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SECTION 1
INTRODUCTION

1.1 PURPOSE

1.2 SCOPE

This technical manual providss the information necessary for mainte-~

nance, servicing and repair of the High Capacity Magnetic Disk
Controlier,

The information given in this manual provides the following:

A brief functional description of the hardware.

Preventive maintenance procedures to be performed periodically.
Correct._ve maintenance procedures.

Reference informacion pertinent to field maintenance.

The information in this manual is presented with the assumption that
the user is thoroughly familiar with solid state logic, standard test
equipment, and is skilled in common maintenance procedures and

.troubleshooting techniques. In addition, the user should be familiar

with the maintenance documentation shipped with the GTE/IS system.

The scope of this manual is limited to correction of mechanical
faults, isolation of faults to the assembly level and correction of
faults to the extent of replacing the assembly. Not covered in this
manual are repair, system planning and engineering,

1.3 DOCUMENTATION

The follcwing paragraphs define the publications and conventions
that support this manual.

1.3.1 Publications

A0003 1IS/1000 Maintenance Manual.

E0006 1IS/1000 User's Manual.

HOOllL 15/1000 I/O Interface Reference Manual.
Manuals supplied with vendor-furnished equipment.

1.3.2 Abbreviations and Conventions

Table 1-1 defines abbreviations found in this publication.
The following conventicns are observed throughout the text:

e The $-8ign preceding a number signifies that it is in
hexadecimal notation.

INFORMATION SYSTEMS
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Table 1-1. Abbreviations (Sheet 1 of 2)

Meaning

cRCC

CROM

GTE/IS
HSPT
Hz

Ic
I/0

IOoA

dmpore.

Alternating current.

Bits per inch,

Bits per second.

I8/1600 Central Processing Unit,

Carriage return.
Cyclic redundancy check,

Cyclic redundancy check character,
Control Read Only Memory.

Direct Access

Direct memory access.

Decode read only memory

Execute Device Punction.
Flip~-flop.,

General Telephone and Electronics Information Systems, Inc,
High-speed paper tape,

Hertz.

Integrated circuit.

Input/Output

Interface (Input/Cutput) Assembly.
Disk Controller Interfare.
Interface (Input/Output) Logic
Kilohertz.

Least-significant bit,

Laxrge Scale Integration.
Milliampere.

Mzgnetic Disk Controller,

Magnetic Disk System.

G5 MFORMATION SYSTEMS
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Table 1-1. Abbreviations (Sheet 2 of 2)

s Megahertz,
ail 0.901 inch.
WSB Most-significant bit,
usI Kedium Scale Integration,
MDX Sultiplex
= Millivolit,
ns Ranogecond.
op code Operation code.
K Printed circuit.
BDC Programmable Device Controller,
PDP Power Distribution Panel.
pf Picofarad.
P1O Phase Locked Oscillator.
PROM Programmable Read Only Memory.
PSQ Power Sequencer,
RAM Random Access Memory.
ROM Read Only Memory.
SMX Simplex.
SSI Small Scale Integration.
Sync Synchronization.
tpi Tracks per inch,
TTL Transistor-Transistor-Logic,
TTY Teleprinter.
us Microsecond.
Vac Volts, alternating current.
vdc Volts, direct current,
VFO Variable frequency oscillator.

INFORMATION SYSTEMS
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-

@ The nzmes of imstructions are capitalized for casy
identification.

e Signul smemonics that appear on logic diagrams and panel
ncmsuclature are reproduced in all upper-case characiers.

e TELEPRINTER MESSAGES ARE REPRODUCED IN 1430 TYPE
STYLE, AS SHOWN IN THIS EXAMPLE.

® ONE and ZERO are used in tuxt to denote binary 1 and
binary 0 bit conditions, respectively.

¢ Valuez vepresented in teleprinter messages Ly letters are
reproduced in scribe type style, as shown in this example.

INFORMATION SYSTEMS
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DESCRIPTION

2.1 GENERAL

This section presencs a physical description, a functional des~ription
and the theczy of operation of the magnetic disk controlier. The disk
drive itself is covered only tu the extent reguired Zor & complete
understanding of the contreller and vhere necessary to explain general
principles and concepts of magnetic disk data stcrage. The descrip~
tion and theory of operxctics zre preceded by an introduction to mag-
netic disk storage principles. The Functiocnal Blocks part of the
functional descrijhion defines the major logic blncks of the disk con-
troller. The Softwar:.. part of the functional description lists and
defines all jrogram instructions accapted by the disk controller, as
well as the aperation couatrol word codes enabling the dish controller
to cransfer information betwzen the processsr memory and the disk
drive.

2.2 MAGNETIC DISK STORAGE PRINCIPLES

The following explanatorv discussion is meant to cover the main
prirciples,; concepts znd terminology relative to magrnetic disk data
storage ir general. In the interest of concision however, .oncspts
with a bre~d 1ange of diverse applications are covered ts highliyht
oniy that aspect which is pertinent to its GTE/IS application.

2.2.1 Magnetic Disk Subsystem

The GTE/IS Magnetic Disk subsystem provides high -performarice, high-
capacity auxiliary data storage for the IS/1000 prccessor. The GTE/IS
Magnetic Disk subsystem expands tne on-line stovage capacity of the
iIS/1000 by 1p to 360 millinn bytes. Its ability for fast, direct
access to specific areas of the storage medium, enables high speed
data storage and retrieval operations, making it ideally suited for
real-time and/or time-sharing daca processing appiications.

The magnetic disk subsy-tem consists of a controller and from one to
eight model 114 or from one to four model 215 disk drives. The storage
and recovery of data by the magnetic disk subsyster, is accomplished
thrcugh the recording of information on, and retrieval of information
from, an YBM 2315 type disk pack or a GTE/IS approved equivalent.

The disk drive contains the rotational drive, access mechanism and
read/write comoonents and circuitry to record data on, and reproduce
data from, the disk pack. The controller receives commands from the
IS8/1000 processor, and interprets them to initiate operations with the
disk drives in the subsystem. Data is transferred betwecen the proces-
sor and disk drive usinc the DMA option. The controller provides data
buffering to relieve the processor of stringant timing requirements.
The contrcller also provides the processor with the status of tke
controller and t'.at of all the attached disk drives in the magnetic
disk subsy<t-m.

INFORMAYION SYSTEMS
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2.2.2 Storage Medium
The storage medium used in the model 114 and the model 2135 is an

i59% 3316 type disk pack. The disk pack consists of sleven disks,

each 14 inches in dismster and mads of aluminum with a sagmetic
coating on both sides. The disks are stacked (.35 of an inch apart
on = verctical hub, with protsctive disks mounted immediavely above the
top and below the bottom disks. It is therefore not possible to use
mwwfmotmwmmrmmummmafmm
disk for data storage. Hence, the disk pack contains twenty usable
recoraing surfaces. The bottom protective disk is slightly larger

in ciameter and has one irdex slot machined in its periphery.

The entire disk pack weighs approximately fifteen pounds and is, when
removed from the drive, enclosed in dust covers for off~line storage.

2.2.3 Data Recording

2.2.3.1 Recording Mode

Data is renorded in WBZ (non-return-to~zero), double frequency.
piz-gerial mode. In this mode, a doubling of the frequency indicates
a ONE while no frequency doubling eignifies a ZEROD.

2.2.3.2 Recording Format

The format according to which data is recorded on the disk is deter-
mined by the programming of the controller. In GTE/IS applicatioms,
thig is in the form of recorde of single-sector length. Proper for-

Py ponga S PV . £ PRy 3
matting of the data is enabled and monitorsd through the index notch

in the protective bottom cover disk of the disk pack. When the disk
pack rotates, the index slot is sensed by an electro-magnetic trans-
dacer which translates each Slot passage into an electrical pulse.
The train of consccutive pulses, enables the controller to format the
data, determines the rotational speed of the éisk pack, and signals
the beginning and subsequent ending of all recording tracks at each
complete revolution of the disk pack. In the GI'E/IS Magnetic Disk
subsystem, the Index Mark is used to start the recording of data om
the disks in the form of sixteen, sector length records, with each
recoxd containing 346 bytes.

2.2.3.3 Recording Density

Data is recorded at an overall bit density of approximataly 2,200 bpi,
i.e., 1,100 clock bits and a possible maximum of 1,100 data bits per
inch on the innermost track. Recording density for the outermost
track is about 1,530 bpi, i.e., 765 clock bits and a possible maxi-
mum of 765 data bits per inch.

2.2.3.4 Recording Capacity

The recording capacity of an IBM 2316 type disk pack, when used in a
model 114 disk drive, is 22,476,160 bytes, with each
byte having eight data bits. The recording capacity of the same disk

INFORMATION SYSTEMS
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pack, when veed in & model 215 disk drive, is appromimstely
44,952,320 bytes, due o the fact that the model 215 cen eetablish
twice as many cylindevs in the same disk peck.

The recording capecities per treck and per cylinder are the saums,
l.e., 5,536 bytes and 110,720 bytes respectively, for both model
digk drives.

Addressing

To be able to locate the exact same area on the disk pack repestedly,
each area on the disk pack mmust be made unique. This is accomplished
by adopting an imaginary cylinder concept and assigning a horizontal
and a vertical addressing scheme to it.

2.2.4.1 Vertical Addressing

The YIBM 2316 type disk pack has twenty recording surfaces. Verticel
addressing is accomplished by asesigning the numbers 00 through 19
to each of the twenty disk surfaces, in consecutive order, from top

. to bottom. (Figure 2-1).

2.2.4.2 Horizontal Addressing

Borizontal addressing in the model 114 is accomplished by assigning
the numbers 000 through 202, to 203 concentric circles on each
digk surface. The concentric circles, .0l inch epart, form the
centers of 203 seven mil wide recording tracks.

Horizontal addressing in the model 215 is accomplished by assigning
the numbers 000 through 40S, to 406 concentric circles on each
disk surface. The concentric circles, .005 inch apart, form the
centers of 496 four mil wide recording tracks.

In both wodel disk drives, the outermost cylindrical track, numbered
000, is approximately 13 inches in diameter, the innermost cylin-
drical track, numbered 202 or 405, is approximately 9 inches in
diameter.

2.2.4.3 Cylinder Concept

Twenty recording tracks having the same horizontal address designa-
tion, lie in the same circular, vertical plane, and can therefore
be thought of ag a cylinder containing twenty vertically aligned
tracks. Hence, it is possible to address data in any track within
any cylinder by positioning the heads at that particular cylinder
and selecting the head associated with the desired track. A toteal
of 203 cylinders is available in each disk pack when used in a model
114 disk drive, and 406 cylinders are available in a disk pack when
used in a model 215 disk drive.

INFORMATION SYSTEMS
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Figure 2-1. Disk Storage Addressing and Cylinder Concept
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2.2.4.4 Data Access Q

Beaty ares'¢p the diek pack cen be actessed through the combined,
straight line travel of the readswrite heads radially scross the
disk surfaces, and the rotational motion of the diske. Any track
can be accessed specifying & cylinder adiress and & head address.
Any sector inm a “rack can be accessed by specifying the sector

2.2.5 Basic Operations

2.2.6 Head

The purpose of the magnetic disx subsystem is to store information
on the disk pack and to recover this same information when needed
at 2 later time. To ensble the recovery of the stored data, the

subsysten must be ab’e to:

1. Control precisely where on the disk pack the information
is to be recorded.

2. Return to the exact same location on the disk pack for
recovery of the recorded information.

The three basic operations of the subsystem therefore ave:

1. Seek.
2. “it"
3. Read.

Although there are many commands used in conjunction with the
magnetic disk subsystem, eack command causes the subsystem to
execute one or more or a combination of these three operations.

Positioning

Positioning of the read/write heads in the disk pack is enabled by
the rotational velocity of the disks in combination with the aero-
dynamic properties of the head pads. The res..tant physical effect
is a high density air layer of about 125 microanches, which functions
as an air bearing for the head pad to ride on. Each head pad is
connected to a head mounting arm. Twenty such head assemblies are
mounted to a movable head stack carriage, with the read/write gaps
in accurate vertical alignment (Figure 2-1). An electromagnetic
gervocontrolled linear motor moves the carriage to position the
heads at any of the 203 cylinders in the model 114, or any of the
406 cylinders in the models 213 and 215.

The heads are designated according to the corresponding disk
surfaces, i.e., head 00 is opposite recording surface 00, head Ol
is opposite recording surface 01, etc. After the heads have been
~ositioned at the desired cylinder, the head carriage is held in
place through electronic control by detecting any positional devi-
ation of the heads and counteracting it electrically.
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2.2.7 Cylinder Detection

2.2.8 Index

2.2.9 Data

When the cylinder address kas been decremented to ZERD the heads have
reached the desired cylinder.

Cylinder dstection in the rodel 114 ig accomplishes through &
stationary vari.ble-reluctance transducer, that senses the passing
of a testhed rack attached to the moving head carriage (Pigure 2-2,
detail B}. ththmmmxmwmuwiﬁewm
Thus, the number of teeth passing the transducer translates into the
nmber of cylinders crossed by the heads.

In wodels 213 and 215, cylinder detection is accomplishad opto~
electrically by sensing an opague scale, coded with transparent
slots. (Pigure 2-2, detail B).

Mark and Rotational Speed Detection

As the disk pack rotates, a variable reluctance transducer ssnses
the index notch in the protective bottom 4isk of the disk pack.
The transducer generates a pulse at the detection of each notch
(Pigure 2-2, detail A). The index pulse i3 ugsed by the controller
as a homing pulse, i.e., it indicates the beginning and subsequent
ending of all the tracks in the disk pack.

In addition, the index pulse is used by the disk drive itself to
monitor the rotational velocity of the disk pack, which is 2,400
rpm. Attainment and maintenance of this rotational speed is
extremely important in maintaining correct bit densities in the
tracks. Also, when the rotational velocity of the disk pack is
too low, the air bearing between the head pads and the rotatiig
disk surfaces would collapse causing the heads to crash into the
disks. Therefore, the heads are not introduced into the disk pack
until the disk pack has attained 70 percent of its operational
rotational speed. An emergency head retract operation is initiated
when the rotational speed drops below 70 percent.

Organization

The data organization used in the IS/1000 magnetic disk subsystem
ig fixed record length, IBM compatible format. This formats the
disk pack as shown hersunder.
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DETAIL B
P~ SS0DEL 114 MODEL 213/216

11084

Figure 2-2. Head Positioning, Cylinder, Index, Sector and Speed Detection
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Model 114 Disk Drive

Cylindsrs per disk pack 203
Tracks per cylinder 20
Racords per track 16
Byrus per recoxrd 346
Bytes per track 5,536
Bytes per cylinder 110,720
Bytes per disk pack 22,476,160

Models 213 and 215 Disk Drives

Cylinders per disk pack 406
Pracks per cylinder 20
Recosds psr track le
Bytes per record 346
Bytes per track 5,536
Bytes per cylinder 110,720
Bytes por disk pack 44,952,320

2.3 PHYSICAL DESCRIPTION

The Magnetic Disk Controller (MDC), shown in Pigure 2-3, comprises
the following:

Programmable Device Controller board.

Disk Controller Interface board.

Interface Assembly.

AC Power Distribution Panel.

2.3.1 Programmable Device Controller

The programmable Cavice controller (PDZ) board, shown in Figure 2-4,

is a standard 1S/1000 printed circuit board. The programmable device
controller logic is implemented through approximately 125 bipolar _

ICs of the 7400 series, and is mostly MSI technology. The PDC board

is inserted in normal fashion into the IS/1000 chassis where it plugs
i~to the I/0 bus.

INFORMATION SYSTEMS
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DISK CONTROLLER A po—
INTERFACE (DC1) BOARD :
€
= DISK DRIVES
[
Y

AC POWER DISTRIBUTION PANEL o

Figure 2-3. Magnetic Disk Controller (MDC), Main Logic Units 11056

Connector data for the PDC board is given in Tables 4-2, 4-3 and 4-4
of section 4, and in appendix C, engineering drawing 300337, page 4.

An IC map for the PDC board is given in appendix C, engineering
drawing 300337, page 2.

2.3.2 Interface Controller

The Disk Controller Interface (DCI) board, shown in Figure 2-5, is
a standard IS/1000 controller type printed circuit board. The
interface contrcller logic is implemented through “ipolar IC's of
the 7400 series, and is mostly MSI technology. The DCI board is
ingerted in normsl fashion into the IS/1000 chassis where it plugs

into the 1/0 bus.

Connector data for the DCI board is given in Tables 4-5 through 4-8
of section 4, and in appendix C, engineering drawing 300352, page 4.

An IC map for the DCI board is given in appendix C, engineering
drawing ,00352, page 2.
2.3.3 Interface Assembly

The interface assembly shown in Figure 2-6, consists of an IS/1000
card chassis in which the following logic cards are inserted:

@ Power Sequencer card.
® Phase locked Oscillator card.
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N 11041
Figure 2-4. Programmable Device Controller (PDC) Board
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11111 I IS

11042
Figure 2-5. Disk Controller Interface (DCI) Board
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INPUT / QUTPUT LOGIC (I0L) CARD

1
1
¢ PHASE LOCKED OSCILA IR PLO)CARD
1
Figure 2-6. Interface Assembly, Front View “o

@ I/0 Logic card.
@ Simplex card(s).

® Multiplex cards.

2.3.3.1 Power Sequencer Card

The Power Sequencer (PSQ) card, is located in slot 3 of the chassis.
The PSQ card contains the sequencing logic necessary for the control
of the power up and power down sequences of the disk drives in the

INFORMATION SYSTEMS

2-12



TO31S5-2UYQ-12

magnetic disk subsystem. The PSQ card is shown in Piguree -6 and
2-7. For connector data see Table 4-16, under Servicing im Sectice 4¢.

2.3.3.2 Phase Locked Oscillator Card

The Phase Locked Oscillator (PLD) card, is located in slot 14 of the
chassis. The PLO card is shown in Figures 2-6 and 2-7. FPor connector
data see Table 4-15, under Servicing in Section 4.

2.3.3.3 1/0 Logic Card

The I/0 legic (ICL) card is located in slot 16 of the chassis. The
I/0 logic card contains drive address decoding logic, and read av*
write data clock generation for data going to, or coming from, the
disk drives in the disk subsystem. The IOL card is shown in Figures
2-6 and 2-7. For connector data see Table 4-14, under Servicing in
Section 4.

2.3.3.4 Simplex Card

The Simplex (SMX) card(s) are located in slots 22 and 23 of the
chasgsis. If the disk subsystem comprises from one to four drives,
only one Simplex card is required, wvhich is to be located in slot 22.
If the 2’ sk subsystem contains from five to eight disk drives, two
Simplex cards must be used. The Simplex card contains the logic to
process write, read and select status data from and to the individual
disk drives.

The Simplex card is shown in Figures 2-6 and 2-7. For connector data
refer to Tables 4-17 and 4-18, under Servicing in Section 4.

2.3.3.5 Multiplex Card

Four Multi; lex (MUX) cards are located in slots 18, 19, 20 and 21 of
the chassis. The Multiplex carés provide the multiplexing logic to
enable controlled data exchanges between the drives and the control-
ler, on a time shared basis. The Multiplex cards are shown in
Figures 2-6 and 2-7. For connector data refer to Tables 4-19 thru
4-22, under Servicing in Section 4.

2.3.3.6 Chassis

The chassis itself fits in a standard RETMA 19 inch rack or cabinet
and can be mounted away and apart from the controller boards.
Mounted in a rack or cabinet, the chassis requires 7.00 inches of
vertical space. In the back, the chassis contains fourteen connector
sockets and a power cable. The power cable plugs into a suitable 110
Vac 60 Hz power source. Connectors designated J34 thru J41, individ-
ually connect each of up to a possible eight disk drives in the
subsystem, via a DC cable. Connectors designated J31, J32 and J33,
connect to the DCI board via three interface cables. The J42
designated connector connects to the first disk drive in the sub-
system, via the signal cable. In the case of a multi-spindle disk
subsystem, the signals of J42 are propagated from drive to drive

in daisy-chain fashion.
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Figure 2-7. |nterface Assembly Logic Cards
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The chassis is shoen in Figure 2-8. Por comnector data, sé; Pigure

4-8 ir Section 4’under Cabling and Patching.

2.3.4 AC Power Distribution Panel

A power distribution panel (BPDP) for three phase AC powe
to the disk drives in the subsystem, is shown in Pigure ;g‘isﬂﬁffmmn
PDP has a ten feer long power cable that plvys into an appropriate
power oui.:let. .‘!he M‘.‘ Fower Outlet connector for power distribution
to the disk drives in the Subsystem, is mourted on the face panel of
the isselbly. ) A transforuer providing conlinucis ac power to the

bl 0 . J v
f:::tedsefn zez;j:g I;?glc on the PS card in the interface assembly, s

Figure 2-8.

SIGNAL 4
CABLE :
SOCKET ‘ i

POWER CONTROL CABLE socxw/ /

INTERFATE

CONTROL
CABLES
SOCKETS

POWER REGULATOR CABLE SOCKET

. 110435
Interface Assembly, Rear View
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SCHBR CONS
Wb VAL, 3PNAGE

77>
Figure 2-9. AC Power Distribution Panel (PDP)

The PDP mounts in . standard RETMA 19-inch rack or cabinet where it
requires 3.5 inches of vertical rack space. Under normal circum~

stances, the PDP is mounted directly under the front panel of the
interface assembly.

24 FUNCTIONAL DESCRIPTION

2.4.1

2-16

The following paragraphs describe the magnetic disk controller (MDC)
functionally to the major logic block level. In the theory of opera-~
tion the operational flow of logic in the MDC is described in the

context of the MDC functioning in a magnetic disk system with at
least one disk drive attached to it.

Functional Blocks

Figure 2-10 is a block diagram of the magnetic @isk controller

(MDC;. The MDC basically consists of four physical and logical units:
Programmable Device Controller (PDC).

Disk Controller Interface (DCI)

Interface Assembly (IOA).

Power Distribution Panel (FPDP).

A description of each ..ajor block, its sub-blocks and the functions
performed, is given hereunder.
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Figure 2-10. Magnetic Disk Controller Mair. Logic Blocks

2.4.2 Programmable Device Controller

The programmable device controller (PDC) is shown in Figure 2-11. 2s
can be seen, the PDC consists of three basic blocks:

o CPU Interface.
® Control Read Only Memory (CROM).

e Microprocessor.
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Figure 2-11. PDC Block Diagram, Logic Structure

2.4.2.1 CPU Interface

The CPU Interface comprises the logic necessary for commmication
between the MDC and the IS/1000 CPU and memory and consists of the
following:

® Address/Command Decoding and Interrupt Logic.

@ Microprocessor Interface and Control Logic.

® DMA Registers and Sequence Logic.
ADDRESS/COMMAND DECODING AND INTERRUPT LOGIC. The address decoding,
command decoding and interrupt logic encompasses the device address
patches, interxrupt and ICI patches, the address compare logic, the
command decode and EKO logic, and the interrupt flag, the EDF STR

enable flag, the command flag, as well s the CPU 1/0 bus drivers
and receivers.

The interrupt flag can be set and read by the microprocessor.

The EDP STR enable flag can be set, reset and read by the micro-
processor.

The command flag is set when EDF STR instruction is decoded and the

EDF STR flag is true. The command flag can also be set, reset and
read by the microprocessor.
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The DMA registers and essociated data paths are shownm in Figure 2-13.

The DMA sequence logic provides the timing and control signale
required to read data out of, or write data into, the CPU memory.

The DMA data register holds one or two bytes of data that is to be
written into, or has been read out of, the CPU memory during DMA
write or read cperations, respectively. The DMA data register
additionally accepts the imitialiszstion buffer address that i~ sup~
plied with the EDF INI command during the initialization phase.

The DMA address register holds the memory address during DMA write
and read operations. The contents of the DMA address register are
gated on the DIB lines whenever a RDS command is decoded; he.ce,
under special conditiens, the DMA address register can also be used
as a status register.

The DMR mode register contains the data specifying *he type of DMA
operation to be performed, i.e., read, write left (.pper) byte, write
right (lower) byte, cr write left and right bytes. The DMA mode
register also serves as a DMA-cycle-in-progress flag which can be
read by the microprocessor.

MICROPROCESSOR INTERFACE AND CONTROL LOGIC. The microprocessor
interface and control logic contains the drivers and receivers
required to interface with the microprocessor I/0 bus. In adCition
tne logic provides the control signals nscessary to write into, or
read from, the DMR registers, and the interrupt, EDF STR enable, and
command flags. All of the above control signals are generated through
the decoding of certain preassigned addresses on the microprocessor
address bus.

2.4.2.2 Control Read Only Memory

The control read only memory (CROM) stores the mic:iocode controlling
the operations of the controller. The CTROM is implemented for 4,096
words of 16 bits each.

2.4.2.3 Microprocessor

The eight-bit microprocessor provides the record add:zess conversions,
function sequencing and function timing, as well as all other controls
of the disk controller. The block diagrer of the microprocessor is
shown in Figure 2-13. Following is a description of each of the logic
blocks on the diagram. Refer to Table 2-1 for performance specifica-
tions.

ALU AND ACCUMULATOR. The ALU is an 8-bit function generator which
implements any of the 16 ALU functions specified by an instruction.
The generatior of the proper ALU controls is accomplished with an
ALU decode ROM (DROM). The address for this DROM is the ALU function
field of the instruction wcrd.
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Table 2-1. Microprocessor Performance Specifications

Yeavws Specification
Cycle Time 200 ns. |
e L §-bit A0, wmicro program controlled.
Registers i Accumualator.

16 Pile Registers.
16 Stack Registers.

Insteuctions 23 Instruction Codes.
64 ALU Commands.
4 Unasgsigned Op ccdes.

instruction Repertoire hrithmetic, 1I/0, Branch, Data Transfer,
Subroutine, Interxupt.

Control Memory 16~bit ROM, up to 64K words.

Logic Standard bipolar TTL SSI and MSI

technology ICs.

Input/Output 8-bit bidirectional data bus, data-in and
data~-out instructions, Test 1/0 instructions.

Interrupt Capability Single line asynchronous request, enabla/disable
control, respongse into dedicated location.

The 8-bit accumulator retains the result of all ALU operations. In
addition, the capability for a left or right shift of one bit
position is provided in the accumulator. The serial input during
left and right shifting is determined by selection bits within the
shift instruction word. A carry flag capability is provided as aa
extension of the accumulator.

MULTIPLEXERS. The AMUX multiplexer selects the data source for the
A-input, while the BMUX multiplexer selects the data source for the
B~input, of the ALU. In addition, the AMUX provides the input to
the upper half of the program counter, while the BMUX provides
inputs to the I/O data bus, the file registers and the lower half
of the program counter. As such, these multiplexers each drive a
bus in the two-bus architectural philosophy on which the micro-
processor is based.

STACK. The Stack consists of 16 registers of 16 bits each. The
Stack registers are used only for storage of the program counter
contents in the implementation of subroutine transfers. A 4-bit
binary up/down counter determines the selection of a particular
Stack register. This stack counter is incremented during execution
of the PUSH and BRANCH instructions prior to the actual storage of
the program counter. When executing a RETURN in- -ruction (POP),
the contents of the addressed Stack register is loaded into the
program co .. er after which the counter is decremented. Visibility

INFORMATION SYSTEMS
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of the actual data in this counter is not necessary since anly the
relative number of increments or decrements is pertinent to its
operation.

FILE. The Pile contaire 1€ gereral purpose registers of 8 bits each.
The File registers are addressed by a 4-bit field of the instruction
word. %he File is used for imput and output data, and as a source for
branch addresses and arithmetic operations.

PROGRAM COUNTER. The program counter is & 16-bit register providing
addressing capability of up %t 64K words in the main ROM. The program
counter determines through its contents from which location of the
ROM an instruction is fetched. Each instruction either increments
the program counter or causes a new value to be loaded into the pro-
gram counter during branchirg.

INSTRUCTION REGISTER. The instruction register holds the current
instruction to be executed. %ae instruction is entered into the
instruction register from the ROM data output bus. At the beginning
of each nstruction, the instruction register is updated with the
new instruction on the memory data lines. The instruction word in
the instruction register is vsed for decoding and control functions
necessary in the execution of each instruction.

DECODE ROM. The DROM is a fast access (50 ns) 32 word x 16 bit ROM
which generates the microinstruction containing the control bits
necessary for CPU operation. The 5-bit op code portien of each
instruction is used for the actual address of the DROM. The contents
of the DROM thus define the operation of each instruction. The
microprogram control approach allows flexibility in the instruction
set selection and simplifies the microprocessor logic.

ROM. The main ROM is a semiconductor memory of up to 64K words x 16

bits. The control program residing in the ROM directs the micropro-

cessor in the performance of its assigned tasks. The access time of

the ROM must be less than 150 ns, measured from address-valid time to
the memory-data-valid time at the instruction register.

CONTROL LOGIC. This logic provides the timing for all instructions,
conditional testing control, and additional miscellaneous control.
Logic for the implementation of the interrupt function provides the
enable mask, the mask control, and control signals to the instruction
register and the program counter.

I/0 INTERFACE. The I/0 interface provides the drivers and receivers
for the bidirectional data bus. The eight device address lines (DAxx)
specified in all I/0 instructions, are provided at the interface in
addition to the following four I/0 ¢ Hntrol signals:

Bus Ready.

Data Strobe.

Data Directional Line.

Clock.

INFORMATION SYSTEMS
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2.4.3 Device Interface Control

The Device Intesface Control, consisting of the Disk Costroller
interface (DCI) and the Interface Assembly (IOA), is showms in

Pigure 2-10. A more detalled block diagram is shown in Pigure 2-14.
The Device Interface Control phyeically consists of two entities, the
DCY board and the IOA chassis. Punctionally, the Device Intsrface
Control comprises control logic for the input/ocutpul. data to and from
the processor, control logic for the input/output data from and to ths
disk drive(s), and the control logic controlling the AC power

tion to the drives by sequenning the powering up and powering down of |
the driv ¢ in a multiple disk drive subsystem.

2.4.3.1 Processor I/O Control Logic

The processor inmput/output data control function provides ~n avenue
and the controls for the proper flow of commmmications in ths form of
commands, data, interzupts and status information, betwesn the coatrold
lexr and the processor. It contains the necessary receivers, trans~
mitters and control logic to intexrface the controller with the I15/1000
I/0 bus lines. The processor input/output data control function com~
prisaes the following logic blocks.

DEVICE ADDRESS DECODE. The device address decode logic decodcs ths
gix I/0 address lines into one device address. The device address
is semi-permanently coded by means of patchboards.

EKO. The EKO logic generates and transmits the EKO Signal to the
processor in response to a valid commend, to signify that the con-
troller is not busy.

I/0 BUFFER. The I/0 buffer stores 16 bits of I1/0 information.
INTERRUPT LOGIC. The interrupt logic determines the necessity of an
interxupt, develops the interrupt and sends the interrupt to the
processox.

DMA CONTROL. The DMA logic provides the timing and control for data
transfers using the DMA feature.

2.4.3.2 Drive 1/O Control Logic

The drive input/output data cont:rol function provides buffer logic
batween the drive interface and either the PDC or the processor inter-
face control. The drive input/output data control function comprises
the following logic blocks.

DATA BUFFER. The data buffer relieves the CPU and DMA functions from
the stringent timing requirements of the data transfers.

CONTROL MEMORY. The control memory has a 16-byte storage capacity.
The control memory is used to transmit Seek information to the
selected drive and to compare track header data in order to locate
the correct sector before a read or write operation is allowed to
commance.

EB INFORMATION SYSTEMS
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Figure 2-14. Device Interface Control Block Diagram
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mm The Data Shift Register is an 8-bit shifc register
used flor the ddrializing and deserializing of write/resd dsts,
transferred between. the selected disk drive and the data buffer.

CYCLIC FEDNDANCY CHECK LOGIC. The cyclic redundancy check logic
comprises a 16~bit shift register which is used to generate cycliec
redundancy check characters which then are used to chack for data
exrors on comparison of congruent data. During a write operatiom,
coding of the cyclic redundancy check character (CBCC) is derived
from the data itself, after vhich the CRCC is appended to the
particular record. During a subsequent read operation of that
recoxd, the CRCC is again generated, and the two CRC-characters are
compared. The comparison of the two CRC-characters gensrated by the
saps data, enablee detection of all errors imvolving an odd mmber of
bits and all burst errors +— to sixteen bits in length.

DRIVE STATVUS AND CONTROL INTERPRCE. This interface providss a
commmnication path between the PDC and device interface for coomands
and status.

2.4.3.3 AC Power Sequencing Control

AC power to the drives in the disk system is provided by
distribution panel (PDP). The supply of AC power to the drives,
howaver, i( sequenced during the power up and power down stages.
The power sequencing is a combined function of the controller
the disk drive(s), and is controlled in the controller, by the power
sequencing logic on the power sequencer card.

POWER UP SEQUENCE. During the power up sequence, the controller power
sequance logic activates the Controlled Ground line to the drives
vhen all voltages are in tolerance and have stabilized. This enables
the drives to power up.

POWER DOWN SEQUENCE. During the power down sequence, the controllex
povwer sequence logic deactivates the Controlled Ground line to the
drives. This forces the drives to power down.

After all drives have retracted their read/write heads, the AC power
sequence logic will remove ground from the Heads Extended line.

This signals to the controller that dc power can be removed without
danger of damaging the drive or disk pack.

2.4.4 Software

The Disk Controller attaches to the 1S/1000 I/O bus interface and
provides control of the disk drives of the disk subsystem,

(Pigure 2-15). The controller services the disk drives on a time-
shared basis. The controller interprets instructions received from
the processor over the I/0 bus, issues commands to the disk drives,
assembles and disassembles data words for transfers between the
drives and the processor, and sends status information to the
processor.
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Figure 2-15. 1S/1000 Magnetic Disk System
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411 data transfers use the DMA. The ujoa; status word is available

wmxmiiw mdauli&&mb&mwmmecm
All interrupts are reset through the use of RDS, which, optionally,
can be made to clear the status conditions that activated the reset.

______ L 3 P = PRSP Ty W

The controller can transfer Gata blocks from 1 to B:.:J’ words.

The following paragraphs desscribe the instruction concept governing
the hardware and the addressing and interrupt schemes. This is
preceded by a description of the data organizatica scheme according
to which data is formatted on the disk pack.

2.4.4.1 Data Organization

The same track format is used for both, the model 114 and model 215
disk drives. Data is recorded in each track according to a fized
record length, IBM compatible format. Therefore, a disk pack
recorded by an 1S/1000 computer system can be read by an IBM

system, and conversely, a disk pack recorded by an IBM system can
be read by an IS/1000 system. However, because of the double

track density recording mnde of the model 215 disk drive, this IBM
compatibility is limited to disk packs used in model 114 disk drives
only.

The track fcrmat, as shown in Figure 2-16, consists of sixteen data
records of 346 bytes each, as follows:

Home Address.

Track Descriptor Eeader.

Track Descriptor Data Field.

Data Record Headers.

Data Record Data Fields.

Gaps.

Home Address. The Home Address (HA), see figure 2-16 and 2-17a,
congsists of seven bytes which define the track condition and the
physical location of the track within the disk pack. Thexe is one
HA area per track. This area is created by a Format command and
after the gap 1 that follows the index marker, is the first area
written on a track. Contained within the HA area are five informa-
tion bytes and two cyclic check bytes. Following is a description
of the information contained in each byte.

BYTE O — FLAG BYTE. The eight bits comprising this byte, have the
fellowin~ function designations.

Bit 0: no function, always ZERO.

Bit 1: no function, always ZERO.

Bit 2: no function, always ZEX.

Bit 3: no function, always ZERO.

Bit 4: no function, always ZERO.

(€L INFORMATION SYSTEMS
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Figure 2-16. Track Format
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Figure 2-17. Track Format, Unit Detail
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it %: no function, slways ZEWO.
Bit 6: track function indicator
U = good track
1 = defective track.
Bit 7: track usage indicator
0 = primsry track
1 = alternate track.

Bits 6 and 7 may be used for other purposes if IBM format compatibility
ig not required.

BYTE 1 ~ CYLINDER AUDRESS BYTE 1. In wodel 114 epplications this
byte consists of all ZEROs. In wodel 215 applications, the LSB-bit
may be L.

BYTE 2 - CYLINDER ADDRESS BYTE 2. This byte is coded to gpecify the
cylinder address.

BYTE 3 - HEAI ADDRESS BYTE 1. 7This byte contains all 2E80s.

BYTE 4 - HEAD ADDARES BYTE 2. Thie byte iz coded to speci
address.

BYIE 5 - CYCLIC REDUMDANCY CHECK BYTE 1. This byte is together with
byte 6, generated by hardware during the write HA phase of the Pormat
cotmand .

BYTE 6 - CYCLIC REDUNDANCY CHPCK BYTE 2. This byte is together with
byte 5, generated by hardware during the Write HAR phase of the Pormat
conmand.

Track Descriptor Header. The first record following the HA is the
Track Descriptor Heade: record (see Figures 2-16 and 2-17). The
Track Descriptor Header record consist of eleven bytes .nd is
provided to enable an entire track of data to be moved to an alter-
nate track should a portion of the recording surface become defective.
The first nine bytes are information bytes, the last two bytes are
cyclic check bytes. The process of switching data from a primary
track to an alternate track is called flagging. Pollowing is a
description of the information contained in each byte.

BYTE O ~ FLAG BYTE. The eight bits comprising this byte, have the
following function designations.

Bit 0: no function, always ZERO.
Bit 1: no function, always ZERO.
Bit 2: no function, always ZERO.
Bit 4: =no function, always ZERO.

Bit 5: no function, always ZERO.

INFORMATION SYSTEMS
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¢ = good track
1 = defective traeck.
Bit 7: track usage indicator
¢ = primsry track
1 = altersate track.

Bits € and 7 may be used for other purposes if JBM format compatibil-

Elnae o e o omes S o D)
ALY 48 UL TENULITU«

BYTE 1 - CYLINDER ADDBESS BYTE 1. In model 114 applications this
byte consigts of all ZEROs. Inm model 215 applications, the LSB-bit
may be 1.

BY?2 2 - CYLIMDER ADDRESS BYYEZ 2. This byte is coded to specify the

BYTE 3 - HEAD ADD

RESS BYTE 1. This byte contains all ZEROs.

BYTE 4 - HERD ADDRESS BYTE 2. This byte is coded to specify the
head address.

BYJE © - RECORD DESIGHATOR. This byte is coded to the record number.
For the Track Descriptor record, this number is always ZERD.

BYTE 6 - ¥EZY LENGCTH DESIGHATOR. This byte defines the number of
bytes in the key avea in the IBM format. Since the GTE/IS format
does not utilize key areas, this byte is all ZEROs.

BYTE 7 - DATR LENGTH INDICATOR 1. This byte together with byte 8,
specifies the number of bytes in the data field of the record,
excluding the Cyclic Redurdancy Check bytes. For the Track Descrip-
tor record, this number is always eight.

BYTE 8 - DATR LENGTH INDICATOKR 2. This byte together with byte 7,
specifies the number of bytes in the data field of the record,
excluding the Cyclic Redundancy Check bytes. For the Track Descriptor
record, this number is always eight.

BYTE 9 - CYCLIC REDUNDANCY CHECK BYTE 1. This byte, together with
byte 10, constitutes the Cyclic Redundancy Check word. It is genera-~
ted by hardware during the writing of the Track Descriptor Header
phase of the Purmat command, and is then appended to the header.

BYTE 10 - CYCLIC REDUNDANCY CHECK BYTE 2. This byte, together with
byte 9, constitutes the Cyclic Redundancy Check word. It is genera-

ted by bardware during the writing of the Track Descriptor Header
phase of the Format command, and is then appended to the header.

G INFORMATION SYSTEMS
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by ces (see Figures 2-16 and 2~17¢)., The contents of this recoyd
mu:umbyammm The eight data bytes constitute
the four words which the controller requests from the processor.

The data field contents may be used for any purpose except in IBM
System 360 08 applications. In this case ths data svea must contain
the identifier of the last record on the track and the number of bytes
still available for writing on the track.

BYTSS O THRU 7 -~ DATA FIELD BYTES. Bytes 0 through 7 are eight data
bytes that constitute the four words requestgd from the processor
by the controller on a Pormat command.

BYTE 8 AND 9 - ERROR DETECTION BYTES. Bytes 8 and 9 form the
Cyciic Redundancy Check word. They are generated by hardware, then
appended to the data area.

Data Record Header. The Data Record Header (FPigure 2-16 and 2~17b)
precedes each data record and has the same format as the Track

Descriptor Header. The record area contains the number of the record
and can be from 1 thru 16. The Key Length byte is always zero since
the IS/1000 format does not use keys. The Data Length byte contains
the number of bytes in the data area, which can be from 1 thru 346.

Data Record Data Pield. The Data Recoxrd Data Pield (Figures 2-16 and
2-17¢c) consists of 346 bytes of 173 words. The two cyclic character
check bytes are generated by hardware during the writing of the data
field and append to the racord.

Gaps. Gaps are used to separate records and inter-record areas on
the track, (see Pigure 2~16). All gaps consist of a Lead Area, a

VFO Area, an Address Mark and a Sync Byte. The Lead Area in gaps

2 and 3 is preceded by a soczlled Lead Byte.

LEAD AREA. The Lead Area consists of bytes containing all ONEs.
The main purpose of the Lead Area is to allow for spindle speed
variations and for stabilization of the read and write logic during
activation and deactivation of ths read/write heads.

VPO AREA. The VFO Area always congists of five bytes. Four bytes
contain all ZEROs, one contains all ONEs. The main purpose of the
VFO Area is to enable synchronizing the VFO circuit.

ADDRESS MARK. The Address Mark consists of twe bytes of all ONEs
in which the clock pulses are missing for the first five bits of
each byte. The Address Mark area therefore, is unique since it is
the only area‘on the track where clock pulses are missing. The
Address Mark serves as a pseudo sector mark and indicates that
either a home address, a header or a data area is to follow.
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LEAD BYTE. A Lead Bvte is found in gaps 2 and 3 preceding the lead
Area. The Lead Byte is composed of the hemadecimal charscter §CC.
and is written after the Cyclic Redundancy Check bytes in the pre-
ceding beader.

SYNC BYTE. The Symc Byte consists of four TER.;, and a CNE, followsd
by a three-bit code that describes what the area following is. The
Sync Byte is used to crient the controller on byte boundaries for
subsequent read cperatioms.

2.4.4.2 |Instruction Scheme

The instruction scheme employed in the magnetic dizk controller, is
based on the use of a packet. A packet is a set of five vords stored
in the IS/1000 processor memnry. This S-~woréd packet determines the
instruction to be executed and defines all criteria and parameters
required for a successful execution of the instruction. In this
instruction scheme, a disk syster operation is initiated by the
processor issuing an BDF STR .nstruction to the controller and
placing the address of the memory location containing the first wora
of the packet, into the A register. Using DMA the controller then
fetches the five operations from the CPU memory, goes busy, selects
the specified drive, exscutes the indicated instruction, transfers
data, sets status as needed, and finally activates the required
interrupts during the termination sequence.

Packet Description. A packet consists of five consecutive words

that specify the drive to be selected, the operation to be executed,
the data to be operated upon, and define all criteria and parameters
needed by the controller to control and successfully execute whatever
operation is desired. Table 2-2 liats the five operation control words
and their respective functions.

Table 2-2. Packet Structure

PACKET

BITS ol1r{213|4]5]|5]7|8]|9{10] 11]12] 13} 14] 15
Operation
Control Word FUNCTION

1 OP. CODE DR. ADRJ TR FL|SF| LB | SA| ST LOC D.S.

2 Starting Location of next control word, if linked

3 Starting Location of disc sector address

4 Hmper of wecrds/sectors to be operated an

5 Memory location address of first data word

GD INFORMATION SYSTEMS
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L woun' §.  The 'firet operation control word specifiss. and
s the following (see also Table 2~3).

mmmmmm the operation to be axscuted

deternined by the P CUDE, which is coded into the first
MMMMMG.I,ZMB)GtWMMIM 8it 0
indicates whether cperations.are to be linksd. If cosmand
chaining is desired, Pdt 0 is ONE and control word 2
specifies the address of the next packst. The eight
combinations of bits 1, 2 and 3, specify the type of
operation to be performed,

Intexrupt to be set on termination of operation ~
whether or not the terminate interrupt is to be activatsd
is determined by the INIERMIPT bic, bit 4 of the comtrol
word.

Drive to be selected -~ the drive to be selectad for
the execution of the cmand specified by the OF COIR,
is specified by the DRIVE ADDIESS which is coded into
bits 5, 6 and 7 of the cvontrol word.

Track status indication - %0 indicate whether the
selected track is a primary or alternate track, good
or defective, iz indicated by the TRACK PLAGC bits,
bits 8 and 9 of the control word.

Sector format indication - that the tracks are
divided into sixteer. sectors of 173 words each.

Link Buffer designation - to designate a linked or
not-linkec buffer operation with the op cods
either 0000 or 0001, the Link Buffer bit, bit 11
is used.

Sector Address indication - that each sector has
a continuovs binary address.

Starting location of disk sector address - the starting
location of the disk sector addregs is coded into

bits 13, 14 and 15. Coding to standard format is as
follcmu

000 = control word 3 contains the entire sector address.

100 = contents of control vord 3 plus 65,536 is the entire
sector address. This, however, should only be used
for CDS 215, i.e., for 200 TPI (tracks per inch)
disk drives.

COSTROL WORD 2. The second operation control word specifies the
starting location of the next packet if the link indicator bit in
the op cods, bit 0 of the first control word, is ONE, indicating
linked operations.

G MNFORMATION SYSTEMS
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Table 2-3. Operation Control Word One (Sheet 1 of 2)

- Binary
Bit Ho. Coding Punction Definition
o 4] Operstional Code Hon-linked operation
] 1 Linked operation
123 oo Read
1213 ook Write
123 010 Rezd Status
123 ¢l1 Saek
123 100 Format Track
123 01 Read Track Descriptor
123 110 Verity
123 11 Restore
4 o Interrupt Terminate interrupt
4 1l Ko Terminate Interrupt
567 000 Drive Address Digk Drive Number O
567 001 Disk Drive Humber 1
567 010 Disk Drive Number 2
567 Ol1 Disk Drive Number 3
567 100 Disk Drive Number 4
567 101 Disk Drive Number 5
567 110 Disk Drive Number 6
567 111 Disk Drive Number 7
89 oo Track Flag Good Primary Track
89 o1 Good Alternate Track
89 10 Defective Primary Track
8 9 11 - i De“sctive Alternate Track
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Table 2-3. Operation Control Word One (Sheet 2 of 2)

Ble Bo. Coding Punction ' Definition
io ] Sector FPormat 173 words per sector,
16 sectors per track.
10 1 Yavalid command
11 ] Link Buffer Not a linked cperation, nor a
linked buffar operation.
11 1 Linked buffer operation, OP.
CODE is 1000 (Read) or 1001
(Write).
q
12 0 Sector Address continuous binary
sector address.
12 1 Invalid ccamand
13 14 25 000 Sector, Pormat Word 3 is the complete sector
and Address address.
13 14 15 100 Pormat and ?ddress Word 3 plus 65,536 is the total
sector address (oaly used fur
200 tracks per inch drives). —

CUNTROL WORD 3. The third operation control word specifies the
starting location of the sector address. This may be done in a stan-
dard format or an optional format.

In standard format the sector address is given in the form of a
continuous binary address. In this format, bit 15 is the LSB and
bit 0 the M5B for model 114 application. For model 215 application,
bit 13 of the first control word is the MSB.

In optional format the sector address is expressed in cylinder, head
and sector segments. Bits 13, 14 and 15 of the first control word
together with bits O through five of the third control word specify
the cylinder address number, with bit 5 being the LSB. Bits 6
through 10 of the third control word specify the head address number,
with bit 10 being the LSB. Bits 11 through 15 of the third control
word specify the sector number with bit 15 being the LSB.

CONTROL WORD 4. The fourth operation control word specifies for all
operations, except Verify, the number of words to be operated on.

For the Verify operation, the fourth control word specifies the number
of sectors to be operated on.
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COMTROL WORD S. The fifth operation contzol word gpecifies the memory
location address of the first data word to be read or writtes.

Basic Instructions. The four basic /0 imstructions initiasting all
magnetic disk operations, are:

® BDF STR - Starxt DA,

¢ EDF RST -~ Reset.

® ICI - Interrcgate Common Interrupt.

e ERDS - Read Devise Status and Reset Interrupt.
EDF STR. The EDF STR instruction has the following format.

(A indicaces Device Address)
(R indicates Reject Address)

Word 1 wokd 2
k- - Jjo~ Device
field|field]| Address Reject Address

111111}
it lo123lesel789fo12345
AARARA

0019/000i010

' 111111
10123456789012345

AURRRRRRRRRRRRRRRR

The EDP STR instruction causes the controller to cycle-steal the
packet of five operation control words from the IS/1000 memory via
DMA. The A register contains the memory location address of the
first word. The reject address is the location to which a simulated
BSP is performed vhen the instruction is rejected.

%Z£ the controller is busy, it will reject the EDF STR instruction.

If the selected drive is busy, the controller will delay execution
of the EDF instruction until the drive completes its operation.

The operational flow of the exscutive of the EDF STR instruction,
is depicted in the following flow chart.
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STROBE OOB
CONTENTS INTO
DMA DATA REG.

RESET EDF STR
ENABLE FLG

SET
COMMAND FLG.

ISSUE EKO

|

REJECT

EDF RST. The EDP RST instruction has the following format:
(A indicates Device Address) - (R indicates Reject Address)

Word 1 Word 2
k- o= Daevice
field|field] Address Reject Address
111111 111111
Bit |01 23]456|789/01212345]/0123456789012345
0010j000|01l0|AAAAAA RRRRRRRRRRRRRRRR
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The EDF RE? instruction resets the controller logic.

The operaticnal flow of the EDF RET ingtructinn execution ig depic.ud
in the following flow chart.

‘ EDF RST >

RESET
EDF STR ENABLE
FLAG

|

RESET
CONTROLLER
LOGIC

START
MICRO
PROCESSOR
AT LOC $00600

ISSUE EKO

.

‘ EXIT ’

icI. The ICI instruction has the following format

(A indicates high order address bits)

Word 1 Word 2
k- o- Device
fieldifield| Address Reject Address

111111 111111
Bit {01 23|456{739|/012345||0123456789012345
RRRR

0010/100/000AAAAAA|IRRRRRRRRRRRR

NFORMATION SYSTEMS
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m ICI ingtruction causes & plughoard selected input line to the
cegsor to go tius., When any or all interrupts are connected as
cemn interrupts, the ICI instruction is used to determine the
identification of the particular device and the interrupt pending
service. The common interrupt word, selected by the patchboard :n

the controller, is loaded into the A register.

The operational flow of the ICI instruction execution is depicted im

the following flow chart.

GATE ICI DATA
81T ON PATCH

SELECTED DIB
LINE

b

ISSUE EKO

REJECT
COMMAND

EXIT

RDS. The RDS instructicn has the following format.

(A indicates Device Address)
(R indicates Reject Address)
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Wozd L Word 2
k- o=
field}field Reject Address
111111%
Bic (01 2 3¢ 56[78 9 012345€6789012234¢6°56
0010j011kj000C RRRRRRRRRRRRRRERR

The RDS instruction loads the controller major status word inco the

A register of che IS/1000 processor.
tion zesets the interrupt flip-flop.

the interrupt is reset.

At the same time the instruc-
The instruction is rejected if

The operational flow of the execution of the RDS ingtruction is
depicted in thea following flow chart.

!GATE CONTENTS

OF DMA ADRS.

REG.ON DIB
LINES

JIRESET INTR. FLG

ISSUE EKO

|

< EXIT >

REJECT
COMMAND
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wxm Cozmands, The following set of ctumands is
; rum the op code of the first word of the packet. (Refer
w kau m“riptm for exact coding information for each coomand.)
Rsad Data.
ficite Data
Read Status.
Seek Cylinder/Track.
Pormat Track.
Read Track Descriptor.
Verify Data.
Restore Heads.
Link Operation.

READ. The Read command causes data to be read from the disk pack

in the addressed drive by the selectud head, beginning at the speci-
fied record and cylinder, after which the data is transmitted to the
18/1000 memory. At the receipt of the read command the controller
translates the continuous binary address into the desired cylinder,
head and record addresses, performs a seek to the specified cylinder,
activates the specified head, starts reading, and transmits the data
read from the specified record(s) to the 1S/1000 processor. During
reading, the track header bytes of each record being read must agree
with those in the controller registers, before the data can be
accapted by the I/0 buffer. A DMA request is generated and the data
word is stored in the 15/1000 memory under DMA control. The coca-
troller compares the cyclic redundancy check word being read from
the disk against the cyclic redundancy check word generated from the
home address, header-and data area just read. If the comparison
shows data congruency and the number of words to be transferred is
zero, the controller terminates. When either, the Terminate or the
Gated Attention condition is set, an interrupt is generated if
enabled under program control.

If the number of words to be transferred is not equal to zero, then
the word-transfer counter is decremented by one for each word trans-
fer until 173 data words have been transferred. The record address
is then incremented, and as soon as record coincidence occurs, the
operation is repeated from that point. If, after the last record
on the track has been read, the word count is not zero, the head
address is incremented and the read operation continues. When the
last record of the last track in a given cylinder, has been read,
the controller will:

Set the record count to one.
Set the head address to zero.

Increment the cylinder address.

Execute a seek operation.
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Wihen the disk drive completes the ssek, the controller resumes the
read operation. MNo delays are wncountered during reuvovrd-to-record
and head-to~head transitions, but a 2% ms delay cccurs during
cylinder-to-cylinder transitions, due to the inherent time lusses
incurred through the combined factors of cylinder-to-cylinder
bositioning time.

WRITE. The ¥rite command causes data to be transmitted from the
IS/1000 memory to the disk drive, where it is written onto the
disk pack in the addressed drive by the selected head, beginning
at the specified record and cyclinder. . At the receipt of the Write
command the controller translates the cortiruous binary address
into the desired cylirnder, head and record addresses, performs a

seek <o the specified cylinder, activates the specified head, and

starts readiny to locate the correct sector. When the desired
sector has been located the data received from the 15/1000 processor
memory is written. The controller generates a cyciic redundancy
check character (CRC) from the home =dcress, header and cdata being
written, and at che ¢nd of the record writes the CRC behind the last
data bit. When the number of words vo be written is reduced to zero,
the controller terminates. When either, the Terminate or the Gated
Attention conditions are met, an interrupt s generated.

If the number of words to be written is not equal to zero, the
word-transfer ccunter is decremented by one for each word transfer
until 173 data words have been transferred. The record address

is then incremented and as soon as re~ord coincidence occurs, the
operation is repeated from that point. If, after the last record
has been written onton the track, the word count is not zero, the
head address is incremented and the write operation continues.
When data has been written into the last record of the last track
in a given cylinder, the controlier will:

Set the record count to one.
Set the head address to 2zero.
Increment the cylinder address.

Execute a seek operation.

when the disk drive completes the seek, the contrcller resumes the
write operation. No delays are encountered during record-to-
record and head-to-head transitions, but a 25 ms delay occurs
during cylinder-to-cylinder transitions, due to the inherent

time losses incurred through the combined factors of radial head
displacement and disk rotation.

READ STATUS. The Read Status command transmits the controller status
%o the IS/1000 memory in the form of seven status words, as follows:
® Status Word 1 - Major Status.

@ Status Word 2 - Minor Status.

e Status Word 3 - Number of words or sectcrs that have not been
transferred.
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2-44

@ Status Word 4 ~ DM address of last woerd transferred at
termination of operation before "ead Status.

Link address of the last packet comtrol word
of the previous operation.
Bits 7 through 15: cylinder address.

Bits 3 through 7: head address. Bits 11
through 15: ssetor address.

% Stavus Word 5

]

fratus Word 6
Bratng Word 7

]

é

)

@

An interpretation of the sixteen bits of the major status word is
given in Table 2-4. An interpretation of the sixteen brts of the
minor stetus word is gives in Table 2-5.

SER¥. Through the Seek cosmmand the controller directs the drive

to position the heads at the cylinder specified by the recozd
address in the operation control word. The comtroller normally
goes busy long enough to fetch the cperatiom control w rds from
memory énd then issues the Seek command to the selected drive,

after which the controller initiates a termination sequence. If the
drive is busy, the controller delays issuance of the Seek command
until the drive becimes ready.

Simultanecus Seek Operations - The controller provides the facility
for performing multiple seek operations simultaneously. The
controller is busy for less than one ms .uring a Seek command, while
the selected drive may be busy for up to 135 ms during emecution of
the Seek command. Therefore, after a Seek command has been issued

to one drive, another drive can be selected and cauged :o seek.

This process can be continued until alli drives are seeking. The first
drive to become ready then sets the Gated Attention common interrupt.

FORMAT TRACK. The Pormwmat Track command is used to prepare a track
of the disk pack to enable standardized data operations within a
GTE/IS, or compatible, magnetic disk system, by directing the drive
to write the track format on the specified track. For a description
of the track format, see under Data Organization in this sectiom.

The Format Track OP CODE is terminated with a Controller Aler:, or
Invalid Command, when the Format Protect switch on the drive inter-
face card cage is in the PROTECT position. (The Format Protect
switch can be accessed by opening the cabinet door).

During the Format Track command, the controller converts the speci-
fied binarv record address co the appropriate cylinder and head
addresses, performs a seek operztion to the desired cylinder, acti-
vates the correct he: 4, then writes the track format with data sent
from the I1S/1000 memory, as follows:

® Sync byte and bytes 0 through 4 of the Home Address
(Figure 2-17, a).

@ Sync byte and bytes 0 through 8 of the Track Descriptor
Recoré Header (Figure 2-17, b).

@ Sync byte and bytes 0 through 7 of-the Track Descriptor
Data Area (Figure 2-17, c).
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Bit

Status
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s#
e W 6 = & v s W

12

14

15

Controller Alext

Controller Busy
Format Protect
Selected Drave Busy
Drive 7 Attention
Drive & Attention

brive S Attention
brive & Attention

Drive 3 Attentiom
Drive 2 Attention
Drive ]| Attention
Drive O Attention

Selected Drive Alert

Double Track

Gated Attention

Terminate

Vi Bk ag ; ﬂ:; m
cution of the gm coumand. This bit ls the
m»aswmmwmwmm bite @, 1,

¢ 3, 4 %5 and 10.

The controller iz busy emecuting & ccomand aund
cannot sccept, another.

ALl formst commands are rejected because the
Forpat Protect switch is in the Preteet pogitien.

The selected drive is busy euscuting & seek or &
restore/recalibrate operation.

Bits 4 through 11 specify that the specified
disk has an attention condition. An atterntion
condition results from either of the following:

a. The drive has completed a Seek operation.

b. The drive has failed to complete a Seek
~peration (Seek Incomplete).

¢. The drive has completed a Restore
operation.

d. The drive has been powered up and is
ready.

Attention conditions a, ¢ and & can be reset by
any drive command. Attention condition € (Seek
Incomplete) can only be reset by & Restore
Cosmand.

An abnormal condition exists in the selected
disk drive. This bit is the inclusive OR output
of Minmor Status bits 12, 13, 14 and 15.

This bit indicates that the disk system is
configured for processing disk packs of
406 cylinders.

An attention condition exists in one or more of
the disk drives. This bit is set when one or
more of the disk drive's attention become active.
This bit is reset when the Major Status is
interrogated by an RDS Command.

The controller has completed an operation.
This bit is set when the controller goes Not
Busy. This bit is reset when the Major Status
is interrogated by an RDS command.

INFORMATION SYSTEMS
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Table 2-5. Minor Status Word (Sheet 1 of 2)

Bt |

Gratus

Description

o

2-46

Invalid Address

Rate Brror

Flag Verify Error

Header Verify Error

End of Pack

. ) 1
This bit indicates that the regemerated Cyclic
Redundancy Check byte does not compare wich
thoss read frob the disk pack. Multiple record
read operations are terminated upon detacticm |
of the error. Vhen bit 11, Header Verify
Errox, is also set, this bit indicatses that
the Cyclic hNedundancy Check was on the hsadsr.
*) Sss note for reset information.

The instruction contained & non-existent track
address. *) See note for reset information.

Indicaces that the processor either did not
provide a data word in time to maintain com~
tinuity during a write operation, or did mot
accept a data word in time to prevent overflow
during a read operation. If this condition
occurs during & write operation, the comtroller,
writes the remainder of the record, writes the
Cyclic Redundancy Check bytes, then terminates
the operation.

If the condition occurs during a read operationm,
the controller continues to read the remainder
of the record, checks the Cyclic Redundancy
Check bytes, then termirnates the operatiom.

*) See note for reset information. |
During the execution of a read or write opera-
tion the Track Flag bits rxead do not match
those in the Plag Register. The operation is
terminated. *) See note for reset information.

This bit indicates that during the execution

of a read or write command a valid header for
the specified record could not be found within |
two revolutions of the disk, or that the lma.dex'ﬁ
had a cyclic check exror. The operation is
terminated upon detection of the error.

Reasons for this condition could be a dirty t
or damaged disk surface or a positioning failuré
of the read/write heads. *) See note for reset
information.

During multiple record read or write operations,
an attempt has been made to read or write
beyond the last cylinder of the disk pack. . !
*) See note for reset information.

1
"

INFORMATION SYSTEMS




Table 2-5. Minor Status Word (Sheet 2 of 2)

Bit

Status
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Description

ol oy
. N

10

11
12

13

14

15

Last Plag Bit

Last Flag Bit

Write Curreat San<e

Selected Pack Change

Invalid Command

Kone
Prive Selection Error

Selected Seek

Incomplete

Selected Drive Unsafe

Select Drive Off Line

The last track flag bits rvesd from & treck
header during & read or write operation.

If the Flag Verifv Error bit is set (Bit 3},
then these kits masy be examined ¢to see how the
track iz actually flagged.

The selected disk drive is drawing write
current.

A disk pack change or drive address change
bas occurred in the selected drive.

In a linked buffer operation when:
a. A read command is followed by a write
command .
b. A write command is followed by a read
command

¢c. A format command is issued while the
Format Protect switch is up.

d. Wwhen non-implemented options are called
for.

e. Ko restore status follows a seek in
complete condition.

£. No read status follows a seek incomplete
condition.

The Invalid Command Status bit sets the
Controller Alert status.

*) See note for reset information.

Unused.

Either the specified drive is not selected or
more than one drive is selected.

The selected drive has a Seek Incomplete con-
dition. This condition can be cleared either
by a Restore command or by consecutively power-
ing the drive up then down manually.

The selected disk drive is unsafe and will nct
perform any operation. This condition requires
operator or maintenance intervention.

The selected disk drive has its Enable/Disable
switch in the Disable position.

*} Note:

This indicator bit is reset by the following commands: Format Track,
Read, Read Track Descriptor, Restore, Seek, Verify and Write.
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e The data areas of all data zqannﬁa are ﬁmittgn uith»aw all~
ZEBORS pattern.

Pc format the track, the controller mquizn 93 words from the
15 1000 memory. The first three words specify the Sync byts
and the Home Address bytes 0 through 4.

The naxt five words specify the Sync byte and the Track Descriptor
Record Header Lytes O through 8.

The next five words contain the Ring Sync byte and the Track
Descriptor Data krea bytes 0 through 7,

Sixteen sets of five words each specify the Ring Sync bytes and the
Data Record Header bytes O through 8 for each ¢f the sixteen vecoprds
on the track.

If the track is to be formatted for IBM compatibility.the core
image illustrated in Pigure 2~18 is required, and the following
parameters must be adhered to:

e If the track is to be formatted as defective, the Track
Descriptor Header must contain the cylinder and head
number of the alterna.e track.

e If the track is to be formatted a2s an alternate track, the
Track Descriptor header must contain the cylinder and head
number of the defective track which it replaces.

e The flag bits must have the following connotation:

bit 6 (left bit) - 0 = good track.
1 = defective track.

bit 7 (right bit) -0 = primary track.
1 = alternate track.

If no IBM compatibility is required, anything may be written in the
Track Descriptor Header and Data Area, except for thu first byte,
which must be written as indicated.

Use of Flag Bits - The track flag bits are used by IBM software
systems for the identification of defective and alternate tracks.
However, if IBM compatibility is not required, the use and meaning

of these bits may be defined by the user and utilized for other pur<’
poses, such as read or write protection of the track. Since the
track flag bits are compared with the controller flag register

before data transfers between the disk and the memory can take place,
only tracks with matching flag bits can be accessed. If an attempt->-
is made, the Flag Verify Error status bit is set without data trang-
fers. To access the data, the last flag bits may be extracted from
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o 18
00001201 coo00Q p P B

HOME RDDRESS 0C0QC0QO0OOQ CYLINDER Ho. B+l
006000000 © O O HERD Ho. n+2
000010121 oo0cooorFP n+3
000CO0O0C0Q CYLINDER No. n+d

TRACK DESC.

HEADER 000000CO 0 0 O HEAD HRo. n+S
0cocoO00QC 00000000 n+d
00000000 vo001000 n+?
000011001 0o00CGCGOOPFPF n+8
000000CC CYLINDER No. n+9

TRACK DESC.

DATA FIELD 0000000 0 0 0 HEAD XNo. n+l0
60010000 00000000 n+ll
C00C0000 0vV0000O00O n+12
000062110 *0000CPFF n+l13
0000000 CYLINDER No. n+l4

DATAR RECORD

HEADER ¢G000CG0CO 0 O O HEAD No. n+l5
0 0 O SECIOR Ro. 00000000 n+16
600006001 01011010 n+l?7

[ |
The 5 data record header words are accepted 15 more

times with the record number being advanced one count
each time.

*This bit is OME on o043 numbered records, ZERO on even numbered records.
P = Plag bit.

Cylinder = 0-202 (model 114 disk drive).
" ,. 0-405 (model 215 disk drive).

Head No. = 0-19
8oz

Sectoxr ¥d. = 1-16

Figure 2-18. Format Core Image for IBM Compatibility
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mﬁmm\w mw)umm mmw&um
of the specified track descriptor record to be read. The comtroller
converts the binary record address to cylinder address, head address,
and record szero, perforus & seek operation, them proceeds to read.
The track flag bits of the record must agree with the controller’s
Plag register contents before data is read. Upon completion the
Termination interrupt is activated.

VERIPY. The Verify operation is intended to check sectors after a
write operation. The third operation control word of the packet
specifyi.g the Verify command, specifies the number of sectors
instead of number of words to be operated o). The controller converts
the binary address to the desired cylinder address, head address and
zecord number, performs a seek, then reads. The Track Flag bits of
each record must agree with those in the controller Flag register.

The controller compares the cyclic redvndancy check word being read
from the disk against the cyclic redurdancy check word it generates
from the home address, header and data area read.

RESTORE. The Restore command causis the selected drive to position
the heads at cvlinder 0. The controller remains busy until the
drive hag positioned the heads a' cylinder 0, then terminates ang
sets the interrupt.

LINK OPERATION. The Link Operation command is used for cozmand

chaining. Linked operations are indicated when bit 0 of the first
operation control word of a packet is ONE. Bit 11 of the same coan-
trol word further defines the _inked operation as to whether or not

Adinking of similar read or write operations are indicated, where

the sectcr address is ignored on all but the initial packet. The
£i fth operation control word specifies the next packet in the chain.

Linked Operations - During linked operations, when the word court

is zero, the next packet of five control words is read from memory
and the specific operation continues. These linked conditions
continue as determined by the software, until a non-linked operation
is completed at which time operations cease when the word count
becomes zero. The controller continues to end of record, verifies
chaeck bytes, updates status and sets terminate interrupt. The
recommended method of operation sequences is to terminate all
sequences with a linked read status operation so that staius has
been sent when the interrupt is detected.

Command Rejection. The controller acknowledges acceptance of an
instruction by sending an EKO pulse to the processor. If the com-
mand is rejected, no EKO pulse is returned. In the latter case, the
Processor executes a simulated BSP (branch and store contents of P
register) instruction to the memory location specified by the seccnd
word of the rejected instruction. Under the following conditions a
command will be rejected and no EKO acknowledgement signal issued:
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@ The controller is busy. When the comtroller is busy.it will
reject all commands except EDP BST.

¢ An EDF STR command has been given but the EDF STR enable flag
is not get.

e An ICI or RUS command has been given but no interrupt flag is
ut.

Timing Ccnsiderations. The data word transfer rate required by the
controller is approximately 156 kHz. The controller has a 40-byte
buffer register and must be serviced within approximately 40 us after
a DMR service request. All data transfers will be terminated when a
rate error occurs. If data transfers are terminated using th: EDF
AST inmstruction, it will ciear any pending DMA request and inhubit
any further requests. During linked buffer operations (indicated by
bit 11 of control word ! being ONME), rate errors can occur if more
than three buffers are linked within one sector.

2.4.5 Firmware

"
-

ctions in

The firmware is the microcoded implementation of the logic controiling
[ 0

the sequencing, timing and monitoring of al) 4i

response to IS/1000 cosmmands.

Physically, the firmware consists of four PROM modules of 512 x 8 bits
each. This provides 1,024 x 16 bits of memory capacity required to
store the micro program. The micro program itself consists of fifteen
subroutines which are used on a shared basis for the implementation
of the eight disk operzation directing commands. For the seguences

of usage of these subroutines by each of the eight commands refer to
the flow diagrams in Appendix A.

2.4.5.1 Subroutines

RESET. Upon issuance of arn EDF RST command by the IS/1000 processor,
the PDC sets its program counter to zero. The program counter
con’ents set to zero, calls in the Reset subroutine. The Reset sub-
routine:

1. Clears memory location $30 through $3F, setting them to zero.

2. Resets the device interface

3. Resets the CMD flag.

4. Sets the Start Enable fleag.
IDLE. In the idle state, the controller looks for the CMD flag or
for an interrupt (Gatad Attention). When either is found, the
controller terminates the idle subroutine loop and calls in the Start

subroutine. The Idle subroutine sends an interrupt tc the IS/1000
after updating the last Selected-Drive status.

3 INFORMATON SYSTEMS
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START. The Start subzoutine causes five contrql words to be read out
of the peccessor mamory and to be transferred to the POC via the DMA.
The five contyol words specify and define the disk operation

to ba
e e | Byeina the fta ¢ guhwenbine. the disk dvive ic gcolacted

BFSOR BS SLA TV MADTY  WARE P WA W S RS AR MR [ WA W TR BT RN

and its status checked.

ADDEESS COMVERF. The Address Corvert (ADCONV) subroutine converts
the continuous binary address into cylinder, head and sector addrss-
ses, which are then stored in the FPile register. The ADOUNV sub~
routine also checks for invalid commands and/or invalid option call-
outs.

SEEX. The Seek subroutine controls the geek operation in the disk
drive. Ths Seek subroutine furnirhes Seek-start, cylinder and head
informacion. The BSaek subroutine also checks for invalid addresses.

READ, WRITE, VERIFPY. The Read/Write/Vae:ify (RW) subroutine
searches for the sslected data record header for read, write or
verify commands. The KWW subroutine is called in after a head
count or gsactor count increment.,

If thas header can not be found in two revolutions, i.e., within
two index marks a header verify erxror is reported as minor status,

a controller alert as major status and the invalid command status is
set for a zero-word count.

RER .. The read subroutine vhich is a part of the read instruction,
searches for the data record header for a maximum time of 358 us. If
it is not found within that time a data error status is reported and
tha command is terminated. After the header is found the data ir
transfexred from the FIFO to the DMA data register. If the word count
is less than 173, the controller continues to read the sector and
checks the CRC, but“suppresses any write operation when the word
count equals zero. If the word count is greater than a sector, the
sactor, head, or cylinder count will be incremented. The next sub-
routine sequence will bs either RWV, Increment HD~RWV, or Seek-RWV,
before returning to the Read Subroutine.

WRITE. This subroutine writes part of the gaps, starting at about
half way the lead area, before writing the data. If the word count is
less than a full sector, and no linked buffers are specified, the
sector will be filled with ZEROS until the CRC is written. If the
word count is greater than a sector, the sector cocunt is either incre-~
mented and the RWV subroutine executed, or the head count is incre-
mented and the RV executed. If the last sector of the cylinder is
gselected, then the write data will cause the cylinder count to be
incremented by interspersing a Seek subroutine, after which the

Write subroutine finishes the word count. When the word count is

zero the command is checked to see if it is a linked buffer operation,
in which case the program branches to the NCP part of the Start
subroutine.
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VERIFY. The Verify subroutine uses parts of the read subroutine
since they are functiomally similar. The search for the data record
header is shared with the read subroutine, after which data is taken
from the FIFO and the CRC character is generated, but mo data is
stored into memory. If the sector count is more than one, and the‘CEC
is correct, either the sector count, the head count, or the cylinder
count is incremented. The Verify subroutine is repeated for the
next sector.

FORMAT. The format subroutine cperatez on one complete track only.
The subroutine writes Gap 1 immediately after the index mark, and
amxeummmm,mz,muwumwm.
a~other gap 2, and a track descriptor data record. The subroutine
then writes a gap 2, a data record header, a gap 2, data record with
all ZBR0s and a gap 3, repeating this until 16 data records are for-
matted. The remainder of the track is filled with ONEs uncil the
next index marker is encountered.

READ TRACK DESCRIPTOR. The Read Track Descriptor (RTD) subroutine isg
executed after a seek gubroutine, as part of the RTD command. After
detection of an index mark, the home address is read and varified.
The track descriptor header, which consists of 5 words, is then reesd
and transferred into the IS/100C memory via DMA. The track descrip-
tor data area is next read into the IS/1000 memory. If the header
information does not compare, a minor status header verify error is
reported. If a CRC error occurs, then both data error and header
VFY exror flags are reported as minor status.

READ STATUS. The Rezd status (RDSTAT) subroutine updates the gated
attention part of the first major status word. The RDSTAT subroutine
then updates the selected drive, assembles major and minor status,
word count from previous instruction, DMA address from the previous
instruction, link address from the previous instruction, last cylinder
address, last head and sector irnformation, and sends this to the
IS/1000 processor via the DMA. The major and winor status are then
reset.

RESTORE. The Restore subroutine activates Data Bus 6 and the control
line to the selected drive with the proper timing.

TERMINATE. The Terminate (TERM) subroutine:

1. checks for drive interrupts .gated attention)
2. updates selected drive status

3. updates Memory Control Words

4. checks for Link Command

5. Sets Major Status into Address Register

6. Sets Interrupt and Terminate Status

7. Resets Disk Interface

Set Start Enable

9. Calls in the Idle subroutine.
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DIAGHOSTIC, The Diagnostic (DIAG) subroutine is called in wpon
detaction of the DMA address being zero after an EDPF start. This
wmibizovtine checks the PIF0, the CRC register and whether the DA
address register can be incremented. 7The Brrox status or Ending
status is found in the DMA address register after the interrupt is
raised.

2.4.5.2 Command Implementation

The controller executes the following six basic operations, and any
combination therecf, upon command of the processor:

® Standby (idlc state)
@ Select a disk drive.

@ Poaition the heads at a gpecific location of the disk pack,
select a head and locate the portion of the track specified by
the processor.

Write a particular record as directed by the processor.
Read a particular record as desired by theprocessor.
Transfer data or status information to the processor.

On the davice side, the controller directs the selectsd disk drive
to pexform any of the above operations via the device interface by
activating the Bus and Tag lines. Each instruction is implemented
when a Tag line is active simultaneiously with a Bus line. The
command coding for the three Tag lines, terms CNTRL-, STCYL~ and
STHED~, and the nine Bus linaes, terms DBUSO- thru DBUS8-, is given
in Table 2-6. Note that temn DBUSO- is only used in system config-
urations using the model 215.

On the processor side, this is accomplished through decoding of the
control words obtained from the processor memory via the DMA. The
decoded function then activates the proper subroutines of the micro
program. To facilitate the exchanges of data between the PDC and
the DCI logic units, dedicated memory locations and special registers
are provided.

On the DCI side, these are locations $30 through $4F. Locations
$30 through $3F are 8-bit memory registers used for storage of
control and status words by the micro program (refer to Tables
2-7, 2-8, and 2-9, for address and content interpretation). Refer
to Table 2-10 for a description of functions $40 through 4F.

On the processor side, these are locations $00 through $0F. Refer
to tables 2-11 and 212 for address and content interpretations.
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Table 2-6. Drive Command Implementation

BUS Lines TRG Lines
CWIRL~ STCYL~ STHED~-

Hodel | Models

114 212/215 RESULTANT FUNCTION

DBUSO- Cyiinder 256

DBUSO~ | DBUS]1- |Write Gate Cylinder 128
DBUS1~- | DBUS2- | Read Gate Cylinder 64
DBUS2- | DBUS3- | Seek Status Cylinder 32
DBUS3- | DBUS4- | Reset Head Register | Cylinder 16| Head Address 16
DBUS4- | DBUS5- | Brase Gate Cyiinder 8| Head Address 8
DBUS5~ | DBUS6- | Select Head Cylinder 4| Head Ridress 4
DBUS6- | DBUS7- | Return to 000 Cylinder 2| Head Address 2
DBUS7~ | DBUS8- | Head Advance Cylinder 1| Head Address 1

Table 2-7. Dedicated Memory Locations $30 - $3F in Controller

Location Function
$30-$31 CTL Word 1 Upper - CTL Word 1 Lower
$33-$34 LK ADR Ul - LK ADR L1
$35-836 IK ADR U2 - LK ADR L2
$37 Relative Addr. for Instruction Decode
$38 Flag
$39 Gated Attn
$3A Major Sticus Upper
$3B Major Status Lower
$3C Minor Status Upper
$3D Minor Status Lower
$3E-$3F CTL Word 2 Upper - CTL Word 2 Lower
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Table 2-8. Input Function $30 - $4F

0D Bit | Function
$30-3F $41 $42 $43 $44 $45 $46 | 547
L
o Mem 0 | OR ATTEN 7 | WCSEN | FIFO O | SYNMC | CROO |CROS
1 MEM 1 | IR ATTEN 6 | PXCHG | FIFO 1 | AMDET | CRO1 | CRO9
2 ¥ 2 | INDEX | ATTEN S | SWPMTP | FIFO 2 CRO2 [CRO
3 MEM 3 | RATER | ATTEN 4 | BUSY FIFO 3 CR03 |CR1l
4 MEM 4 | FIFO8 | ATTEN 3 | DSERR | PIFO 4 CKO4 | CR12
5 MEM 5 | DDRV ATTEN 2 | SKINC | FIFO S CROS |CR13
6 MEM 6 | SIXST | ATTEN 1 | UNSAF | FIFO 6 | SIXST | CRO6 | CR14
7 MEM 7 | ENDCYL | ATTEN O | ONLIN | FIFO 7 CRO7 |CR1S
I0D Bit $48 $49 $4a $4B $dc $4D $4E | sar

QoS MM D
20 S MO D e
QoD MO ADC
[« 1 I B Y T I ]
o 3 MO ADS L
[ - I o YD < T Y
B0 S MO WS e
[« T - B W - T~ I
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Table 2-9. Location $30 - $4F Output Function $30 - $4F

10D Bit Function
$30-37 $41 $42 $43 s$44 $45 §46 $47
0 MEM O DBUS 1 FIFO O FIFO 0.8 AMDEY
1 MB¥ 1 DBUS 2 FIFO 1 FIFO 1,8 ENTEX
2 MEM 2 DBUS 3 FIFO 2 FIFO 2,8
2 MEM 3 DBUS 4 FIFO 3 FIFO 3.8
4 MEM 4 DBUS S CNTRL FIFO 4 FIFO 4,8 RDHA
S MEM S FDEVA4 DBUS 6 STHED FIFO 5 FIFO 5,8 RDTD
6 MEM 6 FDEVA2 pDBUS 7 STCYL FIFO © FIFO 6,8 RDDA
7 MEM 7 FEDVAl DBUS 8 FIro 7 FIFO 7,8|DBUS OI RDRH
)
IOD Bit $48 $49 $4A $4B $4C $4D $4r $4F
0 R R R S
e E E E
S S S .
1 E E E
1 T T T <
2 R
F S E C
I T F
3 F A I
(o] T F
4 U 0
S
F
5 /
F
6
? WRITE
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Table 2-10. Location $40 - $4F Function Description (Sheet 1 of 2)

lovation Punction
o 40 Hot used
oA 41 Outpur is the selected drive binary address.
ms 4L Input is controller status (CTLS) as follows:

OR -~ PIFO Cutput Ready.
IR -~ PIFO Input Ready.
IHDEX -~ Index Pulse.
RATER - Rate Error.
DORV - Single or Double Density Drive (Patch).
SIXST ~ Second Index has occurred
PIFO8 - PIFPO Uutput Bit 8,

b 42 Output is drive bus signal.

DA 42 Input is gated attentions from drives.

DA 43 Output is for selecting drive tag line CHNTRL, STCYL or STHED.
DA 43 Input is drive status and is defined below.

WCSEN - Write Current Sensed.
PYCHG - Pack Change.

SWFMIP - Pormat Protect Selected.
BUSY - Drive Busy.

DSERR - Disk Select Error.

SKINC - Seek Incomplete.

UNSAF - Drive Unsgafe.

ONLIN - Drive Not Online.

* DA 44 Input reads FIFO output bits zero thru seven.

* DA 44 and DA 45 outputs are used for loading FIFO bits zero thru seven and
in addition DA 45 causes bit 8 to be loaded with a ONE which is used to
cause an address mark tc be written on the disk pack.
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Table 2-10. Location $40 - $4F Function Description (Sheet 2 of 2)

* D& 45 Inputs are assigned as follows:
SN - used for VPO Phase SYML.
MDET - True when locking for address mark.
SIXST - 2 index, the second index has occurred.
Da 46 OCutput at B7 is double density drive MSB signal bus line.
DR 46 Inpuc is the upper CBC register.
DA 47 Output consists of the following disk interface controls:
AMDET - Enable address mark detect.
ERIDX - Enable index.
RDDA - Read dava.
RDEA - Read home sddress.
RDBH -~ Read data record header.
RDID - Read track descriptor.
DA 47 Input is the lcwer CRC regisier.
DA 48 Output at B7 = "1" is the control write mode. B7 = “0" is read
mode.
DA 49 Output resets the FIFO.
DA 4A Output resets status.
DA 4B Hot used
DA 4C Output resets enablc FIFO F/F.
DA 4D Mot used
DA 4E Kot used
DA 4F Output sets CRC register.
* DA 44 and DA 45 cutputs are used for loading FIFO bits zero thru seven and
in addition DA 45 causes bit 8 to be loaded with a ONE which is used to cause
an address mark to be written on the disk pack.
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Table 2-11. Dedicated Memory Locations $00 - $0F in Controller

Location Punction Logation Function
o | »e
Woxd 1
71 2
2 Plag P10
®3 Cyl. adr. Upper Fll
P4 Cyl. My, Lower P12 Viozd Cnt. .~ Sector
75 Head Addr. P13
P6 Sector AMdr. P14 Word Cnt.
Word 4
P P15 Yiord Cat.

Table 2-12. Input/Output Function $00 - $OF

Location Output Punction Input Punction
00 Load ARu Read ARu DMA
01 Load ARl & Reset ARu Read ARI MAJ
02 Load DRu Read DRu
03 Load DR1 Read DR1
04 Incr. AR
05 Load "CMD FLG” @ IODO
06 Load "STRENB” @ IODl
07 Set I5/1000 Interrupt Read Status Register
09 DMA Start, Write Upper Byte
(). DMA Start, Write Lower Byte
()] DMA Start, Write Both Bytes
oF DMA Start, Read
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2.4.6 Interfaces

mmmmwmmmmmw
mm&.ﬂmmiumw meumy
described vhere it is essential to the oversll understanding of the
controller‘s functions, i.e., primarily the signal line designations
between controller and processor. For more complete and exacting
information on the system interface linking the subsystem to the
processor, refer to the GTE/IS publication HOO0L1, titled I5/1000
I/0 Interface Raference Manusl

Both interfaces are shown in Pigure 2-19. Mote that the IS/1000 I/C
cabling is actually intersal to the chassis in which the controller
ie housed. The signal mnemonics of the system interface as applicable
for the disk subsystem, are ghown in Pigure 2-20.

As car Le seen from Figure 2-19, the controllers-to-device(s) cabling
consietes of three types of csbles, & Signel celle, as many DC cables
as there are drives in the system, and an RC cable.

2.4.6.1 Signal Cable

The signal cable - wects the disk drives serially in daisy-chain
fashion to the con roller and must be terminated in the last disk
drive. The maximum comhined length in a disk subeystem of all
S8ignal Cable segments, must not exceed 100 feet. The last drive in
the subgystaz is terminated with a terminator.

8ignal mnemcnicse are shown in Pigure 2-20, while the connector pin
agsignments are given in Table 4-9 in section 4. Following is a
brief description cf each of the signal lines.

DBUSX-. The DBUSO- through DBUS7- lines (and DBUSG- line in the
model 215) are time shared bus lines that serve to identify certain
functions depending upon which of three tag lines is active at the
time. Only one tag line can be active at any one time. Table 2-6
lists the various functione the bus lines can identify.

CWTRL~. Term CNTRL~- is & tag line that, when active, identifies the
DBUSX- lines as control signals (see Table 2-6). Simultaneously
activating one or more of the DBUSX- signals determines which
operation(s) is or are to be performed.

S8TCYL~. Term STCYL~ is = tag line that, when active, identifies the
DBUSX~ lines as the cylinder address to be accessed (see Table 2-6).
Simultanecusly activating one or more of the DBUSX- signals deter-
mines to which cylinder the heads are moved during the ensuing seek
operation.

STHED~-. Term STHED- is a tag line that, when active, identifies the
DBUSX- lines as the head to be selected, i.e., the track number to be
accessed (see Table 2-6). Simultansously activating one or more of
the DBUSX- signals determines which track in a certain cylinder is
read from or written upon.
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Figure 2-19. 1S/1000 Magnetic Disk System Interface 12068
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mﬁ or n:m ymm’m

20, i.e., & non-existing treck m baing

- emtended into the disk pack. The EDEXT~ line is used for memitoring
- puxposss during power-down sequences. During a power-down sequence,

the dc voltages and control signals to the drive can not bs removed
until the last Heads~Extended switch has opensd, thus dsactivating
the MDEXT- line. This signifies mthut unlcaded, i.a.,
mummmx

nrER-. mm~m»:adzutummamwmbmt
anding of all ths tracks in the disk pack.
generated at every complete mlutm of the disk

gap in the protective bottom disk of the dl.lkpukmuumm
tzansducer. At the operating rotational speed of 2400 rpm, the pulss
frequency is 40 Hs. Nlulmtbil 70 # 30 us while time duration
batwvesn pulses is 25 ms. -

iy
e
M3

OMLIN-. Term ONLIN~- indicates that in the selected drive the diek
pack is rotating at full oparating speed, the heads are exterded and
gseek, read or write operations can commence.

PECHG-. Term PECHG- indicates that the disk pack has been changed or
that the address of the disk drive has been altered.

UNSAP~. The UREAP- line is activated when any cof the DC operating
voltages falle below the tolerance specified level. Term UNSAP-
active causes the immediate extraction of the heads frem the disk
pack.

SKINC-. The SKINC- line indicates that the seek operation was not
completed within one second from the time the seek command var issued.
A restore command must be executed following a SKINC- condition.

WCSEN~. Term WCSEN~- active indicates the sensing of write current

and thus signifies that the disk drive is performing a write operation.
The write current sense line bacomes active within 10 us from the
leading edge of write gate.

+5V. The +5V line is used by the terminator for the termination of
the signal lines.

SPI36V+. The SPI36V+ line is used for power on sequencing purposes.
The +36 Vdc sequence pick in signal is generated by the first drive
with ac power on.

CNTGD-. The CNTGD- line is used during power down sequencing. The
controlled ground line is normally grounded and holds the disk drive
power sequencing relays energized. Opening this line deenergizes the
relays, causing immediate head retraction and initiating a power down
sequence.
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2.4.6.2 DC Cable

The dc cable conrscts the disk drives parallel in radial fashiosn to
the centrollef.  The baximum length of each cable must not exceed
50 feet.

Signal mnemonics are shown in Figure 2-20, while the coanector pin
assignments are given in Table ¢-10 in sectiocn 4. Following is &
brief dsscription of the signal lines.

ATTEX~-. The gated sttention line indicates that either a power on
seguence, = seek operation, or & restore (head return to cylinder
000) operation has bheen completed.

MSELX~-. The module select line is used to gate aignal lines to the
proper (selected) drive.

RDATA-. The read data line is used to transfer serial data read
from the disk pack, from the aelected disk drive to the disk con-
troller.

SELMX~. The selected module line indicates that the drive has been
selected, ar” provides the gating for the selected read data line.

WDATA~. The write data line is used to transfer serial data to be
written on the disk pack, from the controller to the selected disk
drive.

2.4.6.3 AC Cable

To enable the sequencing of power turn-on and turn-off, the disk
drives derive their ac power from the controller in serid/
consecutive fashion. The maximum combined length in a subsystem,
of all ac cable segments must not exceed 50 feet. The ac power
provided is three phase 208/230 Vac. The phases are rotated from
drive to drive to balance the power loading. For connector pin
assignments, refer to Table 4-11.

2.4.7 Theory of Operation

The sole purpose of the magnetic disk subsystem is to store
information on a disk pack so that information can be recovered and
utilized a a laer time. To accomplish this function, the subsystem
needs electrical power. The controller derives this power directly
from a suitable power source; the drives in the subsystem obtain
their electrical power from the power distribution panel (PDP).

In the case of a single disk drive, this may simply consist of apply-
ing the ac power to the multiple drive subsystem; however, the power-
ing up process of the drives must be controlled and sequenced to avoid
sudden excessive power surges. Power sequencing logic is therefore
incorporated into the power circuits, establishing definite power-on
and power-off sequences.
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uw%mmwma.mﬂa&twumm
through a fipst seel opgration, witich ‘places the heads at :ylinder
000, A programmed seek operation cam them direct the heads to any
dasized cylinder of the disk pack,

unmﬁmqlm.&mwm«nuwuwmu
read from, by selecting the correspording head and specifyirg a
write or a road operatiom, mmti.m:.y.

mhtrmismamymtdlozuﬂaﬂtomtmﬂuw.
but is also made unigue, hence identifiable, chmm
in the disk puck, during the write format operation.

Format and data can be verified, i.e., no data transfers to the
procesgor take place, during a read verify operation, while status
can be checked during a read status operation.

In the event of a logic or program function error, a means to
reestablish initial conditions is provided through the restors
operation, which is initiated with the BDPF FST instruction. In the
event of a failure or malfunction, in which data stored on the disk
pack is in danger of being destroyed or physical damage to disk
pack and heads may result, the heads are automatically rewoved from
the disk pack and retracted.

The functional modes of operxation in a magnetic disk subsystem
therefora are:

1. Power sequencing. Power sequencing is a combined function
of the controller and the disk drive(s). The two power
sequencing modes are:

® Power-up seguence.
& Power-down sequence.

2. Seek operation. There are three types of seek operations,
as follows:

first seek

programmed saek
restore

The first seek operation in an automatic, self-initiated
function of the disk drive, while the programmed seek is
a processor initiated, controller directed operation.

Recalibration of the heads to home position, i.e., at
cylinder 000, is part of the restore operation; it is
controller initiated but uses the drive's own recalibration
logic.
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3. Write. There are two types of write cperations, both are
processor initiated and controller directed. They are:

¢ Format (write format)
e ftirite (write data)

4. Read. There are three types of read operations, which are
all processor initiated and controller directed. They are:

® Read. (read data).
® Read track descriptor.
® Verify (read without data transfer).

5. Restore. The restore cperation is a controller initiated
operaticn, which uses some of the Qisk drive auto-logic.
The restore operation resets all logic and poeitions the
heads in the disk drive at cylinder 000.

6. Emergency Retract. This is a fully automatic, self-initiated
function of the disk drive. In an emergency retract opera-
tion, the heads are retracted, i.e., completely withdrawn
from the disk pack.

The eight controller operational modes, aside from the power-~
up and power-down sequencing, are:

1. Seek.

2. Restore.

3. Write.

4. Pormat track.

S. Read.

o. Read track descriptor.
7. Verify.

8. Read Status.

2.4.7.1 Power Seguencing

Power sequencing is the combined function of the controller and the
disk drive(s). During the power-on sequence with the Heads Extended
line from the drives open (no ground), the controller provides the
drives with a ground level by activating the Controlled Ground line,
after dl voltages have  sabilized within  tolerance  range.  This
dgarts the power-up sequence to the first disk drivee The next disk
drive in line starts up when the disk pack in the previous disk drive
has attained 70 percent of its rotational speed. During the Power-
off sequence, the controller deactivates the Controlled Ground line
to the drives. This starts the power-down sequence in the disk
drives. After all drives have retracted their heads, ground is
removed from the Heads Extended line of the disk drives. This
indicates to the controller that it can turn the dc power off without
damage to the drive or the disk pack. Figure 2-21 depicts a timing
diagram of the power-up and power-down sequences.
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Figure 2-21. Power Up/Power Down Sequences nos7?

D UG pple pnie The Power sequence card
contlim tho t:lne dohy and inurlock circuits needed to effect the
power-up and power-down sequences. The PSQ card also has its own
power supply. A circuit diagram of the circuitry impliementing the
power sequencing logic, is shown in Eng. Dwg. 300112 of Appendix C.
The Powar Sequence card is located in slot J3 of the card cage and
receives 12 Vac input power from the 30 Vac power panel. A full
wave rectifier converts the 12 Vac to the pulsating 15 dc voltage,
+15 Vdc (R), used to energize the relays. The +15 Vdc (R) is then
filtered to cbtain the low ripple dc circuit supply voltage, +15 Vdc
(C). Both dc voltages are available whenever the circuit breakers
on the AC powr pansl are in the ON position. This makes the Power
Sequence card independent from the rest of the card cage, which,
although containing a +5 Vdc power supply for its circuits, must
receive its +15 vdc from the controller via J44.

. To power up a IS/1000 computer system with a
magnetic disk eubsystem attached, the power switch on the front
panel of the 1S/1000 muet be placed in the ON position. This applies
ground to the KVCTL- line which in turn energizes relay Kl. This
applies ground to the KVCTL+ line, which then turns on the IS/1000
power supplies. This applies power to the controller while the
controller reset line, term CSRST-, is held to ground by relay K2.

The energizing of relay K1 through the power switch on the IS/1000

control panel removes ground from the input to the time delay cir-
cuit. The 15 second delay time ensures that the power is up and
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that the controller and drive interface circuits have stabilized
before pover is applied to a disk drive. When the delay circuit hase
timed out, ground is applied to relay K2. The energizing of K2
removes ground from the Controller Reset (CSRST-} and applies ground
to the Controlled Ground (WCWIGD-) lines going to all drives.

The +36 Vdc supplied by the first disk drive in the subsystem, is
sent to the controller on the signal cable connector pin CM; the

+36 Vdc is then jumpered to pin CL to provide the sequence pick
voltage for the power sequence circuit of the first disk drive. The
+36 Vdc in combination with the controlled ground level, erergizes
relay KA in the first disk drive, causing the disk drive motor to be
started. When the disk pack in the drive reaches 70 percent of its
rotational speed, relzy KB is energized, which propagates the +36 Vdc
to the next disk drive in the subsystem. This process is then
repeated for every following drive in the magnetic disk svbsystem.
This sequential powering up of the disk drives, prevents excessive
current surges. As soon as the disk pack in a disk drive has
attained operating speed, the drive's head assembly is allowed %o
move out of its fully retracted position, causing the Heads Extended
line, term WHDEXT-, to go true. This in turn causes the Power Inter-
lock circuit to apply ground to the KVUTI+ line, thus locking in the
IS/1000 regulator agsembly as long as term WHDEXT- is true. This

completes the power-up sequence.

Power-off Seguence. A  power-off sequence is initiated by placing the
power switch on the front panel of the [S1000 processor, in the OFF
position. This removes ground from the KVCTL- line thereby de-
energizing relay K1. The de-energizing of K1 interrupts the ground
path to line KWCTL+ while simultaneously applying ground to the Time
Delay circuit. Term KVCTL+ remains low due to the Power Interlock
circuit, but when the Time Delay times out, ground is removed from
relay K2, de-energizing K2. This deactivates term WCNTGD- going to
all disk drives, thereby initiating their power down sequences. The
de-energizing of K2 also applies ground to line CSRST-, which resets
the controller and readies the drive interface circuits for power-
off. When all disk drives have fully retracted their heads, they
remove ground from the WHDEXT- line. The Power Interlock circuit
now removes ground from line KCVCTL+, which then turns off 1S/1000
power supplies and subsequently removes power from the controller.

2.4.7.2 Seek Operation

There are two types of seek operations; an initiating or first seek
which has as purpose to home the heads in on the first cylinder, and
a programmed seek which directs the heads to any cylinder required
for access, of any desired area on the disk pack. A programmed seek
operation is initiated by a seek command. When seeking from one
location on the disk pack to another, an address conversion must take
place. In the event of a seek error, a restore operation is initi-
ated which positions the heads at home position, i.e., cylinder 000.
Also, before any seek operation can be successfully executed, all
disk packs used in a magnetic disk subsystem must be formatted
strictly according to one format. A disk pack used in the GTE/IS
magnetic disk system must be formatted according to the format
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given in Pigures 2-16 and 2-17. A disk pack is initially formatted
during a format operation which is effected through a format
cospand .

Pirsc Seek. The first seek operation is an automatic, self-initiated
function of the disk drive, consisting of a cumplete forward motion
at low speed from the retracted position of the heads all the way
into the disk pack (beyond the last cylinder), until the carriage is
stopped by the forwvard mechanical stop (Crash Stop}, immediately
followed by a reverse motion to the home position at cylinder 000.

The first seek operation commences when the disk pack in the drive
reaches 70 percent of its operating rotational speed. The first seek
concludes the power up sequence when it causes the HEAD EXT/RET
switchen to transfer by moving the heads out of their retracted
position. The first seek is completed when the heads are positioned
at cylinder 000. 2t the successful completion of the first seek
operation, the disk drive is ready for on-line operations.

Programmed Seek. The programmed seek is a processor initiated,
controller directed operation. A programmed seek oparation to any
desired cylinder is possible when the cylinder address at which the
heads in the selected drive are currently positioned, is known.
Initially this is the first cylinder (cylinder address 000), later .
is the cylinder address whexre the heads were positioned at after
cessation of the last accessing operation. A programmad seek is
initiated by a seek command from the processor. The controller then
selacts the specified disk drive and determines the cylinder and head
addresses. The cylinder difference is the difference count between
the cylinder to be accessed and the cylinder the heads are at. The
Seek logic is microprogram implemented. The logic flow of the Seek
operation is shown in the Seek flow diagram in appendix A. The seek
command is coded on the Bus and Tag lines as shown in Table 2-6, and
together with the address information, sent to the selected disk
drive.

Seek Timing Considerations. The timing inter-relationships, although
related through signal interaction, can be classified as follows:

® Those pertaining to disk pack motion, its control and
measurement.

® Those pertaining to head movement, its control and measurement.

The operating rotational speed of the disk pack is maintained at
2400 rpm +2 percent. To enable the measurement of this speed at all
times, the disk pack's rotation is monitored by electromagnetic means
through the use of an index-transducer (see Figure 2-22). At 2400
rpm, the frequency of recurrence of the index pulse will be 40 Hz;
time duration between index pulses then is 25 ms, while the duration
of the index pulse itself is 80 us. The relative positioning of one
index pulse with respect to all other index pulses is 18 us.

The time necessary to position the heads in the model 114 from

cylinder 000 to cylinder 202 (maximum positioning time), is 65 ms.
The time needed to position the heads in the model 215 from cylinder
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Figure 2-22. Index and Speed Detection

000 to cylinder 405 is 55 ms. The time required to position the
heads from one cylinder to the next cylinder in both models disk
drive, is 12 ms (minimum positioning time). The average head posi-
tioning time is based upon 50 percent of the maximum positioning
time, i.e.; 32.5 ms for the model 114, and 27.5 ms for the model 215.
Average rotational latency in both models disk drive is 12.5 ms.

2.4.7.3 Restore Operation

The restore operation is essentially a seek operation, in the sense
that it causes the heads in the selected drive, from whatever cylin-
der they are at, to be positioned at cylinder 000. Thus, in effect,
it is a seek operation to cylinder 000. The Restore logic is micro-
program implemented. The logic flow is shown in the Restore flow
diagram in appendix A. The Restore command is coded on the Bus and
Tag interface lines as shown in Table 2-6, and sent to the selected
disk drive.

2.4.7.4 Write Operation

Data is recorded on the disk pack using a double frequency bit-serial
NRZ recording scheme. In this method of data recording a clock pulse
is injected at the beginning of each bit cell time (Figure 2-23). A
ONE bit, in the form of a data pulse, doubles the pulse frequency
while a ZERO bit, represented by the absence of a data pulse, does
not influence the clock pulse frequency.
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The write head works in conjunction with a tunnel erase head which is
located in the head pad, slightly behind the write head. The combi-
nation write head/erase head enables the model 114 disk drive to
write a 0.010 inch wide data track, then immediately erase it to a
0.007 inch wide, sharply defined track; in model 215 disk drives, data
is recorded in an 0.007 inch wide track which is narrowed to a
sharply defined 0.004 inch wide track by the erase head.

The purpose of the write and erase operations is to convert incoming
digital data into a signal that will cause controlled magnetization
of specific areas on the disks, in such a manner that when these
magnetic patterns are read back, they will generate an electrical
pulse train which translates into data that is identical to the
original information. A typical write sequence data bit pattern is
shown in Figure 2-24.

1 1] 1 1 1
CP DPCP CP DPCPODPCP DPCP cCPDPCP

g \ A ANV l\ M\[\

WRITE
DRIVER

CURRENT IN
WRITE COILS

MAGNETIC
DISK SURFACE
YY"
S = SOUTH POLE CP = CLOCK PULSE
N = NORTH POLE DP = DATA PULSE

Figure 2-24. Write Operation fre70
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2.4.7.5 Write Command

The write operation is actualy a combined write and erase opera
tion. The tunnel-erase head located directly behind the write head
in the same head pad, is used to tunnel erase the track after writ-
ing. This causes the tracks to be sharply defined while it simul-
taneously creates buffering inter-tracks that minimize crosstalk
(Figure 2-25). A write operation is initiated by a write command
from the processor. The controller then initiates a seek opera-
tion to direct the heads to the desired cylinder, selects the head
associated with the specified track, and verifies that the correct
track is accessed. Writing can commence after successful execution
of the aforementioned operations. During the writing of data,

data transfers are made from the 1S/1000 memory to the controller,
where the data is checked, serialized, and then sent to the disk
drive. In the drive this electrically coded data is recorded onto
the selected track in the form of magnetic flux reversal patterns.

The write logic is micro program implemented. The logic flow of
the write operation is shown in the write flow diagram in appendix
A. The Write command is coded on the Bus and Tag lines as shown in
Table 2-6, and sent to the selected disk drive.

m DISK MOTION

.,
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NEW
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|
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|
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]
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—————— - —— _E
WRITE GATE i
l
]
ERASE GATE i
.
Figure 2-25. Head/Disk, Physical/Electrical Relationships 1071

INFORMATION SYSTEMS

2-74



] o ] . TO31S5-2UYQ-12
2.4.7.6 Write Timing Considerations

Frequency of the clock oscillator is 1.25 MHz, i.e., a 200 ns pulse
is written every 800 ns (Figure 2-23). This 800 ns time interval
between two clock pulses is called the data cell or bit cell time.
A ONE is represented by a 200 ns pulse entered into the data cell
time slot, i.e., between two clock pulses. Pulses are now 400 ns
apart, thus effectively doubling the pulse frequency to 2.5 MHz.

A ZERO is represented by two consecutive clock pulses without an
interspersed data pulse. Maximum, i.e., worst case, rise and fall
times of the squared clock and data pulses must not be more than
30 ns.

Commencement of the write and erase functions coincides and the
controller therefore activates the write and erase gating signals
simultaneously. However, since the erase head is physically located
behind the write head with respect to the recording track, a point

on the track passes under the write head approximately 50 us before

it passes under the erase head. (Figure 2-25). The controller
counteracts the time displacement between the recording and the tunnel
erasure of the same point on the track, by dropping the write gate

50 us before the erase gate.

2.4.7.7 Write Data Transfer Rate

The data transfer rate during a write operation is 1.25 M bits per
second between the processor and the subsystem. Within the sub-
system the bit rate varies between 1.25 M bits per second for ZERO
signifying data units, and 2.5 M bits per second for ONE
signifying data units. To ensure that the read data bit rate

will be within specified limits, the data bit rate during

write operations must not vary more than 0.3 percent from

nominal.

2.4.7.8 Format Track Operation

The format track operation is basically a write operation. Every-
thing that has been said for the write operation applies equally

to the format track operation. However, instead of random data
which may be scattered throughout the processor memory, only very
specific data, permanently assigned to specific locations in memory,
is repetitively accessed and transferred from memory during the
formatting of a track. The format used to store data on a disk
pack in a GTE/IS magnetic disk subsystem, is an IBM compatible fixed
format, as shown in Figure 2-16 and 2-17. The format track opera-
tion is used to establish this format on a track, As can be seen
from Figure 2-16, the. track format consists basically of three major
parts:

Home Address.
Track Descriptor Record.

Data Records, of which there are sixteen to a track.
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Each track is doated and subsequently ended by an index

marker. The data areas of all records are filled with
ZEROES.

The track fomatting logic is micro program implemented. The logic
flow of the format track operation is shown in the format track flow
diagram in appendix A.

The format command is coded on the Bus and Tag lines as shown in
Table 2-6.

2.4.7.9 Read Operation

The read operation is for all practical purposes the inverse of the
write operation. During a write operation, data represented by a
bi-directional electrical current flowing through the write coil,
is transformed into magnetic flux reversals in the write core, and
stored as magnetic flux reversals in the magnetic surface of the
recording medium passing across the write gap. During a read
operation, the magnetic polarity reversing flux patterns on the
recording medium passing across the read gap, induce electrical
voltage pulses in the read coil, which then translate back into
data.

The induced electrical voltages across the read coil approximate

a sine wave with each peak representing a pulse. The sine wave
frequency therefore is half the pulse rate. When reading clock
pulses only, i.e., ZERO representing flux patterns in the recording
track, the signal frequency is 625 kHz. The pulse rate, however,
being twice the signal freguency is 1.25 M bits/sec. When reading
clock and data pulses, i.e., ONE representing magnetic patterns

on the recording track, the signal frequency is 1.25 MHz, the pulse
rate 2.5 M bits/sec, and the data bit rate 1.25 MHz.

A typical read sequence bit pattern is shown in Figure 2-26.

2.4.7.10 Read Command

The purpose of the read operation is to convert data that is mag-
netically coded on the disk pack for off-line storage, into
equivalent, electrically coded data for on-line processing.

A read operation is initiated by a read command from the processor.
The controller then initiates a seek operation to direct the heads
to the desired cylinder, selects the head associated with the
specified track, and verifies that the correct track is accessed.
Reading can commence after successful execution of the aforemen-
tioned operations.

During a read operation, the disk drive translates magnetic flux

reversals on the disk pack into electrical pulses, which, after
signal qualification and conditioning are sent to the controller.
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Figure 2-26. Read Operation
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In the controller this serial data from the disk drive is inter-

preted, checked and reformatted for parallel transmission to the
processor.

The read logic is micro program implemented. The logic flow of
the read operation is shown in the read flow diagram, in appendix
A. The read command is coded on the Bus and Tag lines as shown in
Table 2-6, and sent to the selected disk drive.

2.4.7.11 Read Timing Considerations

The Read function is enabled when the Control Tag and the Bus lines
are active simultaneously (Table 2-6). To ensure definite function
interpretation, the Bus line must become active at least 200 ns
prior to the Tag line and remain active for at least 200 ns after
the Tag line has been deactivated. Minimal signal duration is 800
ns for the Tag pulse and 1200 ns for the Bus line pulse. Once de-
activated, the bus line must remain inactive for at least 400 ns
before it can become active again. Read Gate and Read Data become
active at the same time, but Read Data is considered reliable only
when read at least 10 us after Select Head or Advance Head.

2.4.7.12 Read Data Transfer Rate

The data transfer rate during a read operation is determined by the
recording density and the rotational speed of the disk pack being
read. The nominal bit rate is 1.25 million bits per second. Due
to the inherent differences in head access and spindle speed varia-
tions among individual drives in the same subsystem, or even from
one subsystem to the other, this nominal. bit rate may vary as much
as +15 percent.

2.4.7.13 Read Track Descriptor Operation

The read track descriptor operation is basically a read operation.
Everything that has been said for the read operation applies egually
to the read track descriptor operation. However, instead of reading
the contents of an entire track, only the information comprising the
five words of the header and the four data words of the specified
track descriptor record, are sampled. This information can then be
used for flagging or other identification purposes.

The read track descriptor logic is micro program implemented. The
logic flow of the read track descriptor operation is shown in the
corresponding flow diagram in appendix A. The read track descrip-
tor command is coded on the Bus and Tag lines as shown in Table 2-6,
and sent to the selected disk drive.

2.4.7.14 Verify Operation

The verify operation is basically a read operation. Everything that
has been said for the read operation applies equally to the verify
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operation. However, the operation is limited to reading for verifi-
cation purposes only, and no data transfers to the I8/1000 proces-
sor take place. The verify operation is especially intended for the
checking of header and cyclic check words after a write operation.

The verify logic is micro program implemented. The logic flow of
the verify operation is shown in the verify flow diagram in appendix
A. The verify command is coded on the Bus and Tag lines as shown

in Table 2-6, and sent to the selected disk drive.

2.4.7.15 Read Status Operation

The read status operation has nothing in common with the regular

read operation, which gathers data from the disk pack. A read status
operation is initiated by a read status command from the processor.
During the read status operation controller status information is
sent to the processor by transferring the status words to the
IS/1000 memory, in the following order:

1. Major status.

2. Minor status.

3. Number of words or sectors that have not been transferred.

4. DMA address location of last word transferred a  termina
tion of last operation preceding the read status operation.

5. Link address of the last packet control word pertaining to

the previous operation.

Optionally, the following two additional status words may be sent
to the 1S/1000 memory:

1. Cylinder and head address.
2. Sector address.

These optional two status words will only be sent to the processor
if so specified and when a word count greater than 5 is encountered.

The read status logic is micro-program implemented. The logic flow
of the read status operation is shown in the read status flow dia-
gram in appendix A. The read status command is coded on the Bus
and Tag lines as shown in Table 2-6, and sent to the selected disk
drive.
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SECTION 3
OPERATING PROCEDURES

3.1 GENERAL

This section describes the operation and interpretation of the
controls and indicators on the processor and disk drive control
panels. Proper operation and correct interpretation of these
controls and indicators, enables controlled initiation, modifica-
tion, monitoring and suspension of all disk operations.

3.2 CONTROL PANELS

The operator control panels provide the switches and indicators

required for operator communication between the processor and the
disk subsystem.

3.2.1 Processor Operator Panel

The model 4821-01 1S/1000 control panel enables the operator to
control processor operation for programming and maintenance purposes.

The control panel is shown in Figure 3-1. The functions of the
control panel switches and indicators are described in Table 3-1.

Figure 3-1.

T nors
1S/1000 Control Panel

INFORMATION SYSTEMS



TO31S5-2UYQ-12
Table 3-1. Co

Switch or
Indicator

ntrol Panel Functions (Sheet 1 of 5)

Type

Function

LOCK/ON/OFF

POWER

LT

0 thru 15
Data

Entry

Key Switch

Indicator

Momentary

Indicator

Indicator

Indicator

Indicator

Indicator

Toggle
switches*

aOperative onl

CPU is in the halt mode

3-2

P!
ly when the LTOCK/ON/OFF switch 1s in the ON position and the

pRe—

Insertion of the key is required to turn this
switch to any position.

In the LOCK position, power is applied, but
no switches are operative. The SENSE switches
are considered to be in the down position
when the key switch is in this position.

In the ON position, power is applied and all

panel switches and indicators are operative.

In the OFF position, no power is available to
the processor.

Comes on when power is applied to the

Pprocessvr .

¥hen raised and released, initiates automatic
loading of a bootstrap program from the ROM
into memory and puts the CPU in the run mode,
executing the program loaded from the ROM

Actuating this switch with the power panel
connected resets the system prior to automatic
loading of the bootstrap program.

Comes on when the CPU is in the run mode.

Displays the contents of S~-Register bit 8,
which indicates a less-than arithmetic
condition.

Displays the contents of S-Register bit 9,
which indicates a greater-than arithmetic
condition.

Display= the contents of A-Register bit 10,
which indicates an equal-to arithmetic
condition.

Displays the contents of S-Register bit 11,
which indicates an overflow arithmetic
condition.

In the up position, these switches insert a
ONF into the corresponding bit positions of thel
selected register when the MODE switch is in
the WRITE position and the INITIATE switch is
ressed.
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Table 3-1. Control Panel Functions (Sheet 2 of 5)

Switch or
Indicator Type

Function

0 thru 15 Indicators
Data
Display

GP Toggle

REGISTER/ switches*
| SENSE 8,
4, 2,.1

REGISTER Toggle
SELECT switches*
P' I' "

When the MODE switch is in the READ position,
these indicators display the contents of the
register specified by the REGISTER SELECT
switches.

When the M Register is selected (M up, P and
I down), the INITIATE switch must be pressed
before the contents of the memory location
specified by the address in the P Register
are displayed.

When the MODE switch is in the WRITE position,
these indicators display the contents of the
data switches.

An indicator that is lit (on) displays a
ONE bit.

Used to select one of the general-purpcse

X Registers when REGISTER SELECT switches

P, I and M are all in the down position. The
8, 4, 2 and 1 switches represent different
binary values (weights). A switch set to the
up position represents a ONE in that bit
position. The combination of all four GP
REGISTER switches is used to select the
desired general-purpose register. For
examplie, when all four switches are down,

the A Register (X-Register 0) is selected.
Wher. only the right-most switch is up, the B
Register (X-Register 1) is selected. All four
switches up selects X-Register 15

(binary 1111).

When the CPU is executing instructions, the
switches act as program sense switches to
allow external control over specified program
operations. The up position specifies a
logical ONE. The program can determine the
gstate of the switches using BST and BSF
instructions.

The P and I switches, respectively, select
the P or I Register when in the up positiocn.
In the up position, the M switch selects the
M Register. When P, I and M are in the down
position, the X Register specified by the
GP REGISTER/SENSE switches is selected.

®Operative only vwher che LOCK/ON/OFF switch is in the ON pcsition and the

__ CPU is in the halt mode
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Table 3-1. Control Panel Functions (Sheet 3 of 5)

Switch or
Indicator Type Function

When more than one switch is up, the
left-most switch has priority. Thus, to
select the I Register, the P switch must
be down. To use the M switch, the P and I
switches must be down.

The direction of transfer must be selected
by setting the MODE READ/WIITE switch and,
if an X Register is selec+s-. the GP
REGISTER/SENSE switches mus- be properly
set.

MODE Toggle In the READ position, when the INITIATE
READ/WRITE switch® switch is pressed and the M switch is
selected (M switch up, P and I switches
down), the contents of the memory location
specified by the contents of the P Register
are shown on the data display indicato:rs.
The contents of the P, I or a general-purpcse
register may be displayed simply by |
selecting the appropriate register. The
INITIATE switch need not be pressed.

In the WRITE position, when the INITIATE
switch is pressed, information from the
data switches is transferred to either
the register selected by the P, I or GP
REGISTER switches, or, if the M switch is
selected, the memory location specified
by the contents of the P Register.

INITIATE Momentary when the MODE switch is set to the WRITE
switch?* position the INITIATE switch is pressed

to enter information from the data switches
into the selected register or memory:

[ ] The P Register when the P switch
is up.

e The memory location specified by
the contents of the P Register
when the M switch is up and the
P and I switches are down.

*Operative only when the LOCK/ON/OFF switch is in the ON position and the
CPU is in the halt mode
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gwltch or
Indicator

Type

TO31S5-2UYQ-12

Function

HALT

Momentary
svitch

e The general-purpose register selecte:l
by the GP REGISTER switches when the
P, I and M switches are down.

NOTE: OData te not written into
the I Register.

When the MODE switch is set to the READ
position, the M switch is selected and the
INITIATE switch is pressed, the contents
of the memory location specified by the
contents of the P Register are shown on
the data display indicators.

when the MODE switch is set to the READ
position, the contents of the following
is displayed on the data display indicators:

e The P Register when the P switch
is up.

© The I Register when the I switch is
up and P is down.

o The general-purpose register selected
by the GP REGISTER switches when the
P, I and M switches are down.

when the CPU is in vhe run mode, pressing the
HALT switch stops program execution at the
completion of the instruction in process.

when the CPU is in the halt mode:

e If the M switch is selected, pressing
the HALT switch increments the P
Register and initiates a read/restore
memory cycle. This has the effect
of stepping through the memory and
displaying the contents of each
successive location on the data display
indicators.

Stepping through memory in this way
displays the contents of successive
locations but does not enable writing
of data into memory, even if the MODE
switch is set to WRITE.
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Table 3-1. Control Panel Functions (Sheet 5 of 5)

Switch or
Indicator

TYP«

Function

RESET

RUN

Momentary
switch®

Momentary
switch?*

If the M switch is not selected,
pressing the HALT switch cause:z cne
instruction to be executed. This
instruction is in the memory location
specified: by the contents of the ¥
Register. After execution of the
instruction, the P Register specifies
the location of the next instruction
to be executed.

Pressing this switch when the CPU 1s in
the halt mode effects the CPU logic as
follows:

Resets the arithmetic overflow
flip-flop.

Resets the memory control flip-flops.

Resets the automatic program=-load
flip-flop and indicator.

Sets all N-Register flip-flops
(unmasks all interrupts).

Resets all interrupt flip-flops.

Resets the interrupt control
sequencer.

Readies the instruction-trap
interrupt for service.

Readies the power-fail /restart
interrupt for service.

Resets all device controllers on the
I/0 bus.

when pressed, starts automatic prograrn
execution with the instruction at the
memory ‘ocation speci’ied by the contents
of th: P Register.

|
E*Operative only when the LOCK/ON/OFF switch is 1n the ON position and the
| CPU is in the halt mode

3-6
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3.2.2 Format Protect Switch

The read/write protect switch is located on the powar sequence caxd
in the card file chassis of the interface assembly. Ths switch is
ghown in Picure 3-2. The functions of the Switch are described in
Tabla 3-2.

3.2.3 Disk Drive Control Panel

The operator control panuls diffexr for the modele 114, 213 and 215
disk driver. They ara described separately in the following
paragraphs.

I

r_I

POWER “EQUENCE CARD

COMPOMENT SIDE

w1
Fonmrmmec'rm'rctl\
Figure 3-2. Format Protect Switch 1074
Table 3-2. Format Protect Switch
Switch Setting Function
Up The trach format of the d‘sk pack

in the selacted disk drive can not
be altered,

Down The accessed track of the disk
pack in the selected drive can be
formatted.
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3.2.3.1 Model 114 Disk Drive

The model 114 operator control panel is shown in Figure 3-3. The
functions of the switches and indicators are described in Teble 3-3,

3.2.3.2 Model 213 Disk Drive

The model 213 opcrator panel is shown in Pigure 3-4a. The functions
of the switches and indicators are cdeacribed in Table 3-4.

3.2.3.3 Model 215 Disk Drive

The model 215 operator panel is shown in Figure 3-4t. The function
of the switches and indicators is the same as for the model 213,
Refer to Table 3-4 for a description of switch and indicator
functions,

U“l'l' SELECT SWITCH

seLect [ rowen
[m" onLy | Loc

T
Figure 3-3. Model 114, Operator Control Panel

Table 3-3 Model 114, Controls and Indicators

Coantrol/Indicator Function

POWER ON Pushbutton/ Initiates and indicates power-up

Indicator, white or powar-down seguence when
pressed.

READ ONLY Pushbutton/ Indicates that any write operation

Indicator, yellow is inhibited when pressed to light.

SELECT LOCK Indicates that an unsafe drive

Indicator, red condition exists.

READY Indicates that the drive is ready

indicator, green for operation

Unit Select Switch Provides On-line Signal and Unit
select number to controller when
turned to slot position and
pushed down.
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. 11076
Figure 3-4. Model 213/215 Operator Control Panels
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Table 3-4. Model 213/215, Controls and Indicators

Control/Indicator Punction

ON/OFF Switch Toggla switch used to initiate a power-up,
or power-down gequance.

File Number Indicates that initial seek is complete and
¢Iudicator (Green) ! the drive is ready.

SELECT ILOCK Indicates an unsafe condition exists and
*Indicatoxr (Red) corrective action is required.

\‘Biu.t: Select Block Provides On-Line Signal and Unit Select
number to controller when inserted into
Unit Select Switch Selaector Socket,

*Push-to-test

3.3 PROGRAM LOADING

Program loading can be accomplished automatically, or through a
peripheral device. The next paragraphs describes the method of
autcma“ic program loading and through the TTY, since this is by
far the common periphleral used for program loading.

For program loading from other devices refer to the User’'s Manual,
GTE/IS publication E0006.

3.3.1 Automatic Program Load

Automatic program Load (APL) enables loading of the Bootstrap pro-
gram into memory from the ROM.

3.3.1.1 Control Panel APL

With the control panel connected and the CPU in the halt mode, the
APL function can be activated in one of two ways:

e With the LOCK/ON/OFF switch at the ON position, raise and
release the LOAD switch.

@ With the LOCK/ON/OFF switch at the LOCK position, APL may
be activated via the ALOAD+ and ALOAD- signals over the I/0
bus. ALOAD+ (normally low) goes high for about 10 us, then
low again. ALOAD- (normally high) goes low and then high
in sync with ALOAD+.

If APL is to be activated both via the 1/O bus and the control panel,
the switch on the 1/0 controller that activates the APL must have an
additional control corresponding to the key on the control panel.

This control disables the I/O bus switch controls from ALOAD+ and
ALOAD-. When enabled via a key on the control panel, APL cannot be

INFORMATION SYSTEMS
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activated from the I/O bus. When APL is enabled by a switch similar
to a key and is activated over the 1/0 bus, the APL function cannot
be activated from the control panel.

3.3.1.2 Power Panel APL

The pcwer panel APL function has the same interlock as the control
panel. In addition, APL causes the CPU and controller (via I/0
signal SYRST-) to be reset when activated.

3.3.1.3 Blank Panel APL

since the CPU does not require either the coatrxol panel or the power
panel for operation, a blank panel may be usaed. Under thease condi-

tions, the APL function is controlled exclusively from the I/0 bus.

This eliminates the interlocking function only, but still allows the
CPU and controllers to ba reset during APL.

3.3.1.4 APL Cautions

Activation of the APL feature via the 1/O bus or from the power panel
is not synchronized with CPU timing. Therefore, if the CPU is execu-
ting programs when the APL is activated, the resetting of the CPU
will probably alter the contents of the registers in the CPU.

The memory interface is designed so that resetting the CPU does not
affect reading data from memory. If, however, the CPU is writing

into memory when it is reset, the data that is written cannot be
assumed to be correct.

3.3.2 Program Loading

The following describes program loading via the TTY paper tape
reader.

Perform program loading as follows:
1. Determine the type of ROM in the system: single-segment,
four-segment, or two-segment. The TTY program is resident

in the following ROM segments:

e Single-segment ROM: segment |.
e Four-segment ROM: segment I.
@ Two-segment ROM: segment II.

2. Perform program loading procedures for a specific ROM as
follows:

@ Single-segment ROM - perform step 3.
e Four-segment ROM - perform step 4.

e Two-segment ROM - perform step 5.

INFORMATION SYSTEMS
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k. If che ocperator decsires to verify a tape after loading,
proceed to ctep 1. 109

1. 1ioed the tape as described previously with SEESE
switch 2 up.

B. Rewind the tape and load it a second time with SENSE
switch 1 up.

If an error is detec2d during either load operation,
the processor halts w'th the I-Register set to one of
the values listed in Tuble .-6. If loading is success-
ful, the I-Register valwe is $1l.

4. Perform antomatic loading of an absolute prograam using
four-gegment ROM as follows:

a. Ready the program on the input device (steps 3a
thru 34).

b. At the processor control panel, press HALT then RESET.
c. Set the SENSE switches as follows:

e 8 down.
e 4 dowmn.

® 2 up if it is desired to halt the program just
loaded before control is transferred to it.

@ 1 up if it is desired to halt the program to
ingpect and/or enter configuration data into
the processor A and B Registers.

4. Sat P, I, and M down.

a. Lift ¢ A release LOAD. If SENSE switch 1 is down, the
program ioads into the processor core memOry.

A halt occurs with any of the I-Register values shown
in Table 3-7

Table 3-6. Tape Load Halts, Single-Segment ROM

I-nRegister Value Meaning
$1 Succesaful load.
SF Chacksum error.
$1F Verify error.
S2F I/0 instruction rejected.
$3F Load error.

GEL3 NFORMATION SYSTEMS
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Table 3-7. Tape Load Halts, Four-Segment ROM

I-Register

vaiuve

$22

$3B

L

<A
Q

Enter configuration data in Eater data and press

A Register. RUN.
Halt prior to branching to Press RUN.
Fiogxanm.

Bad checksum on last record. Restart ROM.

Check checksum on record Restart ROM by
last read. presaing RUN.
I/0 instruction reject. Restart ROM at P=$55.

f.

g

Enter or ingpect configuration data in th: A and B
Registers as follows:

© A Ragister:

Bits Use
0 thru 3 Unused.
4 thru 7 Interrupt line.
8 thru 9 Unused.
10 thru 15 Device address.

® B Registr ° - Not used.

Press RUN. The program loads into the processor core
memory.

5. Perform automatic loading of an absolute program using
two-gegnent ROM as follows:

e
b.
Co

d.

Ready the program on the input device (steps 3a thru 34).
Press HALT and then RESET.
Set the SENSE switches as follows:

@ 8 up.

® 4 up,
@ 2 up if it is desired to halt the program just
loaded bsfore control ig transferved to it.

® 1 dowmn.
Set P, ¥, and M down.

Lift and zxelease LOAD. The program loads into the
Procesgor core memory.

3 NFORMATION SYSTEMS
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SECTION 4
INSTALLATION

4.1 GENERAL

This section outlines the basic procedures to install and prepare
the hardware for operation. Correct installation is a prerequisite

to proper operation and should only be performed by qualified
service personnel.

WARNING

Before performing any of the installation or removal
procedures in this section, ensure that all electrical power
is removed from the units and the chassis to prevent possible
injury or equipment damage.

Due care should be exercised and proper tools used at all times,
to prevent damage to the boards and/or the equipment.

4.2 SITE REQUIREMENTS

4,2.1 Power

The PDC and DCI logic boards are both to be installed in a regular
IS/1000 powered chassis (assembly 101787), or in an extended
powered chassis (assembly 103039). They must preferably be
installed one directly above the other. The chassis is mounted

in a regular 19-inch electronic component rack or cabinet.

The IOL, MUX, PLO, PSQ and SMX logic cards are all installed in the
card file of the disk interface chassis (assembly 103982). They
must be inserted in the order given in Figure 4-1. The interface

chassis is mounted in the same 19 inch electronic component rack or
cabinet.

The ac power panel is mounted in the same cabinet as the powered
chassis and the disk interface assembly.

Requirements

The power requirements for the controller are given in Table 4-1.

Power requirement for the PDC board is +5.0 Vdc at 7.0 A. This
power is supplied by the chassis power supplies.

Power requirement for the DCI board is +5.0 Vdc at 2.0 A. This
power is supplied by the chassis power supplies.

The power required by the card complement of the disk interface
card file is supplied by a self contained power supply. This
power supply also provides the +5.0 Vdc at 1.0 A, needed for the
terminator terminating the signal lines of the multiplex cable
in the last disk drive of the disk system.

G INFORMATION SYSTEMS
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/
i
OBCILLATOR CARD
1/Q LOGIC CARD
MULTIPLEX CARDS

SIMPLEX CARDS

~Toy

Figure 4-1. Card File, Card Locations.

AC power required by the entire disk subsystem is determined by the
size of the disk system. The controller requires a 110 Vac, single
phase, power source. Model 114 disk drives require single phase or
three phase 208 oxr 230 Vac, Model 215 disk drives require three phase
208 or 230 Vac. The drives receive their ac power via the power
distribution panel in the controller, which enables the controller
powering up and down sequences in case of multi-spindle disk sub-
systems. Additionally, the three phase 208/230 Vac, is rotated from
drive to drive. Power consumption of the 110 Vac depends upon ths
cozplement of logic boards and cards used in addition to tha PDC and
IOC boaxds. Power consumption of the 208 or 230 Vac dspends npon
how many disk drives the subsystem consists of and can be computed
from the data giver in Table 4-1.

4.2.2 Environmental Requirements

The controller is designed to cperate in a normal data processing
enviromment.

4.2.2.1 Temperature
Under operating conditions the temperature range must be between

60°F and 90°F, with a maximum allowable temperature variation of
15°F per hour. Under non-operating conditions, the temperature

G5 NFORMATION SYSTEMS
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Power Consumption

Heat
Equipment Voltage Current Dissipation
PDC Board +5 vdc 7A
DCIY Board +5 vdc 2A
I/0 Assembly | +5 Vdc
Terminator +5 vdc 1A
Starting Operating

Disk Drive 208/230 + 10% Vac 20 A for 3.52a 2050 BTU/hr
Model 114 single phase 7 seconds

60 £ 0.5 Hz

50 £ 0.5 Hz (Optional)
Disk Drive 208/230 = 10% Vac 20 A for 4.3 A 2900 BTU/hr
Model 213 three phase 7 seconds

60 £ 0.5 Hz

50 # G.5 Hz (Optional)
Disk Drive 208/230 £ 10% Vac 20 A for 4.3 A 5800 BTU/hr
Model 215 three phase 7 seconds per spindle

per spindle
60 £ 0,5 Hz
50 £ 0.5 Hz (Optional)
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range can be between -30°F and 150°P. Cooling for the PDC and IOC
boards is provided by the chassis power supply cooling fans which
provide a positive pressure airflow across tha horizontal PC boards,
The intoxf-ce assesmbly is cooled by a selfcontained fan.

4.2.2.2 Relative Humidity

Under operating conditions the relative humidity must be between
10 percent and 80 parcent. Unfder non-operating conditions, the
relative humidity can ba between 5 percent and 98 percent. In
either case, condensation must be prevented at all times.

4.3 CABLING AND PATCHING

The system cabling, as shown in Figures 4-2, 4-9 and 4-24, consists
of four types of cabling:

1. Processor to controller interface cabling.

2. Intra-controller cabling.

3. Controller to device interface cabling.

4, Power cabling.
Five types of patching are possible:

1. Address patching.

2. Interrupt and ICl patching.

3. DMA-priority patching.

4. Drive type recognition patching.

5. Number of SMX cards patching.

4.3.1 Processor to Controller Interface Cabling

The processor to controller interface is constituted by the regular
internal interface, i.e., two 50-line flat ribbon cables connecting
the J1 and J2 edge connectors of the CPU board to the J1 and J2
edge connectors of the PDC board. The interna interfface cable is
illustrated in Figure 4-3. Figure 4-3 adso gives the physica pin
designations of the edge connectors. For  eectricd  signd line/
connector pin designations, alphabetically by mnemonic, refer to

Tables 4-2 and 4-3. For a numerical by pin number listing, refer
to engineering drawing 300337, page 4, of Appendix C.

INFORMATION SYSTEMS
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Figure 4-2. 1S/1000 Magnetic Disk System Cabling Diagram
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1
Table 4-2. PDC Board, Edge Connector J

el

! Signal Nume 1'1: | Ground J Signal Namg
DAG1~ 4 DiAP) 4+ 22
DAOS~ 46 17 4 DMAP 2+ 26
DIBOO- s 19 G DMAR3+ 42
D801~ s al o EXo- 1
CIEN2- 12 23 G INTOS- 32
D1BO3~ 13 25 QD INTCO~ 3
DIBO4~ 3 27 GND D) O~ 34
DIBOS- 16 29 ‘ Qi ¥r11- 3s
LIBOG~ 1 kK G¥D INT2 2= 3¢
DIBO?7~ n 33 [=-77) ﬂ INTZ 3~ I 2%
DIBOg~ B 25 GD INT14~ ’ 40
DIBO9- 16 37 GHD THYLS- 24
D1Blo~ 9 39 cNp RO~ 48
DIB11- 10 4 GND OF1~ 50
DIB12- 7 43 @D FZe 47
DIB13- 8 45 GND PCLK- 44
DIB14- 2 s |
| . | ™




Table 4-3. PDC Board, Edge Connector J2

TO31S5-2UYQ-12

Signal Mame Pin Ground Signal Name Pin Ground
ALOALA 40 2 GND DOB04-~ 14
ALOAD~ 42 4 GND DOBOS~ 15
BUSY+ 27 6 GND DOB06- 16
DACO-- 44 8 GND DOBO7- 13
DAD2-~ 45 26 GND DOBC8~ 24
DAO 3~ 46 28 GND DOB09~ 20
DAO4~ 47 31 GND DOB10~ 22
DMACWO~ 34 33 GND DOBll~ 10
DMACH1 - 32 DOBl12~ 12
DMALD~ 7 35 GND DOB13~ 11
DMAMS ~ 36 37 GND DOB14~ 23
DMAST- 38 39 GND I DOB15- 25
DMOS~- 29 43 GND KFO~- 48
DHRQ- 1 Krl- 49
DHRS - 3 KF2~ 50
nOBOO- 19 PFFIP- 41
poBNl.- 1? FRLD=~- 30
DOBO2~ 18 SYRST= S
Do803-~ 21
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4.3.2

Intra Controller Cabling

The intra-controller cabling consists of the following cables:

One 50-line flat ribbon cable connecting the J3 edge connector
of the PDC board to the J3 edge connector of the DCI board.
The cable is illustrated in Fiqure 4-3, and shows the physical
pin designations. For electrical signal line/connector pin
designatioas, alphabetically by mnemonic, refer to Table 4-4
and 4-5. For a numerical by pin number listing, refer to sheet
4 of engineering drawings 300337 and 300352, of Appendix C.

Three identical 30-line cables connect the J11, J12 and J13
edge connectors of the DCI board to the J31, J32 and J33
connectors of the interface assembly, respectively. The
cable is illustrated in Figure 4-4. For physical pin desig-
nations, see Figure 4-8. For electrical signal line/connector
pin designations, alphabetically by mnemonic, refer to

Tables 4-6, 4-7, and 4-8. For a numerical by pin number

listing, refer to engineering drawing 300352, sheet 4, of
Appendix C.

4.3.3 Controller to Device Interface Cabling

The controller to device interface comprises the following cables:

One 100-line signa cable connecting the J2 connector of the
interface  assembly to the SIGNAL IN connector of the first
disk drive in the disk subsystem. In a multiple spindle
system, the signals input to the first drive, must be

!

l
l

H fiitt !! ’(I
f

anpasnNERERNREBRROREANEE
TRIRTRRRRRRRRORIRRERERIO!
O O L TR LT

;
J

. ]

16920

Figure 4-3. Internal Interface Cable/Connector Assemiblry
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Signal Wame Pir ¥Wo. Ground Signal Name Pin. Ro, Ground
BRDY- 47 4 GND I0DO~ 21 28 GND
CLR# 43 4 GND 10D~ 23 30 GND
DAO- 6 GND 10D2~ 25 32 GND
DAl~ 7 8 GND I0D3~ 27 34 GND
DA2~ 10 GND I0D4~ 29 36 GND
DA3=~ 11 12 GND I0D5- 31 38 GND
DA¢~ 13 14 GND 10D6~ 33 40 GMD
DAS~ 15 16 GND 10D7- 35 42 GND
DAG6~ 17 18 GHND SRST- 3 44 GND
DA7- 19 20 GND STRB- 49 45 GND
DDL~ 41 22 GND 46 GND
EXTINT- 39 24 GND 48 GND
EXTRES- 2 26 GND 50 GND

Table 4-5. DCI Board, Edge Connector J3

Signal Name Pin No. Ground Signal Name Pin No. Ground
BRDY~ 47 1 GND I0D2=- 25 28 GND
CLK+ 43 4 GND I0D3~ 27 30 GND
DAQO- 6 GND I0D4- 29 32 GND
DAOl- 8 GND I0D5- 31 34 GND
DAO2~- 10 GND IOD6~ 33 36 GND
DAO3- 11 12 GND I0D7- 35 38 GND
DAO4~ 13 14 GND SRST- 3 40 GND
DAQS- 15 16 GND STRB- 49 42 @D
DAGG- 17 18 GND 44 GND
DAO7- 19 20 GND 46 GND
DDL~ 41 22 GND 48 GND
I0D0-~ 21 24 - GND 50 GND
I0D1~ 23 -26 GND
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ngure 4-4. Interface Control Cable/Connector Assembly, and Power

Regulator Cable

propagated to the next drive(s) by shorter cable segments

in daisy chain fashion. The cable must be terminated in the
last drive by a terminator. The cable is illustrated in
-Figure 4-5. For physical pin designations, see Figure 4-8.
For electrical signal line/connector pin designations, refer
to Table 4-9. For terminator and cable assembly numbers,
refer to Table 4-22.

From one to eight identical dc cables, depending upon the
number of disk drives in the subsystem. Each cable connects
one of the J34 thru J41 designated connectors on the interface
assembly, to the DC connector of a disk drive. Hence, each
disk drive in the subsystem is separately connected to the
controller by one such DC cable. The cable is illustrated in
-Figure 4-6. For physical pin designations, see Figure 4-8.
For electrical signal line/connector pin designations, refer
to Table 4-10. For cable assembly number refer to Table 4-22.

4.3.4 Power Cabling

The PDC and DCI boards receive electrical power in Standard 1S/1000
fashion, through edge connector P14, which on each-board is plugged
into receptacle J14 of the common power bus in back of the card
cage chassis.

4-10
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Table 4-6. DCI Board, Edge Connector J11

S8ignal Hame Pin Mo, Ground Signal Name Pin No, Ground
ATTENO-L 4 G YTTEN7-1 18 23 GND
ATTEI1~1 6 GND FDEVAl=-l 24 27 GND
ATTEN2~)1 8 GND FDEVA2-1 22
ATTEN3~1 10 11 GND FDEVA4~-1 20
ATTEN4~1 12 15 GND +12V (output) 28
ATTENS~1 14 17 GND +12V(output) 29
ATIENG-1 16 21 G¥D +12Vv (output) 30

| B

Table 4-7. DCI Board, Edge Connector J12

Signal Name Pin No. Ground ] Signal Name Pin No. Ground
BUSY-=1 13 3 GND ONLIN=-1 4 27 GND
CKA2-1 22 5 SND PKCHG~1 14
CikB2-1 24 9 GND RDDAT-1 18
CSRST- 26 11 GND SKINC-1 10
DSERR-1 16 15 GND SWPMTP~ 25
ENDCYL~1 7 17 GND UNSAF-1 8
INDEX=1 6 21 GND WCSEN-1 12
NOCLK=-1 20 | 23 GND 1

Table 4-8. DCI Board, Edge Connector J13

Signal Name Pin No. Ground ] Signal Name Pin No. Ground
CWIRL~1 24 3 GND DBUS7-1 14 27 GND
DBUSO-1 4 S GND DBUS3~1 16
pBUSl-1 | 6 9 GND FINHCK-1 25
DBUs2-1 7 11 GND STCYL~1 20
DBUS3-1 8 15 GND STHED~1 22
DBUS4-1 10 17 GND SYNC=-1 26
DBUSS5-1 12 21 GND WRTDAT-1 18
DBUS6-1 13 | 23 GND
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Figure 4-5. Signal Cable

11042

Figure 4-6. DC Cable
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Table 4-9. Signal Cable

” Signal Hame | Pin No. Ground Signal Name Pin Pa, Ground
D3USO- A B GHDA GATTENS- AJ AK GNDAJ ,
paUsSi- o4 D GNDC GATTENG~ AL M GNDAL
oaus2- E F GNDE GATTEMN7- AN | AP GNDAHN

" pumss- B |3 | omn GATTEN-(Spare) AR | AS | GNDAR
DBUS4- K L GNDK +5V AT | AU GNDAT
DBUSS~ M N GNDM NOT USED AV | AW GNDAV®
DBUS6~ P R GNDP CAO01 AX | Ay GNDAX
DBUS7~ 5 T GNDS CACO2 AZ | BA GNDAZ
KOT USED v v GNDU* CROO4 BB | BC GNDBB
STCYL~ W X GNDY CA008 BD | BE GNDBD
STHED- b 4 z GNDY CA016 BF BH GNDBF
CNTRL~ a b GNDa CA032 BJ | BK GNDBJ
MSELO- c - GNDc CA064 BL | BM GNDBL
MSEL1- £ g GNDZ CAl28 BN BP GNDN
MSEL2- h i GNDh BUSY~ BR { BS GNDBR
MSEL3- j k GNDj ONLIN- Br | Bu | GNDBY
MSE14- n n GNDamn INDEX~- BV BW GNDBV
MSELS- p q GNDp UNSAP- BX | BY GNDBX
MSEL6~ r s GNDY SKINC- BZ | CA GNDBZ
MSEL7~ t u GNDt ENDCYL- CB | cC GNDCB
MSEL- (Spare) v w GNDv PRCHG- cD CE GNDCD
GATTERO~ x Yy GDaxt WCSEN=- CF CH GNDCF
GATTEN1- z W GNDz HDEXT- cJ | CR SHGND
GATTEN2- AB |AC GNDAB CNTGND- CK | cs SHGND
GATTEN3- AD |AE GNDAD SPI36V+ cM

GATTEN4- AF | AH GNDAF 36VOUTH cL

INFORMATION SYSTEMS
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Table 4-10. DC Cable

Signal Rame Pin No. Ground !
WDATA- ) 5 3 DCGND
RDATA~ 12 25 SHGND
ATTEN- 21 26 GND21
SELM- 22 27 GND22
MSEL~ 23 28 GND23

The interface assembly derives its ac power through a cable which
plugs into an appropriate 110 Vac power source. The interface
assembly obtains power regulation via a two-wire cable connecting
the J46 connector on the interface assembly chassis, to edge con-
nector J12 of the nearest power regulator board.

The ac power distribution panel (PDP) has two power cables; one
connects to a 110 Vac single phase, the other to a 208 Vac three
phase power source.

The first disk drive in the disk subsystem is connected to the PDP
via the AC cable. The ac cable is a 7-conductor cable which connects
to the female bulkhead connector J1 on the PDP, and to the recessed
male bulkhead connector AC IN on the disk drive. In a multiple spindle
system, the voltages, input to the first drive must be propagated to
the next drive(s) by shorter cable segments. In a multiple spindle
system, the phase is also rotated from drive to drive. This phase
rotation is accomplished within each drive by cross wiring the pins
of the AC IN connector to those of the AC OUT connector within the

disk drive.

Control of the ac distribution by the Power Sequence logic board is
enabled by the dual conductor cable from the PDP to the J45 connector
on the back panel of the interface assembly chassis. The ac cable

is illustrated in Figure 4-7, the power regulator cable in Figure 4-4,
and the power control cable in Figure 4-24. For physica pin
designations, see Figure  4-8. For electrica signal/connector pin
designations, refer to Tables 4-11, 4-12 and 4-13. The complete
physicd cable routing is given in  Figure 4-9; for an illugtration

of the actua cabling see photograph in Figure 4-24. For cable
assembly numbers, refer to Table 4-23.

INFORMATION SYSTEMS
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OISTRIBUTION PANEL

TO ACIN ON DiSK DRIVE

i

Figure 4-7. AC Cable

4.3.5 Address Patching

The device address is coded by jumpering the patch modules in
locations D7 and E8 on the PDC board, as shown in Figure 4-10a.
(See also Appendix C, engineering drawing 300337, sheet 21). For
a ONE bit code jumper the odd numbered input pin (DAOO+ thru DAQ5+)
to the corresponding output pin (ADAOO+ thru ADAO5+). For a ZERO
bit code, jumper the even numbered input pin (DA00-1 thru DAO05-1)
to the corresponding output pin (DA0OO+ thru DAQ5+).

4.3.6 Interrupt and ICI Patching

The interrupt level is coded by jumpering the patch module in

location A10 of the PDC board, as shown in Figure 4-10b. (See also
Appendix C, engineering drawing 300337, sheet 21). The level is
determined by jumpering input term INTR-1 on pin 1 to any one of

the output pins 5 thru 13. According to which output pin is selected,
term INTR-1 will become term INTO08- thru INT15-.

The ICl is coded by jumpering the patch modules in locations A1l
and A12 of the PDC board, as shown in Figure 4-10c (see also
Appendix C, engineering drawing 300337, sheet 21). The ICl must

be enabled by wiring pin 3 to pin 4 on either module. The interrupt
level is selected by input term ICIDAT- on pin 1 of both modules,

INFORMATION SYSTEMS
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82 CA cd cC

C. SIGNAL CAGLE CONMECTOR

ON 1/O ABSEMBLY CHASSIS (PEMALE)

1 |ige ®
8. INTERFACE CONTROL CABLE
CONNECTOR ON 1/0 ASH,
CHASSIS (RECESSED MALE),

1O ABSEMBLY CHABBIS (FEMALE).

Figure 4-8. Connector Pin Numbering
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Table 4-11. AC Cable
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Signal NRame Pin No. Ground
208 VAC A
208 VAC B
208 VAC c G Ground
Table 4-12. Power Regulator Cable
Signal Name Pin No. Ground
KVCTLFP 13
KVCTLPS 14
Table 4-13. Power Control Cable
Signal Name Pin No. Ground
12 VAC 12
12 Vac 14

INFORMATION SYSTEMS
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Figure 4-9. 1S/1000 Magnetic Disk System, Cabling Layout
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to either pin 5 thru 13 of the patch module in location A12 to bring
up interrupt term DIB0O- thru DIBO7-, or to pin 4 thru 13 of the
patch module in location A1l, to bring up term DIB08 thru DIB15-.

4.3.7 DMA Priority

The DMA priority is coded by jumpering the patch module in location B8,
as shown in Figure 4-10d (see aso Appendix C, engineering drawing

300337, sheet 28). The DMA priority must be wired in whenever the
disk controller shares the DMA channel with another DMA using
controller.

DMA priority level 1 is coded by jumpering pin 13 to pin 1 and
pin 12 to pin 2

DMA priority level 2 is coded by jumpering pin 13 to pin 2 and
pin 12 to pin 3.

DMA priority level 3 is coded by jumpering pin 13 to pin 3.

4.3.8 Patching For Number-of-Drives Indication

If the Magnetic-Disk Subsystem comprises less than five disk drives,
a single Simplex card (inserted in slot 22 of the Interface Assembly
Card File) suffices, and the patch module in location B6 of the IOL
card (slot 16 in the Card File), must be jumpered accordingly, (see
Figure 4-10e). If the Magnetic Disk Subsystem comprises more than
four disk drives, a second Simplex card must be added (inserted in
slot 23 of the Interface Assembly Card File).

If the subsystem contains from five to eight disk drives, no patching
is necessary. If the subsystem comprises from one to four disk
drives, jumper the following pins:

Pin 3 to pin 12.
Pin 4 to pin 11.
Pin 5 to pin 10.
Pin 6 to pin 9.

439 Drive Type Recognition Patching

Whether the magnetic disk subsystem comprises model 114 or model
213/215 disk drives, must be indicated by jumpering the patch module

in location B10 of the DClI board accordingly, as shown in
Figure 4-10f.
For model 114 disk drives, jumper pin 3 to pin 11.

For models 213 and 215 disk drives, jumper pin 5 to pin 11

INFORMATION SYSTEMS
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44 SERVICING

4.4 Boad

The design of the 151000 system provides for easy access to the logic
boards and cads, and facilitates dynamic, in-system testing. The

following  paragraphs  describe  replacement and  testing  procedures  of
the various controller assemblies.

WARNING

Before attempting removal or installation of any assembly or
component, ensure that all electrical power is removed from
the units and the chassis to prevent possible personal injury
or equipment damage.

Due care should be exercised at all times when handling the various
units during removal, installation and testing of same.

Removad

The PDC and DCI boards can be removed as follows: (See Figure 4-11):

a. Turn off electrical power by setting the OFF/ON/LOCK
key-operated switch on the processor control panel to
OFF.

b. If removal of the processor control panel is required,
first unscrew one of the knurled thumbscrews holding the
panel to the chassis. Then, with one hand holding the
panel assembly for support, unscrew the other thumbscrew.

cC. While holding the processor control panel assembly with
one hand, carefully disconnect the three flat ribbon
cables from the J1, J2 and J3 edge connectors, and the
power regulator cable from J7.

d. Place the processor control panel on a suitable, soft,
preferably cushioned surface.

e. In front, remove the flat ribbon cable from edge connector
J3 of PDC. and DCI boards alike. For the PDC board, addi-
tionally remove the internal interface cables from edge
connectors J1 and J2.

f. In back, loosen with a screwdriver the six screws securing
the device interface control cables to edge connectors J11,
J12, and J13 of the DCI board and disconnect the cables.

g. In front, loosen and remove screws holding the logic board

retaining strip to the left inside wall of the card cage.
Remove the retaining strip.

INFORMATION SYSTEMS
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1nes2

Figure 4-11. Card Cage and PCP Assembly.
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Prom the front of the chassis, pull the board to be removed
forvard with evenly applied controlled force, until the

power edge connector P14 disengages from the backplane power
supply bus. Gently slide the board out of the chusu‘.

Place the board on a suitable, soft, preferably cushioned
surface, or put in an appropriate container.

If applicable, re-install the board retaining strip.
If applicable, re-install the processor control panel, per

procedural steps k and | of Board Installation
paragraph 4.4.2.

Installation

The PDC and IOC boards can be installed as follows:

a.

Turn off electrical power by setting the OFF/ON/Lock key-
operated switch on the processor control panel, to OFF.

If applicable, remove processor control panel following
procedural steps b, ¢ and d of Board Removal para-
graph 4.4.1.

If applicable, remove the logic board retaining strip
according to step g of the Board Removal paragraph 4.4.1.

From the front, guide the board into the appropriate chassis
slot, ensuring that the board properly engages the guide
rails on both sides of the chassis.

Gently slide the board into the chassis until the power
edge connector P14 contacts the power supply bus J14.
Sliding action should be smooth. |f an obstruction is
encountered, do NOT force board insertion; instead, remove
board and investigate problem.

With controlled force push the board back into the chassis,
until J14 fully engages P14 and the board is completely
contained within the chassis.

Replace the board retaining strip against the left inside
wall of the chassis, and fasten with screws.

Clean all connectors that have been handled with a cotton
swab dipped in Freon TP or denatured alcohol.

In front, connect the flat ribbon cable to edge connector
J3 of PDC and DCI boards alike. For the PDC board, also

connect the two internal interface cables to edge connectors
J1 and J2.

INFORMATION SYSTEMS
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4.4.3 Board Test

In back, connect the device interface control cables from
the device interface assembly connectors J31, J32 and J33,
to edge connectors J11, J12 and J13 of the 10C board,
respectively. Secure the cable connectors to the 1OC board,
by fastening the connecter side screws.

If required, support the processor control panel with
one hand, carefully connect the three flat ribbon
cables to the J1, J2 and J3 edge connectors. Connect
the power regulator cable from the power regulator
board to J7.

Place the processor control panel in position against
the card cage chassis, and secure by fastening the two
thumbscrews on both sides of the panel.

The PDC or DCI board, when suspect of intermittent failure, can be
dynamically tested within the system by placing the board in the
test slot, location 1 of the card cage chassis. The signal cabling
can be temporarily modified if necessary, through the use of test
cables (refer to Table 4-23 for assembly number), as shown in
Figure 4-12. The chassis slides out and the top cover plate is
removed for complete access to the logic board.

PROCESSOR CONTROL PANEL — %=

BOARD UNDER TEST
TEST CABLE
CHASSIS (PART NO.
POSITION 102156)
1 ==2
CPU CONTROL
BOARD L
:—— ( i
cPy
CONNECTOR
CPU DATA i
BOARD 1]
——————-=> ]
i g
yors ]

¢ f———-=>

sC—————i-0

BOARD RELCCATED /-
TO TEST POSITION

Figure 4-12. Test Cable Connection
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The PDC board is shown in Figure 4-13; the DCI board is shown in
Figure 4-14. The boards ae viewed from the component side. The
physicd pin designations of the edge connectors ae aso shown.
Note that the 30-pin connectors are odd numbered on the component
side and even on the etch side of the boards. The 50-pin connectors
are numbered in reverse, even on the component side, odd on the etch
side. The electrical pin designations are listed alphabetically by
mnemonic in Tables 4-2 through 4-4 for the PDC board, and in

Tables 4-5 through 4-8 for the DCI board. For numerical by pin
number signal assignments refer to sheet 4 of engineering draw-
ings 300337 and 300352, respectively, in Appendix C.

For a test set-up of either the PDC or DCI board, proceed as
follows:

a. Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel, to OFF.

b. Temporarily remove the processor control panel per
procedural steps b, ¢ and d of Board Removal paragraph 4.4.1.

C. Remove all cabling in front and rear of the board to be
tested, per procedural steps e and f of Board Removal
paragraph 4.4.1.

d. Remove the board retaining strip securing the board in
position.
e. From the front of the chassis, pull the board to be tested

forward with evenly applied controlled force, until the power
edge connector P14 disengages from the backplane power supply
bus. Gently slide the board out of the chassis.

f. Insert the board into the test slot, i.e., the number 1
(top) board position in the chassis, right above the CPU
control board. Slide the board in all the way until the
power edge connector P14 contacts the power supply bus
P14. With controlled force push the board back into the
chassis until J14 fully engages P14 and the board is com-
pletely contained within the chassis.

g. Loosen and remove the screws securing the card cage chassis
to the cabinet frame.

h. Recable the boards per procedural steps h, i, and j of Board
Installation paragraph 4.4.2.

i Re-install the processor control panel per procedural steps
k and | of Board installation paragraph 4.4.2.

j. Pull the card cage forward and all the way out.
k. Loosen the six quarter-turn fasteners holding the top cover
to the chassis, and remove top cover. The board to be

tested is now completely accessible and can be tested under
operational conditions.

G INFORMATION SYSTEMS
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4.4.4 Card Removal

All carxds in the card file can be removed as follows:

a.

Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

If applicable, open the front door or front cover.
With both hands, grasp the card to be removed, firmly
between thumb and index finger of each hand at top and

bottom at the front edge.

Evenly apply controlled force to pull the card forward and
out of the edge connector.

e. After the edge connectors disengage, slide the card gently

out of the card slot.

4.4.5 Card Installation

All cards can be installed into the card file as follows:

a.

4.4.6 Card Test

Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

If applicable, open front door or front cover.
Guide the card into the appropriate card slot, ensuring

that the card properly engages the top and bottom guide
rails.

Gently slide the card into the chassis until the edge
connector contacts the edge connector receptacle.

With controlled force push the card back into the chassis
until it is fully seated in the edge connector receptacle.

All cards in the card file, when suspect of intermittent failure,
can be dynamically tested within the system, by extending the
card outside the card file chassis, as shown in Figure 4-15. This
can be accomplished as follows:

a.

4-28

Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

If applicable, open the front door or front cover.

Remove card to be tested using steps ¢, d, and e of Card
Removal paragraph 4.4.4.
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11081

Figure 4-15. Card Test Set-up

d. Insert extender card, assembly number 101158, into location
of the just removed card, using steps ¢, d and e of Card
Installation paragraph 4.4.5.

e. Insert card to be tested into the edge connector receptacle
at front edge of the extender card. The card to be tested
is now completely accessible and can be tested under
operational conditions.

The IOL (interface logic) card is shown in Figure 4-16, the PLO
(phase locked oscillator) card in Figure 4-17, the SMX (simplex) and
MUX (multiplex) cards in Figures 4-18 and 4-19 respectively, and the
PSQ (power sequencer) card in Figure 4-20. Figure 4-21 shows the
extender card, which is used to test any of the other cards.

The cards are all viewed from the component side. The physical pin
designations of the edge connectors are also shown. As can be seen
the 80-pin edge connectors are odd numbered on the component side
and even on the etch side of the cards.

The electrical pin designations, i.e., logic signal name and ground
pin assignments, are listed alphabetically by mnemonic in Tables
4-14 through 4-22. For numerical by pin number signal assignments,
refer to engineering drawings 300112, 300332, 300333, 300334 and
300364, in Appendix C.
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Table 4-14. IOL Card, Edge

Connector J1

T0O31S5-2UY Q-12

Signal Mame Pin No, Ground || Signal Name Pin No, Ground
CKA2- 64 4 GND ONOTRY~- 55
cxB2- 65 72 GHND OWTDAT-1 11
CNTRL~1 47 74 GND RDDATO+ 23
DBUS5-1 46 76 GND RDDAT1+ 17
DMSELO+ 51 RDDAT2+ 18 .
DMSEL1+ 52 RDDAT3+ © 24
DMSEL2+ 53 RDDAT4+ 31
DMSEL3+ 50 RDDATS+ 32
DMSELA4+ 49 RDDAT6+ 36 |
DMSELS+ 58 RDDAT7+ 37
DMSELG+ 57 RDDAT-1 66
DMSEL7+ 48 SEPCK+ 68
DSERR-1 63 SEPONE- 13
DSLDMO+ 21 SRDDATO- 22
DSLDM1+ 20 SRDDAT1- 19
DSLDM2+ 15 SRDDAT2~ 14
DSLDM3+ 25 SRDDAT3- 26
DSLDM4+ 30 SRDDAT4~- 29
DSLDM5+ 33 SRDDATS~ 34
DSLDM6+ 39 SRDDAT6~ 40
DSLDM7+ 36 SRDDAT7- 35
ENWROS+ 27 S¥NC-1 45
FDEVAl-1 61 VFO+ 54
FDEVA2-1 60 WRTCK~ 43
FDEVA4-1 59 WRTDAT+ 12
FINHCK=~1 28 WRTDAT-1 4
FLIP~ 62 XTAL+ 56
FSED~ 41 +5V 73
FSEP+ 42 +5V 75
NOCK~1 57 +5V 77
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Table 4-15 PLO Card Edge Connector J1

Signal Name Pin No, Ground Signai Name Pin No. Ground
ONTDAT+1 38 76 @ SRODATS- 58
OWIDAT-1 50 SRODAT6~ 56
ENWROS ¢ 24 SRDDAT?7- 5¢
FLIP- 30 SEPCK+ 42
FSEP+ 25 SEPCK~ 36
FSEP+ 33 SZPONE+ 46
ONOTRY+ 27 SEPONE~- 4
ONOTRY~- 32 FO4 67
SRDDATO- 68 vro- 48
SRODAT1- 66 WRTCK~ 22
SRDDAT2- 64 XTAL+ 20
SRDDAT3- 62 +5V 77
SRODAT4- 60 +10V 80
4 GND

o

Table 4-16. PSQ Card, Edge Connector J1

Signal Name Pin No, Ground Signal Kamwe Pin to, Ground
CNTRST 67 WCNTGD~ 61
CoH 4 WINDEXT=- 63
coM 76 -3vdc S
KVCTL+ 49 12vac 46
KVCTL~ 25 12vac 44
SWFMTP- 65

INCORMATION SYSTEINS
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Table 4-17. SMX Card, Edge Connector J1, Card Slot 22

Signal Name Pin No. Ground signal Name Pin No. Ground
DSLDMO+ 8 GND SELM2~ 34 a3 (e 0)
DSLDM1+ 18 7 GND SELM3-= 44 35 GWD
DSLDM2+ 28 9 GND WDATH 56 37 GMD
DSLDM 3+ 38 11 GND WDAT% 58 39 GND
RDATAC~- 12 13 GND WDATY 60 41 GMD
RDATAl~ 22 15 GND WDAT+ 62 43 QD
RDATA2= 32 17 GND WDATAO- 16 45 GMD
RDATA3~ 42 19 GND WDATE 1~ 26 55 GD
RDDATO+ 10 21 GND WDATA2~ 36 57
RDDAT1+ 20 23 GND WDATA 3~ 46 59 GND
RDDAT2+ 30 25 GND +5v 73 61 GND
RDDAT3+ 40 27 GND +5v 75 76 GHD
SELMO~ 14 29 GND +5v 77
SEIM1- 24 31 GND

Table 4-18. SMX Card, Edge Connector J1, Card Slot 23

Signal Name Pin No, Ground signal Name lr Pin No, Ground
DSLDMA+ 8 GND SELM6~ 34 33 ()]
DSLDM5+ X :] GND SEIM7- 44 k GND
DSLDM6+ 28 GND WDATY 56 37 GWD
DSLLM7+ 38 11 GND WDATY 58 39 GND
RDATA4~ 12 13 GND WDAT+ 60 41
RDATAS~ 22 15 GND WDAT+ 62 43 GND
RDATAC- 32 17 GND WDATA4~ 16 45 GHD
RDATA 7= 42 19 GND WDATAS~ 26 55 GND
RDDAT4+ 10 21 GND WDATAG6~- 36 57 GND
RDDATS+ 20 23 GND WDATA7~- 46 59 GND
RNDATG+ 30 25 7D +Sv 73 61 GND
RDDAT7+ 40 27 GND +5v 75 76 GND
SEILMé~ 14 29 GND +5v 77
SELMS- 23 K3 GND
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Table 4-19. MUX Card, Edge Connector J1, Card Slot 18

. .Signal Name Pin No. Ground Signal Name Pin No. Ground
ATTENDO~-1 36 4 GND DBUS3-1 56 37 GND
ATTEN1-1 34 11 GND" DMSELO+ €6 39 GMD
BUSY- 18 13 GND DMSEL1+ 68 49
BUSY-1 32 15 @D GATTENO~ 22 51 GHD
CAO01~ 26 17 GND GATTEN1- 20 53
CA002- 24 19 GND HDEXT- 14 ss GND
CA004- 12 21 GND HDEXT-1 40 57 GND
DBUSO- 28 23 GND MSELO- 60 59
DBUS1- 30 25 GND MSEL1- 58 63 GND
DBUS2- 64 27 GND ONLIN- 16 65 GND
DBUS2~ 62 29 GND ONLIN-1 k1] €7 GND
DBUSO-1 50 31 GND +5V 73 76 GND
DBUS1-1 52 33 GND +5v 75
DBUS2-1 54 35 GD +5v 77

Table 4-20. MUX Card, Edge Connector J1, Card Slot 19

Signal Name Pin No. Ground Signal Name Pin No.

ATTEN2-1 36 4 GND DMSEL2+ 66 35 GND
ATTEN3-1 34 11 GND DMSEL3+ 68 37 GND
CA008~ 26 13 GND GATTEN2- 22 39 GND
CA016~ 24 15 GND GATTEN3- 20 49 GND
CA032~ 12 17 GND INDEX~ 18 51 GND
DBUS4- 28 19 GND INDEX~-1 32 53 GND
DBUSS5~ 30 21 GND MSEL2- 60 57 GND
DBUS6~ 64 23 GND MSEL3~ 58 59 GND
DBUS 7~ 62 25 GND UNSAF- 16 63 GND
DBUS4-1 50 27 GND UNSAF-1 38 65 GND
DBUSS5~1 52 29 GND +5V 73 67 GND
DBUS6~1 54 31 GND +5V 75 76 GND
DBUS7-1 56 33 GND +5V 77
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Table 4-21. MUX Card, Edge Connector J1, Card Slot 20

Signal Name Pin No, Ground Signal Name Pin No. Ground
ATTEN4-1 36 4 GND GATTENS5- 20 37 GND
ATTENS-1 34 11 GND MSEL4~ 60 39 GND
CA064~ 26 plk GND MSELS~- 58 49 GND
CAl28~ 24 15 GND SKINC- 18 51 GND
CA256~ 12 17 GND SKINC-1 32 53 GND
CNTRL~ 62 19 GND STCYL~ 30 55 GND
CNTRL~1 56 21 GND STCYL-1 52 57 GND
DBUSS- b 23 GND STHED- 64 59 GND
DBUS8~1 50 25 GHp STHED-1 54 61 GND
DMSEL4+ 66 27 GND +5v 73 63 GND
DMSELS5+ 68 29 GND +5v 75 65 GND
ENDCYL~ 16 31 GND +5V 77 67 GND
ENDCYL~1 38 33 GND 76 GND
GATTEN4~ 22 35 GND

Table 4-22. MUX Card, Edge Connector J1, Card Slot 21

Signal Name Pin No. Ground Signal Name Pin No. Ground
ATTEN6~1 36 4 GND +5V 77 37 GND
ATTEN7-1 34 11 GND 39 GND
DMSEL6+ 66 13 GND 49 GND
DMSEL7+ 68 15 GND 51 GND
GATTENG- 22 17 GND 53 GND
GATTEN7~- 20 19 GND 55 GND
MSEL6~ 60 21 GND 57 GND
MSEL7- 58 23 GND 59 GND
PKCHG- 18 25 GND 61 GND
PKCHG-1 32 27 GND 63 GND
WCEN- 16 29 GND 65 GND
WCEN-1 38 31 GND 67 GND
+5v 73 33 GND 76 GND
+5V 75 35 GND
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From one to thirty-two test points, designated as TP1 through TP32,
are available on the outer edge of each card on the component side.

As can be seen from Figure 4-21, the Extender card provides straight
one-for-one signal propagation from the socket in the chassis slot,
to the card under test.

4.4.7 Interface Assembly Removal

The Interface Assembly is shown in Figure 4-22. Refer also to
Figure 4-24, where necessary, for an illustration of the cable and
connector locations, when performing the cable connect/disconnect

installation and removal steps.

a. Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

b. If applicable, open front and rear doors or covers of the
cabinet.

c. Disconnect the power cable going to the Power Distribution
Box (PDB), from the 110 Vac switched outlet on the PDB.

d. Disconnect the ac control cable (Figure 4-7 and 4-9) from
J45. Release connector by holding it between thumb and index
finger, pressing forward on the forward slanted lip with thumb,
and backward on the backward slanted lip with index finger.
Then remove by evenly pulling the plug backward.

11052
Figure 4-22. Interface Assembly
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Disconnect the power regulator cable (Figure 4~4 and 4-9)
from J46. Release and remove connector as described in
preceding step d for the ac control cable.

Disconnect any DC cable(s) from J34, J35 J36, J37, J38,
J39, MO0 or M1 (Figue 4-6 and 4-9). Disconnect the
cables(s) as follows:

® With a flat screwdriver, loosen the retaining screw
on the back of the connector bulkhead.

@ With one hand cupped under the connector bulkhead

for support, rotate the retaining screw counter-
clockwise with the other hand.

@ Hold and guide the cable and connector so that the
connector and receptacle faces remain parallel to
each other while separating. This prevents pins
from bending and other connector damage from occurring.

Disconnect the three interface control czbles (Figure 4-4
and 4-9) from connectors J31, J32 and J33. Disconnect
each cable following the procedure given in the preceding
step £ for removal of the dc cable.

Disconnect the signal cable (Figure 4-5 and 4-9) from
connector J42. Disconnect the cable as follows:

@ With a long narrow flat screwdriver, loosen and turn
the bottom retaining screw one full turn counter-
clockwise.

Repeat for the top retaining screw.

Continue to alternately turn each screw one full
turn counterclockwise until the bottom screw
completely disengages.

@ Hold the cable and connector bulkhead steady with
one hand while turning the top retaining screw
counterclockwise until it too completely disengages.

This enables the connector to separate from the receptacle
in an even manner, with connector and receptacle faces
remaining parallel with each other, thus preventing pin
bending and other connector damage, which may later become
the source of hard to diagnose intermittent failures.

NOTE: It ie recommended that the next etep be
performed by two persoms.

With a Phillips screwdriver, loosen and remove the screws
attaching the sliding rails in front and rear of the
cabinet, to the frame. During removal of the screws,
another person should assist in holding and supporting
the chassis to prevent it from dropping. The chassis can
then be lifted out of the cabinet.
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4.4.8 Interface Assembly Installation

The interface assembly (Figure 4-22) can be ingtaled as follows

a. Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

b. If applicable, open front end rear doors or covers of
the cabinet.

NOTE: It is recommended that the next step be
performed by two persons.

C. Position the chassis in the cabinet at the desired height.
Fasten the sliding rails in front and rear of the cabinet,
to the cabinet frame.

d. Connect the signal cable (Figure 4-5 and 4-9) to connector
J42. Connect the cable as follows:

® Place the connector bulkhead in position, opposite
and as close as possible to the connector receptacle,
holding and supporting the connector bulkhead with
one hand so that its face is parallel with that of
the receptacle.

e With a long narrow flat screwdriver, engage the top
retaining screw and turn it one full turn clockwise.

Repeat for the bottom retaining screw.

Continue to alternately turn each screw one full
turn clockwise, until the two connector halves are
fully engaged. Gently tighten each screw with an
additional quarter turn.

This enables the connector to engage the receptacle as
straight and evenly as possible, thus preventing pin bending
and connector damage due to uneven stresses.

e. Connect the three interface control cables (Figure 4-4 and
4-9) coming from DCI board connectors J11, J12 and J13, to
connectors J31, J32 and J33 respectively. Connect each
cable as follows:

e With one hand, hold and guide the connector so that
it is precisely aligned with the receptacle for
straight forward movement.

@ With the other hand, turn the knurled screwhead knob
on the back of the connector bulkhead clockwise until
the connector fully engages the receptacle.

e Tighten by turning the knurled screwhead a quarter
turn with a screwdriver.
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f. Connect every dc cable to either J34, J35, J36, J37, J38,
J39, J40 or J41 (Figures 4-6 and 4-9). Connect each cable
following the procedure given in the preceding step e.

g. Connect the ac control cable (Figure 4-9) from the AC power
distribution panel, to J45, by simply pressing it onto the
receptacle.

h. Connect the power regulator cable (Figure 4-4 and 4-9)
from the power distribution board, to J46, by simply
pressing it onto the receptacle.

i Connect the power cable to the 110 Vac switched outlet of
the Power Distribution Box.

449 AC Power Didtribution Panel Removal
The AC Power Distribution Panel is shown in Figure 4-23. Refer also
to Figure 4-24, where necessary, for an illustration of the power
control cable connection to the Interface Assembly chassis.

a. Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

b. If applicable, open the back door or cover.

C. On the PDP, place the ON/OFF switch in the OFF position.

POWER CONTROL CABLE i *~. _

-
I3

POWER CORD POWER CORD /
208 VAC, 3 PHASE 110 VAC, SINGLE PHASE

11046

Figure 4-23. AC Power Distributor Panel
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POWER REGULATOR CABLE

POXER CONTROL CABLE

T . m—— T

APt Ry EPFACE CONTROL CABLE

OC CASLE TO
DISK DRIVE

110 VAC
POWER
CABLE

{
ii

SIGNAL CABLE :
TO DISK DRIVE

] CIRCUIT BREAKER
AC CABLE TODILK DRIVE

- . PR 11053
Figure 4-24. Cabling System

d. Unplug the 208 Vac, three phase power cable from outlet
receptacle.

e. Unplug the 110 Vac, single phase power cable from Power
Distribution Box.

f . Disconnect the AC control cable going to the interface
assembly, from the J45 connector on the interface assembly
(Figure 4-9).
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9 Disconnect the AC cable (Figure 4-9) going to the disk
| drive by holding the connector bulkhead with one hand,

gently pulling it outward while rotating the retaining
ring counterclockwise until the cable can be removed.

h. With a Phillips screwdriver, loosen and remove the four
Phillips head screws securing the PDP to the frame.

4.4.10 AC Power Distribution Panel Installation
The AC power distribution panel (PDP) can be installed as follows:

a. Turn off electrical power by setting the OFF/ON/LOCK key
operated switch on the processor control panel to OFF.

b. If applicable, open the back door or cover.
c. On the PDP, place the ON/OFF switch in the OFF position.

d. Position the PDP in place at the desired height and fasten
with four screws.

e. Connect the AC cable (Figure 4-7) by inserting the bulkhead
connector into the AC receptacle or the PDP, then fastening
it by turning the retaining ring clockwise until tight.

f. Connect the AC control cable (Figure 4-9) to the J45
connector on the interface assembly.

g. Plug the 110 Vac power cord into the power outlet on
the power distribution box (PDP).

h. Plug the 208 Vac power cord in an appropriate power outlet.

45 PACKING AND UNPACKING

The logic boards and cards are shipped in a cardboard container,
fully insulated with convoluted foam. To prevent damage to either
boards or cards, care must be taken when removing them from the
container, or when preparing them for shipment. When shipping,
ensure that the insulation (convoluted foam or equivalent) and
container are fully protective. A listing of parts and assemblies
most likely to be needed for ordering or reordering, is given in
Table 4-23.
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.

Table 4-23. Useful Part Numbers (Sheet 1 of 2)

Part
Item Description Number
Disk Pack Eleven disks, 20 surfaces 350163
Cable assembly AC, 25 feet 350174
Cable assembly AC, 6 feet 350175
Cable assembly DC, 25 feet 350305
Cable assembly Interface control 103999
Cable assembly Power Regulator 102651
Cable assembly Signal, 25 feet 350176
Cable assembly Signal, 6 feet 350177
Cable assembly Test 102156
Terminator 350306
Jack Screw Male, fixed 850108
Jack screw Male, floating 880150
Jack screw Female, fixed 850107
Jack screw Female, floating 880149
Shrink Tubing 170089
Interface Assembly 103982
Line Cord 110 vac, single phase 850046
Power Supply S vde, 5A 350045
AC Power Distribution 101335
Panel
Line Cord 110 vac, single phase 850046
Line Cord 208 Vac, three phase 770086
Cable assembly Power control 850024
Circuit breaker 870027
Power Rectifier Standard and Extended Chassis 102075
Power Rectifier, Extended Chassis 103079

Booster
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Part

Item Description Number
Logic Board Regulator 101777
Logic Board Regulator, Booster 103076
Cable Assembly Power Rectifier to Power Regulator 102070

Board

Fuse 1A, Slo blo 860015
Fuse 3A 860004
Puge 8A 860020
Fuse 10A 860002
Logic board Programmable Device Controller Type II 104104
Crystal PDC oscillator 870063
Logic board Disk Controller Interface 104095
Logic card Interface logic 103966
Logic card Multiplex logic 103968
Logic card Simplex Logic 103970
Logic card Phase Locked Oscillator 101340
Crystal PLO oscillator 350036
~0gic card Power Sequencer 103979
Re: - DPDT, S5A - PSQ Card 870025
Switci SPDT- = PSQ card 870047
Ciip Retaining - P3SQ card 350146
Transistor 2N3725 - P5Q card, Ql1, 2, 3 810002
Diode PSQ card, CR 6, 7, 8, 9, 11, 12 810006
Diode PSQ card, CR 1, 2, 3, 4, 5, 10, 13 810010
PC Card Extender Board 101158
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SECTION 5

MAINTENANCE

5.1 GENERAL

This section provides information to aid in both preventive and
corrective maintenance. The corrective maintenance information in
this section is for the purpose of failure isolation, and correction
of equipment malfunction to the extent of replacement of the mal-
functioning assemblies.

The controller units covered in this manual are:

Logic boards.
Logic cards.
Interconnecting cables.
Power Supply.
Power Distribution Panel

Interface Assembly

When in this section, reference is made to manuals supplied with the
equipment, the other manuals supplied depend on the system config-
uration. All applicable manuals and system support maintenance
drawings are sent with the support documentation.

5.1.1 Service Reports and Usage Logs

Service reports should be kept to establish a case history for each
unit. When these records are kept up to date and contain all
particulars of each failure or malfunction, time of incidence, and
diagnostic and corrective work performed on the unit, they become
a useful reference for future repairs.

A usage log to record daily service, service duration and, if
applicable, programs run, is also recommended. Such a log provides
a record of preventive maintenance periods and establishes a work-
able MTBF (mean-time-between-failures) indicator. By recording the
type and time of the application programs run, patterns of repetitive

failures during certain types of programs can be pin-pointed when
present.

5.2 PREVENTIVE MAINTENANCE

Preventive maintenance involves correct installation, periodic
inspections, testing and verification of proper operation and
normalcy of operating conditions. Aiding an effective and efficient
preventive maintenance program are the aforementioned usage logs
and service reports, which provide timely indications of performance
trends and failure patterns, should they develop.

The following paragraphs describe procedures for checking and
maintaining proper operation and operating conditions.

INFORMATION SYSTEMS
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5.2.1 Periodic Maintenance

5.2.2 Power

5.2.3 Logic

Table 5-1 is a preventive maintenance checklist that should be
followed a the <specified intervals to ensure that equipment opera
tion and operating conditions are, and remain within tolerance range.

Supply Voltage Measurement

Power Supply voltage levels can be measured at the test points on
the left-hand front edge of the Regulator board see Figure 5-1 for
test point location and pin designations; refer to Table 5-2 for
test parameters. Alternately, voltage levels can be measured at
the common power bus, through test openings provided in the upper
left-hand corner of the back panel of the chassis; see Figure 5-2
for test point location and pin designations; refer to Table 5-3
for test parameters.

Voltage Level Measurement

With a calibrated oscilloscope or voltmeter, measure the logic
voltage levels as follows:

® Good high logic-level indication is from +2.4 Vdc to +5.0 Vdc.
If the high logic level indicates less than +2.4 Vdc, a faulty
logic element must be suspected.

® Good low logic-level indication is from 0.0 Vdc to +0.5 Vdc.
A low logic level slightly greater than +0.5 Vdc, is normally
due to an OR tie. If a low logic level is indicated without
the measured signal being OR tied, a faulty logic element
must be suspected.

5.3 CORRECTIVE MAINTENANCE

The following paragraphs provide information to aid in trouble-
shooting and isolating system failures. Correction of these system
failures is by replacement of the malfunctioning unit or assembly.

5.3.1 Failure Isolation

5-2

Perform the following preliminary tests and checks in the sequence
given:

® Check switches and controls on all units to verify that all
settings are correct for the application in which the failure
has occurred.

@ Check all 1/O and power connectors to ensure that all connec-
tors are fully seated in or on the proper receptacles.

® Verify that all units are connected to a proper power source.

Verify that power is present and of correct magnitude, i.e.,
all voltage levels are as listed in paragraph 5.2.2.
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Task

Maintenance Checklist

Interval
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Procedure

Perform system level
tasks,

Inspect cables,

Inspect resistors.

Clean connectors.

Clean chassis.

Measure powsr supply
vcltage.

Execute performance

test.

Power isolation.

System Resget,

Scftware Tests.

As specified,

4 months,

12 months

12 months,

Regular overhaul
periods.

12 months or during
troubleshooting
periods.,

As required.

As required.

As required.

Refer to GTE/IS manual AD0O03,

Look for frayed cables and wires.
Check to be sure that no wires
are squeezed between structural
members, Inspect cornactors for
damage.

Discoloration of coding bards or
loss of coating indicates abnormal
powe dissipation; remove resistox
and » asure resistance,

Jiss_. 2 and wipe away gascase
ceposits with a cotton swab dipped

“n Freon TF or alcohul, All con-

nectors are gold plated and must
not be burnished.

Wipe the chassis interior and
exterior with a cloth moistened
with Freon TF or alcohol. Ramove
dust with a vacuum cleaner,

Test p~ints and expected values
are given in paragrarh 5.2.2.

Execute the performance test given
i< section 5 after maintenance has
been performed or after the con-
troller has been idle for an
extended period of time,

There should be at least 2 ohms
resistaice between +5 Vac ana GND,
There should be at least 1 megohm
resistance between +5 Vdc and
chassis.

Ascertain that application cf
ground to the SRST- signal resets
all applicable flip-flops as
designated in the logic diagrams
(see Appendix 2).

Ascertain that all applicable
tests describbed in Section 5, run
successfully,
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(REGULATED) o

¥ ™2 FURE
+32VDC  GROUND F1 %

+5 VDC
(REGULATED)  (REGULATED)

FUSE
F2 3A

POSER
REGULATOR BOARD

Figure 5-1. Power Regulator Board, Test Points g
Table 5-2. Regulator Board Test Points
Test Test
Point Output Point Output
1 +4 vdc 14 +7.5 vdc
2 +2 vdc 15 +5,5 vdc
3 +5.,3 vde (CTRL) 16 GROUND
4 +3 vdc (VCDCj 17 GROUND
5 0 vde 18 -4.3 Vdc
© 0 vdc 19 -6.,3 vdc
7 0 vdc 20 =12 Vac (raw)
8 +4 vdc 21 +7 Vdc
9 =12 Vdc (regulated) 22 +5.5 vdc
10 +5 vdc (regulated) 23 +4 vdc
11 +12 vdc {(regulated) 24 GROUND
12 GROUND 25 +5V (raw)
13 +12 vdc (requlated)
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Figure 52. Chasss, Test Points
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11254
Figure 5-3. Extended Chassis, Test Points
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Table 5-3. Chassis Backpanel Test Points

Test Point Output
+5V 4.5 to 5.5 vdc
-12V -11.4 to -12,6 vdc
+12v 11.4 to 12,6 vdc
PFR (power failure reset) 5 vdc (normal)
RESET (master ieset) 5 vdc (normal)
60 Hz (60 Hz clock signal) 60 Hz
GRD GROUND

5.3.2 Failure Analysis

5-6

Three types of failures can occur:

Mechanical failures.
Electrical failures.
Software failures.

5.3.2.1 Mechanical Failures

Broken wires, damaged components, loose connectors, etc., are self-
indicative of the required solution. Refer to the appropriate
engineering drawings supplied with the equipment, for component
identification and wire routing data.

5.3.2.2 Electrical Failures

Incorrect signals from peripheral equipment must be diagnosed and
corrected using the manuals supplied with the equipment. Input
sighals and their source are shown in the logic diagrams and cable
connector tables.

5.3.2.3 Software Failures

Failures occurring during the execution of programs, must be
analyzed as follows:

e |If a test program loads and executes without error indications,
the application program(s) are likely to be at fault. Unless
the application program has executed properly before, the
application program must be suspected of causing the failure.
If it is desired to ascertain this with a higher degree of
certainty, the failure causing segment of the program may be
found through the progressive insertion of branch instructions
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:I:f a tutm does not load proparly or if execution of
the test program leads to gross error indications and/or
erratic performance, ths test should be considered incon-
ciusive. If repeated attempts to load the test program
lead to the sames results, a larger system malfunction may
be indicated.

5.3.3 Failure Correction

Pailure correction is accomplished by rectification of the malfunc~
tion in the form of adjustment or repair, followed by verification
of the effectiveness of that repair.

5.3.3.1 Adjustment and Repair

There are no adjustments on the MDC and repair of the MDC below the
asgembly level is beyond the scope of this manual., When component-
level troubleshooting and replacement are required, the system
support maintenance documentation consisting of logic disgrams,
flow charts and other engineering drawings that are part of the
overall system support package, should be used,

The disk interface card file power supply (Pigure 2-6) contains
factory set adjustments. Specifications for this power supply
appear in Table 5-4. Refer to Appendix C for appliceble
schematics.

5.3.3.2 Proper Operation Verification

All maintenance acti ity must be finalized with the running of the
appropriate performance test program(s). (Refer to Section 6.)
This ensures that all error conditions have been corrected, none
accidentally introduced, and that all equipment is operational.

G5 INFORMATION SYSTEMS
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Table 5-4. Disk Interface Power Supply Electrical Requirements

Input Power Spacifications

Voltage:
Current:

115 £ 10 Vac @ 47 - 420 Hz
600 na max

Output Power Spacifications

altana s
veicage:

Voltage Regulation:
Ripple:

Ovexrahoot

Response Time:
Gvervoltage
Protection:
Current:

short Circuit
Protaction:

Voltage Sensing:

at +5.00 ¢ 0.02 Vdc.
¢ 0.1% max, line and load
1 mv max, RMS

No turn on/off or momentary transient
voltage overshoot.

50 usec max, no load to full load.
Adjustable, to limit overvoltage dur-
ation to 10 usec, max. Factory set at
+6.0 £ 0.2 Vdc.

5.0 amperes d¢ max, at 500 C.

Fold back current limiting with
instantaneous recovery and automatic
.!.“to 6.0 + 5.' -'0\.

Local/remote sencing capability to be
provided.
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SECTION 6
PERFORMANCE TESTS

6.1 GENERAL

This section describes the DISC UNIT TEST program, and provides test
operating procedures as well as explanations of error indications.
The performance test should be run after that equipment is installed,
before being placed in operation after an extended idle period, or
after any corrective maintenance has been performed.

6.2 DESCRIPTION

The DISC UNIT TEST program provides a check on the performance of

the magnetic disk subsystem. The program consists of a series of
test routines, each designed to test specific features of the sub-

system. The structure of the DISC UNIT TEST program is illustrated
in Figure 6-1.

Functionally, the DISC UNIT TEST program consists of the following
three test modules:
@ Command acceptance and PDC micro program test routine tests.
e Magnetic disk subsystem reliability tests.
® Troubleshooting tests.

TEST EXEC
3
DISC
UNIT TEST
L I
TEST
FIGURA- RUN
TION T
i | | }
TEST LIABILITY TROUBLE-
SEQUENCER Agg::::zs " TE:T; e ¢
ct D1
g2 02
c3 03
) D4
cs Db
| C6 Dé
c? 07
D

11092
Figure 6-1. DISC UNIT TEST Program Structure

INFORMATION SYSTEMS



T031S5-2UY Q-12

Physically, the DISC UNIT TEST program comprises the following:

e A software performance specification.

® A paper tape.
® A program assembly listing for the tape.

The DISC UNIT TEST program is executed by the processor under control
of the Test Executive program TESTEXC, and consists of the test
routines listed in Table 6-1. A minimum of 16K of memory is
necessary to execute DISC UNIT TEST. A teletype is required as

the communication link between operator and program. The test bed
layout is shown in Figure 6-2.

Table 6-1. DISC UNIT TEST Test Routines (Sheet 1 of 2)

Test Routine Approximate
Identifier Execution
Test Routine (Directive) Tima per Pass
Command Acceptance Test 1 Cl
Command Acceptance Test 2 Cc2
Command Acceptance Test 3 c3
Command Acceptance Tast 4 c4
Command Acceptance Test 5 c5
Command Acceptance Test 6 cé6
Command Acceptance Test 7 c?
Reliability Test 1 Dl S minutes
10 seconds
Reliability Test 2 D2 1 minute
47 seconds
Reliability Tesc 3 D3 1 minute
47 seconds
Reliability Test 4 D4 1 minute
47 seconds
Reliability Test 5 D5
Reliability Test 6 D6 6 seconds
Reliability Test 7 D7 25 seconds
Reliability Test 8 D8 47 seconds
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Table 6-1. DISC UNIT TEST Test Routines (Sheet 2 of 2)

Test Routine Approximate
Identifier Execution
Test Routine (Cirective) Time per Pass
Troubleshooting Tests TS
Run all Command Acceptance Tests CA
Run all Reliability Tests DR 11 minutes
49 seconds
Run all command Acceptance and all BT 6 minutes
Reliability Tests, except Dl 39 seconds
Test sequence of from 1 to 15 tests sQ
Run sequenced tests RS
16K 1S/1000
MEMORY | cpu ) Y
|
DISC
CONT
ROLLER
i | {
DISC DISC - DISC
DRIVE 0 DRIVE ¢ DRIVE 7

11083
Figure 6-2. DISC UNIT TEST Test Bed Configuration

I3 INFORMATION SYSTEMS



TO31S5-2UYQ-12

6.2.1 Command Acceptance Tests (Cn)

The command acceptance and PDC micro program routines test the PDC
and the disk controller interface. They dso initile a micro-
diagnostic routine in the PDC, which checks various registers and
/O command accessibility to the micro processor.

There are seven acceptance tests which can be executed
sequentially or separately. In case of an error condition, with
sense switch SS4 set, the program will not proceed with the next
test, but loop on the particular test during which the error
condition occurred.

The following is a description of the seven command acceptance tests.

6.2.1.1 Command Acceptance Test C1

The C1 test <causes the following ingtructions to be executed:

@ EDF RST
e Rus

The exror conditions tested for, are:

@ No EKO for EDF RST.
EKO for RDS.
@ INTERRUPT for EDF RST.

6.2.1.2 Command Acceptance Test C2

The C2 test causes the followino i1nstructions to be executed:

® EDF RST
® EDF STR (Read Status)
® RDS

The error conditions tested for, are:

EDF STR ENABLE not being set by RST.
NO INTERRUPT for EDF STR.

INTERRUPT not being set by EDF STR.
INTERRUPT not being set by RDS.

6.2.1.3 Command Acceptance Test C3

The C3 test causes the following instructions to be executed:

@ EDF RST
@ EDF STR (Read status)
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® IClI

® RST
The error conditions tested for, are:
® No EKO for ICI.

6.2.1.4 Command Acceptance Test C4

The C4 test causes the following instructions to be executed:

EDF RST

EDF STR (Read Status)
RDS

ICI

The error conditions tested for, are:

e ICl not rejected.
® INTERRUPT reset by RDS.

6.2.1.5 Command Acceptance Test C5

The C5 test causes the following instructions to be executed:

EDF RST

EDF STR (Read Status)
RDS

ICI

The error conditions tested for, are:

@ EDF STR not being rejected while the controller is busy.

6.2.1.6 Command Acceptance Test C6

During the C6 test all illegal EDF instructions are executed. The
objective of the test is the rejection of all these instructions by
the controller. An error condition will be indicated whenever one
of these instructions is not rejected.

6.2.1.7 Command Acceptance Test C7

The objective of this test is to check the internal registers and

enabling logic of the controller. The micro routine resides in the
CROM of the microprocessor where it will be sarted by the EDF STR

MEMORY ADDR = O instruction from the CPU. Pass and eror conditions

are sent to the microprocessor by setting the INTERRUPT FLAG and
loading the DMA ADDRESS REGISTER with a predetermined code for
either a pass condition or an eror condition. See Table 64 for

error messages.
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6.2.2

Disk Subsysem Relighility Tests (Dn)

The  reliability  test program routines  evaduate  performance  integrity
of the system over (relatively) long periods of time.

There are eight reliability tests which are executed consecutively,
For individual execution of each test, refer to the trouble-
shooting tests.

The following is a description of the eight reliability tests:

6.2.2.1 Disk Subsystem Reliability Test D1

The D1 tests the Format Track operation. The format track routine
formats all the disc packs specified by the test configuration.
This routine formats a whole pack. Thus, if test limits have been
entered for a drive, a message will be printed and D1 will not be
executed. The message is: DRIVE N, TEST LIMITS HAVE BEEN ENTERED
MUST FORMAT WHOLE PACK. The track flag in the track format table
is set to zero. After each track format command the cylinder and
head numbers are incremented and the track format table updated.
At the completion of the format track routine, the whole pack is
verified. At the successful completion of the verification

routine, 5 track descriptors are read and compared. (Cylinders 0,
30, 95, 101, 165, 202, and heads 0, 4, 7, 10, 15, 19 respectively).
At the successful completion of the track descriptor comparison, the
test is completed. Errors are detected by checking the major status
when an interrupt occurs. Major status word bits 0, 1, 2, 3 and 12
are monitored. If any of these bits are on, a request status
command is issued and the 7 status words are printed. See Section 2
under Status for status words and their meaning. If the track
descriptor words do not agree with the expected track descriptor
words, all 9 IS and S/B words will be printed. See Section 2 under
Track Format, for track descriptor word description. Test D1
completion time is 5 minutes and 10 seconds.

6.2.2.2 Disk Subsystem Reliability Test D2

The D2 tests the Write Command Chaining operation. This routine is
designed to work on the whole pack, or within specified limits, in
a minimum amount of time. This is accomplished by manipulating the
sector address so as to take advantage of the rotational position

of the disk pack. Two write commands are chained together with
starting  sector  addresses, three  sectors apart.  The  first  write
command causes the incrementing ONEs pattern shown in Figure 6-3, to
be written. The second write command causes the WORST CASE pattern
shown in Figure 6-4, to be written. At the occurrence of the
termination interrupt the sector addresses are incremented by nine
and the writing continues until the end of the pack or the specified
test limit is reached. The length of the data buffer is 230 words,
which covers a sector and a half. At the occurrence of each inter-

rupt, the major status word is interrogated on bits 0, 1, 3, and 12.
If any of these bits are set, a request doaus is executed and the

7 daus words will be printed. The completion time for test D2 is
1 minute and 47 seconds, if the whole pack is written.
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ooot
0A0B
1Aa18
2A2B
3A3B
4A4B
SASB
6A6B
TA7B
8A8B
9A9B
AAAB
BABB
CACB
DADB
EAEB
FAFB
0A0OB

0203
ocap
1CiD
2c2ap
3C3D
4CaD
SCSD
6C6D
7C7D
8C8D
9C9D
ACAD
BCBD
cCcCh
DCDD
ECED
FCFD
6CcoD

040S
OEOF
1EIF
2E2F
3E3F
4E4F
SESF
6E6F
TETF
8ES8F
9E9F
AEAF
BEBF
CECF
DEDF
EEEF
FEFF
0EOF

0607
1011
2021
3031
4041
5051
6061
7071
8081
9091
ADAl
B0B!
coct
DOD}
EOE!
FOF!
0001
1011

0809
1213
2223
3233
4243
5253
6263
7273
8283
9293
A2A3
B2B3
ca2c2
b2e3
E2E3
F2F3
0203
1213

1215
2425
3435
4445
5455
6465
7475
8485
9495
AAAS
B4BS
cacs
D4D5
E4ES
FA4F5
0405
1415

1617
2627
3637
4647
5657
6667
7677
8687
9697
AGA7
B6B7
C6C7
D6D?
E6E7
F6F7
0607
1617

1819
2829
3839
4849
5859
6869
7879
8889
9899
ABA9
B8BY
c8co
D8DS
EBE9
F8F9
0809
1819

Figure 6-3.

Incrementing ONEs Pattern
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SASA
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS

ASAS
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SA5A
SASA
SAS5A
SASA
SASA
SASA
SASA
SASA

SASA
ASAS
ASAS
ASAS
A5AS
ASAS
ASAS
AS5AS
AS5SAS
AS5AS
ASAS
ASAS
ASAS
ASAS
AS5AS
ASAS
A5AS
ASAS

ASAS
SASA
SASA
SASA
SASA
SASA
5ASA
5A5A
5ASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA

ASAS
ASAS
A5AS
ASAS
ASAS
ASAS
ASAS
AS5AS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS

SASA
SASA
SASA
SASA
SASA
SA5A
SASA
5A5A
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA
SASA

ASAS
ASAS
ASAS
ASAS
ASAS
AS5AS
ASAS
AS5AS
ASAS
AS5AS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS
ASAS

Figure 6-4.

Worst Case Pattern
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6.2.2.3 Disk  Subsystem Réliability Test D3

The D3 tests the verify operation. The verify routine verifies the
entire disk pack. At the occurrence of an interrupt, the major
status is .interrogated on bits 0, 1, 3 and 12. If any of these
bits are set, a request status is executed and the seven status
words are printed. Completion time for test D3 is 1 minute and
47 seconds. Once this test has started it cannot be aborted until

the terminating interxupt.

6.2.2.4 Disk Subsystem Reliability Test D4

The D4 tests the Chaining operation. This routine
should not be executed unless D2 has been executed prior to it,
to prevent data errors from being printed erroneously.

This routine is the same as D2 except that data are read instead
of written and the write and read buffers are compared. If a data
error is detected, the first word in error plus three succeeding
words are printed. Completion time for D4 is 1 minute and

47 seconds.

6.2.2.5 Disk Subsystem Reliability Test D5

The D5 tests the Write/Read Data Chaining operation. This routine is
designed to generate rate errors during the write and read operations.
Nine write commands and nine data buffers are linked together and
the commands are executed. At the occurrence of the interrupt, a
request status command is executed and the rate error bit is checked.
If it is set, the test continues by executing a write command that
places valid data in that track. Nine read commands and nine data
buffers are linked together and the commands are executed. At the
occurrence of the interrupt, a request status is again executed and
the rate error bit checked. |If the rate error bit is not set,

either for write or read, the message is printed that the rate error
did not occur and all seven status words are output.

6.2.2.6 Disk Subsystem Reliability Test D6

The D6 tests the Seek Sequential operation. This routine is
designed to verify sequential seeks by cylinder number. First the
restore command is executed and a check is made to ensure that two
interrupts occurred. Upon the occurrence of the first interrupt
the controller busy bit is checked and a wait is initiated for the
second interrupt. At the occurrence of the second interrupt, the
read track descriptor command is executed to reset the gated
attention bits. The cylinder number is converted to binary

sector address and the seek command is executed. Two interrupts
are processed for the seek command and the read pack descriptor
command is executed. The cylinder numbers are compared to deter-
mine that the seek was to the specified cylinder address. If the
cylinder numbers compare, the cylinder number is incremented and
another seek command and read track descriptor command are executed
until all cylinders have been processed. At the completion of each

INFORMATION SYSTEMS
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geek command, the appropriate gated attention bit is checked for
its status. Completion time for D6 is 6 seconds.

6.2.2.7 Disk Subsystem Reliability Test D7

The D7 tests the Seek Incremoent/Decrement operation. 1In this
routine four commands are linked together. Seek first cylinder,
read track .descriptor.of the first cylinder, seek last cylinder
and read track descriptor of last cylinder. The interrupt is only
enabled on the last command. Upon the occurrence of the interrupt,
the major status is interrogated and the cylinder numbers are
compared. If the comparison is satisfactory, the first cylinder
number is incremented, the last cylirnder number decremented, and
the four commands are executed again. This continues until the
first cylinder number equals 202, and the last cylinder number
equals zero. In case of a atatus error or saek error, the restore
command is executed and error messages will be printed. Completion
time for test D7 is 25 seconds.

6.2.2.8 Disk Subsystem Reliability Test D8

The D8 tests the Write/Read Random operation. This routine writes,
reads, and compares random data. Random cylinder, head and sector
numbers are generated and converted to binary sector address. (See
Figure 6-5). The random cylinder number is multiplied by two and
used as the random record length to be written and read. The write
and the read commands are linked “ogether and they are executed
500 times. At the occurrence of the interrupt, the drive number is
changed in the control word and again che commands are executed.

In this manner all drives will be exercised simultaneously. This
is different from all the other tests where the complete test is
run consecutively from one drive to the next. Completion time for
the D8 test is 47 seconds.

6.2.3 Troubleshooting Tests (TS)

The troubleshooting test routines enables the operator to configure
his own test procedures, criteria and parameters. There are eight
troubleshooting tests as follows:

Seek

Restore

virite

Format Track

Read

Read Track Descriptor

Read Status

Verify

A total of eight commands can be entered and executed sequentially.
Bach time the program outputs (MD, the operator enters a command,

INFORMATION SYSTEMS
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60AC
BDCO
5660
6F80
0920
2340
BDEO
D900
T4A0
20C0
2D60
4AB0
EB20
0640
AJE(D
cag00
63A0
7DCO
1660
2F80
coao
E340
7DE0
9900
J4A0
s0Co
ED69
0A80
A820
C640
C63C
€638
C634

0001
c9CD
727D
9BAD
455D
6F8D
1A3D
456D
FI1D
1DaD
C9FD
F72D
A4DD
p3dD
81BD
BOED
569D
89CD
327D
SBAD
055D
2F8D
DA3D
056D
B11D
DDA4D
89FD
B72D
64DD
6BES
6BE!
6BDD
6BD?

Cylinder No. (Random)

!——————-HemiNb.(Ram&mﬂ

ASAS
D7DC
909C
conc
839C
BDDC
789¢C
B3DC
6F9C
ABDC
689C
ASDC
639C
AIDC
609C
9FDC
5F9C
97DC
509C
890C
439C
7DDC
389cC
73DC
2F9C
6BDC
289C
€5DC
239C
C63F
C63B
€637
€633

Figure 6-5. Random Data Pattern

ABAC B3BS
E7TED FA00
BOBD C2E0
FACD 2Ca0
C3DD 0620
0E2D 6080
DBFD 3B60
244D 96C0
FOLID 72A0
3C6D CFOO
093D ABED
S68D 0940
245D E720
72AD 4580
417D 2460
90CD 83C0
SF9D 61A0
ATED BAOO
70BD 92E0
BAOD ECA4GC
83DD Cé620
CE2D 2080
98FD FBSO
E44D 56C0
BOID 32A0
FC6D 8F00
C93D 6BED
168D C940
E4S5D A720
6BE4 C63E
6BE0 C63A
6BDC C636
6BD8

OELS
F705
6075
4A65
B4DS
9FCS
0B3S
F725
6395
5085
BDFS
ABES
1ASS
0945
78BS
65AS
CEIS
B70S
2675
0A6S
74DS
SFCS
CB3S
B72S
2395
1085
7DFS
6BES
6BE3
6BDF
6BDB

242C
1D2¢C
96AC
90AC
0B2C
062C
B1AC
7DAG
FA2C
F72C
74AC
72AC
F12C
F02C
6FAC
6BAC
E42C
DD2C
S6AC
S0AC
cB2C
cé62C
41AC
3DAC
BA2C
B72C
34AC
32aC
C62D
C639
c625

acas
4sss
CEES
D8F5
6385
6E9S
FA2S
0635
92c5
9FDS
2D65
3p75
CARS
D915
68AS
73BS
FC45
0SS5
8EES
98F5
2385
2E95
BA2S
c63s
52CS
SFDS
ED6S
FB75
6BE2
6BDE
6BDA
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as described under the Operating Procedures. Each command requires,
and will request, information for the five program control words.

Care must be taken in entering the responses; for example the last
command entered in a string must have the interrupt enabled and

it cannot be linked. All linking is done forward. Thus, if the
last command entered is linked it will be linked to something

unknown and anything can happen. Initially the time delay for the
troubleshooting tests is set for 32 seconds. If this value is
changed and the execution of a command or commands takes longer
than the time delay entered, the program will output NO INTERRUPT.
This message in this case will not signify an equipment error but
instead it is the result of an operator (output) error.

If the major status word indicates some problems in the disk sub-
system, the read statue is executed and 7 status words are
output. As a result of the CB (compare data), directive, if data
do not compare, four data words IS and S/B are output starting at
the first error. As a result of the RT (read track descriptor)
command, if the track descriptor words do not agree, the IS track
descriptor words are printed. When a seek command is entered and
is linked to another command whose interrupt is enabled, in
cases an unexpected interrupt may be output. This is due to the
fact that the terminate interrupt is disabled and the controller
starts processing the command which is linked to the seek command
and at this point the interrupts are enabled. Thus two interrupts
can occur - the terminate interrupt of the second command and the
gated attention interrupt of the seek command, which in this case
will be an unexpected interrupt.

6.3 PREREQUISITES

The following equipment is required to perform the DISK UNIT TEST:

® GTE/IS Model 1S/1000 Processor with 16k memory.
® Model ASR 33 Teletype, or equivalent.

When the DISC UNIT TEST is used for troubleshooting purposes, an
oscilloscope, Tektronics Model 7403N or equivalent, is recommended.

6.4 TEST SETUP

See Figure 6-2 for the test setup required to test the magnetic
disk subsystem.

6.5 OPERATING PROCEDURES

The following outlines the general procedure for performing the
DISC UNIT TEST:

@ Load the TESEXC tape. Refer to engineering drawing 380689,
which is shipped with the equipment, for complete instruc-
tions regarding the use of all features of TESEXC.

INFORMATION SYSTEMS
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When the TESEXC program has been loaded, the teletype
prints out

EXECUTIVE READY
—

The keyboard is now enabled for input.

@ Place the DISC UNIT TEST program tape in the reader station
of the teletype. The DISC UNIT TEST program can now be
loaded by typing L(CR). If the system has a version 2 (V2)
CPU with a 4~-segment ROM, execute a B (branch) 55 instead.

@ After the DISC UNIT TEST has been loaded, the teletype will
output the following:

DISC UNIT TEST PROGRAM

SPS 382747 LI 382749 BA 38275L
REV X3 - - OCT 74

DISC UNIT TEST ROUTINES AND ID'S
BT RUN ALL CA AND DR TESTS
CA RUN ALL CA TESTS
Cl EDF RST AND RDS
C2 EDF RST, EDF STR(READ STATUS), RDS
C3 EDF RST, EDF STR(READ STATUS), ICI RST
C4 EDF RST, EDF STR(READ STATUS), RDS ICI
C5 EDF RST, EDF STR, EDF STR, RDS
Cé ILLEGAL EDF'S
C7 R/P MICRO ROUTINE
DR ALL RELIABILITY TESTS
D1 FORMAT TRACK
D2 WRITE COMMAND CHAINING
D3 VERIFY WHOLE PACK
D4 READ COMMAND CHAINING
D5 WRITE/READ DATA CHAINING
D6 SEEK SEQUENTIAL
D7 SEEK INCREMENT/DECREMENT
D8 WRITE/READ RANDOM
TS TROUBLESHOOTING TESTS
SQ TEST SEQUENCER
RS RUN SEQUENCED TESTS

INFORMATION SYSTEMS
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This printout will cnly occur after an initial program
load procadure; it will not be printed out after a restart
operation. When ‘the print out ir not deeired, placing
gsense switch 8 in the up (on) position, will prever: it
from being output. Ssnse switch 8 must be turned off after

completion of the load operation.

@ At the processor control panel, set the Sense switches as
required, by referring to Table 6-2.

A series of messages is then output requss 1
parameters for the execution of the DISC UNIT TEST test
routines. By entering the appropriate control paramsters

in response to each message, the operator determines which
routines are to be executad and how they are executed. As
the program outputs a message, the operator simply enters
the desired paramaeter followed by a CR. The format, meaning
and required responses for this initial test configuring
procedure are listed in Table 6-3.

[ ]

Once all the required system oonfigurhtion parameters have been
initially entered, the Disc Unit Test Program will continue to use
these paranr ters until the system is reloaded or control is trans-
ferred to location zero.
a. The first message is:
DISC UNIT TEST PROGRAM

No response to this message is required.

Table 6-2. Sense Switch Settings

Sense Position of Switch
Switch Up Down
sswWl Halt when an error is encountered. Continue.

Pertinent information is displayed
in the registers.

SSW3 Suppre-s al'l error messages. Output
error
masgsages.

sswé Repeat the module under test. Continue.

ssw8 Abort the test module currently Continue.

being executed and return con-
trol tov the Test Executive.

INFORMATION SYSTEMS
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Table 6-3. DISC UNIT TEST Control Parameters (Sheet 1 of 2)

Control Required
Hessage Description Response

(o 1)) The buffer area for tha troubleshooting cL
commands will be cleared.
The ~ommands entered will be executed. RU
The program will return to the RUN statement, RN
Compare the contents of the write buffer CB
against the contents of the read buffer.
Read RD
Write R
Format Track F1
Read track description RT
Verify R
Seek SK
Read Status RS
Restore RR

IRIVE= Drive number C-7 N

TIMEDUT The time delay is set at 32 seconds. If no NNNN
input is made the time delay will stay at
32 sec. The range is from 0-32,767. The
time 4elay is in 1 ms increments.

LINK The command will be linked to the next com- YorN
mand entered if Y is input. The interrupt
will be disabled for this command. If n is
input the command will not be linked.

DISABL INT If Y is entered the interrupt will be dis~ Yori
abled for this command. If N is entered
the interrupt will not be disabled.

DATA CHAIN If Y is entered the data buffers are linked. YorN

If n is entered there will be no buffer
linking. This is for write/read operations
only.

INFORMATION SYSTEMS




Table 6-3. DISC UNIT TEST Control Parameter (Sheet 2 of 2)

Control
Message

Description

TO31S5-2UYQ-12

Required
Response

TRACK FLAG

SEC. ADDR

WORD COUNT

DATA PATT.

PATTERN
CYLINDER NO.

HEAD NOD.

SECT COUNT

PRINT STATUS

BUFFER FULL

0 - Gocd primary track

1 - Good alternate track

2 - bDefective primary track

3 - Defactive alternate track

Sector address 0-64,959;q maximum address
in hex is FDBF. Froa 0-32,7671¢ the
sector address can be entered in decimal.
Sector address greater than 32,767yq
must be entered in hexadecimal. Refer to
Table 6-5 for sector address listing.

The word count range is from 1-1000;,.
It can bae entered in decimal or
haxadecimal.

I - Incrementing ONEs pattern (Figure 6-3).
O - Sliding ONEs pattern (Figure 6-6).
sliding ZEROs pattern (Figure 6-7).
Worst cass pattern (Figure 6-4).
Operator chooses pattern

Do previous patitern

Z YW EN
[N B B |

Enter data pattern desired.

The cylinder number ranges from 0-202.

It can be entered in decimal or hexa-
decimal. Refer to Table 6-5 for Cylinder
and Sector address listing.

The head number ranges from 0-19. It can
be antered in decimal or hexadecimal.
Refer to Tabls 6~5.

Sector count range is from 0-64,959)¢.
Refer to Table 6~5 for Sector count.

If Y is entered the seven status words
are printed. If N is entered the status
will not be printed.

This message will be printed if more than
8 cozmands have been entered.

INFORIMATION SYSTEMS
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goc!
0020
2000
0020
2000
0020
2000
0020
2000
0020
2000
0020
2000
0020
2000
0020
2000
2020

poo2
0040
4000
0040
4000
00490
4000
0040
4000
0040
4000
0040
4000
0040
4000
0040
4000
0040

0004
0080
8000
0080
8000
6080
8000
0080
sooe¢
0080
8000
0080
8oeo
00g0
80060
0080
gooo
ooseo

onos
o100
060!
o100
0001
0100
0001
0100
goo!
0100
goot
o100
0aoi
0i00
000t
0100
0401
0100

0010
0200
0002
0200
o002
0200
0002
0200
00p2
0200
0002
0200
0002
0200
0002
0206
0002
0200

0400
0004
0400
0004
0400
0004
0400
0004
0400
0004
0400
0004
0400
0004
0400
0004
0400

0800
0008
0800
0008
0800
0068
0800
0008
0800
0008
0800
0008
0800
0008
0800
0008
0800

1000
no10
1000
0010
1000
0010
1000
6010
1000
ao010
1000
0010
1000
0010
1000
0010
1000

Figure

6-6.

Sliding

ONEs

Pattern

1nes7

FFFE
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF
DFFF
FFDF

FFFD
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF
BFFF
FFBF

FFFB
FFTF
TFFF
FF7F
7FFF
FF7F
TFFF
FFTF
7FFF
FFTF
TFFF
FF7F
7FFF
FF7F
TFFF
FFT7F
TFFF
FFTF

FFF7
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF
FFFE
FEFF

FFEF
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF
FFFD
FDFF

FBFF
FFFB
FBFF
FFFB
FEBFF
FFFB
FBFF
FFFB
FBFF
FFFB
FBFF
FFFB
FBFF
FFFB
FBFF
FFFB
FBFF

FIFF
FFF7
FIFF
FFF7
FIFF
FFF7
FIFF
FFF7
FIFF
FFF7
F7FF
FFF7
FIFF
FFF7
FTFF
FFF7
FIFF

EFFF
FFEF
EFFF
FFEF
EFFF
FFEF
EFFF
FFEF
EFFF
FIFEF
EFFF
FFEF
EFFF
FFEF
EFFF
FFEF
EFFF

Figure

6-7.

Sliding

ZEROs

Pattern

INFORMATION SYSTEMS
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The next message is:

DEV. ADIR=
In response to this regquest, the operator must input a
decimal (0-63) or hexadecimal ($0-$3F) value defining the
device address,
The next messrge is:

INT LINE=
In response to this request the operator must input a decimal
(8~15) or haxadecimal ($§8~§F) value defining the interrupt
iine used by the Disc Subsystem.

The next message is:

" ICI BIT ASSIGN=

Lo ﬁi@l e Ml&x
If the interrupt is on a common inte: i1ine, the user
must resperd by inputting a decimal or hexadecimal value
defining the common interrupt statue bit position (Data
Input Bus) assigned to the device., Otherwise, enter “e
ietter N indicating no common interrupt assignment.

The next message is:
NO. OF DRIVES=

In response to this request, the user must enter the number
of drives present in the system to be tested (1-8).

The next message is:
RIVE=

The user must enter the drive numbers fo_ the drives to be
tested., One number per reguest.

The next message is:
TEST LIM YN

If the user enters N, the program will go to RUN and the
whole pack is operated on.

1€ the user enters Y the following is printed: DRIVE N
FCNe, FHN=, LCN=, LHN=, This will be printed for all the
drives entered previously:

FCN=First Cylinder number. The decimal input is 0-202.
FilN=First head number. The decimal input is 0-19.

INFORMATICN SYSTEMS
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6.5.1 Test

LCN=Last cylinder number. (Same range as FCN).
LHN=Last head number. (Same range as FHN).
Refer to Table 6-5, for head and cylinder numbers, and the

sectors contained within the segment selected by the first
and last head and cylinder numbers.

Selection

Whenever the Disc Unit Test Program has completed system configura
tion or control is passed to location two (2), the keyboard is
enabled for input of the "RUN" daement as follows:

RUN ID, PASS (C/R) - Execute ID, pass number of times

RUN ID (C/R) - Execute until manually halted

RUN GO (C/R) - Use previous ID and PASS

ID - This is a two character name that identifies the test to be
executed.

PASS - This is an optional decimal value in the range of 0 to
32,767 which specifies the number of times to execute

the selected test.

Refer to Table 6-1 for test identifiers.

6.5.2 Troubleshooting Routine (TS)

6.5.3 Test

The troubleshooting routines are provided to assist the operator
in troubleshooting the Disk Subsystem. The routine will request
various items to build the operation stack and the associated
gueues. Table 6-3 depicts the requests, responses and the
description.

Sequence Routine  (SQ)

This routine allows the user to select up to 15 tests and sequence
them in any order he desires.

6.5.4 Input Rejection

Input rejects are indicated by a single question mark (?).

6.6 ERROR INDICATIONS

When the test program detects an error, an error message may be
output or the test may be stopped by an eror hat if these func-
tions are enabled. Error indications and their probable causes

ae listed in Table 6-4. Error hdts ae identified by [|-Register
contents. The operator can resume operations after an eror  hat

condition, by pressing the RUN switch. The R2 register contains
the test ID.
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Table 6-4. DISC UNIT TEST Error Indications (Sheet 1 of 2).

h T-Register

Test
Contents Module Exror Message and Probable Cause

(1)} ANY ID EDF RST REJECT AT

02 ANY ID EDF RDS REJECT AT

03 ANY ID EDF STR RBJECT AT

04 c3 C3 ICI REJECT AT

05 cl €3 NO RDS REJECT AT

06 c3,C4 ID NO ICI REJECT AT

07 c5 C5 NO EDF STR REJECT AT

08 cé C6 ND EDF INI REJECT AT

09 cé C6 NO EDF INV REJECT AT

10 cé6 C6 NO WTD REJECT AT

11 Ccé €6 ND WTI REJECT AT

12 ANY ID NO INTERRUPT

13 c3 C3 DESIGNATED ICI BIT MISSING

14 TS TS NO INTERRUPT

15 ANY ID UNEXPECTED INTERRUPT

*16 c? C7 CONTROLLER FAILURE
0080 (DMA ADDR FAILURE)
00CO (FIFO OVERFLOW)
O0OEQ (FIFO DATA PATTERN ALL ONES)
OOFQ (CRC UPPER FAILURE)
OOF8 (FIFO DATA PATTERN ALL ZEROS)
COFC (CRC LOWER FAILURE)

17 Dl D3 DRIVE=N
18 S/B TRACK DESCRIPTOR WORDS
AXXX XXX

(9 TRACK DESCRIPTOR WORDS WILL BE PRINTED).

%0n a halt without printout Register 8 will contain the error cocde. In
the cass of C7, if no interrupt is printed out, check the FIFO.
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Table 6-4. DISC UNIT TEST Error Indications (Sheet 2 of 2)

'z.n.guw Test
Contanta Hodule Error Meszsage and Probable Cause
18 PR ID BAD STATUS
DRIVE=N
ARXX
(7 STATUS WORDS WILL BE PRINTED).
19 D4,Dp8 ID DATA ERROR
IRIVE=N
IS S/B SEC.AIR ED.NO
XAXK X
20 D5 NO RATE EPROR FOR WRITE
DRIVE=N
D5 BAD STATUS
1K
(7 STATUS WORDS WILL BE PRINTED)
21 DS NDO RATE ERROR FOR READ
DRIVE=N
D5 BAD STATUS
XXX
(7 STATUS WORDS WILL BE PRINTED)
22 D6,D7 DRIVE=N
23 D6 ID NO SECOND INT FOR RESTORE
DRIVE=N
24 D6 D6 GATED ATTENTION NOT OFF
IRIVE=N
25 D6 D6 ND SECOND INT FOR SEEK
DRIVE=N
26 D6 D6 GATED ATTENTIGN NOT ON
D6 DRIVE=N
IS S/B CYLINDER NO,
Xt XXXX
27 D7 D7 IRIVE=N
i$ S/B CYLINDER NO,
o oed XXXX
KXXx X
28 CHECKSUM ERROR
1S S/B
_ XXxXX XXXX
INFORMATION SYSTEMS
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Cylinder
Deaisal: ] 3 23 3 4 S [} ? (] 9 10 1 12 13 16 1%
Rexedsoimal ] b Y 3 3 4 ] 6 ? e 9 A ] -] -] -4 4
Track . |
(Wead)
Dec. | Bex.
-] o 0000 | 0240 | 0260 | 03¢0 | 0300 | 0640 | 0780 | 08CO | 0A00 | 0840 | 0CB80 | 0DCO | 6200 | 21040 | 2180] 1200
1 1 0010 | 0230 | 0290 | 03DO | 0510 0850 | 0790 | 0epO | OA20 | CBsSO| 0co0 | 0oDO | OP10 | 1050 | 1190| 1200
2 2 0020 | 0160 | 02a0 | 0320 | 0520 | 0650 | O7A0 | 08RO | AA20 | 0B6O | OCRO | 0DEO | UP20 | 1060 | 21A0] 1280
3 3 0030 | 0270 ]| 0280 | OXrO | 053G | 0670 | 0780 | 08FQ | OA30 | 0BY0 | 0CBO | ODRPO | OF30 | 1070 | 1180| 1270
4 4 0040 | 0180 | 03C0 | 0400 | 0540 | 0880 | 07C0 | 0900 | 0A40 | 0880 | occo | om0 | ord4o | 1080 | 31c0| 1300
] ] 00350 | 0190 | 0200 | 0420 | 0350 | 0380 | O7DO | 0510 | 0ASO | 0890 | ocpO | o520 | 0¥S0 | 10%0 | 21D0| 2310
6 6 0060 | 0JA0 | 0220 | 0420 | 0360 | 06A0 | OTEO | 0920 | GASO | OBAO | oceO | 0B20 | OP60 | 20A0 | 1280] 1320
? 7 0070 | 0280 | 0270 | 0430 | 0370 | 0889 | 0770 | 0930 | OATO | 08DO | ocP0 | 0B30 | 0F70 | 2080 | 1170 | 1330
@ | 8 ]ocso|onco| 0300 0ueo] 0380 | 06co | 0eco| 0240 | caso | aeco| opoo | omeo | orao | 20c0 | 2200] 1340
] 9 0090 | OADO | 0310 ] 0450 | 0390 | 06D0O | 0010 0950 | CASO | 0BDO | oDIO | 0230 | 0290 | 10T0 | 1210| 1350
10 A 00A0 | 0180 | 0320 | 0460 | 03A0 | 0420 | 0820 | 0960 | CANO | 0RBO | 0D20 | 0260 | GPAO | 2080 | 21220 | 1360
11 | ] 0030 | 0170 | 0230 | 070 0580 | Q&P0 | 0830 ] G970 | CABO | 0270 | OD30 | 0870 | OFBO | 20r0 | 1230 1370
12 ¢ 00C0 | 0200 | 0340 | 0480 | 03C0 | 0700 | 0840} 0280 | OACO | 0C00 | 0D40 | ORB0 | OPCO | 13100 | 1240 | 1380
13 ] 00D0 | 0210 | 0350 | 0490 | 0300 | 0710 | 0850 | 0930 | 0ADO | ©C10 | 0D50 | 0B9G | OFDO | 1110 | 1250 1390
pU] B 0080 | 022G | 0360 ] 040 | OSEO | 0720 | C360 | OSAD | OARO | 0C20 | ODGO | OEAO | OFEO | 1120 | 1260 | 13A0
13 | 4 0020 | 0230 | 0370 | 0420 | 05r0 | 0730 ] OCY0| 0220 | OAPO | ©CIO| ODYO | OZBO | OFPO | 1130 ] 1270{ 1380
16 10 0100 | 0240 | 0320 | 04co | 0300 | 0740 | 0830 | 03C0 | CBOO | OC40 | ODBO | 0BCO | 1000 | 1140 | 1280 13c0
17 1n 0110 | 0230 | 0390 | 04D0 | 0310 | 0750 ; 0890 ] 0900 | 0810 | 0CSO ! 0D90 | 0800 | 3010 | 1156 | 1290 | 1300
18 12 0120 | 033C ¢ 0320 | 04RO | 0620 | 0760 | GBAD | 0280 | 0320 | 0C60 ] ODAD | OEEC | 1020 | 1160 | 1280 1380
19 | 23 |o230]0270] 0350 ] cero ] 0630 | 0770 | 0sBO | 08r0 | 0830 | 0c70 | 0080 | 22P0 | 2030 | 2170 | 1280 | 1370
Table 6-5b. Sector Addresses, Cylinders 10-1F
Cylindor
Decinal: s 17 18 19 © a2 a2 23 24 a5 26 a7 28 29 30 3l
Bexadecimal s 10 ph 3 a2 13 1l¢ 13 16 b 18 19 ¥ ) 18 ic 10 1B 1w
Treck
(Read)
Des. { Bex,
] (] 1400] 1540] 1660] 27C0 ] 1900 ] 140 | 1280 | 10CO} 1200 | 1P40| 2080 | 21CO | 2200| 2440| 2580] 26CO
3 1 14120{ 1550| 1690| 2700 | 1910 ] 1A3G | 1090 | 1CDO| 1B10| P50 2080 | 21D0 | 2310 2450| 2590 2600
2 2 2430] 1380 | 1620] 1720 ] 1920 | 1060 | 1BAO { 1CHO| 1220 | 1P60| 20A0{ 2180 | 2320 | 2460| 25A0| 2620
3 3 1430} 1370 1620 1770 | 1930 | 2a70 ! 1280 | 1CPO| 1230 | P70 2080 | 21P0 [ 2330 | 2470) 2580 26P0
L 4 1¢40] 1380 ] 16c0] 1200 1940 | 1020 | 15C0 | 1500 | 1E40 ] 1PS0| 20C0] 2200 | 2340 | 2489 25Cc0| 2700
] ] 1450| 15991 1600{ 1810 { 1950 | 1a80| 1170 | 1D10| 1BSO{ 1P90| 2000 | 2210 | 2350 | 2480| 25D0( 2720
e ) 1460 1320 2620/ 1620 | 1960 | 1an0| ieBo | 1020 | 1860 | 1¥A0| 2020 | 2220 | 2360 | 24n0} 2580 2720
7 7 1670{ 1520 { 1¢70| 1030 | 2970 | 1220 1E¥0 | 1030 1870 1FRO| 2090 { 2230 | 237C | 24BO| 25P0( 2730
[} 8 1600] 13¢0{ 1700| 2040 | 2960 | 12C0 | 200 | 1D40 | 1880 | 1PCO| 210G | 2240 | 2380 | 24CO ] 2600 2740
9 9 14901 1500{ 3710] 1850 1980 | 1aD0 | 2cl0 | 1050 | 1860 [ 1PDO| 2110’ 2250 | 2390( 2'DO| 2620 2750
19 A 20| 15801 1720 MI 1520 2a20 | 1c20| 1060 | 18A0 | 2¥EO| 2120 | 2260 | 23A0 | 24E0| 2620 2760
1 ] 80| 1570 1730{ 1870 1980 { 1aP0 | 1C30 | 1070 | 1EB0 | 1770| 2130| 2270 | 2380 24r0| 2630 2770
12 c 14c0 | 1600 | 1740 1880 | 1900 | 1800 | 1c40 | 1080 | 18C0 | 2000| 2140 2260 | 23c0| 2.00! 2640 | 2780
13 1400 3630 | 1750 1890 | 1900 | 1m10 | 1C50 | 1090 | 1EDO | 2010 2130 ( 2290 | 2300 | 2510 2650 2790
4 B 20| 1820 | 1760 | 1820 | 1820 | 1820 | 1c60 | 1000 | 1220 | 2020| 2160 | 2280 | 2380 | 2520 | 2660 | 27A0
13 4 1690 1630 | 1770 1880 | 1370 | 1830 | 170 | 1080 | 12¥0 | 2030} 2170| 2280 “23r0| 2530 2670 | 2780
16 10 1500 3640 | 1780 1800 | 1000 | 1840 § 1ca0 | 1000 | 1700 | 2060| 2180 | 22c0 | 2400 2540 | 2680 27CO
17 1 15201 3636 | 1790 1200 | 1a10 | 1850 { 130 | 1000 | 1710 § 2050 | 2150 | eaDO | 2410 | 2550 | 2690 | 27DC
1% 12 15201 2660} 2720 | 1620 | 1220 | 1860 ) 1Ca0 ( 1020 | 1r20 | 2060] 21A0| 220 | 2420 2560 | 26A0 | 2780
19 13 1930 f 1670 | 1780 | 1870 { 1430 | 1570 | 1c80 | 1oF0 | 1730 | 2070{ 21BQ{ 22P0 | 2430 2570 2680 | 2770
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TO31S5-2UYQ-12

Table 6-5c. Sector Addresses, Cylinders 20-2F
Cylinder
Oacimal s 32 3 M kL 3% 27 38 39 40 41 L} 43 “ 45 4« 47
ganadecimal s 0 21 22 23 24 25 26 27 28 39 A B 2 W 1, 2
Track
{zaad)
Bae. | Bex.
[} o 2800 | 2940 | 2A80 | 3BCO | 2000 | 2240 | 2780 | 30CO | 3200 | 3340 | 3480 | I5CO | 3700 | 3840 | 3380 | IACO
1 1 2010} 2950 | 2290 | 2800 | 2010 | 2850 | 2790 | 30DO | 3210 | 3330 | 3490 | 3300 | 3710 | 3850 | 3950 | 3ADO
2 2 2020 2960 | 2an0 | 2880 | 2020 | 2m60 | 2PA0 | 30m0 | 3220 | 3360 | “34n0 | 3520 | 3720 | 3880 | 390 JARO
3 3 20830 | 2970 | 2A30 | 2520 | 2050 | 2870 | 2PBO | J0FO | 3230 | 3370 | 3480 | ISPO | 3730 | 3870 | 3980 | AP0
4 ] 2840 2980 ] 2ACO | 2C00 | 2D40 | 2880 | 2PCO | 3100 | 3240 | 3380 | 34C0O | 3600 | 3740 | 3830 | 35C0 | 31300
5 H 2050 | 2990 | 2ADO | 2C20 | 2050 | 2890 | 27PDO | 3110 | 3250 | 3390 | 3400 | 3610 | 3750 | 1830 | 330¢ | IB1O
6 ) 2860 | 29A0 | 2AZ0 | 2C20 | 2060 | 22A0 | 2FPRO | 3120 | 3260 | JIAD | JMEO | 3620} 3760 | 38A0 | 39520 | 1220
? ? 2870 2980 | 2aF0 1 2C30| 2070 | 22BO| 2PPO | 3230 | 3270 | 33RO | 34P0 | 3630 | 3770 | 3680 | 3520 | 1332
] 8 2080 | 29C0 | 2000 | 2C40 | 2D80 | 2ECO | 3000 | 3140 | 3280 ] 33CO | 3500 | 3640 | 3780 | 38CO | JA00 | 1340
9 9 2390 | 2300 | 2010 | 2C50 | 2090 ; 2EDO | 3010 | 3150 | 3290 | 3300 | 3510} 3650 | 3790 | 2600 | IA20 | 1250
10 A 28A0 | 2920 | 2820 | 2C60 | 2DAC | 2ZEBO | 3020 | 3160 | 32A0 | 3320 | 3520 | 3660 | 37A0 | 3820 | IA20 | 3360
12 B 2080 | 2990 2030 2C70| 2080 | 2290 | 3030 | 3170 | 3280 | 33P0 | 3530 | 3670 | 3780 | 3470 | JA30 | 1d370
12 c 28CO | 2A00 | 2640 | 280 | 20CO | 2700 | 3040 | 3160 | 32CO | 3400 | 3540 | 3680 | 37CO | 3900 | 3240 | 1280
13 ] 28D0 | 3A10| 2850 2C30 | 2000 | 2P10 | 3050 | 2190 | 3200 | 3420 | 3350 | 3690 | I7E0 | 3920 | JASO | 1330
14 14 2820 | 2A20 | 2860 2020 | 2P20 | 3060 | J1A0 | J2BO | 3420 | 3560 | 36A0 | 370 | 3920 | IAGD | IBAD
15 4 2890 | 2A30 28704 2c20 | 2000 | 2P0 3070 | 2180 | 32F0 | 3430| 3570 | 3680 | 3770 | 3930 | 3A20 | 3230
18 10 2900 | 2A40| 20680 | 2cCO ! 2200 | IP40 | 3060 | 31CO | 3300 | 3440 | 3500 | 36C0 | 3000 | 3940 | 3a30 | JacCO
17 1 2910 | 2A50| 2090 | 2CDO | 2210 | 2950 | 3090 | 100 | 3310 | 3450 | 3590 | 36D0 | 3810 | 3950 | 3A90 | 1BDO
18 12 2920 | 2960 | 28A0 | 2CDO | 2B20 | 2960 | JOA0 | J1R0 | 3320 | 3460 | ISA0 | 3680 | 3820 | 3960 | JAAD | 33RO
19 13 2930 | 2970} 3880 | 3CPO | 2830 | 2770 3080 | 3170 | 3330 | 3470 | 3580 | 3690 | 3030 | 3970 | JARO | 1270
Table 6-5d. Sector Addresses, Cylinders 30-3F
Cylindax
Decimal, 48 49 S0 51 52 53 54 55 %6 57 58 5¢ 60 61 62 63
Hoxadocimal: 30 n 2 3 34 5 36 3 » 39 n - 3 i = »
Track
(Head)
Dac. | Hex.
) 0 3C00| 3040 | IB8O | IFPCO| 4200 | 4240 | 4380 | 44CO| 4600 | 4740| 4880 49CO | 4800 | 4C40] 4D8O | 42CO
1 1 3C10| 3DSO! 1290 | IPDO| 4110 4230 | 4390 | 44D0| 4610| 4750 | 4890 | 4900 ! 4810 | 4Cc30] 4D30| 42ZDO
2 2 3C20| 3060 | IBA0 | IPBO| 4120 4260 | 43A0 ] 44BO| 4620| 4760| 4BAO| 4920 | 4B20| 4C6O| 4DAO| 4280
" 3 3 3C30| 3D70| IBBO | IPPO| 4130 | 4270 4380 | 44P0| 4630 | 2770| 4880 | 4970 | 430 | 4C70| 4020 | 43P0
4 4 3C40 | 3080 | 3xCO | 4000 | 4140 | 4280 | 43C0 | 4500 4540 4780 | 48CO] 4n00 | 4B40 | 4CBO } 4nCO) 4200
S 5 3C50| 3090 | IBDO | 4010 | 4150 | 4290 | 4300 | 4510| 4650 | 4790 | 48D0 | 4A10 | 4BSO | 4CS0C } 4DDO | 4F10
é 6 3C60 | 3DAO | JEBO | 4020 | 4160 | 42A0 | 43B0| 4520 4560 | 47A0 | 48E0 | 4n20 | 4260 | 4CAO . 4DEO| 4220
? 7 3CT70| 3080 | J2P0 | 4030 | 4170 | 42BO | 43P0 | 4530| 4670 | 47B0| 4870| 4A30 | 4870 | 4cnO | 4PO ] 4P30
8 8 3C80| 30CO | 3700 | 4040 | 4180 | 42CO | 4400 | 4540 | 4680 | 47CO| 4900| 4Ad0 | 4B8O | 4CCO | 4BOO | 4P40
9 9 3C90 | 3DDO | 3?10, 4030 | 4190 | 42D0 | 4410 | 4530 | 4690 | 47D0 ; 4910 | 4ASO | 4B9O | 4CDO | 4B20 | 4230
10 A 3CAO | 3080 | 3220 | 4080 | 41A0 | 4280 | 4420 | 4560 | 46A0 | 470 | 4920 4AG0 | 4BAO | «C20 | 4220 | 4P6O
11 B 3CBO | 070 \ P30 | 4070 | 4180 | 4220 | 4430 | 4570 | 46BO | 47P0 | 4930 | 4A70 | 4DBO | 4CPO | 4B30 | 4270
12 c 3CC0 | I800 | JP40 | 4GA0 | 41CO | 4300 ] 4440 | 4580 | 46CO | 4600 | 4940 | 4780 | 4BCO | 4DOO | 4240 | 4280
13 D 3CDO | ID10 | IS0 | 4090 | 41DC | 4220 | 4450 ] 4590 | 46D0 | 4810 | 4950 4A90| 4BOV | 4D10 | 4SO | 4»90
1 14 B 3CRO | JR20 | 3P60 | 4OA0 { 4120 | 4320 | 4460 | 45A0 | 46RO | 4820 | 4960 | 4ARO | 4BRO | 4D20 | 4BSO | 4PAO
15 4 3CPO | B30 | P70 | 4080 | 41PC | 4330 | 4470 | 4580 | 46rO | 4830 | 4970 | 4ABO | 4BFO | 4D30 | 4270 | 4¥BO
16 10 3D00 | 4B40 | 3780 | 40CO | 4200 | 4340 4480 | 45C0 | 4700 | 4840 | 4980} 4ACO | 4COO | 4D40 | 4280 | 4APCO
17 11 D10 | IBSO| 3790 | 40DO | 4210 | 4350 | 4490 | 45D0 | 4710 | 4850 | 4990 | 4ADO | 4C10 | 4D50 | 4890 | 4PDO
18 12 3D20 | 3B60 | IPAD | 40RO | 4220 | 4360 | 44AC | 45E0 | 4720 4860 | 49A0 | 4ARO | 4C20 | 4DEO | 4BAOC | 4PRO
19 13 ID30 | 3870} IPBO | 4070 | 4230 | 4370 | 4480 | 4570 | 4730 ] 4870 | 4990 | 4APO | 4C30 | 4D70 | 4RBO | 4FFPO
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TO31S5-2UY Q-12

Table 6-5e. Sector Addresses, Cylinders 40-4F

29
28
&2
23
29
=3

[d
~

-
~

3
23

Cylindax

g3
33

&3

ggEEgg gggacaz3aze8es
$233384388385583¢6883%
§igsis38088¢88358334838¢
T
fRBEAABAAERGREAREAAE
EEEE R ERERRERREEE
IHIAABARGERERGRRIREE
§7333535333333353313+¢
- BEifRzEzzgacapapnains
PEANOEREgsEaasasafae
FRFEIF300506282222¢
§gi323c67738508RR83133
FEEEFIFI§3353¢83383838:8
EEEEEREEERERER R EY.
FRS5823323353353334213¢
§288933¢88838883082333

?

10
1n

12

1

10

12
& ]

1
15

1?7

19

Sector Addresses, Cylinders 50-5F

Table 6-5f.

Cylindsr

£ -4

~
[

-
o

=~

8
-}
2
3

[ ] el a2 22
50 s1

Decimal:

&

~

52

Haxadecimal:

<440 | 7580} 76CO

7560 | 76A0 | 77RO

L

4300 | 7510 | 7650 | 7780

1400 | 7560 | 7680 | 77CO

7220 | 7360 | T<a0 | 7580 | 7720

70C0| 7300 { 7340] 74t | 75C0 | 7700

T0r0| 7230 ] 7370 7480 | 75P0| 7730

) 7290 ] 7430 7570 7680 | 77P0

7000 | 7140 | 7260 | 73CO | 7500 | 7640 | 7780

7040 | 7180 | 72c0

600 | 600 | 6D40 | 6280 | 6¥CO | 7100 | 7740 | 7380 | 74C0 | 7600 | 7740

&xr0 | 630 | €070 | 6uR0 | 6¥PO ) 7030 | 7270 | 738BO | 7420 | 7630 | 7770

/0 | 4800 | 6940 | GAZO | GBCO | €D0O | 6240 | €730

27

6590 65D0 | 6810 [ 6950 | GASC | 62DO | €D)O | 6830 | €X90] 70DO| 2220 | 7350 | 7490 | 7500 ( 7710

6530 | 6670 | 6830 | 6970 €ABO | 60| €230 | 6270

6400 ] 6540 | 6630 | 67CO | 6900 | 6ML0 | €880 | 6CC0 | 6800 | Gr40! 2000| 71CO

6410 ] 6550 | 6630 | 6700 | 6910 | 6ASO | 6830 | 6CDO} 6X10 | 6750 7030 | 7100 | 7310 | 7450 | 7590 | 7600

6420} 6560 ] 66RO | 67BO | 6920 | GASO | 62D | 6CEO | 6220 | 6760 | 702u | 71O | 7320 | 7460 | 65A0 | 7680

6430 6570 ) 6430 | 67F0 | 6930 | GATO | €EXC | 6CFO | 6230 | 6¥70| 7080 | 7100 | 7330} 7470 ° 7580 | 7¢¥0

6440

2

6460 | 65A0 | 6EBO | 6820 | <360 | GAAD | 6330 €D20 | 6260 | G¥RO{ 7020

6470

6480 | 65C0 | 6700 | 6840 | 63L0

€490 | 65D0 | 6720 | 6850 | 6930 | 6ADO | 6°20 | 6D50 | 6290 | 6PFDC | 7110 | 7230 7390 | 74DO | 7610 | 7750

64R0 | 6520 | 6720 | 6830 | GSAD | GREC | 6C20 | 6DSO | GEAD | 6FEO | 7220 7260 | 73K0 | 74EQ | 7620 | 7760

6480 | 6510 | 6730 | €879 | 6380

6400 | 6620 | 6740 | 6880 | 6900 | 6800 | 64C0 | 6DBO | EBCO

6400 | €610 | 6750 | 6090 ]| 65DO | €B10 | 6CS50 | €DOO | €EDD | 7010, 7130 7290

6480 | 6630 | 6720 | ¢aa0 | 6320 | 6830 | 6060 | GDAO | 62RO | 7020 | 72350 | 7280 | 73BO | 7520 | 7660 | 7780

6470 | €630 | 6770 | ¢azo | 6570 | €BDO | 6C70 | €280 | 62P0 | 7030 | 717 | 72s. | 73PO| 7530 | 7670 | V7RO

6500 | 6640 | 6780 | 68CO | GADO | 6840 | 6C80 | €DCO | 6700

6510 ] 6650 | 6730 | 6200 | 6A10 | €850 | 6090 €DDO | 610 | 7050 | 7190| 7200 | 7410] 7550 | 7650 | 77DO

6520 ] €660 | 670 | €320 | 6A20 | 6260 | 6CAO | SDBO | 6P20 | 7060 | 7IR0 | 7280 | 7420

6530 | 6670 | 6780 | 6870 | 6A30D [ 6B70 | €CBO| SOPO | 6F30 | 7070

Track
(Head)

Dec.

1

?

10
1i
12

13

10

12

15
16
17

19
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Table 6-5g. Sector Addresses, Cylinders 60-6F
31;&:
Dacimal: % 97 98 99 100 1201 102 103 104 105 106 107 108 109 110 111
Hansdacizal: 60 61 62 63 64 €5 66 67 68 69 6A 58 6Cc (1] [+ [ 4
Track
(Baad)
Dec. } Hox.
] { ] 7800{ 7940 | 7A80) 7BCO| 7DOC | 7240 | 7P8O| 80CO| 82C0| 8340 mq 0‘5co 8700 | 8840 8980} 8acO
% ! b3 7810} 7950 7A9C| 7800 | 7D10| 7250 ] 7P90| 80D0 | 8210 | 8350 | 8490| 85D0 | 8710 6850 ) 8550 aADO
2 2 7820 7960 | 7AAC | 7820 7D20| 7260 | 7PA0 | 80BO | 8220 | 8360 ) 84A0| 85PO | 8720 | 8860' 8IA0 | SAEO
3 3 7830| 7970 7ABO | 7B®0| 7D30| 7270 | /¥BO| 80X0| 6230 | 6370 6480 | 85P0 | 8730 | 3870 8980 GAFPO
4 4 7840 | 7980 | 7ACO | 7C00| 7040 | 7280 | 7PCO| 6100 | 8240 8380 | 84CO| A600 | 8740 | 8880 | 895CO | 8800
5 5 7850 7990 | 7aDO | 7C20| 7050} 7290 | 7PDO| 8110) 8250 | 6390 | 84DO| 8610 | 8750 8890 | 8500 | 8810
[ 6 7860 | 79A0 | 7ABO | 7C20{ 7D60 | TEAO | 7PEO | 8120 €260 | 83A0| 84EO| 8620 | 8760 | 86A0 | 8920 | €820
? ? 7670| 7980 ) 7APO | 7C30] 7D70) 7EBO | 7PPO| 6170} 0270 | 8380 | 84P0| 8630 | 8770} 88BO | 8570 | 6830
a8 8 7880 | 79¢0 | 7800 | 7C40 | 7080 | 7ECO ; 8000 | 89140 | 8280 | $3CO| 8500| 8640 ) 8780 88CO | BACC | 9340
9 k] 7890 ) 7900 | 7810 | 7CS0| 7090 | TEDO ; 8010} 8150 | 8290 | 83D0 | 8510 | 8650 | 8790 | 88D0 ) BALIO} 8830
10 A 7820 | 7920 | 7820 | 7C6U | 7DAO | 7EEOC | 8020 | 8160 | 82A0 | 83E0| 8520 | 4660 | B7A0 | BBE0 ! BA20 | 8360
11 ] 7880 | 7970 |} 7830 | 7C70| 7080 | 72¥0 | 8030 8170 8280, @3F0| 6530 ] 8670} 8780 | 66FO | A0 | 687G
12 < 78CO | 7TA00 | 7B40 | 7C8C | 7DCO | 7700 | 8040 | 8140 | 82CO | 8400 | 8540 | 8680 | 87C0| 6900 | 8A40 | 8880
% ] ] 7800 | 7a10 | 7850 7c90 | 7000 | 7P1G | 805G | 8190 | 8200} 8410 6550 | 8690 870G | @91C | BASO | 8830
i4 14 7820 | 7420 | 7860 | TCA9 | 7DEO | 7920 | 8060 | 81A0 | A2E0| 8420 | 8560 | B6AC | BJED | 8920 | GA60 | GBAC
15 4 7820 | 7430 | 7870 7C80 ! /DPQ | TP30 | 8070 { 8180 | 8270 | 6430 | 8570 | 8680 | 8770 | 893C } BA7C | 8820
16 10 7900 | 740 { 7580 | 7CCO | TE00 | 7P40 | 8080 | O1CO | 8200 | 8440 6580 | B5CO | €800 | 8940 | BASO | 82CO
17 11 7910 | 7a50 | 788G { 7cDO | 7£10} 7P50 | 8090 | 9100 | 8310 8450 | 8590 | 86D0 | 8800 | 8950 | 8A30 | 8800
18 12 7920 | 7A60 | TRAO | 7CDO | 7220 | 7P60 | BOAD | 81E0 | 8320 | 8460 | BSA0 | BSEO | 8820 | 8960 | BAAC | 8BED
19 13 7930 | 7a70 | 7880 | 7C¥0{ 7E30| 7P70 | 8080 | 81PO | 8330 | 8470} B85B0 ; 86P0 | 8830 | 8970 | ARG | 8BFO
Table 6-5h.  Sector  Addresses, Cylinders 70-7F
Cylinder
Decizal: 112 113 114 115 114 117 18 119 120 321 122 123 124 125 126 127
Hexadacimal: 70 7 72 73 74 75 75 ” 7 7 ™ 7B 7c ™ r4 w
Track
(Head)
Dac. | Hex. |
0 ] 8C0O0 | @3D40 | BEBO | BPCO | 9100 | 9240 | 9380 | 94CO | 9600 | 9740 | 9880 99CO | 9BOO | 9C40 | 9080 | 92CO
1 1 §C10 ! 8DSO | BE90 | 8FDO | 9110 | 9250 | 9330 | 94DO | 9610 9750 ; 9890 | 9900 | 9810 | 9C50 | 9030 | 9EDO
2 2 8C20 | 8D60 | BBAO | 8PEO | 9120 9260 | 93A0 | 94RO | 9620| 9760 | 98A0 | 95EO | 9820 | 9CE0 ;| 9DAT | 9E2O
3 3 8C30 | 8D70 | BEBO | 8FFO | 9130 | 9270 | 93BO | 94P0 | 9630 | 9770 | 96880 | 99P0 | 9830 | SC70 | 9080 , IEFD
4 4 6C40] @DO0 | BBCO | 9000 | 9140 | 9280 | 93CO | 9500 | 9640} 9730 { 98CO | 9A0C0 | 9840 | 3C8O | 90CO ; 9PCO
S 5 8CSO | 80390 | 8EDO | 9010 | 9150 | 9290 | 9300 | 9510 | 9650] 9790 | 9800} 9A10 | 9B50 | 9C90 | 9000 | P10
6 € 8C60 | BDAC | GEEQ | 9020 | 9160 | 92A0 | 9380 | 9520 | 9660 97A0 | 98B0 | 9A20 | 9860 | 9CaA0 | 9220 | 9?20
7 7 6C70 | 8080 | GBP( | 9030 | 9170 9280 | 93P0 | 9530 | 9670 | $7BO | 9670 | 9A30 | 9870 | 9CBO | SO0, 9PI0
8 8 8C80 | 8DCO | 8700 | 9040 | 9180 | 92C0 | 9400 | 9540 | 9680 | 97CO | 9500} 9A40 | 9880 ! 9CCO | 9200 | P40
9 9 8C$0 | 8DDO | 8710 | 9050 | 9190 | 92D0 | 9410 | 9550 | 9690 | 97D0 | 9910 | 9AS0 | 9890 | 9CDO | 9210 | 9PSO
10 A BCAO | ODEO | 8P20 | 9060 | 91A0 | 92B0 | 9420 | 9560 | 96A0] 9720 | 9920 | IA60 | 9BAO | ICEO | 9220 | IPE0
11 B 8CBO | @DP0 | 8P20 | 9070 | 91BO| 9270 | 9430 | 9570 | 96B0 | 97PO | 9930 | 9A70 | 9BBO | 9CPU | 9E30 | SP70
12 c 8CC9 | 3200 | 8740 | 9080 | 91CO | 9300 | 9440 | 9580 | 96C0 | 9800 | 9940 | 9a80 | 9BCO | 9000 | 9040 | P8O
13 D 6CDO | 8810 | 8PS0 | 9090 | 91D0 | 9310 | 9450 | 9590 | 9600 | 9810 | 9950 SA90 | 9BDO | 9010 | 9ES0 | 590
14 4 8CB0 | 8220 | 8P60 | S0A0 | 9120 | 9320 | 9460 | 95A0 | 96E0 | 9820 | 9960 | 9ARO | 9BEO | 9D20 | 9260 | SPAC
13 4 8CrO | 8E30 | 8770 | 9080 | 91F0| 9330 | 9470 | 9580 | 362G | 9830 | 3977 | SABO | 9BFO | 9D30 | 9270 | S¥BO
18 10 8p00 | 8240 | 8760 | 20C0 | 9200 | 9340 ] 9480 | 95C0 | 9700 ! 9840 | 9980 | 9ACO | 9CO0 | 9040 | 9E80 | IPCO
17 n 8D10 | BE50 | SF90 | S0DO | 9210 9350 | 9490 | 9500 | 9710 | 3850 | 999C | 9ADO | 9C10 | 9D50 | 990 | IPDO
18 12 8D20 | BE60 | BPAO | SOEO | 9220 9360 | 94A0 | 95B0 | 9720 | 9860 | 99A0 | 9AZO | 9C20 | IDED | I9BAO | IPEO
19 13 8D30 | 8870 | 8¥30 | 9020 9230_]11?0 9480 | 95P0 | 9730 9870 | 9980 | 9aPO | 9C30 | 9D70 | 9EBO | SPPO
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Table 6-5i. Sector Addresses, Cylinders 80-8F

Cylinder
Decizal: 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143
Hexadecimal: 80 el a2 83 84 85 86 o7 88 a9 aa ] 6C e [ [ 4
Track
(Eead)
Dec. | Hex.
o ] RO00| A140| A280] A3CO | AS00 | AB40 | A780| ASCO| AADO | AD40 | ac80| ADcO | aroo| 8040 BreO| B2cO
1 1 A010| A150| A290| A3DO | AS10| A65D | A790| ASDO| AALO| ABSO | ac90| ADDO | AP10| BOSO]| 8190 | B2DO
2 2 A020| AL60 | A2A0} A3EO | AS20 | AG60 | A7A0} ASEO] AR20 | ABGO | ACAO| ADEO | AP20| BOGO| B1a0| B2BO
3 3 AO30| A170 | A2BO| A3¥O | AS30 | A670§ ATBO| ASFO| ARIO | AB70 | ACBO| ADPO | AP30| RO70| B1BO | B2PFO
4 4 A040 | A180 | A2CO| A400 | AS40 | AGBO | ATCO| A900; ANMO| ARBSBO | acco] az00 | areo| BosO | B2cO | B30O
5 5 A050 | Al90 | A2D0| AG10 | ASSO| A630 | ATDO| A910] AASO | ABSO | ACDO| AE10 | APSO| B0%O| B1DO]| B310
6 6 AO60 | ALAO | A2EO | AG20 | ASGO | AGAO | ATEO| A920 | AASO | ABAO | ACEO| AR20 | APoO | BOAO | B1RO | B320
7 7 AOTO| A1BO | A2F0] AGIO | ASTO | ASBO | ATPO| A930| AATO | ARBO | ACPO| AR3O | AP70 | BOBO | B1PO | B3SO
8 ] AGB0 | AICO | AJ0O | A440 | ASBO | A6CO | AB0D| A940 | ANSO | 22CO | ADOO | AZ40 | APEO | BOCO | D200 | B340
9 9 A0S0 | AlDO | A310| A4S0 | ASS0 | AGDO | ABL0| A9SC| ARSO | AZDO | ADLO | AERSO | AF90 | BODO | B210 | B350
10 A AOAO | ALEO | AJ20| A4E0 | ASAC | AGED | AB20| ASSC| AMAD | ABRO ~D20 | AE60 | APAO | BOZO | B220 | 2360
i1 3 AOBC | ALFD | A33C| A470 | ASBS | AGPO | ABIO| A970| AABO | ABFO | ADIO | AE?70 | AFBO | BOPO | B230 | B370
12 (4 AOCO | A200 [ A34O | A4BO | ASCO| AT30 | AGEO| ASE0 | ARCC | ACOO | ADMO | ABSO | AFCO | B10OO | D240 | B3BO
13 D AGDO | A210 | AIS50 | A4S0 | ASDO | A700 | ABSO| A930 | AADO | AC1O | ADS0 | AESO | AFDO | D110 | B25O0 | B3SO
4 AOEO | A220 | AJ60 | AMAO | ASED | A720! ABG0| ASAD | AAEO | AC20{ ADEO | ABAO | APEO | 3120 | B260 | BIAD
15 P ACFO | A230 | AJ70| A4BO | ASPFO| A730 | ABT0| ASBO | ARFO | AC3C | AD70 | AEBO | AFPO | D130 | B270 | BIBO
16 10 AL0O | A240 | AJBO | ASCO | AGOO | A740 | ABBO | ASCO | ABOO | AC40 | ADAO | AECO | BOOO | B140 | D200 | B3CO
17 11 Al10 | A2%0 | A3S0 | A4DO | AS1O| A750 | AB9O| ASDO [ ABLO | ACSO | ADSO [ AEDO | BO10 | B150 [ B290 | B3DO
18 12 Al20 | A260 | AJAO | AMEO | A620 | A760 | ABAO | ASZ0 | AB20 | ACGO | ADAO | AREO | B020 | B160 | B2AC | BIBO
19 13 A130 | A270 | A3BO | AGFO | AS3O ] A770 | ABBO | ASPO | AB3O | AC70 | ADBO | AEFO | 3030 | B170 | B2BO | B3P0
Table 6-5j. Sector Addresses, Cylinders 90-9F
Cylinder
Decizal: 144 145 1246 147 248 249 150 151 152 153 154 155 156 157 158 1%9
Hexadecimalt 90 91 92 92 94 95 9% 97 98 29 SA 98 9% 9D e L4
Track
(Head)
Dec. | Hex.
[ [ B40O | BS40 | B68O| BICO| B900| RA4O | BBSO | LCCO| RECO | BP40 [ COBO | CICO | C300] C440 | C580 | C6CO
1 1 B410 | BSSO | B690| B7DO | 8910 BASO | B890 | BCDO| BE1O| BPS0 | €030 | C1DO| C310] €450 | C590 | C6DO
2 2 8420 | B560 | B6AO| B720 | B920| BAGO | BBAO | BCEO | BE20]| BP0 | COAO | C1EO | €320 | C460 | CSAO | CSEO
3 3 8430 | 8570 | 8680 | BTFO | B930) BA7C ' BBBO | BP0 | BE3O| BF70] C080 | C1PO| €330 | C470 | CSBO | C6FO
4 4 8440 | psso | meco| 2800 | 8340] BASO | BBCO| BDOO | BEAO| BFEO | COCO | C200 | C340 | C480 | C5CO | €700
s 5 P450 | 590 | BSDO | 3810 8950 | BASO | 8BDO| BD10 | BESO | BP0 ) CODO | C210 | €350 | C490 | C5D0 c7l0
6 6 460 | 85A0 | BEEC | 3820 | B960| BAAO | BEEO | BD20 | BEGO | BPAO | COBO | €220 | €360 | C4a0 | €SB0 | C720
? 7 8470 | 8530 | 8620 | 8830 | B970 | BaBO | BEFO | D30 | B270| EFEO | COPO| C230 | C370| C4BO | CSPO | C730
[ ] [} B480 | 85co | 8700 | 8840 | B380 | BACO | BCOO | BDO | BE8O | BPCO | €100 | C240 | €380 | C4CO | C600 | CT740
9 9 8490 | 8S00 | 8710 8350 | 8990} 8aD0 | BC10 | 2050 | BESO| BFDO | C110 | €250 | €390 | C4DO | C610 | CT50
10 A p4x0 | 8520 | 8720 ] 8860 | B9A0 | BAZO | BC20 | BDGO | BZAO| BFEO | €120 | €260 C3A0 | C4BO | C620 | C760
1 B 8480 | pSP0 | 8730 | 8870 | 2980 | BAPO | BC30 | BD70 | BEBO| BFPO | C130| C270| C3BO | C4PO | C630 | C770
12 c 24co | BS00 | 740 | 8aso | ssco | 8BOO | BCao | ED8O | BECO| CO00 | €140 | €260 | €3CO | CS00 | C64i0 | C780
13 ] 840G | 8620 | 8750 | 8890 | B9DO | BB10 | BCSO | BDSO | 2EDO| CO20 | €150 ] €290 | C3DO | €510 | CE':0 | C79C
pY ) B 0420 | 620 | 3760 | Bano | BsE0 | #8229 | B0 | BOAO | BERO| CO020| €160 | cano | c3mO | C520 | CE6O| CTAO
15 4 B4r0 | B630 | 3770 | memo | Boro| BB30 ] 270 | 3080 | BRFO | cC30] C170| C2BO | CIPO | C530 ) C670 | CTBO
16 10 8500 | 8640 | B780 | BSCO | BAOO | BB4O | BCBO | BDCO | P00 | CO40 | C180| C2CO | C400 | €540} ©680 | C7CO
17 11 9510 | B650 | 8790 | 8200 | 210 | mES0 | Bc90 ] BODO | 2F20| COS0 | C190 | c2D0 | c420 | €550 | €690 | C7DO
18 12 9520 | 8660 | R7aC | B220 | BA20 | BB60 | 2eA0 | BDEO | BP20| CO60 | im0 | c2=0 | ca26 | C560 | CEAO| C7BO
19 13 8s30 | 2670 | 3780 | 3870 | Ba30 | #B70 ! BCRO | BOPO | B¥30| CO70 ] C1BO | C2P0 | C430 | C570 | CGBO cTPo
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Table 6-5k.  Sector  Addresses, Cylinders AO-AF
Cylinder
Cacizal: 160 161 162 13 164 165 166 167 168 169 170 171 172 173 174 175
Hoxnadscimal: A0 Al A2 A) M AS AS A7 A8 A9 AR AB AC AD AB AP
Track
(Bsad)
Dac. | Hox.
[+ ] €800 | C940 | CA8B0 ) CBCO | CDOO | CB40 | CP8O voco | D200 | p34o | peso| psco | p700| peso| psso} paco
1 1 ce10| c950 | caoc | capo| cp10| ce%0 | cP9O | DODO | D210 | D350 | D490 | DSDO | D710| D850 | D990 | DADO
2 2 €820 C960 | can0 | cBEO | cD20 | CB60 | CPAO | DOEO | D220 | D370 | D4AO| D520 | D720 | DE6O | DIAO| DAEO
3 3 c830) c970 | cano | cBro | cp3o| ce70 | C¥30 | DORPO | D23C | D370 | D4BO| D5FO | D730 | D870 | DIBO| DAPO
4 4 €840 | €980 | CaCO| ccoo{ cp40 | cE80 | C¥cO | D100 | D240 | DIBO | D4CO| D600 | D740 | DABO | DICO | DBOO
-] S co50| €990 | caDO | cc10| cps0| cB90 | c¥DO | D110 | D250 | D390 | D4DO| D610 | D750 | DA9O | DSDO | DBLO
6 6 860 | C9A0 | caBO | cCc20| CD60 | CBAO | CPBO | D120 | D260 | D3AO | D4EQ | DL20 | D760 | DBAO | DIEO | DB20
7 ? c870| €980 | cAPO| cc30 | cp70| cEBO | CPPO | D130 | D270 | DIBO | D4PO | D630 | D770 | DEBO | DIPC | DB3O
8 ] €880 | c9co | CBOO | c240 | cDBO | CBCO | DOOO | D140 | D280 | D3CO | D500 | D640 | D780 | DECO | DAOO | DB4O
9 9 890 | c9po | cB10o| ccso] cp9o | cepo | cO10 | D150 | D290 | DIDO | D510 | D650 | D790 | DADO | DALO | DBSO
10 A cea0 | c920 | cB20| cc60 | coao | cBRO | D020 | D160 | D2A0 | DIBO | D520 | D660 | DTAO | DERO | DA20 | DB6O
1 B co80 | co70 | cB30] cC70 | cOBO | CEFO | DO3O | D170 | D2BO | DIXO | D530 | D570 | D7BO | DEFO | PAIO | DB70
12 c c8co | caoo | cB40 | ccoo | coco| CPOO | DO4O | D1@O | D2CO | D40C | DS40 | D680 | D7CO | D900 | DA4O | DBBO
1 ] c8po | CA10 | CBSO | €C90 | crpO | CP10 | DOSO | D190 | D2DO | D410 | D550 | D690 | D7DO | DILG | DASO [ DBIO
14 E CBEO | CA20 | CB60 | CCAO | CDEO | P20 | DOGO | DIAO | D2EO | D420 | D560 | D6AO | DTRO | D920 | DAGO | DBAO
15 4 c8ro | calo| cas70| ccao | coro| cP30 { DO70 | D1BO | D270 | D430 | D570 | 0680 | D770 | D930 | DA70 | DBBO
16 10 | C900| CA4O| CB8O | CCCO | CBOO| Cr40 | DOSO D1CO | D300 | D440 | DSBO | DECO | DBNO | D940 | DABO | DBCO
17 11 | C910 | CAS50} CB9O CE10| C¥50 | DOSO | D1DO | D310 | D450 | DS90 | D6DO | D810 | D950 | DA9O | DBDO
18 12 €920 | CA60| CBAO | CCEO | CE20| CP60 | DOAO | D1EO | D320 | D460 | DSAO | D6EO | D820 | D96C | DAAO | DBZO
19 13 ¢930| cA70| cBao | ccro | cE30{ cr70 ] DOBO| D10 | D330 | D470 | DSBO | D6FO | D830 | P70 | DABO | DEFO
Table 6-5I. Sector Addresses, Cylinders BO-BF
Cylinder
Dacimal: 176 177 178 179 180 181 182 183 184 185 186 187 168 189 190 191
Hexadecimal: BO Bl B2 B3 B4 BS B6 B»7? B8 B9 BA 8B BC BD BE BP
Track
(Head)
Dec. | Hex. |
0 0 DCOO | DD4O | DESO | DPCO | E100 | B240 | E380 | B4CO | E600 | E740 | E880 | B9CO | BBOO | EC40 | EDBO | EECO
1 1 DC10| DDSO | DE9O | DFDO| E110| E250 | 390 | B4DO | E610 | 750 | E690 | E9DO | EB10 | ECSO | EDSO | EZDO
2 2 DC20 | DDEO DFE0 | 2120 B260 | E3AO | B4EO | E620 | B760 | BSAO | B9EO | EB20 | EC60 | EDAO | EEEO
3 k) 0C30| DD70 | DBBO | DPFO | E130 | E270 | E3BO | 24PO | E630 | R770 | E8BO | ESPO | EB30 | EC70 | 2DBO | EEPO
4 4 DC40 | DDBO | DECO | 000 | E140 | E280 | 23CO | E500 | E640 | 2780 | EBCO | BACO | EB40 | ECBO | EDCO | EFOO
5 S DC50 | DD90 | PRDO | E010 | B150 | B290 | B3DO | E310 | £650 | 2790 | 2800 | BAlO | EBSO | EC90 | EDRO | EPYO
6 6 DC60 | DOAO | DREO | 2020 | E160 | E2A0 | B3EO | ES20 | 660 [ B7AC | 2820 | EA20 | EB6VL | ECAO | EDEO | EP20
7 7 0C70 | DOBO | OBPO [ EO0 | E170 | E2B0 | B3P0 | B530 | 670 | E7BO | EZ6PO | EAJO | EB70 | 2CBG | ROFPC | EP30
-} 8 DC80 | DDCO | OFOO | EO40 | B180 | E2CO | B400 | 2540 | 2680 | B7CO | 2900 | BA4O | 2880 | 2CCO | BROO | EF4O
9 9 DC90 | DODO | DP10 | BOSO | E190 | E200 | B410 | ESS0 | B690 | E700 | 2910 | 2ASO | 2B90 | BCDO | EE10 | EFSO
10 A DCAG | DDR0 | DP20 | BOSO | X1AO | E2BO | B420 | ES60 | B6AO | B7E0 | 2920 | EAGO | EBAO | ECEO | EE20 | EP6O
11 B DCBO | DOFO | DP30 | EO70 | E1BO | B2PO | B430 | B570 | B6BO | B7P0 | E930 | EA70 | EBBO | BcPO| EEIG | ZP70
12 [ DCCO | DB0OO | D40 | BOBO | B1CO | E300 | B440 | BS80 | B6CO | E800 | 940 | EASO | EBCO | ZDOO | EB4O | ZPBO
13 D DCDO | DELO | DP50 | BO9O | B1DO | E310 | B450 | BS90 | B6DO | 2820 | 2950 | EA90 | EBDO | ZD10 | EBSO | EPSO
14 E DCEC | DE20 | DP60 | EOAO | E1EC | B220 | B460 | ESAO | E6EO | 2820 | 2960 | EAAO | EBEO | ED20 | EE6O | 2FAO
15 4 DCFO | D230 ! DF70 | EOBO | B1PO | B330 | B470 | ESBO | B6FO | E830 | B970 | 2ABO | EBFO | 2D30 | 2ZE70 | EFBO
16 10 DDOO | D240 | DPBO | BOCO | B200 | E340 | B480 | BSCO | E700 | E840 | E980 | EACO | BCOO | ED40 | ZR8O | EPCO
17 11 DOL0| D250 | DP9O | EODO | B210 | B350 | £490 | ESDO | E710 | E350 | 2990 | EADO | EC10 | EDSO | EESO | EPDO
18 12 DD20| DEB60 | DFAO | EOBO | £220 | E360 | B4AO | E5EO| E720 | E860 | 29AO | EAEO | EC20 | ED6O | EBRO | EPEO
19 13 DD30| DE70 | DPBO | BOPO | E230 | 2370 | B4BO | ESPO | E730| 2870 | 2980 | EAPG | EC30 | ED70| EZBO | EFFO
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Table 6-5m. Sector Addresses, Cylinders C0-CA
Cylinder
Decizal: 192 193 194 1985 186 197 199 199 200 201 202
Hexadeacimal: co ca c2 c3 (] cs [~ ] c? ca ce CcA
Track
(Head)

Dec. | Hex.

[} ] PO00 | 7140 | 2260 ] P3CO | P500 | P640 | P780 | FS8CO | PACO | PB4O | PCBO

1 1 PO10| P150| 7290 | F3DO | PS10| P650 | P790 | F8DO | PAYO | PBSO| PCSO

2 2 P020 | F160] P2A0 | P2EO | P520 ] P660 | F7A0 | PERO | FA20 | FBEO | PCAD

3 3 P00 P170| 7280 FPYPO | P530| F670 | PTRO | FEFO | PA3O | PB70| PCBO

4 4 ¥M0| F180 | P2CO| P400 | F540 | P68O | F7CO| F200 | FAL0 | FBBO | PCCO

S H P0S0 ] P190 | 7200 | 7410 | P5S0 | ¥690 | P700 | #9190 | FASO | FBSO | PCDO

6 6 7060 | F1AO0 | P2EO | 420 | PS60 | P6AO | P720 | F920 | PAGO | FBAO | PCEO

7 7 P070 | P1B0 | P2F0 | P430 | FS70| P68O | P7P0 | F930 | FATO | ¥BBO | FCFO

8 ] POB0O | #1CO | P3O0 | 7440 | FS80 | F6CO | PEOO | P940 | FABO | FBCO | FDOO

9 9 FOS0 | P1DO | FI10 | P450 | #590 | F6DO | PB10 | P950 | PASO | PRDO | PD1O

10 A POAO | FIEO | P320 | P460 | PSAO | PERO | P20 | P960 | PAAOC | PBEO | FD20

1 B FOBO | F1PO | £330 ) F470 | 580 | F6FPO | 7830 | F970 | FABO | FAFO | FDIO

12 (4 FOCO | 200} P340 | 7480 | P2CO | P700 | PE40 | ¥980 | PACO | PCOO . #D4O

1 ] *0DO | P210 | P35O0 | Y490 | FSDC | P710 | F850 | F990 | PADO | PC10 | PD50

14 E POEO | P220 | #2360 | P4N0 | PSRO | P720 | F860 | FPSAO | PAED | FC20 | PD6O

15 | 4 POPO | $230 | P370 | P4B0 | PSFO | P730 | P80 | P9BO | PAFO | FCIO | FD70

16 10 P100] P240 | 7380 | P4CO | P6OO | P740 | P8BN | PICO | FBOO | PC40 | FDBO

17 11 P110| P250 | P390 | P4ADO | P610 | F750 | P890 | P9D0 | PB1O | PC50 | PDOO

10 12 P20 ] P260 | PIAO | F4EO | ¥620 | P760 | PBAOC | POEO | FB20 | PC60 | FDAO

19 13 F130] P270| 7380 | PAPv | P630 | F770 | F8BO P3FO | FBIO | FC70| PDBO
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APPENDIX A
MICROPROGRAM FLOWCHARTS

A.1 GENERAL

This appendix contains the flowcharts for the microprogram logic.
The first flowchart is the keychart. Each rectangular block repre-
sents a subroutine. The first eight blocks indicate the initiating
routines for the eight operational functions of the controller,
which are:

Seek

Restore

Write

Format Track

Read

Read Track Descriptor

Verify

Read Status

Starting from the idle state each operation is started with the
initiating routine. Under it are listed the various subroutines
that are needed to implement the function. Each subroutine cross
references to the succeeding flowcharts where the particular sub-
routine can be found. After each subroutine, a check is made for
proper execution. At the successful completion of the entire
operation, the controller reverts back to the idle state.
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APPENDIX B

DISC UNIT TEST FLOWCHARTS

B.1 GENERAL

This appendix contains the flowcharts for the Disk Subsystem
Reliability tests subset of the DISC UNIT TEST program. The
following is—a 1listing of the test flowcharts.

D1l - Pormat Track Test.

D2 - Write Command Chaining Test.

D3 - Verify Test, '

D4 - Read Command Chaining Test.

D5. - Write/Read Data Chaining Test.

D6 - Sequential Seek Test.

N7 - Incramental/Dacram@nta) Seek Test.

D8 - Random Write/Rexd Test,
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APPENDIX C
LOGICS/SCHEMATICS

This appendix provides the logic diagrams for the PDC and DCI boards,
the I0L, PLO, SMX, MUX and PSQ logic cards, and schematics for the
Disk Interface Powsr Supply.

The diagrams are preceded by Figure C-1 and Table C-1. Pigure C-1
catalogs thz logic symbols used in the 1LD's and gives their truth
Table C-1 provides a listing of the logical function(s)
implemented by each IC module.

tables.

PDC Board -~ GTE/IS engineering drawing 300337.

Sheet
Sheet
Sheat
Sheet
Sheet
Sheet

Sheet
Sheat

Sheet
Shaeet
Sheeat
Sheet
Sheet
Sheat
Sheet
Sheet
Sheet
Sheet
Sheat
Sheet
Sheet
Shest
Sheet
Sheet
Shesat
Sheet
Shest

1.

14.
15,
16.
17.
18.
19,
20.
21.
22,
23.
24,
25.

Revision page.

IC map.

Board Layout.

Mnemonic glossary.

Connector pin na:lqmrnt-.
Waveshape and timing diagram.

Microprocessor decode ROM.
Main data loop logic.

Main data loop (continued).

ALU-Code decoding and carry flag.

Program counter and control logic.
Instruction register and OP-code decode ROMs.
I/0 data drivers/receivers.

I/0 bus drivers.

File and push down stack.

Clock generator, I/0 controls and stack counter.
Branch condition logic.

Branch and I/0 Control logic.

Interrupt logic.

Control memory.

Interrupt sync and strobe gsnerator,

DOB receivers and DMA data registers,
Address, interrupt and ICI patches.

CPU command decodiag.

Command EKO logic.

CPU interface control logic.

DMA data/address selection and DIB drivers.

INFORMATION SYSTEMS

C-1



TO31S5-2UY Q-12

Sheat

Sheet
Sheet

26,

27,

28,

DMA address register and microprocessor data bug
glting.

DMA Sequence logic.
DMA sequence logic (continued),.

DCI Board - GTE/IS engineering drawing 300352,

Sheet
Sheet
Sheet
Sheet
Sheet
Sheet

Sheet
Sheet
Sheet
Sheet
Sheet
Sheet
Sheet
Sheet
Sheet
shest

1.
2,
3,
4.
5.
6.
7.
8.
9.
10,
11.
12,
13.
14.
15,
16,
17.

Revision page.

IC map.

Mnemonic glossary.

Connector pin assignments,

J1ll, J12, J13 receiver/driver logic.
J3 receiver logic and signal decode.
J3 receiver logic and signal decode {continued).
Bit Counter.

Address Mark detection,

FIFO register logic.

Read/write multiplex logic.

Track format logic.

Track format logic.

Sync logic.

Index/sector detection,

CRC read/write multiplex logic.

CRC register.

PSQ Card. GTE/IS engineering drawing 300112,

Sheet
Sheat

1.
2.

Revision page.
Schematic diagram.

IOL Card., GTE/IS engineering drawing 300332,

Sheet
Sheet
Sheat
Sheet
Sheet

1,
2,
3.
4.
5.

sheet 6.

Shest
Shaet

7.
8,

Revision page.

IC map.

Mnemonic glossary
Connector pin assignments.
Serdes logic,

Write logic.

Write logic (continued)
Write clock generaticn.
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MUX Caxd, GTE/IS enginesring drawing 300333

Sheet 1. Revision page.

Sheet 2. IC map and mnemonic glossary.
sheet 3, Multiplex logic.

Sheet 4. Multiplex logic (continued)

SMX Card, GTE/IS enginearing drawing 300334,

Sheet 1. Revision page.

Shect 2, IC map, mnemonic glossary and connector pin
assignments.

Sheet 3. Driver/receiver logic,
P10 Caxd., GTE/IS

Sheet 1. Revision page.
Sheet 2. Schematic HC PLO boaru,
Sheet 3, Schematic HC PLO board (continued).

Disk Interface Card File Power Supply, PN 350045.

Powar Supply Schematic, drawing 101701.
Remote Sense Power Supply Schematic, drawing 12-101550.
Overvoltage Protection Device Schematic, drawing 101017.

G5 INFORMATION SYSTEMS



TO31S5-2UYQ-12

A TRUTH TABLE
[ ] -D-_c A [
[ °
oli11o
1]{o]o
POBITIVE 1t 11
AND GATE
A
s ﬁ}-—c TRUTH TABLE
A c
[ 0
o1}
1o}
NEGATIVE PEN PN
AND GATE
A
.___l}—c TAUTH TABLE
Als]c
o |lo |1
o |1 ]
1 Jo |
POSITIVE
NAND GATE 1 j1 jo

N S
. :ﬂD—c TRUTH TABLE
Alslc
o o] ¢
o |t1]o
1 o] o
NEGATIVE N I
NAND GATE

y p—
A
E a—c mmurnvasie | ) Do—c[ ThurTasee
. CJ .
als|ec als|ec
ofofo o o]
° o oli]e
00T OR 1]o]o 1 {ofo
WIRE AND 1 POSITIVE
GATE W woraate ' |' ]°
D A
TRUTHT.
. ABLE .jD—c TRUTH TABLE
Als ’
¢ alsle
THT-
T oo
o |olo
° 'YERE
o |1]olo
i R Y ol
TRIGGER o NEGATIVE 1 11 o
anpcat: | ' Jtjijo NOR GATE
R A
s :D—c TRUTH TABLE ): TRUTH TABLE
' )
als]ec alsl|ec
olo]o olofo
NERE o]
1 o | BERE
rosTive [ 00T OR N I
OR GATE T 1'] wireoracate
A A
.:Do—c TAUTH TALE | N <[ rumntane
alel]ec Ale]c
oo fe o|o]o
o |1 ]o 'MEREK
necarive | ' |0 |° excrusive | ' |9 |1
ORGATE | 1 | 1 |4 OR GATE 1 11]6

Figure C-1. Logic Symbols used in the Logic Diagrams (Sheet 1 of 3)
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@ | TRUTH TABLE TRUTH TABLE
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Figure C-1. Logic Symbols used in the Logic Diagrams (Sheet 2 of 3)
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ENP AND EN-T MUST BOTH BE HIGH TO
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Figure C-1. Logic Symbols used in the Logic Diagrams (Sheet 3 of 3)

GL> iINFORMATION SYSTEMS



T031S5-2UY Q-12

Table C-1. IC Module Functional Description (Sheet 1 of 2)

lodule Description
IC, 93415 1,024-bit RAM, 1k x 1 bit
IC, SN7400 Positive NAND gates
IC, SN7402 Positive KR gates
IC, SN7404 Positive NANP gates/with open collectors
IC, SN7408 Postive AND gatas
IC, E€N7410 Hex Inverters
IC, SN7413 Schmitt-trigger Pos NAND gates/inverters
IC, SN7414 Schmitt-trigger Hex inverters
IC, SN7420 Positive NAND gates/inverters
IC, SN7425 Pogitive NOR gates
IC, SN7430 Positive NAND gates
IC, SN7438 Interface buffer gates
ID, SN7442 BCD-Decimal decoder
IC, SN7462 Expanders
IC, SN7474 Flip-flops, D Type
IC, SN748S 4-bit magnitude comparators
IC, SN7486 Exclusive OR gates
IC, SN7489 64-bit read/write memory
IC, SN74107 JK Flip-flops
IC, SN74108 'K Flip-flops, edce triggered
IC, SN74121N Monostable Muitivi..ator
IC, SN74122 Retriggerabls —=.nost: a multivibrators
IC, SN74151 Mult:i:iexer/data~selects
IC, SN74153 4-to-1 Multiplexer/: ata-se.acts.:8
IC, SN74154 4-to-16 demultiplexer:/decoders
IC, SN74157 2-to-1 Multiplexer/dats selector
IC, SN74161 Synchronous 4-bit counter
IC, SN74175 D-type Flip-flops
IC, SN74181 Arithmetic logic unit
IC, SN74191 Synchrenous up/éown counter
IC, SN74197 50/30 MHz Presettable Decode/binary
counters/latches
IC, SnN74198 8-bit shift register
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Table C-1. IC Module Functional Description (Sheet 2 of 2)
Hodule Deacription
IC, SN74221 Monostable multivibrator/Schmitt triggered
input
IC, SN74258 2-input multiplexers with storage
IC, SK74HO0O Pogitive NAND gates
IC, SN74HO1 Hex inverters
IC, SN74HO4(A) Hex inverters with open collectors
IC, SN74HOS(A) Positive NAND gates/inverters
IC, SN74H10 Positive NAND gates/inverters
IC, EN74H11 Positive AND gates
IC, 8N74H20 Positive NAND gates
IC, SN74H30 Positive NAND gates
IC, SN74R40 Buffers/Clock Drivers
IC, SN74HS53 Expandable gates
IC, SN74H74 D-Type Flip-fiop
IC, 8N74500 Positive NAND gate inverter
IC, 8N74837 Interface buffer gates
IC, SN74838 Interface buffer gates
IC, SN74S5124 Voltage controlled oscillator
IC, SN748138 Decoders/demultiplexers
IC, SN748153 4-to-1 multiplexers
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