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62PC Disk Drive and Attachment

INTRODUCTION

62PC Disk Drive

The 62PC disk drive has a data storage capacity
of 63.9 megabytes. Installation of a second
disk drive gives a total data storage capacity of
128.4 megabytes.

Each disk drive has six permanently installed
magnetic disks. Data is written to and read
from both sides of the disks by data heads
attached to an actuator. Each disk drive has 11
data heads and one servo head. The disk data
rate is one million bytes per second.

The disk drive contains a subframe @), disk
enclosure @ and spindle brake @), drive motor
assembly @), and a card gate ). For a
description of the card gate, see Circuit
Locations later in this section.

Grounding

The disk drive board is grounded by the DC
power cable () to the system DC ground. The
card gate is grounded to the board (ground not
shown). The disk enclosure and subframe are
grounded to the gate by a wire or strap ).
The subframe is also grounded to the system
frame by a strap @ The drive motor assembly
@ is grounded by the AC power cable to the
system AC ground. The spindle G is grounded
to the disk enclosure by the spindle antistatic
brush ). The motor armature is grounded to
the drive motor by the motor antistatic brush

Subframe

The subframe is installed vertically in the
system unit. Three shock mounts isolate the
disk drive from the machine frame. The disk
enclosure and spindle brake, the drive motor
assembly, and the card gate are installed on the
subframe.

Disk Enclosure and Spindle Brake

The disk enclosure contains the following
assemblies:

« The disk spindle assembly, which contains
the disks installed on the disk spindle.
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« The spindle brake, which is attached to the
disk enclosure casting and quickly stops the
disk when power is removed. This limits the
time that the servo head and the data heads
touch the disk when the disks are turning to
prevent head or disk damage. The brake is
de-activated when 24 Vdc is present on the
brake coil.

« The actuator assembly, which contains the
servo head, the data heads, and associated
electronic circuits at one end of the actuator
and a coil at the opposite end. Actuator
movement and location is controlled by
current applied to the coil.

Note: The disk enclosure is sealed at the
factory and should not be opened in the field.

The disk enclosure has a closed-loop,
air-moving system that uses blades on the
spindle hub to continuously move air through an
air filter. Another filter lets the air pressure
remain equal as the disk is getting up to speed
and as the temperature inside the disk
enclosure changes.

Actuator Lock

When the actuator lock 0 is turned clockwise
as far as it will go, it is in the locked position.
The lock prevents damage to the data heads
during shipment, installation, or removal of the
disk enclosure.

Drive Motor Assembly

The drive motor assembly contains the drive
motor, pulley, and mounting frame. The
assembly pivots on the subframe and a belt
tensioner keeps the drive belt tight. The drive
motor quickly starts the disk when power is
turned on and turns the disk at 3,125
revolutions per minute. The motor has a manual
thermal reset switch.

Attachment

The disk drive attachment includes two
adapters: the channel adapter and the common
adapter.

« The channel adapter interfaces both to the
system channel and to the common adapter.
The channel adapter moves data and control
information to and from the common
adapter, and changes the data from 1-byte
length on the system channel to 2-byte
length on the common adapter interface.
Interrupt level 4 and cycle steal control
circuits are in the channel adapter.

« The common adapter executes the disk
operations requested by the system. The
common adapter controls access and data
operations for one or two 62PC disk drives
attached to the system. There are two
common adapter cards. The channel
interface card {A-A2D2) contains a
microcontroller, microcode stored in
read-only storage, an oscillator and clock
circuits, and controls for the channel
adapter/common adapter interface. The disk
drive interface card (A-A2C2) contains the
buffer storage, which is used to store control
information and up to three sectors of data;
the SERDES, which changes the 2-byte data
to serial data; read and write control circuits;
and controls for the common adapter/disk
drive interface.

62PC Disk Drive and Attachment 13-1



Circuit Locations

The circuits for a disk drive are located in two

separate areas: inside the disk enclosure and

inside the card gate attached to the disk drive

subframe. If a second disk drive is installed, it

will have another set of the same circuits.

The attachment circuits are located on the

A-A2 board. Additional attachment circuits are

not needed if a second disk drive is installed.

The circuits inside the disk enclosure include:

o Read and write head selection

« Read preamplifiers for each head

« Write drivers for each head

« Servo preamplifier

The circuits in the disk drive card gate include:

« Two logic cards (4 wide 3 high), two servo
cards (one card 4 wide 3 high, the other card
2 wide 3 high), and a data channel card (4
wide 2 high)

o A driver card for the actuator coil

Note: The card gate board is E-A1 for disk
drive A and E-B1 for disk drive B.

System/34

The circuits on the A-A2 board include:
« The channel adapter card in A~-A2E2

« The 62PC common adapter cards in A-A2D2
and A-A2C2 (these cards are connected by
top card connectors)

The disk drive card gate receives:

+ A cable from the circuits in the disk
enclosure

« A dedicated cable from A-A2A4 (drive A) or
A-A2Z1 (drive B)

+ A bus cable from A-A2A5 (the bus cable
output must be terminated by a 1 wide 1
high terminator card in the A4 position)

Note: If drive B is installed, it receives the bus
cable output from the A4 position in drive A,
and the bus cable output is terminated in the
A4 position of* drive B.

A fan to cool the card gate is located at the
bottom of the card gate.

13-2
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DISK FORMAT

The disk surfaces are divided into cylinders,
tracks, and sectors.

Cylinders

A cylinder is the area that passes under all the
data heads in one disk revolution. The 62PC
disk drive has 358 data cylinders, 1 alternative
cylinder, and 1 CE cylinder.

Tracks

Servo Track

A servo track is the area that passes under the
servo head in one disk revolution. There is one
servo track on the dedicated servo surface for
each cylinder. The servo tracks are patterns
written on the disk at the factory. These
patterns contain clock pulses and position
pulses. The clock pulses are used to generate
the write clock, and the position pulses are
used to keep the heads over the specified track.
Patterns of missing clock pulses are used to
generate the index and sector pulses.

Data Track

A data track is the area that passes under a
single data head in one disk revolution. The
62PC disk drive has 11 data tracks per cylinder.
Each data track has a sample servo area, which
contains additional servo information, at the
start of each sector.

Guard Band

The guard band is an area on the servo track
surface that contains clock and position pulses,
but does not have missing clock pulses to
generate index or sector pulses. The behind
home area on the data track surface is
comparable to the guard band area.

Landing Zone

The landing zone is an area on all disk surfaces
where the servo head and data heads are
positioned (by a spring) when the disk drive is
powered off, and when the disk drive is
powered on until the disk is up to the correct
speed. The landing zone is the area nearest the
center of the disk.

Disk capacity in megabytes 64.9 (Note 1)
Number of tracks 3,960 (Note 2)
Number of data heads 11

Number of cylinders 360 (Note 3)
Number of sectors per track 33 (Note 4)
Number of records per track 64

Bytes per record 256

Notes:

1. 63.9 megabytes available for customer use
2. 3,938 tracks for customer use
11 tracks reserved as alternative tracks
11 tracks reserved for CE use
3. 358 cylinders for customer use
(cylinders 0 to 357, hex 0 to 165)
1 cylinder reserved as alternative cylinder
(cylinder 358, hex 166)
1 cylinder reserved as CE cylinder
(cylinder 359, hex 167)
4. 32 sectors available for customer use

Data Surface Spindle Landing Zone
Behind Home
Data
Surfaces

Servo Surface

Dedicated
Servo Surface Guard Band
|
Cylinder 359
linder 0
Spindle Cvlinder

Landing Zone

‘Read/Write Data Heads

Data
Surfaces

\

o ~Uv wls ollo wlo ol

wn
[)
=
<
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[72]
c
=
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o
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®

Base Casting

—t—7
Actuator Arm ' ' 3 Spindle
Drive Belt Pulley
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Sectors

A sector is a division of a data track. Each data
track is divided into 33 physical sectors, and -
each physical sector contains two data records.
Only 32 of the physical sectors on each track
are used for data storage. Therefore, there are
64 records for data storage on each track. Each
record contains 256 bytes. Therefore, there are
16,384 bytes per track and 180,224 bytes per
cylinder.

Each physical sector has an identification
address that contains the cylinder, head, and
sector numbers. This address is recorded in the
identification field at the physical location of the
sector on the disk. Each track has 33
identification fields.

Each of the 33 physical sectors is 600 bytes
long and contains three main fields: the
identification field and two data fields. Each
data field contains a data record, and both
records may be read or written after an ID hit.
The records are numbered so that they may be
operated on consecutively. Therefore, physical
sector O (on head 0) contains records O and 1,
physical sector 1 {on head 0} contains records 2
and 3, and so on. All 64 records on a track can
be operated on in one revolution of the disk.
Because a read or write operation can continue
from one head to another head, the sectors for
the next data head are delayed by a quarter
revolution, or eight physical sectors, to permit
time for head switching and for the servo
circuits to become stable after the head switch.

When the disks are assembled, each sector is
tested. If a sector is damaged, an alternative
sector is assigned for the damaged séctor.
Because only 32 of the 33 physical sectors on a
track are used, the first damaged sector
becomes the not used sector. On head O, the
32 physical sectors that are used are numbered
0 through 31 sequentially, starting from the
index pulse and skipping over the damaged
sector, which is numbered 32. The damaged
sector and all sectors located after it and before
the next index pulse must have the displaced
sector bit on in the identification field. If two or
more sectors on a track are damaged,
alternative sectors are assigned on the
alternative cylinder. The identification field of
the damaged sector contains the address of the
alternative sector.

A sector that becomes damaged after the disk
has been manufactured is assigned to the
alternative cylinder. It becomes the not-used
sector on the same track only when the sector
fails during the disk initialize program.

Some areas of the disk are reserved. For more
information, see the Data Areas Handbook.

134

t 7y r b b rrrrr vt 1Tt rd
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 1920 21 22 23 24 25 26 27 28 29 30 31 32
/' L |
One Sector = 600 Bytes Field Length
22 14 1 4 2 16 1 256 2 16 1 256 2 7 in Bytes
Sample | Gap | Sync | ID ID | Gap | Sync Data Data | Gap | Sync Data Data | Gap | Sample
Servo 00 01 |[Field| CRC | 00 01 Field1 | CRC | 00 01 Field2 | CRC | 00 Servo
Flag Sector Number Head Number Cylinder Number
(8 bits) (6 bits) (4 bits) {9 bits)
01234567 01234567 01234567 012345667
X Xt X X X
: " —_— - y —
0-32 0-10 0-359

T

—1
—1

1 =

X

1

1

1

Assigned alternative sector
Manufacturing assigned defective sector

Sector reassigned
Displaced sector

Not used {(must be zero)
User assigned defective sector

Data field 2 defective
Data field 1 defective

X = Not used

Note: Flag bits 0 and 1 may be set in the ID field of an assigned alternative sector to indicate that the data written in the sector was
obtained from a defective sector:

Bit 0 = 1 indicates that data field 1 was read with a CRC check.

Bit 1 = 1 indicates that data field 2 was read with a CRC check.
If the ID field of the defective sector was read with a CRC check, both bit 0 and bit 1 are set to 1. Flag bits 0 and 1 may also be set
in the ID fields of sectors that were defective when the disk was manufactured, but these are ignored by the disk attachment.



Sector Pulses

Index Index
| I I o |
—) )
Head Settle Time '

Physical Sector ID — Head 032 00 01 02 03 04 05 06 07 08 09 10§ {30 31 32 |
Logical Record Position == —=—==== 00[o1]02]03]04]o5]06 07 [o8 [oo]10]11]12]13]14 [15]16]17][18]19]201 (60 [61][62]63

Head 1|32 24 25 26 27 28 29 30 31 00 01 02} {22 23 32 |
4849|5051 |52 |53 |54 |55 |56 [57|58]59]|60|61]|62[63]00]01[02]03]04Y (44]45]46]47

Head 2[32 16 17 18 19 20 21 22 23 24 25 26\ (14 15 32 |
32[33|34[35]3637]|38]39]40]41][42]43]44 [a5]46[47]48]49]50[51[52( (28 ]29] 30]31

Head 3|32 08 09 10 11 12 13 14 15 16 17 184 o6 07 32 |
16[17]18]19[20[21[22]23 |24 |25[26|27]|28[29]|30]31]32|33]34|35[36 (12|13} 14|15

Head 4] 32 00 01 02 03 04 05 06 07 08 09 10} $30 31 32 |
00[01]02f03]o4|o5]06 |07 |o8]o9]10]11]12]13]14]15]16]17]18]19]20{ (60]61]|62]63

Head 5{32 24 25 26 27 28 29 30 31 00 01 02y {22 23 32 |
48J49] 50]51[52]53 |54 [55 |56 [67 |58 59 {6061 [62]63[00]01]02 03047 (44 T45] 4647

Head 6] 32 16 17 18 19 20 21 22 23 24 25 26\ (14 15 32 |
32133]34]|35]|36]37[38|39[40]41]42]|43]44[45]|46]|47]48]49]50]51]52 (28]29] 30] 31

Head 7]32 08 09 10 11 12 13 14 15 16 17 18\ (06 07 32 |
16}17]18]19]20]21]22[23 |24 |25]|26]27]28]29]30[31] 32]33]34[35]36 (12][13] 14|15

Head 8|32 00 01 02 03 04 05 06 07 08 09 104 {30 31 32 |
00]01] 02|03 ]04]o05[06]07o8]o9f10[11][12]13]14[15]16]17]18]19] 20| {60]61]62]63

Head 932 24 25 26 27 28 29 30 31 00 01 02y (22 23 32 |
48] 49| 50]51]52]53]54[55[56 [67|58[59]60[61|62]63] 00]01]02T03]04Y $44[45] 4647

Head 10]32 16 17 18 19 20 21 22 23 24 25 |26 (14 15 32 |
32133]34|35[36]37]38]39[40|41[42]43]44[45]46]47] 48] 49]50][51]52( (28]29]30] 31

Index

This example shows a displaced sector (head 1,
physical sector 27). The flag byte of the
displaced sector is 00001010 and the flag byte
for sectors 27 through 31 and O through 23 is
00001000. If there was a second defective
sector (for example, sector 30), an alternative
sector would be assigned on cylinder 358 and
the flag byte for sector 30 would be 00001110.

Sector Pulses

|

Index

) )
! Head Settle Time
Physical Sector ID — Head 0 |32 00 01 02 03 04 05 06 07 08 09 10§ {30 31 32 |
Logical Record Position=====aea- 00fo1]02f03]|o4]o5]06]07 |08 foaf10{11]12]13]14]15} 16]17]18[19] 20\ \60|61]|62]63
Head 1] 23 24 25 26 32 27 28 29 30 31 00 01§ {21 22 23
46]47]48]49] 50[51|52]53] [ |54[55/56]57[58][59]60]61] 62]63]00J01] 02y {42]43]4445[ 4647
Head 2|32 16 17 18 19 20 21 22 23 24 25 26) {14 15 32 |
32| 33] 34|35]36[37] 38| 39|40]41]42]43] 44| 45] 46| 47] 48] 49| 50 51] 52 (28] 29] 30] 31
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Data Recording
Reading and Writing Data

During a write operation, data is recorded by
reversing the direction of the current in the coil,
which reverses the direction of the magnetic
flux in the data head gap. When the flux in the
data head gap reverses, there is a magnetic
change of direction on the disk surface. Each
change of direction on the disk represents a
recorded O-bit or 1-bit.

Data )
Head <:§::Write Current

]*[‘J
(4—4—4—4—4—4—4—4—4—#/

<«——— Rotation

Data ¢

Head <:g—-Write Current
P
—=

(4—4—-4—”———»—»———»—»(
/ LLLLLLLILLS LR

<«——— Rotation

Recorded Bit

During a read operation, when the disk surface
is recorded in one magnetic direction, constant
flux flows and the coil senses no output
voltage. But, when a 180-degree horizontal flux
change passes the gap, the flux through the
ring and coil reverses and generates a voltage
output pulse. The timing of these pulses
indicates if a O-bit or a 1-bit was written.

Constant Flux

— No Pulse
Data (1) (passing over
' Head g;’“- constant field)

VAR
~<+——— Rotation

b t::f; Flux oversa
V4

Pulse Caused by
Flux Changing

- Direction

P (flux reversal in gap)

=
— — i e e e g—— ¢

L7/ 777777
<—— Rotation

Flux Reversal
(clock or 1-bit)

Constant Flux

p—
ED No Pulse

P ——————— ¢
Z VA

VAVAVA yAVA yAVAAA
<—— Rotation

—
- WV

i

For write operations, the attachment uses clock
pulses read from the servo tracks to generate
the write clock. On read operations, the read
clock is generated using a voltage controlled
oscillator synchronized with the data read from
the disk.

The time during which a data bit can be written

is known as a bit cell. A bit cell is 120
nanoseconds long and is generated by the "1F
write clock’ line.

1FWriteCIockJ l.__| LJ l_’ LJ

120

Bit Cells e I R B

Writing 1-Bits and O-Bits

One-bits are always written in the center of a
bit cell.

120 ns

Bit Cells [annt I R T
11 1 1

Write Data _J__L_J'—L_

With one exception, O-bits are always written
at the start of a bit cell.

120

Bit Cells | ns I l | (I)

0O 0 o0 O

Write Data _I——L__J_—l__l—

The exception is when the 0-bit immediately
follows a 1-bit. In this case, no bit is written
and the O-bit is represented by no magnetic

change of direction during its bit cell time.

120

Bit Cells | ns I l I I | |
1 0 1 0 1 0 1

Write Data _f___.l_____.'___]__

Both methods of writing O-bits and the method
of writing 1-bits can be shown when writing
hexadecimal 8B.

120

Bit Cells | ns I

||
00 0 1 o0 1

1
Write Data __r L___[ ] l_—'l

{hex 8B)

Any data written is transmitted on the data
transmission line from the disk drive card gate
to the write circuits located on the actuator

~ arm. For each change on the data transmission

line, a O-bit or 1-bit is written on the disk.
These changes cause the current to be
switched in the data head, which results in a
change of magnetic direction on the disk.

Reading Data Bits

A voltage controlled oscillator generates the
read clock when data is read from the disk
drive. The oscillator is synchronized during the
16-byte gap field preceding the data field. The
phase lock oscillator loop then keeps the
oscillator in sync with the read data (1-bits and
O-bits) so the data can be decoded.

1F Read Clock
2F Read Clock

Bit Cells

-1
Read Data (hex 8B) —/\—

NSRS ERERE NN

0 0 O 1 o 1 1
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DATA PROTECTION

Data Unsafe Conditions

To prevent data from being destroyed by
accident, there are circuits to protect data by
not permitting data to be written under unsafe
conditions. These unsafe conditions are
described in Error Conditions later in this
section.

When any of these unsafe conditions occur,
write current is turned off and the data head
select lines are de-activated. The disk drive
sends an interrupt to the common adapter, and
all commands from the common adapter
(except sense commands) are ignored until the
condition is reset.

Not Ready

Data cannot be written when the disk drive is
not ready. '

The ‘not ready’ latch is activated by the
following:

« A seek time-out has occurred.

« The servo clock counter has lost
synchronization.

« The ’illegal actuator move’ line is active.

For more information, see Error Conditions later
in this section.

Power On and Power Off

During power on, the actuator is held against
the inner stop until the disk is up to speed.

A correct power on will be followed within 25
seconds by an interrupt from the disk drive
after the heads have moved to home (cylinder O
head 1).

During a normal power off, the actuator is
moved by a spring to the inner stop where it is
held by a magnet. This locates the heads over
the landing zone. The spindle brake is applied
when its hold voltage is removed.

If a DC supply goes outside its limits, the
system immediately removes all AC and DC
voltages to decrease the possible loss of data.
The actuator is moved to the inner stop as
during a normal power off.

62PC Disk Drive and Attachment
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DATA FLOW

The data flow in the disk attachment occurs
across three interfaces:

« - System 1/0 channel interface

» Common adapter interface

« Disk drive interface

Interrupt Level 4 Interrupt

Control

HA020
HA025

Command Bus In (CBI) | g

Interface Control
Lines

Assembiler
HAO020
HA025
HA035
Cycle
Tag |
Cycle Steal Lines Steal Reg‘ n <=
gister
Control f
HA025
HA020
HAO025
Data Bus Out (DBO) Tag Out
Diagnostic Register
Control
HAOB0 f l -t HA060
Command Bus Out (CBO, _ R
] 1/0 Channel Common
Control Command Adapter
Channel Control Lines Decode Interface
Control
HA010 | |HA035
Diag Sense 1 I
Diag Sense 2 ::]
Error Stat
Data Out
HA060 Buffer
HA020 Register
HA035 Coitrol
HA040
Data Bus In (DB1) DBI <
' .Id Assembler Data In
Buffer
HA070 HAO070

Channel Adapter

A-A2E2

Common Adapter
Data Bus

Teg Tag Bus
Buffer
HB100 Bus Cable to .
Disk Drive A 1
Control and
Status
( "
> Buftter ~ Control Bus
HB100
Microcode =P — Clock and
in Read Only Controller
: C
Storage ontrols
HB100 HB100 T\ HB100
Tag C
Register
HB100
Address
Assembler SERDES CRC Gen
HB200 Buffer Counters
1
HB200 HB200
Interface
Control MR
Interrupt
HB100 Y Index Pulse
Buffer Storage SERDES Sector Pulse ¢ummnnd [
| HB200 Write Data Disk
Write Clock Drive
. : Select
i
Read/Write Write
Control Read Data
Read Clock
Read
Data HB200 HB100
Register HB200
Common Adapter
A-A2C2 and A-A2D2

Dedicated Cable
to Disk Drive A
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’

” Dedicated Cable to

Disk Drive B (if attached)
Note: Disk drive B (if attached) contains the
same circuits as shown for disk drive A.



Disk Drive A

M T T T T T Smommecn T T omemeen T T T T T T T T T sewezemn ]
I ——— e ———_MWem —— o |
0 ] B ] B 1
| | | | | | |
l I Safety I Unsafe l ' I |
l I Circuits 1 A2 Detection l | l I
{
I | I I
l Read ! ' I I I :
Read v Read | ‘sr?':tl:: I
( I Data l Decode l Servo i Sensing l I
' Interface l = Head/ A2 |
Write ! Amps | § Preamp Connector l I
I Write i Write i g I l :
Data Encode © | I I
[ | I I
| l Rea\(/jc%ock l : i : |
I Data | 1 l | I l
| Select I | L] , | Actuator | égrc:tsol l |
. Head | R/W Heads/ Driver — —l-— |
I I R/W Clocks Add Access l I
Fast and Controls ress —_—._ﬂ———'> Prgamps/ Arm Card ' |
| Sync l - Decode l Drivers l l 7$ ' I
) | |
B $—— : e | LIl ——n—— | - __ ] — I | H R EEy
Dedicated Cable Write ] l
from Common Adapter l Clock 1 i - I
I | ' = == |
I index Pulse 1 |
l Sector Pulse I - l
T T B —— T T—-rT——j —————" T
l Sompre | | r i - l l
\ I Jnterrupt l —] Interrupt Head I l Servo Track/ ' l l I
| Control I 1 semvo Address e | ' Control Sector ] Write Clock l I
Sample I Safety Reg Status tdentify ! — VCO = 16.5 I
I Receive l I : I | 4 MHz l l
| | |] I | | I
Tag Bus | H l I l
C l ¢ : I Servo -« l | : l
Control Bus l i | Track ™ Control 1 1 l [ 4[ | I
| |e Address H | (coarse) Servo l
i [ | Logic I I | L L JI Control | |
l i ' —— (fine)
l | l | | write Clock | . | |
I I s l I Osc Control ' | ' I
tat .
I I $ Bi: us | I Byte | ' l I
I I Assembly l l Counter i | I I
Terminator Card < T l ) I I I l I I
or Bus Cable a i I Tag Bit I l I I I l
i 1
to Drive B @ I I A FD‘:gt/'sde - I — ' l l |
I‘ ; l l Logic 2 Card I I l |
I ___:_,g:;;card ___________' L________HH040 _______I L_____Servd1Card____J
| HHO35 ) HHO44 HHO10 I
— HHO48 J
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System 1/0 Channel Interface

1/0 instructions start the operations by using
the DBO, the CBO, and the 'control out’,
"service out’, "MPXPO strobe’, and ‘service in’
control lines. Data is moved on the DBO for a
write and on the DBI for a read. Cycle steal is
-used to move the data to and from the disk
attachment. The ‘block processor clock’ and
‘disk burst mode’ lines are used to control the
'cycle steal operations.

~ Common Adapter Interface

Control information on the CA (common
adapter) data bus starts the operations. The tag
lines specify the information on the CA data
bus and the ‘request out’, “acknowledge request
out’, and ‘strobe out’ lines control the
movement of this information.

Data is also moved on the CA data bus. The
tag lines specify the direction of the data
movement and the ‘CA burst mode’, 'request
in’, "acknowledge request in’, ‘strobe in’, and
‘strobe out’ lines control the movement of this
data.

State Counter

The common adapter uses a 3-bit state counter
to control data operations on the interface to
the channel adapter. The state counter can
change only 1 of its 3 bits each time it
advances. The state counter starts at O and is
advanced by the conditions on the interface
lines and by internal timing pulses. The state
counter is shown on timing charts later in this
section to aid in understanding the logic, but
the lines of the state counter cannot be probed.

Controller

The common adapter has a controller which
starts and executes all disk operations that are
received from the control processor. The
controller receives instructions from read-only
storage (ROS), and uses a 9-bit controller bus
and other internal control lines to send data or
commands to a disk drive, to the channel
adapter, or to buffer storage.

Buffer Storage

The common adapter buffer storage supplies
temporary storage for data, commands, and
status information. The buffer permits the
controller to sense, to update, and to change
the information while performing the control
functions required for a specific operation. The
buffer storage is divided into the following
areas:

« |D compare field: This 4-byte field contains
the ID of the sector for this operation. The
contents of the ID compare field are
compared to the IDs that are read from the
disk. If the IDs are the same, an ID hit
occurs.

« Controller work area: This 124-byte area is
used by the controller as a work area.

« File control block(s): This area contains a
32-byte file control block {FCB) for each disk
drive attached to the system. The FCB is
used to store status and command
information that is received from the control
processor.

« Data buffers: These three 256-byte fields
are used to store data that was read from or
is to be written on the disk.

Oscillator and Clocks

The common adapter has a 20-megahertz
oscillator that generates eleven 50-nanosecond
timing pulses. These timing pulses are used to
sequence internal common adapter functions.
Access to buffer storage is permitted during
each sequence of timing pulses.

FSL
Test Point Page Line Name

TCZ33 HD525 20MHzOscillator LML UL ULruuruLririrurururururugrrrre

TCW12 HD525 +T0

TC X02 +T1

TCW33 HD525 +T2

NP HD525 +T3

TCW32 HD525 +T4

TCW28 HD525 +T5

C2 507 HD525 +T6

TCYN HD525 +T7

NP HD525 +T8

TCW30 HD525 +T9

NP HD525 +TA

TC = Top card connector
C2 A-A2C2 card
NP = Cannot be probed
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Disk Drive Interface

The disk drive interface has two parts. The first
part is used for access and sense commands
and contains:

« A 9-bit control bus, which moves track
addresses to the disk and senses status
information from the disk.

« Four tag lines, which indicate the direction of
the data and the type of data on the control
bus.

« Two control lines {the ‘control sample’ and
‘control sample received’ lines), which control
the movement of this data.

All of these lines, except for the 'control
sample’ line, are in the bus cable to the disk.

The second part of the disk drive interface is
used for reading and writing data. The lines
used to read and write data are located in the
dedicated cable to the disk.

Write Data Flow

The data for a write operation is sent to the
channel adapter on the DBO, and is loaded into
the channel adapter data out buffer. Because
the common adapter data bus is a 16-bit bus,
2 bytes of data from the DBO must be loaded
into the data out buffer before data can be
moved to the common adapter. In the common
adapter, the data word is stored in the data
register until it can be moved into buffer
storage. The data is moved in blocks of 128
words, or 256 bytes, where each block is the
data for one record on the disk. Data blocks
may be moved immediately following each
other untit all three data buffers in buffer
storage are full. When an ID hit occurs for the
first sector to be written on the disk, the data is
moved from buffer storage to the SERDES
buffer, and then moved to the SERDES, where
the data is serialized. The write data is moved
to the disk drive under the control of the write
clock. The data is written on the disk in
synchronization with the write clock, which is
controlled by the servo clock pulses on the
dedicated servo surface.

Read Data Flow

When the ‘read’ line is active, the read clock is
used to decode the data from the analog
signals received from the disk. The read data
circuits decode the pulses and send the serial
data to the common adapter. This data is
converted to word length in the SERDES and
moved to the SERDES buffer until it can be
moved into buffer storage. When a full sector
has been moved to buffer storage, the common
adapter starts to move the data in burst mode
to the channel adapter, which starts the cycle
steal operation when the ‘disk burst mode’ line
becomes active. The data is converted to byte
length in the channel adapter data in buffer,
and is sent to the control processor on the DBI.

62PC Disk Drive and Attachment
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OPERATIONS

The disk drive and attachment perform the
following data operations:

+ Read ID

« Read data

« Read diagnostic

« Read verify

« Write ID

« Write data

« Scan equal

» Scan high or equal
« Scan low or equal

In addition, the special operations for diagnostic
purposes are:

« Load seek required address direct

« Load seek control direct

« Sense file direct

« Sense file diagnostic sense bytes 1, 2, and 3

« Sense file diagnostic sense bytes 1, 2, and 3
256 sample test

» Sense file diagnostic wrap

« Disk speed timing diagnostic
« Timed seek diagnostic

« Read data with data repeat

« Read common adapter buffer storage

Operation Sequence

For each command received from the control
storage program, the disk attachment (channel
adapter and common adapter) and the disk
drive perform an operation or operations. The
sequence for these operations is:

1. Each operation is started by loading the
common adapter file control block (FCB) .
for the requested disk drive. The FCB
contains all the information needed by the
common adapter to complete the
operation. For more information, see
Common Adapter File Control Block and
Loading and Sensing the Common Adapter
File Control Block later in this section.

2. An adapter start is sent to the common
adapter. This instructs the common
adapter to execute the operation
contained in the FCB. ‘

3. The common adapter controller executes
the adapter start if no higher priority
internal command than the adapter start is
requested. During the operation, the
common adapter can send interrupts to
the channel adapter and move data
between the channel adapter, common
adapter, and disk drive. For more
information, see Interrupts later in this
section.

4. The common adapter indicates the

operation is complete by sending an end
operation interrupt to the control
processor. If an error occurred, the
operation may be terminated immediately
and the end operation interrupt indicates
an error condition. For more information,
see Interrupts later in this section.

5. Sense and status information is obtained
by sensing the FCB. For more
information, see Common Adapter File
Control Block and Loading and Sensing the
Common Adapter File Control Block later in
this section.
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The following chart shows the sequence of
operation for:

Access (seek and recalibrate)
Read verify
Read data

Read diagnostic

Read ID
« Write ID
« Write data

« Scan (equal, high or equal, and low or equal).

Operation Sequence

Access Operation:
Seek
Recalibrate

Read Verify Read Data
Operation Operation

. . Read
Read Diagnostic e .
X dentification
Operation .
Operation

Write
Identification
Operation

Write Data
Operation

Scan Equal
Scan High or Equal
Scan Low or Equal

| T

| o |

|

Load the common adapter file control
block and send an adapter start command.

|

1 I

1 1

—

The common adapter sends a seek {or recalibrate) command to

the selected disk drive if a seek is required.

r

1

The disk drive executes the seek {or recalibrate) command.

The time required to complete this command is called the seek time.

The average seek time for the 62PC disk drive is 27 milliseconds.

T

| |

I
g |
I

The disk drive sends an interrupt to the common adapter to
indicate that the seek (or recalibrate) has been completed.

I
T i
|

I

| ]

I

A data pending interrupt is
sent to the control processor.

T

I

|

I

The common adapter reads identification fields from the
disk and compares them to the expected ID to find the

right sector.

This time is called the latency time. The average latency

time for the 62PC disk drive is 9.6 milliseconds.

The common adapter counts

sector pulses, starting from the

index pulse, to find the right
sector.

The common adapter reads identification fields from the
disk and compares them to the expected ID to find the

right sector.

This time is called the latency time. The average latency
time for the 62PC disk drive is 9.6 milliseconds.

1

T

The common adapter
moves the 1Ds to be
written from the control
processor to the common
adapter buffer storage
using burst mode.

The common adapter
starts moving the data to
be written from the con-
trol processor to the com-
mon adapter buffer stor-
age using burst mode. The
data for three sectors can
be stored in the common
adapter buffer storage.

The common adapter moves
the scan argument from the
control processor to the
common adapter buffer
storage using burst mode.
This is followed by a scan
argument transfer complete

o |

interrupt.

When the right sector is
found, the common
adapter reads the data
from the disk and checks
the CRC to verify that
the data can be read

When the right sector is found, the common adapter
reads the data from the disk and loads it into the com-

mon adapter buffer storage. When the entire record has

been loaded into the buffer storage, the data is moved
to the control processor using burst mode.

When the right sector is
found, the common
adapter reads the 1D field
from the disk and loads
it into the common
adapter buffer storage.

When the right sector is
found, the common
adapter writes the 1D
field from the common
adapter buffer storage
onto the disk.

When the right sector is
found, the common
adapter writes the data
from the common
adapter buffer storage
onto the disk.

When the right sector is
found, the common
adapter reads the data from
the disk, comparing it to
the scan argument in the
common adapter buffer

correctly.

T

The common adapter
will continue to read
the data from the disk
and check the CRC until
all records requested by
the operation have been
read and the CRCs have
been verified.

The common adapter
will continue to read
data from the disk and
move the data to the
controi processor until
all records requested
by the operation have
been read and moved.
End-of-track interrupts
are sent to the controf
processor if the sec-
tors to be read cross
track boundaries.

I

i |

storage.

The common adapter
will continue to read
1Ds from the disk until
all the 1Ds requested by
the operation have been
read. All the IDs are
then moved to the con-
trol processor using
burst mode.

The common adapter
will continue to write
IDs on the disk until

all the |Ds requested by
the operation have been
written.

The common adapter
will continue to move
data from the control
processor to the com-
mon adapter buffer
storage and write data
on the disk until all the
records requested by
the operation have been
written. End-of-track
interrupts are sent to
the control processor
if the records to be
written cross track

If a scan hit did not occur,
the common adapter will
continue the scan until a
scan hit occurs or until ait
records requested by the
operation have been
scanned. If a scan hit
occurs, the remaining data
from that record is read
from the disk into the
buffer storage and moved
to the control processor
using burst mode.

boundaries.

A read verify is done
on the 1Ds that were
written by reading the
IDs from the disk and
checking the CRC.

A read verify is done
on the records that
were written by read-
ing the data from the
disk and checking the
CRC.

An end operation interrupt
is sent to the control processor.

i

T

1

| |

1 |

T

The control processor senses the common adapter file control block to get status information.

62PC Disk Drive and Attachment
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Read ID

The ID fields on the disk are read for the read
ID, read data, write data, and scan operations,
but are sent to the control processor only on a
read ID operation. The CRC of the ID field is
checked every time the ID field is read, but a
CRC error on an ID field is set only on a read
ID operation. When ID fields are read during a
read data, write data, or scan operation, a CRC
check in the ID field of the desired sector
causes a no-record-found error.

The read ID operation can read up to 33 IDs
(one complete track). The record number or
sector number in the FCB indicates the sector
to be read starting from the index puise.
Because of the head switch delay, the sector
following the index is not always sector O (for
more information, see Sectors earlier in this
section). If an error occurs during a read ID
operation, the operation stops at the sector in
error.

The read ID special operation is used to read
IDs without stopping on the error. An ID of
hexadecimal FFFFFFFF is moved to the control
processor to indicate a sector with an error.

The read ID extended operation is used if the
ID field was written extended (64 bytes later
than a normal ID) because of a failure on the
disk at the normal ID location.

The command byte for a read ID operation is:

Bits

8 9 10 11 12 13 14 15

Read ID 0O 1 O 1 0 1 0 0
Read ID Special 1 1 0 1 0 1 0
Read ID Extended 0O 1 O 1 0 1 1
Note: If bit 12 is set to 1, the common adapter
does not automatically perform a seek.
Read ID
Sample Gap Sync ID Gap

Format

@ Servo (hex 00)| (hex01)| FSHC ID CRC (hex 00)
Number of Bytes ————] 22 14 1 4 2 16

Sequence Counter

Fine adjust of
data head over|
track

Sync
clock

Look
for
sync
bit

Read ID

and com-
pare with
ID com-
pare field
in buffer
storage

Read CRC
and com-

pare with
CRC

register

Read
circuit
recovery

ead clock synchronized

Clock used to gate bit ring

Read Clock

S by fast sync

| Write __

Clock

Data read from the disk is sent to theecommon adapter
W77 7777777777722 777 A

-Index or
HHO040 -Sector
Read is selected 1 byte
after index or sector pulse
HHO050 -Read
R
HHO050 ~-Fast Sync
Read Clock .
HHO50  Write Clock —Write |
Clock !
HHO050 +Read Data
HC45Q.. +SypaBit Faund .y g

—

Read ID Extended

13-14

Format

Number of Bytes ——————

Sequence ,Co(mter

Fine adjust

Sync
-of data head | clock
over track

-Index or
HHO040 -Sector
HHO50 -Read
HHO050 -Fast Sync

Read Clock
HHO50 Write Clock
HHO050 +Read Data
HC450 +Sync Bit Found

Look
for
sync
bit

Read is selected 1 byte after
index or sector pulse

Sample: Gap Sync ID ID CRC Gap
Servo (hex 00) | (hex01)| FSHC (hex 00)
22 78 1 4 2 16

Read ID Read CRC Read
and com- and compare circuit
pare with with CRC recovery
ID com- register

pare field

in buffer

storage

Write |

Read clock sYnchronize‘d twice

; for extended ID

Clock !

Read Clock

P Write

Data read from the disk is sent to the
common adapter

™ Clock




Read Data

The read data operation reads 256-byte data

Read Diagnostic

The read diagnostic operation reads data from

Read Verify

The read verify operation is the same as the

The command bytes for read data, read
diagnostic, and read verify operations are:

records from the data fields on the disk. One the disk without an identification field compare. read data operation, except that the data read Bits

read data operation may read up to 256 The common adapter counts sector pulses, from the disk is not moved to the control 8 9 10 11 12 13 14 15

consecutive records. The common adapter starting from the index, to find the correct processor. This operation is used to verify that Read Data 01 0 1 0 0 0 0

automatically performs seek operations to place sector. the data record being read from the disk can be

the actuator at the correct track (if bit 12 of the read without an error. Read Diagnostic 0O 1 O 1 1 1 DF

command bvte. is 0). If the a_ddressed sector In the read data operation,- the data,'fields from Read Verify 01 0 1 0 0 0 1

has an alternative sector assigned, the common a sector can be read only if an ID hit occurs. If

adapter performs a seek to the alternative an identification field becomes damaged after DF = Data field This figure shows the reading of one or two

cylinder and finds the alternative sector. The the data is written, an ID hit might not occur. 0 =data field 1 data records from a sector on the disk. If only

alternative sector is read and the actuator is The read diagnostic operation can then recover 1 = data field 2 the second data field is to be read for an

returned to the original track if there are more the data. This operation moves the data read operation, the common adapter will read both

sectors to be read by this operation. If a CRC from the disk to the control processor even if data fields, but will not move the first record

check occurs, the operation ends with the an error occurs during the read operation. into buffer storage.

sector in error, but that data is still moved to

the control processor. These timings apply to read data, read verify,
Read Data/Read Verify/Read Diagnostic/Scan High/Low/Equal read diagnostic, and scan operations.
Format Sample Gap Sync ID ID CRC Gap Sync Data Field 1 Data Gap Sync Data Field 2 Data Gap Sample

Servo (hex 00} | (hex O1) FSHC (hex 00) | (hex 01) CRC (hex 00) | (hex 01) CRC (hex 00) Servo

Number of Bytes ——————| 22 14 1 4 2 16 1 256 2 16 1 256 2 7 22

Sequence Counter —————

Fine adjust Sync Read ID Read CRC Sync Look Read data from | Read CRC Read data from Read CRC Read Fine adjust

of data head clocks for and compare | and compare clocks for disk and store in | and compare clocks for disk and store in | and compare | circuit of data head

over track sync with field with CRC sync buffer storage with CRC sync buffer storage with CRC recovery | over track
bit in FCB _register bit register ‘1 bit register

-Index or

HHO040 -Sector

HHO050 ~Read . f—ﬂ////J/L//L/[L//l//l//[LL/////U//////f

HHO50  -Fast Sync (

HHO050 Read Clock —Write Clock u Read Clock 1'Wﬁte F Read Clock =Wr|te 1 Read Clock } Write Clock ————
Write Clock Clock Clock

HHO050 +Read Data WZ772777777777727777A W 7777777 777772727 777772

HC450 -FSync Bit Found 8— \ ; \ mY I

\ For a read diagnostic \ If only the first data field

operation, the 1D field is required for an operation,
and ID CRC are.read, the ‘read’ line is reset here,
but are not used for an .and the operation is ended
ID compare, and a CRC at this point. The timing
check is ignored. diagram beyond this point
applies only if the second

data field is read.
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Write ID The command byte for a write |D operation is:

The write 1D operation writes identification Bits )
fields in sectors of the disk. This operation is 8 9 10 11 12 13 14 15
used when a permanent error is found in a

sector and the identification field must be ' Write ID o 1 1 o o0 1 0 RV
written again to indicate that the sector is Write ID Extended o 1 1 0 0 1 1 RV
damaged, and to identify the location of the

alternative sector to which the data has been RV = read verify

moved. If the damaged area is within the
identification field, the identification field can be
written 64 bytes later than a normal 1D, so that
the ID will not be written on the damaged area
(write ID extended).

Note: If bit 12 is set to 1, the common adapter
does not automatically perform a seek.

The write ID operation can write up to 33 IDs
(one complete track). The record number or . \
sector number in the common adapter file Write ID
control block (FCB) indicates the first sector to '

be written, starting from the index. If an error

occurs during a write |D operation, the

Write 1D Extended

) N . Sample Gap Sync 1D Gap Sample Gap Sync ID Gap
operation ends and that sector is indicated in Format Servo (hex 00)| (hex01)| FSHC ID CRC (hex 00) . Format ——————re—s Servo thex 00} | (hex 01)| FsHC ID CRC (hex 00)
the record or sector number byte of the FCB.

Number of Bytes ——= 22 14 1 4 2 16 Number of Bytes — 22 78 1 4 2 484

Sequence Counter Sequence Counter

File adjust of | Write Write | Write ID Write Write File adjust of | Write Write | Write ID Write Write
data head zeros sync and generate CRC circuit data head zeros sync and generate CRC circuit
over track and bit CRC recovery over track and bit CRC recovery
sync {hex sync (hex
clock 01) clock 01)
-Index or ~-Index or
HHO40 ~Sector HHO040 -Sector mM_____
HHO050 -Write IR HHO050 -Write ] I
HHO50 ~Fast SyncC HHOBO0 *  ~F ast Sy inC |1
HHO050 Write Clock ezzzzzzz227772 22777 72 777 72 7 7 777 7 77 777 72 77 7 2777722272 7) HHO50 Write Clock ZTZzz7zz77o 77777777777 7 7 7777777702777 T T T T

HHO50 ~Write Data NN, (777 7777 7 777777 77 7 N HHO50 -Write Data NN [ 77777777 7 7 7 7 7 7 7 7




Write Data

cylinder and finds the alternative sector. The"

The command byte for a write data operation

This figure shows the writing of the first or

alternative sector is written and the actuator is: both data fields to a sector on the disk. If only
The write data operation writes 256-byte data returns to the original track if there are more Bits the second data field is to be written for an
records to the data fields on the disk. Up to sectors to be written by this operation. If a operation, a dummy read is done on the first
256 consecutive records can be written by one CRC check occurs, the operation ends with the 8 9 11 13 14 15 data field (see read data timings), and then the
write data operation. The common adapter sector in error. Write Data o 1 0 0 DR RV indicated timings for data field 2 apply.
automatically performs seek operations to place ' «
the actuator at the correct track (if bit 12 of the A read verify is done after a write operation to DR = repeat '
command byte is 0). If the addressed sector ensure that the data is written correctly, but the RV = read verify
has an alternative sector assigned, the common operation can be modified so that the read
adapter performs the seek to the alternative verify is not done. This operation can also be
modified to write the same data to each data
record.
Write Data
Format Sample Gap Sync ID ID CRC Gap Sync Data Field 1 Data CRC Gap " Sync Data Field 2 Data CRC Gap Sample
' Servo (hex 00) | (hex 01) FSHC (hex 00) | (hex 01) (hex 00) | (hex 01) (hex 00) Servo
Number of Bytes ————— 22 14 1 4 2 16 1 256 2 16 1 256 2 7 22

Sequence Counter ———

HHO040

HHO50

HHO50

HHO050

HHO50

HHO050

HHO050

HC450

Fine adjust Sync Look |Read ID field Re_ad CRC Sync Write Write data on Write CRC Sync Write Write data on Write CRC | Write Fine adjust
of data head clocks for and compare | and compare clocks sync disk and on disk clocks sync disk. Develop on disk circuit of data head
over track sync with field with CRC and bit generate CRC and bit CRC recovery | over track
bit in FCB register wifite write
zeros zeros
-Index or
~Sector -_#—.
-Read — 218 s /
+Fast Sync : - —— - :
(BR15) (BR15) (BR15) (BR15) (BR15) (BR15)
~Write 265“3 7777777222722 772272272222 7277277222227 7 7 .
+Read Clock - ———Write Clock J Read Clock: } Write Clock
Write Clock Sync
+Read Data Bit W77 7777277277777 A
-Write Data Y //L7//////7//////17— 7777777727727 7277777
Sync Sync
Bit Bit
AR

+Sync Bit Found

\— If only the first data field

is written by an operation,
the ‘write’ line is reset here.
If only the second data field
is written by an operation,
the ‘write’ line is set at this
point.

62PC Disk Drive and Attachment
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Scan Equal, Scan I-iigh or Equal, Scan Low
or Equal

These operations compare all or part of a data
record on the disk to data from the control
processor and determine if the condition tested
for is present. The scan equal command tests
for data on the disk being equal to data from
the control processor; the scan high or equal
tests for data on the disk being higher or equal
to data from the control processor; and, the
scan low or equal tests for data on the disk"
being lower or equal to data from the control
processor.

The attachment uses a 256-byte scan field
(from the control processor), which contains

one or more compare fields, to do the compare.

A compare field can be 1 to 256 bytes long,
and is terminated by a hexadecimal FF, unless
the compare field is 256 bytes long. When
hexadecimal FF occurs in the compare field, or
when the end of a 256-byte scan field is
reached, a scan hit occurs if the scan condition
has been met. When a scan hit occurs, any
remaining data for that record is read from the
disk and loaded into the common adapter
buffer storage after a 2-byte delay. This
258-byte block of data (which includes the
scan field up to the hexadecimal FF and the
byte that follows it, and the data read from the
disk) is then moved to the control processor.

If a scan hit does not occur during the
hexadecimal FF, the scan is continued to
compare data from the disk to any additional
compare fields in the scan field. The scan
continues until a scan hit occurs or the end of
the 256-byte scan field is reached. A scan
operation can be done on 1 to 256 sectors but,
if a scan hit occurs, the operation ends with
that sector.

The command bytes for the scan operations
are:
Bits
g8 9 10 11 12

Scan Equal 0
Scan Highor Equal 0 1 1 1
Scan Low or Equal 0

The timings for scan operations are the same
as for read operations.

13

14

15
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Diagnostic Operations

The operations shown in the following chart are
used for diagnostic purposes by the diagnostic
conirol program (DCP).

Common Adapter Command Bytes

Read common adapter buffer storage

Diagnostic Operation 8 9 10 11 12 13 14 15
Load seek required address direct 0O 0 0 0o 0 0 1t O
Load seek control direct 0 0 0 0 0 0 1 1
Sense file direct 0O 0 o 0 01 0 O
Sense file diagnostic sense bytes 1, 2, and 3 0O 0 0o 0 0 1 0 1
Sense file diagnostic sense bytes 1, 2, and 3
256 sample test ’ 0 0 0 0 0 1t 1 O
Sense file diagnostic wrap 0O 0 0 0 0 1 1 1
Disk speed timing diagnostic 0 0 0 0 1 0 1 O
Timed seek diagnostic o 0 o 0ot 0 1 1
Read data with data repeat o 1 01 0 0 1 O
6 0 o1 0 O 1 1

Load Seek Required Address Direct

Load Seek Control Direct

These two operations perform the two steps
that the common adapter completes to send a
seek command to the selected disk drive. The
common adapter sets up the seek control word
the same way as for an access operation. For
more information, see Access Operations later in
this section.

The load seek required address direct operation
moves the low byte of the seek control word to
the disk drive across the control bus. When
this operation is complete, the common adapter
sends an end operation interrupt to the control
processor. This operation does not cause the
disk drive to start the seek.

The load seek control direct operation moves
the high byte of the seek control word to the
disk drive across the control bus. When this
operation is complete, the common adapter
sends an end operation interrupt to the control
processor. This operation causes the disk drive
to start the seek, but the end operation
interrupt is sent before the seek operation is
completed.

Sense File Direct

This operation causes the common adapter to
perform a sense of the selected disk drive,
similar to the sense performed following an
interrupt. After the sense byte is moved to the
low byte of FCB word 6, an end operation
interrupt is sent to the control processor. For
more information, see Access Operations later in
this section.

Sense File Diagnostic Sense Bytes 1, 2, and
3

This operation causes the common adapter to
sense the 3 diagnostic sense bytes from the
disk drive. The common adapter also senses
these bytes when a disk drive error occurs
during an operation.

These 3 bytes are used by the disk MDI MAPs
to isolate disk problems and are .also stored in
ERAP.

Sense File Diagnostic Sense Bytes 1, 2, and
3 256 Sample Test

This operation senses the same 3 bytes as the
sense file diagnostic sense bytes 1, 2, and 3
operation, but quickly senses each byte 256
times. Each byte is compared to determine if
any of the bits changed during the test. Each
bit that changed is set to 1 in FCB words 13
and 14 (high byte only), and an end operation
interrupt is sent to the control processor.

These 3 bytes are used by the disk MDI MAPs
to isolate disk problems.

Sense File Diagnostic Wrap

This operation causes the common adapter to
perform a control bus sense with a disk drive
tag of 3. The disk drive sends the low byte of
the seek control word to the common adapter.
The common adapter moves the byte to the
low byte of FCB word 14 and sends an end
operation interrupt to the control processor.
The timing of this operation is the same as for
a sense operation. For more information, see
Access Operations later in this section.

This test is used with the load seek required
address direct operation to wrap data to the
disk drive and back, to test the control bus.

Disk Speed Timing Diagnostic

This operation causes the common adapter to
time 20 revolutions of the disk and put the
results in FCB word 13. The time can be
determined by multiplying the value in FCB
word 13 by 22.6 microseconds.

Timed Seek Diagnostic

This operation is the same as the seek
operation, except that the controller times the
seek. The results are put in FCB word 13. The
time can be determined by multiplying the value
in FCB word 13 by 22.6 microseconds.

Read Data with Data Repeat

This operation is the same as the read data
operation, except that only the last data record
read from the disk is sent to the control
processor.

Read Common Adapter Buffer Storage

This operation reads the contents of the
common adapter buffer storage. Data is moved
to the control processor the same way as in a
read data operation. The buffer storage is
divided into four parts, and the part that is read
is determined by bits 6 and 7 of the record or
sector count of the FCB as shown below:

Bit 6 7 Part Read

co File control block area
and controller work area

1 Data buffer 1

0 Data buffer 2

1 Data buffer 3

- - O
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Common Adapter File Control
Block

The file control blocks (FCBs) are located in the
common adapter buffer storage. Each FCB
contains 16 words of 2-byte length. The FCB
is divided into two parts: the first six words are
for command data, and the remaining 10 words
are for sense and status data. The control
processor moves the command data to the
common adapter using the disk attachment
commands (see Commands later in this section).
The FCB is updated with the current disk status
by the common adapter at the end of each
sector, so that the FCB will indicate the next
sector to be operated on or when the operation
is complete. Operation status and error
information is obtained, at the end of the
operation, by sensing this FCB using the disk
attachment commands.

File Control
Block
Word High Byte

(reserved)

Record sector count

Cylinder number

Head byte

(reserved)

(reserved)

File status word

Error sense word

(not used)

(not used)

Current head and cylinder number
Previous head and cylinder number
Interrupt status word

File diagnostic sense bytes 1 and 2
File diagnostic sense byte 3

(not used)

©CoOoONOOODWN-=-O0O

[ G Gy
g wN-=0

Low Byte

Command byte
Flag byte

Record/sector number

(reserved)
(reserved)

Diagnostic wrap byte

r Command Data

> Sense and
Status Data

Command Byte: This byte indicates the
operation that is to be performed. The
operation and command byte bit definitions are
shown earlier in this section. The following
table shows the command bytes for normal
operations. '

Common Adapter Command Bytes
Operation 8 9 10 11 *12 13 14 15
Seek 0 0 o o o O o0 o
Recalibrate 0 0 0 0 0 0 0 1
Read Data 0 1 0] 1 0O 0O 0 ©
Read verify 0 1 0 1 0 0 0 1
Read ID 0 1 o] 1 0 1 0 O
Read ID extended 0 1 0 1 0] 1 0 1
Read diagnostic 0 1 0 1 0 1 1 DF
Write data 0 1 1 0 0 0 DR RV
Write ID 0 1 1 0 o 1 0 RV
Write ID extended |0 1 1 0] 0 1 1 RV
Scan equal 0 1 1 1 0 0 o} 0
Scan low or equal 0 1 1 1 0 0 0 1
Scan high or equal |0 1 1 1 0] 0 1 0]
DF = data record (O = record 1, 1 = record 2)
DR = data repeat
RV = read verify
*If bit 12 = 1 the automatic seek will be inhibited.

Record/Sector Count: This byte contains one
less than the number of records or sectors to
be operated on by the command specified in
the command byte. The read data, read verify,
write data, and scan commands can operate on
1 to 256 records, so the record/sector count
can range from O to 255 (hexadecimal O to FF).
For read and write identification commands, the
record/sector count must be between O and 32
(hexadecimal 0 and 20). The record/sector
count must be O for a read diagnostic
command. If an operation ends with an error,
this byte will contain the number of records or
sectors that have not been operated on. *

Flag Byte: This byte is used for the ID field
compare for a read data, read verify, write data,
or scan operation. (The flag byte bit definition
is given in Sector under Disk Format earlier in
this section.) If common adapter alternative
sector processing is used for an operation, the
common adapter will not use this flag byte, but
will set up the expected flag byte for the

-alternative sector ID field compare.

0 1 2 3 4 5 6 7 8 9
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Cylinder Number: This word contains the
number of the cylinder that the operation is to
access. This number is also used to generate
the expected 1D field if an ID compare will be
done. This number can range from O to 359
(hexadecimal O to 167), and uses only bits 7
through 15; therefore, bits O through 6 must be
zero.

Bits
10 11 12 13 14 15

FCBWord2 0 0 0 0 0 0 0 C C €C C C €C C C C

Head Byte: This byte contains the number of
the head that is to be used by the operation.

" This number is also used to generate the

expected ID field if an ID compare will be done.
Because there are 11 heads, this number can
range from-0 to 10 (hexadecimal O to A). Only
bits 4 through 7 are used, and bits O through 3
must be zero.

Bits
01234567

FCBWord3 0 0 0 0 HHHH

Record /Sector Number: For a read data, read
verify, write data, or scan operation, this byte
contains the starting record number that is to
be operated on, which can range from O to 63
(hexadecimal O to 3F). For a read or write 1D,
or a read diagnostic operation, this byte
contains the starting sector number that is to be
operated on, which can range from 0 to 32
{hexadecimal O to 20). This number is used to
generate the expected ID field if an ID compare
will be done. Bits 8 and 9 must be zero.

Bits
8 9 10 11 12 13 14 15

FCBWord3 0 0 R R R R R R

Note: Error conditions indicated by the
following sense and status data are given in
more detail in Error Conditions later in this
section.



File Status Word: The bits have the following
meanings if they are on:

Bit O

Bit 1

Bit 2

Bit 3

Bit 4
Bit 5, 6,

Bit 8
Bit 9

Bit 10

Bit 11

Bit 12

Bit 13

Bit 14

Bit 15

An error occurred during the
operation.

Forced end operation. (A disk
attachment command forced the
operation to end.)

The disk drive read/write hardware
is in use.

The common adapter alternative
sector processing was used during
the operation.

Not used (zero).

These bits are set by configuration
jumpers on the common adapter
channel interface card.

011 = 65 Mb disk drive attached
100 = Disk drive not attached

Always on (one).

Brake applied. (The disk brake is
applied.)

Track unavailable.

(The cylinder requested by the
seek command was beyond
cylinder 359.)

62PC command error.

(A parity error occurred on the disk
drive interface during the access
command to the disk.)

Data unsafe.
(A data unsafe condition occurred .
during the operation.)

Seek incomplete.

(Following an access command, a
seek complete interrupt was not
returned to the common adapter.)

Home.
(The disk is home; cylinder O and
head 1 selected.)

Disk not ready.
(The disk is in a not ready
condition.)

Error Sense Word: The bits have the fallowing Bit 6
meanings if they are on:

Bit 0

Bit 1

Bit 2

Bit 3

Bit4

Bit5

CRC check.

(The CRC generated from the ID or

the data being read from the disk

did not match the CRC read from Bit 7
the disk.)

Common adapter parity check.
(A parity check occurred in the
common adapter, as described by
the low byte of common adapter
file control block word 14:

Bit 13=1 Buffer storage to
controller parity
check occurred.
Bit 14=1 Data buffer to
SERDES parity
check occurred.
Bit 156=1 ROS parity check Bit 8
occurred.)

Channel interface parity check.
(A parity check occurred on the
common adapter interface, as

described by the low byte of Bits 9-12
common adapter file control block
word 14: Bit 13
Bit 11=1 Tag bus parity
check.
Bit 12=1 Data bus parity Bit 14
check.)

Write gate return check.
{Write current was not sensed when
write was selected.)

No record found.

(The sector being addressed was not
found after two index pulses and
the sector did not have an
alternative sector.)

Not valid command parameters.
(The command words loaded into
the common adapter file control
block were not valid.)

Missing sector pulse error.

(A missing sector pulse was sensed
by the disk drive circuits during a
read ID, write ID, or read
diagnostic operation.)

Time-out check.

(A time-out check occurred in the
common adapter, as described by
the low byte of common adapter

file control block word 14:

Bit 8=1 Seek complete
interrupt not received.

Bit 9=1 Common adapter
read/write hardware
time-out.

Bit 10=1 Code executed by the

controller was not
valid.)

Disk drive not attached.

(The operation was sent to a disk
that the configuration jumpers
indicate is not attached. See bits b,
6, and 7 of the file status word.)

Not used (zero).

End of disk.

(The read, write, or scan operation
extended beyond the last data

sector on cylinder 357.)

Not used (zero).

Bit 15

62PC interface error.

An error occurred on the 62PC
interface, as described by the low
byte of common adapter file control
block word 14:

Bit 8=1 62PC cable
continuity is open.
Bit 9=1 62PC did not set
control sample
received.

Bit 10=1 A parity check
occurred on incoming
data on the 62PC
control bus.

Bit 11=1 Disk interrupt did not
reset.

62PC Disk Drive and Attachment
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Current Head and Cylinder Number: This word
contains the seek control word that was sent to
the 62PC disk drive during the latest seek
command. The common adapter generates the
seek control word from the head byte and
cylinder number. The head byte and cylinder
number are located in the word as shown:

Bits
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

FCBWord2 0 0 H H HHOCCT GCT GCT GCTCTCTCOC

Note: This word can be set to hexadecimal
8000 as a result of some disk drive or common
adapter failures.

Previous Head and Cylinder Number: The
current head and cylinder number (FCB word
10) is moved to the previous head and cylinder
number (FCB word 11) when the common
adapter sends a seek command to the disk.

Interrupt Status Word: The latest interrupt status
word sent to the system is stored in the file control
block. The bits have the following meanings if
they are active:

Bit O

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Bits 10-15

End operation interrupt.

(This interrupt indicates that the
command in the FCB was
completed.)

End of track interrupt.

(This interrupt indicates that the
read data or write data operation
reached the end of a track.)

Data pending interrupt.

(This interrupt indicates that the
common adapter is ready to start
moving data to or from the
system.)

Not used (zero).

Scan field transfer complete
interrupt

(This interrupt indicates that the
scan field was moved to the
common adapter, and that the
common adapter is ready to
move data back to the system if
a scan hit occurs.)

Any error.

(This bit is used during the end
operation interrupt to indicate that
an error occurred during the
operation.)

Not used (zero).

Disk select bit. ‘
(Bit 7=0 for disk drive A, bit 7=1
for disk drive B.)

Scan not hit.

(Used during the end operation
interrupt to indicate the status of
a scan operation.)

Scan equal hit.

(Used during the end operation
interrupt to indicate the status of
a scan operation.)

Not used (zero).

File Diagnostic Sense Bytes 1, 2, and 3, and
Diagnostic Wrap Byte: These words are sensed

by the common adapter when a 62PC error

occurs. These bytes are also used with
diagnostic commands. The following table
shows the meanings of the bytes for these

diagnostic commands.

The only time the common adapter resets these
words is on either a power on reset or a

system reset.
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Diagnostic Command

Contents of Word 13

Contents of Word 14 (see Note 1)

Sense file diagnostic sense bytes
1,2,and 3

Disk drive diagnostic sense bytes
1 and 2 (see Note 2).

Bits O through 7 contain disk drive
diagnostic sense byte 3 (see Note 2).

Sense file diagnostic sense bytes
1, 2, and 3 256 sample test

The results of the 256 sample test
of disk drive diagnostic sense bytes
1 and 2 (see Note 2).

The results of the 256 sample test of-
disk drive diagnostic sense byte 3 are
set in bits O through 7 (see Note‘ 2).

Sense file diagnostic wrap

Bits 8 through 15 contain the wrap byte
from the dis_!g drivg (see Note 2).

Disk speed timing

The timing for 20 disk revolutions.

Timed seek

The timing for a seek.

Notes:

1. Bits 8 through 15 are also used to further define error conditions indicated in the error sense word (FCB word 7).
2. For the bit definitions of the disk drive diagnostic sense bytes and wrap byte, see Bus Cable under Lines Between the
Common Adapter and the 62PC Disk Drive later in this section. )
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Loading and Sensing the Common
Adapter File Control Block

The common adapter file control block is loaded
and sensed by disk attachment commands. See
Commands later in this section.

Loading the Common Adapter File Control
Block

To move a file control block word to the
common adapter, three /0O commands ar
needed: ’

« A command to load the channel adapter tag
register (IOCL 0). The channel adapter loads
the data bus out (DBO) into the tag register
when the ‘service out’ and ‘strobe’ lines are
on while this command is executed. The tag
byte is set up by some preceding
commands, to indicate a load (bit 1=1), the
file control block to be loaded (bit 3 selects
disk drive A or B), and which word of the file
-control block is to be loaded (bits 4 through
7). The tag byte is then stored in an LSR,
which this command must specify.

+ A command to load the high byte of the file
control block word to the channel adapter
data out register! (IOL O or IOL 8). The
channel adapter loads the data bus out
(DBO) into the high byte of the data out
register when the “service out” and ‘strobe’
lines are on while this command ‘is executed.
The DBO must contain the high byte of the
file control block word to be loaded.

“WTCH and WTCL 1/0 storage commands are
decoded as IOL commands by the channel adapter
and are also used to load the file control block.

« A commad to load the low byte of the file
control block word into the channel adapter
data out register and to move both the high
and low bytes into the common adapter’
(IOL 1 or IOL 9). The channel adapter loads
the data bus out (DBO) into the low byte of
the data out register when the "service out’
and ‘strobe’ lines are on while this command
is executed. The DBO must contain the low
byte of the file control block word to be

loaded. When the channel adapter resets the

"service in’ line, the ‘request out’ line is set
and the tag byte is sent to the common
adapter on the tag bus. The common
adapter responds to the command by setting
the “acknowledge request out’ line. The
channel adapter then sends the file control
block (FCB) word to the common adapter,
where the “strobe out’ pulse latches the FCB
word. The common adapter stores the FCB
word in buffer storage on the next available
storage cycle.

The disk attachment can control operations on
two disk drives. These operations can be
overlapped. This makes it possible for data
being moved to the common adapter to
interrupt a load file control block sequence. If
data cycle steal to the common adapter occurs
after the high byte of a file control block word
has been loaded and before the low byte has
been loaded and sent to the common adapter,
the data out register will contain cycle steal
data instead of the high byte of the file control
block word. If this occurred, the word will not
be loaded correctly. To test for this condition,
the channel adapter has a latch (the retry latch)
that is reset when a load file control block high
byte command is completed. This latch is set
when the control processor sets the ‘burst
mode’ line in response to the setting of the
‘block processor clock’ line by the disk
attachment, indicating that cycle steal has
occurred. After the load file control block low
byte command has been completed, the
condition of this latch is tested by a jump on
1/0 condition command (JIO 6) to determine. if
a cycle steal has occurred. If a cycle steal has
occurred, the jump to load the word again is
taken. If only one disk drive is installed, this
condition cannot occur, so the jump is never
taken.

The figures on the following pages show the
flowchart, the logic, and the timing of the load
file control block sequence.

After one word has been loaded, the LSR
containing the tag byte is increased by 1 to
select the next command data word to be
loaded into the file control block. This is
followed by a test to determine if the last
command data word needed, word 3, has been
loaded. If it has not, loop B is taken to load the
next word. When all four command data words
have been loaded, a start adapter command
(using IOL 5) is sent to the common adapter.
This command causes the common adapter to
execute the operation specified by the
command data words in the file control block.
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Sensing the Common Adapter File Control
Block

The file control block words are usually sensed
as they are needed. Three 1/0 instructions are
used to sense a word from the common
adapter:

« A command to load the tag register (IOCL 0).
This is the same as for the load file control
block sequence, except that the tag byte
must indicate that a sense-will be executed
(bit 1=0).

» A command to sense the high byte of a file
control block word? (I0S 2 or A). This
command causes the channel adapter to set
the ‘request out’ line to the common adapter
and to send the contents of the tag register
to the common adapter on the tag bus. The
common adapter responds with the
‘acknowledge request out’ line and sets the
‘buffer storage cycle request’ line. The next
available buffer storage cycle reads the
requested file control block word from buffer
storage and sends it to the channel adapter,
where both bytes are loaded into the data in
register with the ‘strobe in" pulse. The
‘strobe in’ line also resets the ‘request out’
line. The channel adapter then sends the
high byte of the file control block word to
the control processor on the DBI during
service in.

« A command to sense the low byte of a file
control block word? (I0S 1 or 9). This
command is the same as the sense file
control block high byte, except that the low
byte is sent to the control processor instead.

The timing for the sense file control block
commands is given in Common Adapter
Commands later in this section.

2RDCH and RDCL |/0 storage commands are
decoded as I0S commands by the channel adapter
and are also used to sense the file control block.
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Loading and Sensing the Common
Adapter File Control Block
(continued)

HA010
HAD10
HAO010

HA060
HA050
HAO050
HA050
HA040
HC225
HC225

Load the tag register .
Load the high byte of the data out register
Load the low byte of the data out register

Test the retry latch to see if cycle
IOCL OL 0L ‘ Y

0 Qor8 1o0r9 JIOG

steal has been done
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Load the tag
register and

send it to the
common
adapter.

Control Out O . . A ——
Service In - S S SRR e ) B . P ———
Service Out e e (. ) E—— ...
Tag = Load Word 0 Tag = Load Word 1 Tag = Load Word 2 Tag = Load Word 3 Tag = Adapter Start
Tag Bus (valid) . 46— R — E— ;- £ - (¢ -
Request Out — K,‘, 8 ﬁ“r — SN l) 5 - (G .
Acknowledge Request Out ) - ) -m (¢ [‘
Strobe Out a [{d A £C A £ 1 £ 1
. _ER 7‘, - :'(, - ?‘, ZZ / - Not used
CA Data Bus {valid) / )] ) >) - )] r -
Buffer Storage Cycle Request f A 4G [’ ) A ¢ 2 £ .
Buffer Storage Cycle 4G - (G m £ m £
Common adapter file Word 1 } ) Word 2 Word 3 is moved \ This is the adapter
control block word 0 is moved. is moved and loaded into start command.
is moved to the and loaded buffer storage.
common adapter. Word 1 is into buffer The tag byte for
loaded into buf- storage. the adapter start
The common adapter moves fer storage. command is put
the word into the file control JIO6 into an LSR.
block section of buffer storage Control Qut  G—m.__mm LG—Sm__Sm s mm mm mm ¢
during the data buffer storage Service In G mmm smm
cycle. Service Out ———————
i (& £ - £
The LSR containing the tag CBI Bit 4 y S 5 (HAO25)
byte is incremented.
Tag = Load Word 2 Tag = Load Word 2
Tag Bus (valid) § £ G - \ - 5
Request Out ¢ — ¢— - _— )
This timing diagram \
is for the case when
Acknowledge
a load file control Request Ougt S 4§ - - )
block sequence is
interrupted by a
cycle steal. This Strobe Out § —4 . L 4
can occur only on Data Bus (valid) 4 £ ¢ - —am 'S
a system with two
62PChd:jsk drives Buffer Storage . ¢ ¢ N J N F
attached, Cycle Request 7 KR . R
Buffer ¢ ¢ ¢ - - c
Storage Cycle '/ L 4
Block P
Clgﬁk rocessor¢ e g 5 (HA020)
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P ————
The file control
block word is
not correct
because a cycle
steal has occurred.

The jump condition is met
because a cycle steal has
occurred. The file control
block word must be loaded
again.

The jump condition is not met
because a cycle steal did not
occur after the high byte was
loaded.



Load FCB Command

Load File Control Block Sequence Flowchart

State Count Changed by the State Set up tag byte =
Foltowing Conditions Clock | Count | State 010F0000 in an LSR
(F=0 selects disk
e drive A, F=1 selects
000 l‘i':]'n"“::;'"g fora disk drive B)
The ‘request out’ line is active. - O0OB Move tag byte from
001 Time delay LSR to channel
adapter tag register
The ‘strobe out’ line is active and - BO1 yoct O)I
the ‘tag bus’ lines = write FCB. 101 Waiting for the Move high byte of file
next T4 control block word to
channel adapter data
Wait for T4. T4 1%1 out register (I0L. 0
1M1 Requesting an FCB or 8
cycle l -
Move low byte of file
trol block d
FCB cycle is active on T8 11X zggnrr:l ag:ptewrc:'at;o
the channel interface. 110 Performing a write out register. Move
FCB cycle both bytes to com-
mon adapter. (IOL
FCB cycle is complete. T8 X10 1or9)
010 Waiting
End of load FCB command. Data T9 0XO0 IaT:;r;t Yes
transmission is complete. 000 End of command (J10 6) Loop A
Load FCB Command No
State Count 000 | 001 b1 b 110 | 010 | L’g:’“e“‘ tag byte in
| | |
| . | 1 1 1 1
HD525 Clock | T6 | T4 T6 T8 T6 T8 T9
| I | I | | P 1
A0BO Tag Bus (valid) l ‘ : ' ' 'L ! Tag
HAO06 ag Bus (vali ! : : : ] l } = R : byte = No
i | ] 1 (( ] XXXX0100 Loop B
HA050 Request Out : : , : : : 'l § 5 =
HA050 Acknowledge i n ] : | 1 (c | :I::::( f::l: n::;r;:’gl
Request Out : ] | vy ey e T e e - data word
n | vords have
= i ! { w : : : been loaded.
HAO050 Strobe Out , — , {5 Set up tag byte =
| i | / ’ { l 110F1100 in an LSR.
HA040 CA Data Bus (valid) “' . (¢ This is the tag byte for
‘ l ! | an adapter start com-
] 1 | mand. (F=0 selects
H0525 Buffer Storage ﬁ I { ( . disk drive A, F=1
Cycle Request ! = } : : i R selects disk drive B)
! ! | ] I I
) |
HC525 Buffer Storage ! ! —— ' ( ( Move tag byte from
Cycle - AR LSR to channel
adapter tag register.
Send adapter start
n Timing = 1.5 us maximum, 300 ns minimum command to common
adapter. (IOL 5)

Timing = 200 ns
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Interrupts

The disk attachment uses interrupt level 4 to
indicate to the control processor the need for
.service. The interrupt control hardware is
located in the channel adapter. If an interrupt
condition occurs in the channel adapter, the
‘interrupt request’ latch will be set. If the
‘interrupt enable’ latch in the channel adapter is
set, the ‘interrupt level 4’ latch is set, sending
the interrupt to the control processor. The
‘interrupt enable’ latch is set and reset by disk
attachment commands.

The interrupt control logic in the channel
adapter is shown in the diagram. There are
three ways that the ‘interrupt request’ latch can
be set: an interrupt request from the common
adapter, the condition that the "data pending’
latch is set and the 'channel busy’ latch is not
set, or specific channel adapter errors on the
common adapter interface.

An interrupt request from the common adapter
occurs when an operation has an interrupt
condition. Common adapter interrupt conditions
are:

« Data pending: The common adapter is ready
to start moving data.

« Scan field transfer complete: The movement
of the scan field to the common adapter has
been completed.

HA010
HA010
HAO010
HA010
HAO010
HAO010
HAOQO01

HAO035

HA060
HA050
HA050
HAO050
HAQ070
HC225

HC225

« End of track: A read data or write data
operation has come to the end of a track
before completing the operation.

« End operation: The operation has been
completed by the common adapter.

The common adapter sends the interrupt to the
channel adapter by setting the 'request in’ line
and by setting an interrupt condition on the tag
bus:

This interrupt condition causes the channel
adapter to send an interrupt to the control
processor if the ‘interrupt enable’ latch is set,
but the channel adapter does not respond to
the common adapter ‘request in’ line at this
time. When a sense interrupt level status byte
(SILSB) command is executed to determine

" which 1/0 devices are requesting service on

interrupt level 4, the channel adapter sets bit 7
on the DBI to indicate a request. The SILSB
command also causes the channel adapter to
respond to the common adapter interrupt

A data pending interrupt indicates that the
common adapter is ready to start movihg data
using cycle steal, so the disk microcode must
check to see if the cycle steal channel is
available. The status of the channel is stored in
the ‘channel busy’ latch, which is located in the
channel adapter. The latch may be set by either
the disk or the diskette to indicate that the
channel is being used. Before either |/O device
can use the cycle steal channel, it must test this
latch to see if it has already been set by the
other |/0 device. This test is done by a disk
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If the disk is the 1/0 device that is resetting the
‘channel busy’ latch, the disk microcode sends
the status of the ‘channel busy’ latch to the
diskette microcode, so that the diskette can use
the channel if it is needed. If the diskette is the
1/0 device that is resetting the 'channel busy’
latch, this status is not needed. The channel
adapter has a ‘data pending’ latch, which is set
if the disk attachment needs the channel when
the channel is being used by the diskette.
When the "data pending’ latch is set, it sets the
‘interrupt request’ latch when the diskette

Bits request, by setting the 'acknowledge request in’ attachment command, jump if channel is not resets the ‘channel busy’ latch. This interrupt
0123P line and loading the interrupt word from the busy (JIO 4). If the "channel busy’ latch is permits the disk microcode to set up the
: common adapter data bus into the channel already set, the jump condition is not met, and storage addresses for the data cycle steals that
000FP Interrupt request from the adapter data in register with the "strobe in’ the [/0 device must wait until the latch is reset. follow.
common adapter. pulse from the common adapter. See Interrupt If the latch is not set, the jump condition is
Status Word earlier in this section. met, and the command (JIO 4) also sets the The common adapter can send a second
Bit 3=0 Interrupt is for a latch to indicate that the 1/0 device is now interrupt request to the channel adapter before
disk dl:ive A using the channel. When the 1/0 device the disk microcode interrupt level 4 routine
o operatlon._ completes using the channel, the “channel busy’ (FDK_)(_:H’ is completed.. Under these
Bit 3=1 (Ijr;:sr;t:g’;:;for a latch is reset using the disk attachment gondmons', the second interrupt request vyill not
) command, reset channel busy latch (IOCL 4). e recognized by the channel adapter until the
operation. first interrupt is reset. An interrupt from the
Bit P Odd parity for bits common adapter is also ignored by the channel
0to3. adapter when the "data pending’ latch is set.
This indicates that the data pending interrupt
was not completed because the diskette was
using the cycle steal channel.
The third condition that sets an interrupt occurs
when specific error conditions are set in the
channel adapter. A channel overrun check, tag
parity check, or interface error condition sets
the ’interrupt request’ latch. See Error
Canditions later in this section. The interrupt is
sent to the control processor if the ‘interrupt
CBO (vali SILSB Command enable’ latch is set.
valid)
DBO (valid) (’___—DBO = hex 40 ¢
Control Out (— EEER— 4
Service Out G S
Strobe EE—— g
Multidevice Response zq—— 5
DBI Bit 7 (,__— ()
Interrupt Level 4 : .
Tag Bus (valid) Ll L ¢ !nterrupt level 4
Request In s ——— e — ,) :s rzset by an (lj/o
Acknowledge Request In £ G ﬂ 5 ((l)chso)mman
Strobe In ‘ § G — £
Data Bus (valid) £ & S 5
Buffer Storage Cycle Request G — - S
Buffer Storage Cycle o —— —
Clock  {t
HCbh25 468A 468A 468A 468A 468A 468A 468A 4(



] -
Common E:::hPendmg Channel
Adapter FL Interrupt

IOCLB —]s ] Enable
loOCLC ——R Latch
HAO030 loLe—{s F- —
Channel Busy ?_— er|
Latch — A IOLA—R tevell1 4
y atc :
JIO4—1S FL HAO025 HA035 | — Interrupt
Tag B
(:g :)s jocLa—R A s Level 4
-3, Parity — R
Even —.—E——-—S HA035 .
rer HAO035
HAO060
Tag Bit0 A Common
Tag Bit 1 Adapter
Interrupt Interrupt
Latch Request
Request In s FL 1 LatchFL
®  — v OR S —
Strobe In A eo—r o
Tag Parity HAO020
Check Latch - HA025
FL TP 0L 3
Overrun - A S A
Check Latch 5_ R
sFL HA025 |oR .
R
HA02$ ™ [ Acknowledge L
Regquest In
Latch SILSB A
s FLF -—‘
R DBO 0.3, |pecode| |
. = 4
Acknowledge Request In HA020 —
Data Bus In
— oR Bit 7
Interface Error :Er:':?arrfﬁch —
A g FLj-e—oTP HAQ01
Acknowledge Request Out
S— R
Request Out OR M
Latch HAQ040
FL
s
§$r
Regquest Out HA020
- Channel Adapter .
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Burst Mode Cycle Steal

The read data, write data, read identification,
write identification, and scan operations need to
move data between the control processor and
the disk attachment. To move this data, burst
mode is used. The disk channel adapter sets
the 'block processor clock’ latch, which causes
the processor for the selected storage (control
processor or main processor) to stop; this
action permits data to be moved directly to or
from storage. When the processor is stopped,
the “disk burst mode gated’ line is set by the
control processor, to indicate that cycle steal
may start. The processor does not execute any
more instructions until the "block processor
clock’ latch and the ‘disk burst mode gated’ line
are reset. The channel adapter sets the "disk
cycle steal request’ line when the channel
adapter is ready to move the first byte of data,
and resets this line at the start of the cycle that
moves the last byte of data for that block of
data.

The cycle steal logic in the channel adapter
does not permit the 'block processor clock’
latch to be set under the following three
conditions:

+. The channel adapter ‘interrupt request’ latch
is set. After the channel adapter responds to
a data pending interrupt from the common
adapter, the common adapter could be ready
to start moving data before the interrupt
routine is done. Therefore, when the
“interrupt request’ latch is on, the "block
processor clock’ latch cannot be set and
cycle steal does not occur. Data cycle steal
can start immediately after the interrupt is
reset.

« The channel adapter ‘data pending’ latch is
set. A data pending interrupt from the
common adapter will be followed by a
request to start moving data. If the cycle
steal channel was not available, the ‘data
pending’ latch is set, so that an interrupt will
be set by the channel adapter as soon as the
channel is not busy. To prevent the data
cycle steal until the diskette is no longer
using the cycle steal channel, the ‘block
processor clock’ latch cannot be set when
the ‘data pending’ latch is set. Data cycle
steal starts after the ‘data pending’ latch and
the interrupt caused by the "data pending’
latch is reset.

« |Interrupt level 2 is set on the channel. The
movement of cycle steal data to or from the
disk attachment could cause the processor to
be stopped for up to 1 millisecond. This
action causes a problem for an 1/0 device
(such as communications) that needs more
frequent servicing. To meet the needs of
other 1/0 devices, the disk attachment does
not move more than 258 bytes of data
without resetting the "block processor clock’
latch. If more data is to be moved, the
‘block processor clock’ latch is immediately
set again, unless interrupt level 2 is set. The
‘block processor clock’ latch cannot be set
when interrupt level 2 is set, but can be set
immediately following the resetting of
interrupt level 2. This permits interrupt level
2 to override disk attachment cycle steal on
a data record boundary, which permits more
frequent servicing of other 1/0 devices.

The common adapter starts a cycle steal
request by setting the "CA burst mode’ and
‘request in’ latches and the tag bus to indicate
the type of request.

Bits
0123P

110FP Write
100FP Read

Bit 3=0 Data is for a disk
drive A operation.

Bit 3=1 Data is for a disk
drive B operation.

Bit P Odd parity for bits
0to 3.
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Channel

Data Bus Out

Data Bus In

Block Processor
Clock

Tag Bit 0

Tag-= Read
PH

Tag Bit 1

CD

HA025

HAQ70

SFL

Strobe In

Data
Register

15

Address (11)

Data (18)

0
Buffer
Controller Storage
Register
7
‘ Read/
Address Write

Storage Cycle

Address Buffer

Storage
Assembler Control

1]

Increment

Tag
Register

Reduest Out

HAO025.

Request In

-~

Disk Strobe A
. 2 —¢ I —
FF
Burst Mode OR T
Latch A I » R
Disk Burst Mode s FL L HAO20
R
HAO0O1 T
S
A
Channel Adapter (A-A2E2)

Count

_Acknowledge

Request in

TP

Clocks

20-MHz Clock
TO

T1
T2

Interface
Control

T3

T4
T5

T6

T7
T8

T9

4 L _...4_1..__!

TA

Carry
Carry-1

Allow Burst Mode

HB100
A-A2D2

HB200
A-A2C2

—_— e |

Common Adapter
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The tag bus indicates write when data is being
moved to the common adapter during a write
data, write identification, or scan operation. The
channel adapter sets the ‘block processor clock’
latch when the cycle steal request is received
from the common adapter. When the "disk
burst mode gated’ signal is received from the
control processor, the channel adapter sets the
"disk cycle steal request’ latch to indicate that
the channel adapter is ready to receive the first
byte of data. The ‘disk strobe’ pulse is used to
load the data into the high byte of the data out
register. At the end of the ‘disk strobe’ pulse,
the ‘count’ latch is switched, so that the data
during the next ‘disk strobe’ pulse is loaded into
the low byte of the data out register. When the
low byte is loaded, the channel adapter
responds to the ‘request in’ line by sending the
data word to the common adapter, where the
‘strobe out’ pulse is used to load the data word

Cyecle Steal Timings for Write

into the data register and then moved to the
common adapter buffer storage during the next
available data buffer storage cycle. When the
word is loaded into the data buffer storage, the
‘request in’ line is set again to indicate that the
common adapter is ready for the next byte. The
next 2 bytes of data from the channel are then
loaded into the high and low bytes of the data
out register, and this cycle is repeated until the
block of data is moved to the common adapter.
When the common adapter has received all but
the last word, it resets the 'CA burst mode’
latch, which causes the channel adapter to reset
the "disk cycle steal request’ latch after
receiving the high byte of the last word from
the control processor. When the low byte of
that word is moved to the channel adapter, the
"block processor clock’ latch. is also reset, which
ends the cycle steal operation.
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The ‘allow burst mode’ latch is set in the common
adapter during the ‘TS’ pulse. The next ‘“TO’ pulse
sets the “CA burst mode’ latch and sends valid tag
codes on the tag bus. The ‘request in’ latch is

set during the following ‘T8’ pulse. When the com-
mon adapter receives the ‘strobe out’ pulse, the
word of data to be written is loaded into the data
register. The common adapter sets the ‘buffer

storage cycle request’ latch during the next ‘T4’
pulse. The buffer storage cycle starts with the ‘T6’
pulse and ends with the next ‘T6’ pulse. The word
of data is sent to buffer storage during this cycle.
The ‘request in’ latch is set again during the ‘T8’
pulse. During the buffer cycle before the last
requést in, the ‘CA burst mode’ latch is reset by
the TO' pulse.

HA020 Block Processor Clock /— —-

HAO001 Disk Burst Mode Gated _\

HAO025 Disk Cycle Steal Request 7 S- S ... \

HA025 CSsY / ] B B N — (——— — I — \

HA020 Disk Strobe — —— mmam g ¢ [ — _—— —\ \

' Data is moved to the channel adapter during disk strobe. ,
First Word Second Word Last Word

HA020 Count High Byte _LOW Byte High Byte _L—OW Byte - : High Byte Low Byte

HAOQ50 CA Burst Mode —_— : —

HAO060 Tag Bus (valid) __= Tag = Write

HAO050 Request In — (u— ] I

HAO0bH0 Strobe Out . ] r, I I

HAO070 CA Data Bus (valid) I — § q— I |

HC225 Buffer Storage Cycle Request I RN 9 S A E— ——

H_Q225 Buffer Storage Cycle _——‘—S s_____— E— I

H§320 Allow Burst Mode P
3|'-IC275 Carry-1 { S . - ] ;
. HC275 Carry g ¢ |

ClOCk | o | 1 1O S S T I I T T (N T T T A Ay o I | 111 JIIIII( fllllllllI|l|||||l'|ll||l|I|IIIIIIIIIIIIIIIIIIII]IIIIII
HDB25 © #56 8 0 456 8 0 436 5 0 655 80 45680 456 80 5880 450 s AR N R I SR IR S B AR S B AR AR AN S E I AR S RN



The tag bus indicates a read when data is
moved to the control processor during a read
data, read diagnostic, read identification, or
scan operation. The channel adapter sets the
‘block processor clock’ latch when the cycle
steal request is received from the common
adapter. When the "disk burst mode gated’ line
is received from the control processor, the
channel adapter sets the ‘acknowledge request
in’ latch. The common adapter then requests a
buffer storage cycle. The data word is received
from buffer storage and sent out on the
common adapter data bus. The channel adapter

Cycle Steal Timings for Read

loads the data word from the common adapter
into the data in register with the ’strobe in’
puise. The common adapter sets the ‘request
in’ line again and requests another buffer
storage cycle so that data will be available
immediately when the next ‘acknowledge
request in’ pulse is received.

The first "strobe in’ pulse also causes the "disk
cycle steal request’ latch to be set. The high
byte of the data in register is sent to the control
processor on the data bus in, and is loaded into
storage during the ‘CSY’ pulse.

At the start of the "disk strobe’ pulse, the
‘count’ latch is switched, to cause the low byte
of the data in register to be sent to the control
processor during the next cycle. The second
"disk strobe’ pulse switches the ‘count’ latch
again, to cause the channel adapter to set the
"acknowledge request in" latch. The next word
can now be moved from the common adapter
to the data bus in register. This cycle is
repeated until the block of data is moved.
While the common adapter is sending the last
word of data, the ‘request in’ and "CA burst
mode’ latches are reset. When the high byte of
the last word is sent to the control processor,

the "disk cycle steal request’ latch is reset. The
‘block processor clock’ latch is reset when the
low byte is sent, to end the cycle steal
operation.

HAO020 Block Processor Clock 1
HA001 Disk Burst Mode Gated “r__
HAQ25 Disk Cycle Steal Request S ——
HAO025 Ccsy /[ / JA——— S _SEmE— —_E— { (—— s—— —— - — - BN
HAOQ20 Disk Strobe / / I . —_; R ———— -] — y B S _— .
f Data is moved to the control processor during CSY.
First Word Second Word Last Word
HA020 Count High Byte {__LOW Bvte High Byte Low Byte High Byte __LowByte
HAO050 CA Burst Mode . .
HA060 Tag Bus (valid) ! ‘ e — Tag = Read
HAO050 Request in ) ) . ° S S SE—
HAO050 ‘ Acknowledge Request In ﬁ h N ( C _— N . — .
HC225 Buffer Storage Cycle Request -3 \ - . . - (’ ,L — A
HC225 Buffer Storage Cycle —__X:_ I —_z L S b
HAO050 Strobe In - i { L . S A
HAO070 CA Data Bus (valid) 00000 SR —__?g g____— SRR ]
HC320 Allow Burst Mode — ’
HC275 Carry-1 [ G G |
HC275 Carry ¢ ¢ -]
HC275 Carry Latch j( rr N
) ) .
Clock | I (N 1 N Y [ I 1 IIlIlllIIIIIIII|\||lLllIllIIlllIIIIIIIIILIIILL\IIlIIIllIIILIlIII/ﬂIIlIIIIII1411IIIIIIlII\IIIlllllIIA\;llllJ]lJllllpllllllllIIIIlllllIJIJ
T TTT T 77T TT T TTT T T7T TTT T TT TTT T TT TTT T TT TTT T 77 TTT T T T TTT T TT TTT T 17T TTT T TT TTYTT T TT TTT TTT T 17T TTT T T7T TTT T TT TTT T TT TTT T TT TTT T TT TTT T 1T TTT T TT TTT T TT TTT T TT TTTYT T 771 T
H0525 0 456 8 A0 45 0 4586 8 A0 4586 8 A0 456 8 A0 4586 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456) X 456 8 A0 456 8 A0 456 B A0 456 8 A0 456 8 A0 466 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 a

The ‘allow burst mode’ latch is set in the common
adapter during the ‘T5’ pulse. The next ‘TO’ pulse
sets the ‘CA burst mode’ latch and sends valid tag
codes on the tag bus. The ‘request in’ latch is

set during the following ‘T8’ pulse. When the com-
mon adapter receives the ‘acknowledge request in’
pulse, the common adapter sets the ‘buffer storage
cycle request’ latch during the next ‘T4’ pulse. The
buffer storage cycle starts with the ‘T6’ pulse and
ends with the next ‘T6’ pulse. The word of data

to be sent to the control processor is received from
buffer storage during this cycle. The ‘strobe in’
pulse, which starts during the ‘TA’ pulse, sends the
data word to the channel adapter data in buffer.
The common adapter immediately gets the next
word of data from buffer storage and sets the
‘request in” latch again during the ‘T8’ pulse.
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Servo Tracks and Servo Track
Follow

Access Locating

The dedicated servo surface, located on the
disk surface nearest the disk enclosure casting,
controls the primary access location. Signals
read from this surface by the servo head are
used to position the data heads on the actuator
over the selected data cylinder.

The sample servo, a field on the data surfaces
at the start of each sector, is used for exact
data head alignment. Because of the two
servos, the servo head may be slightly off the
servo track when the data heads are correctly
aligned.

The sample servo signals generate the ‘sample
servo error’ signal. This signal is set by the
sample servo circuit every time an index pulse
or sector puilse occurs.

Dedicated Servo

The dedicated servo surface is written during
disk enclosure assembly and cannot be written
in the field. The servo surface is written by the
servo head, which is the only time the servo
head is used for writing. The servo head writes
the first track at the outer limit of the servo
surface, then moves inward one half track and
writes the second track, which overlaps half of
the first track.

<: Disk Rotation
First Track‘—-\

- + -1+ I - +| -1 + SN + =~ + - +{ -
N +] - + - - - + -1+ - + -
- - Y + - + -

\— Second Track Servo Head Writing Second Track

Head Position for Third Track

Note: The + or - indicates the polarity of the pulses
induced in the data head when reading.

This process is continued until all of the servo
surface is written. When the servo surface
writing is complete, the following patterns are
on the servo surface.

Normal |
| |
" Cell | |
- + -
Odd + = + -
Servo " - "
Track
- ) S -
+ - + -
T+ - + -
+ - + -
Even H - + -
Servo T - T -
Track
T+ - +[ -

Quadrature
Cell
+
+
+
+
+
+
+
+
+
+
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Two of the half track patterns are used as a
servo track, which is aligned with the data
tracks for a specific cylinder. Each servo track
is made up of a series of cells, both normal
cells and quadrature cells. Each cell normally
has a clock pulse at the start, which is used for
timing the read, write, and seek circuits. These
clock pulses are always generated. There are
300 cells per sector, so that each cell is equal
to 2 data bytes on the data tracks.

The normal cells contain position pulses that
are used to keep the servo head on track. The
quadrature cells are used to identify the servo
track as an odd track or an even track. A
quadrature cell on an even track has a pulse
during the first part of the cell. A quadrature
cell on an odd track has a pulse during the
second part of the cell.

The servo output changes as the servo head
moves away from the center of the track. The
following shows the servo head output at three
positions (), @. @) of the servo head over an
odd track.

The servo signals for @) and @) are the same
except for a delay. The correct servo track is
identified by changing the cells at the start of
each sector. The servo logic uses these -
changed cells to synchronize to servo patterns.
The changed servo patterns contain four cells
with a missing clock pulse.

000

<::_—__| Disk Rotation

Odd
Servo

e ~A N

f
‘ Track
t

Cell Cell Cell Cell
N Q N Q
Servo
Track
+ + ) Location
+ + + )
+ + (
+ + + >
Clock Pulses
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Servo Tracks and Servo Track
Follow (continued)

The changed group of four cells represents a
‘0-bit pattern and a normal group of four cells
represents a 1-bit pattern. Six bit patterns are
written at the start of each sector. The first
sector of a track has a bit pattern of 000010;
this is the index pulse. The following sectors of
that track have a bit pattern of 001111; these
are sector pulses.

Index

Sector

Sector Sector ¢  Sector

Pulses

Sector 0

Sector 1

Sector 2 ; S

Sector 32

<—300 Cells—» y)

Each sector contains

300 cells

0j0]0]0

ojoj1f1]11|1

Index Pulse

(6 bit patterns coded as 000010}

Clock Pulses

Position
Pulses

Missing Position Pulses
Missing Clock Pulses

Sector Pulse ‘
(6 bit patterns coded as 001111)

Servo Head (on track)

Clock Pulse
<+—— Position Pulses Missing
Missing Clock Pulse

v
@
»
g £ £ 8
= 3 =
g -8 a. o
= X X R4
=4 Q [%] Q
g Lo el 2
\ o O o (&)
Track\g\\
S
~
Tr, ack ,\\8’7 PN
O, \\/’el
~ O'd \o 7
Ck O~ Ty

e Iy

Bana ———————— I . |

i
S

il

e, s’

\

/-'—-\ v
Direction of A 0-bit pattern has a Normal Quadrature
Disk Rotation missing clock pulse Cell Cell

after the first cell.
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The following waveshapes show the index and
sector pulses.

The first waveshape shows the index and sector
pulses that should always be present.

Chan 1 ~Index D2S13
Chan 2 -Sector D2S10

Voltage: 0.2 V/div
Time: 2 ms/div
Trigger: Internal
DC Input

_Index and sector pulses are generated from missing

clock pulses on the servo track.

Chan 1 -Sector D2S10 s -
Chan 2 +Servo Clock SS F2B04

Voltage: 0.2 V/div !
Time: 0.1 ms/div, X10 magnification |
Trigger: Internal
DC input

Missing Clock Pulses

Adjust the position so the missing clock pulses can
be seen.

Note: A X10 grounded probe was used on the
disk drive board (E-A1 or E-B1) to obtain
these waveshapes.
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Track Follow Waveshapes

The following waveshapes can be seen on an
oscilloscope if the servo circuits are working
‘correctly and the servo head is on a servo track.
All waveshapes were taken with a X10
grounded probe on the disk drive board (E-A1
or E-B1).

Chan 1 -Osc Early D2B13 !--.-- .
Chan 2 -Osc Late D2J02 prmm— [rm— fr - .
Voltage: 0.2 V/div

Time: 0.5 us/div

Trigger: External + D2S10 -Sector
DC Input

T
h
=l“.=l_‘=L

Chan 1 Servo Preamp Output F2D05
Chan 2 Seryo Preamp Qutput F2D06

Voltage:. 10 mV/div

Time: 1 us/div

Trigger: External + D2S10 -Sector
AC Input

Chan 1 +Servo Clock SS F2B04

Voltage: 0.2 V/div

Time: 1 us/div

Trigger: External + D2S10 -Sector
DC Input

Chan 1 -Select Demod N1 F2B10
Chan 2 -Select Demod N2 F2D09

Voltage: 0.2 V/div

Time: 1 us/div

Trigger:  External + D2S10 ~Sector
DC Input :

Quadrature
Cell

'Normal
Cell

Quadrature
Cell

Chan 1 -Select Demod Q1 F2B08
Chan 2 -Select Demod Q2 F2B09

Voitage: 0.2 V/div-

Time: 1 us/div

Trigger: External + D2S10 -Sector
DC Input

Chan 1 2F Write Clock E2G12
Chan 2 1F Write Clock B2U12

Voltage: 0.2 V/div

Time: 0.1 us/div

Trigger: External + D2S10 -Sector
DC Input

Chan 1 1F Write Clock B2U12
Chan 2 -Counter 4 D2M06

Voltage: 0.2 V/div

Time: 0.2 us/div

Trigger: External + D2S10 -Sector
DC Input

Quadrature
Cell

Quadrature




Sample Servo

The sample servo field is 12 1/2 bytes long.
This field is included in a peotected area at the
start of each sector and is located on gvery
data surface. The sample servo is written
during disk enclosure assembly and is

synchronized with the dedicated servo patterss.

The sample servo is written in half track
patterns and contains three main areas:

« Sample servo marker
« Servo gain field

« Servo error field

< {ndex or Sector Pulse (22 bytes) ——mm———m—s-

0

2

4

6

8 10 12 14 16 18 20 22

Servo Gain Field
Servo Error Field

V4
Sample Servo Marker \ \

Sample Servo Marker: This area is used to
synchronize the sample servo circuits.

Servo Gain Field: This field is used to adjust
the automatic gain control (AGC) for sample
servo signal deviations. These deviations are
caused by head to disk surface deviations, disk
surface changes, and the track location on the
disk surface. The'AGC is necessary so that the
servo error field output is increased to the same
level for each sector on the disk.

Servo Error Field: This field is used by the
servo error circuits to determine the position of
the data head relative to the center of the data
track. The servo error field contains two tracks
written with opposite patterns so that when the
data head is centered, there is no output. If the
data head is not centered, the track patterns
will cause an output. This output is collected in
a capacitor which generates a voltage that is
used to offset the servo head enough to center
the data head.
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Sample Servo Waveshapes

The following sample servo waveshapes can be
seen on an oscilloscope if the sample servo
circuits are working correctly and the data
heads are on track. All waveshapes were taken
with a X10 grounded probe on the disk drive
board (E-A1 or E-B1).

Chan 1 -Sector D2S10
Chan 2 +Enable Sample Servo D2J10

Voltage: 0.2 V/div
Time: 5 us/div

Trigger: Internal

DC Input

Chan 1 +Enable Sample Servo D2J10
Chan 2 + Enable Mark Detect D2U13

Voitage: 0.2 V/div
Time: 5 us/div

Trigger: Internal

DC Input

Chan 1 +Enable Mark Detect D2U13
Chan 2 +Shift Reg Clock D2J09

Voltage: 0.2 V/div
Time: 1 us/div
Trigger: Internal
DC Input

l

Chan 1 +Enable Mark Detect D2U13
Chan 2 Data PES E2B13

Voitage: 0.2 V/div Chan 1
5 mV/div Chan 2

Time: 1 us/div

Trigger: Internal

DC Input

NN N

|
=
||
...
||
r
[
|

B EENIN

i
Hb JRNE IR

Chan 1 Actuator 1/0 Line A B2D05
Chan 2 Buffered Analog Data A E2B03

Voltage: 5 mV/div

Time: 1 us/div

Trigger: External + D2S10 -Sector
AC Input

Chan 1 Actuator I/O Line B B2D06
Chan 2 Buffered Analog Data B8 E2D02

T ———
o
i

|
Pl O
|
I&tﬁ**ﬂ
EEEEEREEEN

Voitage: 5mV/div

Time: 1 us/div

Trigger: External + D2S10 -Sector
AC Input

13-40



The oscilloscope traces show the output of two
data heads on the same disk enclosure. The
upper trace shows the signal from a data head
in position C. The lower trace shows the signal
from a data head that is slightly off track after
much use and has a large error signal. Both of
the heads operated without errors.

Chan 1 High-Level Diff Analog Signal B2D13

Voltage: 50 mV/div
Time: 2 us/div
Trigger: External + D2U13 + Enable Mark Detect

Head Moving Off Track

On Track---4-
I{__\

N-<——S8|S— N[N+

NIN SIS Nj==——

Data Head

Off Track

Data Track

SIS NIN Sj—=—--

Wavesrl\fﬁ

Upper Half Track Waveshape,

NN— 8|5 —= 2~~~

)\\ /Difference
st a Y
Lower Half Track Waveshape Ry
No Difference On Track
On Track Waveshape Fay /\\
L AR 4
E] NS N
A
Off Track Waveshape s Py
@ W3 s
\‘I

Off Track Waveshape
=]

T
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Access Operations
The access operations are:
«+ Recalibrate

« Control seek

« Automatic seek

The recalibrate and control seek operations are
started by loading the command byte of the
common adapter file control block (FCB) for the
desired disk drive.

The command byte for an access operation is:

Bits
8910 11 12 13 14 15

Seek 000 0 0 0 O O

Recalibrate 0 00 O O O O 1

The automatic seek is selected by setting bit 12
of the command byte to O for read and write
operations. The common adapter uses the head
byte and cylinder number from the FCB to
generate the seek control word. The common
adapter checks the cylinder number to verify
that a valid cylinder is requested, but does not
check the head byte. The selection of a head
that is not valid results in a seek incomplete or
a no record found error.

Starting the Operation

The common adapter starts the access
operation by sending the seek control word to
the disk drive during two consecutive control
bus cycles. The seek control word contains 2
bytes, as described below:

Bits
012345678910 1 12 13 14 15

ROHHHHOCCCC C C C C C

v

Head to be used.

A recalibrate is to be performed if this bit is on.

The seek required address byte (bits 8 through
15) is moved to the disk drive first on the
control bus by setting a tag code of 010 0 and
@® The common adapter sets the "control
sample’ latch o, causing the disk drive to read
the tag code @) and then the control bus @.
The disk drive moves the control bus byte into
the desired address register and sets the
‘control sample received’ latch G The
common adapter then resets the ‘control
sample’ latch @ causing the disk drive to reset
the "control sample received’ latch ().

The seek control byte (bits O through 7) is then
moved to the disk drive on the control bus by
setting a tag code of 001. The control bus
cycle is the same as before, but the disk drive
moves the control bus byte, bits O thrbugh 5
into the head address register and bit 7 into the
desired address register. A recalibrate operation
needs only that the seek control byte, with a
value of hexadecimal 80, be sent to the disk
drive.

LCylinder to be used.

The access operation is started by the disk
drive, and the seek complete bit is reset so that
the disk drive will ignore any additional access
commands, although the disk drive will respond
correctly to the control bus cycle. An interrupt
will be set by the disk drive when the seek or
recalibrate is completed €). The access time is
the time from the resetting of the "control
sample received’ latch to the setting of the
"interrupt’ latch.

When the interrupt is received, the common
adapter performs a sense to the interrupting
disk drive. The common adapter sets a tag
code of 100 o and after a 100-nanosecond
delay, sets the "control sample’ latch @. The
disk drive reads the tag code ), sets the sense
data on the control bus (), and sets the
“control sample received’ latch ). When the
common adapter has read the control bus @, it
resets the ‘control sample’ latch @), which
causes the disk drive to reset the ‘interrupt’ @)
and ‘control sample received’ e latches. The
disk drive also resets the control bus after a
slight delay.
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Tag 100

S

Control Bus Bit 0 1 2 3 4 5 6 7

Bit Meaning Not Brak.e Track. Command Data Seek in- Home Not ready
s used applied unavailable error unsafe complete

Status When On (1)

4

Tag 010
Control Bus Bit 0| 1] 2| 3}4|5|6|7
Cylinder Address 12864 [32[16] 8] 4] 2|1
Status When On (1)

Tag 001

Control Bus Bit 0 1 ABHAE 6 7
Bit Meaning Recalibrate Not used Head select | Notused |Cylinder
8lal2]1 address 256

s

Status When On (1)

R

HHO030 Tag Lines (valid) O Jeco0, 0 Tt ( [ JERRERR
HHO30 Control Bus (valid) e Powered by Common Adapter : : ePowered by Disk Drive
) )

HHO030 Control Sample Q e 4(, () o Q
HHO030 Read Tag Bits Q_— — () () @-
HHO030 Read Control Bus Q— Read by Disk Drive () () Read by Coxmn Adapter
HHO30 Control Sample Received o o (, )L 0 e
HHO035 Tag 001 Clock 1 N J) )L

@HH035 Tag 001 Clock 2 - E—— J) )L

HHO030 Shift — F
HHO044 Seek —l— —

HHO044 Seek Complete . (’

HHO035 Interrupt J)

>
(v
8
2
-
3
1]
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Access Operations (continued)

Performing the Operation

A tag code of 001 starts the seek operation.
The track unavailable bit is set if the desired
address register indicates a track larger than
359. The track unavailable bit is ORed with the

command error bit to inhibit the '-set seek’ line.

This prevents a seek under error conditions.

The desired address is compared with the
current address (stored in the absolute address
accumulator) by the subtractor. The output of
the subtractor is the difference between the
two addresses and also the number of tracks
that the actuator must go across. Any output
other than all zeros activates the "-shift’ line,
which.indicates actuator movement is needed.
The '-shift’ line activates the '-set seek’ line,
which starts the seek operation. The "~carry
256’ line from the subtractor sets the "+out’
latch, which controls the direction of the seek.

The access time between tracks is kept at a
minimum by placing a high current on the
actuator coil for the longest possible time
during the access operation. The current is
decreased to stop the actuator over the correct
track.

If the output of the subtractor is more than 127
tracks, the full coil current is applied. If the
output of the subtractor is less than 127 tracks,
or when a long seek has less than 127 tracks
left to go across, the coil current is controlled
by the desired velocity output of the access
velocity generator. The output of the subtractor
and the '+half track’ and "+quarter track’ lines
address a read-only storage (ROS) module.
Each quarter track change in actuator location
generates a ROS module output. These digital
outputs represent the maximum voltage to use
on the actuator coil for each specific seek
length. The ROS outputs drive a
digital-to-analog converter so that, as the
subtractor output decreases from 127 to O, the
desired velocity output decreases.

Because of mechanical and electrical tolerances
and conditions of the environment, the desired
velocity output is controlled by the profile gain
voltage. The profile gain voltage is generated
by a seek calibration sequence. See Seek
Calibration Sequence later in this section.

When the cylinder indicated by the desired
address is reached, the ‘+seek’ line is reset and
after a delay to permit the selected data head
to be centered over the data track by the
sample servo, the seek incomplete bit is reset
and an interrupt is set.

If a failure causes the actuator to go to a crash
stop, phase lock oscillator synchronization is
lost. This resets the ‘+seek’ line and sets the
‘not ready’ line.

If the failure is less severe, or if the seek is
longer than 2 seconds, a time-out resets the
‘+seek’ line and sets the "not ready’ line. An
interrupt is set for both failures.

Seek Calibration Sequence

The common adapter executes a seek
calibration sequence after a power on reset.
The seek calibration sequence performs a
128-track seek with head 1 selected following
a recalibrate, or after a correct disk drive power
on sequence, which causes the “+home’ line to
be active. When the seek command is sent to
the disk, the '+seek’ and ’-calibration address’
lines are set. The "-calibration address’ line
resets the profile gain counter. The profile gain
counter generates the profile gain voltage.

During the seek, the real actuator velocity is
compared to the desired velocity. If the real
velocity is equal to the desired velocity (the "vel
> profile’ line is active) before the actuator
goes across 64 tracks, the profile gain counter
is increased by 1. The profile gain counter is
then increased by 1 for every two tracks gone
across until 64 tracks have been gone across.
The value in the profile gain counter generates
a profile gain voltage which controls the access
velocity generator.

The seek calibrate sequence also generates the
‘handover velocity’ signal, which is used to
control the actuator on the last quarter track of
a seek operation.

The disk enclosure has a dummy coil that is
made of the same material as the actuator coil.
If the actuator coil resistance changes, this
dummy coil will change a comparable amount.
The dummy coil is used by the analog circuits

to adjust for the actuator coil resistance change.
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Cc2u13

I +Command . I
' Tag Parity Error I
Error i
l Control OR oR ' ~ — — — — — —— - /|
Bus In
I Tag - Parity Error S‘_— A %Cczsw D2M12 {\ﬁ . I . —I I -/
* Register g?; N Seek I Out I
Tag Bus and I v +Seek Driver
Decode | 100 ‘ ) ' D2D11 I I
| Actuator
. | +Qut Direction D2D06 Driver I
Control ' I Control * I | Lines
I h Bus Out | S_ 1 Logic l Line I
Register +Track | ()'— Seek In
¢ Unavailable ‘ Time-out i |
il loli C2J04 D2U05 Driver
Decode SS
I Calibration ¥ C2605 l l._ —_— J L. —_——— — OO0 )—'
Address l l Disk ‘ Actuator Driver
® A Tag 001 Clock 1 I Enclosure Card HHO70
Control | ( ' I L.
Control Bus Bus In X Desired clock 2 I — e —— o— 00
on °| Interface Address I_ -0 -j -T_l
Register -Shift LC2B1 3 D2S04
| X OR p>—0— o |
~Count Up 2 Tracks | Subtractor : -In Drive__~ D2507 F2P11 $—- Base NPN In
C2806 O— Absolute hrd
-Abs Track Address 1 Address ( Control I Base PNP In
C2U06 O Access Logic -Out Drive D2U07 F2M13
C2505 O -Count Down 2 Tracks Accumulator Velocity ut Dri o Base PNP Out
‘ -Carry 256 Generator Selsire'cti I » : l i Base NPN Out |
l e : elocity - C2D02  D2B02 N S
X* Address | 1 ros | D/A —O D2B04 I |
Register I Conv. '
L _— ]
— 1 | L S
' [ | I F2 Card
Iy sout Lcasos  p2uoz | Hybrid Velocity HH020
l L A\ i |
C2G04 Cc2B804 Cc2D04 |
| -Go Home Bit o b +Half Track +Quarter Track l ‘ — —
C2 Card ] ! ? i D2 Card
| : HHO040, HHO044, HH048
HHO30, HHO35 : | C2P12 -Head Select 1
I
[}

C2P10 -Head Select 2
C2J06 -Head Select 4
C2G02 -Head Select 8

-—=----0
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Seek Waveshapes ! ' Chan 1 Base NPN Out F2U02
: Chan 2 Base PNP Out F2M12
The following waveshapes can be seen using Voltage: 0.2 V/div
the disk exerciser test, option 2, *seek with a Pme: 1 ms/div 105 (
o _ . rigger: ‘'External + C2J05 (+Out)
f|vg track (0-5) seek using the scope loop Mode:  Alternate
option.

All waveshapes were taken with a X10 probe
on the disk drive board (E~-A1 or E-B1).

Chan 1 -Shift C2B13
Chan 2 +Seek D2D11

Chan 1 Quarter Track D2B10
Chan 2 Half Track D2D10

Chan 1 Coil Current Signal F2510
Chan 2 Vel > Profile D2B04

Voltage: 0.2 V/div
Time: 1 ms/div
Trigger: Internal
Mode: Alternate

Voltage: 0.2 V/div
Time: 1 ms/div
Trigger: External + C2J05 (+Out)

Voltage: 0.2 V/div Mode:  Alternate

Time: 1 ms/div
Trigger: External + C2J05 (+Out) S
Mode: Alternate

Chan 1 -Shift C2B13
Chan 2 +Out C2J05

Chan 1 +Seek D2D11
Chan 2 Hybrid Position
Error Signal F2J11
Chan 1 In Drive D2S07
Chan 2 Out Drive D2U0Q7

Voltage: 0.2 V/div
Time: 1 ms/div
Trigger: Internal

Mode: Alternate

Voltage: 0.2 V/div

Time: 1 ms/div

Trigger: External + C2J05 (+Out)
Mode: . Alternate

Voltage: 0.2 V/div
Time: 1 ms/div
Trigger: External + C2J05 (+Out)
Mode:  Alternate

Chan 1 +Seek D2D11
Chan 2 -Seek Complete D2J13

Chan 1 -Shift C2B13
Chan 2 Desired Velocity C2D02
Chan 1 Base NPN In F2U04

Voltage: 0.2 V/div Voltage: 0.2 V/div Chan 1
Chan 2 Base PNP In F2U07

Time: 1 ms/div . ‘i ‘ 20 ms/div Chan 2
Trigger:  External + C2J05 (+Out) EE S - Time: 1 ms/div

Mode:  Alternate ‘ Trigger:  Internal

. Mode: Alternate
W X

Iy

A Hl
T

|||‘ ! d I I I |
) from from
...jr- o5l l's=0l

Voltage: 0.2 V/div
Time: 1 ms/div
Trigger: External + C1J05 (+Out)
Mode: Alternate




Reading and Writing Data

The reading and writing of data is controlled by
the logic on the data channel card on the disk
drive card gate (E-A1B2 or E-B1B2). The data
lines between the data channel card and the

common adapter are contained in the dedicated

cable (E-A1Ab or E-B1Ab). The data channel
card contains the circuits to decode the data
read from the disk, coding data to be written on
the disk, data safety, sample servo output, and
the voltage controlled oscillator for the read
clock.

Head Selection

The head used for reading or writing is selected
by the head address register, which was loaded
during the last seek operation. A seek
operation is needed to switch heads.

The output of the head address register is
decoded and sent to the disk enclosure on five
linés in the disk enclosure cable (E-A1A2 or
E-B1A2). Three of these lines select chips
which, with the other two lines, select the
correct data head. Each chip contains the
following circuits:

« Four write drivers

« Four read preamplifiers

« Head selection logic

« A common read output amplifier

« Read/write selection circuits

« Safety circuits

The disk enclosure does not reject head
selections that are not valid, but indicates an
error condition if a write is attempted on a head
that is not valid. Head 11 is selected when a
data unsafe condition occurs.

Each data head has a center tap, and these
center tap lines are all connected together.
Read mode is selected by grounding the center
tap line to generate an output signal. Write
mode is selected by putting a plus voitage on
the center tap line to supply current for the
write operation. The center tap circuits on the
data channel card check the current through the
center tap line and limit the current to a safe
value.

The read and write signals are received from
and sent to the disk enclosure on the ‘actuator
1/0 line A’ and "actuator 1/0 line B’ lines in the
disk enclosure cable (E-A1A2 or E-B1A2).

To read or write data, the common adapter first
activates the ‘data select’ line to cause the disk
drive to gate the ‘write clock’, ‘read clock’, and
‘read data’ lines to the common adapter. When
the common adapter activates the ‘read’ line,
the disk drive puts the data it is reading from
the disk on the ‘read data’ line. When the
common adapter activates the ‘write’ line, the
disk drive takes the data from the 'write data’
line and writes it on the disk. The read data is
synchronized with the read clock and the write
data is synchronized with the write clock.
Selecting both read and write at the same time
causes a data unsafe condition.
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Writing Data

The ‘write data’ line in the dedicated cable
enters a 4-bit shift register on the data channel

Write Clock

The 2F write clock is generated on the servo 1
card (E-A1E2 or E~B1E2) by a voltage

Detected
Servo Signal

card and is moved through the register by a
clock generated by the 1F write clock. The 4
bits in the shift register are sent to a

controlled oscillator. This output is divided by 2
on the data channel card to supply the "1F write !
clock’ signal which is used to write data on the

precompensation encoder where the bits are disk. HA020  Servo ClockSS  __| | L L
encoded to a modified frequency modulation | \ '
(MFM) signal. This signal is sent through the The voltage controlled oscillator is controlled by HA040  Counter 4 _1—:—] ‘ ]—:—J__———‘—:——’——
interface amplifier and then to the selected data the ‘-osc early’ and "-osc late’ lines from the HAO040 Counter 5 T : I \ 1 \ ]—+__—
head. logic 2 card (E-A1D2 or E-B1D2). Because one ! I ! '
servo pulse is received for every 2 data bytes, HA040  Oscillator Late 1 1 i |
The precompensation encoder is used to the ‘1F write clock’ signal is connected to a : ' ! .
prevent timing errors that could occur because divide-by-16 counter so it can be compared to HA040  Oscillator Early ! ! .l ,I
of the high density of data on the disk surface. the servo pulses. If the write clock is too quick, HAOS0  1F Write Clock memmmmmumm

In principle, bit 3 of the shift register is the bit
being written, bit 4 is the bit just written, and
bits 1 and 2 are the bits yet to be written. The
timing logic supplies the precompensation
encoder with threé clock pulses, all at the 2F

-a pulse is sent on the "osc early’ line; if the

write clock is too slow, a pulse is sent on the
‘osc late’ line. This keeps the voltage controlled
oscillator synchronized with the servo clock
pulses from the disk.

frequency. These pulses are 2F early, 2F on
time, and 2F late. The '2F early’ pulse is 9

nanoseconds before the ‘2F on time’ pulse and +Counter 5 ~Counter 4
the '2F late’ pulse is 9 nanoseconds after the Counter 5 Out of Sync
‘2F on time’ pulse. ) - p—— [ —— [ — S —,
P i~ T[co7 “e1z] [wde K T 1 r _=
The precompensation encoder tests the 4 bits ! 313' . J'.J°7 : [ |
in the shift register and, from the 16 possible 06 | 5 | Oscillator Late i I 2F write | 11F write
combinations, determines if bit 3 should be ! 4 | Voltage § Clock 1 Divide Clock
. ) ) | Counter[ T | Comparator l. | |controlled - by 2
written to the disk on time, early, or late and L uos 2 s02 | Oscillator Early 1 Oscillator 1G12 Imig] PY u12
uses the correct 2F clock pulse to write the bit. Power On Delay ~==0—— 1 1 O o7 | | |
The write data is also sent to the read circuits : | 1 | |
for diagnostic purposes. GOs ' | | : :
L 0z L 2 o2y
HHO40 HHO10 HHO50
| | | |
! I I
| 1ol D06 | |servo Clock ss
| '
| Dedicated | Detected Servo Servo l
| Sevo I Signat Clock  p—&—
0 Preamplifier Detector Bq4
| D11* loos I
T e
. | |
Disk Enclosure
L= oo . |
HHO75 HHO020



Reading Data

Any time a data head is selected and write
mode is not active, the data head is reading
data from the disk. The data read is amplified
inside the disk enclosure and sent to the
interface amplifier on the actuator /0 lines.
There: are two outputs from the interface
amplifier. The first output, buffered analog data
A and buffered analog data B, supplies sample
servo input to the servo 1 card. The second
output is increased by an amplifier again on the
data channel card and decoded as data and
control signals for the read clock.

Read Clock

The read clock is, generated by a voltage
controlled oscillator on the data channel card.
This is not the same voltage controlled
oscillator that generates the write clock. This
voltage controlled oscillator is synchronized, in
frequency and phase, to the data read from the
disk.

There is a phase decoder that senses
differences in phase between the oscillator and
the data, and increases or decreases the control
voltage to the oscillator as needed. This
oscillator is stopped by the “+servo inhibit VCO’
line during the sample servo area of the sector.

Quick changes in operation can cause the
voltage controlled oscillator to go out of
synchronization. The ‘fast sync’ line is used to
synchronize the oscillator. When the “fast sync’
line is active, the oscillator is stopped. When
the 'fast sync’ line is reset, the voltage
controlled oscillator is started again in
synchronization with the read data.

The voltage controlled oscillator output is used
by the data separator circuits (MFM decoder) to
separate the read data from the signals received
from the disk enclosure. The data is then sent
to the common adapter in synchronization with
the read clock.

Control

°™ T m e @ Em o W @G e e e ey

1
|
|
|
|
[
!
1
|
!
1
|
!
!
|
!
[
'
!
|

J

Center Taps

; :
: v '
] ] []
Write 1 Shift ] i Head
Data ] Register Encoder ] ' . }— 0 ]
Chip1 |
! L !
| ro I - I
bemmee e cceemaq Actuator — 31 . !
Read ! 1/0 Line A [ | '
Data ' Interface -t 3_ 3 H
1 Amplifier . ]
! Actuator J_ 4 ]
Feessssssssesss="m"1 ' 1/0 Line B Chip 2 '
! ! ) ro 0
' ‘ . Amplifier [ = !
Bus. Control 1 ' and - ! 1 '
4 Bus t 1 Decode : ! &= 3— 7 )
' Interface ! 1 'L '
| ! Pt 3 s X
: : ' Chip Sel 1 Chip3 | '
: Head N ') Chip Sel 2 :— 9 :
' Address —' , Decode Chip Sel 3 3 w0
: Register | : Head Sel A * . Spare :
! : i Head Sel B H
! i I t 1
L--------------------d g S | e e o o o oo o o o e > > 4n e wn o D
C2 Card HHO030 B2 Card HHO050 Disk Enclosure HHO075
Output Lines Selected
Head Select Code Head Selected Chip Select |Head Select

1 2 3 A B

0000 0 1 0 (4] 0 O

0001 1 1 0 0 1 0

0010 2 1 0 4] 0 1

0011 3 1 0 0 11

0100 4 o] 1 0 [/ I ¢]

0101 5 o 1 0 1 0

0110 6 (4] 1 0 0 1

0111 7 0 1 0 1 1

1000 8 0 0 1 0o 0

1001 9 0 0 1 1 0

1010 10 0 0 1 0o 1

1011 11* 0 0 1 1 1

* There is no physical head 11, but this position is
selected when a data unsafe condition occurs.
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Write Waveshapes

The following write waveshapes were taken
with a X10 grounded probe on the disk drive
board (E-A1 or E-B1).

Write ID

Using the disk exerciser, set up the following
command:

» Select write ID command.
« Select drive A or B.
« Select O for number of sectors.
- » Select O for sector number.
« Select hex 167 for cylinder number.
+ Select O for head number.
« Select data field 1.

« Set up a data pattern of hex 00000167 at
location 000.

« Select the scope loop option to execute the
command.

The following waveshapes will be observed if
the write circuits are working correctly and
there are no servo problems.

Note: Before an ID field is written, the ID
should be read to verify that the sector is not
defective. For the example above, if the ID field
that is read is not hex 00000167, it should be
restored to its original value, or a different
sector should be selected. As an example, if 4
is selected for the head number, the expected
ID field is hex 00001167.

Chan 1 -Index D2U13
Chan 2 -Write ABD 11

Voltage: 0.2 V/div
Time: 5 us/div
Trigger: Internal
DC Input

Chan 1 -Write A5D11
Chan 2 -Write Data A5810

Voltage: 0.2 V/div
Time: 5 us/div
Trigger: Internal
DC Input

. N N

by
SEEEANNEE

Chan 1 Actuator 1/0 Line A B2D05
Ghan 2 Wire Data ABBI0 HER IIIIEI
Voltage: 50 mV/div Chan 1 . - . .
0.2 V/div Chan 2 . ."..
Time: 2 us/div g
[ ot 1

Trigger: External + ASD05 -Fast Sync , ' .
AC Input Chan 1 . M R 10

O Input han 0 I

TS

®
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Write Data

Using the disk exerciser, set up the following
command:

» Select write data command.

« Select drive A or B.

» Select O for number of records.

» Select O for record number.

« Select hex 167 for cylinder number.
« Select O for head number.

» Select data field 1.

« Set up a data pattern of hex 0000 in data
field 1.

« Select the scope loop option to execute the
command.

The following waveshapes will be observed if
the write circuits are working correctly and
there are no servo problems.

Chan 1 -Read ASD09
Chan 2 -Write ASD11

Voltage: 0.2 V/div

~

Time: 5 us/div ! : P N
Trigger: External + D2S13 -Index B T % T ' ! :
DC Input :t ade sasbe ++¢H¢4§4+4~0<‘L¢¢+6‘i¢ [euETE

i
i
|

J——Read 1D~—e] f——Write Data = hex 00 —

Chan 1 -Write AGD11
Chan 2 -Write Data A5B10

Voltage: 0.2 V/div

Time: 50 ps/div

Trigger: External + D2S13 -Index
DC Input

Write Data = hex 00

Write CRC /'

Write Sync Bitf)

With X10 magnification (time), the above can be
seen.

Chan 1 -Write A6D11
Chan 2 Actuator 1/0 Line B2D05

Voltage: 0.2 V/div Chan 1
50 mV/div Chan 2
Time: 5 us/div
Trigger: External + D2513 -index
DC Input Chan 1
AC Input Chan 2

Set up the same write command with a data pattern

of hex 00FF to observe the following:

Chan 1 -Write A5D 11
Chan 2 -Write Data A5B10

Voltage: 0.2 V/div
Time: 50 us/div with X10 magnification
Trigger: External + D2S13 -Index

V,’%' =

Write Data = hex 00FF

Write Sync Bit

Set up the same write command but select 1 for the
number of records and set up a data pattern of hex
00FF to observe the following:

Chan 1 -Write ABD11
Chan 2 -Write Data A5B10

Voltage: 0.2 V/div

Time: 100 us/div

Trigger: External + D2S13 -Index
DC Input

Record

1

With X 10 magnification, the writing of data can be
observed. The waveshape here shows the zeros
being written after data record 1 and before data
record 2.

R

Record

I8
+
B
3
1
¥
.
e
M
i

Rt R

——————————

'Write CRC
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Read Waveshapes

The following read waveshapes were taken with
a X10 grounded probe on the disk drive board
(E-A1 or E-B1), unless otherwise indicated.

Read ID

Using the disk exerciser, set up the following
command:

« Select read ID command.

« Select drive A or B.

« Select O for number of sectors.

« Select O for sector number.

« Select hex 167 for cylinder number.
« Select 0 for head number.

« Select the scope loop option to execute the
command.

The following waveforms will be observed if the
read circuits are working correctly and there are
no servo problems.

Note: The ‘+read data’ line waveshape shows
an ID field of hex 00000167. If the sector is
defective, the waveshape will be different.

Chan 1 -Read A5D09
Chan 2 -Fast Sync A5D05

Voltage: 0.2 V/div
Time: 5 us/div
Trigger: Internal
DC Input

Chan 1 -Fast Sync ASD05
Chan 2 Read Clock ABD10

Voltage: 0.2 V/div

Time: 5 us/div

Trigger: External + A6D09 -Read
DC Input

ENEEEREE

Fast sync causes read clock to stop and synchronize

to the zeros written on the disk.

Chan 1 -Fast Sync A5D05
Chan 2 +Read Data A5B08

Voltage: 0.2 V/div

Time: 2 us/div

Trigger: External + A6D09 -Read
DC Input

EEEEEEE

Data = 00's
ID Field 1D CRC

Sync Bit”™ 4 Bytes 2Bytes

Chan 1 +Read Data A5D09
Chan 2 -Sync Bit Found A-A2C2U09

Voltage: 0.2 V/div

Time: 2 us/div

Trigger: External + AGD09 -Read
DC Input

Chan 1 +Read Data A5D09

Chan 2 High Level Diff Analog Signal B2D13

Voltage: 0.2 V/div
Time: 1 us/div

Trigger: External + A-A2C2UQ9 -Sync Bit Found —Fv—f—

DC Input
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Read Data

Using the disk exerciser, set up the following Chan 1 -Read A5D09

commands: Chan 2 -Fast Sync A5D05 -.....-...
Illll!l!ll

. Time: 100 us/div
~ Select wrlte data command. : Trigger: Exte‘:nal + D2S13 -Index - .=
— Select drive A or B. DC Input
— Select 1 for number of records.
— Select O for record number.
— Select hex 167 for cylinder number.
— Select O for head number.
— Select data field 1.
— Set up a data pattern of hex OOFF in data
field 1.
— Execute the command table.

Chan 1 -Read A5D09 i Ivast Sync 'Itulses
« To read the data: Chan 2 +Read Data A5B08
— Select read data command. . . Chan 1 -Sync Bit Found A-A2C2U09
— Select drive A or B (same as before). Vf)ltage: 0.2 Wd“{ Chan 2 +Read Data A5B08
Time: 100 us/div L
— Select 1 for number of records. Trisger:  External + D2513 —Index Vol . v/
— Select O for record number. gger: oltage: 0.2 V/div
Time: 100 us/div
Trigger:g, External + D2S13 -Index

. DC input
— Select hex 167 for cylinder number.
QC Input

— Select 0 for head number.

— Select data field 1.

— Select the scope loop option to execute
the command.

This will cause the disk drive to read both data
fields from the first sector after index on the CE
cylinder. The following waveshapes will be
observed if the read circuits are working
correctly and there are no servo problems.

Zeros' Zeros| k Data Record 1: 256 Bytes + CRC

Data Record 2: 256 Bytes + CRC

Zeros

Sync Blt ‘
ID Field

Sync Bit Syne Bit

With X10 magnification, the 1D field and hex 00FF
data pattern can be seen.
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Power On and Power Off
Operations

Power Sequence

The Power switch (on the operator panel) and
contactor K1 activate the DC power supplies
and the AC power to the fans. When the DC
power lines are all in tolerance, the power
supply activates the ‘power good’ line. The
‘power good’ line causes the disk drive to
activate the brake coil (remove the brake), and
reset the 'brake applied’ line to the power
supply. Resetting the ‘brake applied’ line
causes contactor K2 to pick, which supplies AC
power to the disk drive motor. If two disk
drives are installed, the ‘brake applied” line must
be reset on both drives before AC power is
supplied to the drives. The disk drive
automatically performs a recalibrate operation
when it becomes ready.

On power off, the ‘power good’ line is reset,
which causes the disk drive to reset the brake
coil driver, and the brake is applied. The data
heads are located over the landing zone by a
spring.

© AC power is supplied to the fans and DC
power is supplied to the disk drive when
the Power switch is set to | (operator
panel). When all voltages are within
tolerance, the ‘power good’ latch is set.

@ When the disk drive receives the ‘power
good’ signal, the disk drive resets the
‘brake applied’ latch, releasing the brake.
AC power is then supplied to the disk
drive motor.

@ The ‘power on delay’ line becomes active
for about 20 seconds to permit the disk
speed to become a stable 3,125 rpm.

@ When the ‘power on delay’ line times out,
counter 4 is synchronized and the ‘kick
SS’ line is set. If counter 4 does not
synchronize, the brake is applied and AC
voltage to the disk drive motor is
removed.

G The ‘kick SS’ line puts maximum current
to the actuator coil for 10 milliseconds to
move the data heads onto the data areas
of the disk.

o Counter 5 is synchronized during the first
actuator movement.

@ The 'seek’ latch is set at the same time
the ‘kick S§’ line is set, and is reset when
the recalibrate operation is complete.
During the recalibrate operation, the heads
move into the data area, then move
behind home again, and finally settle on
track 0. The ‘seek’ latch resets when the
heads stop, and is set again when the
heads move into the data area or behind
home.

Q The ‘seek complete’ latch is reset at the
start of the recalibrate operation and is
set again when the recalibrate operation is
complete.

o The 'behind home’ latch is reset whenever
the actuator arm is over the data areas of
the disk surface.

@ When the recalibrate operation is
complete, the ‘home’ latch is set and the
‘not ready’ latch is reset.

@ When the ‘not ready’ latch is reset, the disk
drive ‘interrupt’ line is set to signal the
common adapter that the power-on sequence
is complete.

Following the power-on sequence the common
adapter will perform a seek calibration
sequence. For more information, see Seek

" Calibration Sequence earlier in this section.

HHO020
HHO048
HHO20

HHO044
HHO44
HHO44
HHO44
HHO040
HHO44
HHO44
HHO35

Power Good
Brake Applied
Power On Delay
Counter 4 in Sync
Kick SS

Counter 5 in Sync
Seek |
Seek Complete
Behind Home
Home

Not Ready

Interrupt

F2G10
D2P07
F2P02
NP
D2S06
D2G07
D2D11
D2J13
D2u11
D2P10
D2MmO07
C2D06

I
o

L
T

of

|3

D R T kY a I al

J
L
|

| o
L

~
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Emergency Power Off

If any AC or DC voltage goes out of its
tolerance, the power supply resets the ‘power
good’ line and all AC and DC voltages are
removed from the disk drive.

If the disk drive senses specific errors, the
heads are moved to the inner stop, and the
"brake applied’ line is set, which resets the
brake coil driver, and the brake is applied. The
‘brake applied’ line also causes the AC power
to be removed from the disk drive motors. The
DC voltages are not removed because of these
errors. The ‘brake applied’ line is set if:

« The disk is not at the correct speed when
the ‘power on delay’ line is reset.

« Servo signals are not received from the disk.

« The write clock controls cannot synchronize
to the servo signals.

For more information, see Disk Drive Sensed
Errors later in this section.

Power Switch
(operator panel)

___/_.l
K1
AC Input
-l

on reset’ line

F2 Card
Go2 | +24v |
I 17-Sec § P02 _power On Delay
| Delay .|
: HHO20 =
+24 V : =
DC Power
Supplies | -Power Good i \ POo9 -Power Good Delayed
. 4 -Filters
G10 ] '
! ]
e
D2 Card ‘ M.OQ -
OR Brake Applied r -}
I —S Drive B or l i
K2 Jumper = OR =
= Drive A 611 | |
. | Motor P .
- - +Brake | Brake Applied :
Drive B A Latch
Motor Applied | s FL !
E to System | S— Driver |
Cooling rom -Reset Error P13 - |
Fans Common ' OR R I
Adapter 1 — :
The ‘-reset error’ | i
line will be set by : |
the ‘system power ] |
Jd
0

+Brake
Applied
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Control Storage Initial Program
Load

The control storage initial program load is
started when the Load switch is pressed while
the disk CSIPL is selected. This resets any disk
operation now executing and executes a
recalibrate operation. Sixteen records (0
through 15) from head O cylinder O are read
into control storage in the processing unit.
Reading is started at the index pulse and the
"data records are read sequentially (one record is
read each revolution of the disk) until the
‘CSIPL cycle’ line is reset. The data is counted
by the control processor, which resets the
'CSIPL cycle’ line when 4,096 bytes are
received.

If an error occurs during IPL and the data has not been
moved to the control processor, the common adapter
retries the operation. If data has been moved, recovery
is not possible.

Common Adapter Initial Program Load
Operation

The channel adapter decodes the CSIPL lines
and sets the ‘~IPL’ line to the common adapter.
This causes the common adapter to execute the
initial program load operation that corresponds
to the CSIPL described above. The flowchart
shows the common adapter functions that are
performed. '

Common Adapter Initial Program Load Sequence

IPL

Set record/sector
number to 0, set head
number to O, set
cylinder number to 0
and perform the seek

+ﬁ

Execute a one-record
read OpPeration WithOUt Jrm cm cme ce mm c o o e e e e e s e o v
interrupts

Yes
Any errors

Data
moved to control
processor

Yes

IPL still active

IPL still active

IPL complete

64 records read

Increase record/
‘sector number
by 1

The common adapter does not send any interrupts to
= = the channel adapter during this sequence.

The ‘IPL’ line is reset when the ‘CSIPL cycle’ line is
“reset. This occurs after 16 records have been read.

If the ‘IPL’ line is not reset, the common adapter
= == stops after 64 records are read.
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HA001

HA001

HAO025

HA001

HA050

HAO050

HHO030

HHO30

HHO035

CSIPL Cycle

1IPL

Block Processor Clock

Disk Burst Mode
CA Burst Mode

Request In

ID Compare

—
—

-

. oY
~

Y

~

[4 m ¢ ¢ € C - £
! The first 256 bytes are The second 256 bytes are '
moved to control storage § moved to control storage

C - [ C ¢ m <
)] ) ) ) )
¢ ¢ m ¢ ¢ - C
! The common adapter > » !
. begins comparing IDs  ID Hit4( - ID Hit ID Hit

! — Read data ° - Read data Read data

] rec%d 1 . reccﬂ 2 e recor-d 1 .
J )] Yy T )

Read Data Record from Disk ————%

Control Sample

£
) 7

Control Bus = 00 00

-_-.__S

Control Bus (valid)

Disk Interrupt

The control storage
initial program load
is started when the
Load switch is
pressed while disk
CSIPL is selected.

Following power on, the
common adapter per-
forms a seek calibration
sequence after the disk
becomes ready and is
recalibrated. There is

a 20-second delay from
power on to the start

of the common adapter
IPL sequence. )

)

¥y

-_-__K,

]

C
7

-
=
(’___.____(,

L

L

selects head 0.

The CSIPL sequence is
started by sending a
seek command to disk
drive A, to seek to

cylinder 0 and select
head 0.

An ID hit occurs
for sector 0. The
common adapter

reads data record 1

of that sector into
buffer storage.

An interrupt from
the disk indicating seek
complete will occur.

The disk drive performs
a seek to cylinder 0 and

storage.

One disk revolution
occurs between read-
ing.the 256-byte data

records from the disk.

An ID hit occurs for
sector 0. The com-
mon adapter reads

An ID hit occurs
for sector 1.

data record 2 of that
sector into buffer

———————
Twelve more data
records are read
from the disk and
moved to control
storage.

('_ 8 |
e -
¢') |
¢ m
ID Hit

Read data
record 2

G -

An ID hit occurs for
sector 7 and the
common adapter reads
data record 2 of that
sector into buffer
storage. After this
data has been moved
to control storage,
CSIPL is reset.

CSIPL reads the first 16 data records (4,096 bytes) from
head 0, cylinder O of disk drive A into control storage.
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13-58

Command Bus In

The command bus in is used by the channel
adapter during data cycle steal and during |/0O
operations. The meaning of the command bus

in during data cycle steal is: = Burst Mode .
Bit 0 Increase the cycle steal data Burst Mode Latch
storage address. . 1' A s FL
—
Bit 0=0 Do not increase the
storage address. ' R
Bit 0=1 Increase the storage v Block Processor Clock
address by 1. BPC Latch ?
Bit 1 Direction of the data cycle steal. Tag Bus (0-3, P) s FL
Bit 1=0 Move data from the —9 *
disk attachment to SHr
PC i
the control . HAO2S @ A CBI Bit 0
processor. :
HA060
Bit 1=1  Move data from the Tag Bit 0 HA025
control processor to Tag Bit 1 A +——
the disk attachment. Request In ® A CBI 8it 1
Bit4  Main or control storage select for Count L HA025
the data cycle steal. Common HA020 Channel
4 . Adapter SHT FF
Bit 40  Main storage. Control SR OR
Bit 4=1  Control storage. Storage Latch HA020 Ay
PH ;
C A OR CBI Bit4
The meaning of the command bus in during 1/0 H cD OR
operations is: HAO025
HAO1 _
A010 HA001 10S 4
Bit4  Jump condition met for jump on 1055 OR
I/0 commands, and do not check A 1056 ‘ A
for parity on the data bus in for B _ Jump Condition Met —
1/0 sense and 1/0 control sense HAQ01 HA010. HAQ35
commands. .
PC CB! Bit 5
Bit 5 Data bus out parity check. A
. . HAO010 Service In
Command bus in bits 2 and 3 are not powered
by the disk attachment, and both should be Strobe
zero for 62PC disk cycle steal and 1/0
operations. Data Bus Out
CSIPL Cycle
CSIPL Diskette
e Channel Adapter
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13-60

- COMMANDS

1/0 Load Command—1/0O Control
Load Command

These commands send diagnostic, interrupt, TITITITITITIT TITITIT T
and operation control information from the CPU 0l112|3]|3|3|3——|4|5]616 0
control processor to the attachment. The Clock alslE E
commands are used to set up and start disk clciciclcliclc clciciciclc c c
operations, and to move interrupt control and Port oloiolololol1l1l1l1l1l1]1 14 1101 0
diagnostic control information to the channel » Clock ol3l7iFlelsl2]ols 71ElE E 0
adapter. Combinations of |/0 load and 1/0 Line Name FSL Page 1 :
control load commands are used to perform CBO (valid) HAO010
common adapter commands. DBO (valid) HAO010

Control Out HA010
WTCH and WTCL |/O storage commands are Strobe HAO010
decoded as IOL commands by the channel Device Hit HA010
adapter and are also used to load the file Service In HAO010
control block. Service Out HA010

CBO, DBO Sample HA010 [ j——— | | |

Note: If the ‘request out’ line is active at the beginning of the command, the ‘device hit’ line does not become active
until the ‘request out’ line is not active. The ‘service in’ line becomes active during the first ‘strobe’ pulse after the
‘device hit’ line is active.



Channel

Sys Bus Out Low

Function 1
1 Decode |
ES=-r= -3 FS oS
1 TT, -
10,0,0,0 e 1_|_g.l_o_;

Do oo —ii10g
PC542 0 || e
===
Data
Buffer Port Dat
r— ort Data
E===== =4 L-_—B_tf_c—)it—_—_
| |
] |
| |
| |
| |
| M
PC502.

DA
0-3

Select Attachment

| Send Data Byte to Attachment

DBO0 0-7

Device
Address
Hit

Bits 0 and 4 on at

- — = the same time activate
the ‘power on reset’
line to the common

adapter.

DBO
Bit 4 Bit 5 Bit 6 Bit 7
2 3 4 5 6
0 0 0 0 0
Load File Control
Block High Byte File control block high byte
0 0 0 1
Load File Control
Block Low Byte* File control block low byte
0 0 1 -1
Reset Interrupt
Request (level 4)
0 1 0 1
Load Tag Register
and Transfer to
Common Adapter* Tag byte
0 1 1 0
Enable Interrupt
Request (level 4)
1 0 0 0
(same as 0000) File control block high byte
1 0 0 1
(same as 0001)* File control block low byte
1 0 1 0
Disable Interrupt
Request (level 4)
1 1 1 1
Reset Error Check
Latches
1 1 0] 0 0 0 0
1/0
Control Load Tag Register Tag byte
Load
0 0 0 1
Load Control Set/reset Set/reset disk Set/reset control Reset channel
Latches diagnostic 1/0 working storage select adapter
" mode
0 1 0 0
R Reset Channel
Busy Latch
1 0 0 0 )
Load Channel Set/reset Set/reset diagnos- | Set/reset Set/reset diagnos- | Set/reset channel | Set/reset
Adapter Diagnos- diagnostic tic acknowledge diagnostic tic common adapter| adapter DBO even | diagnostic
tic Control Latches | requestin request out | strobein burst mode parity clock

1 0 1 1
Set Data
Pending Latch

1 1 0 o0
Reset Data
Pending Latch

*See Common Adapter Commands later in this section.
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1/0 Sense Command—1/0O Control
Sense Command

These commands are used to move 1 byte of
control, error, or diagnostic information from
the attachment to the control processor.
Commands that sense information from the
common adapter must be preceded by an 10CL
0 to load the channel adapter tag register.
Sense information from the common adapter or
the channel adapter is sent to the control
processor on the DBI.

13-62

*Sae Commen Adaptealommaids later insais sectias

Send Data Byte to Channel

RDCH and RDCL 1/0 storage commands are TR T
decoded as 10S commands by the channel CPU ol11213(31313 415 6 —
adapter and are also used to sense the file Clock Algle E
control block. Port cjcic{c|cicjcicicjcicic|c c|ci|cjcicic
Ccl’ock ololofojofofofofofol1|1|1|1]1|1]1]1]|1]o0
9 FIE|6|7|F|E|6|2]|0 |8 7 |F|E 2
Line Name FSL Page " ' i
CBO (valid) HAO010
DBO (valid) HAOQ010
Control Out HAO010
‘Strobe HAOQ010
Device Hit HAO010
Service In HAO010
Channel : Select Attachment : geBl‘}/l(Cjafi):)t ::28;8 [ |
l Mod I
Sys Bus Out Low | 4-7 |
cz===z] '
g " 1 I cca
-7 I DBO
| Function I | ‘
| Decode |  ___ | Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
M7 To o110 | s
Ft oLty L
Lol ol - Sense FCB High File control block high byte
Byte*
PC542 0o 1L _2 %
- Sense FCB Low File control block low byte
l Byte*
0 1 0 0 ]
. . IL.4 data pending | Channel busy Storage select IL4 request 1L4 enable FCB load retry
I Diagnostic Sense 2 | o latch latch nding latch latch latch
Data ' atc a atc pending latc atc atc
E_uff_«_ar_ Port Data | DA 0 1 0 1 Common adapter
r 1 BusOut | 0-3 Device Channel Adapter Adapter check Overrun check DBO parity check | Tag parity check | data bus parity Interface error
b gl ydedl == Address Check Status check
! ' | Hit 0 ! 1 0 Acknowledge Block processor Diagnostic mode
| | Diagnostic Sense 1 Request out . Strobe out
| | I request in clock latch
| | | 1 0 0 1
|_ L J I (same as 0001)* File control block high byte
PC502 | 1 0 1 0
I (same as 0010) * File control block low byte
| : 1 1" 1]7]0 0 0 O
I 1/0 Sense Tag Register - Tag byte
Control
| Sense 1 0 0 O \ _
Sense Data In Data buffer high byte
I Buffer High Byte
| T 0 0 1
Sense Data In Data buffer low byte
I . Buffer Low Byte
l DBl



Sense Interrubt Level Status Byte

Command
-This command tests all devices on the system } ) cPU ' T TIT(T(T(T T|IT|IT|T ; T
to determine which device is requesting an , . . |0j1j2]3|3|3]|3 —>4 1516 |6 ——————0
interrupt for a specific interrupt level. If the : CIOC-k A|B|E . e 1E
SILSB is for interrupt level 4, and if the disk _ Port . |cjecjecicijclcicicicicicicici|cicici|cicicicC c{cicjcjcic|c
attachment is requesting an interrupt, DBI bit 7 ojojo|ojojojo|o(0jOfOfO|OfOjOO.|O|O |1 |1 |1|1|1|1j1]1]|1]0]|O
will be active. Other data bus bits are set if Clock ololojofa|3|7|F[El6|7|F|E|6|7|F|E|6 |2 3 2|0
othes !/O devices are requesting an interrupt. Line Name FSL Page

CBO (valid) HA010

DBO (valid) HAO010

Control Out HA010

Strobe HAO010

Interrupt Hit* HA010

Service In HAO010

Service Out HAO010

Multidevice Response HA010

DBI (bit 7 valid)* HAO070

CBI (bit 4 valid)* HA025

*Active only if interrupt level 4 is set in the disk attachment.

(sense interrupt level

'_01110 1|—'>IO OT l
— status byte)

R R - —L__l

I Select Attachment Send Status Byte to Channel
I
Sys Bus Qut Low l
Co—- 31 |
8 l’i 11 |
| R | |
I Function |
| Decode | . I GEQ73
I —_———
Eo=r=rd 3 : SILSB
I
]
B

PC542 0 2 0
H CBO 0
- 0
| 1
l 2 DBI
Data |
Butfer oo | Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
r——=71 '° 0
2: ______ o L BusOut __.|0'~3 1 X Interrupt Request (other devices) Disk attachment
_______ *1 =" 0 (interrupt level 4) other cevices ac
| l 0
|
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Jump on /0 Condition Command

This command tests the channel adapter for
status and error conditions. If the condition
tested for is present, command bus in bit 4 is
set to the control processor. If the condition is
not present, bit 4 is not set.

CcPU T|T|T|T|T|T|T TIT|TIT T
Clock 011]21|313|3(3 415166 ————0
A|B|E E
Port cjcicl|cicic|c|c|cicjciclc|c|c|c|c|c|c|C cicici|c
Clock o(ojo(oj0O(O{0OjOfO(OjJOfO|O(O(T(T1(1(1¢{1{1|1(1(1(0(O
0/0[|0|0[9|3|7|F|E|6|7]|F|E|6[2]|0{8]|9{3 FIE|6]|2]|0

Line Name FSL Page

CBO (valid) HA010

DBO (valid) HA010

Control Out HAO010

Strobe HAO010

Device Hit HAO010

Service In HAO010

Service Out HA010 I—

CBI (bit 4 valid)* HA025 [ | |

*Active only if the jump condition is met.

Channel
Sys Bus Out Low
c====3
0o * 3
| Op Code —:
r|: __D."E"fi__l —
; ‘1 T"I AT T
1j_" 0 _1..I. 11
PCb542

0 2 Cc
LI_..._._

|
|
|
|
|
|
|
|
|
|
]
B
|
|
|
|
|

Data:
Buffer
==
I
;: : | Port DBO |
=11 Eo===
. |
I _
1! 8
o e d

Select Attachment

M

od 4-7

ccB

Error Condition

Overrun check

DBO parity check

Tag in parity check

0 1 2 3 4 5 6 Condition Tested
0 1 1 0 0 0 0 | Adapter check
Jump
on 1/0 0 0 1 1 | (not) channel busy latch
Condition 0 1 0 0 | (not) channel busy latch;
set channel busy latch
0 1 0 1 | L4 data pending latch set
0 1 1 0 | FCB load retry latch set

DA 0-3

Device
Address
Hit

CA data bus.
parity check

Inbound interface error
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Common Adapter Commands

The common adapter commands load and
sense the common adapter file control block
and diagnostic words, and perform control
functions such as start and reset. The tag
register and the data out buffer in the channel
adapter must be loaded before a common
adapter load command can be done. The IOL 1
or ¢ command moves the data out buffer to the
common adapter for loading the file control
block or diagnostic words. The tag register in
the channel adapter must be loaded before a
common adapter sense command is exécuted.
The 10S 1 or 9 command senses the high byte
of a file control block or diagnostic word, and
the 10S 2 or A command senses the low byte.
The IOL 5 command performs common adapter
control functions. For more information, see
Loading and Sensing the Common Adapter File
Control Block earlier in this section.

Channel

Sys Bus Out Low

[

Data
Buffer

Data Bus Out

Channel Adapter

Send Data Byte
to Attachment

Modifier
4.7

cce
3 4656

0 1 2
10 0
1/0
Load

01 0 1
Load Tag
Register and
Transfer to
Common
Adapter

Disk
Device
Address
Hit

Channel Adapter
Data Out Buffer

High Byte

Low Byte

Tag
Register

0

15

Common Adapter
Data Bus

Common Adapter

1—1——>

Tag Bus

Tag Byte
01234567 Command Description
11T0F1100 Adapter start
11T0F1T 101 Force end of operation
11T0F1110 Reset selected disk
11001111 Reset common adapter

F = 0 for disk drive A

F = 1 fordisk drive B

62PC Disk Drive and Attachment
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13-66

Common Adapter Commands
(continued)

For an IOL 1 or 9 command or an IOL 5

command, the channel adapter sets the ‘request '
out’ line to the common adapter active when Channel
the ‘service in’ line becomes not active. When

the ‘acknowledge request out’ line is set active

by the common adapter, the channel adapter )
puts the data on the common adapter data bus Sys Bus Out Low

Channel Adapter - Common Adapter

Channel Adapter

l I
I |
| I
I
and sets the ‘strobe out’ line active for 200 I Data -OUt Buffer 0 I
nanoseconds. The ‘request out’ line then 8 : 11 High Byte l
becomes not active, followed by the ) |
‘acknowledge request out’ line. Function ’ I I Common Adapter
| Data Bus
Decode l gk — - —--
Send Data Byte Low Byte l
l to Attachment '
ol el el l DBO 0-7 l
l 15
Modifier l
l - I
| ccB ccB |
l 01 2|3 4 56 Tag
l 100/00 01 Register l
1/0 Load File 7 |
I Load Control I Tag Byte
l Block 01234567 Command Description Data Bus
Low Byte l
| 1001 | 07 0F 0000 Loadfile control block word 0 | File control
| (same as | 1 o0Fooo0 1 | block word
0001) | [o1oFooi 2 | to be loaded
I 01 0FO0O011 3
| | [o1oFo100 4
| | 01 0FO0101 5
0O010FO0110 6
I Disk I 01 0FO0111 7
is
Data Data Bus Out I Device I g : 8 '; : g g ? g
Buffer | DA Address I 010F1010 10
0-3 Hit 01 0F1011 n
l i I 010F1100 12
| | To1oF1101 13
| I 010F1110 14
0O10F 1111 15
I l 11T0X1000 Load diagnostic word 1 Diagnostic
I I 1T1T0X1001 Load diagnostic word 2 word
| | F = 0 for disk drive A
I l F = 1 for disk drive B
l l X = Don't care



Load FCB Command

CPU
Clock
Port
Clock
Line Name FSL Page
CBO (valid) HA010
DBO (valid) HA010
Control Out HAO010
Strobe HAO010
Device Hit HA010
Service In HA010
Service Qut HAO010
CBO, DBO Sample . HAOQ10
Tag Bus (valid) HA060
Request Out HAO050
Acknowledge Request Out HA050
Strobe Out HA050 | + See note
Common Adapter Data Bus (valid) HA040
Data Buffer Storage Cycle Request -

Data Buffer Storage Cycle

State Count Changed by the State
Following Conditions Clock | Count | State
000 ldle, waiting for a
command
The ‘request out’ line is active. - (00): 1
001 Time delay
The ‘strobe out’ line is active and - BO1
the ‘tag bus’ lines = write FCB, 101 Waiting for the
next T4
Wait for T4. T4 11
1M1 Requesting an FCB
cycle
FCB cycle is active on T8 11X
the channel interface. 110 Performing a write
FCB cycle
FCB cycle is complete. T8 X10
010 Waiting
End of load FCB command. Data T9 0X0
transmission is complete. 000 End of command

Note: These seven lines show timings that are in the common adapter and are not referenced to the CPU clocks or port clocks.

62PC Disk Drive and Attachment
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Common Adapter Commands
(continued)

For an 10S sense file control block or diagnostic
word command, the channel adapter sets the
‘request out’ line to the common adapter when
the ‘control out’ line becomes active. While the
‘request out’ line is active, the ‘device hit’ line is
turned off.  When the common adapter has
found the requested data, it puts the data on
the common adapter data bus and the
‘acknowledge request out’ line is set. This is
followed by a 200-nanosecond ’strobe in’ pulse
which resets the ‘request out’ line, which turns
on the ‘device hit’ line, so that the ‘service in’
line is set on the next 'strobe’ pulse and the
sense command is completed normally.

Channel

Sys Bus Out Low

8 11

I

0100

Data
Buffer

DBI 7

Data Bus Out I

Channel Adapter

Modifier
4-7

01

CcCB
2|3 4 56

10
1/0
Sense

110 0 0 1
Sense File
Control Block
High Byte

Tag
Register

00 10
Sense File
Control Block
Low Byte

1 0 0 1
(same as
0001)

1010
(same as
0010)

Disk
Device
Address
Hit

Channel Adapter '
Data In Register

0 - 0
DBI

Assembler rﬁ

fe—

7 15

High Byte

Low Byte

0

15

Common Adapter

Tag Byte

01234567 Command Description Data Bus
0O000FO0O0O0O Sense file control block word 0 File control
0O00FO0OO0O1 1 block word
000FO0OO010 2 to be sensed
000FOO0T11 3
0O00FO0100 4
0O0OO0FO101 5
0OO0OO0OFO0O110 6
0O0O0FO111 7
0O0O0F1000 8
0O00DF1.001 9
O0O0F1010 10
0O0O0OF1011 11
0O0O0F1100 12

0O0O0F 1101 13
0O0O0OF1110 14

O0O0F 1111 15
100X1000 Sense diagnostic word 1 Diagnostic
100X1001 Sense diagnostic word 2 word

N

X

= 0 for disk drive A
= 1 for disk drive B
= Don’t care
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"Sense FCB Command

State Count Changed by the State
Following Conditions ' Count | State
000 Idle, waiting for a
command
The ‘request out’ line is active. (00):1
001 Time delay
The ‘acknowledge request out’ line BO1
is active and the ‘tag bus’ lines = 101 Requesting an FCB
read FCB. cycle
FCB cycle is active on the 181
channel interface. 111 Performing a read
FCB cycle
FCB cycle is complete. X1
011 Sending a ‘strobe in’
pulse to the system
The ‘strobe in’ line is active, 01X
010 Waiting for the
command to end
End of sense FCB command. 0X0
Data transmission is complete. 000 End of command-
T TIT T|TI|T
g:’::.: 2|3|3|3 5(6[6 ————
AlB E
Port [ c|C cjc|cic|cjic|cjcjcicjci|c C (o (]
Clock 0 0|0 o|ojoj|o|of(oO0|O|O|O]OfO}1 1111 1 0
0 913 FIE|6|7|F|E{6]7|F|E|6]|2 8(9]|3 E 2
Line Name FSL Page
CBO (valid) HA010
DBO (valid) HA010
Control Out HAQ010
Strobe HAO010
Device Hit HAO010
Service In HA010
Service Out HAO010
DB (valid) HAO010
Tag Bus (valid) HA060 e —————
Request Out HAO050
Acknowledge Request Out HA050 ——
Strobe In HAO050 .
Data Buffer Storage Cycle Request
Data Buffer Storage Cycle  p— ]
Common Adapter Data Bus (valid) HA040 | —

Note: These six lines show timings that are in the common adapter and are not referenced to the CPU clocks or port clocks.

Common Adapter Command Descriptions

Load and Sense File Control Block Commands:
These commands permit one of the 16 file
control block words in the common adapter to
be loaded :Or sensed.

Load and Sense Diagnostic Word 1 Commands:
These commands load or sense one word of
data to or from the common adapter channel
data buffer register.

Load and Sense Diagnostic Word 2 Commands:
These commands are used to operate the
common adapter and disk interface at an
instruction cycle rate for diagnostic purposes.

Adapter Start Command: This command sets a
bit in the poll register to instruct the common
adapter to execute the operation indicated by
the file control block of the selected disk. Any
error bits in the file control block are reset
before the operation is started.

Force End Operation Command: This command
causes the common adapter to terminate any
operation now executing on the selected disk
drive, and to send an end operation interrupt to
the control processor after the status is set in
the FCB.

Reset Selected Disk Command: This command
pulses the ‘reset error’ line to the selected disk
drive, stops any operation now executing to
that disk drive, and sets the status in the FCB.
The common adapter sends a recalibrate
command to any disk drive that is not ready.

Reset Common Adapter Command: This
command resets hardware error conditions, the
buffer address registers, and the poll register.
This command also stops any operation now
executing and pulses the ‘reset error’ line to all
disk drives. This command does not reset the
FCBs or the data buffer. The common adapter
sends a recalibrate command to any disk drive
that is not ready.
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ERROR CONDITIONS

The following sense bytes indicate errors:

+ Sense byte O indicates errors the channel
adapter senses.

+ Sense byte 3 indicates errors the disk drive
senses.

» Sense bytes 1, 4, and 5 indicate errors the
common adapter senses.

Errors sensed by the disk drive are sent to the
common adapter on the control bus during a
disk sense (tag code 100). The common
adapter controller moves the sense byte
received from the disk into the FCB area of
buffer storage. The controller also stores
common adapter sensed errors, both hardware
and microcode, in the FCB area of buffer
storage. All error conditions in the FCB area are
moved to the control processor using 10S
commands to the channel adapter.

Note: The common adapter error checking
circuits are internal to common adapter cards
and cannot be probed.

ey
Channel

Data

Bus In DBI
Assembler

Channel Adapter
A-A2E2

. Data In
I0S2o0r A Buffer
| 0
X
10st1or9 70 __ _ _
| 8
Xﬁ
16
108 (5)

_)’(

Ehannel Adapter Errors
Adapter check

Channel overrun check
DBO parity check

Tag parity check

CA data bus parity check
Inbound interface error

HA070

15

Common Adapter
A-A2D2,C2

Hardware
Error
Conditions

15 15

Disk error conditions, common adapter
hardware error conditions, and controller
set error conditions are stored in the file

' control block areas of the buffer storage.

Controller
Disk

Error
Conditions

File Control
Blocks

Buffer Storage

Common Adapter Errors

Hardware Errors

® CRC check

® Common adapter
parity check

® Channel interface
parity check

® Write gate return check

e Missing sector
pulse check

HB100

Controller Set Errors

e No record found

® Not valid command
parameters
Time-out error

Disk drive attached
62PC interface error
End of disk

HB200

Disk Drive A

Control
Bus

Disk Drive Errors
Brake applied
Track not available
Command error
Data unsafe

Seek not complete
Not ready

HHO30

Disk Drive B

Control
Bus

Disk Drive Errors
Brake applied
Track not available
Command error
Data unsafe

Seek not complete
Not ready

HHO030
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Channel Adapter Sensed Errors

Adapter Check (Byte 0, Bit 0): This check Channel Data Bus In.
“indicates that one of the following hardware , )
“error conditions was set by the channel Bit 2 Bit 0 Bit 1 Bit5 Bit 3 | Bit4
adapter:

« Channel overrun check ' .

« Parallel DBO parity check

\ L

« Tag parity check

Data Bus Out

Adapter Interface

OR Parity Error

+ CA data bus parity check ] Check

F
DBO

+ Inbound interface error PC Parity hyvr TRl s FL TP
MPXPO A Latch —J Check ‘ ISy A _J_ Transfer
Strobe Out HAO010 . *__ R Check

HA040
Channel Overrun Check (Byte O, Bit 1): This CBIBit 5 | HAOS0 P |

check indicates that the data rate was not Overrun Request Out
o : . csY S FL

maintained during a cycle steal operation. The A l Check

channel overrun check latch is set if the 'strobe Tag Bus = Read — R

in” pulse does not occur or is still on when a A HAO25 Ack. Req. Out OR

'CSY’ pulse occurs during a cycle steal to the

- OR Count Check
cycle steal from the control processor. Tag Bus = Write A AT FF

l_bR R or} PC HE I

Disk Burst Mode HA020 HA025 TP
Parallel DBO Parity Check (Byte 0, Bit 2): [

' Request In
control processor, or if the “strobe out’” puise : : : Lig l Count . o
’ ’ i i Latch : Tag Parity
does not occur before a ‘CSY’ pulse during a Disk Strobe T FE l:; HA060 l : S FL —I

This check indicates that bad parity was sensed Strobe Out (0-4, P)
on the DBO during an 1/0 instruction. When . I
bad DBO parity is sensed, CBI bit 5 is set when

the "MPXPO strobe out’ line goes active and l_—
the error latch is set in the channel adapter.

Tag Bus

Strobe In

Common Adapter Data Bus
Tag Parity Check (Byte 0, Bit 3): This check ' | (8)
indicates that the channel adapter sensed bad (16) A
parity on tag bus lines O through 3 and the | Data
parity line from the common adapter. A In

Buffer (8)

1

CA Data Bus Parity Check (Byte O, Bit 4):
This check indicates that the channel adapter HAO070 : Parity
sensed bad parity on the data bus from the Gen

(2) |
common adapter. Parity
. A A Even p——mmm@
Reg

Inbound Interface Error (Byte 0, Bit 5): This .
check indicates that bad parity was sensed by ? N L
OE l—1 S FL
OR A

the common adapter on either the tag bus or
the data bus between the channel adapter and A Gate DBI . 1r Common Adapter
the common adapter during an operation : —8— ) Dat_a Bus
started by the control processor. Parity Check
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Disk Drive Sensed Errors

Brake Applied (Byte 3, Bit 1): This check
indicates that the brake coil is no longer
activated and that AC power to the drive motor
should be removed. The brake applied check is
set if: ‘

« The disk is stopped or not turning at the
carrect speed

« Servo signals are not being received from
the disk enclosure

« The write clock controls cannot synchronize
the write clock to the servo signals

Track Unavailable (Byte 3, Bit 2): This check
indicates that an attempt was made to seek
beyond cylinder 359. This bit is also set by bit
13 {end of disk) of the FCB error sense word.

Command Error (Byte 3, Bit 3): This check is
set when the disk drive senses a parity error on
the control bus or tag bus lines. This check
causes the disk to set the ‘interrupt’ line to the
common adapter, which causes the common
adapter to sense the disk drive and store the
sense information in the FCB. The sense resets
the error, except for the tag parity check which
is reset by the ‘reset error’ line.

Data Unsafe (Byte 3, Bit 4): This check
indicates that a condition was sensed that can
lead to possible lost data. The condition causes
the disk to set the ‘interrupt’ line to the
common adapter. Write current is inhibited and
the data head lines are de-activated. The disk
drive ignores all commands except sense
commands. The following conditions set the
data unsafe bit:

« Write or read selected and multiple chip
selection error

« Write selected and no write data
+ Write and read selected

« Write selected and not ready

« Write selected and a head short circuit to
“ground indicated

+ Write selected and data servo unsafe

« Write selected and a head selected during an
index or sector pulse

« Write selected and not on track
« Write not selected and write current

The ‘reset error’ line is used to reset this error.

Seek Incomplete (Byte 3, Bit 5): This check
indicates that a seek operation was not
completed or was completed too slowly.
Normally, this condition is set when a seek is
started and reset when the seek is completed.

Disk Not Ready (Byte 3, Bit 7): This check
indicates one of the following:

« A seek time-out occurred, indicating a seek
was not complete after 1.5 seconds.

« The ‘illegal actuator move’ line is active,
which indicates that actuator movement
occurred without an access command or that
an attempt to write occurred during an
access command.

« The conditions that set brake applied also
set disk not ready.

A 'not ready’ condition causes the disk drive to
set the ‘interrupt’ line to the common adapter.
The not ready error is reset by the ‘reset error’
line and a recalibrate operation is needed. The
brake applied condition requires a power-on
cycle. '
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Positive Supply - Multichip
o Disk Enclosure %:m:x " Selection
Circuits reshol .
Sense -Multichip Error
—
Head Center Current
Tap Lins Threshold Head Grounded
Sense A jj -Head Select Error
e
Current Tranitions No Transitions
Detected
Safoty Line Threshold s '*'_1 During Write
Sense A A Transition Error
Write Current
When Not
Write Gate 'TI Wriamg
—4 l A +Write Current Error
-Read
~Write | -Data Unsafe
+Not Ready HHO50
+Servo Protect
+Otf Date Track
+Common Aeset
Transient Blanking
Seek Incomplete
Cantrot Bus HHO44  Bit al Bit4
Bit7 Bit1 I Bit3 v
Seek Compl Check i Contro) Bus
Sl plete eck for Parity Error
Cylinder Valid  JTrack FC i
+Soek Register Cylinder  fu
A S FL| HHO30
ORI
R Command
-Abs Track Address 1 Tiios ec o Error
A
HHO30 ™
-Go Home or POFL
L3
1.5 sec A ~Sesk Time-Out
H:]HOM ! OR;
~Power On Delsy
+Behind Home
~Counter Mark A
+Counter Mark Latch
~Counter § In Sync
OR
~Counter 4
Out of S8ync
+Brake Applied
A - ™
~Reset Error OR
’ TII Bus _a




Common Adapter Sensed Errors

Any Error (Byte 1, Bit 5): This check indicates
that the common adapter sensed an error
during an operation. Any of the following disk
drive errors or common adapter errors set this
check:

« Cyclic redundancy check (CRC)

« Common adapter parity check

» Channel interface parity check

« Write gate return check

« No record found

+ Not valid command parameters

+ Missing sector pulse

« Time-out error

« Disk drivé not attached

« 62PC interface error

« Brake applied*

. T.rack unavailable*

« Command error*

« Data unsafe*

« Seek incomplete*

« Disk not ready*

*See Disk Drive Sensed Errors earlier in this
section.

Cyclic Redundancy Check (Byte 4, Bit 0): This
check indicates that after the correct sector was
located, the data CRC character generated from
the disk did not compare with the CRC
character field. A CRC error condition can be
indicated during a read or scan operation. If a
CRC check occurs while the common adapter is
searching for a specific ID, the CRC error is not
recorded. If a CRC check occurs on the ID the
common adapter is searching for, a no record
found error is recorded. The controller senses
the check condition using the controller bus,
and sets the CRC check bit in the file control
block. The following figure summarizes the
logic for a cyclic redundancy check.

Common Adapter Reset

Power On Reset

Controller Direct Reset

OR—ﬁ

Controller

HD100

HD125

=

4

Read Data

SERDES

PLA Buffer

eI
X X

HC400

HC125, HC130
HC925, HC930

0-7
CRC
Generate CRC OK
Algorithm
Gate

Sector CRC Check

Word

Counter

| c2w26 +Ext Reset

OR

| HCO10

Read Data (drive A

Read Data (drive BJ

Disk Drive Control—l

I

CRC Check |
Latch

1
heck
s FL CRC Chec

Controller Bus

L - - - - _ _ _ _

Bit 3

A-A2D2
HB100

A-A2C2
HB200
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Common Adapter Parity Check (Byte 4, Bit 1):
This check indicates that the common adapter
has sensed bad parity in its internal circuits.
The check can be set by bad ROS parity @), by
bad parity on the controller bus @, or by bad
parity or data compare failure on the SERDES
to buffer storage bus e The controller senses
these check conditions using the controller bus
and sets the common adapter parity check bit
in the file control block. The following figure
summarizes the logic for a common adapter
parity check.

Read
Only
Storage

. HE100

Address Controller

10

ROS Parity Check

D2wW02,

13-74

ROS Data Bus

HD600

0

A-A2D2
HB100

Controller Bus

HC500

Bit 6

Bit 5

Controller
Buffer

HC130
HC930

-Proc Parity Check Gate | » S FL
—r
HC625
(‘ OR
0
D2Y03 7
Buffer
0 Storage
HC800
HC125 SERDES PLA HC130 OR S FL
HC925 | Buffer Buffer | HC925 G
HC930
‘ 15 ) ‘ 15 S_
R
X X
HC500
0 15 Bfr Par Chk
Read Data
SERDE
S HCo10 Read Data (drive A)
HCa00 Read Data (drive B)
A-A2C2

HB200



Channel Interface Parity Check (Byte 4, Bit 2):
This check indicates that the common adapter

has sensed bad parity on either the data bus or
the tag bus between the channel adapter and
* the common adapter. The controller sets the
channel interface parity check bit in the file

~ control block when it detects the error. The
following figure summarizes the logic for a

channel interface parity check.

Write Gate Return Check (Byte 4, Bit 3): This

check indicates that the common adapter

attempted to write to the disk drive but no
write current was sensed. The check is set if

write gate return is not received after the

common adapter has set write to a drive. The
controller senses the error and sets the write
gate return check bit in the file control block.

The following figure summarizes the logic for a

write gate return check.

A-A2D2
HB100

+Select File 0

—-

D2wo06 l

+Select File 1

D2wo7
\ 4

Controller
0
Controller Bus S
Bit 2 Bit 3
7
HD600 L
4 D2Y03
Interface Error
OR Channel Read Storage Cycle
A -
State 110 _T Channel Write Storage Cycle OR Proc Pafity Check
0
: OR
“ Tag S OR
Register A STo
7 ]
PC HD400 R
A
HD730 HC625
HD900 s_— :gégg
Strobe Out ‘ HC930
Q . +Test Parity Tree
HD225 HD225
HE22 A HE225
0 0 5 Fé— 0 0 0
CA Data Bus Revower Data Buffer
P Register Storage
15 15 1518 15 15
‘HD220 HC130 HC800
HD225 HC675
HE220 HC680
HE225 HC930

¢ C2M10

Controller

HD600

A-A2C2
HB200

A-A2D2
HB100

DCD

Write Gate Return Drive B

Write Gate Return Drive A 4
)

OR

A HCO030

HCO030

c2mo08

# +Write Select

Disk Drive
Control

State Bit1] A —s ri i

HC700

HC350

HC310

OR

0 +Cmd Bit 2 |

+Cmd Bit 3

A-A2C2
HB200
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No Record Found (Byte 4, Bit 4): This check
indicates that the sector being addressed was
not found after two index pulses (one revolution
of the disk). On an operation using more than
one sector, if an ID hit has occurred on the first
sector, this error is set if any following sector is
not found two sector pulses after the last ID
hit. This error is set by the common adapter
controller.

Not Valid Command Parameters (Byte 4, Bit 5):
This check indicates that the command that is
loaded in the FCB has parameters that are not
valid. The common adapter controller checks
for the following FCB errors:

» FCB word 0 (bits 0 through 7), word 2 (bits
0 through 6), and word 3 (bits O through 2)
must be zero.

« The command byte must be valid {(FCB word
0, low byte).

« A sector count (FCB word 1, high byte)
larger than 32 for a read ID or write ID
operation; larger than O for a read diagnostic
operation.

« A record number (FCB word 3, low byte)
larger than 63 for a read, write, or scan
command.

« A sector number (FCB word 3, low byte)
larger than 32 for a read ID, write ID, or read
diagnostic operation.

Missing Sector Pulse (Byte 4, Bit 6): This
check indicates that the 'missing sector pulse’
line from the disk drive was active during a
read ID, write ID, or read diagnostic command.
This line is ‘ignored during a read data, write
data, or scan command unless it occurs at the
selected sector, which causes a no record
found error. The controller uses the controller
bus to sense the error condition and sets the
missing sector pulse bit in the common adapter
file control block. The following figure
summarizes the logic for a missing sector pulse
error.

Missing Sector Puilse Drive B

Missing Sector Pulse Drive A

OR

|| s

+Select File 0 . D2W06 '1 DCD
+Select File 1 ‘ D2wo7
' A 2
HCO030
Controller

Controller Data Bus

s i Bit 6

HD600
A-A2D2 A-A2C2
HB100 HB200

Time-out Error (Byte 4, Bit 7): This check is
set by the following common adapter hardware
conditions:

« Seek complete interrupt not received: The
common adapter has not received a seek
complete interrupt within 200 milliseconds of
the start of a seek command or within 5.1
seconds of the start of a recalibrate
command.

« Read/write hardware time-out: The
common adapter controller determined that
the read/write counters have not advanced
during a read or write operation.

+« The common adapter controller executed
commands are not valid: An attempt was
made to execute not used locations of the
common adapter controller ROS.

Disk Drive Not Attached (Byte 5, Bit 0): This

check indicates that the command received by

the common adapter specifies a 62PC disk

drive that is not attached to the common

adapter. This check is determined by the

configuration jumpers on the common adapter
erface card.

1376

62PC Interface Error (Byte 5, Bit 7): This
check indicates that an error occurred in the
interface to the disk. The following conditions
set this error:

« Cable continuity lines open.

« The "control sample received’ line not set in
response to the ‘control sample’ line.

« A parity check on the control bus during an
incoming data movement.

« The interrupt line from the disk not reset or
did not remain reset after a sense.
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INPUT/OUTPUT LINES

The following figure shows the lines between
the channel and the channel adapter, the lines
between the channel adapter and the common
adapter, and the lines between the common
adapter and the 62PC disk drive(s).
Descriptions of these lines follow the figure.

Channel

CSIPL Diskette

CSIPL Cycle

System Reset

Power On Reset

100-ns Oscillator

Control Out

Service Out

MPXPO Strobe Out

Service In

Multidevice Response

CBO (0-2)

' DBO (0-7, P)

CBI (0, 1, 4, 5)

DBI (0-7, P)

Interrupt Request 4

Interrupt Request 2

Disk Block Processor Clock

Disk Burst Mode Gated

Disk Cycle Steal Request

CSY Trigger

Disk Strobe

Disk 1/0 Working

Channel Adapter

CA Data Bus (0-7, P,8-15, P)
ll }ai Bus !0—7i P! .

Request Out

Acknowledge Request In

Strobe Out

Interface Error

Initial Program Load

System Reset

Power On Reset

Request In

Acknowledge Request Out

Strobe In

CA Burst Mode

Dedicated
Cable to <
Drive A

Control Sample

Interface Driver Degate

Reset Error

Data Select

Write

Read

Write Data

Fast Sync

Index

Sector

Missing Sector Pulse

Interrupt

Write Clock

Read Clock

Write Gate Return

NRZ Data

Bus
Cable

Common Adapter

Dedicated
Cable to
Drive B

Cable Continuity (2 lines)
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Lines Between the Channel and
the Channel Adapter

There are 43 lines between the channel and the
channel adapter. These lines are used for
control and to move information.

CSIPL Diskette: This line is used to select the
diskette or disk for CSIPL. The disk is selected
when the line is at an up level.

CSIPL Cycle: This line is used to request a
CSIPL.

System Reset: This line is used to reset all
latches in the channel adapter; it is also sent to
the common adapter.

Power On Reset: This line is used to reset all
latches and to clear buffer storage in the
common adapter after a power on operation.

100-ns Oscillator: This line is used to generate
the “strobe out’ pulse.

Control Out: This line is set by the channel to
start an |/O command, and to indicate that the
CBO and DBO are valid.

Service Out: This line is set by the channel in
response to a ‘service in’ pulse, and to indicate
that the DBO is valid for the second part of the
command.

MPXPO Strobe Qut: This line is used as a
timing pulse for 1/0 commands.

Service In: This line is set by the channel
adapter in 'response to a ‘control out’ pulse
after receiving the CBO and DBO, if the disk
was the |/0 device that was addressed. This
line is reset in response to a ‘service out’ pulse,
after the DBO is received.

Multidevice Response: This line is set by the
channel adapter in response to a ‘control out’
pulse.

CBO (0-2): These lines specify the 1/0
command. See Commands earlier in this
section.

DBO (0-7, P): These lines are used for control
information during a "control out’ pulse,
specifying the device address and command
modifier. They are used during a "service out’
pulse to move control information to.the 1/0
device. During cycle steal they are used to
move data to the 1/0 device.

CBI (0, 1, 4, 5): These lines indicate the
following when active:

« Bit 0: This line is used during burst mode
cycle steal to increment the main storage or
control storage address register.

« Bit 1: This line is used during burst mode
cycle steal to indicate the direction that data
is moved.

« Bit 4: This line is used during burst mode
cycle steal to select control storage. It is
used to indicate a jump condition met during
a jump on |/0 command to the disk, and to
inhibit parity checking on the DBI during an
SILSB command or a disk status sense
command. See Commands earlier in this
section.

 Bit 5: This line is used to indicate bad parity
on the DBO.

For more information, see Command Bus In
earlier in this section.

DBI (0-7, P): These lines are used to move
control and status information to the control
processor during |/O commands. They are

used to move data into storage during cycle
steal.

Interrupt Request 4: This line is used by the
channel adapter to indicate an interrupt request.

Interrupt Request 2: This line causes the
channel adapter to delay the start of a cycle
steal until IL2 is reset.

Disk Block Processor Clock: This line is used
by the channel adapter to request burst mode
for data movement.

Disk Burst Mode Gated: This line is set by the
channel in response to block processor clock.

Disk Cycle Steal Request: This line is used by
the channel adapter to request the start of a
burst mode data movement.

CSY (Channel Storage Cycle) Trigger: This line
is used by the channel adapter during burst
mode cycle steal to set an overrun error, if the
data movement across the channel adapter
interface is too slow.

Disk Strobe: This line is used by the channel
adapter for internal control and to gate and
latch internal data during burst mode data
movement.

Disk 1/0 Working: This line, set by
programming, indicates the disk is operating.

62PC Disk Drive and Attachment
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Lines Between the Channel
Adapter and the Common
Adapter

There are 38 lines between the channel adapter
and the common adapter. These lines permit
communications between the channel adapter
and the common adapter.

CA Data Bus (18 Lines, Bidirectional)

These lines represent two 8-bit bytes, each
with a parity bit (odd), that are used to move
data and control information.

Tag Bus (9 Lines)

These lines represent one 8-bit byte, with a
parity bit (odd), that is used to describe the
information on the CA data bus. This bus is
gated by the channel adapter when the 'request
out’ line is active. Bits O through 3 and the
parity bit are bidirectional and are gated by the
common adapter when the ‘request in’ line is
active.

Request Out: This line is set by the channel
adapter to signal the common adapter that the
channel adapter is sending a common adapter
command on the tag bus and data on the CA
data bus. The common adapter determines the
source, type, and direction of the data to be
moved by use of the tag bus. A ‘request out’
line has priority over a ‘request in’ line.

Acknowledge Request In: This line is a
response from the channel adapter to a 'request
in’ line when the data movement is from
common adapter to channel adapter. It
indicates the data movement requested by the
common adapter can be completed.

Strobe Out: This line is the signal from the
channel adapter that is used as a load pulse for
moving data from the channel adapter to the
common adapter.

Interface Error: This line is a bidirectional line
that signals not valid parity has occurred on the
CA data bus or tag bus lines. This error is
signaled by the common adapter during a
‘request out’ pulse and by the channel adapter
during a ‘request in’ pulse.

Initial Program Load: This line is set by the
channel adapter when a disk CSIPL is started.

System Reset: This line resets the common
adapter to a not busy, cleared, no-error
condition. The reset goes to each disk drive,
resetting any errors that had been set. The
reset ends any read or write operation now
executing.

Power On Reset: This line initializes the
common adapter to a cleared condition.

Request In: This line is set by the common
adapter to signal the channel adapter of a need
to move data.

Acknowledge Request Out: This line is used by
the common adapter to respond to a ‘request
out’ line.

Strobe In: This line is the signal from the
common adapter that is used as a load pulse
for moving data from the common adapter to
the channel adapter.

CA Burst Mode: This line indicates that a block
of data is ready to be moved into main or
control storage, through the channel adapter.

Lines Between the Common
Adapter and the 62PC Disk Drive

The lines between the common adapter and the
62PC disk drive are in two cables: the
dedicated cable and the bus cable. Each disk
drive has its own dedicated cable and the bus
cable goes to the first drive and then from the
first drive to the second drive, if a second drive
is present. The bus cable must be terminated
in the last drive by a terminator card.

Dedicated Cable

The dedicated cable contains the lines that
control disk drive operations and signal the
common adapter of the needs of the disk drive.

Control Sample: This line is used with the
62PC tag lines to start a control bus load or
sense cycle. See Tag Bus and Control Bus later
in this section for the meanings of the lines '
during the ‘control sample’ pulse.

Interface Driver Degate: This line disables the
62PC drivers for the 'control bus’ and ‘control
sample received’ lines, and holds them at an up
level.

Reset Error: This line is used to reset the data
unsafe or command error sense bits.

Data Select: This line enables the 62PC disk
drive to use the ‘read’ and ‘write’ lines on the
dedicated cable. When this line is not active,
the ‘read clock’, ‘write clock’, and ‘NRZ data’
lines are held down.

Write: This line turns on write current source
to permit write data to be written by the
selected head. A data unsafe error turns off the
write current.

Read: This line is used with the "data select’
line to permit data to be decoded from the disk.

Write Data: This line is at a down level for a
1~bit and at an up level for a O-bit. The line
changes level only with the write clock.

Fast Sync: This line is used to synchronize the
data separator before reading the sector ID or
before reading data.

Index: This line indicates the start of the first
physical sector of each cylinder.

Sector: This line indicates the start of each
sector except the first, which is started by the
‘index’ pulse.

Missing Sector Pulse: This line is active if one
or more index or sector pulses is missing.

Interrupt: This line is active when the 62PC
needs system service.

Write Clock: This line is present when the
‘data select’ line is active and the 62PC disk is
ready. The "write clock’ pulses are synchronized
to the servo signals received from the servo
head.

Read Clock: This line is generated from data
signals that are received from the selected data
head. This signal is present only when the 'data
select’ line is active, but the read clock timing is
valid only when the ‘read’ line is active.

Write Gate Return: This line is used to verify
that the write gate was set in the disk drive.
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NRZ Data: This line is the output of the data.
separator: 1 is an up level and O is a down
level. Read data is valid after the end of fast
sync.

Cable Continuity: These two lines in the
dedicated cable are used to check that the
cable between the common adapter and the
62PC disk drive is connected correctly.



Bus Cable

The bus cable contains the tag bus, the control
bus, the ‘control sample received’ line, and two
cable continuity lines.

Tag Bus and Control Bus
The tag bus contains three tag lines and a

parity line (odd parity). Tag bus bit O is the
most significant bit and tag bus bit 2 is the

Control Sample Received

This line becomes active when the ‘control
sample’ line is active and the 62PC disk drive
reads the tag bus lines.

Cable Continuity

These two lines in the bus cable are used to
check that the cable between the common
adapter and the 62PC disk drive is connected

least significant bit. The tag bus describes the correctly.

information on the control bus.

The control bus contains eight control lines and

a parity line (odd parity). Control bus bit O is

the most significant bit and control bus bit 7 is

the least significant bit. The control bus moves

information between the common adapter and

the 62PC disk drive(s). The tag bus and control

bus bits are described in the following figure.
Tag Bus Bits Control Bus Bits
012 0 1 2 3 4 b 6 7
000
Not Used
001 Recalibrate Reserved Head select 8 Head select 4 Head select 2 Head select 1 Not used Cylinder address
Seek Control ' 256
010 - Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address
Required Address 128 64 32 16 8 4 2 1
011 Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address Cylinder address
Diagnostic Wrap Byte 128 64 32 - 16 8 4 2 1
100 Reserved Brake applied Track not available | Command error Data unsafe Seek incomplete Home Not ready
Sense (always 1)
101 On track Linear region Index and sector Out direction Not out drive Not in drive Tag parity error Vél'ocity profile
Diagnostic Sense 1 normal and even pulses missing error
110 Behind home Missing clocks Missing clocks Coil current low Missing servo Off data track Not missing posi- Counter 5 in sync
Diagnostic Sense 2 divided by 2 error latch signal tion error signal
111 Not shift Not (off track Inside AGC Not AGC freeze Demodulator Not (read and Not (servo pro- Illegaluactuator
Diagnostic Sense 3 and write) window pulsing write) tect and write) move

B
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