W
D
9
OGEN
0/:\A/LID
7E-SC
3RI
2PTI
OON
0 '

T

E

XAS

IN
ST
R
U
M
E
N
TS




LIST OF EFFECTIVE PAGES

INSERT LATEST CHANGED PAGES AND DISCARD SUPERSEDED PAGES
Note: The changes in the text are indicated by a change number at the bottom of the page and a vertical bar in the outer

margin of the changed page. A change number at the bottom of the page but no change bar indicates either a deletion or a
page layout change.

WD900/MT3200 General Description (2234398-9701)

Originallssue ............ .o i, June 1984
Change 1 ... ... .. i e July 1984
Change 2 ... .. September 1984

Revision. . ..... ..o i e e e July 1985
Changet ... e August 1986

Total number of pages in this publication is 286 consisting of the following:

PAGE CHANGE PAGE CHANGE PAGE CHANGE

NO. NO. ; NO. NO. NO. NO.
Cover ............... 0 112, 1 2-50-269............ 0
Effective Pages....... 1 1-13-1-26 ............ 0 270, ... 1
Effective Pages Cont . .1 127 1 271 0
=X o 0 1-28-1-33............ 0 272 ... 1
Xl 1 1834, .. 1 31-337............. 0
Xil v 0 1-35-1-76 ............ 0 3-38-3-39............ 1
T 0 1-77-180............ 1 3-40-352............ 0
12 1 21 1 41-44.............. 0
1-3-14.............. 0 22, 0 4-5-46.............. 1
1-5. . 1 23 . 1 4-7-418............. 0
1-6.. ..o 0 24-223............. 0 4-19-4-20............ 1
17 1 224 ... .. ... 1 4-21-4-38 . ........... 0
1-8-1-9.............. 0 225-2-47 ............ 0 439. ... 1
110, ... 1 2:48-2-49 ............ 1 4-40-443............ 0
11 0

L -~
© 1984, 1985, 1986, Texas Instruments Incorporated. All Rights Reserved.
Printed in U.S.A.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or

by any means, electronic, mechanical, photocopying, recording, or otherwise, without the prior written
permission of Texas Instruments Incorporated.



LIST OF EFFECTIVE PAGES

INSERT LATEST CHANGED PAGES AND DISCARD SUPERSEDED PAGES
Note: The changes in the text are indicated by a change number at the bottom of the page and a vertical bar in the outer

margin of the changed page. A change number at the bottom of the page but no change bar indicates either a deletion or a
page layout change.

WD900/MT3200 General Description (2234398-9701)

Continued:

PAGE CHANGE PAGE CHANGE PAGE CHANGE
NO. NO. NO. NO. NO. NO.

4-44-4-45/4-46 . . ... ... 1 A3IA4 .............. 0 Business Reply....... 0

Al 0 Index-1-Index-12 ..... 0 Cover ............... 0

A2 1 User’s Response...... 0

WARNING: This equipment generates, uses, and can radiate radio frequency energy and if
not installed and used in accordance with the instructions manual, can cause interference
to radio communications. It has been tested and found to comply with the limits for a Class
A computer device pursuant to Subpart J of Part 15 of FCC Rules, which are designated to
provide reasonable protection against such interference when operated in a commercial
environment. Operation of this equipment in a residential area is likely to cause interfer-
ence; in which case, the user at his own expense will be required to take whatever measures
necessary to correct the interference.

WARNING: Lethal high voltages are present inside the chassis of this equipment. Only
qualified service personnel who are familiar with the dangers of high voltages are permitted
to open the chassis of this equipment to the service access position.

WARNING: Use extreme care when opening this equipment to the service access position
as the equipment is very heavy and an accident or improper lifting techniques could cause
personal injury.



WARNING: This equipment generates, uses, and can radiate radio frequency
energy and if not installed and used in accordance with the instructions manual,
may cause interference to radio communications. It has been tested and found to
comply with the limits for a Class A computing device pursuant to Subpart J of
Part 15 of FCC Rules, which are designed to provide reasonable protection
against such interference when operated in a commercial environment. Operation
of this equipment in a residential area is likely to cause interference in which case
the user at his own expense will be required to take whatever measures may be
required to correct the interference.

This Document: 2540205-0001



WDP00/MT3200 General Description Preface

Preface

This manual covers the theory of operation, installation and
operation instructions, programming instructions, a description
of the diagnostics, a status cade list, and a 1list of +field
replaceable parts for the Texas Instruments WD/MT controller, the
WD?00 disk drive, and the MT3200 tape wunit. The manual is
organized into four sections as follows:

Section

i General Information -—-—- This section describes the
components, the specifications, and the <theory of
operation for the WD/MT controller, the WDP0Q disk
drive, and the MT3200 tape unit.

2 Installation - This section provides detailed
instructions for wunpacking and installing the WD/MT
controller, the WDYP00 disk drive, and the MT3200 tape
unit.

3 Programming -— This section provides general operational
programming information for the WD/MT controller.

4 Operation —— This section provides detailed operating

instructions, operator maintenance, and status codes for
the the WD/MT controller, the WD?00 disk drive, and the
MT3200 tape unit.

Appendix

A Field Replaceable Parts —— This appendix lists all parts
with their associated part numbers, that can be replaced
at the customer’s site.

The following related publications are available as reference
material for support of this manual:

Title Part Number
Control Data Company, 138M-Byte

Documentation Master Kit
(Inciludes volumes 1, 2, and 3} 224565127-0001

Control Data Company, 138M-Byte Driva,
Volume 1 2246125-0001

2234393-9701 iii



Preface WDP0OO/MT3200 General Description

Control Data Company, 138M-Byte Drive,
Volume 2 :

Control Data Company., 138M-Byte Drive,
Volume 3

Control . _425M-Byt

mentation Master Kit
(Includes volumes 1, 2, and 3)

Volume 1
Control Data Company, 425M-Byte Drive,
Valume 2

Contral Data Company, 425M-Byte Drive,
v me 3

Cipher Data Praducts Master Kit

({Includes volumes 1 and 2}

Cipher Data Products Operation and
Maintenance

Cipher Data Products Theory of Operation
Spectra Logic Documentation Master Kit
(Includes the Product Reference manual,

the schematics, and the microcode volumes)

Spectra Logic, Spectra_ 126 Product
Reference

Spectra bLogic, Spectra 126 Schematics
Epectra Logic, Spectra 12& Microcode
Model ?90A13 Chassis, General Description

Model 990/12 Computer Assembly Language
Programmer ‘s Guide

Model 9790 TMSP900 Microprocessor_ Assembly
Language Programmer ‘s Guide

iv

2246125-0002

2246125-0003

2246129-0002

2246125-0004

2246125-0005

2246125-0006

22446130-0001

2246126-0001

2246126—-0002

2246131-0001

2246127-0001
22461270002
2246127-0003

2308774-9701

22705099701

?43441-%701
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WDF00/MT3200 General Description General Information

Section 1

General Information

1.1 INTRODUCTION

The major components of the Texas Instruments WDPOO/MT3200 Mass
Storage System are the Winchester Disk/Magnetic Tape (WD/MT)
controller, the WD900 fixed storage disk drivel(s), and a MT3200
streamer—-cache tape wunit. The WD/MT TILINE(TM) controller
contains dual microprocessors. The first processor controls the
TILINE interface and the Pertec{(TM)-compatible 9-track half-inch
tape interface.and the second processor controls the storage
module drive (SMD) interface to the disk or disks. The WDP00
disk units are available with either 138~ megabytes or 425-
megabytes of formatted data storage capacity. The mass storage
unit can be configured with two disk units by daisy—chaining a
secondary disk wunit to the primary disk unit. The MT3200 is a
streaming magnetic tape unit with a 64K-byte cache memory.

The WD?00 Mass Storage System configuration is modular. The
maximum configuration is a WD/MT controller, any combination of
two 13B-megabyte or 425-megabyte disk wunits. and a MT3200
streaming—-cache tape unit.

1.2 GSYSTEM COMPONENTS

This section describes the components of the WD/MT controller,
the WDP00 disk drive, and MT3200 streamer—cache tape.

1.2.1 WD/MT Controller

The WD/MT TILINE controller, TI part number 2244780-0001, uses a
unigque dual microprocessor architecture that provides the high
performance and flexibility required to support the MT3200 half-
inch magnetic cache tape drive and up to two WDP00 disk drives.

The WD/MT TILINE controller employs a dual microprocessor
architecture that provides the high performance and flexibility
required to support the MT3200 half-inch magnetic tape drive and
two WDP00 disk drives.

TILINE is a trademark of Texas Instruments Incorporated.
Pertec is a trademark of Pertec Computer Corporation.

2234398-9701 1-1
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Built on a single, full size 990 circuit board (10.8 inches by
14.2 inches, 27.43 centimeters by 36.2 centimeters), the dual
microprocessor implementation provides for simultaneocus control
of the TILINE, tape, and disk interfaces. Concurrent disk and
tape data transfer is provided with an aggregate throughput equal
tpo two separsate controllers. High performance is achieved by
buffering each type of drive. The tape interface has a 64-byte.
first—in first—out (FIFO) buffer, and the disk interface is
capable of queveing 28 sectors or 7168 bytes of data. The two
disk drives are interconnected in a daisy-chain fashion by a
single cable.

1.2.2 WD90D Description
The following paragraphs provide a physical description of the
WD?00 drive. The components are identified in Figure 1-1.

NOTE

Unless described otherwise, WD?00 refers to
both the 138-megabyte and the 425-megabyte
drives.

The drive package includes a deck., front and rear panels,. and a
top cover. A fan mounted on the rear panel circulates cooling
air around the electronic assemblies.

The front panel of the drive contains the operator controls and a
fault display board. The fault display board is located behind
the front panel on the 425-megabyte drive and on the left side of
the 13B-megabyte drive. The operator controls consist of the
logic plug and all switches and indicators used by the operator
to control normal operation of the drive.

The internal components of the drive include a set of circuit
boards and a module. The <circuit boards are interconnected
through a motherboard that contains the electronics required for
drive operation. The module is the sealed fixed disk unit.

1-2 {Change 1) 2234398-9701
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Figure 1-1 WD900 Major Assemblies
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1.2 3 MT3200 Components
The MT3200 can be functionally divided into a logical tape wunit

and

a physical tape unit, both controlled by the microprocessor.

The logical unit consists of the following:

*

*

%*

*

b4K~-byte cache memory

Read/write latches and strobe§

Read/write formatter

Read/write circuits

Command and status latches

Microprocessor

16K words of control-storage read only memory (ROM)
2K words of random access memory (RAM)

Direct Memory Access (DMA) controller

The physical unit consists of the following:

*

*

*

*

Take-up and supply reel motor servos
Compliance—arm position sensor

Tachometer
Digital-to—analog/analog—to-digital converter
End-of—-tape/beginning—of-tape sensors

Supply hub lock

Tape-in-path sensor

File—-protect/reel—-seat sensor

Blower motor control

Door/cover lock

Front panel controls and indicators

The MT3200 controls and indicators are shown in Figure 1-2 and
explained in detail in paragraph 4.2 2.

1-4 2234398-9701
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Figure 1-2 MT3200 Control Panel

1.3 &SYSTEM FUNCTIONAL DESCRIPTION

The following is a functional description of the WD/MT
controller, the WDY00 drive. and the MT3200 tape unit.

1.3 1 WD/MT
The WD/MT controller has a dual processor design, and performs

many operations. The following paragraphs describe some of the
ma jor operations of the controller. Refer to Figure 1-3 for a

block diagram of the WD/MT controller.

2234398-9701 (Change 1) 1-5



10L6-B6EVECE

CONTROL

I

/e MT
pe—  DATA MT CONTROL
MRILINE Py TAPE / DRIVERS
S -/ FIFO ND
o AN*‘%Z'% SLAVE hﬁ RCVRsS /e
COMPUTER Logic I—fp  F IRMWARE
INTERFACE
(DMA) TL CONTROLS
MAG-TAPE
> INTERFACE
J3 AND J4
CDEST /16 MT
DRIVERS
AN MT DATA
v n__-’
‘ CSRC /i6 &- » \ s /8 -~
DISK
DDEST /8 CONTROL
STATUS DISK CONTROL
DRIVERS
AND
DSRC /8 RCVRS
DISK
' INTERFACE
J5 AND J6
SECTOR DISK FIRMWARE SERIALIZER, DISK DATA
BUFFER ALY —p) DESERIALIZER | Se— >
T CONTROL. |
2286028

Figure 1-3 WD/MT Controller Block Diagram

UOTJPWLAOGUT TELIUSH

uorgdradsag [e4auad Q02ELIW/0060AM



WD200/MT3200 General Description General Information

1.3 1.1 WD/MT Drivers and Receivers. The SMD portion of the
WD/MT controller has compatible, balanced 1line drivers and
receivers (MC3430 and MC3453) that ensure reliable operation of
the disk drives at up to 15 33 meters, or 50 feet, from the TI
system (30. 68 meters, or 100 feet, for a daisy-chain cable).

The tape portion of the WD/MT controller uses 7416 drivers that
ensure reliable operation at up to approximately 8 meters (26
feet).
1.3. 1.2 Cable Connector Ports. Marked on the top edge of the
circuit board are the input/cutput (I/0) port designators (refer
to Figure 1-4). The I/0 ports are as follows:

# Port J3 (Tape A) —— 40-pin connector

# Port J4 (Tape B) — 40-pin connector

# Port J9 (Disk B) —— 26-pin connector

# Port Jb (Disk A) -— &0-pin connector

1.3.1.3 Power. The power requirements for the WD/MT controller
are +5 volts dc at 10 amperes and —~12 volts dc at 0.55 amperes.

2234398-2701 {(Change 1) 1-7
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1.3.1.4 WD/MT CPU Processor. The central processor unit (CPU)
of the WD/MT controller is a bit-slice design using four 2901
integrated circuit (IC) chips. The four 2901 chips form a 1é6-bit
arithmetic logic unit (ALU) that performs arithmetic, logical,
and shift operations. A 2902 chip is connected to the four

2901 chips to perform the high-speed carry look—ahead during
arithmetic operations. The two major buses in the processor
section are CSRC and CSDEST.

CBRC is a 16-bit data bus providing the 146-bit scurce to the four
2901 chips. Data on the CSRC can be selected from a variety of
sources such as TILINE data, constants from the control store—
literal field, dual in-line pin (DIP) switches, tape input data,
and the RAM data buffer.

CSDEST is a 16-bit bus that provides a 16-bit path for ocutput
information. A variety of destinations can be selected, such as
TILINE data, TILINE address, bits from the next address of the
processor. tape data. RAM data-buffer address, and RAM data-
buffer data.

The sequencer for the CPU processor consists of an octal latch
and a8 programmable array logic (PAL{TM)) that provides the
ability to perform jumps, conditional jumps, subroutine jumps.
and subroutine returns. Up to four levels of subroutines can be

nested. An interrupt capability is provided, with interrupts
occcurring (when enabled) on memory error or TILINE address
comparison. The CPU bus provides the control store address from

the ocutputs of the 2911 chip. The CPU bus provides a 1é6-bit path
for the 2911 data inputs.

The control store for the CPU processor is formed by six 2K by 8-
bit programmable ROM (PROM) chips that provide an instruction-
word width of 48 bits. The firmware instructions are contained
in this control store for the processor.

1.3.1.5 Disk Processaor. The disk processor is a bit-slice
design wuwsing two 2901 chips. These two chips form an 8-bit ALU
to perform arithmetic, logical, and shift operations. The DSRC

bus 1is the major bus in the disk processor section. It provides
an B-bit source of data inputs to the 2901 chips. Beveral input
sources can be selected. such as serializer/deserializer data.
drive configuration PROM, drive status, data buffer, and DIP
switches.

PAL is a trademark of Monolithic Memories, Inc.

2234398-9701 1-9
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A variety of destinations can be selected, including the data
buffer address. data buffer data, branch condition input,
serializer/deserializer data, serializer/deserializer control
register, and SMD interface control registers.

The sequencer for the disk processor is similar to the CPU
sequencer. The disk processor sequencer does not have an
interrupt capability. This sequencer provides control store
addressing and has the ability to continue, conditional jump.,
subroutine jump. and return from subroutine.

1.3.1.86 Disk Interface. The SMD disk interface is controlled by
the disk processor. The firmware can write directly into
registers feeding the SMD bus and TAG lines. Disk wunit
selection, cylinder addressing, head addressing. and read/write
control information is sent to the drive via balanced line
drivers.

The serializer/deserislizer contained in this 1logical section
uses two 745299 chips to form a 16-bit serial—-parallel/parallel-
serial shift register. The firmware is synchronized to the
serializer/deserializer by a bit counter that sets a flip—flop
each time the counter overflows. A control register synchronizes
firmware control information previously stored in a 74L8273
register. This register synchronizes switching of error-checking
and correction (ECC) 1logic enable, ECC reset, and ECC clock
enable.

1.3.1.7 Disk Interface Cables. The #following are the disk
interface cables:

# 26-pin Wye cable {(connects from J2 on disk drives to J5
(Disk B) on controller), TI part number 2244845-0001,
and an optional 15. 4—meter (50. 58 foot) cable, TI part
number 2244845-0002.

# 60-pin cable (connects from J3 on primary drive to Jé
(Disk A) on controller), TI part number 2244787-0001,
and an optional 8. 5-meter (28 foot) cable, TI part
number 2244787-0002.

# &0-pin daisy—chain cable (connects from J4 on the
primary drive to J3 on the secondary drive). TI part
number 2244787-0003.

These cables provide adequate cable shielding termination and
reroute the interface signals to the proper interface pins.

1.31.8 Tape Interface. The Pertec-compatible formatted tape
interface is controlled by the CPU processor. This 16~-bit bus is
clocked into two 74LS273 octal 1latches that drive the tape
control lines and initiate the micro sequencer. The micro
sequencer issuves clocks and other internal control signals to the
MT3200 tape control circuitry.

1-10 {Change 1) 2234398-9701
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All input and output data goes through two 67402 chips that
create a 64 byte buffer. A 745280 chip generates parity for the
write operations. Write data is clocked through 74L5374 latches
into the FIFO buffers. Read data is clocked out of the FIFO
buffers through latches and back to the CPU processor.

1.3.1.9 Tape Interface Cables. The tape interface cables
consist of two ribbon cables and two twisted—pair cables. The
twe ribbon cables are S0-pin connectors, TI part number 2244831-
0001, that connect from P1 to J1I and P2 to J2. The two 25
twisted-pair cables (TI part number 2244802-0001, or an optional
8. 1-meter (246.6 feet) cable: TI part number 2244B02-0002) use a
50-pin connector (per <cable) on the drive end and a 40-pin
connector on the controller end. The interface cables plug into
a special cable transition board (TI part number 2244779-0001) on
the MT3200 tape transport. This transition board provides
adequate cable shield termination and reroutes cable signals teo
the proper interface pins. Refer to paragraph 1.3 .3 12 for more
information.

1.3.1.10 Microdiagnostics. Microdiagnostics are performed each
time the controller powers up. The microdiagnostics can be
performed by the 990 system through either the tape or disk
TILINE peripheral control space (TPCS) registers. The built-in
self-test can detect most board failures. During the power—up
self-test, the red fault light emitting diode (LED) is 1it and
then extinguished upon successful completion of the
microdiagnostics. The red LED is visible from the top edge of
the circuit board when the board is mounted in the system.
Additional board failure information can be obtained visually or
by reading the TPCS registers. Additional information on system
failures that are not reported by the self-test LED can be found
by reading the extended status of the tape only (the WDP00 does
not support extended status).

Three LEDs on the WD/MT controller show the status of the
controller. When 1lit, the red LED indicates that the
microdiagnostics have failed on power—up. The two green LEDs
indicate that the disk controller and the tape controller are
idle. Table 1-1 gives a list of possible combinations of these
LEDs after power-—up.

2234398-9701 1-11
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Table 1-1 WD/MT Controller LED Combinations

Green Green Red
LED (Tape) LED (Disk) LED Meaning
ON ON OFF Microdiagnostics successful
OFF ON ON Disk microdiagnostics successful
ON OFF ON Tape microdiagnostics successful
OFF OFF OFF No power:; LED failure
OFF OFF ON Microdiagnostics failure
OFF ON ON Microdiagnostics failure, refer
to the TILINE register#
NOTE:

~# A fault on the tape interface cable can cause this
failure. If in doubt, switch the machine off, unplug
the cable, and switch it on again.

Refer to Table 4-2 for further information concerning controller
microdiagnostic failures.

1.3.2 WD?00 Functional Description

The WD900 drive contains all the circuits and mechanical devices
necessary to record data on and Trtecover data from the disks
{refer to Figure 1-5). The necessary power for the drive is
provided by the power supply. which receives its input power from
the site main power source.

All functions performed by the drive are accomplished under the
direction of the controller. The controller communicates with
the drive via the interface, which consists of a number of 1/0
lines carrying the necessary signals to and from the drive.

Some interface lines. including those that carry commands to the
drive, are not enabled unless the drive is selected by the
controller. The WD/MT controller, which can be connected to more
than one drive, selects the unit to initiate and direct
operations on a specific drive. ‘

1-12 {Change 1) 2234398-9701
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All operations performed by the drive are related to data storage
and recovery. Storage and recovery are referred to as writing
and reading. The actual writing and reading are performed by
electromagnetic devices called heads. The heads are positioned
over the recording surfaces of the rotating disks. There are <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>