HP 2870A MOVING HEAD DISC DRIVE

HP 2871A DISC CONTROLLER

HEWLETT \hp; PACKARD

DIGITAL COMPUTERS

HP 12557A DISC iNTERFACE KIT

VERSATILE MASS STORAGE FOR HP COMPUTERS

FEATURES

DUAL STORAGE MEDIA
USES REMOVABLE CARTRIDGE PLUS FIXED DISC

LARGE CAPACITY
PROVIDES STORAGE FOR 1.2 MILLION WORDS (16-BIT),
EXPANDABLE TO 4.8 MILLION

NO DUST PROBLEM
ELIMINATES ENVIRONMENTAL CONTAMINATION WITH AN
“ABSOLUTE” AIR FILTRATION SYSTEM

DATA PROTECTION
PROVIDES FILE PROTECT AND SAFETY SENSING

DEPENDABILITY
ENSURES RELIABILITY THROUGH MECHANICAL SIMPLICITY

DESCRIPTION

This disc memory system provides low-cost,
random-access mass storage for HP computing
systems.

Each Drive has a removable disc in combination
with a fixed disc; together they store 1.2 million
words of information. Both discs are served by the
same moving head mechanism. The removable disc
is permanently enclosed in a cartridge for pro-
tection against contamination and damage.

In a typical operating situation, a user has the flex-
ibility of utilizing the cartridge as a removable
medium for file storage while using the fixed disc
for on-line storage of programs and data. The disc
controller allows user-controlled file protection for
individual cylinders.

Hewlett-Packard provides full software support for
the Cartridge Disc Memory. |/O drivers are avail-
able for HP disc operating and real-time systems.
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This diagnostic test program for the 1IP2100 serics computers confirms proper output,

input and cont:ol_functions for the Cartridge Disc Memory.

Rapid checkout of the controller is provided in addition to exhaustive testing of
the drive. The test operator may choose to run under the default mode or define his
own tests with teletype and switch register options. ~ Provision is made for checkout

of up to four drives serially. Interaction between drives may also be tested.

HARDWARE CONTFIGURATION

This diagnostic progranm is,Written for an HP2100 series computer with DMA and at
least 8192 words of core. The Cartridge Disc Memory has threce parts; the HP2870A
moving head disc drive, the HP2871A disc controller and the HP12849A Disc Interface

Kit. A teletype is required.

OPERATION
The diagnostic requires a configured SIO driver for the teletype. Figure 1 shows
‘the select codes necessary for configuring the diagnostic. Following configuration,

the disc is tested according to the options found in Figure 2.

1f an error occurs, the program will report the error on the teletype, then halt

with the error condition displayed in the A-register.

Unexpected interrupts form a special class of errors. No message is reported on
the teletype. The trap location contains 1060XXB where XX is equal to the trap
location. Analysis of thesc errors is beyond the scope of this diagnostic. No

recovery mechanism is provided.



SWITCH REGISTER

15 14 131211109876 543214

BITS

#-5 Select code for the I/0 chahnel containing the teletype

6-11 Select code for the I/0 channel containing the data interface for the
disc. | N

12-15 Spares

Figure 1. SWITCH REGISTER CHARACTERISTICS DURING CONFIGURATION



SWITCH REGISTER

15 14 1312111 9876543214

BITS

10
11
12
13
14

15

Figure 2.

Spare

1f
1f
1£
If
If
If
If
If
or
If
1f
If
If
If
If

If

set

set

set

set

set

set

set

set

to one,
to one,
to one,
to one,
to one,
td one,

to one,

multiple drives are to be tested.

alter cylinder table and/or pattern table.
execute operator design program.

and bit 9 set to one, execute write address test.
shorten test in section two and section three.
restrict cylinder selection;

repeat last section.

to zero, machine is a 2116. If set to one, machine is a 2115

a 2114,

set

set

set

set

set

set

set

to one,
to one,
to one,
to one,
to one,

to one,

to one,

SWITCH REGISTER

halt at end of test.

all non-error messages for the teletype will be suﬁpressed.
all messages for the teletype will be suppressed.

halt after each section of the program.

loop on last operation.

program will halt after each error.

program will come to an orderly halt.

CHARACTERISTICS FOLLOWING CONFIGURATION.
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PROGRAM ORGANIZATION

Figure 3 is a flow chart of the diagnostic subroytines and their execution sequence.

Each diagnostic subprogram is briefly described.

SUBROUTINE DESCRIPTION

INIT ' This program initializes each I/0 instruction. The I/0

channels are obtained from the switch register.

START  This program initializes variables and performs preliminary
checks.
BI/O o Tests the ability to set and clear flags and control bits,

and test interrupt operation of the teletype and the disc.

WRAD Initializes disc pack and tests UNLOCK and OVERRIDE switches.

S1 Tests most controller functions by means of short reads and
writes:

S2 Writes and reads back patterns checking for bad packs or

© marginal heads.

S3 ¢rites and reads back random data to check seek and data

transfer operations.

s ) Fills pack full of checkstified data for S5.



SUBROUTINE DESCRIPTION

55 Reads one sector after random seek and checks checksum.
S6 Runs multiple unit test if at least two units are present.
OPDSN This program allows the operator to design his own test

and then execute it. Table 1 lists the instructions and

Appendix 1 contains the'operating procedure.



OPERATING INSTRUCTIONS (Continued)

0. The cycle count is incremented and then reported on the teletype. Step K is

entered next.



ERROR ANALYSIS

All messages to the operatof’typed on fhe teletype are prefixed by a letter and
a number. If.the letter is an H, the message is an operating instruction or

comment, If the letter is an E, the message is an error condition. The number
prefix is the condition code. This code will appear in the A-register. If the

message 1s an error message and bit 14 of the switch register is set,

Table 2 contains the program messages by code.



Table 1

“OPERATOR INSTRUCTION LIST

Instruction

ARIZ[CCC][, [Hj [,SS]]] '

CB l: [XXXX] [,Yyﬂ

CD [,XXXX]

DB E[XXXX][, [XXXXXX] [,cﬂ]

Function
Address Record. This instruction sets up the
RAR, Default condition sets RAR to zero.

(CCC=cylinder, H=head, SS=sector).

Compare Buffers., The indicated number of
words of the write buffer are compared with
the read buffer. Default case is 128 words
and 1 error printout. (XXXX=word count).

(YYYY=allowed number of error printouts)

Check Data. A cyclic check of disc data is
done on the number of sectors implied by
this instruction's word count. First sector
checked is that one currently addressed by the
RAR, Default case checks 128 words,

(XXXX=word count).

Define Buffer. The write buffer has the indi-
cated number of words filled with the indicated
pattern, Default case fillé 128 words. Default
pattern causes each word to be random. |
(XXXX=word count, XXXXXX=pattern words in octal.
If C is present and pattern is not random, the

pattern is complemented in successive words.



Table 1. Operator Instruction List tContinued)

Instruction

DS E[CCC] E [ [,Ssﬂ]

EN [,LL]

GO,LL

HT [,XXXXXX]

m[, [XXXX] [,lg.]] |

Function

Decrement Seek., This instruction will do an

‘initial seek to the location specified in this

instruction, and will decrement the cylinder by

1 each.time it is executed until it reaches
cylinder zero. Following cylinder 0, it will seek
to cylinder 202. Default condition sets RAR

to cylinder 202, head 0 and sector 0.

Erase Entry. Last instruction entered by operator

is erased,

End. Terminates instruction entry. The label
portion of this instruction is the start address.
In the default case, the program will execute

from the first instruction (LL=label).
GOTO. Go to label (LL=label).

Halt. This instruction halts and displays
value in A-register. Zero is displayed in

the default case, (XXXXXX=display value in octal).

Initialize Data. This instruction requires

that the override switch be ON to allow access

to the sector address words on the disk. This

" command results in the contents of the record

address register being placed in the sector
the RAR currently references. If the defective

cylinder indication (D) is added to this instruc-



Table 1. Operator Instruction List (Continued)

tion, the sector is tagged defective. If the
‘protect cylinder indication (P) is added to
this instruction, the sector is tagged as
protected. This process is repeated on as
many sectors as the word count allows, The
default case writes 3072 words. (XXXX=word

count) .,

IS[;[CCC] EIH][,SéiU Incremental Seck. This insﬁruction will do an
. initial seek to the location specified in this
instruction and will increment the cylinder by 1
each time it is executed until it reaches cylinder
202, 'Following cylinder 202 it will seek to

cylinder 0, Default condition sets RAR to zero,.
LB,LL o Label, Define location of labél. (LL=Label).

RD[,XXXX] Read Data., Transfer the number of words indi-
cated from the disc to the recad buffer. Loca-
tion on disc is determined by RAR, Default

case is 128 words. (XXXX=word count).

RR : Refine Record. A tunnel erase is performed on
the sector currently contained in the RAR

address.



Table 1. Operator Instruction List (Continued)

Instruction ’ Function
RS ' Random Seek. This command will cause a

random cylinder-head-sector combination to
be generated and then will seek to the random

location.

SC[,XXXXXX] |  Status Check. Hardware status is compared
| againét expected status. If the status does
not compafe, an error is prihted. Default
status is zero,

(XXXXXX=expected status in octal).

Sh,X Select Drive. Indicated drive is selected.

(X=drive number; 0 £X £3).

>SR[Z[CCC][E[H][,S§i1] | Seek Record. This iﬁstruction'sets up the
' ' RAR, A seek is then performed to the disc
location defined by the RAR. Default condi-
tion sets RAR to zero, (CCCécylinder, fl=head,

SS=sector).

WD [,XXXX] Write Data, Transfer indicated number of words
from write buffer to disc. Location on disc is
determined by RAR, Default case is 128 words.

(XXXX=word count).



- Table 2

Condition Code

Message

WITH FLAG CLEAR -
DATA

| T-Register A-Register Test Description
1¢63XX - - - (None) Trap cell interrupt.
P = memory address
when interrunted,
XX=trap cell location.
------ HY CARTRIDGE DISC | Preample.
MEMORY DIAGNOSTIC
132041 El PLEASE DISABLE Precaution.
~ LOADER |
142991 E2 CLF DID NOI CLEAR Test the ability to
’ FLAG OR SFS CAUSED clear the teletype
SKIP WITH FLAG flag and test the
CLEAR - TELETYPE SFS instruction.
192041 E3 SFC DID NOT SKIP Test the ability
WITH FLAG CLEAR- of the SFC
TELETYPE ' instruction.
142841 E4 STF DID NOT SET Test the ability
FLAG, OR SFC CAUSED “to set the teletype
SKIP WITH FLAG flag and test the
SET ~ TELETYPE SFC instruction
1g2¢¢1 ES SFS DID NOT SKIP Test the SFS instruc-
WITH FLAG SET-TELETYPE tion,
102041 E6 NO INTERRUPT ON Test the interrupt
TELETYPE ¢apability.
102091 L7 INCORRECT RETURN Test the return ad-
ADDRESS-TELETYPE dress that was placed
' ' in the trap cell,
142081 E1¢ CLF DID NOT CLEAR Test the ébility
FLAG OR SFS CAUSED to clear the data
SKIP WITH FLAG channel flag and
CLEAR - DATA test the SFS instruc-
tion.
192091 E11 SFC DID NOT SKIP Test the ability of

of the SFC instruc-
tion.



T-Register

192¢91

192901
192041

192¢¢1

192081

1¢2801
192891
102081

192991

102091

- o= o -

Condition Code.
A-Register

E12

E13
El4

E15

El6

E17

E20

E21
E22

E23

H24

H25

Table 2 - Continued

Message
n———————

STF DID NOT SET
FLAG, OR SFC CAUSED
SKIP WITH FLAG
SET-DATA

SFS DID NOT SKIP
WITH FLAG SET-DATA

NO INTERRUPT ON
DATA CHANNEL

INCORRECT RETURN
ADDRESS-DATA

CLF DID NOT CLEAR
FLAG OR SFS CAUSED
SKIP WITI FLAG CLEAR
- COMMAND

SFC DID NOT SKIP
WITH FLAG CLEAR -
COMMAND

STF DID NOT SET FLAG,
OR SFC CAUSED SKIP
WITH FLAG SET - COMMAND

SES DID NOT SKIP
WITH FLAG SET-COMMAND

NO INTERRUPT ON
COMMAND CHANNEL

INCORRECT RETURN
ADDRESS~COMMAND

CYLINDER TABLE,
XXX, XXX, XXX, XXX, XXX,

JXXX, XXX, XXX, XXX

DO YOU WISH TO
CHANGE TABLE?

Test Description

Test the ability to
set the teletype
flag and test the
SFC instruction.

Test the SFS instruc-
tion.

Test the interrupt
capability.

Test the return
address that was
placed in the trap
cell,

Test the ability
to clear the command
channel flag.

Test the abiiity
of the SFC instruc-
tion.

Test the ability to
set the teletype
flag and test SFC
instruction.

Test the SES instruc-
tion.

Test the interrupt
capability.

Test the return
address that was
placed in the trap
cell.

Contents of
cylinder table
(XXX=cylinder).

Y or N.



T-Register

192¢¢1
1¢2¢¢1
1¢2¢41

192¢91
102041

192451

102991
192¢91
192¢¢1
1¢2¢91
142081

Condition Code
A-Register

126 -

H27

H3¢

E31-
H32
H33

H34

E35
E36

E37

E4(

E41
E42

E43
E44
E45
E46

E47

Table 2 - Continued

Message
ENTER CYLINDER
NUMBERS SEPARATED
BY COMMAS

PATTERN TABLE,

XXXXXX, XXXXXX, XXXXXX,
XXXXXX, XXXXXX, XXXXXX,
XXXXXX, XXXXXX, XXXXXX,

XXXXXX

ENTER PATTERNS
SEPARATED BY COMMAS

INPUT ERROR

RESET SWITCII 2
RESET SWITCH 1
ENTER UNIT NUMBERS
(0-3) SEPARATED BY
COMMAS

INITIAL STATUS
WRITE ADDRESS

READ ADDRESS

SEEK IN WRAD

READ DEFECTIVE

TRACK IN WRAD

WRITE PROTECTED
TRACK IN WRAD

NOT READY CHECK
SEEK IN S1
WRITE IN S1

READ IN S1

CYCLIC CHECK IN S1

Test Description

All on one line.

Contents of pattern
table, - (XXXXXX =
pattern in octal).

All on one line.

Bad input.

All on one line.

First status command.
Write address command.

Read addres3 command
or data check followinj

Seek command.

DCI bits set.

Write on a protected
cylinder,

Test unlock sense.
Seck command.

Write commnand.,

Read command.

Cyclic check
command.,



Table 2 ~ Continued

Condition Code

H71

T-Register A-Register Message Test Description
192941 E5¥ OVERRUN IN S1 Force overrun
condition,
192091  E51 SEEK IN S2 Seek command.
102¢91 E52 WRITE IN S2 Write command.
1¢24¢1 E53 READ IN S2 Read command,
1g2¢41 E54 SEEK IN S3 Seek command,
192091 E55 WRITE IN 83 Write Command.,
192091 E56 READ IN S3 Read command.
192991 E57 SEEK IN S4 Seek command.
192991 E6¢ WRITE IN 5S4 Write command.
192¢91 E61 SEEK IN S5 Seek command.,
192001 E62 READ IN S5 Read command.
1¢42¢¢1 E63 SEEK IN S6 Seek command.
192091 £G4  READ IN S6 Read command.
------ 1165 PASS XXX Number of cycles
completed, (XXX =
cycle count),
------ H66 SET OVERRIDE Operator request
SWITCH, PUSH in WRAD.
-~ RUN
------ H67 CLEAR OVERRIDE Operator request in
' SWITCI, PUSH RUN WRAD,
------ H7¢ UNLOCK WNIT X, Operator should
PUSII RUN place the indicated
unit off-line,
(X = unit number).
------ READY UNIT X Operator should

“place the indicated

unit on-line,
(X = unit number).



Table 2 - Continued .

Condition Codc 

T-Register A-Register
1¢2991 _ E72
192¢¢1 'E73
192¢91 E74
102091 E75
102001 E76
192091 E77

- 1g2091 E199
102041 - Elf¢1

Messane
b hodedic 2

STATUS IS XXXXXX
SHOULD BE YYYYYY

NO DATA CHANNEL
FLAG

NO COMMAND
CHANNEL FLAG

LATE DATA CHANNEL

~ FLAG

NO DATA CHANNEL FLAG
WHILE CHECKING STATUS

XXXX WORDS TRANSFERRED
YYYY EXPECTED

NO COMMAND FLAG ON
DMA OPERATION

DATA WORD XXXX IS
YYYYYY SHOULD BE ZZZZZZ

Test Description

The status operation
did not return

the expected

status.

A device flag was
expected on the’

data channel and
did not occur.

A flag expected on
the command channel
to indicate operation
complete did not
occur,

A device flag was
expected on the
data channel and
did not occur until
after time out.

This message is
typed out by the
status routine

‘when the device flag

on the data channel

was not set to indi-
cate that the

status was returncd.

When the operation
complete device flag
occurred on the
command channel, the
DMA transfer was not
complete.

A transfer using
DMA was in progress,
and a command
channel flag indica-
ting operation coa-
plete did not occur.

The data returned on
a read operation did
not match the expec-
ted data. This

message is only type



Table 2 - Continued

Condition Code

T-Register A-Register ’ Message Test Description
El¢fl1 Continued , for the first
erroneous word in
a buffer,
192001 H1¢2 CYL XXX HEAD X SECTOR ZZ This message
WORD COUNT XXXX UNIT X appears with most
' error printouts.
1¢2¢¢1 E1¢3 BUFFER CHECKSUM XXXXXX The checksum should

CYL YYYYYY [ID/S ZZZZZZ be zero and the address
: - should match the one
typed out in HI1@2.
Either the wrong
sector was read or a
data error occurred.

------ . HIg4 AVERAGE MINIMUM Milliseconds. From
: SEEK TIME XX.X s2.

...... H1P5 AVERAGE RANDOM SEEK Milliseconds. From
TIME XXX.X. AVERAGE S5.
RANDOM SEEK LENGTH
YY.Y.

...... 1196 ENTER INSTRUCTIONS From OPDSN.

------ g7 UNDEFINED LABEL,XX From OPDSN,

Define label- or
erase reference.
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APPENDIX 1

OPERATOR DESIGN PROCEDURE

Program will type "1¢6 ENTER INSTRUCTIONSY. '

Enter instructions in their execution sequence., Seclect instructions from
Table 1. Commas separate fields. A field is defaulted if it is excluded
from the instruction or skipped by the instruction.

Example: '"SR" seeks cylinder 0, head 0 and sector 0

"SR,,1" seeks cylinder 0, head 1 and sector O.

"“SR,202,3,11" seeks cylinder 202, head 3 and sector 1l.
Complete the line with a CARRIAGE RETURN and a LINE FEED.
If any error has occurred, the message "E31 INPUT ERROR" will be typed. The
erroneous entry has been rejected and should be typed again.
RUBOUT may be used to erase the present cntry before the LINE FEED has been
sent, [EE (Erase Entry) erases the last line in the input string. The instruc-
tion may be repeated to erase multiple lines.
The AR, CD, ID, RD, RR, RS, SR and WD instrustions include a status check
unless they are followed by a SC instruction. The expected status is zero
with Attention (bit 15) and First Seek (bit 14) masked out, .
Field limits are as follows:

A) 0.2 Cylinder £ 202

B) 0 # Head £ 3

C) 0 % Sector £ 11 ,

D) 1 2 Read or Compare Buffer Size £ 15306

E) 1 £ Write Buffer or Check Data Count % 3072
F) 0 £ Unit Number £ 3

Anytime bit 3 of the switch register is reset control is given back to START,
An EN instruction will be rejected if there exist undefined labels. The
message is: , ‘

"[{1¢7 UNDEFINED LABEL XX". The label should be defined or the reference
erased, .
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SCOPE

Specifications to cover IODISC 1001 disc drive. The 1001 is a low-cost,
modified-performance version of IODISC 101l disc drive. It is designed
to meet the requirements of the high-volume OEM who can justify the de-
velopment of a controller and packaging, and who wants to enter the mar-
ket at the lowest possible price/performance level.

GENERAL DESCRIPTION

The 1001 is a rack-mountable drive, complete with the integral electron-
ics required to address a sector of data, read and write data, separate
data, and provide certain status signals.

A voice coil actuatorbpositions both heads (one head for each disc sur-
face). -

The single disc has a data capacity of approximately 1.3 million bytes
organized into 8 or 12 sectors. It can be furnished in one of three
configurations:

1. removable single-disc cartridge (standard)

2. fixed permanently in drive (optional)

3. fixed semi-permanently in drive and accessible only with
key (optional)

An interface provides a simple means of attachment to an OEM-designed
controller.

FEATURES

* A self-contained air system provides a high volume of air to pressur-
ize the drive enclosure at all times, and to purge and protect remov-

able cartridges.

* A "trackhold" detent system assures absolutely cylindrical data tracks,
guarantees interchangeability of discs between drives.

* Virtually total interchangeability of mechanical and power system parts
with all IODISC Series 1000 drives.
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OPTIONS

* Mounting rails
*bAccordion cables
* File protect

* Automatic start

DETAILED DESCRIPTION

Drive. IODISC 1001 is a low- -cost, random access mass storage device
for use with small to medium size computers. When interfaced with a
controller and a power system, it becomes the heart of the disc data
storage system.

The removable disc cartridge (IBM 2315, or equivalent) provides the
using system with approximately 11 million bits of random access on-
line storage. The single disc is permanently enclosed in the cart-
ridge for protection against contamination and damage. Unlimited off-
line storage is available with extra disc cartridges which may be con-
veniently stored on shelves or racks. The 1001 is also available with
the disc fixed permanently in the drive, or fixed semi- permanently and
accessible only by key.

At operating speed, the two magnetic heads are placed in flying pos-
ition by the head load solenoid. An electromagnetically actuated car-
riage, controlled by a closed loop servo, moves the heads to any one

of the 203 cylinder locations. The carriage is held in position during
a read/write operation by an electromechanical detent.

Mounted in the same enclosure and integral with the drive is an elec-
tronics assembly consisting of a single gate which contains read/write
circuitry, servo electronics, and sensing circuitry.

Interface. TIODISC 1001 provides two parallel logic interfaces -- one
for file function control and one for data transfer. The file function
control interface provides those lines necessary for determining the
status of the drive and addressing cylinders and sectors. The data
transfer interface provides those lines necessary for transferring data
to and from the disc. The controller actuates the read or write gates
and supplies data pulses during write operations. The drive supplies
clock pulses to the controller in all modes, plus data pulses during
read. Both interfaces are designed for connection in either a multi-
plex (party line) or simplex arrangement. The drive interfaces direct-
ly with the using system controller which, in turn, receives all con-
trol and data inputs from the host processor. Similarly, all data and
drive status signals are sent to the using system via the controller.
The disc drive dces not perform any operations on data and returns it
to the controller exactly as it was originally transmitted.
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- INTERFACE LINES

CONTROLLER ~ |—————ADDRESS BUS (8 lines)———— 3| 1001 DRIVE
——SET CYLINDER (1 line)——— |

——HEAD SELECT (1 line)—m—m—— 3
SERIAL WRITE DATA (1 line)— )

WRITE GATE (1 line) —p-1
READ GATE (1 line) -
ERASE GATE (1 line) —-

———DRIVE RESET (1 line)—— 3|
—————DRIVE SELECT (1 line)———— )

«———FILE READY (1 line)
 «————ACCESS READY (1 line)
€«—————SERIAL READ DATA (1 line)
«————SECTOR PULSE (1 line)
| «————INDEX PULSE (1 line)
l4«————SEEK INCOMPLETE (1 line)
<«——WRITE SAFETY (1 line)
———DATA CLOCK (1 line)

All lines from the drive to the controller are driven by open collector
NPN transistors. These lines must be terminated in 100 ohm resistors
to +5 volts DC. :

Lines from the controller to the drive are terminated in 100 ohm resis-
tors to +5 volts DC. The lines must be capable of being driven to 0.4
volt DC (for the line active state) by the controller's line drivers.

All lines in the interface described below are active (logical "1")
when they are from 0.0 to 0.8 volts. The lines are inactive (logical
"0") when they are from +2.5 to +5.5 volts.

Control to Drive Lines

Address Bus. Eight lines binary weighted. The active state of these

lines is stored into an address register in the drive whenever the set
cylinder line is activated. The Address Bus lines must be stable for

at least 200 nanoseconds before and after the set cylinder pulse.

Set Cylinder. A pulse on this line causes the data on the Address Bus
line to be stored into the address register. A set cylinder pulse
should not be issued unless the Access Ready line is active. The
pulse width of the Set Cylinder can be from .350 to 100 microseconds.

Head Select. This single line is used to select the upper or lower
read/write head of the drive. When this line is at a down logic level
(gnd) the lower head will be selected; when it is at an up level the
upper head will be selected.
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Serial Write Data. This line controls the information to be written
in the next bit cell to come under the read/write head. The active
state of this line causes a "1" to be recorded. 1In order to insure
writing of valid data, this line must be stable within 450 nanosec-
onds after the leading edge of the Write Data Clock pulse. When the
data is stable, the write trigger will be properly activated and the
double frequency data written on the disc recording surface.

Write Gate. Activation of this line controls the double frequency
write encoder and the write driver in the drive write amplifier elec-
tronics. This line should be brought up simultaneously with Erase
Gate and both must be active during the write operation. In no case
should Write Gate be brought up more than 30 mlcroseconds earlier
than Erase Gate.

Read Gate. Activation of this line turns on the disc read amplifier
to allow reading of the double frequency data written on the disc.

The read amplifier presents separated data on the Serial Read Data
line. The Read Gate may be activated at any time the Write or Erase
Gates are not active. The Read Gate must remain active for the en-
tire period the disc record is being read. The validity of the Serial
Read Data as it relates to Read Gate timing is described under the
Serial Read Data line definition.

Erase Gate. Activation of this line controls the tunnel erase driver.
The tunnel erase serves to "trim" the written track, thus reducing the
track width and preventing crosstalk into adjacent tracks during read
operations. This line can be active prior to activation of the Write
Gate without generating an error condition. The Erase Gate should re-
main active for at least 75 microseconds after the drop of Write Gate.
This insures a tunnel erase of the last data bits written on the disc.

Drive Reset. This line is used to reset status latches and flip-flops
within the drive to insure initialization at start-up time or to allow
restart procedures to be implemented.

Drive Select. Activation of this line selects the drive. All of the
data transfer lines to and from the drive, and the Sector and Index
lines are gated by activation of this line. This allows multiplex
connection of drives to a single control unit if required.

Drive to Control Lines

File Ready. This is a status line which indicates to the using system
that drive power is on, heads have loaded, the disc is rotating at
least 70% of its rated speed, and 90 seconds have elapsed since the
disc motor was turned on.

Access Ready. This is a status line which indicates to the using sys-
tem that the access arm is not in motion. The Access Ready line must
be active prior to execution of a Seek, Read, or Write command. Access
Ready will also be turned on by Seek Incomplete (see below).
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Serial Read Data. The state of this line indicates the contents of
the bit cell currently under the read/write heads. The active state
indicates that a "1" is being read. Separated read data will appear
on this line whenever the Read Gate is active. The read signal will
rise within 695 (+180, -110) nanoseconds after the leading edge of
the clock pulse at the beginning of the data cell, and fall with the
trailing edge of the clock pulse at the end of the data cell. Dura-
tion of the read signal is 1045 (+180, -100) nanoseconds.

Sector Pulse. When the disc is rotating at rated speed this line
will contaln a stream of sector pulses of 5 (+¥1.0) microsecond dura-
tion. Leading edge to leading edge time is determined by the disc
installed on the drive as follows:

.150) milliseconds

8 sector disc 5 (%
3 (£.100) milliseconds

12 sector disc - 3.

Index Pulse. When the disc is rotating at rated speed, a pulse of

5 (f1.0) microsecond duration will appear on this line once per disc
revolution (40 milliseconds). The Index Pulse trails one of the Sec-
tor Pulses by 600 microseconds per revolution.

Seek Incomplete. This is a status line which indicates to the using
System that more than 350 milliseconds have elapsed since a set cylin-
der pulse was issued to the drive without the access becoming "ready".
Turn on of Seek Incomplete will turn on Access Ready.

Write Safety. This is a status line which indicates to the using sys-
tem that a failure has been detected in the Write Amplifier. The fail-
ure modes monitored by this line include:.

1. Write or Erase Gates turned on without Access Ready.
2. Two heads selected simultaneously.

The Write Safety condition is reset by turning off the drive motor and
allowing it to come to a full stop.

Data Clock. When either the Read or Write Gate is active, a pulsed
signal will appear on this line for each serial data bit which is read
or written. When the Read Gate is active, the pulse width will be 350
(£t50) nanoseconds. When the Write Gate is active, the pulse width
will be 700 (+100) nanoseconds. In both cases leading edge to leading
edge of the Data Clock pulses will be one bit cell time.
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TIMING

All signals are illustrated as positive and do not indicate polarity.

Seek Cylinder Operation Signal Timing

-
m

/— STABLE

DRIVE SELECT /\/ \
/—STABLE
)
) MUST
ADDRESS BUS ' l«— REMAIN —=
ACTIVE
a—200 ns .350-100 us 200 ns
MIN . MIN

L——l—lSOnS»

CYLINDER ADDRESS PREVIOUS ADDRESS NEW ADDRESS

REGISTER
85 ns TYP
(200 ns MAX)

<

-+

SET CYLINDER

ACCESS READY
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Read Data Operation

DRIVE SELECT

READ GATE

SELECT HEAD

READ DATA CLOCK

SERIAL READ DATA

—J

—
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20 us MIN

L
L

ﬂ%

1

M 11Tl

+80

695 -110

Write Data Operation

DRIVE SELECT

WRITE OSCILLATOR

DATA CLOCK

WRITE GATE

ERASE GATE

SERIAL WRITE DATA

ns—

L

——-\ L-—- 350+50ns

LU

+180

—— 1045 ns

-110

e

1390 + 10 ns A}———‘

‘40—]— 695 + 5 ns

_|———n———-—-—’

L-—'—— 30us MAX
_

450 ns  MAX——

I
‘..

700+100 ns

75us MIN

MU ST BE DOWN 40 us

rwwnsmm ‘:f/////’l

PRIOR TO READ OPERATION

L

L
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SPECIFICATIONS

Capacity

203 cylinders (includes 3 spares)
406 tracks (includes 6 spares)

3,200 sectors (8-sector/track mode)
4,800 sectors (l2-sector/track mode)

Capacities shown below are true data storage
capacities. Additional capacity is available
for data formatting. (For example, the total
of 9,830,400 bits for the l1l2-sector/track mode
is augmented by 230,400 bits for data format-
ting, yielding a total capacity in this mode
of 10,060,800 bits.

full-track 8-sector/track l12-sector/track
mode mode mode

drive

bits 10,860,800 10,240,000 9,830,400

bytes 1,357,600 1,280,000 1,228,800

words (1l6-bit) 678,800 640,000 614,400
cylinder ‘

bits 54,304 51,200 49,152

bytes 6,788 6,400 6,144

words (1l6-bit) 3,394 3,200 3,072
track

bits 27,152 25,600 24,576

bytes 3,394 3,200 3,072

words (1l6-bit) 1,697 1,600 1,536
sector

bits - 3,200 2,048

bytes - 400 256

words (1l6-bit) - 200 128

Access Times (Including Head Settling)

track-to-track: 35 ms
average random move: 140 ms
average rotation delay: 20 ms
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Recording Technology

bit density:

track density:
recording format:
data transfer rate:
clock fregquency:
bit cell time:

disc rotation speed:
cartridge diameter:
disc diameter:
number of heads:

Electrical/Mechanical

power requirements:

2616 - Page 9 of 11

1,080 bpi (innermost track)
100 tpi

double freguency

720,000 bits/second
720,000 pulses/second
1,389 nanoseconds nom.
1,500 rpm

15.0 inches

14.0 inches

2

AC: 115 or 208/230 Vac, 60 Hz, single phase

DC: +5 Vv f1g, 3.0 A

+36 V *1%, 1.5 A
-36 V *5%, 1.5 A

(These voltages must be applied and removed in the proper

sequence)

With optional DC power unit (includes power sequencer and line

filter)

AC: 115 or 208/230 Vvac,

disc drive motor:
blower motor:
access mechanism:
actuator:
detent:
mounting:

Controls/Indicators

disc motor switch:

disc unlock:

ready:

60 Hz, single phase, 550 volt-amps

1/12 hp
1/15 hp

electromagnetic voice coil motor
electromechanical

cast aluminum base plate with shock
mounting

toggle switch turns drive motor on and
off; turning off unloads heads and
causes access arm to move heads to
track 000

illuminated switch controls disc re-
moval interlock

illuminated switch indicates ready
status
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Environment

temperature
operating:
non-operating/power off:

humidity (without
condensation)
operating:
non-operating/power off:

shock and vibration
frequencies less than
14 Hz:
frequencies of 14 Hz
and greater:

cooling:

alr circulation:

+15°C to +35°C (60°F to 95°F)
=-15°C to +71°C (5°F to 160°F)

8% to
0% to

80%
95%

0.01 inch peak-peak (sustained
0.1 inch peak-peak (intermittent)

0.1G peak (sustained)
0.25G peak (intermittent)

forced room air, ambient at
installed location

40 to 60 CFM (ducted)

Specifications subject to change without notice.
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OEM PRICE SCHEDULE

IODISC 1001 dis¢ drive

Quantity Discount Net Price Competition
1 - 14 OEM List $4925
15 - 49 25% 3690
50 - 99 30¢% 3450

100 - 199 35% 3200 .

200 - 499 40% 2955

500 - 999 45% 2700

1000 plus 49% 2525

IODISC 0711 power system

1 - 14 OEM List 750

15 - 49 25% 565
50 - 99 30% 525
100 - 199 35% 490.
200 - 499 40% 450
500 - 999 43% 425

1000 plus 50% 375
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l 0 JIW“}ODUCH TON -

IODITSC 1011 and 1012 drives will be attached gO Hewlott—-Packeard
computers via the TODISC 18F1 Common Contryol with 10DISC 963
Chammel hAdapter. This specification details the functional
opervation of the ﬂvaemcovLL01~uoapLo combination and will be
Lused by TOHMEC in the design of hardware and by Hewletit-Packard
in the development of supporting software. In the descriptions

used herae, the LOMEC control- uduyter ig refexrved to as the CU
aﬁd the chlo t-Packard system is called the CRU.

2.0 GENMRAT, D'lf)SCRIPTIOH

The CU will attach un to four dvives (any combination of L011'g
and 1012's) to the CrU; CU-~CPU. interfacing is accomplished throwgh
two Hewlett-Packard MICROCIRCULT duplex cards. One card is used
for data, status and cexritain Cuntrol information and is callced

the data channel (all data transfer botween the CU and CPU is in
-16-hit words). The other cerd is used for commands and dvive

.

selection and ig Lemied the comnand chamnmel.

Bach disc in the 'y“tem stores 2f3 cylindevs of infomuaition,.
Bach cylinder contains 24 scctors——twelve on the top surface of
the disc and thbqu on the botton., Within a cylinder, sectoxs
ave addressed by specifiying a head number and a sector numbal,
Phe head number ranges between zexo and three for the 1012 drive
(head zero sexves the top surface of the disc cartridge, head
three the bottow surface off the fixed disc, cte.) and batween
zero and one for the 10111  Sector numbers range between zewo
and eleven. Each scctor contains a sector address ficld and a

data field. The sector address field contains the cylindern,
Lhead and sector nunbers of the scctox, as well as indicators fon
defective and protected cylinder; the data field stores 128
16-bit words of data. Only the data ficeld ig transferred to

o generatod and

and from the CPU; the sector address fiield is
checked in the CU. Both fields are cyclic checked by the CU,

id and Responges

To initiate a

ot lisc operation, the CPU places a command yvoed in
the output register of the command intoxface cavd and sots the
Fncode nigna] on that interface. The rise of the Encode line



indicates the presence of & new command, causing the CU to
decode the command word and initiatce the op@ratﬁon specificd on

the drive selected., When the command itacsuved is Statuvs Chocl,
Seek Nocord, ox nddress Rocond, the CU_will be free to accept
onother commund. 56 soon es the reauired data inlerface Inroima-

MAauagamam o

fion tranafer. has haen Qx’l)1$‘LCTJ. For all OL}J(J commnnds , the
- . M &

comitend word wast remain unchonded on The e face ung ilothe

CUSTGIaTE conpIeiizar 15y gereing t}~ interface Device Flag

ol

SIGIi. .

e 4

The command word always contains four bits of comnand Iinfoyme-
; ! 2 ing tio

tion plus two bits n. Yhe foxuat

is as follows: N
: 12 11 B ' 21 0
COMEARD - . , DIRIVE

conyE - , SELRECT

P - .

b

Certain of the commands requirve other information hits in the
command word; thesce are desceribed baelow under the cominand des-
criptions. . ' ’

The two-bit drive select field contains the nunbar. (zero through
three) of the drive which is to execute the commsnd. The
four-bit command JIGIQ contains Lhe binaly code Of thc conaand
to be exccuted. The comeand codes vsed are shown below:

BIT A5 T4 131
TTTH gy
g8 9
g oo}
g5 L

conr ' o ' COMHAND

Status Check
Write Data

Read Data”

Seak Record”

# 1 jo Refine Scctor

g X 3 g . Check Data o
N ¢ S A | ‘ - Initialize Data~
1 54 1 i3 " Address Recocd”

IR SRR N

Only the. four low-owxder positions of the command interface input
register are usced. These bit positions indicate the state of
tho Attertion condition for each of the four drives. Attention
for drive zero ig in HBit position zero, Attenltion for drive onc

in position one and so forth. The four bits provide & valid
indication of drive Attentions from theo set of intexface Devace

Flag to the rise of ¥ncode for the next.cowmand.



3.2.) Status Check (FLHY)

The Status Chocl command is used:” o transfer a woud of status
infommation from tha CU to ih» C“ When {he comwaand is i
the CU selects the dwive W“CL!TOU assenbles the mLa}ua 3
and transtfers it to the CPU via the data inteiface., “he V””
details status of the selected drive, as well as conditions
detected by the CU ducing data opcratwoms with the drive. 's:atus
word bit definitions arve given in Scction 4.2. ‘Command execution
is completed when the CPU . accepts the status word on the data
lnbcr{acc Device Flag is not set on the commnand interface.

.

Write Data ig the normal command ve or writing after the pack

,: C
4.
has bheen iniiLaszeo. When the CQL 1 is issued, the CU selects
. P I 2N

the drive specifiecd and waits for addraogased sector o ome
into position. (in all cases, the auu‘o&&od sectoxr" 1e that

scctor specified by the contents of the control unit recoxd
address joﬁiokﬁr'“JCJﬁ(JCd to from here on as the RAR.Y  When

the addrvessed sectox com~¢ into pﬂfi*uou, the CU exawnines the

‘eylindeyr condition indicatons and address infornmation in the
address field and ycTLC chﬁcku the entire sectoy. If the address

,_

comparcs prope -1y and the Lyllnuus 16 not protected o deafactive,
the CU starts writing in Lhe newt scctorn, Yhe CU assenbles and
wri%cs the addcress field, then initiates data transfer from the
data interface. The CU alvays writes 128 data vords in a scectoxn;

if the CPU sonds less than 128, the CU £fills the vemnainder of
the sector WJLh veroes hefore setting Device ¥Flag on the . command
intexface. If the CPU has more than 128 words to write, the CU
adds one to .the contents of RER and continues writing in the
next sector. Data tvensfer is suspended as the CU assembles and
writes the sector address field.  Phe address iﬂfOLMdLiOH is
taken fxom RAR; the cylinder indicator information is written as
it was read from the first sectorx. Data transfer resumes with
the fLrai data word of {he 'sectox. Writing continues until the
CPU hos no more data to transfer or the CU detects an End of
Cylinder oxr error condition. In cither case, Device Flag is

set on the command interface to signal completion.

1“- bR ‘-!

f curing tha addx eSS check lnq phase of the command, the address
ioes not comparce wvith the contents of RAR, the defective cylinder
nadicator (DCILY is on, or the protected ¢ylinder indicatox (rCi)
s on with the Override Switch off, pDevice Flag is sct on the

command interface and no writing or data tvansfer occurs. A
Status Check command will receive status detailing the cause
for termination.



3.2.3 Read Data (HHLp)

I

. t
Read - -bhata is the nornal comeand.used for yeading.,  When t
command 15 issuco, the CU adds one Lo the contents of RAR,
selects the drive specificd and waits for the (ddLgsch scctor

to come into position. With the sector in pogition, the CU
examines the flag and address inforwmation in thq address ficld
and then initiates date transfer to the dats interface. The

CU alwavs reads 128 data words from the data ficeld of the secton;
if the CPU accepts less than 128, the CU continues to the end.

of the sector to conplete the cyelic check before signaling
completion on the command intecface. - If the CPU tries to accept
noxre than 128 MOLau, the CU adds one to the contents of the RAR
and continues reading in the next sector. Data trwansfer is
suspended vhile the CU examines the address field; data transfer
resunes with the first data word of the sector. Reading continues
wuntil the CPU stops accepiing data ox the CU detects End of
Cylindexr or an trror condition. In either case, Device Flag is
set on the command interface to signal completion.

If during examination 04 the scctor address field, the address
does not compare with the contents of RAR or the DCI is on, the’
read operation continues normally to the end of the curvent
scotor. At this point, -the CU halts data trensfer.and sets
Device ¥lag on - the command interface, Status Cheuk to the drive
peing read will produce status detalling the cause foxr canly
teymination. If the PCI is encouhtered, the Read Data comaand
prO“OOGS nornally. Status Check at command termination will
1nd Lecate the presence ofl PCI. o

3.2.4 Seeck Record (HULL)

. 0 ' ) L] ) . .
Seek Record is the command used to initiate a head positioning

opecration in the drive. When the command is issued, the CU
sclects the drive specificd and accepte two woxds of address
information from the data interface. The first word contains

the CylwndOf number to whi.ch LhO positioner ig to move:

‘ S 15 87 - d
‘ CYLTNDER ROMDBER

“

The saecond word C(ntalns the hzad-scctor nunber:

TTHEAD SHCIOR
HUMBER . . NUMBIER

15 10 9 8 7 4 3 o

widloeen



.

As the CU accepts cach of thuso vords,

< ¢ it assombles a new recoxd
address in the RAR (provious contents Of the RAR ave lost),
transfers cylinder and head-seeior puighers o the selected duive

<
u
-
ot

and initiates the head positioning opexation in the dirive. 'The
Ceomaand interfacoDevice Flog o ie not-set antil the head position-
ing opzration is couplote and the addressed scctox 8 3.3 nsec.
away from the read-write head. THowever, the CU is
periorn otheyr operations as soon as the second Wor
information has been accepted. - '

—

Tf the selected dcive has a head posilioning opcration already
in progress when Seek Record is issued, the CU will exccoute the
now command normally, except that the new bead positioning opora-
£ion will not be initiasted. .The positioning operation in proyress
will complcete normally. The .Seek Check emior copdition is set
in the dvive. ° . o

TF the command addresses a cylinder numben greater than 262 o1
if the heads ave alrcady positionced at the addressced cylindds,
Seck Record is executed normally, but no head positioning .oparas
tion is initisted in the selected arive. (Average executioa
time—comuand initiation through set of command interface Device o
Flag--will be 35 msec.) In the case of cylinder address greated
than 2§2, the Scek Check erxor condition is set in the drive.

i

. 2.5 Refine Scctorx (FrpL)

Refine Sector is a speclal recovery command the CU pacfocms

on a sector to improve the characteristics of the data. Uhe
command should be used only aftex re-tey procedures have failed
to recover the data (sece 1rox Recovery Procedures, Section”
6.6). When the comnand is issued, the CU adds once to the
contents of the RAR, selects the drive gpecificd and waits for
fhe addressed sector to come into position. Mo céiwrunicatd
occur on the data interface; Davica Flag is set on the comm
interface when the end of the addressed scctor is reached. The
command oparates on one sector at a time only; no check is nade
for address comparison, DCL ox PCL. ‘ - C '

3.2.6 Check Data (F1ae)

The Check Data comeand perloimas a cyclic check of file data to
verify recoverability of the data. The CU exccutes the comnand
much as 3t docs Read Data; howevexr, no trensfer of file data
ocours either to ox fyam the CPU. When the comnand is dssued,
the CU accepts a single word of count infornation from the data
interface.  “he word contains the positive count of sectors 1O
be chocked in the follewing format: . '

e

.
Loy



15 5 4 #

' SHCTOR COUNT

The CU adds one to the contents of RAR, selects the duojive sy
and waits for the addressed sector to come into position. With
the sector in position, the CU examines the flag and address
information and cyclic checks the entirve sector. Thae CU
subiracts one from the sector count., If the count is non~zero, .
the checking opgration is repeated in the next sector. Uhis
process continuaes until  the sector count reaches zero or the CU
detects an ¥rd of Cylinder ox ervor condition. At this point,

o5 M .

Pevice Tlag ¥s set on the command interface to signal completion.

3]

If during exanination of the scctor address Field, the address
does not compare with the contents of RAR or the DCE is on, the
CU halts the checking operation at the end of the current scotol

and sets Devicel¥lag on the compand interface. Status Check

o the drive in operation will detail the cause for eawly texrmi-
nation. If the PCI is encountered, the Check Data command
proceeds normzlly. Status Check at comnand tereination will

ndicate the presence of PCIL.

3.2.7 Initialize Data (LFEL)

Initialize Data is the command used to initialize unwritten
tracks and to generate the defective cylinder or protected cylindes
indicators (DCY, PCL). his command is accepted only wvhen the
Overiide guiteh is on; if the Ovevride Switch is off, the comicand
interface Device Flag is set fmmediately and the CU nakes no
attenpt to exccute the command. Command execution is much like
that for Write Data, except that the CU does not check the first
soctor for address and cylinder indicator information. When
the cowrand is issued, the CU adds one to the contents off RAR,
“selects the drive specified and waits for the addressed sectox
to come into position. With the sector in position, the CU
ascembles and writes the address field.  The addrvess informatio
is-that in the RaR. The cylinder indicatox information is written
according to the state of bits eight and nine of the command vox
If bit eight is on, the DCI is sel; 1f bitfminel is on, the PCI is
set. (The CU never sets hoth indicators; i+ both bits eight
and nine are on in the command word, only the DCT is set.) Data
transfer from the CPU begins with the first data word. The CU
always writes 128 data words in a sector; if the CPU Sends less
than 128, the CU £ills the remainder of the gector with zoxoes
pefore selting Device FPlag on the comiand interface. IL the CPU-
has more then 128 words 4o write, the CU adds one to the -contents
of RAR and cantinucs writing. in the next sectox. Data {transfex
s suspended as the (U asscmbles and writoes the scotor address
Field adain uvsing the command word to determine the state of the

-

(G-



C)’l.ﬂ)d(ll‘ indicators. Data transfer vesumes with the finst data
vord of the scctor. Weiting continues wntil the CPU has no wmoue
data to transfex or the CU detects on kEnd of Cylinder or errov
condition. In either case, Device IMlag is set on the command
interface to signal completion, ‘

3.2.8 Address Rec ovd (161

Ihe ﬁddross Record conmand s used o a]tot the contents of the
recoyd address registew (rAR) . Command erut\on 4s muach like
that for Sceck Recond, except that ' 1 is dnitiated on
the drive specified (hc'w“; the,. of _the drivg™”

s Tinformnation. in.the command voi e command s

1s~.c,uc:d, the CU accepts two words of address i formation from
the data intexface. "The format of the address wonds is that

i s
«

describaed in Seotion 3.2.4. As the CU acce each of thesc
vords, it assenmbles a nevw record addvess in the RAR (previous

contenty of the RAR ave lost). When th@ second address woxrd
has been accepted, comuand cxecution ic ninates and Device Flag

ig set on the cowmand intecface.

1.0 DATA CHANNET, OPIRATION

ﬁml;TldnsCo to the CU

The CPU transfers information to the CU by placing a woxd in

the output register of the data intexface and setting the inter-
face ¥Fncode line. When it has accepted the data, the CU signals
by setting the intexrface Devige ¥lag. The CPU may place. a new
word on the interface any time afiter Device Flag has set. '

4.7 UEHWCJUT fyom the CU

Yhe CPU sets the interface Encode line to indicate readiness for
transfer from the CU.  When xeady, Lhe CU places a word in the
input register of the data interface and sets the interface
Device Flag., When it has accepted the data and is ready fon
canother woxd, the CPU signals by a qain vc*tipg the ncode line.
The CU nmay ptacﬂ a new woxrd on the interface any time after Pn-
code has set. ‘

4.3 Pinihg Considerations During File bata Transfer

puring data transfcex to or frowm the CU, the CPU must transfer
data al an average rate cgual to the data rxate of the disc drive
This transfer rate is naintained by the request-response natare

-

.
e



-the CPU, CU communicat ?cu on ihn data interface. Uhe
Io.u a word of data and sots Device Flag to regquest inten
gervice.  She CPU, in tuin, services the interface and set
Encode to ywespond to the CU reguest.

cu tran3w
o
,
[¥

Vo

In order {o maintain data trensfer with the drive, the CPU must
respond to the CU reguest within a certain lc })EI'”]] of tine--termed
the Overrzun Pinc If the CPU fails to res pona vithin the Over-
yuns Tine, the CU terminates data transfer with the CPU.  No
further communications occur on the data 5u1*r1eﬂv. Thae CU
completes processing of the current sectox (iLf a write ds in
pwocuug, veroas are written in the remainder of the data ficld;
i¥ @ read i in process, the rewmainder. of the ficld is cyclic
chacked) bhefore setting Device Flag on the command interface.
I€ the CPU responds with Lnon te after the LLJHLP“LWOM of data
transfter, bUL bhefore the set of the comwand interfaece. Device
Plag, the CU sets the Data Ovorcun QLYOY lahch, his is to
varn the program that the CPU may have failed to transfoer as

hy UV )

much data as intended.

.

For Series 1066, drives, the following parameters apply:
70 i ok [o RGN

DATA RATE: Greater than - 40.5 X 107 voxds/scc. .
Less {han - 49.5 X 103 wordse/scc.

OVEskRkUg TrEGg: Greater than =~ 19,72 usec.

L Less than =~ 25,6 usec. . -

-

Note that the restrictions of this section epply only to trang-
fexr of file data and not to transfers involving address, count
or status information.

5.0 STATUS VORD DEFINLTIONS

5.1 Bit ff: Anv Exyon

The bLi wJ11 be'on whenevexr any of the following status wor
~hits are on: '

" Bit  l: Data Errocs
¥ Bit  2: Drive busy ™
Bit 4: Address Brrow!
« Bit  5: ¥nd of Cylindex?
~Bit  6: Not Ready
¥ Bit : Seck Chock?
K—Bit ¢ Seek Incenplete

Access Hnntihq

+ Access Unsafo
Read/Weite Unsafe
Overxan

rirst quL
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Phe bit ts also turned on whenever Bit 3, Flagged C”lANUOL, is

on as a result of a Write Data or fnitialize Data command. Flag-
ged cylinder does not generate Any Brroey whed it ocours as a
TL0H] of a Read Data or Check Data command.

5.2 pit 1: Data Lrrox

e O PR

An error has been detecteﬂ in the. data transfer betv seen the CU
and disc dvive during a read, write or check operation. ‘

Ducing the initial sector - checking phasce of Write bata, or
during Read Date ox Check Data:. The condition ig genervated vhen
the CU ig unable to ynchron“ e the data clocking channel with
the file deta strean or when the CU detects an exyoxr. ihfough
cyclic checking. ’

2.
i

puring Write Datea, Read Data; Refine Recoxrd, Check Record or
nitialize Weite: The condition is generated if the drive becomes

not-ready during a data handling operation. _ .
buring the writing phase of Wi te Data ox Initialize Data:

The condition occurs when the CU detects an error in the geneva--
tion of the cyclic code field. - : -

Hhe condition is resct with the execution of sStatus check ©o
the dyive on which cho COuO Ltion OCCHTLLd.

5.3 Bit 2£1Drigg;jv"y

Yhe selc”*od GViv".b bnsy execunting a Seek Record command. (A
drive remains busy ‘from the tine the last vo:d of the Seek Recoxd
command 1is cYnONTCCUod u1L17 the head positioning operation is
complete 4nd the addressed sector is 3.3 mscc. away onm the
TCOG“WllLO hOud )

'5.4'Bi§ 3: 1) aggoﬁ C\llnc

ihe cylfn&e“ baing proce°<od i VTiLO pmoichco or defective; or
the Initialize Data comand hae been issued with, the Override
CSwitch ofL.

buring the initial sector checking phase of Write Data, or
during Read bata ox Check Data: The condition is generated when
the CO detects the pregence of PCL ox DCL (if DTI ig detected,
Address ¥rror is also set).  The Plagged CyTxndcr condition is
supprecsed if the CU detects e axreszey an actual dﬂdjtﬁ
OO ey in the same sector. ' :

<

Qe



When the CPU issues Tni i lize PData: The condition i generated
if the Override Swuitceh is ofifl. ) :

Cthe condition is reset with the execution of Status Check.

5.5 BPit 4 hd Errox
"yhe address vead from the track doos not conpare with the contents
of RaR, oxr (when set with hﬁt%ffrs ‘«»}w}»mv@a») the cylindex being

-

'prO”OSSOQ is flagged dofectiva. f%é%

puring the initial gcctor che reking phvic of. Write Data, ox
during Read Data oy Checek Data: Tho condition is genervated when
“the cylindenr, head and sector addresaes read from the sector
addrass field do not comparce with the covten?s of RAR; ox (when

set with hﬁﬁw@&%whyw@“%m¢ﬁ lwd cate that -the cylinder being
,praccss;c:c’l ig flagged defelTivVET™uw ?‘:M}'bmﬁ 67[
.

The condition is reset with the exacution of Status Check.

ot

A . - i
N ‘ .
5.6 Bit 5: ¥nd of Cylinder
'.I.‘}:C DTy hag ‘-:\-!‘:t(.:n}?{:(__s At ol C}'}‘!(f‘x_ aoda ;1". (,'r\]'!'t\'f!?\_'(\(} acYOss a; Cy] i. nder

boundary.

DUJan the data transfer 1(:1L0r of Weite Data, Read Data o
TDwi.alw"o Data: he condition is generated wvhen the CU has
reached the end of data for scctor 11, head one or three, and
the CPU hes signaled for continuationlof data transfer into the
next -sector. o ' - -
. .
: Dur1n6 the cyclic Chvck pha s of Chack Data: The condition is
_generated when the CU has reached the end of data for sector 11,
head one or three, has subtracted one from the scctor count and
found the count non—-zero.

.
.
£~

The condition is rveset with the execuition of Status Check,

5.7 Bit 6: Noit Ready

e e e 44

“Phe selected drive is .onot att ,(1ﬂd to the €U, is not sequenced
up with disc spinning and heads loaded ox ie in an unsafe condi-
tion (in the latter case, Bits 11 and/oxr 12 will also be present) .
' .. 1 . . ) .
Hormally, manual intervention is reguired to hring a drive fyon
the hot-retady to ready state. ' :

w10



5.8 Bit 8: Scek Check

The selected drive has been dssued a Scek Record comnand calling
for a cylinder nuaber greater than 262 (Seck Inconplete is alsgo
set); or Scek Record has bheen issued while a servo positioning
operation was still in progress on the selected deiveé.

JThe condition is reset by the next properly issved Scek Record
to the drive in guestion. : .
Ce A |

5.9 Bit 9: Seek Incomplete

7Y oa

A sexrvo positioning operation failed to complete normally on the
selected drive, : )

The condition.is xeset by the newt Scek Recond issued to the
arive. ' _

5.0 Bit 10: Aocess Munting

Checking circuits in the selected drive have detected nisadijust-
ment in the drive sexvo system. :

R S . P A e - s . .
The COndLTion a5 resel by Lhe next Seeh Record dssued to the

drive.

v

5.11-Bit 11: Access Unsafe

Checking circuits in the selected drive have detected an unusual
condition in the drive access system. Bit 6, Wot Ready, will
also he set. . .

The condition is reset by recycling power to the drive in gues-
tion. . ' '

-

5.12 Bit 12: Read/Write Unsafe

. . x P
Checking circults in .the selected drive have detected an unusual
~condition in the drive read/write electronics, Bit 6, Not Ready,:
will also he set. I ‘.

Yhe condition is reset by unlocking the: dise cavtridge on the
drive in question. T

w32



kg

Checking cirxcu

JU‘

.]3 }'» 13: Ow‘_z:’xr_:«:m'z :
its in the CU have detected a 1abo data transfex
response or & failure in the CU data clocking circulits.

puring the data transfex portion of Vcite Data, Read Datea, ox
fpitialize Data: Yhe condition is qcne"ai cd when the data trans-
fer response fxom the CPU oceurs after termination of data

transfer, but before the CU hag signaled completion of the opera-
tion. Sece Section 4.3. : : o

DuLind Write Data, Read Data, Check Data ox Initialivze bata: The
condition is qoncrv«cd when the sector pulse occurs hefore the
CU has detccted the end of the sectox data avea.

L.’}

[a

ition s reset with the ex cecution of Status Check.

The selected drive has gone fronm the not-ready to ready staté.
S| Y

pit 15, Attention, is also set.

he condition is rescet with the execution of Status Check to .the
avive for which the conditton occurced.

5.15 Bt 15: At {onuxon

An opgruu.on previously in paoaioqa on the solected dcive has

terminated eithex through normal completion or duo Lo occurrence
of an errocr oxy other unusual c>ndl ion.

L]

During execution of d]l CUHM&ndc except Status Check: The condition
is generated when cormand execution terminates rogaralo ;o of the

cavse for termination.

Puring cxecution of the spin-motor turn-on, caa"10<n and posi-

{tion sequence: The condnixon is genexated as soon as the heads
Joad and the initial positioning operation tempinates. Bit L4,
Firvst Seel, is also set. ; SR

aadl e

{f

I’J‘C“‘(-‘ILC(’ of the J\LLC‘H ion aomn’n’on CYCIlC,T'c eSS a c'cmm Dd interface

Pevice Flag signal if the interf

fTace lnc ode line is active. Yhe
attention condition is resct vith the execu ixcn of Status Check

to the drive for which the condition oceunrred.

- 1

6.0 PRCGRALI
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6.1 Dcﬁlqn CUH"L@(ldLTOH

The CU hc' been designed prinarily to function with en interrupt
driven program. In most cases, the best level of systen p?TfOTm”
ance will be achieved when the pro gram issues one ox jore disc

storage commands and then.goes on 1o othor tasks 5, relying ow the
CU to generate a command chonnrl intervupt whenever a command is

ccmp.’l.azk.c:o_. Following each intervcuept, the progran issues Status
Check to the drive which OohplOLod and verifics that the any Brror
acondition dis not set in the status word. A new command can then

be issued to'any ofl the erVOt in the systein. Although the CU
has no capability to ueuc or execute nore than one Jocﬂ/w ite
conmand at a time, provisions have been nade 4o allow overlap of
- Seek Record commands on multiple drive systems.  In applications
where moce than one drive is-"c%ive, suah OVCLJ?U should he used
to mininize the effects of acc cessing delays.

6.2 RAR Control

Although the onc abhead” nature of the RAR operation saens to
inply a need for plus one or nminus one addressing, such g not
the case, The progran nced only incure that whenever a data
handling corunand (Wirite, Read, Refine, Check, or Initialize) i
igsued the RAR containg fhe o nlete addrese of the first sechor
to be processed. If the RAR is set to cylinder six, head one,
sector three vhen a Write Data is iszsued then the same data will
be read back if the RBR is at six, one, three and a Read Data i
issued. ' o

Use con be made of the fact thalt the RAR address is updated bj
the CU when multiple sectors are processed. IFf the }chvam nec
to read scctors two' and three into. one nemory location and
sectors four and five into another, two Read Data cowmands ace
used. The RAR sector address must be at two vhen the Firvst Read
Data is issued (with data channel word count of 256). VWhen the
coranand comPlo s, the program executes Status Check to test for
errors, modifies the data channel staryting nenory address and
Lssues a second Read Data command,  Sinilac tcchntauC“ may e
1wsed for winlting successive scctors from several Aifferent MEMory
locations. ’

GL3 Write ChCU\lUO

When reco:xds ave written on a disc drive, some form of progeom

chzck should be executed to insure that the yecord was wiritieon
exactly as it existed in ncmory and that the rccord con ba
yecovered without error from the disce., Where doata integrit Ly is
crucial, cach recocd written should be read bacek from {he disc
into memoxy and cowparved vord for wocd with the original rocoxrd



transferred during writing. This provides a check, not only on
the serial data transfer between CU and dicc drive, but also on
the parallel transfer betweon CPU and CU.  %Phe latter ig ingportant

since the system provides no hordware chock of parallel data
LransLCr.

Where date integrity is less critical, it will be sufficient to
execute 'h Check Dad La conma I‘d against cach record thait is written
on the drive. %his provides a check on lﬂ servial date transfex

between CU and disc.

Write Chhcking should be eliminated from the progyamn opl\ in
s not nportant.

those sitvations vhere data integrity i

T"m

6.4 Caxitridge Tn: ielization

onanably, all disc cartridges will have have been nu]y?oa for
defects by the disc manufacturer according to accepted 1nouciry
standards. Prior to use on a system, new (unwritten) cartridyes
should he processed by a disc initialization program. She
program should initialize all sectors (to generate the sectou
adéh*o~f' fields), should 1n%vide, for flagging any cylinders found
defcctive by the disce nanufacturer, and .,nuuld exccute additional

data testing to help isolate defects which nay have developad
after manuﬁ cture., . '

The addit Ol al pack testing should include the following routine
execuued six timds on ecach cylinder: : :

1o Write a fixed data pattern in all data words of the .
cylinder.

L] .
2. ¥Bxecute Check Data 10 times on all data words of the
cylindex

On cach of the six passes, o diffevent data pdttorn Jhould be
vsed.  Below, in hexidecinal, are LhC six data words weconmanded:

Jefeyitct
1111
" ARBA
5555

hIh

FEFG

T W
- - >

]
B
.

[ea}
e

If data crror occurs wmore than once in o ocuuinq the, routine on
a cylinder, the cylindex, should be flagged defective.



Cylindex Flegging, Defcctive Cylinder Processing

As discussed carlicr, the CU peovides the program with the ability
to flag cylinders of disc storage as cither weite protected ox
defective.  In either case, the entixe cylinder (all 24 SEOETOUS)
must be so flagged to avoid erroneous xesponses from the CU .
during subsequent operations on the cylindex. The Initialize

Pata command should be used for the flagging operation.

there are soveral workable schemes for haudling defective cylinders.
Regardless of the method employed, the following recomendations
should be considered: '

. The gystem should allow up to three defect ive cylindovs
per disc (leaving 200 cylinders fox active czt) stovage) .

2. If the YSLPN relys on reading an alternate cylinder

address from the defective cylinder, the address should he
wiritien 1n several different (preferably in all) sectors of
“the defective cylinder. ’

[§

6.6 Erxor Rec ov<“y Procedures

Ceriain errors which occur "in the stora&e aysten are often
correctable through retry procedures.  USLNg progcams should
include provisions for retry to reduce the Frequency of @rrors
which impact the application. : .

- 2

CortcchBTQ CfJOT conditions and 100>mnua od
r oeach.

"v\

Ligted balow are

B Y
.l
retyry procedures fox

o

6.6.1 Data Frroxr During Read D@_a

~

Read the same record 16 times. Y& tho erroy persists afiter 16
retrics, issue Seck Recoxd to cylinder zero, Se ek Record to
cylindex 2§i2, Seck \oc,c),v_d 10 the fcm'ilnq record and ye-read wp

o 16 timocs. Y6 exyror p@t& sts, issué xefine record command and
ya-redd 16 tines. - If exror persists, terminate wetry. (See Section
6.6.3 for Data ¥rrox handling during write check.) '

oo

6.6.2 Data Frror During Write ox Initialize Data

Retry the Write or Initialize Data once. If exror persists,
terminate retry. '

~15-



6.6G.3 Yorors Du

ng Write Chock

Y Data FPrror occurs duving the Nead Data or Read Choeck (:csrﬁ~“ ana
used in a write check wvoutine (Sce Section 6.3) the complcete .
write; write cheok routine should ba retried up-to 16 times.

If the evror persists, the cylindexr may be dofective.  The
cyllhmc' chould cither be flagged iwmediately orxr logged fox
future checking and possible flagging.

TF an exvor is detected durirg the -in- mumoty wvord for word
comparison; the § write, v-L‘o check routine should bo rotr»od
onca. :

6.6, 4 nddress Erroerﬁeehg1nconnlgio or Access Huntinq

Seek Rocord’to cylinder zero, Séek Record to cylinder 2f2, Scek

Record to failing cylindex. I crrox persists, temuinate retyy.

6.6‘> OVO!YUH

P

Retry the operation once; if exrror persists, terminate retry.
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