEL O A1P2-31
2P1 0 (] 1 A1P1-65
3p2 Oeo s 0 2 A1P1-66
3p1 O a 3 A1P2-24
4p2 O 0O 4 A1P2-46
4pP1 0 a 5 A1P2-48
5P2 O 0 6 A1P2-50
5P1 Oso 490 7 A1P2-52
P2 (m] (] 8 A1P2-54
6P1 O O 9 A1P2-56
7P2 a 0 10 A1P2-58
7P1 a 0o 11 A1P2-62
8P2 Qa0 380 12 A1P2~-64
8P1 O ] 13 A1P2-65
9p2 m] (m] 14 A1P2-66
9P1 a o __15 A1P2-6
10P2 8] O T AtPa-ss )
10P1 Oso 200 17 A1P2-44
11P2 O a 18 A1P2-51
1Py o (m] 19 A1P2-53
12P2 a [m] 20 A1P2~57
12P1 O o 21 A1P2-59
i3P2 O20 50O 22 A1P2-47
13P1 8] o 23 AlP2-49
14P2 O a 24 A1P2=17
14P1 0O O 25 A1P2~-19
15P2 0 ] 26 A1P2-10
15P1 B o 0 27 AlP2-12
16P2 u] O 28 AtP2-11
16P1 a o 29 AtP2-15
17p2 a O 30 A1P2-8
17P1 O 1+ O | inrErRUPT LEVEL 31 AlP2-9

Figure 2-30. 17-Slot Interrupt Jumper Connector

CHASSIS SLOT CONNECTIONS
ASSIGNED TO INTERRUPT
SIGNALS ONLY IN EXPANSION’
CHASSIS

ASSIGNED TO TILINE DATA
AND ADDRESS SIGNALS IN
MAIN CHASSIS, AND SHOULD
NOT BE JUMPERED
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2.4.4 PREPARATION OF DISK CONTROLLER. TILINE devices are assigned permanent ad-
dresses that the software programs use. The standard, factory-assigned TILINE address for the
diskcontroller is >F800. The address can be changed by altering switch settings on the controller as
described in the following paragraph.

2.4.4.1 Selecting Disk TILINE Address. The disk controller is assigned a TILINE slave address to
allow the computer to communicate with the disk system. The address assignment is accomplished
by selecting switch positions on the disk controller. The slave address switches are located on the
component side of the PWB as shown in Figures 1-7 and 2-31. Sixteen addresses are possible, from
>F800 through >F8F0 by changing the hexadecimal digits by setting the switches. Figure 2-32 il-
lustrates the switches in more detail to show that TLADR 13-16 are changed by the switches to pro-
vide values of >0 through >F. Table 2-4 lists the correspondence between the switch settings and
TILINE addresses.

2.4.5 INSTALLATION OF DISK CONTROLLER. With system power off, install the disk con-
troller in the Model 990 Computer chassis slot 7 (or other slot that has been prepared in accordance
with paragraph 2.4.3). Verify that the address switches on the controller are set to the correct
TILINE address. For the 6- and 13-slot chassis, install the controller with the component side of the
PWB toward the top of the computer chassis. Be sure that the controller is fully seated and the ejec-
tor tabs are locked in place. For the 17-slot chassis, install the board vertically with the component
side to the right side of the chassis.

2.4.6 INSTALLING DISK SYSTEM INTERCONNECTION CABLES. The disk controller and
the primary disk drive are interconnected with two 6.10-meter (20-foot) cables for the cabinet
mount, or two 3.05-meter (10-foot) cables for the rack mount; and the primary and secondary disk
drives are interconnected with two 1.83-meter (6.00-foot) ribbon cables.

The interconnection cable connectors and their mating counterparts on the disk controller and the
disk drive cable adapter are not keyed. In early production models, a triangle is embossed on the top
right end of each connector. When connecting the cables, ensure that the triangles on mating con-
nectors are aligned as shown in Figure 2-33. Current production ribbon cable connectors have a very
small groove depression (instead of a triangle) to align pin 1. Careful scrutiny in good light will
reveal the notch depression. Figure 2-33 illustrates the connection of the 50-pin cable to the disk
controller. The other interconnection cable connections are similar.

Following is the procedure for connecting the interconnection cables between the disk controller
and the primary disk drive.

1. Align the cable connectors with the disk controller connectors as shown in Figure 2-33 and
firmly mate the connectors.

2.  Dress the cables backward along the right side of the Model 990 Computer chassis and
secure with one of the cable hold-down clamps provided for this purpose as shown in
Figure 2-34.

3. Route the cables to the rear of the disk drive observing the following guidelines:

a. Do not route the cable in a conduit that also houses ac power lines.

b. Do not route the cable through wet or damp areas.
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(A) 137250

Figure 2-32. TILINE Slave Address Switches

Table 2-4. TILINE Slave Address Switch Settings and Addresses

TL.ADR

TLADR

TLADR

TLADR

16

13 —

14

ON
OFF

1 2

i [T

TILINE CPU Switches
Address Address
(Hex) (Hex) 1 2 3 4
FFCO00 F800 Off Off Off Off
FFCO8 F810 Off Off Off On
FFC10 F820 On off Off Off
FFC18 F830 On Off Off On
FFC20 F840 Off On Off Off
FFC28 F850 Off On Off On
FFC30 F860 On On Off Off
FFC38 F870 On On Off On
FFC40 F880 Off Off On Off
FFC48 F890 Off Off On On
FFC50 F8AO On Off On Off
FFC58 F8BO On Off On On
FFC60 F8CO Off On On Off
FFC68 F8DO0 Off On On On
FFC70 F8EO On On On Off
FFC78 F8F0 On On On On
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(B) NEW CONFIGURATION

(A)143516
Figure 2-33. Interconnection Cable Connector Mating
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(A) 137252 (990-977-35-4)

Figure 2-34. Interconnection Cable Dressing in Computer Chassis

¢. Do not route the cable across traffic areas unless the cable is protected with a
rigid wireway.

d. Allow sufficient slack at each end of the cable for easy connection of the cable to
the unit.

4. Remove the cable adapter from the disk drive and insert the 40- and 50-pin ribbon cable
connectors into one of the 40- and 50-pin cable adapter connectors shown in Figure 2-35.
It makes no difference which of the connectors is used as long as there is a pin-to-pin cor-
respondence and the connectors are aligned as described in the early portion of this
paragraph. The remaining two connectors on the cable adapter are for daisy-chaining a
secondary disk drive to the primary disk drive.

5. If a secondary disk drive is to be connected, insert its cable connectors into the
remaining two connectors on the cable adapter.

6. Remove one screw completely from the strain relief strap on the cable adapter and
loosen the other screw to allow free rotation of the strain relief strap.

7. Reposition the strain relief strap across the cables so that the hole in its end is aligned

with the hole in the cable adapter so that the screw removed in step 6 can be
reinstalled.

8. Reinstall the screw in the strain relief strap and tighten both strain relief screws tight
enough to keep the cables from slipping under the strap.
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9.  Attach the cable carrier bracket in the disk drive by removing the two screws on the right
of the input/output board and reinserting them through the bracket.

10.  Mate cable adapter to disk drive connectors as oriented in Figure 2-35, and tighten retain-
ing screws.

11.  Slide disk drive forward so that cable retractor can be extended inside rack from disk
drive to point where retractor is bolted to rack.

12.  To prevent picking up power line noise in the signal cables, lay them flat against the cabl
carriers and dress the power cables along the top or bottom edge of the cable carrier (not
internal to it) as shown in Figure 2-36, being sure to avoid routing the power cord on top
of the ribbon cable. Use releasable cable ties to secure the cables. Allow enough slack at
the hinges so the cables will not be strained when the cable carriers are flexed.

50—=PIN

CONNECTORS

40—-PIN

CONNECTORS
CABLE STRAIN UNIT SELECT
RELIEF STRAP JUMPER

(A) 137253 (990-977-35-7)

Figure 2-35. Cable Adapter
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13.  Replace rack backpanel.
If a secondary disk drive is to be connected into the system, proceed with the following steps.

14. Remove the resistor packs designated by XRM (n) in Figures 2-37 and 2-38 from the disk
drive I/0 board of the primary disk drive.

NOTES

Odd-numbered terminators (XRM 1,3, . . .11) are 110-ohm net-
works. Even-numbered terminators (XRM 2,4, . . .12) are 330-ohm
networks.

When two drives are daisy-chained, only one set of terminating
resistors is permitted. The resistor packages must be removed from
one disk drive (normally the drive connected to the controller). On
the drive without terminating resistors, two 220 PF capacitors must
be installed on XRM 8, pins 1 to 16 and 2 to 15. Trim capacitor leads
to about three-eighths inch.

The capacitors are included in a bag with the secondary disk drive
kit.

15.  Set the switches on the primary and secondary disk drive /O boards as shown in Figures
2-39 and 2-40. Note that for the secondary drive, S1-1 and S2-1 are turned off and S1-2
(unit select 2) and S2-2 (interrupt 2) are turned on.

16. Connect cable adapter to primary disk drive as shown in step 6.

2.4.7 CONNECTION OF DISK DRIVE TO AC POWER SOURCE. The following procedure
shogld be observed to connect the disk drive to ac power after all the preceding procedures of this
section have been completed. Refer to Figure 2-41 for the procedure.

1. Plug ac power cord into nearest ac outlet providing proper voltage and line frequency
(specified in Section 1).

NOTE

Apply power to the secondary disk drive first, so that power is sup-
plied to the terminator before it is supplied to the primary disk drive.
A primary disk drive fault may occur if terminator power is not
present.
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Figure 2-37. XRM (n) Resistor Packs to be Removed from
Primary Rack Mount Disk Drive 1/0 Board
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Figure 2-38. XRM (n) Resistor Packs to be Removed from
Primary Cabinet Mount Disk Drive 1/0 Board
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Set the dc circuit breaker (labeled 34 VOLTS) to ON. The breaker toggle is located
behind the semicircular protective flange. '

NOTE

Set the dc circuit breaker before setting the ac circuit breaker
(following step) or the ac breaker will not set.

3. Set the ac circuit breaker (labeled MAIN) to ON. Fan should start.

2.4.8 DISK CARTRIDGE INSTALLATION AND REMOVAL. Before installing or removing a
disk cartridge from the disk drive, be sure that the spindle of the disk drive is not rotating. Do not
attempt to install or remove a cartridge unless the brush indicator on top of the disk drive is aligned
with the black area as shown in Figure 2-42. A coin or screwdriver may be used to make the
alignment.
2.4.8.1 Purging the Disk Drive Air Filtering System. Before installing the drive on the system but
after inspection and power configuration, it is necessary to purge the air filtering system to assure
that any residual dust or contamination is removed.
This is accomplished by performing the following steps.

1.  Set the MAIN circuit breaker to OFF.

2.  Unplug AIP2 on the actuator.

3. Install a scratch cartridge (see paragraph 2.4.8.2).

4.  Set the MAIN circuit breaker to ON.

5.  Set the START/STOP switch to ON.

6.  Allow the disk to spin and run with the heads retracted for 30 minutes.
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7. Set the START/STOP switch to STOP.
8. Reconnect A1P2.

9. Remove the scratch cartridge (see paragraph 2.4.8.3).

2.4.8.2 Disk Cartridge Installation.
1. Raise cartridge access door (cabinet mount) or pull disk drive out of rack (rack mount).

NOTE

Power must be on and START/STOP lamp must be extinguished to
release lock on hold-down arms.

Refer to Figure 2-43 for the remainder of this procedure.
2. Pull back hold-down arms.
3.  Set disk cartridge upright on a firm supportive surface.

NOTE

There are two types of disk cartridge available. One type has a dust
cover lock that disengages when the slide button is moved to the left.
The other type disengages the lock when the slide button is pushed
towards center.

4. Push disk cartridge cover release button to left, or towards the center, depending on the
type of cartridge, while lifting cartridge handle to separate dust cover and disk.
5. Disengage dust cover from disk. Set cover aside.
CAUTION
Do not make abrasive contact between disk and spindle. Ensure that
the read/write heads are fully retracted and the brushes are com-

pletely out of the disk area. Remove any dust from magnetic chuck.

6. Position head opening of disk toward rear of disk drive and place disk onto spindle hub.
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Figure 2-39. Switches and Settings for Rack Mount Primary Disk Drive
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Figure 2-40. Switches and Settings for Cabinet Mount Primary Disk Drive
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(A) 137258 (990-977—-35-2)

Figure 2-41. Disk Drive Circuit Breakers
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CAUTION

DO NOT REMOVE THE DISK
CARTRIDGE UNLESS THE
SLOT IS IN THE BLACK AREA.

A COIN MAY BE USED TO
MAKE THE ALIGNMENT.

BRUSH
INDICATOR

(A) 137259
| Figure 2-42. Brush Indicator
7. Rotate cartridge slowly back and forth until cartridge seats over spindle.
8. Tumn handle down to seat cartridge.
9. Place dust cover (removed in step 5) open end down over cartridge.
10. Position hold-down arms over cartridge and dust cover.

1.

Close cartridge access door (cabinet mount) or push disk drive into rack (rack mount).

2.4.8.3 Disk Cartridge Removal. Refer to Figure 2-43 for the following procedures.

I.

Press START/STOP switch and wait for START/STOP indicator to be extinguished.
CAUTION
If START/STOP indicator is stili iliuminated after 2-1/2 minutes

and brushes are not fully retracted, contact the customer service
engineer.

Raise cartridge access door (cabinet mount) or pull disk drive out of rack (rack
mount).

Pull back hold-down arms (arms will not move until cartridge rotation has stopped and
START/STOP indicator is extinguished).

Remove cartridge dust cover.

Push cartridge release button to left, or towards the center, while lifting cartridge up and
out of disk drive by handle.

Place cartridge inside dust cover and fold down handle until a snap is heard indicating that
the cartridge and dust cover are locked together, or slide the release button away from
the center.

Close cartridge access door (cabinet mount) or push disk drive back into rack (rack
mount).
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Figure 2-43. Disk Cartridge Installation

2-57 Digital Systems Division



@ 946261-9701

HOLE , INSERT
SCREWDRIVER THROUGH

PUSH INWARDVX

PLUNGER, INTERLOCK
SOLENOID RELEASE

(A) 137261

Figure 2-44. Cartridge Locks

NOTE

If no cartridge is to be installed for any long period of time, install
the dust cover received with the disk drive.

2.4.8.4 Removal of Disk Cartridge Following Power Failure or for Emergency. Removal of the disk
cartridge following power failure or in an emergency situation should be performed only by the
customer service engineer.

1. Wait approximately three minutes for cartridge to stop spinning.

2.  Raise cartridge access cover (cabinet mount) or pull disk drive out of rack (rack
mount).

3. Release pack locks by inserting a flat head screwdriver (or similar object) into hole on top
of pack lock (see Figure 2-44). Press solenoid plunger into solenoid and tilt pack lock.

4. Pull back hold-down arms.

5.  Remove cartridge dust cover.
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Lift cartridge handle, hold cover release button to left, or towards the center, and lift
cartridge up and out of disk drive by handle.

o)

7. Place éartridge inside dust cover and fold down handle until a snap is heard indicating
that the cartridge and dust cover are locked together, or slide release button away from
the center.

8. Close cartridge access door (cabinet mount) or push disk drive back into rack (rack
mount).

2.5 SYSTEM OPERATIONAL CHECKOUT
After connecting all cables and applying power to the system, but before installing any software
service routine in the computer, perform the following procedure to ensure that the disk system

is operational.

1.  Install a disk cartridge into the disk drive according to the procedure in paragraph 2.4.8.2.

2. Press START/STOP switch to start spindle motor. Observe the START/STOP indicator
is illuminated and that the sound of the spindle motor can be heard. Observe that brush
indicator rotates slowly 90 degrees, then returns to normal position.

3. Ensure that READY indicator is illuminated within at least 70 seconds.

4. Allow disk drive and disk cartridge to reach thermal stabilization (approximately
20 minutes).

5. Load and execute performance demonstration test in accordance with the appropriate
section of Model 990 Computer Diagnostics Handbook.

6. If performance demonstration test or any of the above steps fails, notify the customer
service engineer.
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SECTION 3
PROGRAMMING
3.1 GENERAL
This section provides information for the programmer to control the disk system using assigned con-

trol words. Paragraphs 3.2, 3.3, and 3.4 provide general information about issuing commands and
interrupts, and about command completion. Paragraph 3.5 describes in detail the contents and for-
mats of the eight control words in Figure 3-1 that are used in programming the disk controller.

Finally, paragraph 3.6 provides hardware and firmware terminology definitions and describes the
data formats that are processed by the disk controller. The programmer should refer to paragraph
3.6 before attempting to write a software program if he is unfamiliar with the terminology and data
formats of the controller for the disk system.

3.2 PROGRAMMING THE DISK CONTROLLER

Program control of the disk system is relatively simple. To issue a command to the disk system, the
programmer moves eight words to the disk controller over the TILINE bus in the same way that a
word is moved to the memory of the Model 990 Computer. Any computer commands that read or
modify memory can be used to communicate with the controller. The controller is assigned a block
of memory addresses just as any other memory module. The controller can accept eight consecutive
memory addresses. ‘

The TILINE address for the controller is selected by a switch package on the controller as shown in
Figure 2-15. A total of 16 possible starting TILINE addresses can be selected. The possible range of
starting TILINE addresses is from >FFCO00 through >FFC78 (CPU addresses >F800 through
>F8F0).

3.3 COMMAND CONTROL

The disk controller is initiated and interrogated by a TILINE master (normally the computer’s
CPU) via a set of control words. These eight control words and their corresponding TILINE ad-
dresses are shown in Figure 3-1 and described in the following paragraphs.

An attempt by the software to write certain bits of the disk system hardware register that are not
assigned a meaning results in a normal cycle with no effect on the operation. When the controller is
busy (in a not idle state), any attempt to read or write is aborted as the controller responds with
TLTM- (TILINE terminate). When the controiler is busy, no data transfer occurs for a write cycle;
and for a read cycle, bit zero is returned as logic zero when the controller is busy. For a read com-
mand during a busy cycle, bits 1 through 15 are indeterminate (may be either one or zero).

3.4 COMMAND COMPLETION

The disk controller can be programmed to issue interrupts. This capability is implemented to make
this disk controller compatible with other disk controllers. The interrupt capability is implemented
by having the controller issue an interrupt whenever a mask bit in the controller register RO is set
while in the idle mode or by issuing an interrupt upon return to idle provided the interrupt enable
has been set.
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WORD ADDRESS ADDRESS

<] 1 2 3 4 5 6 7 8 T 12 15

oL | NR | wp | us sPARH s SPARE ATTN(0-3) ATTMSK(0~3)
(ALWAYS ONES)
[ F8C0 FFCOO0  DISK
STATUS OL ~ OFF-LINE WP - WRITE PROTECT SI - SEEK INCOMPLETE
NR — NOT READY US - UNSAFE ATTN(N) X ATTMSK(N) = INTERRUPT
o 1 2 3 4 s 6 7 8 9 10 1 12 13 14 15
; Fe02 FFCO1  COMMAND SPARE TIH |DISk COMMANDS | SPARE HEAD ADDRESS
(] ] [ STORE REGISTERS *(SEE BELOW)
o 1 WRITE FORMAT
[ 1 o READ DATA
(4] 1 1 WRITE DATA
1 [ 0 | READ UNFORMATTED *% (SEE BELOW)
1 o 1 WRITE UNFORMATTED
1 1 o | SEEK (DUMMY — SEE PARAGRAPH 3.5.2)
1 1 1 RESTORE
o 7 8 15
2 F804 FFCO2 FORMAT SECTORS PER RECORD STARTING SECTOR ADDRESS
AND
SECTOR
[} 15
3 F806 FFCO3 CYLINDER CYLINDER ADDRESS
] 15
'
4 F808 FFCo4 COUNT BITS 0-14 = WORD COUNT °
(BITS 0-15 = EVEN BYTE COUNT)
[} 15
5 FBOA FFCOS ADDRESS
- MEMORY ADDRESS (L.S8) o
[ 3 4 7 8 10 11t 15
6 FBOC FFCO6 SELECT UNIT SEL MEMORY ADDRESS
2RD MeB SPARE o 1 2 3 SPARE (MsB)
ADDRESS
] 1 2 3 4 5 [ 7 8 9 10 1 12 13 14 15
7 FBOE FFCO7 CONTROL— Loc
LER STATUS [ipLe fcomA ERR | INT JL0GK Ac f{ME JDE | TT | 1E| RE| T | s | ue
COMP ~ COMPLETE ME — MEMORY ERROR RE = RATE ERROR
ERR - ERROR DE ~ DATA ERROR CT — COMMAND TIMER
INT = INTERRUPT ENABLE TT = TILINE TIMEOUT SE - SEARCH ERROR
AC -~ ABNORMAL COMPLETION IE — ID ERROR UE = UNIT ERROR
0=CONTROLLER BUSY
( 0 15
[ WORDS PER TRACK J
0 7 8 15
'STORE
* REGISTERS DATA < | SECTORS/TRACK l OVERHEAD/RECORD l
FORMAT
o 4 s 15
l TRACKS/CYLINDER ] o CYLINDER/UNIT ]
N
(] 4 S 15
-
[ HEAD I CYLINDER ‘]
o 7 8 15
**JEADER FORMAT < L SECTORS/RECORD l SECTOR ADDRESS J
o 15
| RECORD WORD COUNT J

(8)132878

Figure 3-1. Model DS10 Disk System Control Word Formats
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3.4.1 COMMAND COMPLETION WITHOUT INTERRUPTS. If interrupts are not used, the
computer program can determine if the controller has completed a command by reading bit 0 of
control word 7. If bit 0 (idle) is zero, the disk controller is busy. When a command is complete, the
idle bit and either the error bit or the complete bit is set. If lockout is being used, it is set after con-
trol word 7 is read, and if the error bit was set, an error status bit is set.

3.4.2 COMMAND COMPLETION WITH INTERRUPTS. The controller issues two kinds of in-
terrupts to the computer. One interrupt is issued when the controller completes a command, and one
when the disk is issued a seek or restore command (interrupt given immediately after return to idle
state with interrupt mask bit set).

3.4.2.1 Command Completion Interrupts. In order to have the controller signal the completion of a
command by issuing an interrupt to the computer, the computer program sets the interrupt bit of
control word 7 (bit 3) at the same time the command is started by resetting the idle bit (bit 0). When
the controller returns to idle, an interrupt is issued when the controller detects either the complete or
error bit set with interrupt enabled. The interrupt is cleared by resetting interrupt enable in R7.

3.4.2.2 Seek and Restore Completion Interrupts. Control word 0 contains four attention bits and
four attention mask bits. The attention bits are not used by this disk controller. They are, instead,
forced to logic one whenever register RO is read. The programmer can set or reset the mask bits by
using any of the computer memory instructions.

The correct way to use the control word 0 interrupts is to issue the seek or restore command to the
controller; then, after the controller reports completion, set the correct mask bit. When the disk
drive finished the dummy seek operation, an interupt is issued to the computer. The interrupt can
then be cleared by resetting the mask bit. The TILINE interrupt is always reset when the controller
goes from an idle to a busy condition. The controller will not execute an independent seek com-
mand. It accepts the command, goes through initialization and self diagnostics, then terminates with
operation complete so that interrupts are handled the same.

3.5 CONTROL WORD CONTENT AND FORMATS

The eight control words shown in Figure 3-1 are used by the programmer to direct the activities of
the disk drive. The format, content, and activities of each of these control words are described in the
following paragraphs.

3.5.1 DISK STATUS, CONTROL WORD 0. When the controller is not busy, the disk status of
control word O can be used. Figure 3-2 shows the bits of control word 0 (disk status).

Bits 0 through 5 of control word 0 contain individual status indicators from the selected disk drive.
Bits 8 through 11 are forced to logic 1. The bits are defined as foliows.

Bit 0, Offline (OL). When bit 0 is set, it indicates that there is no power to the selected disk drive, the

drive is not at the proper speed, or not loaded with a disk cartridge, or that an unsafe condition
exists.

[o) 1 2 3 4 5 6 7 8 11 12 15

ATTN INTERRUPT
oL NR | WP | US |spPare| SI SPARE 1 1 1 1 MASK (0-3)

(A) 1339924

Figure 3-2. Control Word 0
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Figure 3-3. Control Word 1

Bit 1, Not Ready (NR). When bit 1 is set, it indicates that the selected disk drive is in the process
of performing a seek operation, or that the heads are not loaded.

Bit 2, Write Protect (WP). When bit 2 is set, it indicates that the write protect status
(WRITE/PROTECT CART switch or WRITE/PROTECT FIXED switch) of the selected disk
drive is on. When this switch is on, it inhibits the write logic within the disk drive.

Bit 3, Unsafe (US). When bit 3 is set, it indicates that the selected disk drive is unsafe. This means
that the safety circuits that protect the recorded information are unsafe, and the unsafe condition
must be removed before any more commands are attempted. If an unsafe condition occurs, the
FAULT switch on the selected disk drive can be used to clear the fault condition provided the condi-
tion has ceased. A restore command can also be issued to clear the fault condition.

Bit 5, Seek Incomplete (SI). When bit 5 is set, it indicates that the selected disk drive has failed to
complete a seek operation because of a disk malfunction or detection of an illegal cylinder address
(illegal address interlock). When this status is detected, the software must initiate a restore com-
mand before attempting to execute any other command.

Bits 8 through 11. Bits 8 through 11 are not used and are forced to logic 1 because overlapped
seeking of logical units is prohibited.

Bits 12 through 15, Attention Interrupt Mask (0-3). These bits cause an interrupt when set to logic 1.
The TILINE interrupt is set when the attention interrupt mask is on and the controller is idle. Soft-
ware can disable the interrupt source by clearing the interrupt mask bits.

3.5.2 COMMAND CONTROL, CONTROL WORD 1. Control Word 1 is used for disk commands
and surface selection. Figure 3-3 shows the bits of control word 1. The bits of control word 1 are
defined as follows:

Bit 4, Transfer Inhibit (TTH). When bit 4 is set, the controller will not transfer any disk words into
memory when a read data command is specified. The purpose of this bit is to allow data verification
by relying on the cyclical redundancy character (CRC) check without having to provide a buffer in
memory for the specified block. After the read data command is completed, this bit is reset by the
computer.

Bits 5 through 7, Command. These three bits are a 3-bit code that designates a command (one of the
eight commands illustrated in Figure 3-1). The bits and the commands they specify are listed in
Table 3-1 and described as follows:

NOTE

Details of the contents, format, and programming procedures for
the disk commands are provided later in this section. Refer to
paragraph 3.5.9.
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Table 3-1. Disk Command Bits

Bits
567 Command

000 Store Registers
001 Write Format
010 Read Data
011 Write Data
100 Unformat Read

101 Unformat Write
110 Seek
111 Restore

®  Store Registers (000) — Used to ascertain which disk drive is connected to the controller
and to establish parameters for the particular disk.

®  Write Format (001) — Used for formatting or reformatting a single track.

® Read Data (010) — Reads formatted data from disk and transfers the data to the
specified TILINE address.

®  Write Data (011) — Transfers data from a TILINE address and controls formatted data
being written on disk.

® Unformat Read (100) — Reads data from disk without regard to record ID or record
boundaries and transfers the data to the specified TILINE address.

®  Unformat Write (101) — Transfers data from a TILINE address and writes the data on
the disk without regard to record boundaries.

®  Seek (110) — Dummy command that is accepted and completed normally but does not
actually move heads.

e  Restore (111) — Positions the head over cylinder 0. A restore is implemented by a full
stroke movement by disk.

Bits 8 and 9. Bits 8 and 9 are not used and are forced to logic 0.

Bits 10 through 15, Head Address. The field consisting of bits 10 through 15 selects one of the
two read/write heads.

3.5.3 FORMAT AND SECTOR, CONTROL WORD 2. Control word 2 is used to indicate the
number of sectors per record and the address of the sector. The bits of this control word are shown
in Figure 3-4 and defined as follows:

Bits 0 through 7, Sectors Per Record. A disk can be formatted into variable length data records
with a fixed number of sectors per record for a given track. Bits O through 7 of Control Word 2
specify the number of sectors per record. The number of sectors per record multiplied by the
number of records per track will not exceed the fixed number of sectors per track of a particular
disk drive. Format calculations are given in paragraph 3.6.1.
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7 8 15
SECTORS PER RECORD SECTOR NUMBER ADDRESS
(A) 133994
Figure 3-4. Control Word 2
0 15
CYLINDER ADDRESS
(A) 133995
Figure 3-5. Control Word 3
o 14 15
BITS 0—14 = WORD COUNT o
(BITS 0—15 = EVEN BYTE COUNT)
(A) 133996

Figure 3-6. Control Word 4

Bits 8 through 15, Sector Address. This field selects the sector number at which the controller starts
a read or write operation. The controller adds the sectors per record (bits 0 through 7) to the starting
record address to calculate the address of subsequent data records on a track when multiple records
are transferred. The range of sector addresses is >00 through >13.

NOTE

If the sectors per record for a track does not equal one, then the
programmer must be sure that sector addresses that correspond to
record boundaries are used.

A sector address larger than the maximum sector address results in a timeout status because the con-
troller cannot find a starting sector number at which to start executing the command. A sectors per
record command exceeding maximum sector size will be detected on initialization and will cause the
controller to trap to command timeout status.

3.5.4 CYLINDERS, CONTROL WORD 3. The cylinder address is selected by bits 0 through 15 of
control word 3. Figure 3-5 illustrates control word 3. The valid number range is >0000 through
>0197. An invalid cylinder address results in a termination and unit error controller status being set.
The disk status (control word 0) will indicate seek incomplete.

3.5.5 WORD COUNT, CONTROL WORD 4. The word count is controlled by control word 4 as
shown in Figure 3-6. For data commands, this field selects the number of 16-bit data words to be
transferred between the disk and the TILINE. The number of words is limited by the available
TILINE memory and the disk memory from the starting disk address to the last sector of the last
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o) 14 15

L.SB MEMORY ADDRESS o]

(A) 133997

Figure 3-7. Control Word 5

0 4 7 8 10 11 15

SPARE UNIT SELECT SPARE MSBS MEMORY ADDRESS

(A) 133998

Figure 3-8. Control Word 6

track. An attempt to transfer from a nonexistent TILINE memory results in a TILINE timeout
status for the controller. For a write command, this field specifies the record word count.

3.5.6 LSB MEMORY ADDRESS, CONTROL WORD 5. The least significant bit (LSB) memory
address is determined by control word 5 (Figure 3-7). By the use of this control word, the software
selects the 15 least significant bits (LSB) of the TILINE memory address for the starting address of a
data transfer. The controller fetches or stores data through the TILINE bus at sequential addresses
until the word count decrements to zero. The CPU byte selection bit (bit 15) is ignored by the
controller.

3.5.7 UNIT SELECT AND MSB MEMORY ADDRESS, CONTROL WORD 6. The disk drive
selected and most significant bit (MSB) memory address are specified by control word 6 (Figure
3-8). Bits 0 through 3 and 8 through 11 of this field are not used.

Bits 4 through 7, Unit Select Field. The value of this field is used to select one of four disks (one
fixed and one cartridge for each of two disk drives) attached to the disk controller. Only one disk
drive can be selected at a time, as follows:

Bit 4 — Disk drive 0, fixed disk

Bit 5 — Disk drive O, cartridge disk

Bit 6 — Disk drive 1, fixed disk

Bit 7 — Disk drive 1, cartridge disk.
Bits 11 through 15, MSB Memory Address. This field selects the five most significant bits of the

TILINE memory address. These 5 bits are concatenated to the 15 LSB memory address bits of con-
trol word 5 to complete the 20-bit TILINE address.

Digital Systems Division
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(o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
T T T T T SPARE AC ME DE TT 1E RE CcT SE UE
l | I
IDLE ERROR LOCK OUT
COMPLETE INTERRUPT
ENABLE
AC—ABNORMAL COMPLETION TT-TILINE TIMEOUT CT-COMMAND TIMER
ME-MEMORY ERROR IE-1D ERROR SE-SEARCH ERROR
DE-DATA ERROR RE-RATE ERROR UE-UNIT ERROR
(A) 133999

Figure 3-9. Control Word 7

3.5.8 INTERRUPT AND CONTROLLER STATUS, CONTROL WORD 7. The interrupt and
controller status field, shown in Figure 3-9, provides error information and controller status infor-
mation to the TILINE bus. Bits 0 through 4 are used primarily to report controller completion and
error information; bits 7 through 15 are used to convey the error status information about the con-
troller. The individual bits and their functions are described as follows.

Bit 0, Idle. Bit 0 is logic zero when the controller is busy (performing a sequence, etc.). The software
clears bit 0 to activate the disk controller to start execution of the command bits (bits 5 through 7) of
control word 1. When a command is successfully completed or terminated because of an error con-
dition, the disk controller sets bit 0 to logic 1. At the same time, the controller sets bit 1 of this field
for a successful completion, or sets bit 2 if the operation is terminated as the result of an error
condition.

Bit 1, Complete. Bit 1 is set when a command is completed without encountering an error. The
bit may be reset by the software when servicing the interrupt.

Bit 2, Error. Bit 2 is set by the controller when an operation is terminated as the result of an
error condition. This bit may be reset by software when servicing the interrupt or the status that
was generated.

Bit 3, Interrupt. Bit 3 enables the controller interrupt when the complete bit (bit 1) or the error bit
(bit 2) is set. This interrupt enable does not affect the unit attention interrupts which are controlled
by the attention mask of control word 0.

Bit 4, Lockout. Bit 4 is set to logic 1 by the controller when control word 7 is read while the con-
troller is idle. This bit is intended for use with multiprocessor systems.

Bits 5 and 6 are not used.

Bits 7 through 15, Controller Status. Bits 7 through 15 of control word 7 are controller status bits
that represent the status of the controller after a command has been executed. The bits contain valid
information when the error bit (bit 2) is set. A special case exists when a self-diagnostic error is
detected. When a self-test error occurs, all error status bits of R7 (bits 7 through 15) are set.

Bit 7, Abnormal Completion Error (AC). Bit 7 is set if a disk operation is terminated because an
/O Reset, Power Failure Warning, or Master Power Reset was detected on the TILINE bus. (This
bit is set when the disk is powered up.)
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Bit 8, TILINE Memory Error (ME). This bit is set after completion of one of three disk commands:
write data, write format, or unformatted write, when it has been determined that a memory error
occurred during the time that data was being transferred from the TILINE bus to the disk con-
troller. (This is normally a parity error.)

Bit 9, Data Error (DE). This bit is set during a disk read operation if any of the calculated check
characters (cyclic redundancy characters or CRC) does not match the check character read from the
disk data record(s). This means the CRC did not compare because of a parity error on the disk. All
data transfer operations are terminated after a data error is encountered.

Bit 10, TILINE Timeout Error (TT). This bit is set if the controller addresses a nonexistent memory
address or a slave fails to respond. TILINE timeout causes command termination. The timeout
period is 10 +2 microseconds from the time master-device active (MDACT) is selected.

Bit 11, ID Word Error (IE). This bit is set when an ID word comparison error occurs during the ID
verification of a read data or write data command. Verification includes comparison of ID words 1
and 2 and CRC checking of the three words. One hardware retry is attempted if an ID error occurs.
If the retry fails, the command is aborted and error status is aborted.

Bit 12, Rate Error (RE). This bit is set when a timing error is encountered in the transfer of
data between the TILINE master control and the disk interface:

1. During a read operation, the disk interface exceeds the capacity of the data buffer.
The controller did not transfer the previous word across the TILINE before the next
word is assembled with the buffer being full.

2. During a write operation, the disk interface empties the data buffer before completing
the writing of a data sector.

Bit 13, Command Timer Timeout (CT). This bit is set when the 200 +20 millisecond command
timer expires before an operation is completed. The timer acts as a dead-man timer which is reset
when the controller reenters the IDLE loop.

Bit 14, Search Error (SE). Bit 14 is set when the controller does not detect a sync character (>6E)
within one physical sector while attempting to read from the disk. Microcode attempts one retry
before commanding abortion.
Bit 15, Unit Error (UE). The unit error status bit (bit 15) is set when an operation is terminated
because of a disk drive error. The disk status register can be examined by software to determine the
cause of the unit error. The following may cause a unit error:

a.  Unit not ready

b.  Unit off-line

¢.  Unit unsafe

d. Seek incomplete

e.  Write operation is attempted on write-protected unit.
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2 3 4 5 6 7 8 9 10 11 12 13 14 15
SPARE SPARE TIH |DISK COMMANDS | SPARE HEAD ADDRESS
0 0 0 | sTorRE REGISTERS
0 o 1 | WRITE FORMAT
0 1 o | rREAD DATA
) 1 1 | wriTE DATA
1 o o | READ UNFORMATTED
1 0 1t | WRITE UNFORMATTED
1 1 o | seek
1 1 1 | RESTORE
(A) 134000

Figure 3-10. Command Format

3.5.9 DISK COMMANDS. As previously explained, disk commands are specified by bits 5, 6, and
7 of control word 1. The values of these bits provide the eight disk commands listed in Figure 3-10.
These disk commands are described in the following paragraphs.

3.5.9.1 Store Registers Command. The store registers command causes the controller to store up to
three words starting at the specified TILINE address. As shown in Figure 3-11, the three words con-
tain the following information.

Word 1 — This word contains the total number of formatted words that can be recorded on a disk
track. The number is 3840,, = 0F00,, .

Word 2 — This word contains the sectors per track and the number of words of overhead per
record parameters to be used in the calculations of the format parameters. Bits 8 through 15 of
this word specify the overhead per record. This number is equal to 48,, = 30,4 for the disk drive.
Bits O through 7 of this word specify the number of sectors per track, which is 20,4, = 14 .

Word 3 — This word contains the number of tracks per cylinder and the number of cylinders per
disk, as follows:

Item Bits
Tracks/cylinder 04 0249 = 0246
Cylinders/disk 5-15 40850 = 1984
Composite 0-15 11986

An example of list words for a store registers command is given in Table 3-2.

3.5.9.2 Write Format Command. The write format command is used for formatting a new disk or
for reformatting an existing disk. One complete track is formatted per command. An example of a
write format command is given in Table 3-3.

After initialization, the controller checks for unit errors by examining the disk status (offline not
ready, unsafe, write protect, seek incomplete): seeks to the specified cylinder: and sets the specified
head address. The controller assembles the ID words from its internal registers and counters and
records the word(s) on the disk at the specified disk track address as shown in Figure 3-12. The con-
troller records the data field following the ID words with the data word in the specified TILINE ad-
dress repeated for all data word positions.
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Table 3-2. Example of List Words in a Store Registers Command

Word Data Comments
0 0000 Clears the disk status
1 0000 Command
2 0000 Not used
3 0000 Not used
4 0006 Three words
5 1000 Put three words into memory starting at TILINE address >00800
6 0800 Unit 0!
7 0800 Set lockout. Reset idle and all status bits

Note:
! A unit does not have to be selected, but if no unit is selected, the disk status
after the command is complete will have the not ready and off line status bits

set.
Table 3-3. Write Format Command
Word Data Comments
0 0000
1 0101 The command is bits 5 through 7; the surface address is = 1
2 0300 The record will be three sectors long. The sector address is zero (0000)
3 00CA Cylinder address selected is >CA
4 03D8 Word count = Max. for 3 sectors/record
5 1000 Memory address
6 0800 Unit 0
7 1800 Use interrupts and leave lockout set
0 15
WORDS PER TRACK
o} 7 8 15
SECTORS/TRACK OVERHEAD/RECORD
o 4 5 15
TRACKS/CYL CYLINDER/UNIT
(A) 134001

Figure 3-11. Store Registers Data Format
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o] 4 5 15
HEAD CYLINDER
o} 7 8 15
SECTORS,/RECORD SECTOR ADDRESS
o 15
WORD COUNT

(A) 134002

Figure 3-12. Header Data Format

Table 34. Example of Read Data

Word Data Comments
0 0000 Clear the disk status
1 0200 Read surface 0
2 0300 3 sectors/record, start on sector 0
3 0000 Cylinder 0
4 2000 1000 words
5 0000 TILINE memory address = >F8000
6 021F Unit 2
7 0 Do not use interrupts or lockout

Note:
In this example, the format of all of the tracks read must
be 3 sectors per record or an error will be flagged.

The controller formats each record on the track with ID words, data, and the required gaps. Only
the start of each record has the ID word written. When a record is longer than one sector, the con-
troller writes across sector boundaries allowing more words to be packed into sectors than normally
possible at one sector per record. The value of the record word count (ID word 3) is specified by
control word 4. °

3.5.9.3 Read Data Command. The read data command specifies the number of 16-bit words that
will be transferred from the specified disk address to the specified TILINE address. An example of a
read data command is given in Table 3-4.

After initialization, the controller checks for unit errors by examining disk status (offline, not ready,
unsafe, seek incomplete); seeks to the specified cylinder; searches for the desired sector address;
reads the ID words at that address; verifies the contents of ID words 1 and 2; stores the contents of
ID word 3; verifies the CRC character of the ID words; waits the specified time; and looks for a sync
character. After detecting the sync character, 16-bit words from the data field are assembled and
transferred to the specified TILINE addresses (if transfer inhibit is not specified).
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A failure to verify an ID word results in an ID error status (bit 11) and termination of the read data
operation. When the controller encounters the end of a record but the remaining transfer word
count is nonzero, the controller automatically continues reading data on the next sequential record
of the track if it exists. The new record ID is checked before continuation of data gathering.

When the remaining transfer word count is zero but the controller has not encountered the end
of a record, then the controller discontinues transmitting data words across the TILINE bus but
continues to read data from the disk until the end-of-record is encountered so that the CRC
character can be checked before loading status.

When the controller encounters the end of a track and the remaining transfer word count is
nonzero, the controller automatically increments the head address to the next track; reads the ID
words for the first sector (00) of that track; verifies the contents of ID words 1 and 2; stores the
contents of ID word 3; verifies the CRC character following the ID words; looks for sync
character and continues reading data from disk and again begins transferring data over the
TILINE bus.

When the controller encounters the end of a cylinder, and the remaining transfer word count is
nonzero, the controller automatically seeks to the next cylinder; selects head address zero for the
new track; reads the ID words for sector 00; verifies the contents of ID words 1 and 2; stores the
contents of ID word 3; verifies the CRC character following the ID words; looks for sync character
and continues to read words from the disk and transfer them to the TILINE bus if transfer inhibit is
not specified. If the end-of-cylinder occurs, and the remaining word count is nonzero, the operation
will terminate with unit error and the resultant unit error will be seek incomplete caused by illegal
address interlock ORed with seek incomplete.

3.5.9.4 Write Data Command. For a write data command the controller transfers the number of
specified 16-bit words from the specified TILINE addresses to the specified disk addresses. After
initialization, the controller checks for unit errors by examining disk status (offline, not ready, un-
safe, write protect, seek incomplete); seeks to the specified cylinder; searches for the desired sector
address; reads the ID words; verifies ID words 1 and 2; stores the contents of ID word 3; and verifies
the CRC character following the ID words. If the ID words compare, the controller switches to the
write mode and, after a specified delay, starts writing a sync character and data on the disk. If the
ID words fail to compare, the operation is terminated with an ID status error.

Data is written on the disk until the specified number of words has been transferred unless a ter-
minate condition is encountered. When the number of words to be transferred is greater than the
number of words per record, the controller continues to the next sequential record. The next sequen-
tial record starts at the sector number whose value is equal to the beginning sector number of the last
record plus the number of sectors per record.

When the transfer word count is less than the record word count, the controller fills the
remainder of the record with zeros until the record word count has been decremented to zero.

The controller compares the ID words from its internal registers with the ID words read from
disk at the specified sector address. If the ID words are identical, the CRC character is checked.
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Table 3-5. Read Unformatted Command Example

Read Unformatted Command

Word Data Comments
0 0000
1 0400 Unformatted read
2 0001 Sector/record not used. Sector address = 1
3 0000 Cylinder 0
4 0008 4,0 words
5 1000 TILINE memory address = >00800
6 0400 Unit = 1
7 1800 Use interrupts and lockout

Data Received from Command

Word Data Comments
0 0000 Track O
1 0101 Sector/record = 1, sector = 1
2 0002 4 bytes, 2 words
3 5F5F Cyclic Redundancy Character (CRC)

If the CRC character is of the proper value, the controller switches to the write mode and begins
writing data. After the last data word of the sector is written, the controller records the CRC
character that pertains to the data. ID words are not written for each sector on the disk, but are
written only at the start of each record.

When the controller encounters the end of a track for a cylinder and the remaining transfer word
count is nonzero, the controller automatically increments the head address to the next track;
starts reading ID of sector zero; verifies the contents of ID words 1 and 2; stores the contents of
ID word 3; verifies the CRC character following the ID words; and continues the write operation
after the appropriate delay.

When the controller encounters the end of a cylinder, and the remaining transfer word count is
nonzero, the controller automatically seeks to the next cylinder; selects head address zero for the
new track; starts reading the ID for sector zero; verifies the ID words; and continues the write
operation at sector zero.

3.5.9.5 Read Unformatted Command. Starting at the specified disk address, a read unformatted
command transfers the specified number of 16-bit words from the disk to the specified TILINE ad-
dresses. The read unformatted command is used primarily for diagnostics and does not pay atten-
tion to sector boundaries and does not read IDs. An example of a read unformatted command and
the data received from the command is given in Table 3-5.

After initialization, the controller checks for unit errors by examining disk status (offline, not ready,
unsafe, seek incomplete); seeks to the proper cylinder; and starts transferring data to the TILINE
after the sync of the specified sector address is detected. The controller continues to read all con-
secutive information, without regard to end-of-record or end-of-track boundaries, until the
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specified number of words has been transferred or until a termination condition is encountered. A
check for the CRC is performed at the end of the operation, and a data error status is reported is the
CRC is not correct. This allows for error detection after the ID words if three words (six bytes) are
specified in the word count.

3.5.9.6 Unformatted Write Command. An unformatted write command transfers the 16-bit words
from the specified TILINE address to the specified disk address. Basically, the controller locates the
proper sector and writes the specified bytes.

After initialization, the controller seeks to the specified cylinder and starts writing data on the
disk after the sector mark of the specified sector address is detected and the correct lead gap has
been generated. The controller continues to write all consecutive information, without regard to
existing record boundaries, until the specified number of words has been transferred or until a
termination condition is encountered. The controller adds a sync character to the beginning of
the data and a CRC character at the end.

3.5.9.7 Seek Command. The seek command causes the disk controller to implement initialization
and run a short diagnostic self-test. The command does not issue the new cylinder address to the
disk drive. Instead, the command executes to termination and completes normally if no error condi-
tions are detected. The actual seek is not performed because the heads for the fixed and removable
disks move together as a unit on the same head carriage assembly. Independent seeks that would be
issued in the overlapped mode between the two head assemblies are a physical impossibility. By
issuing the command but not issuing it to the disk drive, the software command structure remains
compatible with other disk systems.

If the interrupt mask is used to set an interrupt, the mask bit must not be set until after the com-
mand is issued. Otherwise, an interrupt occurs immediately. The interrupts are cleared by clearing
the attention mask in the controller. Interrupts can also be set by setting the interrupt enable bit in
R7. Upon completion, the controller sets an interupt and holds it until the computer clears the inter-
rupt enable bit in the controller. Table 3-6 is an example of a seek command.

3.5.9.8 Restore Command. The restore command is required if a seek incomplete disk status is
detected by software or if an unsafe disk status occurs. The restore command positions the heads of
the selected disk drive over cylinder zero.

Table 3-6. Example of a Seek Command

Word Data Comments
0 0000
1 0600 Seek surface is not used
2 0000 Sector/record and sector and address are not used
3 0003 Cylinder = 3
4 0000 Word count is not used
5 0000 Memory address is not used
6 0100 Unit = 3
7 1800 Use controller interrupts and lockout
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Before issuing the restore command, the offline status is checked. If the drive is offline, the restore
command is aborted and the unit error status in R7 is set. If the drive is online, the restore command
is issued to the drive and the controller executes a 0.5-second delay loop. Following the delay, the
controller issues an interrupt to the computer if either the interrupt bit is set or one of the attention
mask bits is set. Overlapped restores are not allowed between the fixed and cartridge disks because
the heads are attached to the same carriage assembly and move together as a unit.

3.6 FORMATS AND DEFINITIONS
This paragraph gives the formats of the data written on the disk surfaces in a drive and a defi-
nition of hardware and firmware terms as related to software programming.

3.6.1 DEFINITION OF TERMS.
Disk Cartridge — A disk cartridge consists of one disk mounted on a hub. Refer to Figure 3-13.

Read/Write Heads — The four read/write heads (0 through 3) are mechanically locked to the car-
riage assembly and fly on an air boundary close to the recording surface, so the heads never actually
contact the rotating disk surfaces in normal operation.

Disk Recording Surfaces — There are two data recording surfaces in a disk cartridge; the
recording zone on each surface consists of a maximum of 408 cylinders.

Recording Tracks — A recording track consists of the recording area on a disk that includes the en-
tire circumference of the cartridge. The track is subdivided by sector marks generated by the disk
drive. Sector zero starts at the first sector mark that occurs after the time of the first index mark.
The index signal is not used by the DS10 disk system.

Sectors are linked together to make records. Data is written continuously over sector boundaries
for multiple sectors per record.

Data Word — A data word on the disk is 16 bits long. The number of data words in a record is
seiectabie by the programmer up to a maximum number. To find the maximum number of
words in one record, use the following formula:

Total words/track — [(Number records/track) X overhead]
Number records/track

Max. words per record =

See paragraph 3.5.9.1 for parameters.

Sector — Each track is divided into 20 sectors. The format of data recorded on a track consists
of records of equal length which are separated by gaps. Gaps are automatically inserted by the
controller to ensure reliable data recovery at each sector address over the range of operating
temperatures and from recorded media exchanged between disk systems of the same type. .

Record — The record size is variable but it must be one or more sectors, up to one track in length.
The programmer can select the format of a track by setting the sectors/record parameter in bits 0
through 7 of command word 2. A sector mark defines the beginning of a physical record. Data is
written across sector gaps if a record size greater than one is selected.

3.6.2 SECTOR FORMAT. A sector is a continuous recorded bit stream on a disk track which starts
at a unique sector mark. A sector contains the fields shown in Figure 3-13. These fields are described
in the following paragraphs.
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GAP1 SYNC iD EDC1 GAP2 SYNC DATA EDC2 GAP3
®@e]l® ® ©l® ® | ©
NOTE:

GAP 1 IS ALL ZEROS.

THE SYNC CHARACTER THAT BEGINS THE 1D WORDS 1S >6E,

THE THREE 1D WORDS DEFINE:

A. TRACK ADDRESS

B. SECTORS PER RECORD AND SECTOR ADDRESS

C. RECORD WORD COUNT
@ THE ERROR DETECTION CODE (EDC) 1S VERIFIED BY THE CRC GENERATED IN THE CONTROLLER.
©

8 A SECTOR MARK OCCURS AT THE BEGINNING OF EACH SECTOR.

GAP 2 1S AN INTER-RECORD GAP THAT IS USED TO SWITCH FROM READ TO WRITE MODE
AFTER THE 1D HAS BEEN VERIFIED. IT IS ALSO USED BY THE DISK TO LOCK IN ITS PLO.

THE SYNC CHARACTER IS USED TO DETECT THE BEGINNING OF THE VALID DATA STREAM.
THE SYNC CHARACTER IS >6E.

@ THE DATA CONSISTS OF 16—-BIT WORDS UP TO A MAXIMUM OF 144 WORDS (AT ONE SECTOR
PER RECORD).

@ AN EDC CHECK 1S PERFORMED AFTER THE DATA.
GAP 3 IS NOT WRITTEN ON AND iS USED TO PREVENT DATA LOSS DUE TO AN EARLY SECTOR
MARK.
(A) 137262

Figure 3-13. Format of a Sector Record Bit Stream

3.6.2.1 Gap 1. This field of continuous logic zeros is used to compensate for late sector mark varia-
tions and to allow sufficient time for the data separator to lock in before the sync character is en-
countered. Gap 1 is 78 microseconds long.

3.6.2.2 Synchronization (Sync) Character. The disk controller uses the sync character to determine
the start of intelligible data from the disk drive unit. After detecting sync, the bits in the data stream
that follow the sync character are grouped into words for controller processing. The sync character
is >6E (binary 0110 1110). ‘

3.6.2.3 Identification (ID) Words. The three ID words are used by the disk controller to perform a
check on the disk drive addressing when a read data or write data command is being executed. The
ID words are written on the disk during a write format command. The ID words are then read and
checked against the values that the controller has determined to be the proper values. If the ID
words do not compare (ID words 1 and 2) or if a CRC is detected, the command aborts and no data
is written on the disk if a write command has been issued. The ID check is made each time the con-
troller moves to a new record. The ID words are formatted as follows:

ID WORD NO, 1
0 4 5 6 . 15

HEAD ADDRESS [s) CYLINDER ADDRESS

(A) 134007
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ID Word Number 1 defines the track address. Bits 0 through 4 constitute the head address. Bit § is
zero. Bits 6 through 15 constitute the cylinder address.

1D WORD NO. 2
0 7 8 15

SECTORS PER RECORD SECTOR ADDRESS

(A) 134008

ID Word Number 2 designates the number of sectors allocated per phvsical data record on this
track. The sector address is the sector number within the track where this ID is recorded. This
ID word denotes the sector where a record starts.

ID WORD NO. 3
0 15

RECORD WORD COUNT

(A) 134009

ID Word Number 3 is the record word count that defines the size of the record which may
include one or more sectors. All records on a track are the same length. The write format
command ensures this condition by formatting one track per command. The word count of the
ID word is stored in the controller to define the end of the data record during data transfers.

3.6.2.4 Error Detection Code (EDC) Number 1. This word is 16 bits of information generated
by passing the three ID words through the CRC generator.

3.6.2.5 Gap 2. This is a gap used between ID words and data to switch to the write mode after
the ID words have been verified. This gap is 35 microseconds long.

3.6.2.6 Data. The data field is a group of 16-bit words of information from the computer, up
to a maximum of 144 words for each sector (formatted at one sector per record).

3.6.2.7 Error Detection Code (EDC) Number 2. This word is 16 bits of information generated
by the controller by passing the data field through the CRC generator.

3.6.2.8 Gap 3. Gap 3 is a field where nothing is written, used to compensate for early sector
mark variations. Gap 3 is also used to turn off write circuitry to the disk drive and do update
calculations by the controller before the next record. Gap 3 is 157 microseconds long.
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SECTION 4

OPERATION

4.1 GENERAL
This section describes the controls and indicators that are available to the operator for placing
and keeping the Model DS10 Cartridge Disk System in a normal operating configuration.

4.2 CONTROLS AND INDICATORS
Figure 4-1 illustrates the locations of the controls and indicators on the disk drive. The following
paragraphs describe the operations of those controls and indicators.

4.2.1 AC CIRCUIT BREAKER. The ac circuit breaker (labeled MAIN) located on the rear of
the disk drive protects the disk drive power supply, spindle motor, and fan motor from damage
due to overload conditions and provides main power switching for the disk drive. Normally, the
circuit breaker is set to ON during installation and checkout of the disk drive, then left on for
normal operation.

4.2.2 DC CIRCUIT BREAKER. The dc circuit breaker (labeled 34 VOLTS) located on the rear of
the disk drive provides the logic circuitry with protection from overload due to circuit malfunctions.
Normally, the breaker is set during installation and checkout of the disk drive, and left on for nor-
mal operations. ‘

4.2.3 START/STOP SWITCH/INDICATOR. The START/STOP switch/indicator is an alternate
action switch with a lighted pushbutton. If the indicator is not lighted and is operational,
pressing the switch energizes the spindle motor and initiates the first seek mode, provided the
following conditions exist:

®  (Circuit breakers closed
®  Disk cartridge dust cover properly installed
®  Cartridge hold-down arms properly positioned.

When the spindle motor is energized, the START/STOP indicator is lighted and remains lighted
until the spindle motor stops in response to START/STOP switch operation.

Pressing the START/STOP switch while the indicator is lighted (spindle motor energized)
de-energizes the spindle motor,

When the START/STOP switch is pressed to de-engerize the spindle motor, the indicator remains
lighted until the disk rotation has stopped and the interlock solenoids energize to release the disk
cartridge.

NOTE

The first seek mode is automatic and requires approximately
65 seconds. The disk drive can be reset at any time after initiation
of the start sequence. In the event of a potentially damaging fault
during the first seek mode, the heads automatically retract and the
disk drive stops.
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FAULT/ WRITE/PROTECT

READY ACTIVE RESET CART

START/STOP WRITE/PROTECT

FIXED

(A)137263A

Figure 4-1. Disk Drive Controls and Indicators

4.2.4 READY INDICATOR. The READY indicator is an indicator that is lighted when the
spindle motor reaches operating speed, the heads are loaded, and the disk drive is ready for use.
The READY indicator is extinguished during any fault, emergency retract, or stop operation.

4.2.5 ACTIVE INDICATOR. The ACTIVE indicator lights to indicate that the disk drive is
actively engaged in any operation.

4.2.6 FAULT/RESET INDICATOR/SWITCH. The FAULT/RESET indicator/switch is lighted
to indicate any fault except ac power failure. If a momentary ac power drop occurs, the heads
automatically go into emergency retract and the disk drive stops. The disk drive automatically starts
when ac power returns to normal.
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The FAULT/RESET indicator lights to indicate the occurrence of a nondamaging fauit, e.g. more
than one head selected, simultaneous read and write instructions, etc. The FAULT/RESET in-
dicator is extinguished by a return-to-zero-seek command (restore).

If a momentary nondamaging fault occurs, pressing the switch clears the fault logic and extinguishes
the indicator. The FAULT/RESET switch cannot be used to clear a persistent fault.

4.2.7 WRITE/PROTECT CART INDICATOR/SWITCH. The WRITE/PROTECT CART in-
dicator/switch is an alternate-action pushbutton switch with a lighted pushbutton. Pressing the
switch when the indicator is not lighted inhibits writing and erasing of data on the cartridge disk and
lights the indicator. When the indicator is lighted, the pushbutton remains partially depressed.
lzlressiglg the pushbutton with the indicator lighted removes the protect condition and extinguishes
the indicator. '

4.2.8 WRITE/PROTECT (FIXED) INDICATOR/SWITCH. The WRITE/PROTECT FIXED in-
dicator/switch is an alternate-action pushbutton switch with a lighted pushbutton. Pressing the
switch when the indicator is not lighted inhibits writing and erasing of data on the fixed disk and
lights the indicator. When the indicator is lighted, the pushbutton remains partially depressed.
Pressi‘rjlg the pushbutton with the indicator lighted removes the protect condition and extinguishes
the indicator.

4.2.9 BRUSH INDICATOR. The BRUSH INDICATOR is a mechanical indicator/control that
resembles a slotted head screw head. The position of the slot indicates whether or not the
brushes that clean the disk are retracted. If the brushes are retracted, the slot in the indicator is
aligned with the two black marks on either side of the hole. If the brushes do not retract when
they are supposed to, a coin or screwdriver can be used to turn the BRUSH INDICATOR to
retract the brushes before attempting to remove the disk cartridge.

4.3 OPERATING INSTRUCTIONS
The following paragraphs describe normal operating procedures for the disk system, including:

e Operating precautions

®  Power application for online operation

®  Disk cartridge installation and removal

®  Write protect

®  Stop and power removal

®  Fault operating procedures

®  Operator preventive maintenance procedures.

4.3.1 OPERATING PRECAUTIONS. The following precautions should be observed while
operating the disk system.

® Keep cartridge access door (cabinet mount) closed or keep disk drive pushed into rack
(rack mount) to prevent entry of atmospheric dust.

e If a pinging or scratching noise is heard (caused by head-to-disk contact), stop the disk
drive by using the stop and power removal instructions in paragraph 4.3.5 and call the
customer service engineer.
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Appropriate steps should be taken to safeguard data until the
problem can be remedied. Such steps may include leaving the disk
drive de-energized, replacing the disk cartridge with a scratch car-
tridge, and/or immediate transfer of the data on fixed disk.

NOTE

®  Follow disk cartridge installation and removal procedures in paragraph 4.3.3.
° Never attempt to override any interlock.
4.3.2 POWER APPLICATION FOR ONLINE OPERATION.
NOTE

Steps 1, 2, 4, and 5 of this procedure are to be performed by
maintenance personnel only.

1. Ensure that all system interconnection cables and power cables are properly connected
and in good condition.

2. Verify that disk drive is properly configured for local ac line power.

3. Ensure that START/STOP switch/indicator is in STOP position (pushbutton raised and
indicator extinguished).

4. Close dc circuit breaker.
5. Close ac circuit breaker and verify operation of blower motor.

6. Install disk cartridge in accordance with paragraph 4.3.3.

?J

Press START/STOP switch/indicator. Ensure that pushbutton stays partially depressed
and indicator lights.

8.  Verify that FAULT indicator/switch remains extinguished.

NOTE

If FAULT indicator lights, perform fault operating procedure in
paragraph 4.3.6.

9. Approximately 65 seconds after pressing START/STOP switch, READY indicator lights
and disk drive is ready for operation initiated by computer.

4.3.3 DISK CARTRIDGE INSTALLATION AND REMOVAL. Disk cartridge installation and
removal instructions are repeated here from Section 2 for convenience.

4.3.3.1 Disk Cartridge Installation.

1. Raise cartridge access door (cabinet mount) or pull disk drive out of rack (rack
mount).

4-4 Digital Systems Division



o]
@ 946261-9701

Power must be on and START/STOP lamp must be extinguished
to release lock on hold-down arms.

NOTE

Refer to Figure 2-43 for the remainder of this procedure.

2. Pull back hold-down arms.

S.A)

Set disk cartridge upright on a firm supportive surface.

4. Hold disk cartridge cover release button to left while lifting cartridge handle to
separate dust cover and disk.

5. Disengage dust cover from disk. Set cover aside.
CAUTION
Do not make abusive contact between disk and spindle. Ensure
that the read/write heads are fully retracted and the brushes are
completely out of the disk area. Remove any dust from magnetic

chuck.

6. Position head opening of disk toward rear of disk drive and place disk onto spindle
hub.

7. Rotate cartridge slowly back and forth until c;'artridge seats over spindle.

8. Turn handle down to seat cartridge.

9, Place dust cover (removed in step 5) open end down over cartridge.

10. Position hold-down arms over cartridge and dust cover.

11. Close cartridge access door (cabinet mount) or push disk drive into rack (rack mount).
4.3.3.2 Disk Cartridge Removal. Refer to Figure 2-43 for the following procedure.

1. Press START/STOP switch and wait for START/STOP indicator to be extinguished.

CAUTION

If START/STOP indicator is still illuminated after 22 minutes and
brushes are not fully retracted, contact customer service engineer.

2.  Raise cartridge access door (cabinet mount) or pull disk drive out of rack (rack
mount).

3.  Pull back hold-down arms (arms will not move until cariridge rotation has stopped).
4. Remove cartridge dust cover.

5. Lift cartridge handle, hold cover release button to left, and lift cartridge up and out of
disk drive by handle.
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Place cartridge inside dust cover and fold down handle until a snap is heard indicating
that the cartridge and dust cover are locked together.

7. Close cartridge access door (cabinet mount) or push disk drive back into rack (rack
mount).

4.3.3.3 Removal of Disk Cartridge Following Power Failure or for Emergency. Removal of the
disk cartridge following power failure or in an emergency situation should be performed only by
the customer service engineer.

1. Wait approximately 3 minutes for cartridge to stop spinning.

2.  Ensure that brush indicator is properly aligned.

3. Raise cartridge access cover (cabinet mount) or pull disk drive out of rack (rack
mount).

4. Release pack locks by inserting a flat head screwdriver (or similar object) into hole on top
of pack lock (See Figure 2-44). Press solenoid plunger into solenoid and tilt pack lock.

5. Pull back hold-down arms.

6. Remove,c-artridge dust cover.

7. Lift cartridge handle, hold cover release button to left, and lift cartridge up and out of
disk drive by hand.

8. ' Place cartridge inside dust cover and fold down handle until a snap is heard indicating
that the cartridge and dust cover are locked together.

9. Close cartridge access door (cabinet mount) or push disk drive back into rack (rack
mount).

4.3.4 WRITE PROTECT. The operator initiates a write protect operation by pressing either the
WRITE/PROTECT CART or WRITE/PROTECT FIXED switch and verifying that the ap-
propriate indicator lights. The selected disk (cartridge or fixed) is then protected from writing
and/or erasing.

4.3.5 STOP AND POWER REMOVAL. To stop the disk drive and remove power, observe the
following sequence.

1.  Press START/STOP switch and verify that the following happens:
a. READY indicator is extinguished.
b. START indicator is extinguished.
¢. Spindle stops.

d. Pack locks open.
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2.  Remove disk cartridge, if desired, in accordance with instructions in paragraph 4.3.3.2.

NOTE
Step 3 must be performed by maintenance personnel only.
3. Set ac circuit breaker (labeled MAIN) on rear of disk drive to OFF.

4.3.6 CHANGING DISK ASSIGNMENTS. The fixed disk in the primary (or only) disk drive is
normally designated disk 0, and the cartridge is designated disk 1. The corresponding designations
for the secondary disk drive are disks 2 and 3. A jumper on the cable adapter board permits
reversing the designations for a given disk drive.

The jumper plug is normally stored as shown in Figure 4-2. To reverse designations for disks 0 and
1, remove the jumper plug and insert it to connect J1 and J3. To reverse designations for disks 2 and
3, remove the jumper plug and insert it to connect J1 and J4.

4.3.7 FAULT OPERATING PROCEDURES. If the FAULT/RESET indicator lights during nor-
mal operation or power application, proceed as follows:

1. Press the FAULT/RESET switch. If the FAULT/RESET indicator is extinguished, nor-
mal operation can be continued. If it remains lighted, proceed to step 2.

2. Press the_ START/STOP switch and allow spindle to stop rotating.

3. Press the START/STOP switch and observe the FAULT/RESET indicator. If it is ex-
tinguished, normal operation can be resumed. If the FAULT indicator remains lighted,
proceed to step 4.

4. Perform the stop and power removal procedure in paragraph 4.3.5.
5. Call a customer service engineer.

4.3.8 OPERATOR PREVENTIVE MAINTENANCE. Operator preventive maintenance is
restricted to daily dusting of the outside of the cabinet (cabinet mount drive) or the front panel of
the rack mount disk drive.

4.4 MAINTENANCE AIDS

Figure 4-3 shows the four light-emitting diodes (LEDs) on the disk controller (PWB version). Figure
4-4 shows the LEDs for the fine line PWB version of the disk controller. These four LEDs are visible
when the cover is removed from the computer by maintenance personnel and provide the following
information:

e FAULT — When lighted, the FAULT LED indicates that a microprogram type of failure
has occurred and that the controller must be repaired. Specifically, the FAULT LED
lights when the command timer on the controller times out, indicating that the controller-
initiated operation was not completed within the prescribed 200 +20 milliseconds or a
self-diagnostic failure occurred. The FAULT indicator is dimly lighted during normal
operation. The indicator is lighted during self-test.

® (LK — Operation of the CLK LED is as follows:

LED not lighted — Disk controller clock not running. Possible TILINE access
granted problem.
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Figure 4-2. Disk Designation Jumper

LED lighted but not bright — Clock running normally.
LED bright — Clock always on. Possible faulty clock circuit.
® BUSY — The BUSY LED, when lighted, indicates that the controller is servicing a
TILINE I/0 reset, or executing a command, a master power reset, or a power failure

warning. When the BUSY LED is lighted, the controller cannot accept any commands.

e INT — The INT LED lights to indicate when the disk controller is issuing a TILINE
interrupt.

Digital Systems Division
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FAULT CLK INT BUSY

(A) 143673

Figure 4-3. Disk Controller LEDs (PWB Version)
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Figure 4-4. Disk Controller LEDs (Fine Line PWB Version)
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4.5 PREVENTIVE MAINTENANCE

Both the disk drive and the cartridge disk require preventive maintenance (PM) to ensure continued
trouble-free performance. The following paragraphs explain the PM procedures for the rack mount
disk drive, cabinet mount disk drive, and cartridge disk.

4.5.1 PREVENTIVE MAINTENANCE FOR THE RACK MOUNT DISK DRIVE. PM for the
rack mount disk drive should be carried out at least once a month, and more often in dirty en-
vironments. To perform the necessary PM, follow these procedures:

1. Halt the disk drive and remove the cartridge disk by following the directions in paragraph

2. Shut off the blower by moving the ac circuit breaker (located at the right rear of the disk
drive, as viewed from the front) to OFF.

3. Remove the prefilter assembly (attached by a magnetic mount to the face of the disk
drive). (The part number of the prefilter assembly kit is 0943848-0079.)

4. Take the filter element out,of the prefilter assembly and wash it in hot water and
detergent, rinse it, and dry it.

5. Replace the dry filter element in the prefilter assembly and reinstall the assembly on the
disk drive.

6. Using a lint-free cloth lightly dampened with 93 percent isopropyl alcohol, wipe out the
well for the cartridge disk.
CAUTION
Do not touch the heads while cleaning the well for the cartridge disk.
7. Power up the blower by moving the ac breaker to ON. Let the blower run 20 minutes to
purge the air delivery system and provide thermal stabilization.
8. Resume normal operations.
4.5.2 PREVENTIVE MAINTENANCE FOR THE CABINET MOUNT DISK DRIVE. PM for
the cabinet mount disk drive should also be carried out at least once a month, and more often in

dirty environments. To perform the necessary PM, follow these procedures:

1. Halt the disk drive and remove the cartridge disk by following the directions in paragraph
2.4.8.3.

2. Shut off the blower by moving the ac circuit breaker (located at the right rear of the disk
drive, as viewed from the front) to OFF.

3. Open the front of the cabinet by pulling out on the top edge of the front panel (to free the
friction type latch). Remove the cabinet air filter (kit part number 943848-0049), which is
horizontally installed under the front edge of the disk drive.

4. Wash the cabinet air filter in hot water and detergent, rinse it, and dry it. Replace the dry
cabinet air filter in the disk drive.
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Using a lint-free cloth, lightly dampened with 93 percent isopropyl alcohol, wipe out the
well for the cartridge disk.

CAUTION

Do not touch the heads while cleaning the well for the cartridge disk.

6. Power up the blower by moving the ac breaker to ON. Let the blower run 20 minutes to
purge the air delivery system and provide thermal stabilization.

7. Resume normal operations.

4.5.3 PREVENTIVE MAINTENANCE FOR THE CARTRIDGE DISK.

NOTE

Regular preventive maintenance (PM) procedures must be performed
on cartridge disks every six months. The fixed disk, because of its
sealed environment, does not require PM.

4.5.3.1 General. The cartridge disk is one of today’s most advanced mass information storage
systems. However, this seemingly ideal system requires special care to maintain optimum perfor-
mance. Manufacturers originally considered disk packs and cartridge disks to be maintenance free.
However, they have come to realize that regular cleaning and inspection are necessary to prevent
costly system crashes, rerun time, and loss of valuable data. Regular PM is necessary on cartridge
disks to alleviate costly problems that can arise to degrade the quality of data storage, render the
cartridge disks unusable, or damage disk drives.

The need for PM arises in the following manner: Read/write heads fly over disk surfaces on an air
bearing of 20 to 135 microinches, depending on the type of disk pack. Contamination in the form of
dust, grease, metal filings, smoke particles, etc., build up on disk recording surfaces, decreasing the
separation between read/write heads and disk surfaces (see Figure 4-5).

CAUTION

Damaged or questionable-quality cartridge disks must never be in-
stalled in a disk drive. Disk drives must not be used without a clean
and serviceable air filter. To prevent damage to the cartridge disk,
the filter must be checked at least twice a year, and monthly in dusty
or nontemperature-controlled locations.
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Figure 4-5. Disk Contaminants

Disk contaminants cause temporary errors, retries, and data checks. At this stage, most data should
be recoverable by thorough cleaning of the disk surfaces. If foreign particles are allowed to build up,
head crashes and other permanent damage to heads and disk surfaces are inevitable.

4.5.3.2 Maintenance Procedures. For these reasons, all cartridge disks should be removed from ser-
vice and PM performed by a qualified vendor or manufacturer every six months. Contact your local
TI sales and service office for help in locating a qualified vendor convenient to you. Normally the
PM is performed at the customer’s location. Be sure to call in advance to schedule the PM.

During PM procedures, the vendor should clean and inspect the following areas in the cartridge
disk:

®  Top and bottom for cracks, chips, dirt, wear

*  Spindle retainer for condition and wear

®  Trim shield retaining screws for condition and tightness

e  Spindle lock for wear, dirt, binding

e  Thrust bearing, races, washers for damage and wear

e  Hub and cone area for dirt, film, nicks, burrs

¢ Index (bottom protective) disk for bends, damage, axial runout

e  Recording disks for surface damage and axial runout.
The vendor performing PM on the cartridge disks will indicate the status of each disk cleaned and
inspected. This will detail whether the disk is good, requires repair, or is nonrepairable. Many pro-
blems can be corrected by cleaning, but if a disk is found to be damaged, it must not be used again
and should be scrapped or repaired before returning to service. Replacing cartridge disks can be
costly, but quite inexpensive compared to system downtime due to a disk drive crash or loss of data

on a disk. Some disks may be repairable, in which case the repairs are usually done at the PM ven-
dor’s office.
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ALPHABETICAL INDEX
INTRODUCTION

' HOW TO USE THE INDEX

The index, table of contents, list of illustrations, and list of tables are used in conjunction to obtain
the location of the desired subject. Once the subject or topic has been located in the index, use the
appropriate paragraph number, figure number, or table number to obtain the corresponding page
number from the table of contents, list of illustrations, or list of tables. The table of contents does
not contain four-level paragraph entries. Therefore, for four-level paragraph numbers such as
2.3.1.2, use the three-level number and the corresponding page number. In this case, the three-level
number is 2.3.1. '

INDEX ENTRIES

The following index lists key words and concepts from the subject material of the manual together
with the area(s) in the manual that supply major coverage of the listed concept. The numbers along
the right side of the listing reference the following manual areas:

®  Sections - References to Sections of the manual appear as “Section x” with the symbol
X representing any numeric quantity.

®  Appendixes - References to Appendixes of the manual appear as “Appendix y”’ with the
symbol y representing any capital letter.

®  Paragraphs - References to paragraphs of the manual appear as a series of alphanumeric
or numeric characters punctuated with decimal points. Only the first character of the
string may be a letter; all subsequent characters are numbers. The first character refers
to the section or appendix of the manual in which the paragraph is found.

® Tables - References to tables in the manual are represented by the capital letter T fol-
lowed immediately by another alphanumeric character (representing the section or
appendix of the manual containing the table). The second character is followed by a
dash (-) and a number:

Tx-yy

® Figures - References to figures in the manual are represented by the capital letter F
followed immediately by another alphanumeric character (representing the section or
appendix of the manual containing the figure). The second character is followed by a
dash (-) and a number:

Fx-yy

®  Other entries in the Index - References to other entries in the index are preceded by
the word “See”’followed by the referenced entry.

The index is divided into sections for the letters of the alphabet. Acronyms and mnemonics (words
made up entirely of capital letters) are listed first within each section. Words that begin with a
capital letter follow the acronyms and mnemonics.
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Abnormal Completion Bit . . ....3.5.8, F3-1, F3-9
AcCircuit Breaker .................. ... 4.2.1
Ac Power Requirements, Disk Drive ..2.2.3, T1-3
Access:

Granted (6- and 13-Slot Chassis) .......2.4.3.1

Granted (17-Slot Chassis) ............. 2.4.3.2
Jumpers............ 2.4.3.1,2.4.3.2,F2-22,
F2-23, F2-24, F2-25, F2-26
7 1 11 Ti-1
Accessories, Unpacking .................. 234
ACTIVE Indicator ................. 4.2.5, F4-1
Adapter,Cable .............. 2.4.6, F2-35, T2-1
Address:
Cylinder ........... 3.5.4,3.6.2.3, F3-1, F3-5,
Head ............ccoiviei.t. 3.6.2.3, F3-1,
Head/Surface ................... 3.5.2,F3-3
LSBMemory............... 3.5.6,F3-1,F3-7
Memory .....ccoiviinieiiinennnnnnans F3-1
MSBMemory .............. 3.5.7,F3-1, F3-8
Sector .............. 3.5.3,3.6.2.3, F3-1, F34
Starting ...........cociiinn, F3-1,F34
Selection................ 2.4.4.1,F2-32, T24
Slave, Disk Controller ................. 1.2.2
Switches, TILINE ....2.1, F2-25, F2-26, F2-32
Addressing...................... 1.3,3.2, F3-1
Altitude, Operating . ..................... T2-2
Assembly, Rack Slide ................... F2-20
Attention Interrupt Mask Bits........ 3.5.1, F3-2
Bit Assignments ................c0iinn. F3-1
BlockDiagram ..................... F1-2,F1-5
BRUSH INDICATOR ............. 4.2.9,F2-42
BUSY ..ttt e e ettt 33
LED........coviiiiiiinn... 4.4, F4-3, F4-4

Cabinet Mount Disk Drive.....1.2.3,2.2.2,2.3.3
2.4.2, 4.5.2, F1-8, F1-10, F2-3, F2-5, T2-1

Physical Dimensions ............. F1-10, F2-3
Unpacking Instructions ................ 233
Cable:
Adapter .................. 2.4.6, F2-35, T2-1
16/0) 111 1'¢ 1) ¢ JN F2-33
Cables ................. 2.2.6,2.4.6, F2-1, T2-1
Cabling........... 1.2,2.4.6, F1-5, F2-33, F2-34
Restrictions ...........ccovivvvinnnn., 2.2.6
Capacity,Storage . ................. 1.2.3, T1-1
CardCage......cooviieininn i F2-9
Carriage LockPin.................. 2.3.1,F2-8
CartridgeLocks ................. 2.4.8.4,F2-44
Characteristics:
Electrical ......................... 1.4, T1-2
Physical .............coiiiiiaa... 1.4,T1-2
Checkout, Operational .................... 2.5
Circuit Breaker:
AC . i 4.2.1
DC i e e e 4.2.2
CircuitBreakers.............ccvvvnn... F2-41
CLKLED ..........cccoviaa... 4.4, F4-3, F4-4
Command:
Completion ................. 34,34.1,3.4.2
Interrupts ...l 3.4.2.1
Control ......covviiiiiiiiiiannnn, 3.3,3.5.2
ReadData ......... 3.5.2,3.5.9.3, F3-1, F3-3,
F3-10, T3-1, T3-4

Read Unformatted ..3.5.9.5, F3-1, F3-10, T3-5

Restore. .3.5.2,3.5.9.8, F3-1, F3-3, F3-10, T3-1
Seek......... 3.52,359 7, F3-1, F3-3, F310

T3~1,T3-6
..3.5.2,3.5.9.1, F3-1, F3-3,
F3-10, F3-11, T3- 1,T3-2

Store Registers . .

TimerBit .................. 3.5.8, F3-1, F3-9

Unformatted Read . ..3.5.2,3.5.9.5, F3-3, T3-1

Unformatted Write . .3.5.2, 3.5 6, F3-1, F3-3,

F3-10, T3-1

WriteData ........ 3.5.2,3.5.9.4, F3-3, F3-10,

T3-1, T34

Write Format ....... 3.5.2,3.5.9.2, F3-1, F3-3,
F3-10, T3-1, T3-3

Commands ...........coviiivninennnnnn F3-1

Disk........... 3.5.2,3.5.9,F3-1,F3-3, F3-10
Compatibility, Disk Controller ............. 34
CompleteBit ................. 3.5.8,F3-1,F3-9
Component Location ............... 1.2.3,F1-2
Components........ Fi-1, F1-2, F1-5, F2-1, T2-1
Computer:

Chassis Preparation .....2.4.3,2.4.3.1,2.4.3.2
Configuration ......... 1.2, 2.1, F1-2, F1-5, F2-1
Control:

PWB Switch Settings . ................. F2-11

WordFormats .................... 3.5, F3-1

Words .......c.ciiiiiiiiin, 3.3,3.5,F3-1
Controller

................................. F3-1

Slave Address ...........ciiiiiiann. 1.2.2

Status:

Bits ...t 3.5.8, F3-9
Word ...t e F3-1
Controls .......ccoviiiiiiiiiiii, 4.2, F4-1
Controls and Indicators............... 4.2, F4-1
Cylinder Address ......3.54 , 3.6.2.3, F3-1, F3-5
Cylinders Per Disk Drive....3.5.9.1, F3-1, F3-11,
T1-1

Data ...ttt 3.6.2.6

ErrorBit................... 3.5.8,F3-1,F3-9

Recovery PWB Switch Settings ......... F2-14

Transfer ........... 1.1,1.2.1,1.2.2, 1.3, F1-2

Rate .........c i, 1.1
Dc Circuit Breaker .............. e 4.2.2
Definitions ..............ccciiiiii.. 3.6
Density:

Recording ...........ooviiiiiinnn.., Ti-1

Storage ..........iiiiiii i, 1.1

TracK. ...oieii it Ti-1
Dimensions, Rack ....................... F2-2
Disk:

Assignments .................... 4.3.6, F4-2

Cartridge......2.3.5,3.6.1, F2-18, F2-43, T2-1

Handling Instructions .............. 2.35.2

Installation ........... 2.4.8,2.4.8.2,4.3.3,
4.3.3.1, F24

Removal ................... 2.4.8,2.4.8.3,

4.3.3,4.3.3.2,4.3.3.3

Storage Instructions .......... 2.3.5,2.3.5.3

Unpacking Instructions ....... 2.3.5,2.3.5.3

Commands .....3.5.2,3.5.9, F3-1, F3-3, F3-10

Contaminants ................. 4.5.3.1, F4-5

Controller ....... 1.1, 1.2.2,2.4.4, F1-1, F1-2,

F1-5, F1-6, F1-7, F2-1, F2-31, T2-1

Index-2

Digital Systems Division



946261-9701

Head Address.............. 3.6.2.3, F3-1, F3-10

Compatibility ........................ 3.4
Installation ........................ 2.4.5 Head/Surface Address.............. 3.5.2,F3-3
Jumpers ........c.iiiiiiiiiea, F2-17 Header:
LEDS ... iiviiiiee 4.4, F4-3, F4-4 DataFormat......................... F3-12
CpPErations ... coveevernennennnnennn 1.2.2 Format ...............viiiiiinn... F3-1
Physical Dimensions . ...... F2-2, F2-3,T1-2 Heads:
Power Requirements . ................ T1-2 perCylinder .......................... Ti-1
Preparation ..........ccovvuiveennnn. 244 perDrive. . ... ... T1-1
Programming ..............c..oovn.. 3.2 Read/Write ..................coonn... 3.6.1
Shipping Configuration ............. F2-16 Humidity ............... ... ..ocvaia... T1-2
Unpacking Instructions .............. 2.3.2 Operating .............couiiiiivnnnnn. T2-2
Designation Jumper .............. 4.3.6,F4-2
Drive: ID e 3.6.2.3
Air Filtering System, Purging .......2.4.8.1 ErrorBit................... 3.5.8, F3-1, F39
I/0 Board....... F2-37, F2-38, F2-39, F2-40 Words ....coviii i 2.6.2.3
Physical Dimensions ..... F1-9, F1-10, F2-2, IdleBit ...................... 3.5.8, F3-1, F3-9
F2-3, T1-2 Indicator:
Power Requirements ......2.2.3,T1-2, T1-3 ACTIVE ... ... . ... .. ... .. 4.2.5,F4-1
PWBLocations .................... F2-10 BRUSH ....................... 4.2.9,F2-42
Specifications. ...t T1-1 FAULT/RESET ................. 4.2.6, F4-1
StartCurrent ...............ccoeennn T1-3 READY ..., 4.2.4, F4-1
Medium ..o, 1.2.3 START/STOP .................. 4.2.3, F4-1
Recording Surfaces.................... 3.6.1 WRITE/PROTECT CART ....... 4.2.7, F4-1
Speed ........ oo il 1.2.3 WRITE/PROTECT FIXED....... 4.2.8,F4-1
17 141 - 3.5.1,F3-2 Indicators ...............ccoueiinn.. 4.2, F4-1
WOrd ... e F3-1 Installation ......................... Section 2
System Components ....F1-1, F1-2, F1-5, T2-1 Disk Controller ....................... 2.4.5
See also Cabinet Mount, Rack Mount Instructions...............coiviviaen... 2.4
DustCover .......ccoviiiinininnnnnnnn. F2-43 Cabinet Mount Disk Drive............ 2.4.2
Rack Mount Disk Drive .............. 24.1
Electrical Characteristics.............. 1.4, T1-2 Instructions, Operating ............covvvn... 4.3
Emergency ........ccovvevnnn.. 2.4.84,4.3.3.3 INTLED............civin... 4.4, F4-3, F4-4
End-of-CylinderBit...................... F3-1 Interfaces ...........ccoiiiiiiiiii.... F1-2
Environment ............. ..., 2.2.5 Interrupt:
Environmental Requirements ............. T2-2 Connections ................ 2.4.3.2,2.4.34,
Error: F2-25, F2-27, F2-28, F2-29
Bit....ooiiii i 3.5.8, F3-1,F3-9 EnableBit ................. 3.5.8, F3-1,F39
Detection Code: Level Assignments ...................... 2.1
(EDC)Numberl .................. 3.6.2.4 Restore Completion ................. 3.4.2.2
(EDC)Number2 .................. 3.6.2.7 Seek .. oiii e 3.4.2.2
DetectionCodes ............. 3.6.2.4,3.6.2.7 Interrupts ............cceiiin.. 34,34.2.1
EvenByteCount.............. 3.5.5, F3-1,F3-6 Command Completion ............... 3.4.2.1
Expansion ...........cooviiiiiininninnnnn, 2.1
Jumper, Disk Designation ........... 4.3.6,F4-2
FAULT/RESET: Jumpers:
Indicator ....................... 4.2.6, F4-1 AccessGranted.............. 2.4.3.1,2.4.3.2,
LED......ccoiiiiiiiinn 4.4, F4-3,F4-4 F2-22, F2-23, F2-24, F2-25, F2-26
Switch.........coviiiiiiiaa.. 4.2.6, F4-1 Disk Controller ...................... F2-17
Fault Operating Procedures............... 4.3.7 Voltage ......cviiviiiii i, F2-19
Format:
Header ...............iiiiiinnnn.. F3-1 LatencyTime ...............coiiiienn... Ti-1
Data........ccooviiiiiiinninnn.. F3-12 LockoutBit .................. 3.5.8, F3-1,F3-9
SeCtOr ..t e 3.6.2 LSB Memory Address ......... 3.5.6, F3-1, F3-7
Store RegistersData ................... F3-1 Maintenance:
Formats...............c..ciiiiiiin.. 3.6 Aids ... 4.4,F43
ControlWord ..................... 3.5, F3-1 Preventive ..............c.ccivunnn 4.3.8,4.5
Memory:
Gap: Address:
A 3.6.2.1 LSB......ccoiiiiiiaa... 3.5.6, F3-1, F3-7
2 e i e 3.6.2.5 MSB.......oeviviie. 3.5.7, F3-1, F3-8
K 2 3.6.2.8 ErrorBit................... 3.5.8,F3-1,F3-9
General Description. ................. Section 1 MSB Memory Address ......... 3.5.7, F3-1, F3-8
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NotReadyBit ................ 3.5.1, F3-1, F3-2 perDrive......... ..o Ti-1

Tracks . .ovvivieiii it e 3.6.1
Offline Bit ...... P 3.5.1, F3-1, F3-2 Restore Command ....3.5.2,3.5.9.8, F3-1, F3-3,
Operating: F3- 10 T3-1

Altitude. ............ ..., T2-2 R/W/E PWB Switch Settings ............ F2-15

Humidity ...............0 i, T2-2

Instructions . ..........cccciviinenn.n. 4.3 Search ErrorBit .............. 3.5.8, F3-1,F3-9

Precaution ...................cooinn.. 4.3.1 S Or Lttt e e e 3.6.1

Temperature..........c.coovvennnnn.. T2-2 Address ............ 3.5.3,3.6.2.3,F3-1,F34
Operation ............covcivvvunn.. Section 4 Format.............ccoiiiiiiinnnnn, 3.6.2
Operational Checkout ..................... 2.5 PWB Switch Settings. ................. F2-12
Operating System ................covonn. 2.2.4 Starting Address ................. F3-1,F3-4
Operator Preventive Maintenance ......... 4.3.8 Sectors:

Options ........ccoviieiiiiiiiiinnn., 2.1 perDrive......... ... ..ol T1-1

Voltage .......covivivieiinnniiine.. T2-3 Record ............. 3.5.3,3.6.2.3, F3-1,F34
Overhead .............................. T1-1 Track ............. 3.5.9.1, F3-1, F3-11, T1-1

perRecord .............. 3.5.9.1, F3-1, F3-11 Seek:

Command ......... 3.5.2,3.5.9.7, F3-1, F3-3,
ParityError............cooiiiiiinnn... 1.2.1 F3-10, T3- 1, T3-6
Physical: Incomplete B1t .............. 3.5.1,F3-1,F3-2

Characteristics .................... 1.4, T1-2 Interrupt .. ..o ovev i 3.4.2.2

Dimensions: Servo PWB Switch Settings .............. F2-13

Controller............ociiiviinvnnn. T1-2 Shipping Configuration:

Disk Drive ....F1-9, F1-10, F2-2, F2-3, T1-2 Cabinet Mount Disk Drive .............. F2-5
Positional Priority ............... 1.2.2,2.4.3.1 Rack Mount Disk Drive ................ F24
Power: Site Requirements ................... 2.2, T2-2

Application ............. ..., 4.3.2 Slave Address, Controller ................ 1.2.2

Failure ..................... 2.4.8.4,4.3.3.3 Specifications, Disk Drive ................ Ti-1

Removal..................cooiuiiinn. 4.3.5 Speed,Spindle .............. ... ..., T1-1

Requirements: ‘ Start Current, Disk Drive . ................ T1-3

Disk Controller ..................... T1-2 START/STOP:

DiskDrive ...................... 2.2.3,T1-2 Indicator ....................... 4.2.3, F4-1
Precautions, Operating .................. 4.3.1 Switch..............oiiiiii.. 4.2.3, F4-1
Preventive Maintenance .............. 4.3.8,4.5 Status Word, Controller .................. F3-1

for Cabinet Mount Disk Drive .......... 4.5.2 b 7 » AP 43.5

for Rack Mount Disk Drive ............. 4.5.1 Storage: :

for the Cartridge Disk ................. 4.5.3 Capacity......ccovviiiiiiiiana 1.2.3, T1-1
Priority ........cooiiiiiiiinn.. 1.2.2,2.4.3.1 Density .......ccoiiiiiiiii i 1.1
Programming ....................... Sectlon 3 Store Registers:

Disk Controller......................... 3.2 Command ....3.5.2,3.5.9.1, F3-1, F3-3, F3-10
PWB Locations Disk Drive .............. F2-10 F3-11, T3-1, T3-2

DataFormat...............ccovvun.n.. F3-1
RackDimensions ........................ F2-2 Switch:
Rack Mount Disk Drive ............ 1.2.3,2.2.1, FAULT/RESET...........c...... 4.2.6, F4-1
2.3.1, 2.4.1, 4.5.1, F1-1, F2-1, F2-2, F24, F2-6, Settings:
F2-7, T2-1 ControlPWB ................co..t. F2-11

Physical Dimensions .............. F1-9, F2-2 Data Recovery PWB ................ F2-14

Unpacking Instructions ................ 2.3.1 R/W/EPWB.............coivien. F2-15
Rack Slide Assembly Mounting ........... F2-20 SectorPWB . .........coiiiiii, F2-12
RateErrorBit ................ 3.5.8, F3-1,F39 ServoPWB........... oo, F2-13
Read: START/STOP .................. 4.2.3, F4-1

CycleTiming ......................... F14 WRITE/PROTECT CART ....... 4.2.7, F4-1

Data Command . ....3.5.2, 3.5.9.3, F3-1, F3-3, WRITE/PROTECTFIXED....... 4.2.8, F4-1

F3-10, T3-1, T34 B2 1 <2 3.6.2.2

Unformatted Command ........3.5.9.5, F3-1, System:

F3-10, T3-5 Configuration................ 1.2, F1-2, F1-§
Read/WriteHeads ...................... 3.6.1 Operation ..........covvieiennniinnnnn. 1.3
READY Indicator.................. 4.2.4, F4-1 Specifications ............... ... ... ..., 1.4
Record ..., 3.6.1

WordCount ........covvvviinennn.nn 3.6.2.3 Temperature ............c.cvun.... T1-2, T2-2
Recording: TILINE:

Density ....covvieiiiiiii it Ti-1 Address.........ccoviiiniint, 1.2.1, 2.1

Mode.........ooiiiiiii i, Ti1-1 Selection.............. 2.44.1,F2-32, T2-4

Surfaces .........covviiiiiiiiiii 3.6.1
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BUS ... e 1.2.1,F1-2 Select........coiviii i F3-1
Controller Operation .................. 1.2.1 Field ......................... 3.5.7, F3-8
Data (TLDAT,00-15) ................. 1.2.1 Unpacking Instructions ......... 2.3,2.3.1,2.34
GO(TLGO-) « v 1.2.1 Cabinet Mount Disk Drive.............. 2.3.3
Master-to-Slave: DiskController ....................... 2.3.2
Read Cycle Timing .................. F1-4 Rack Mount Disk Drive ................ 2.3.1
Write Cycle Timing .................. F1-3 UnsafeBit ................... 3.5.1,F3-1,F3-2
Memory Error (TLMER-).............. 1.2.1
Operation. ......oveeeeiinineeennnnnns 1.2.2 Voltage:
Read (TLREAD)........ccovviiiinnn.. 1.2.1 Conversion ............... 2.3.6, F2-19, T2-3
Slave Address Switches . .......... F2-32, T2-4 Jumpers ......... . i F2-19
Terminate (TLTM-) ............... 1.2.1,3.3 Options ......ocovviiiiiiiien . T2-3
TimeoutBit ................ 3.5.8, F3-1,F3-9 Transients ............ccciveviinnn... 2.1
Timing:
ReadCycle ......coovvviiiiion, F14 WordCount ................. 3.5.5, F3-1, F3-6
WriteCycle. ...t F1-3 Words Per Track ........... 3.5.9.1, F3-1, F3-11
TLADR@©00-19)............... 1.2.1, F1-3,F14 Write:
TLDAT,00-15 ............... 1.2.1,F1-3,F14 CycleTiming ................c.oou.... F1-3
TLGO-. .ot 1.2.1,F1-3,F14 Data Command . ....3.5.2,3.5.9.4, F3-1, F3-3,
TLMER- .. ..o i 1.2.1,F1-3,F14 F3-10, T3-1, T34
TLREAD ..........coovvvtt. 1.2.1,F1-3,F14 Format Command........ 3.5.2,3.5.9.2, F3-1,
TLTM-. . i 1.2.1,3.3,F1-3,F14 F3-3, F3-10, T3-1, T3-3
TrackDensity.....oooveeeeiieeinnennn.n. Ti-1 Protect .........coviiiiriiiiiin., 4.3.4
Tracks: Bit................. ..., 3.5.1,F3-1,F3-2
per Cylinder ........3.5.9.1, F3-1, F3-10, T1-1 Unformatted Command ........ 3.5.2,3.5.9.6
perDrive........... .o, Ti1-1 F3-1, F3-3, F3-10, T3-1
Recording .........ovvvvmneneeennnns 3.6.1 WRITE/PROTECT CART:

Transfer Inhibit Bit............ 3.5.2, F3-1, F3-3 Indicator ....................... 4.2.7, F4-1
Unformat Read Command ....... 3.5.2,3.5.9.5, Switch.............. ..., 4.2.7, F4-1
F3-1, F3-3, F3-10, T3-1, T3-5 WRITE/PROTECT FIXED:

Unformat Write Command .......3.5.2,3.5.9.6, Indicator ....................... 4.2.8, F4-1

F3-3, F3-10, T3-1 Switch...............o. il 4.2.8, F4-1
Unit:
ErrorBit......ccovvviinnnn. 3.5.8, F3-1, F3-9
Index-5/Index-6
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Colorado (612) 830-1600 (713) 776-6531
212“56!533.?: Hampden Avenue Missouri (713) 776-6553*
Denver, Colorado 80231 2368 Sc.huetz. .
(303) 751-1780 St. Louis, Missouri 63141 Virginia
(314) 569-0801* 9 .
Florida 1745 Jefferson Davis Highway
1850 Lee Road New Jersey Crystal Square 4, Suite 600
Suite 1e 1e 5 o8 1245 Westfield Avenue Arlington, Virginia 22202
Clark, New Jel 07066 g
Winer Pt Forida 27 o™ 700555 20
G . Ohio Wi ]
eorgia 4124 Lind A iIsconsin
3300 Northeast Expressway Daytor:n g:io Zg:;ze 205 Bishops Way
Building 9 (513) 258.3877 Suite 214
Atlanta, Georgia 30341 . Brookfield, Wisconsin 53005
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*Service telephone number (412) 771-8550
TI-CARE*
Centralized Dispatch Telephone Numbers
for Requesting Service
800-525-8055 B00-
526592
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1
- 335'?’08 New Jersey
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@.2699
408- 303-751-1780 @
7321840 D 325. 4553
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540-7311 800-
800-
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°o:
808-955-2617 (Hawaiian Islands) Q

Installation for Computer Systems
800-231-2807

800-
325-4324

800-241-3047

800-392-1488

Houston Customers-
713-776-6511
Ext. 553 or 554

Dallas Customers-
214-238-3881

713-937-1200 (Texas only, collect)

*Service mark of Texas Instruments

The Tl Customer Support Line is available to answer our customers’ complex
technical questions. The extensive experience of a selected group of Tl senior
engineers and systems analysts is made available directly to our customers. The Tl
Customer Support Line telephone number is (512) 250-7407.
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