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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 o
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 0 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.
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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.

¢ € C C(

« 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 @@ 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.
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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
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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:

» 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)

« A driver card for the actuator coil

Note: The card gate board is E-A1 for disk

drive A, E-B1 for disk drive B, E-C1 for disk
drive C, and E-D1 for disk drive D.

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),
A-A2Z1 (drive B), A-A2B4 (drive C), or
A-A2B5 (drive D)

« 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 drives B, C, or D are installed, each
drive receives the bus cable output from the A4
position of the preceding drive (B receives from
A, C from B, and D from C). The bus cable
output must be terminated in the A4 position of
the last drive on the chain.

A fan to cool the card gate is located at the

13-2

Bus Cable Terminator (last drive on chain)
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62PC Drive D
(See Drive A)

Bus Cable from Drive C
to Drive D

62PC Drive C
. (See Drive A)
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Bus Cable from Drive B
to Drive C

\

62PC Drive B
(See Drive A)

Bus Cable from Drive A

bottom of the card gate. to Drive B
62PC Common Adapter Dedicated Cable )
Channel to Drive D 62PC Drive A
Dedicated Cable _ Disk Enclosure I
| — ROS Controller Clock to Drive C | '
Control .
: Write
Lines Dedicated Cable Data I Head Drivers l
m to Drive B Circuits | Select .
| ' Disks
i Bus Cable to
Buffer Disk Dick Drive A Control | Read I
Interface ISC Lrive Preamp
Data Storage R —— |
Controls Servo l
Bus e
Circuits l Servo "I
Dedicated Cable Preamp i
to Drive A : m .
A-A2 Input/Output Board L_ —— c— ..I_ — — —— c— | c— — _'
Actuator I
Driver
Card l
62PC Card Gate l
/",\.\ e ’““\\ 7 ~ AN - \\ ya TN / N 2T N ~ //" ~ N N VRN Vs \\ VN // \J) /‘ ™ s N TN (‘/ ™, SN TN
) ) \ . / { Y ¥ / ' / ! ; ] L ) { ] ) ; ;
/ L S N/ -/ NS / ~ N A / v N4 NS N4 NS 7 ~_ \\7// N -~ N S NS ~_



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

1

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
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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 0 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 sector.
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.

13-4

| I R A U D O D D
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
/ 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 01234567
X X X X X
N —— o - - — -’
0-32 0-10 0-359

1

—1

1

e

X =

1

1

1

Assigned alternative sector

Displaced sector

Not used (must be zero)
User assigned defective sector

Data field 2 defective
Data field 1 defective

X = Not used

= Manufacturing assigned defective sector
= Sector reassigned

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.
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Logical Record to Sector ID

The first example shows the logical record
position relative to the sector ID on a cylinder
with no defective sectors.

The second example shows a displaced sector
(head 1, sector ID 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 ID 30), an alternative
sector would be assigned on cylinder 358 and
the flag byte for sector ID 30 would be
00001110.

( C € «(

Example 1

Sector ID — Head 0
Logical Record Position

Example 2

Sector ID — Head O
Logical Record Position

(

Sector Pulses

¢

« «

Index Index
L] R Y |
Head Settle Time
|32 00 01 02 03 04 05 06 07 08 09 10 30 31 32 |
_______ JooJo1]02Jo3]o4]o5]06]07 [o8[oa[10]11]12]13[14 [15{16]17[18|19]20{ (60 [61[62]63
Head 1{32 24 25 26 27 28 29 30 31 00 01 02} {22 23 32
48495051 [52]53]54]55]56[57[58[59]|60][61]62[63]00]01]02[03 ][04\ (44]45] 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 ]a1[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 18 Yo6 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] 1415
Head 4| 32 00 01 02 03 04 05 06 07 08 09 10} {30 31 32 |
oo]o1]02]o3]oao5]o6]07 o8 oa]10]11]12]13]14]15{16]17]18]19]20{ (60 [61]62]63
Head 532 24 25 26 27 28 29 30 31 00 01 02y (22 23 32 |
48[49] 5051525354 |55 |56 [57]58]|59]|60]61]62[63]00]01[02]03]|04 4a|45]46]47
Head 6] 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 (2829 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 10§ {30 31 32 |
00[o1] 02]o03]o4a|o5]o6]07]o8]o9]10]11[12]13]14]15]16][17]18]19] 20 Y60 [61]62]63
Head 932 24 25 26 27 28 29 30 31 00 01 02§ §22 23 32 |
48[49]50]51]52[53]|54[55]56]|57]58]|59]60[61]62]63[00[01][02[03]04Y {44[45]46]47
Head 10|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
Sector Pulses
Index Index
L[ | I I L | B
) )T
Head Settle Time
(32 00 01 02 03 04 05 06 07 08 09 10§ 430 31 32 |
_______ 00[01] 02J03|04]o05]06]07 [08[0o9]10]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]47148[49]50]|51]52]53] | 54 55|56 |57[58[59]60]|61] 62]63]00]01] 02\ Y42[43]44]|45]46]47
Head 2|32 16 17 18 19 20 21 22 23 24 25 269 {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

62PC Disk Drive and Attachment
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Logical Record to Physical Sector Location

Conversion Chart

All numbers in this table are in hexadecimal.

Logical Head Number
Record
Number 0 1 2 3 4 5 6 7 8 9 A
00 00O | 08 | 10 | 18 | OO | 08 | 10 | 18 | 00O | 08 | 10
01 00 | 08 | 10 | 18 | 00 | 08 | 10 | 18 | 00 | 08 | 10
02 01 09 | 11 19 | O1 09 | 1" 19 | 01 09 | 11
03 01 09 | 11 19 | O1 09 | 11 19 | O1 09 | 1
04 02 | OA | 12 | 1A | 02 | OA | 12 | 1A | 02 | OA | 12
05 02 | OA | 12 | 1A | 02 | OA | 12 | 1A | 02 | 0A | 12
06 03 | 0B| 13| 1B 03 |0B| 13| 1B | 03|08 | 13
07 03 | 0B |13 | 1B | 03 | 0B | 13| 1B | 03 | OB | 13
08 04 1 0OC | 14 | 1C | 04 | OC | 14| 1C | 04 | OC | 14
09 04 1 0OC | 14| 1C| 04 |0OC | 14 |1C | 04| O0OC |14
0A 05 (0]0] 15 1D 05 oD 15 1D 05 oD | 15
0B 05  OD | 15 | 1D | 05 | OD | 15 | 1D | 05 | OD | 15
ocC 06 | OE | 16 | 1E | 06 | OE | 16 | 1E | 06 | OE | 16
oD 06 | OE 16 | 1E | 06 | OE | 16 | 1E | 06 | OE | 16
OE 07 OF 17 1F 07 OF 17 1F 07 OF 17
OF 07 | OF | 17 1F | 07 | OF | 17 1F | 07 | OF | 17
10 08 | 10 | 18 | 00O | 08 | 10 | 18 | 00O | 08 | 10 | 18
11 08 | 10 | 18 | 0O | 08 | 10 [ 18 | 00O | 08 | 10 | 18
12 09 | M 19 | 01 09 | 1 19 | O1 09 | 11 | 19
13 09 | N 19 | 01 | 09 | 11 19 | O1 09 | 11 | 19
14 OA | 12 | 1A | 02 | OA | 12 | 1A | 02 | OA | 12 | 1A
15 0A 12 1A 02 0A 12 1A 02 OA 12 | 1A
16 OB | 13 | 1B | 03 | OB | 13 | 1B | 03 | OB | 13 | 1B
17 OB | 13 | 1B | 03 | 0B | 13| 1B |03 | OB | 13 | 1B
18 OC | 14 | 1C | 04 | OC | 14 | 1C | 04 | OC | 14 | 1C
19 OC | 141 1C |04 ]0C 1|14 |1C| 04| 0C]| 14 |1C
1A OD | 15 | 1D | 05 | OD | 15 | 1D | 05 | OD | 15 | 1D
1B OD | 156 | 1D | 05 | OD | 15 | 1D | 05 | OD | 15 | 1D
1C OE 16 1E 06 OE 16 1E 06 OE 16 1E
1D OE | 16 | 1E | 06 | OE | 16 | 1E | 06 | OE | 16 | 1E
1E OF | 17 1F | 07 | OF | 17 1F | 07 | OF | 17 | 1F
1F OF | 17 1F | 07 | OF | 17 | 1F | O7 | OF | 17 | 1F
N N N/ N ™~
J N N Ny NG //' “\« - N S

Logical Head Number
Record
Number 0 1 2 3 4 5 6 7 8 9 A
20 10 | 18 | 00 { 08 | 10 | 18 | 00O | 08 | 10 | 18 | 00
21 10 | 18 | 00 | 08 | 10 | 18 | 00O | 08 | 10 | 18 | 00
22 11 19 01 09 11 19 01 09 11 19 | 01
23 1 19 | 01 ] 09 | 1 19 | 01 | 09 | N 19 | 01
24 12 1A | 02 | OA 12 1A | 02 | OA 12 1A | 02
25 12 1A | 02 | OA 12 1A | 02 | OA 12 1A | 02
26 13 1B 03 | 0B 13 1B 03 | OB 13 1B | 03
27 13| 1B|03]0B|13|1B| 03 0B 13| 1B | 03
28 14 1C | 04 | OC 14 1C 04 | OC 14 1C | 04
29 14 1C 04 | OC 14 1C 04 | OC 14 1C | 04
2A 15 1D 05 oD 15 1D 05 0D 15 1D | 05
2B 15 1D | 05 | OD 15 1D | 05 | OD 15 1D | 05
2C 16 | 1E | 06 | OE | 16 | 1E | 06 | OE | 16 | 1E | 06
2D 16 1E 06 | OE 16 1E 06 OE 16 1E | 06
2E 17 1F 07 OF 17 1F 07 OF 17 1F | 07
2F 17 1F 07 OF 17 1F 07 OF 17 1F | 07
30 18 00 08 10 18 00 08 10 18 00 | 08
31 18 00 08 10 18 00 08 10 18 00 | 08
32 19 | 01 | 09 | 11 19 | 01 09 | N 19 | 01 | 09
33 19 01 09 11 19 01 09 11 19 01 09
34 1A | 02 | OA 12 1A | 02 | OA 12 1A | 02 | OA
35 1A | 02 | OA 12 1A | 02 | OA 12 1A | 02 | OA
36 1B/ 03 | 0B|13|1B}03|0B| 13| 1B | 03 |OB
37 1B 03 | OB 13 1B 03 0B 13 1B | 03 | OB
38 1C 04 | OC 14 1C 04 | 0OC 14 1C | 04 | OC
39 1IC | 04 | 0C |14 |1C| 04| 0C]| 14| 1C | 04 | OC
3A 1D 05 | 0D 15 1D | 05 | OD 15 1D | 05 | OD
3B 1D | 05 | OD 15 1D | 05 | OD 15 1D | 05 | OD
3C 1E 06 OE 16 1E 06 OE 16 1E 06 | OE
3D 1E 06 OE 16 1E 06 OE 16 1E 06 | OE
3E 1F 07 OF 17 1F 07 OF 17 1F 07 | OF
3F 1F 07 OF 17 1F 07 OF 17 1F 07 | OF
™ d N T : PR g N ' N
v N s - /‘1 N /" 1‘\4/’ V/:

13-6

l Example: Logical record number 1C on head 5 is
on physical sector location 16 (23 sectors after the
index).

Note: If there is a defective sector on this track,
all physical locations after the defective sector are
increased by one.
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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 caoil,
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.

D
Head {CP—— Write Current
D

(- — - o o o — o o <
S LLLLLLL LA

<~——— Rotation

’L Write Current
| > 2.

|

Rotation

P —— — — - (
t?77777/§’/ LILLLLL LA

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 g“) (passing over
1 Head <$°“— constant field)

Flux Reversal
g\‘ i (data bit)
(— — e e
V/ /777 L/

~<~——— Rotation

3t

Pulse Caused by
Data ¢ Fl-ux Qhanging
Head <:>___ Direction

¢ P____ (flux reversal in gap)

~~

(e e p——p———

v/ /7 /7 / L/ /7 [ ])
4 <——— Rotation

Flux Reversal
(clock or 1-bit)

Constant Flux
-—

(
| ffi

WAVAYAVA V4 VAAANNA
<+—— Rotation

No Pulse

A A4

I

{1
}

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.

1FWriteC|ock_I L_I L_I l._l I.._l

120

Bit Cells = 1 1 |

Writing 1-Bits and O-Bits

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

120 ns

Bit Cells l | I I |
1 1 1 1

Writepata ] L[ L

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

120

Bit Cells | ns I | | C‘)

o 0 o0 O

Write Data _[_l.__.r——.l.._J—

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 | I I | '
1

0 1 o 1 0

witebata _J L[ L

Both methods of writing 0-bits and the method
of writing 1-bits can be shown when writing
hexadecimal 8B.

120

Bit Cells F?’l

|
00 0 1 ©

Write Data ___I L__J L r—_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
0-bits) so the data can be decoded.

1FReadClock|||||||||||||||||
oFReadclock  J U UUUUUUUUUUUUUUY

120
Bit Cells (parrae IR R I
1 0 0 0 1
Read Data (hex 8B) —J\ —\ V
N o N NN
N/ N4 N N4 AN N
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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.

C € C € C C C CC C o

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 I/0 channel interface

« Common adapter interface

« Disk drive interface

Tag Bus

Interface Control

Lines

Interrupt Level 4 Interrupt
Control
HA020
HA025
Command Bus In (CBI) | (g
Assembler
HA020
HA025
HA035
Cycle
Tag In
Cycle Steal Lines Steal ReZister C:
Control f
HAO025
HA020
HA025
Data Bus Out (DBO) Tag Out
Diagnostic Register
Control T
HAO050 1 T J A080
Command Bus Out (CBO; ~ c
1/0 Channel F——————— 3 — emmon
Control Command Adapter
Channel Control Lines Decode Ié:::::ife
HA010 | | Hao3s
Diag Sense 1 |
Diag Sense 2
Error Stat :
Data Out
HAO60 " Buffer
Higgg Register § |
HAQ40 Control S _.l
Data Bus In (DB1) DBI C
Assembler Data In
Buffer
HAO070 HAO070
Channel Adapter
A-A2E2
SN ST SN TN N TN e NSy
\,‘ /’ AN / ~ / N . S \ N .

!
|
|
|
|
|
|
|
|

Common Adapter

Data Bus

Microcode ::>
in Read Only Controller
Storage <:
HB100 HB100 {)
Tag
Register
HB100
Address
Assembler
HB200
Interface
Control  [T?
HB100

Data
Register

HB200

Buffer Storage
Data Buffer

I
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Tag Bus
Tag >
Buffer
HB100 Bus Cable to
Disk Drive A n
Control and
Status
> Buffer Control Bus
HB100
Clock and
Controls
HB100
SERDES CRC Gen
Buffer Counters
ey
HB200 HB200
Intérrupt
Index Pulse
SERDES Sector Pulse M Dedicated Cable
to Disk Drive A
—[ HB200 Write Data Disk ﬁs Dedicated Cable to
Write Clock 1S Disk Drive B (if attached)
lerIwe ~S Dedicated Cable to
Read/Write Write elect Disk Drive C (if aFtached)
Control Read Data Dedicated Cable to
Read Clock - m Disk Drive D (if attached)
Read Note: Disk drive B, C, or D (if attached)
contains the same circuits as shown for
HB200 HB100 disk drive A.
HB200
Common Adapter
A-A2C2 and A-A2D2
TN ya P A TTN e AT N ™ TN N AT
N e / . AN . S
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System 1/0 Channel Interface

I/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:

» ID 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.

s s T £ Pam

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 20-MHz Oscillator LI LI LML LI ULy uuuuuuruouururuururure

=] 50 ns

TCW12 HD525 +T0 —

TC X02 +T1 —_—

TCW33 HD525 +T2 _—

NP HD525 +T3 S

TCW32 HD525 +T4 —

TCW28 HD525 +T5 — -

C2 S07 HD525 +T6 —

TCYMN HD525 +T7 ]

NP HD525 +T8 e
TCW30 HD525 +T9 -
NP HD525 +TA ]
TC = Top card connector

C2 = A-A2C2 card

NP = Cannot be probed

AN <N % N - SN aa o s
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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.

¢ C € ¢ C ¢

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 until 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 t' 2
dedicated servo surface.

 ( € € C (

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.

(

(

m

62PC Disk Drive and Attachment

13-13



OPERATIONS

The disk drive and attachment perform the
following data operations:
« Read ID

+ Read data

« Read diagnostic

« Read verify

o 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)

)

« C C € C C C C(

Operation Sequence

« €«

Access Operation:
Seek
Recalibrate

Read Verify
Operation

. . R Writ
Read Data Read Diagnostic .e?d . .r.' € .
h . Identification Identification
Operation Operation X )
Operation Operation

Write Data
Operation

Scan Equal
Scan High or Equal
Scan Low or Equal

I |

-5

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

L

| T | I

The common adapter sends a seek (or recalibrate) command to
the selected disk drive if a seek is required.

|
T
I

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.

| I B

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

I I I |

|

A data pending interrupt is
sent to the control processor.

1
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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.

The common adapter
moves the IDs to be writ-
ten from the control pro-
cessor to the common adap-
ter buffer storage using
burst mode cycle steal.

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
cycle steal. The data for
three records 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
cycle steal. This is followed
by a scan argument transfer
complete interrupt.

1

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 cycle steal.

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

When the right sector is
found, the common
adapter writes the |D
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.

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.

storage.

The common adapter The common adapter The common adapter
will continue to read will continue to read will continue to write
data from the disk and IDs from the disk until IDs on the disk until
move the data to the all the 1Ds requested by all the |Ds requested by
control processor until the operation have been the operation have been
all records requested read. All the IDs are written.

by the operation have then moved to the con-
been read and moved. trol processor using
End-of-track interrupts burst mode cycle steal.
are sent to the control
processor if the sec-
tors to be read cross
track boundaries.

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 all
records requested by the
operation have been
scanned. If ascan 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 cycle steal.

boundaries.

A read verify is done
on the IDs that were
written by reading the
IDs from the disk ard

A read verify is done
on the records that

were written by read-
ing the data from the
disk and checking the

CRC.

checking the CRC.
An end operation interrupt

is sent to the control processor.

I I I 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 command byte for a read ID operation is:

The ID fields on the disk are read for the read Bits

ID, read data, write data, and scan operations, 8 9 10 11 12 13 14 15
but are sent to the control processor only on a

read ID operation. The CRC of the ID field is Read ID 0O 1 O 1 0 1 0 0

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 1D Extended 0 1 0 1 0 1 0 1
read data, write data, or scan operation, a CRC
check in the ID field of the desired sector
causes a no-record-found error.

Read ID Special 1T 1 O 1 0 1 0 0

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

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 pulse.
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 1D
operation, the operation stops at the sector in

error.
Read ID Read ID Extended
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 Sample Gap Sync ID - Gap Sample. Gap Sync ID ap
F t R ID CRC
processor to indicate a sector with an error. orma Servo (hex 00) | (hex01)| FSHC 1D CRC “(hex 00) Format Servo (hex 00)| (hex01)| FSHC (hex 00)
The read ID extended operation is used if the Number of Bytes ——————»| 22 14 1 4 2 16 Number of Bytes —————— 22 78 1 4 2 16
ID field was written extended (64 bytes later
than a normal ID) because of a failure on the Sequence Counter Sequence Counter
disk at the normal ID location. . X
Fine adjust of | Sync Look Read ID Read CRC Read Fine adjust Sync Look Read ID Read CRC Read.
data head over| clock for and com- and com- circuit of data head | clock for and com- and compare circuit
track sync pare with pare with recovery over track sync pare with with CRC recovery
bit ID com- CRC ) bit ID com- register
pare field register , pare field
in buffer in buffer
storage storage
-Index or -Index or

HHO040 -Sector HHO040 -Sector

Read is selected 1 byte after
index or sector pulse

Read is selected 1 byte
after index or sector pulse

HHO050 -Read ] HHO050 -Read - - D
Read clock synchronized Read clock synchronized twice
S by fast sync ; for extended ID
HHO050 -Fast Sync HHO050 -Fast Sync
Read Clock Clock used to gate bit ring ’ Read Clock .
HHO50  Write Clock — Write | Read Clock | Write __ HHO50  Write Clock __ Write ! Read Clock | Write
Clock ! Clock Clock o Clock
5 4 he disk h d Data read from the disk is sent to the
ata read from the disk is sent to the common adapter
HHO050 +Read Data W77 77T I I T IIIIZTA HHO050 +Read Data common adapter
HC450 +Sync Bit Found HC450 +Sync Bit Found
T e N N T i N W e N N N T T N e N N N e Y e N N T N e N N WA W
‘ ' / / L ; / ' ' ‘ ' ! L b P i / v ; b ‘ : b } : { b ) . PR / ; \ b /
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Read Data Read Diagnostic Read Verify The command bytes for read data, read
diagnostic, and read verify operations are:
The read data operation reads 256-byte data The read diagnostic operation reads data from The read verify operation is the same as the Bits
records from the data fields on the disk. One the disk without an identification field compare. read data operation, except that the data read
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 0 1 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 O 1 O 1 0 1 1 DF
command byte is 0). If the addressed 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 =datafield 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 " o | 4 § ]
ese timings a to read data, read verify,
the control processor. Read Data/Read Verify/Read Diagnostic/Scan High/Low/Equal read diagnoztic, papn»cli 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 01) 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 Look |ReadID Read CRC Sync Look Read data from | Read CRC Sync Look 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 bit register

-Index or
HHO040 -Sector
HHO050 ~-Read R T T T T T T T I I 7777777777772 2777277 777 [ﬁ
HHO050 -Fast Sync
. i . ,Write # Write | (, .
HHO050 Read Clock —Write Clock } Read Clock 1cio0ck! Read Clock ook Read Clock } Write Clock ———
Write Clock /
HHO50 +Read Data W 77777777777777777A MW7 7777 7727272272222 2722A0 W77 7777777 77777 7772
HC450 +Sync Bit Found 8_ \ \ |y ]

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

operation, the ID 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 write ID operation writes identification
fields in sectors of the disk. This operation is
used when a permanent error is found in a
sector and the identification field must be
written again to indicate that the sector is
damaged, and to identify the location of the
alternative sector to which the data has been
moved. If the damaged area is within the
identification field, the identification field can be
written 64 bytes later than a normal ID, so that
the ID will not be written on the damaged area
{write ID extended).

The write ID operation can write up to 33 IDs
(one complete track). The record number or
sector number in the common adapter file
control block (FCB) indicates the first sector to
be written, starting from the index. If an error
occurs during a write |D operation, the
operation ends and that sector is indicated in
the record or sector number byte of the FCB.

The command byte for a write ID operation is:

Bits
8 9 10 11 12 13 14 15
Write ID o 1 1 0 0 1 0 RV

Write 1D Extended 0o 1 1 0 0 1 1 RV
RV = read verify

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

Write ID

Sample Gap Sync ID Gap
Format Servo (hex 00)| (hex 01) FSHC 1D CRC (hex 00)
Number of Bytes ——— 22 14 1 4 2 16

Sequence Counter

File adjust of | Write Write | Write ID Write Write
data head zeros sync and generate CRC circuit
over track and bit CRC recovery
sync (hex
clock 01)
-Index or
HHO040 -Sector
HHO050 -Write Lo

HHO050 ~-Fast Sync e

HHO50 Write Clock @ZZZz777 777777 7777772227272 72777 T 7777277727777
HHO50 -Write Data n e (77 7 7 7 7 77 7
i \\
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Write ID Extended

Sample Gap Sync ID Gap
Format Servo (hex 00) | (hex 01) FSHC ID CRC (hex 00)
Number of Bytes — 22 78 1 4 2 484

Sequence Counter

File adjust of | Write Write | Write ID Write Write
data head zeros sync and generate CRC circuit
over track and bit CRC recovery
sync (hex
clock 01)

-Index or
HHO040 -Sector EE_______

HHO50  -Write —— —

HHO050 ~Fast Sy N | S
HHO50  Write Clock

HHO050 -Write Datal SN [ 77 777 7777777777 7 N
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Write Data

(
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cylinder and finds the alternative sector. The

« € € C €«

The command byte for a write data operation

« (

( € € (

This figure shows the writing of the first or

« € € € C(

(

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 10 11 12 13 14 15 data field (see read data timings), and then the
write data operation. The common adapter sector in error. Write Data 0o 1 1 0 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 ————|

HHO40

HHO50

HHO050

HHO50

HHO50

HHO050

HHO50

HC450

C

Fine adjust Sync Look [Read ID field| Read 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 write write
zeros zeros
-Index or
-Sector ;—@—.
21.
-Read [ ] 18 ps /
+Fast Sync NN L
(BR15) (BR15) (BR15) (BR15) (BR15) (BR15)
—Wl’ite 265”'5 7777777727227 22272 2227 277277 77 7 7 7
+Read Clock Write Clock—1 Read Clock Write Clock
Write Clock Sync
+Read Data Bit B 7777777727772 22777A4
_Write Data 777777777777 727222272 7 2727277272272 72772777277 » )

+Sync Bit Found

—

Sync
Bit

Sync
Bit

\_ W

\\ 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.
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Scan Equal, Scan High 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:

Scan Equal
Scan High or Equal

Scan Low or Equal

The timings for scan operations are the same

as for read operations.

O O O ©®

10

Bits
11

12

13

14

15
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Diagnostic Operations
The operations shown in the following chart are

used for diagnostic purposes by the diagnostic
control program (DCP).

Common Adapter Command Bytes

Diagnostic Operation 8 9 10 11 12 13 14 15
Load seek required address direct 0 0 0 0 O 1 0
Load seek control direct 0 0 0 0 O 1

Sense file direct 0O 0 0 0 0 1 0
Sense file diagnostic sense bytes 1, 2, and 3 0O 0 0 0 0 1 1

Sense file diagnostic sense bytes 1, 2, and 3

256 sample test 0O 0o 0 0o 01 1 O
Sense file diagnostic wrap 0O 0 0 6 0 1 1 1

Disk speed timing diagnostic 0O 0 0 0o 1 0 1 O
Timed seek diagnostic 0o 0 0 0 1 0 1 1

Read data with data repeat o 1 01 0 O 1 O
Read common adapter buffer storage 0O 0 01 0 0 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.

(

C C € C €«

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
00 File control block area
and controller work area
01 Data buffer 1
10 Data buffer 2
11 Data buffer 3
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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

0 (reserved)

1 Record sector count

2 Cylinder number

3 Head byte

4 (reserved)

5 (reserved)

6 File status word

7 Error sense word

8 (not used)

9 (not used)

10 Current head and cylinder number
1 Previous head and cylinder number
12 Interrupt status word

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

15 (not used)

2N / "\\\ P N T N
N4 N4 \\\_ Y ./ _ N

Low Byte

Command byte
Flag byte

Record/sector number

(reserved)
(reserved)

Diagnostic wrap byte

\

¢+ 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 0 11 *12 13 14 15
Seek 0 0 0 0 0 0 0 0
Recalibrate 0 0 0 0 0 0 0 1 R
Read Data 0 1 0 1 0 0 0 0
Read verify 0 1 0 1 0 0 0 1
Read ID 0 1 0 1 0 1 0 0
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 0 1 0 RV
Write IDextended |0 1 1 0 ©0 1 1 RV
Scan equal 0 1 1 1 0 0 0 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 Flag Byte: This byte is used for the ID field

less than the number of records or sectors to compare for a read data, read verify, write data,

be operated on by the command specified in or scan operation. (The flag byte bit definition

the command byte. The read data, read verify, is given in Sector under Disk Format earlier in

write data, and scan commands can operate on this section.) If common adapter alternative

1 to 256 records, so the record/sector count sector processing is used for an operation, the

can range from O to 255 (hexadecimal O to FF). common adapter will not use this flag byte, but

For read and write identification commands, the will set up the expected flag byte for the

record/sector count must be between 0 and 32 -alternative sector ID field compare.

(hexadecimal O 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.

AN g N N Pl PN /- Ve i - \‘ ;/'/“\\ < ™ ’/"\\ :/f“ ™ /,/ ™

N / “\\ J NP \\\ /’ ‘\\» 4 N N\ / N /’/ \\\» //‘

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 ID 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 Cc Cc cC

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 O 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 0O HH HH

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 ID,
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.
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File Status Word: The bits have the following Error Sense Word: The bits have the following Bit 6 Missing sector pulse error. Bit 15 62PC interface error.
meanings if they are on: meanings if they are on: (A missing sector pulse was sensed An error occurred on the 62PC
CRC by the disk drive circuits during a interface, as described by the low
. . Bit 0 check. read ID, write ID, or read byte of common adapter file control
Bit O An err.or occurred during the (The CRC generated from the ID or diagnostic operation.) b:;tck ey p co
operation. the data being read from the disk
Bit 1 Forced end operation. (A disk did not match the CRC read from Bit7 Time-out check. Bit8=1  62PC cable
attachment command forced the the disk.) (A time-out check occurred in the continuity is open.
operation to end.) common adapter, as described by
. . . . Bit 1 Common adapter parity check. the low byte of common adapter Bit 9=1 62PC did not set
Bit 2 jl'h-e disk drive read/write hardware (A parity check occurred in the file control block word 14: control sample
IS In use. common adapter, as described by received.
Bit 3 The common adapter alternative the low byte of common adapter Bit 8=1 Seek complete
sector processing was used during file control block word 14: interrupt not received. Bit 10=1 A parity check
the operation. occurred on incoming
. Bit 13=1  Buffer storage to Bit 9=1 Common adapter data on the 62PC
Bit 4 Not used (zero). controller parity read/write hardware control bus.
Bit 5, 6,  These bits are set by configuration check occurred. time-out.
7 jumpers on the common adapter Bit 11=1  Disk interrupt did not
channel interface card. Bit 14=1  Data buffer to Bit 10=1 Code executed by the reset.
. . SERDES parity controller was not
011 = 65 Mb disk drive attached check occurred. valid.)
100 = Disk drive not attached
Bit 8 Always on (one). Bit 15=1  ROS parity check Bit 8 Disk drive not attached.
) . ) . occurred.) (The operation was sent to a disk
Bit 9 Brak‘e applied. (The disk brake is- that the configuration jumpers
applied.) Bit 2 Channel interface parity check. indicate is not attached. See bits 5,
Bit 10 Track unavailable. (A parity check occurred on the 6, and 7 of the file status word.)
(The cylinder requested by the common adapter interface, as
seek command was beyond described by the low byte of Bits 9-12 Not used (zero).
cylinder 359.) common adapter file control block
. word 14: Bit 13 End of disk.
Bit 11 62PC f:ommand error. . (The read, write, or scan operation
(A‘ parlty error occ.urred on the disk Bit 11=1  Tag bus parity extended beyond the last data
drive interface during the access check. sector on cylinder 357.)
command to the disk.)
Bit 12 Data unsafe. Bit 12=1  Data bus parity Bit 14 Not used (zero).
(A data unsafe condition occurred check.)
during the operation.)
Bit 3 Write gate return check,
Bit 13 Seek incomplete. (Write current was not sensed when
(Following an access command, a write was selected.)
seek complete interrupt was not
returned to the common adapter.) Bit 4 No record found.
Bit 14 Home. (The sector being addressed was not

found after two index pulses and
the sector did not have an
alternative sector.)

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

Bit 15 Disk not ready.
(The disk is in a not ready Bit 5 Not valid command parameters.
condition.) (The command words loaded into
the common adapter file control
block were not valid.)
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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 11 12 13 14 15

FCBWord2 0 0 H H HH O CT CT CT CT CT CT CTCSUC

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).
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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.

Diagnostic Command Contents of Word 13 Contents of Word 14 (see Note 1)

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

Sense file diagnostic sense bytes
1,2,and 3

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 0 through 7 (see Note 2).

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

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

Bits 8 through 15 contain the wi'ap byte
from the disk drive (see Note 2).

Sense file diagnostic wrap

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 cornmands. 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 1/0 commands are
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 command 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.

{

13-26

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 biock 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 1/0 storage commands are
decoded as |0S commands by the channel adapter
and are also used to sense the file control block.
TN N N T AN F N
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Loading and Sensing the Common
Adapter File Control Block
(continued)

HA010
HA010
HA010

HA060
HAQ50
HA050
HA050
HAQ40
HC225
HC225

Control Out
Service In
Service Out

Tag Bus (valid)
Request Out

Acknowledge Request Out

Strobe Out
CA Data Bus (valid)

Buffer Storage Cycle Request

Buffer Storage Cycle

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 IOL I10L ‘ Y

0 or8 1or9 JIO6

Tag = Load Word 0

steal has been done

Tag = Load Word 2

Tag= Load Word 3

Load the tag
register and

send it to the
common
adapter.

Tag = Adapter Start

.. LG S G B £ - £ S
R ‘,‘, - 1)«7 S £ | 4 .
1 ‘;‘r B (( J__S,L _Sm 45 B
A 40— y i 4 1 £ £
. (C —mm (C (.  —{d /- Not used
/ A « /a £C_ ' I _a £ {
( « [ ( - m o\
- ) -_—%li J)‘T A‘)T
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 Out (== ___mm ¢
. A\
during the data buffer storage Service In (—mmm  mmm
cycle. .
Y Service Out S = = (G | BN W N -
; C ¢ C o ¢
The LSR containing the tag CBIBit4 7 rr > (HA025)
byte is incremented.
Tag = Load Word 2 Tag = Load Word 2
Tag Bus (valid) § g ¢ X | e
Request Out  § — 6 ) _— £
This timing diagram
is for the case when
Acknowledge I
R m - <
a load file control Request Out Y ) Y ?
block sequence is
interrupted by a
cycle steal. This Strobe Out § £ G— A i —5
can occur only on Data Bus (valid) & 56 - 5
a system with two
62PC disk drives
Buffer Storage
. | QN S A A L
attached. Cycle Request 7 RERA ?
Buffer ' - P
Storage Cycle '/ RARS 4
P
g:zz: rocessor — e — —& (HA020)
FD Burst Mode S—————/-_‘ﬂ:// / —£ (HA001)
P ——————
The file control The jump condition is met The jump condition is not met
block word is because a cycle steal has because a cycle steal did not
not correct occurred. The file control occur after the high byte was
because a cycle block word must be loaded loaded.
steal has occurred. again.
> AN TN RN ~ S N SN TN PN TN P TN TN TN TN TN N
S “ N N - . P4 7 . ~ S NS N ~_
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Load FCB Command

«
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C €«
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(

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 - RBO1
the ‘tag bus’ lines = write FCB. 101 Waiting for the
next T4
Wait for T4. T4 11
111 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
Load FCB Command
State Count 000 I 001 } 101 | 111 | 110 : 010 l 000
| ) !. ll 1 I
HD525 Clock : : T|4 TI8 T6 T|8 TIQ
) | | : | } | (( |
HA060 Tag Bus (valid) | I I I : { ¢
| ! | Lo
HAO050 Request Out | I ' : 4 ¢ :
| |
HAO050 Acknowledge : [ ( |
Request Out ! : : Rl I
: ST
HA050 Strobe Out \{ i = 4§
|
HA040 CA Data Bus (valid) l#'l : r (¢
| | 1 I |
| 1 i i
HC525 Buffer Storage |  — Y
1 [ | RAI
Cycle Request i = : } : i :
|
| |
HC525 Buffer Storage : ! ! H— !

Cycle

Timing = 1.5 us maximum, 300 ns minimum

Timing = 200 ns

(

( C C

€ € ¢ «

Load File Control Block Sequence Flowchart

Set up tag byte =

01YY0000 in an LSR
(YY = 00 selects drive A
YY = 01 selects drive B
YY = 10 selects drive C
YY = 11 selects drive D)

Move tag byte from
LSR to channel
adapter tag register
(I0CL 0)
[
Move high byte of file
control block word to
channel adapter data
out register (IOL 0
or 8)

]

Move low byte of file
control block word to
channel adapter data
out register. Move
both bytes to com-
mon adapter. (IOL
1o0r9)

Retry

Ye
latch set S

Set up tag byte =
11YY1100 in an LSR.
This is the tag byte for an
adapter start command.
(YY = 00 selects drive A
YY =01 selects drive B
YY =10 selects drive C
YY = 11 selects drive D)
|
Move tag byte from
LSR to channel
adapter tag register.
Send adapter start
command to common
adapter. (IOL 5)

(J10 6) Loop A
Increment tag byte in
LSR
Tag
byte = No
XXXX0100 Loop B

Four file control
block command
data words have
been loaded.
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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.

« 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 adaptei’ 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 |/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 moving 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 |/0 device
can use the cycle steal channel, it must test this
latch to see if it has already been set by the
other 1/0 device. This test is done by a disk

13-30

If the disk is the |/0O 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
00YYP Interrupt request from the adapter data in register with the "strobe in’ the 1/0 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
YY =00 Ir?terrupt is for a latch to indicate that the 1/0 device is now interrupt request to the channel adapter before
disk drive A operation. using the channel. When the 1/0 device the disk microcode interrupt level 4 routine
vy =01 Interrupt is for a completes using the char?nel, the ‘channel busy’ (FD';.J:;H) ist:omplete:.. E(Jndertthese ¢ will not
disk drive B operation latch is reset using the disk attachment ZO” ftions, the second Interrup request will no
. command, reset channel busy latch (IOCL 4). e recognized by the channel adapter until the
first interrupt is reset. An interrupt from the
YY =10 Ir.\terrupt is for a common adapter is also ignored by the channel
disk drive C operation. adapter when the ‘data pending’ latch is set.
This indicates that the data pending interrupt
YY =11  Interrupt is for a was not completed because the diskette was
disk drive D operation. using the cycle steal channel.
Bit P Odd parity for bits The third condition that sets an interrupt occurs
0to3. 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
Conditions later in this section. The interrupt is
sent to the control processor if the ‘interrupt
HAO010 CBO (Vahd) SILSB Command enable’ latch is set.
HAO010 DBO (valid) ( cosesssesen DBO = hex 40 <
HA010 Control Out (— TETE—— 5
HA010 Service Out 5 T——
HAO010 Strobe 5
HAQ10 Multidevice Response q_—————__ 4
HAQ001 DBI Bit 7 (T 4
HAQ35 Interrupt Level 4 = I (N
HA060 Tag Bus (valid) _.___.ags_me"um) ¢ Interrupt level 4
HA050 Request In _— e SCSC—— r) is reset by an 1/0
HA050 Acknowledge Request In — ﬂ 4 load command
HA050 Strobe In ¢ ¢ ¢ (1oL 3)
HAQ70 Data Bus (valid) £ G [ . g
HC225 Buffer Storage Cycle Request G - —
HC225 Buffer Storage Cycle — — —
Clock (1111 L1l L1l L1l [ 111 11l L
HCB25  :osn s5sn +osn anon sesn iesn sesn of
™ <N SN AT ™ N - ™ ™ ™ SN AN T PN N N N ~ AN AN TN
P S py ANy / N % Ny _ _ S / ;/ _
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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 The common adapter starts a cycle steal
does not permit the ‘block processor clock’ request by setting the ‘CA burst mode’ and
latch to be set under the following three ‘request in’ latches and the tag bus to indicate
conditions: the type of request.
« The channel adapter ‘interrupt request’ latch Bits
is set. After the channel adapter responds to 0123P
a data pending interrupt from the common
adapter, the common adapter could be ready 11YYP Write
to start moving data before the interrupt 10YYP Read
routine is done. Therefore, when the
‘interrupt request’ latch is on, the ‘block YY =00 Data is for disk
processor clock’ latch cannot be set and drive A operation.
cycle steal does not occur. Data cycle steal
can start immediately after the interrupt is YY = 01 Data is for disk
reset. drive B operation.
« The channel adapter ‘data pending’ latch is YY = 10 Data is for disk
set. A data pending interrupt from the drive C operation.
common adapter will be followed by a
request to start moving data. If the cycle YY = 11 Data is for disk
steal channel was not available, the ‘data drive D operation.
pending’ latch is set, so that an interrupt will
be set by the channel adapter as soon as the Bit P 0dd parity for bits
channel is not busy. To prevent the data 0 to 3.

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.
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Channel Adapter (A-A2E2)

Data Bus Out 0 0
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7 Data »
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HA040
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— R |
J ‘ 15
x I
Reg %x
Controller I
? A 15 15
HAQ070
Data Bus In I
—X
Tag = Read
0
A cD PH N Buffer
c Controller Storage
HAO070 Register
Tag Bit 0 R A 7
Tag Bit 1 ‘ HA025
Read/
Address Write Storage Cycle
Address g:;:aere
Assembler 9
Control
Block Processor 1 1 I
Clock Increment
Tag Bus Tag — —
Register
&——‘S FL Strobe In
|
S._ R Request Out Interface Clocks = 20-MHz Clock
Request | ’ TO
HA025 q n Control |
T1
( |
r Acknowledge T2
Request In T3 I
T4
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‘ FF T6
Burst Mode OR T Count TP i T7
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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

Cycle 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.

13-34

HA020 Block Processor Clock ______7— —
HA001 Disk Burst Mode Gated P e I SN
HA025 Disk Cycle Steal Request / (‘ \
HA025 csYy / —— —— — v e P (e e [ — A
HA020 Disk Strobe / — . ] - { ¢ ] | — -\ \
1 Data is moved to the channel adapter during disk strobe.
First Word Second Word ’ Last Word
HA020 Count __ HighByte _‘-m’” Byte o HighByte _LowByie — E High Byte _LOWByte
HAQ50 CA Burst Mode —_— :
HA060 Tag Bus (valid) m e L A PSS BT Tag = Write
HA050 Request In : — " L] qu— SRR Lo 8
HAO050 Strobe Out R . 1, F N —‘
HAO070 CA Data Bus (valid) _ : o rr— e C qu— e I
HC225 Buffer Storage Cycle Request — N : E § RN . I
HC225 Buffer Storage Cycle E— SSeeEmd  ( — ——— TN IR
HC320 Allow Burst Mode T S TS
HC275 Carry-1 § S .
HC275 Carry ( ¢ S S NPT
C'Ock :IIIIIlIIIIIIIIIIIIIIIVIIIIIIIII!IlIIIIIIIllllllll!lllll]( {JIIIIIIIIIIIIIIIIII[IIIIII|IIIIIIlIlIl_IIII|IIIIIIll!l
HDB25 © +56 o 6 480 80 19600 1006 196 ss tiese s iy iay el R R R R S S S SR
The ‘allow burst mode’ latch is set in the common storage cycle request’ latch during the next ‘T4’
adapter during the ‘T5’ pulse. The next ‘TO’ pulse pulse. The buffer storage cycle starts with the ‘T6’
sets the "CA burst mode’ latch and sends valid tag pulse and ends with the next ‘T6’ pulse. The word
codes on the tag bus. The ‘request in’ latch is of data is sent to buffer storage during this cycle.
set during the following ‘T8’ pulse. When the com- The ‘request in’ latch is set again during the ‘T8’
mon adapter receives the ‘strobe out’ pulse, the pulse. During the buffer cycle before the last
word of data to be written is loaded into the data request in, the ‘CA burst mode’ latch is reset by
register. The common adapter sets the ‘buffer the ‘TO’ pulse.
e \ /“\\ . /»»\‘\ ” T ~ \\ ’/’\\ - “\x ' e ’\\ ; TN ,,,/"\\“ /,,4,\\ ,,/—\)\\ /"'W\\.\’ ~ -\\ Vs —\\ P - . p \\ ‘ - u\\ ‘ /-—\\\ / e ~\\‘ y/,. —»\“ p ,\\‘\ /f, - \\ , N // “ N \\ / ~ s \\\ p \ // ~ =
N4 S N « y o S N S 1;\\; Y, L/ N N N ;\\7 ’ /,’ N / ‘\ / N :\74/,‘ \\\.,/‘/“ ‘\\;—’ / ;\\ﬂ/,ﬁ ,\\“/,,/ Ny 7’//‘ "/ \»;,,/" L /" N // S
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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

« C CC C C C C CCCCA

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

«c cCccC cccccCcocc

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.

mode’ latches are reset. When the high byte of

the last word is sent to the control processor,

Cycle Steal Timings for Read

HA020 Block Processor Clock _—__7— e ———— S
HAO001 Disk Burst Mode Gated S S X, —ﬁ
HAO025 Disk Cycle Steal Request / A S N
HA025 CSsY _/ | I EE— MR E— S [ (—— S— S S ] S — \
HA020 Disk Strobe / | / S I — —— S _ S I B — —
Data is moved to the control processor during CSY.
First Word Second Word Last Word

HAGZ0 Count High Byte Low Byte High Byte Low Byte High Byte Low Byte
HAO050 CA Burst Mode . ! T RS U
HA060 Tag Bus (valid) . ————— AT Tag = Read
HAO050 Request In T S—— .
HAO050 Acknowledge Request In ( C A A S
HC225 Buffer Storage Cycle Request [ \ A S A—— l’ L — S i
HC225 Buffer Storage Cycle —A:— I _..; ‘ A ]
HAO050 Strobe In _— - I L S ' S S
HAQ70 CA Data Bus (valid) il ——— e——— —
HC320 Allow Burst Mode (-
HC275 Carry-1 £ |
HC275 Carry - e ————— s
HC275 Carry Latch 3) ’{ R AR

Clock e e e e e o e e e e

H0525 [ 456 8 A0 456 &8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456 8 A0 456) X Z;;;L; I;;;;; I;;;/’\; I;;;X; :Z;;:; :;;;:; I;;;:g I;;;Z; I;;;:; Iz;;;g 11;13.110' I

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 pulse 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.

{1 pisk Rotation
First Track —\

- +| -]+ | - +| -] + - N +| - + - +| -
- +] - +| - - - +| - + - + =
- +| - i i +| -
\— 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.
NN N N o -~ \ NN N
‘\\ //‘ ‘ \7/" S : J N N N . ~

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 Quadrature
| m | [ I Cell
 Ce [ [ l
- + - +
Odd + - + - +
Servo
+ - + - +
Track
- | -] + - +
+ - + - +
T+ - ] - +
+ - + - +
Even Hoo- + - +
Servo " — - — T
Track
T+ - + - +
/£ N TN 2N TN TN g "\\ g \
- \/ y N ~ R
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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 <:—|Di5k Rotation
track as an odd track or an even track. A
quadrature cell on an even track has a pulse Cell Cell Cell Cell
during the first part of the cell. A quadrature e e e N Q N Q Servo
cell on an odd track has a pulse during the ! v ' ! L Track
second part of the cell. ? - + - + - + - + - + Location

( -+ - + -] o+ - +] -]+ ) T Odd
The servo output changes as the servo head Servo
moves away from the center of the track. The 2 - + + - + - + - + L ‘ Track
following shows the servo head output at three ~ ; T - ™ — " —
positions (Y. @. @) of the servo head over an ) - + > T

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.

Clock Pulses

62PC Disk Drive and Attachment 13-37



13-38

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 z % Sector 32
<—300 Cells—> ry

Each sector contains
300 cells

ojojojol1]o ojoj1|1]1|1

Index Pulse Sector Pulse

(6 bit patterns coded as 000010) (6 bit patterns coded as 001111)

Clock Pulses Servo Head (on track)
Position Missing Position Pulses
/_ Missing Clock Pulses

Clock Pulse
~<—— Position Pulses Missing
Missing Clock Pulse

Clock Pulse
~<+——— Clock Pulse
Clock Pulse

.

\l
g
¥
/
/&
/ /
A
Q /Q
D (R(
Z
S

~
S l |
s i i — - w— — ——) 1 , l |
_________ Y A Hl""\ /|"“W‘
. Pa‘“.e\’n PR — M
g \'B\t
Pl /\
’ Direction of A 0-bit pattern has a Normal Quadrature
Disk Rotation missing clock pulse Cell Cell
after the first cell.
. N\ “N N TN A T TN ™ 7N o TN ™ ™ <N N B - % ™, s =~ RN TN SN TN TN TN N ™
i / N / . " N % " NS / / d
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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/diy
Trigger: Internal
DC Input

Index and sector pulses are generated from missi
clock pulses on the servo track.

Chan 1 -Sector D2S10
Chan 2 +Serva Clock SS F2B04

Voltage: 0.2 V/div

Time: 0.1 ms/div, X10 magnification
Trigger: Internal

DC Input

C C € C C(

ng

f!Img '

I R

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, E-B1, E-C1, or E-D1)

to obtain these waveshapes.

(

(

(

{

(

C C € C ¢
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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,
E-B1, E-C1, or E-D1).

Chan 1 -Osc Early D2B13
Chan 2 -Osc Late D2J02

Voltage: 0.2 V/div

Time: 0.5 us/div ..
Trigger: External + D2S10 -Sector

DC Input

Chan 1 Servo Preamp Output F2D05
Chan 2 Servo Preamp Output 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 + D2510 -Sector
DC Input

I
1
i
I

Quadrature

Cell

‘Normal

Quadrature
Cell

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

Voltage: 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
N TN N ~ N,
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Sample Servo

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

synchronized with the dedicated servo patterns.

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

« Sample servo marker
« Servo gain field

« Servo error field

C C € C C(

e |ndex or Sector Pulse (22 bytes)
0 2 4 6 8 10 12 14 16

« ¢

18 20 22

L

4
Sample Servo Marker \

Servo Gain Field \

Servo Error Field

(

« C C C C (

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.

€ € C € (

62PC Disk Drive and Attachment 13-41

(



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, E-B1, E-C1, or E-D1).

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

Voltage: 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

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

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

Time: 1 us/div

Trigger: Internal

DC Input

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 |/O Line B B2D06
Chan 2 Buffered Analog Data B E2D02

Voltage: 5 mV/div

Time: 1 us/div
Trigger: External + D2S10 -Sector
AC Input

il

!illi;ﬂ-ﬁi
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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.

(

C € € € C(
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0
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Chan 1 High-Level Diff Analog Signal B2D13

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

(

«C ¢ € € C C(

c € ¢ € C C ¢

Head Moving Off Track

N<+—3S S—'——>NIN<—- \-———

On Track--- -[E:l---.E].---.___D-___ 1

Data Head {S [N

--N|S N|N S|S Nj-=
- ' Data Track
S|S NN Sl—~==
E—P—F—~--

Off Track

Waves

AN

Upper Half Track Waveshape,

b A Y
‘________.._ A / l"-\
/
-

<7

Lower Half Track Waveshape

On Track Waveshape
L

e

Difference
'l
o/
No Difference On Track
A al
4" \\ II \
S 7 Y
\\4‘ \’/
"~
1\
l’-\ A\Y §

Off Track Waveshape
=[o]

Off Track Waveshape
~{e]
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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
8 910 11 12 13 14 15

Seek 000 O 0O O 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 o and
G. The common adapter sets the ‘control
sample’ latch @), 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 ). 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 through 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.

LCyIinder 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 Q 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 @, 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 o When the
common adapter has read the control bus o it
resets the ‘control sample’ latch @), which
causes the disk drive to reset the ‘interrupt’ o
and 'control sample received’ e latches. The
disk drive also resets the control bus after a
slight delay.
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Tag 100

Control Bus Bit 0 1 2 3 4 5 6 7

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

Status When On (1)

Tag 010
Control Bus Bit 0| 11 2| 3|4|5{6|7
Cylinder Address 128164(32|16(8[4|2]1

Stat hen On (1)

i

HHO030 Tag Lines (valid)
HHO30 Control Bus (valid)
HHO030 Control Sample
HHO30  Read Tag Bits
HHO030 Read Control Bus
HHO030 Control Sample Received
HHO035 Tag 001 Clock 1
HHO35 Tag 001 Clock 2
HHO030 Shift

HHO044 Seek

HHO044 Seek Complete
HHO035 Interrupt

8l4]2]1

Tag 001
Control Bus Bit 0 1 2[3]afs 7
Bit Meaning Recalibrate Not used Head select | Notused |Cylinder

address 256

[A) Tag=010 Tag = 001

e Powered by Common Adapter

o o
(D) —

100

o Tag

ePowered by Disk Drive

(L) [R)

(M)

G Read by Disk Drive

Read by Common Adapter
I

Q o

P (5]

|

I~
vr

©
-

Access Time

G~
~r
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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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lActuator
IDriver

Lines

rF———— = =

O

Out
Driver

In
Driver

L

Actuator Driver
Card HH070

—_— — ¢

Base NPN In

)-(P'(f'd

Base PNP In

V’k
3
= - — ——

Base PNP Out

Base NPN Out

L - -

F2 Card
HHO020

Cc2u13
l +Command
| Tag Parity Error l
Error
OR — eam emms coms e e o e
| con! or | — -
i S——— c2s07  D2m12 4 —
Parity Error A H
l Tas 1001 — [ Y | ' ]
Register p—
010 Seek ' I I
Tag Bus | and +Seek
I Decode | 100 | D2D11 I
I .
c Control * Qut Direction D2006 |
l ontrol R
h Bus Out | ( Logic '
l Register +Track ' S_ Seek $
Unavailable C2J04 I s_ Time-out D2U05 |
Decode SS
l -Calibration Cc2Gos I I_ —_— J
Address I I Disk
] A Tag 001 Clock 1 I Enclosure
Control I
X“ . Clock 28"——‘ I
Control Bus Bus In Desired
1 Interface Address L
I X —| Register oR ¢ -Shift C2B13 D2S04
Subtractor .
-Count Up 2 Tracks - D2S07 F2P
C2506 O——— pk P— Absolute I l { o In Drive ) D28 2P11 !)_
- ( tro
C2U06 O Abs Trac ress Address Accoss on, T |
-Count Down 2 Tracks Accumulator . Logic -Out Drive . D2U07 F2M13
C2S05 O- Velocity i -0
‘ -Carry 256 Generator Desired
| o ] Velocity _ C2D02 D2B02 ~ l
ea .
Vel>Profil
xmumflp| Address ROS : D/A Comparator 2= O Dp2804
I Register | Conv. I
| | | | ,[—
AN gL +out L cosos  p2uo2 L Hybrid Velocity
J < g |
C2G04 C2B04 C2D04
| -Go Home Bit l ]

HHO030, HHO035

O
|
| |
]
1

[}
C2J06 -Head Select 4
C2G02 -Head Select 8

-—— -0

6 ? +Half Track
|
I

+Quarter Track

| C2P12 -Head Select 1
C2P10 -Head Select 2

D2 Card

HHO040, HH044, HHO048
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Seek Waveshapes

The following waveshapes can be seen using
the disk exerciser test, option 2, +seek with a
five-track (0-5) seek using the scope loop
option.

All waveshapes were taken with a X10 probe
on the disk drive board (E-A1, E-B1, E-C1, or

E-D1),

Chan 1 Coil Current Signal F2S10
Chan 2 Vel > Profile D2B04

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

Trigger:  External + C2J05 (+Out) NSRS

Mode: Alternate

Chan 1 in Drive D2S07

Chan 2 Out Drive D2U07

Voltage: 0,2 V/div
Time: 1 ms/div

Trigger: External + C2J05 (+Out)

Mode:  Alternate

Chan 1 Base NPN In F2U04
Chan 2 Base PNP In F2U07

Voltage: ‘0.2 V/div
Time: 1 ms/div

Trigger:  External + C1J05 (+Out)

Mode: Alternate

mr R eL |
...x oy

L
. =

=||| ! |“m|| IIIIWYTl

Chan 1 Base NPN Out F2U02
Chan 2 Base PNP Out F2M12

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

Trigger: ‘External + C2J05 (+Out)

Mode: Alternate

Chan 1 -Shift C2B13
Chan 2 +Seek D2D11

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

Chan 1 -Shift C2B13
Chan 2 +Out C2J05

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

Chan 1 +Seek D2D11

Chan 2 -Seek Complete D2J13

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

Trigger:  External + C2J05 (+Out)

Mode: Alternate

Chan 1 Quarter Track D2B10
Chan 2 Half Track D2D10

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

Trigger: External + C2J05 (+Out)

Mode: Alternate

Chan 1 +Seek D2D11

Chan 2 Hybrid Position

Error Signal F2J11

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

Trigger: External + C2J05 (+Out) .'...'--II

Mode: Alternate

Chan 1 -Shift C2B13

Chan 2 Desired Velocity C2D02

Voltage: 0.2 V/div Chan 1
20 ms/div Chan 2

Time: 1 ms/div
Trigger: Internal
Mode: Alternate

.II=='-=II1

(g
T

-IIilllIIi1
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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, E-B1B2, E-C1B2, or
E-D1B2). The data lines between the data
channel card and the common adapter are
contained in the dedicated cable (E-A1Ab,
E-B1A5, E-C1Ab5, or E-D1Ab). 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
lines in the disk enclosure cable (E-A1A2,
E-B1A2, E-C1A2, or E-D1A2). 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

o Read/write selection circuits

o Safety circuits

« C € € € (

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 voltage 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, E-B1A2,
E-C1A2, or E-D1A2).

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.

(

(

B

(
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Writing Data

The "write data’ line in the dedicated cable
enters a 4-bit shift register on the data channel
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
precompensation encoder where the bits are

Write Clock

The 2F write clock is generated on the servo 1 card
(E-A1E2, E-B1E2, E-C1E2, or E-D1E2) by a voltage
controlied 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
disk.

Detected
Servo Signal

]
)
]
]

HAO020 Servo Clock SS

encoded to a modified frequency modulation

5

(MFM) signal. This signal is sent through the
interface amplifier and then to the selected data

i
i
|
| 1 1
1 ] I
HA040  Counter 5 7 L [ L [
head. logic 2 card (E-A1D2, E-B1D2, E-C1D2, or " I 0 !
E-D1D2). Because one servo pulse is received HAO40  Oscillator Late | | i |
The precompensation encoder is used to for every 2 data bytes, the '1F write clock’ 'I ’l JI |
prevent timing errors that could occur because signal is connected to a divide-by-16 counter HAQ40  Oscillator Early . J t !
. . . . 1 i 1 I
of the high density of data on the disk surface, o it can be compared to the servo pulses. If HAOSO 1 Write Clock IV LA U

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 three clock puises, all at the 2F

The voltage controlled oscillator is controlled by HA040  Counter 4

the "-osc early’ and ‘-osc late’ lines from the

the write clock is too quick, 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

frequency. These pulses are 2F early, 2F on the disk.
time, and 2F late. The '2F early’ puise 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. - [ - e —— = - —— - -
I~ TYco7 —81z] [moe 1 1 H r -}
The precompensation encoder tests the 4 bits I | ! ! |
. : . . B13] Oscillator Late 1J07 l I .
in the shift register and, from the 16 possible [ 5 | ‘ i U 2F write | 11F write
combinations, determines if bit 3 should be I J05 [ 4| I Voltage | clock Divide Clock
. . . | Counter[ 3] Comparator, | | Controlled by 2
written to the disk on time, early, or late and | 2 Oscillator Early 1 Oscillator [G12 M10 Tu12
uses the correct 2F clock pulse to write the bit. Power On Delay_oio.g. (1] JOZL. o3 | | |
The write data is also sent to the read circuits r ! | | :
for diagnostic purposes. GO05 : | : : |
| 82
I S . 4 | e——— U L2
HHO040 HHO10 - HHO50
—— ——— = = ———
i | | |
l I I I
| D1 O% D06 | Servo Clock SS
| Dedicated | Servo I
l Servo : sDie:a:lted Servo | Clock ——)
| Preamplifier g L Detector Bq4
n .
| D11 lpos
I [ I !
L Disk Enclonre | L ___
HHO75 HHO020
N N SN N N PR P = e TN TN TN P P ’ - TN PN VRN ~ T PN AN SN N 2N RN S N U N
/ _ o — _ - N _ L - / _ N < . N N ~_ ~_ N N~ \\,/“ N4 h /// e S //
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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 1/0 lines.
There are two outputs from the interface

1
]
l
|
!
]
!
1
|
!
'
i
!
'
'
|
|
!
|
]

4

et e B R il Il B B ]

Center Taps

' '
)
amplifier. The first output, buffered analog data : T :
: ]
A and.buffered analog data B, supplies sample Write i Shift Ensod . : Head :
servo input to the servo 1 card. The second Data 1 Register neoder v, Chip 1 3 o
output is increased by an amplifier again on the | : ' ———3_ . |
data channel card and decoded as data and ! ! !
. L--------------ﬂ Actuator 2 '
control signals for the read clock. R ; — '
ead ! 1/0 Line A |
Data [ Interface ] ‘—_3 3 J
] Amplifier ]
! Actuator i
ReadC’OCk r—-----—----—_----1 ' 1/0 Line B Chlp2 ;—-1 4 '
: i I 1o :3 5 '
The read clock is generated by a voltage ' : ! Amplifier : : :
controlled oscillator on the data channel card. Control éus Control 1 : and [ . :"‘ 6 :
This is not the same voltage controlled ’ Bus : . Decode | ! 1 3~ 7
oscillator that generates the write clock. This : Interface i ' ! ! '
. . . . ]
voltage controlled oscillator is synchronized, in ' i ' Chip S 1 Chip3 | §— 8 '
frequency and phase, to the data read from the : ] ! —_—3__ 9 ]
disk. i Head ! ' () Chip Sel 2 | :
i Address | Decode Chip Sel 3 ‘ 3— 10 '
. ] Register : — . 1
There is a phase decoder that senses 1 ! " Head Sel A = Spare §
differences in phase between the oscillator and : : i Head Sel B :
the data, and increases or decreases the control " ' L [ !
voltage to the oscillator as needed. This TTT -c-z::.a.d-- -----H:lgss-- - --;2-(:-:---H;0;0- - L---T)".k-e------ “oe T
. . v . . . . r
oscillator is stopped by the ‘+servo inhibit VCO ar isk Enclosure HHO75
line during the sample servo area of the sector.
Output Lines Selected
Quick changes in operation can cause the Head Select Code Head Selected Chip Select | Head Select
voltage controlled oscillator to go out of 5000 5 : :‘; g ‘8 (B)
synchronfzatlon. Thf-: fast sync’ line is used to 0001 1 1 0 o 1 0
synchronize the oscillator. When the ‘fast sync’ 0010 2 1 0 O 0o 1
line is active, the oscillator is stopped. When 0011 3 1 0 O 101
the ‘fast sync’ line is reset, the voltage 0100 4 6 1t 0 o0 o0
controlled oscillator is started again in 0101 5 o 1 0 1o
h o ith th dd 0110 6 0] 1 0 0o 1
synchronijzation with the read data. 0111 7 0 1 0 11
1000 8 0 0 1 0o 0
The voltage controlled oscillator output is used 1001 9 o o0 1 1 0
by the data separator circuits (MFM decoder) to 1010 10 6 o 1 0 1
separate the read data from the signals received 101 " 0 o 1 LI
from the disk enclosure. The data is then sent
to the common adapter in synchronization with * There is no physical head 11, but this position is
the read clock. 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, E-B1, E-C1, or E-D1).

Write ID

Using the disk exerciser, set up the following
command:

+ Select write ID command.

+ Select drive A, B, C, or D.

+ Select O for number of sectors.

+ Select 0 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 A5D11

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

Chan 1 -Write A6D11
Chan 2 -Write Data A5B10

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

Chan 1 Actuator 1/0 Line A B2D05
Chan 2 -Write Data AbB10

Voltage: 50 mV/div Chan 1
0.2 V/div Chan 2
Time: 2 us/div
Trigger: External + ABD05 -Fast Sync
AC Input Chan 1
DC Input Chan 2

B
EEE
ELEE
EAR

||'—J n]l——,

] |
'II—J

LT
/]
==r=n ‘l.ﬂ

i

IIHEI R

i DEEE

|
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Write Data

Set up the same write command with a data pattern
of hex OOFF to observe the following:

. . . Chan 1 -Read A5D09
Using the disk exerciser, set up the following Chan 2 -Write A5D11

command: Chan 1 -Write ASD11

Chan 2 -Write Data A5B10

Voltage: 0.2 V/div
. Time: 5 us/div
» Select write data command. Trigger: External + D2513 -Index

DC Input

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

« Select drive A, B, C, or D.
« Select O for number of records.

« Select O for record number.

» Select hex 167 for cylinder number.

Chan 1 -Write ASD11
« Select O for head number. Chan 2 -Write Data A5B10

D | i . Volitage: 0.2 V/div
Select data field 1 et
Trigger: External + D2S13 -Index
» Set up a data pattern of hex 0000 in data DC Input
field 1.

ERESKERTE

BT T o =1 NP

Write Data = hex 00F F ——————————

Write Sync Bit 'Write CRC

 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. Set up the same write command but select 1 for the

number of records and set up a data pattern of hex
O0FF to observe the following:

Chan 1 -Write A5D11
Chan 2 -Write Data A5B10

B |
N U
| ! i M—. Voltage: 0.2 V/div
i | it
¢“.M¢+H-¢Lu‘+u¢..:.a»u—.¢n—f—o+f_ rfTHf Time: 100 us/div
i i Trigger: External + D2S13 -Index
DC Input
.) L Write Data = hex 00 )
Write Sync Bit! Write CRC
With X 10 magnification (time), the above can be l._ DataA ? Data ...l

Chan 1 -Write A5D11 With X10 magnification, the writing of data can be
Chan 2 Actuator 1/O Line B2D05 observed. The waveshape here shows the zeros
being written after data record 1 and before data
record 2.

seen. Record Recor(\
\ i | 2

Voltage: 0.2 V/div Chan 1
60 mV/div Chan 2
Time: 5 us/div
Trigger: External + D2513 -Index
DC Input Chan 1
AC Input Chan 2
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Read Waveshapes

The following read waveshapes were taken with
a X10 grounded probe on the disk drive board

(E-A1, E-B1, E-C1, or E-D1), unless otherwise Chan 1 -Read A5D09
indicated. Chan 2 -Fast Sync A5D05

Chan 1 +Read Data A5B08
Chan 2 -Sync Bit Found A-A2C2U09

Voltage: 0.2 V/div

Time: 2 ps/div

Trigger: External + AD09 -Read
DC Input

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

Read ID

Using the disk exerciser, set up the following
command:

» Select read ID command.

- Select drive A, B, C, or D.

» Select O for number of sectors.

« Select O for sector number. Chan 1 +Read Data A5B08

Chan 2 High Level Diff Analog Signal B2D13

Chan 1 -Fast Sync A5D05

Chan 2 Read Clock A5D10
« Select hex 167 for cylinder number. an @

Voltage: 0.2 V/div Voltage: 0.2 V/div

« Select O for head number. Time: 5 us/div Time: 1 us/div ‘

Trigger: External + A5D09 -Read Trigger: External + A-A2C2U09 -Sync Bit Found
« Select the scope loop option to execute the DC Input DC Input

command.

The following waveforms will be observed if the | —
read circuits are working correctly and there are i ; T
no servo problems. i ; %
Note: The '+read data’ line waveshape shows
an ID field of hex 00000167. If the sector is .
defective, the waveshape will be different. Fast sync cause.s read clock tf) stop and synchronize

to the zeros written on the disk. .

Chan 2 +Read Data A5B08

Voltage: 0.2 V/div ..

|

Trigger: External + A5D09 -Read -

W

S —
T =l=IIE=
LDa'(a =00's |- | .I .l
ID Field ID CRC
Sync Bit 4 Bytes 2 Bytes
~ EN =~ TN ~ ~ PN TN - 3 N ™~ RN 27N ™~ N X ~ A - 4 N ™ > ™ h - a \ \ ‘ = 4 \X\
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Read Data

Using the disk exerciser, set up the following
commands:

« To write a known data pattern:

Select write data command.

Select drive A, B, C, or D.

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
« To read the data: Chan 2 +Read Data A5B08
— Select read data command.
Select drive A, B, C, or D.
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.
Select the scope loop option to execute
the command.

Voltage: 0.2 V/div
Time: 100 us/div

DC Input

[

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;

Sync Bit | Sync Bit
ID Field

With X 10 magnification, the ID field and hex O0FF
data pattern can be seen.

Trigger: External + D2513 -Index

(

(

Sync Bit

Data Record 2: 256 Bytes + CRC

Chan 1 -Read A5D09
Chan 2 -Fast Sync A5D05

Voltage: 0.2 V/div

Time: 100 us/div

Trigger: External + D2S13 -Index
DC Input

i

—
—

.
I

Fast Sync  Pulses

Chan 1 -Sync Bit Found A-A2C2U09
Chan 2 +Read Data A6B08

Voltage: 0.2 V/div

Time: 100 us/div

Trigger: External + D2S13 -Index
DC input

't
H
i3
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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 on
disk drives A and B causes contactor K2 to pick,
which supplies AC power to the disk drive motors
A and B. If disk drives A and B are both installed,
the ‘brake applied’ line must be reset on both
drives before AC power is supplied to drives A
and B. Resetting the ‘brake applied’ line on
disk drives C and D causes contactor K4 to

pick, which supplies AC power to disk drive
motors C and D. If disk drives C and D are

both installed, the ‘brake applied’ line must be
reset on both drives before AC power is
supplied to drives C and D. 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.

@ 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 SS’ 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.

@ The 'seek complete latch is reset at the
start of the recalibrate operation and is
set again when the recalibrate operation is
complete.

@ 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
HHO020

HHO044
HHO44
HHO044
HHO44
HHO40
HHO044
HHO044
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
D2M07
C2D06

o)

<—— 20 seC ——>

(¢

) )
\\\; 1/W \
N N
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Emergency Power Off 'F_'{Efd_ ——————
. " |
If any AC or DC voltage goes out of its Power Switch GO2 & +24 V e = PO2 _power On Delay
tolerance, the power supply resets the ‘power (operator panel) = Delay ?—“
good’ line and all AC and DC voltages are ———/—-l | 1
removed from the disk drive. ] HHO020 |
K1 .DC Power | +24 V : =
If the disk drive senses sfpecific errors, the AC Input : fupgline: —Power Good } — P09 -Power Good Delayed
heads are moved to the inner stop, and the EE— } —o— ‘;"', esA G10f ilters
’ . P . . rives
brake applied’ line is set, which resets the 4 and B | :
brake coil driver, and the brake is applied. The | I |
"brake applied’ line also causes the AC power 1105
to be removed from the disk drive motors. The 'l,[’_zﬁ‘ﬂ_________ ——————e—— e
DC voltages are not removed because of these [-— OR Brake Applied 1 1
errors. The 'brake applied’ line is set if: Drive B or | |
K2 Jumper ] OR |
« The disk is not at the correct speed when : Drive A a1t = :
the "power on delay’ line is reset. $—o | -9 Motor - i |
4 . +Brake ' Brake Applied 1
Drive B . Latch
« Servo signals are not received from the disk Motor Applied | S— S FL| '
| From to System I @— Driver |
. Cooling -Reset Error P13 |
« The write clock controls cannot synchronize L—‘) Fans icc)’mmon ’——H OR R |
to the servo signals. apter ] roas :
F2 Card The ’-reset error’ : Driver |
For more information, see Disk Drive Sensed r—_—_——-——l 'i:e will be set by 1 :
. . . . Go2 | +2av | the ‘system power 1
Errors later in this section. l(?::;ertsown;c:e” : 17-Sec 1PO2 _power On Delay on reset’ line NI Y W |
rator pa '—-
| Delay | PO7 G10
—_— __l +Brake
l HH020 = Applied Brake
Coil
K1 DC Power | +24 V : =
] Supplies .
AC Input R - ] P -Power Good Delayed
ALALLLIPY | @—e@— for Disk Power Good g Filters e » 24 v
1 Drives C G10 I |
4 and D [}
R |
D2 Card M09
OR Brake Applied r -}
Drive D or | |
Ka Jumper : OR i
|
] Drive C
: Motor G £| |
£ ; +Brake Brake Applied |
Drive D R ' Latch |
Motor Applied | S._ s FL| |
From to System | @—1 Driver |
Cooling -Reset Error P13 |
Fans Common ’————LN R ]
i OR
Adapter i ron |
HO048 1
The ‘-reset error’ | Driver |
line will be set by : |
the ‘system power i |
on reset’ line I YNy W |
PQ7 G10
+Brake
Applied Brake
Coil
+24 'V
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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 0, set
cylinder number to 0
and perform the seek

?

Execute a one-record
read operation without
interrupts

Data
moved to control
processor

Yes

Any errors

IPL still active

64 records read

IPL still active

IPL complete

————ﬁ —

Increase record/
sector number

b s —— — — — — — — — — —— — — — ]

by 1
\ AN TN ™ P
/ \V/'/‘ N ‘ N

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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(

(

HAOQ01
HAOQ001
HAO025
HAO001
HA050

HA050

HHO30
HHO30

HHO35

« C «(

CSIPL Cycle
IPL
Block Processor Clock

Disk Burst Mode

(

(

CA Burst Mode

Request In

ID Compare

Control Sample

Control Bus (valid)

Disk Interrupt

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

—
—

Read Data Record from Disk —————%

(

(
7

C C(

(

( C «(

C (

(

C € € €«

5 R | (S S — ST D e SESRRN
§ w6 e I 2 = & -
C = € ¢ - £ (— - g ¢ -
! The first 256 bytes are The second 256 bytes are
moved to control storage { moved to control storage
C 3 | C C {1 B ¢ ] £ ¢ |
) = 3 ) ) ) Y
C = g S m o m I C .
7 The common adapter ’ LR ) y
begins comparing IDs  ID Hit ID Hit ] ID Hit ID Hit
([ 8 | ( (,_.- { (,_- .|
’ Read data Read data * 7 Read data Read data
record 1 record 2 record 1 record 2
() i . { (f N f) f) R (’ l) 8

An ID hit occurs An ID hit occurs for

An ID hit occurs \ An ID hit occurs for

.._-._.5

{
)

Control Bus = 00 00

s

for sector 1. sector 7 and the

common adapter reads

for sector 0. The sector 0. The com-
common adapter mon adapter reads

)

J

C
¥

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.

]_j )

—Emem ¢ (s C reads data record 1 data record 2 of that data record 2 of that
of that sector into sector into buffer sector into buffer
r buffer storage. storage. storage. After this
») S—‘—'_—‘t data has been moved
r—— to control storage,
L An interrupt from One disk revolution Twelve more data CSIPL is reset.
the disk indicating seek occurs between read- records are read

complete will occur. from the disk and
moved to control

storage.

ing.the 256-byte data

records from the disk.
The disk drive performs

L { aseek to cylinder 0 and
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.

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

62PC Disk Drive and Attachment
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Command Bus In

The command bus in is used by the channel
adapter during data cycle steal and during 1/0
operations. The meaning of the command bus
in during data cycle steal is:

Bit O Increase the cycle steal data
storage address.

Bit 0=0 Do not increase the
storage address.

Bit 0=1 Increase the storage
address by 1.

Bit 1 Direction of the data cycle steal.

Bit 1=0 Move data from the
disk attachment to
the control
processor.

Bit 1=1 Move data from the
control processor to
the disk attachment.

Bit 4  Main or control storage select for
the data cycle steal.

Bit 4=0 Main storage.

Bit 4=1 Control storage.

The meaning of the command bus in during 1/0
operations is:

Bit 4  Jump condition met for jump on
1/0 commands, and do not check
for parity on the data bus in for
1/0 sense and 1/0 control sense
commands.

Bit 5 Data bus out parity check.
Command bus in bits 2 and 3 are not powered

by the disk attachment, and both should be
zero for 62PC disk cycle steal and 1/0

operations.
AR TN N TN P Pain T
e e N S

Common
Adapter

Burst Mode .
Burst Mode Latch
T—— A s L
R
HAOQ01
Block Processor Clock
BPC Latch
FL
Tag Bus (0-3, P) S—‘ s
S5Hr
PC CBI Bit 0
HA025 - A
HA060
Tag Bit 0 HA025
Tag Bit 1 A
. CBI Bit 1
Request In & A
TP
Count HA025
FF HA020 Channel
SHT
Control S— R OR
Storage Latch
PH e HA025 CBI Bit4
b OR
$co OR
HAO025
HA010 HA001 :gz Z
10S 6 OR
A
B Jump Condition Met
HAO01 HAO10 HAO035
CBI Bit5
A
HAO010 s_L Service In
Strobe
Data Bus Out
CSIPL Cycle
CSIPL Diskette
Channel Adapter e
) ™ 2 o ™ N 2N 4 TN N ol TN TN e
4 e 7 . N N N N .

13-60



( ¢ € € ( ( C C C CC et cccceceaoc

This page intentionally left blank.

62PC Disk Drive and Attachment 13-61



13-62

COMMANDS

I/0 Load Command—I1/0 Control
Load Command

These commands send diagnostic, interrupt, TIT

T|IT|IT|T|T TIT|T|T T

and operation control information from the CPU 0/1|2|3|3|3|3———|4]|5]6]|6 0
control processor to the attachment. The Clock A|B|E E
commands are used to set up and start disk clclcicleclclclclciclc cl|C ci|icjcijcjcicici|c
operations, and to move interrupt control and Port olojlolololololololol1l1l1l1l1lalalalatlalal1l1lo]o
diagnostic control information to the channel Clock ololololo|3|7|FlEl6]|2]0]|8 9|3 Ele |7|F|E[6]|2]|0
adapter. Combinations of 1/0 load and 1/0 Line Name FSL Page
control load commands are used to perform CBO (valid) HAO010
common adapter commands. DBO (valid) HA010

Control Out HA010
WTCH and WTCL |/0 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 HAO010

CBO, DBO Sample HA010 | o [ | |

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

cE-=-o=
g8 U n
Function -:

I Decode

F3=7=74 =FS=

RN

PC542

10,0:,0,0H+1
+=Fk—q 4
[ il

1

Data
Buffer

PC502

DA
0-3

(

| Send Data Byte to Attachment

(

« (

« (

DBO

Device
Address
Hit

Bits 0 and 4 on at

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

adapter.

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 o0
(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
Reset Channel
Busy Latch
1 0 0 0
Load Channel - Set/reset Set/resetdiagnos- | 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 | request in request out strobe in burst mode parity clock

1 0 1 1
Set Data
Pending Latch

1 1 0 0
Reset Data
Pending Latch

*See Common Adapter Commands later in this section.
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1/0 Sense Command—I1/0 Control RDCH and RDCL 1/0 storage comm:nds al\re .y TITITITITITIT TITITIT T
decoded as I0S commands by the channe ol1l213l313]3 4l5l6|6 ——{0
Sense Command adapter and are also used to sense the file Clock AlBIE E
ontrol block.
These commands are used to move 1 byte of contro Port c|eiciciciciciciciciciccic)c cicjejcjcicicic
control, error, or diagnostic information from Clock 0100101010100 /0]010101010 111111111111 /1111010
the attachment to the control processor. - 0j0J0]0 9 317 F E[6]7]FIEI6)2 8191317 F : 2 ,.0
Commands that sense information from the Line Na"','e ESL Page
common adapter must be preceded by an IOCL ggg (Valll':l) Hﬁmg
O to load the channel adapter tag register. c (vla(; ) HAglo
Sense information from the common adapter or Son':)ro ut HAOTO
the channel adapter is sent to the control Dtro. e v HA010
processor on the DBI. S:rvvli((::z |rl1t HADTO
I Service Out HA010
Channel Select Attachment I
| ' DBI (valid) HA070 [ |
Sys Bus Out L I Mod I
ys Bus Out Low X
c=-= :__:.n I 47 !
: e 4 : CcCB
{ Function | DBO
Decode |
L________, F===1 | Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
M 11 Tolo 17071 3 4 5 6
I—1—1- i—l—o—fa-l h 1+1—+-1| 0 0 0 1
Ld_basy il I Sense FCB Low File control block low byte
Byte* ‘
PC542 0 i ____2 - _CBO 0 0 3 0
| Sense FCB High File control block high byte
l Byte*
0. ! . 0 0 1L4 data pending | Channel busy Storage select 1L4 request 1L4 enable FCB load retry
I Diagnostic Sense 2 .
Data | latch latch latch pending latch latch latch
Buffer 0 1 0 1 Common adapter
r--—-- Port Data | DA ) ) ¢
1 Bus Out | 0-3 Device Channel Adapter Adapter check Overrun check DBO parity check | Tag parity check | data bus parity Interface error
b:_——_—__-_.—._-__-.“: - Address Check Status check
| | | Hit 0 1 1 0 . .
I I Diagnostic: Sense 1 Request out Acknow'ledge Strobe out Block processor Diagnostic mode
I I I request in clock latch
I | | 1 0 0 1
| (same as 0001)* File control block high byte
— |
PC502 | 1 0 1 0
| (same as 0010)* File control block low byte
| 11 0 0 0 O
| 1/0 Sense Tag Register Tag byte
Control
I Sense 1 0 0 0
Sense Data In Data buffer high byte
I Buffer High Byte
| 1 0 0 1
Sense Data In Data buffer low byte
| Buffer Low Byte
I DBI
| Send Data Byte to Channel
*See Common Adapter Commands later in this section.
2 % AN, P N N P TN TN N TN N = P / N p TN ,. ~ / >, ~ ST N ™~

|
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Sense Interrupt Level Status Byte

Command
This command tests all devices on the system CPU T{TITIT|T|T|T TIT|T(T T
to determine which device is requesting an Clock 01112(3]3|3|3 4(5(6 |6 — 0
interrupt for a specific interrupt level. If the A|B|E E
SILSB is for interrupt level 4, and if the disk Port c|cicicjcjcicjcicjcjcijcjcijcjcicicicic C ci|C c|C|C
attachment is requesting an interrupt, DBI bit 7 Clock o/jojojojojoj0|jOjO|O|O|OjO|O(OfOjOJO T (1|1 |1]1)1|1]|]1]1|0]0
will be active. Other data bus bits are set if 0|0|0|0|9|3|7|F|E|6|7|F|E|6|7|F|E|6 81913 F|E 2|0
other 1/0 devices are requesting an interrupt. Line Name FSL Page 1

CBO (valid) HA010

DBO (valid) HAO010

Control Out HAO010

Strobe HA010

Interrupt Hit™ HAO010

Service In HAO010

Service Out HAO010

Multidevice Response HAO010

DBI (bit 7 valid)* HA070

CBI (bit 4 valid)* HA025

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

| Select Attachment Send Status Byte to Channel
|
Sys Bus Out Low '
coo—=3 |
8 7 1 |
| Function | : GE073
| Decode | |
b= 4 gpo== SILSB
5= s =5
[0 1110 T1 —=i 0_' OT 11 | (sense interrupt level
—— b l#é"--' | status byte)
PC542 0 1 2 ' 0
i CBO 0
o 0
| 1
2
| DBI
Data I
Buffer Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7
——=—q PortData | 0
______ | L BusOut | 03 1 Interrupt Request
2: _______ - ] r————- l 0 X (interruppt level 4) (other devices) Disk attachment
| I 0
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Jump on I/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.

CPU T(T|IT|T|T|T|T T(T|T|T
Clock 01123333 415/6 |6 ——————
A|{B|E ] E
Port cjcjc|c|cicjcjcicicicic|cicic C c|C c|C|C
Clock o|ojojojofojojo|OjO|O|OjOjO|1|T1|{1|1|1|1]|1]1]|1]0
0|0(0|0|9|3|7|F|E|6|7|F|E|6]|2]|0|8]|9]|3 F|E|6]2
Line Name FSL Page
CBO (valid) HAO010
DBO (valid) HAO010
Control Out HAO010
Strobe HA010
Device Hit HA010
Service In HAO010
Service Out HA010
CBI (bit 4 valid) * HAO025 111

*Active only if the jump condition is met.

I
Channel |
I
Sys Bus Qut Low |
| soememnginmgiasing | I
o 3 |
r Op Code | I
N p—
F 5T, —l T
a0y _.l Ho 1
]
PC542 0 L,_____z___ _CBO
l
Data l
Buffer I
m==" |
I ] |
I | Port DBO |
# == —=—==1l Fo=o—
I | |
i!
e d I
PC502 E
AN N TN TN R TN TN >\ T AT TN ~

Select Attachment

Mod 4-7

Error Condition

Overrun check

DBO parity check

Tag in parity check

CA data bus
parity check

CCB
5 6 Condition Tested
0 0 | Adapter check
Jump 1 1 | (not) channel busy latch
on I/0
Condition 1 0 0 | (not) channel busy latch;
set channel busy latch
0 1 0 1 | IL4 data pending latch set
0 1 1 0 | FCB load retry latch set

DA 0-3

Device
Address
Hit

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 9 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 executed.
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.

C € (

Channel

Sys Bus Out Low

8 1 11
J—-n—-ﬂ
o|lojo]o

Data
Buffer

Data Bus Out

« ( € €«

Channel Adapter

Send Data Byte
to Attachment

Modifier
4-7

ccB
0 1 2{3 4 5 6
10 0]0 1 01
1/0 Load Tag
Load Register and
Transfer to
Common
Adapter
Disk
Device
Address
I Hit

C (

Cc C C C C € C(

Channel Adapter
Data Out Buffer

High Byte

Low Byte

Tag
Register

0

15

Common Adapter

Common Adapter
Data Bus

—I—————>

Tag Bus

Tag Byte
01234567 Command Description
11TYY1100 Adapter start
1T1TYY1101 Force end of operation
1T1YY1110 Reset selected disk
11001111 Reset common adapter

YY = 00 for disk drive A

YY = 01 for disk drive B

YY = 10 for disk drive C

YY = 11 for disk drive D
/
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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
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
and sets the strobe out’ line active for 200
nanoseconds. The request out’ line then
becomes not active, followed by the
acknowledge request out’ line.

Channel

Sys Bus Out Low

8 111

Function
Decode

Data
Buffer

Data Bus Out

DA
0-3

Channel Adapter

Channel Adapter
Data Out Buffer

I
I
I
I
High Byte 0 l
I
|
8 ______
Send Data Byte Low Byte l
to Attachment I
DBO 0-7 I
15
Modifier |
4-7 I
ccB ccB |
0 1 2|3 4 56 Tag
10000 01 Register |
1/0 Load File |
Load Control |
Block
Low Byte I
10 01 |
(same as I
0001) |
I
I
- I
Disk I
Device
Address |
Hit |
I
I
I
I
|
AN T TN 2N TN
~ \ 5’

Common Adapter

Common Adapter
Data Bus

Tag Byte
01234567 Command Description Data Bus
01YYOO0O0O Load file control block word 0 File control
01YYOOO1 1 block word
01TYYO0OO010 2 to be loaded
01YYO0OO0T11 3
01YYO0O100 4
01YYO0101 5
01YYO0O110 6
0O1TYyYy o111 7
01TYY 1000 8
01TYY 1001 9
01YY 1010 10
01YY1011 11
01TYY1T100 12
0O01YY1T101 13
01TYY1T110 14
O1TYY1T111 15
11T0X1000 Load diagnostic word 1 Diagnostic
1T1T0X1001 Load diagnostic word 2 word

YY = 00 for disk drive A

YY = 01 for disk drive B

YY = 10 for disk drive C

YY = 11 for disk drive D

X = Don’t care

13-68



( ( C CCCcCCCCc e ccccccccccceccd

Load FCB Command

State Count Changed by the State
Following Conditions Clock | Count | State CPU T(T|T|T|T|T|T T|IT|T(T T
0(112|3|3|3|3——14|5|6(6 0
Clock
000 Idle, waiting for a A|B|E E
command Port cijc|c|c|cjci|c|cjcici|c ci|c|C c|Cc c|c c|C|C
Clock o|ojofofojofofo|ojOf1(1|1{1|{1|1]1|1]|1|1}|1]|1{1|0]0O
The ‘request out’ line is active. - (0]0):1 0/0[0/019|3|7|F|E[6)2 3|7|F E F : _6 210
001 Time delay Line Name FSL Page . 1
CBO (valid) HA010
The ‘strobe out’ line is active and - BO1 DBO (valid) HAOQ10
the ‘tag bus’ lines = write FCB, 101 Waiting for the Control Out HA010
next T4 Strobe HAO010
Device Hit HAO010
Wait for T4. T4 11 Service In HA010
111 Requesting an FCB Service Out ‘ HA010
cycle CBO, DBO Sample HAO010
Tag Bus (valid) HA060
FCB cycle is active on T8 11X Request Out HA050
the channel interface. 110 Performing a write Acknowledge Request Out HA050
FCB cycle Strobe Out HA050 oy See note
Common Adapter Data Bus (valid) HA040
FCB cycle is complete, T8 X10 Data Buffer Storage Cycle Request -
010 Waiting Data Buffer Storage Cycle —
End of load FCB command. Data T9 0XO0 Note: These seven lines show timings that are in the common adapter and are not referenced to the CPU clocks or port clocks.
transmission is complete. 000 End of command
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Common Adapter Commands
(continued)

For an 10S sense file control block or diagnostic

word comm'an.d, the channel adapter sets the Channel Channel Adapter Common Adapter
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 Sys Bus Out Low
found the requested data, it puts the data on
the common adapter data bus and the 8 1"
acknowledge request out’ line is set. This is
followed by a 200-nanosecond <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>