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NOTICE TO USERS. .

While every effort has been made to ensure that the information provided
herein is correct please feel free to notify us in the event of an error
or inconsistency. '

Hitachi makes no representations or warranties with respect to the contents
hereof and specifically disclaims any implied warranties or merchantability
or fitness for any purpose.

Further,Hitachi reserves the right to revise this publication and to make

changes from time to time in the content hereof without obligation to
1wtify any person of such revisions or changes. -

Copyright Hitachi,Ltd. 1984, 1985, 1986
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1. INTRODUCTION

1.1 Purpose

This manual is intended to familiarize Original Equipment
Manufacturers (OEMs) with the Hitachi DKS512 Winchester disk
drives, and to enable OEMs to integrate the drives into their
computer-based systems. The manual provides technical infor-
mation needed by system designers, engineers, purchasing
agents and guality-control personnel. A separate Service
Manual describes installation, strapping, spare parts, and
troubleshooting.

1.2 Manufacturer .

The DK512 series disk drives are manufactured at the Odawara

Works, a member of the Hitachi Computer Division. The Odawara
Works also produces large disk drives, magnetic tape drives,

diskpacks, optical character readers, mass storage units, and
data entry systems. Its first Winchester drives were deliv-

ered in 1976.

1.3 Quality Control

Production of the DKS512 drives is highly automated, using

. robots and the latest technological advancements. The drives
benefit from total vertical integration: heads, platters and
electronics are all designed, manufactured and tested at the
same facility, providing assurance of component compatibili-
ty. 2n elabcrate gquality control system assures that each
drive satisfies all specifications.

1.4 Related Documents
The following documents are also applicable.
® Service Manual

® Schematic Diagrams
® Hitachi Technical Report on DX512
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2. PRODUCT DESCRIPTION

The Hitachi DK512 series disk drives are high-capacity
5.25-inch Winchester disk drives with an Enhanced Small
Device Interface (ESDI). The drives support the serial
mode. :

The mechanics and electronics are similar to DK51]1 series
disk drives, which are already being marketed, but these new
drives feature larger storage capacities, and higher
transfer and access speeds.

2.1 Models

The series includes three models, differing in the number of
disks mounted on the.spindle:

Capacity (MBytes)
Model Disks (Unformatted)
DK512-8 3 86.1
DK512-12 4 120.6
DK512-17 6 172.3

The unit is housed in an aluminum casting (see Figure 2-1).
One casting accommodates all models.,

2.2 Components

The DK512 disk drive includes the assemblies below and is
delivered with the following documents attached. Sections
3.7 and 3.8 list the connectors and cables which the customer
should prepare.

2.2.1 DK512 Disk Drive Unit

Figure 2-1 shows the DK512 disk drive unit.

The unit consists of:

eHead and Disk Assembly (HDA)

e Mounting Frame and Shock Mounts

e Printed Circuit (PC) boards. These are mounted in the
frame
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2.2.2 OEM Manual, Service Manual and Schematic Diagrams
One set of these transparencies is delivered with the first
lot of drives. When any modification is maken, the corres-
ponding transparency will be provided.

2.2.3 Test Report and Defect List

One set of the Test Report and the Defect List will be
provided with each drive.

" Voice Coil Motor

Disk s .
: \__ N

N

.
A

NAA

i
Heads / \ Actuator
Spin

dle Motor

\ Mounting Frame

Figure 2-1 Structure of DK512

HDA

/[
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© Controller Board

The optional controller board enables a drive to operate
with the SCSI interface,.

2.4 Features

Hitachi drives are designed and manufactured for exceptional

performance and high reliability. Each drive is given a

lengthy burn-in, then tested at marginal conditions.

The principal features of the drives are summarized below:

® Large Capacity, Fast Data Transfer
This is really a high performance disk drive with an
exceptional maximum 171 Mbytes of capacity per drive and
a fast 1.2 Mbytes/sec data transfer rate.

. Compact

It took Hitachi to put all of this capacity in a body the
same size as a minifloppy disk drive.

® High-Speed Access ..
The DK512 offers 23 millisecond average access time
thanks to positioning to heads by a microprocessor-
controlled rotary voice-coil actuator.

® Superior Reliability
In-house manufacturing of all heads, disks and custom
LSIs, plus strict testing throughout guarantees the
highest drive reliability.

® Industry Standard Interface

The ESDI industry standard interface provides easy
integration with a wide range of systems.

SHEET Mo "' 3
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2.5 specifications

Table 2-1 lists the complete specifications for DK512 models.

Table 2-1 Specifications

DK512 | DKR512 | DR5I2
Model -8 _12 -17
(unformatted) 86.1 120.6 172.3
Total Capacity Mbytes| Mbytes| Mbytes
(formatted)* 67.4 94.4 134.8
Mbytes| Mbytes| Mbytes
per Track (unformatted) 20,944 bytes
Capacity | per Track (formatted)* 16,384 bytes
per Sector (formatted)®* 256 bytes
Number of Sectors/Track Selectable in one-byte
. increments
Number of Disks 3 4 6
Number of Data Head 5 7 10
Heads Servo Head 1 1 1
Number of Cylinders 823
Access Average . 23 ms
Time _ Maximum 45 ms
(nominal) Minimum , 6 ms
Average Latenc 8.6 ms
Disk Speed _ 3,482 rpm + 1%
Data Transfer Rate _‘  1,215 Kkbytes/sec
Maximum Recording Density 18,500 bpi/925 tpl
Recording Method . ~ RLL 2-7
Data Transfer Method NRZ
with Controller
Startup Time 3 Approx. 25 seconds
+12V+5% 5.0 A (max.)
Power Requirements 2.5 A (average)
+5V+5% 2.8 A
Height 82.5mm (3.25 1in)
Dimensions | Width 146 mm (5.75 1n)
Length 203 mm (8.00 in)
Welght Approx. 3.4Kg (7.5 lbs)
(Cont'd)
*64 sectors/track
2-4
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rable 2=1 Specifications (cont'd)

Model DK512 DK512 DK512
' -8 -12 =17
. Type ESDI
Interface Configurations { Daisy-Chain or Radial
Acoustlc nolse ~Max 50 dBA, except when
start-up, stop and seek.
MTBF 20,000 POH, typical usage
Preventive .
Reli- Maintenance Not reguired
ability MTTR 0.5 hrs
Start/Stop
Operations Up to 10,000
Component '
Design Life 5 years or 20,000 POH
Error Rate | Recoverable 10 s
(within 10 | (soft) 1l per 10 its read
retrials) Unrecoverable 1 per lo13 bits read
{(hard)
6
Seek Error Rate ' 1l per 10 Seeks
Altitude :
Operating 3,000 m (10,000 ft) max.
Nonoperating 12,000 m (40,000 ft) max.
Temperature
Operating 5° = 45°C (41° - 113°F)
Nonoperating -20° = 50°C (-4° -~ 122°F)
Transporting/ -40° -~ 60°C (—-40°- 140°F)
Ambient storing
Maximum Gradient 10°C/hr. (18°F/hr.)
Relative Humildity
Operating 8 - 80% (no condensation)
Nonopérating 8 - 90% (no condensation)
Vibration
Operating 0.25G max.
Nonoperating 0.5G max.
Shock .
Operating 2G max. (10 msec,half sine wave)
Nonoperating 20G max. (10 msec,half sine wave)
Alr Cleanliness No corrosive gas, salt, or
metallic particulates.
Maximum number of ,
defects per device 86 120 172
Maximum number of
Media defects per surface 40 40 40
defects Derect Free Areas Heads 0 and 1 on Cylinder O
Each defect 1s 1dentified
Logging in a written test report,
and on the disk itself.
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2.6 Standards Observed
The DK512 drives will comply with the following standards:

UL 478
Csa 22.2-154

FCC pPart 15, Class A (when mounted in a standard cabi-
net)

2.7 Mechanical Construction

A durable casting provides a stable mounting for the
spindle motor and supports the voice coil motor. The voice
coil motor pivots qon precision bearings, moving between the
poles of a permanent magnet. The motor carries 6-11 heads
(depending on the model), which are mounted in pairs on
adjustable cast aluminum truss arms. The monolithic flying
heads are housed in light-weight frames which have been.
computer-adjusted for optimum tension against the disks.
Hall sensors measure the speed of the spindle motor.

Hub
Sealed bearings _ Disks

-

] N
} ~~~_ Aluminum casting

Speed sensor L
(Hall effect sensor)

I

Figure 2-2 Spindle Motor

2-6
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Actuator Arm

Pivot

Figure 2-3 Actuator Arm Assembly

The disk platters are made with the aluminum substrates,
which are turned with diamond tools to mirror finishes and

parallel surfaces. Proprietary processes then produce
uniform magnetic coatings. Every platter is tested and

inspected at each step of production.
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' 2.11 Disk Basics

The spindle rotates at 3,482 rpm, creating air films over the
surfaces of the disks, which balance the pressure of the
flying heads ‘and prevent the heads from touching the
surfaces. When the disks stop, as when power is turned off,
the heads come to rest in a safe area near the center of the
disk. - Close head-to-disk spacing requires that the disks be
sealed in a clean environment.

Air Flow

Figure 2-4 Air Circulation Inside Head and Disk Assembly

A positioning system for the voice coil motor moves the head
assembly rapidly and accurately to the addressed cylinder.
Since all heads are mechanically fastened together, they are
positioned to the same cylinder, that is, to the same track
on each surface. Cylinders are numbered from 0 at the
periphery to 822 at the center.

2-9
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Absolute cylinder position is established by the servo
tracks, which are recorded at the factory on a dedicated

surface, located at the top of the stack.
An elaborate feedback system centers the servo head in

it’s track,

DISK ROTATION

W

TRACK No.

A

912 821 822"

DATA BAND

DKS12
-17
- ! ~ |  SERVO HEAD
= 9 0 2
= ) ] 1
= ' 2 2 2
== 3 3 3
- ¢
_ L [ >7——= : ;
/ T = = ;
| e
—r} — —_— Y

INNER GUARD BAND

Figure 2-5 Head and Cylinder Address

An index signal and a precision clock are derived from the
servo information. The index signal marks the beginning of a
track or cylinder. The clock, a Phase Locked Oscillator
(PLO), is a precision reference for writing data to the disk,
and enables data to be formatted with shorter gaps between

fields.

Disks are formatted by the OEM, depending on the intended

application. Recommendations for a fixed sector format are

provided in Chapter 6. =
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' 2.12 Power Supply

The drive requires +12 V DC and +5 V DC input.
Figure 2-6 shows the derived voltages and representative cir-
culits operated by each voltage. : :

Input Derived Circuit Supplied Derived Input

Spindle Motor,

Voice Coil Motor

Read/Write e—m00ulI
Pre-Amps in HDA

&

Servo Pre-Amps

in HDA -

+5 V- i > TTL, ECL

Line Drivers
and Receivers, ECL
Read Amps, Servo Signal Amps

Figure 2-6 Voltage Utilization

2.13 8Sz118 Read/Write PC Board

This PC board controls the drive's rezd and write operations.
Mounted on this board are:

Write driver

READY and SELECTED Lamp(LED)

Head select circuit

Write fault sensor :

Read signal amplifier and AGC (Automatic Gain
Control)

Read signal equalizer amplifier

Servo Circuit 45—L-12 V}<_4'+12 V{_

IH
K 6600074 i;?




'2.14 S2123 Digital PC Board

This board controls digital operations such as interface
control, seek control, servo control and nead/write logic.
Mounted on this board are:

Line drivers and receivers

One-chip microprocesser

Head velocity digital-to-analog converter

Address mark detector

Low-voltage detector and power-on reset

R/W gate control

Cylinder address register

STATUS circuit

PLO (Phase-Locked Oscillator) for master clock

VFO (Variable Frequency Oscillator) for READ DATA

Read peak sense logic

Write precompensation

RLL 2-7 encoding and decoding (for writing to the
disk) :

Servo logic

Servo signal amplifier

Position signal generator

Sync pulse generator

2.15 52117 ~ Analog PC Board

This board controls analog operations such as motor control,
servo control and power supply. Mounted on this board are:

® Head positioning control
On-track signal sensor
Track crossing pulse generator
"Absolute velocity signal generator
Velocity error signal generator

® Voice coil motor driver

® yJyoltage regulator (+2 V)

® DC~-DC converter (-12 V)

® DC spindle motor control

N
|

12 —
ISHEET "'l 5
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2.16

Microprocessor

A high-speed 64-pin CMOS one-chip microcomputer is employed.
This has reduced remarkably the size of circuits. 1Its main
functions are: ’

Motor power-on seguence A

Positioning the heads at the addressed cylinder,
‘using a fast seek algorithm

Returning the heads to the zero cylinder during
power-up and recalibration (RTZ)

Command protocol control

Spindle motor speed checking

ISHEET Yo" | 7
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3. PHYSICAL INTERFACE

3.1 Physical Description

The DK512 5.25-inch disk drive is shown in the frontispiece
and in Figure 3-1. Three cables (control, data, and power)
plug in at one end of the DK512 PC assembly; connectors for
cables to the Head and Disk Assembly (HDA) are at the other
end where the Read/Write PC Board is attached, i.e., on the
Front Panel side. The Read/Write PC Board is screwed to a
heavy cover used as a heat sink; it is connected with two
plug-in cables. The HDA is sealed in a contaminant-free
‘atmosphere in its casting and is never to be opened in the
field. ‘

Interface connectors

: <$;j data

Figure 3-1 DKS512 PC Boards -and Interface Connectors

Figure 3-2 shows how the drive may be mounted either hori-
zontally or vertically. Forced or natural air cooling may
be used. When the drive is installed in a cabinet or box,
forced air cooling is reguired. When no fan is used, the
drive should be mounted so that the internal heat is con-
ducted out completely and no outside heat affects the
drive.

SHEET Mo
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(a) Horizontal mounting

b) Vertical mounting-l c) Vertical mounting-2

Figure 3-2 Mounting Positions

[ %]
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3.2 Mounting Reguirements

The drive has 8 threaded holes for the mouhting screws.

Four screws are used, whether the drive is mounted horizon-

tally or vertically.
screws more than 5 mm (0.2 inch) into the drive. -

shows the DK512 mounting dimensions.

The guidelines in Section 3.2 should be observed by those
responsible for mounting the DK512 in a

139.7(5.5)+0.5(0,02)

3.2(0.13)

A: Threaded holes for
mounting screws
mm: M4x0.7
inch: NO.6-32UNC

Dimension :

Figure 3-3

| A

system.

i w4

146(5.73)

8

Y

o™

203(8.00)

+0.5(+0.01)
- (-0.03)

>
21.8(0.06)
0.5(0.02)
7]

<

82.5 (3.15)

] A
8-M4ax0.7

- A
79.2(3.12) k?.s(x.s;n

(8-NO.6-32UNC) A

+0.5(0.02)  +0.5(0.02)'
1A

mm( inch ) __@_}o

olo== i adl

PC Board

=

C

A

DKS12 Mounting Dimensions:

A

Be careful not to insert the mounting
Figure 3-3

Side and Top Views
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3.2.1 Shock Mounts and Handling

Special precautions must be taken so that the drive is not
jarred or bumped while it is off its shock mounts. When
removed from the system, it must be placed on a urethane
foam cushion. The drive should be installed in an acces-
sible position for convenient removal and maintenance.

3.2.2 Metric Screws

Only metric screw threads and screws are used on the DKS12.
They are specified as:

where

Méx.7x8,
M = Metric
4 = basic major diameter, mm. Thus, a clearance
hole would be approximately 4/25.4 = 0.157 inch,
7 = distance between threads, mm. Thus, this

screw has 25.4/0.7 = 36.3 threads per inch.
8 = length, mm.

Metric screws must be used. There are no U.S. Standard
screws, even in unusual sizes, that are interchangeable.

3.2.3 Air Flow

The DKS512 disk drives are more reliable as the ambient tem-
perature lowers. Air must pass over all sides of the HDA
and .between the boards. Select natural or forced cooling
depending on its mounting conditions.

3.2;3.1 Forced Cooling

When the drive is mounted in a cabinet or box, a fan must be
installed on the cabinet or box to force heated air out and
take outside air in. Keep' the internal temperature as close
to the room temperature as possible. Figure 3-4 shows the
forced air flow.

Figure 3-4 An Example of Forced Cooling

3-4

-ﬁévl/
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3.2.3.2 Natural Cooling

Natural cooling means that the drive is mounted so that no
heated air remains anywhere in the devices, and that no out-
side heat affects the drive. .

3-5
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3.4 Interface Connectors

Control cable B, data cable C, and DC power cable A from the
controller are connected to the drive at the following con-
nectors:

® J1 for Control Cable B (Pl)
® J2 for Data Cable C (P2)

® J3 for DC Power Cable A (P3)
@ J4 for Ground Cable D (P4)

Figure 3-5 shows the locations of these four connectors.
Figure 3-6 shows the DC power cable A connector J3 pinout.

Figure 3-7 shows the ground cable D connector J4
pinout.

'l HDA

/

7
| ,// | /
J//////=-77/// /m‘fﬁ%/ ﬁ]

Ground Cable D

i % \DC Power Cable A

Data Cable C Control Cable B

N\

N O

b3

Figure 3-5 Cable Connector Locations

» 1 ¢+ +12v DC
L@ @ @ @J 2 : 412V return (GND)
3 : 45V return (GND) N
4 = +5V DC

Figure 3-6 DC power Cable A Connector J3
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Figure 3-7 °

0.5(0.02)
4

unit : mm(inch)

Ground Cable D Connector J4

3.5 Control Cable B Pinout

Figure 3-8 shows the dimensions of controcl cable B connector

Jl.
"0.85(0.033)ip.09(0.0035)
Il PIN No.
— —_—— ~
o) 2 4 o~ 34
= 1 N 335 -
s 3 i ce
248° i e]l ol
s e O .« .
o4 it . =%
2.28(0.09) 1.65(0.065) 2.54
:9.15(0.006) +0.08(0.003) (0.100)
Board
Thickness
1.6(0.063) 45.19(1.779)+0.15(0.006)
+0.15(0.006)
Unit: mm{inch)
Figure 3-8 Control Cable B Connector J1l
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3.6 Data Cable C Pinout

Figure 3-9 shows the data cable C connector J2.

0.85(0.033) +0.09(0.0035) *

ii ' PIN No.

s 2 4 — :: 210

g I <T O

s o ' SS

-~ ~ I ni wn

ot < HEr

5ol | =}

H+l — A
2.28(0.09) 1.65(0.065) 2.54 '
+0.15(0.006) . +0.08(0.003) (0.100)
Board
Thickness - . -
1.6(0.063) 27.41(1.079)40.15(0.006)

+0.15(0.006)

Unit: mm(inch)

Figure 3-9 Data Cable C Connector J2

3.7 Connector Specifications for Cable Plugs

Table 3-1 lists connector specifications for cable plugs.

Table 3-1 Connector Specifications for Cable Plugs

N Manufacturer's
Cable Item Mfr. Part Number Oty.
B
Control Pl Connector AMP 88373-3 1
c P2 Connector AMP 88373-6 1l
Data
A P3 Connector
Pin AMP 61314-4 4
DC Power Housing AMP 1-480424-0 1
D 62187-1 or
P4 Plug AMP 60711-1 or 1
Ground 170038-2
3-8
K 66 SHEET X5 7
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3.8 Cable Specitications

Table 3-2 lists cable specifications.

-Table 3-2 Cable Specificatians

Cable Item Length
B . ; : 3 m max.,
Control Flat ribbon or twisted pair cumulative
c : ; : 3 m max., -
Data Flat ribbon or twisted pair each cable
A 3 m max.,
DC Power 20 AWG each cable
D . : 3 m max.,
Ground Brald;or equivalent, 20 AWG each cable

*To reduce noise, braid the cable in such cases as the cable
goes out of the system cabinet.

3.9 Crimping Tools

Table 3-3 Crimping Tools

Cable Crimping tool
B Air pressure type: AMP91112-2
Control Manual type ., _
o (bench type)’ AMP91085-2
Data Manual tvpe: 2AaMP91128-1
A bd -—
DC power Manual type: AMP90123-2
D —
Ground

ISHEET %o| '] /
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4. ELECTRICAL INTERFACE

4.1 DC Power Requirements

Figure 4-1 gives the +12 V DC requirements.
less motor requires a maximum current of 5.0
and has short peak current requirements during
tions. :

The DC brush-
A at startup
seek opera-

The drive requires also +5 V DC power of 2.8 A.

N
9
£

: /
2 3~————.——\\ i
2 S T N
5 ~L b ——
> 14 i {
N | i
| 25 { Time (sec.)
! ! Steady | Seek
! Startup of DC Motor | oceration } Operation ;
; ; (average) | i
+12 V Power ! ! |
DC Motor 3.0 A max. 1.5 a -
Other Equip. 1.0a 1.0 A -
Total 4.0 A max. 2.5 a 5.0 A max.
Figure 4-1 +12 V DC Power Regquirements

Note ‘that starting up two or more motors simultaneously
results in a large current flow. To avoid this, wait at
least 20 seconds before turning on the +12 V DC power for
the second motor. All the devices become ready when the
last device enters the READY state.
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4.2

Figure 4-2 shows the daisy-chain connection.

Daisy-Chain Connection

Control Cable B

Data

Cable C

. *
Terminator 2

Ground

Bl

Control J//ﬁ Z
sils [ 7 [
VA ) ]
Data ] ‘ L
Signals — ] v
DKS12 DK512 DX512 DK512
‘ DEVE1 DEV#2| pDEVEN-1] |DEVEN
DC Power Fanl |
VAR
11
N/
\x\§\> DC Power Czble A

Notes

*1.

*2.

N=7 for SERIAL mode.

The last device (only) in the
Remove the other
Refer to Service

on cable B.
each drive.

necessary information.

Figure 4-2 Daisy-Chain Connection

*1

daisy-chain must have terminator
terminators that are provided with
Manual for the locations and other

K 8600074
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4.3 Star Connection

Figure 4-3 shows the star connection.

Control Cable B

,—/ Data Cable C
4
VARR) yd

Control
X { | 7
Signals \_ ]/
e
\
Data | ) T : +tor*2
Signals L) erminator
on fonsl _rm ~
‘ DK512| | DKS12 | |DKS12 DK512
pEv#1l| |[DEV#2| DEVEN-1 | DEVEN M1
DC Power e ]
)
[
\ 7
\\DC Power Cable A
Ground
[ !
Notes .

*1. N=7 for SEZRIAL mode.

.*2. Each control cable is terminated at its drive. Plug-in
minators are provided with each drive. :

Figure 4-3

Star_Connection

ter-
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4.4 Control Signal Transmitter and Receiver Circuits

Figure 4-4 shows a single signal line

in simplified form.

The transmitter is a 7438 or equivalent integrated circuit

line driver which outputs TTL signals.
7414 or egquivalent integrated circuit line receiver.

:The receiver is a

This

TTL interface circuit is wused for all the DKS512 signals

except WRITE CLOCK, READ/REFERENCE CLOCK,

NRZ READ DATA.

&

+5 v

R2< Rl

ICTR

ICqp
NS,
[} > >

\4
Y4

B Cable
(C Cable)
ICpp: 7438
ICTR: 74LS14/7414/7415240
RL : 220Q +5%
R2 : 3300 +5%
Figure 4-4

TTL Interface Circuit

NRZ WRITE DATA and

The TTL interface signal transmitter and reciever circuits

have the following characteristics.

those at 25°C (77°F).
e Input signal:
e High false "O"

e Low true "1"
® Rise/Fall time

e QOutput signal:

e High false "0":
Low true "1* :
® Rise/Fall time:

+2.5 V- +5,.0 V
oV - +0.5 Vv
30 ns max.

Open collector output
0.4 V max.

30 ns max.

Note that values are

K 6600074
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4.5 Data Signal Transmitter and Receiver Circuits

Figure 4-5 shows a simplified schematic, of the data cable
signal circuits.” The transmitter is a 75172 or equivalent
integrated circuit line driver with a three-state differen-
tial output. The receiver is a 75173 or equivalent integra-
ted circuit. This interface circuit is used for data signals
on cable C: WRITE CLOCK, READ/REFERENCE CLOCK, NRZ WRITE
DATA and NRZ READ DATA.

+5 v
’ R2
IC
T ICTR
™ S |
High True R1 % High True
b N e N
77 P M
C Cable R3
ICop : 26LS31/75172
ICTR : ?6L532/75173
Rl -: 10000 +5%

R2,R3: 4.7 kQ +10%
Figure 4-5 Data Interface Circuits

Resistors R2 and R3 shown in this figure prevent the line
receiver from oscillating when the differential line enters
a high impedance state.

The data signal transmitter and receiver circuits have these
characteristics. Note that values are those at 25°C (77°F).

e Input signal: High false "0", Low true "1"

| | vg = vp | > 200 nv

e Output signal: High false "0", Low true "1™
|vg - vp|>2 v

Signal names with -P suffix represent high true "1" signals,
while those with -N suffix are low true "1" signals.

4-5 SHEET M| /
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S. INTERFACE SIGNALS -- SERIAL MODE

This chapter describes the interface signals and timing

requirements for the ESDI interface SERIAL mode implemen-
tation. Signal timing specifications are: those measured at
the connector pins in the drive, .

Figure 5-1 shows the DK512 block diagram for SERIAL mode
implementation. First, the drive 1is selected, then the
cylinder, finally the head. The desired sector is obtained
by reading the sector addresses passing under the head.
Each track has sync patterns and intersector gaps. WRITE
GATE 1is asserted and negated in designated places in these
fields, producing write splices. The servo information
keeps the heads on c¢ylinder, and develops the clock for
encoding and decoding the data.

Table 5-1 lists the pinout for control cable B and Table 5-2
the pinout for data cable C.

Section 5.1 covers the control signals and Section 5.2 the
data signals.
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DRIVE SELECTED
ORIVE SELECT 113

READ GATE
WRITE CATE

TRANSFER REQ
TRANSFER ACK
COMMAND DATA
CONFIG/STATUS
ATTENTION
COMMAND COMPLETE

HEAD 2°42°

INDEX

SECTOR
READY

WRITE DATA
WRITE CLOX
READ DATA
READ/REF CLOCX

READ/WRITE |_ VELGCTTY '
7 CONTROL DETECTOR
a
=z
o
& veu
z POWER
4 ACCESS il
| W [ ] comanp CONTROL.
=1 5 [T /sTATUS
=1 & 7] contrOL
o —— 1
' Servo Disk
Head
4 .—L- '
HEAD | :
DECODER PLO } 2 L
x <
! MOTOR
INDEX/SECTOR I veH ; dL—-——J
DETECTOR i ca
L Data Enclosure
| || FauLT -
DETECTOR DC MOTOR
DRIVER
1 {
WRITZ RCTATIONAL
= i NRZ e i -DETECT
— et RLL2~7 & MOTOR
‘ START/STOP
e B vro __ESAD PEAX READ CONTROL
< ] ISENSE LoGIC ) me
POWER ON
CIRCUIT
Figure S5-1 SERIAL Mode Block Diagram
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Flat ribbon or

twisted pair (3 meters max.)

Controller Drive
SHEAD SELECT 2! =0 5 1 — |
®HEAD SELECT 22 —N 4 3 —

S —
®WRITE GATE —N 6
" 7
®CONFIG -N /eSTATUS DATA —N 3 -
®TRANSFER ACK -N °
10
11 —
6ATTENTION -N
12 13 —
®HEAD SELECT 29 14 15
SECTOR -N /BYTE CLOCK -N/eAM FOUND -H], —
17 —
®HEAD SELECT 2! -N 18 19 » J1/P1
®INDEX —N 20
21 —
SREADY —N 29
: 23 —
®TRANSFER REQ -N 24
eDRIVE SELECT 1 N 25 —
26 27 —d
®DRIVE SELECT 2 N 28 X
®DRIVE SELECT 3 —N 30 2
®READ GATE -N 22 31—
SCOMMAND DATA -N 34 33 1

Figure 5-2 Control Cable B Signals

Table 5-1 Pinout for Control Cable B

gigiZ?lName Source | Signal Pin | Ground Pin
HEAD SELECT 22-N CU 2 1
HEAD SELECT 24-N CU 4 | 3
WRITE GATE-N CU 6 5
CONFIG-N/STATUS DATA-N Drive 8 7
TRANSFER ACK-N Drive 10 9
ATTENTION-N Drive 12 11
HEAD SELECT 2Y-N CU 14 13
SECTOR-N/BYTE CLOCK-N/ .
ADDRESS MARK FOUND-N Drive 16 15
HEAD SELECT 2:{-N CU 18 17
INDEX-N Drive 20 19
READY-N Drive 22 21
TRANSFER REQ-N Cu 24 23
DRIVE SELECT 1-N Cu 26 25
DRIVE SELECT 2-N CU 28 27
DRIVE SELECT 3-N CU 30 29
READ GATE-N Cu 32 31
COMMAND DATA-N CU 34 33
Notes

CU: Control Unit

-N: Low true ({(logical "1") signal

5-3
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Flat ribbon or

Low true (logical "1") 51gnal
Differential line signal
Head at a "0" level

" Cortroller ~ twisted pair (3 meters max.) Drive
®DRIVE SELECTED -N 1
®SECTOR - /¢BYTE CLOCK -N /@AM FOUND -N |,
®COMMAND COMPLETE -N 3
®ADDRESS MARK ENABLE -N 4
) 5
6
®WRITE CLOCK —P 4 :
eWRITE CLOCK -N 8
9
®READ/REFERENCE CLOCK =P 10
®READ/REFERENCE  CLOCK N 11
12 —
eNRZ WRITE DATA —P 13
®NRZ WRITE DATA =N 14
» . 15 —
16 —d
SNRZ READ DATR -P 17
eNRZ READ DATA -N 18 .
19 —
®INDEX —N 20
Figure 5-3 Data Cable C Signalé
Table 5-2 Pinout for Data Cable C
Hitachi Source | Signal Pin | Ground Pm
Signal Name
DRIVE SELECTED-N Drive 1 -
SECTOR-N/BYTE CLOCK-N/
ADDRESS MARK FOUND-N Drive 2 -
COMMAND CQOMPLETE-N Drive 3 -
ADDRESS MARK
ENABLE-N CU 4 5/6
WRITE CLOCK—-B/N | CU : 7/8 -
READ/REF CLOCK-P/N Drive 10/11 12
NRZ WRITE DATA-P/N - - CU 13/14 15/16
NRZ READ DATA-P/N Drive 17/18 19
INDEX~-N - Drive 20 -
Notes
: ‘(ontrol Unit

|REY
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S.1 Control Signal Descriptions

This section describes the control signals transferred be-
tween the drive and the controller. One group's source is
at the controller and used to control the‘drive's operation,
i.e., input signals. The other's source is at the drive and
reports its status to the controller, i.e., output signals.
Control cable B transmits all the control input signals and
all the control output signals except DRIVE SELECTED and
COMMAND COMPLETE which are placed on data cable C. INDEX

and SECTOR signals are found on both cables.

5.1.1 Control Input Signals

‘The control input sigd%ls are of two types: those to be multiplexed

in a multiple drive system and those intended to do the multiplexing.
The contrel input signals to be multiplexed are WRITE .GATE, READ GATE,
HEAD SELECT 20, HEAD SELECT 2!, HEAD SELECT 22, HEAD SELECT 23,
TRANSFER REQ and COMMAND DATA. The signals to do the multiplexing are
DRIVE SELECT 1, DRIVE SELECT 2, and DRIVE SELECT 3.

ADDRESS MARK ENABLE is a control input in the radial cable. It is not
multiplexed.

NOTE: Any lines not used should be terminated.

5.1.1.1 DRIVE SELECT 1, 2, 3 -N

To select a. drive, the controller places the address on
these three lines in a binary form. DRIVE SELECT 1  is the
least significant line and DRIVE SELECT 3 is the most signi-
ficant line. Seven drives can be selected at maximum.

Table 5-3 lists the combinations of DRIVE SELECT l, 2 and 3
lines and the drives selected. Figure 5-13 shows the DRIVE
SELECT timing with other control signals. '

DRIVE SELECT must be low when SEEK, WRITE GATE, READ . GATE
or STATUS CHECK command is issued.

HEET Ne RNE(]V’ /
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Table-5-3 .DRIVE -SELECT-Lines--and-Selected -Drives

DRIVE SELECT Lines Selected Drive
3 2 1 Number
H H H NONE
H H L 1
H L H : 2
H L L 3
L H H 4
L H L 5
L L H 6
L L L 7
Notes

H: High level, "O"
L: ILow level, "1"

d

' 5.1.1.2 HEAD SELECT 20 21 22 23 —y

To select a head, the controller places the head number in a

binary form on these four lines.

when READ GATE or WRITE GATE is activated.

Table 5-4 lists the combinations of HEAD SELECT lines and

HEAD SELECT must be low

the heads selected. Figure 5-4 shows the HEAD SELECT timing

with WRITE GATE and READ GATE.

Table 5-4 HEAD SELECT Lines and Selected Heads

HEAD SELECT Lines Selected Head Number
23 22 21 20 DK512-8 DK512-12 DK512-17
H H H H 0 0 0
H H H L 1 1
H H L H 2 2 2
H H L L 3 3 "3
H L H H 4 4 4
H L H L - 5 5
H L L H - 6 o
H L L L - - 7
L H H H - - 8
L H H L - - 9
Notes

H: High level

L: Low level

-: No head.

5-6 :
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TSV

HEAD SELECT-N Invalid X valicd bnvalid
1 2
2 2

(2°, 2%, 2%, 2%

WRITE GATE-N | | . Rl EZ§ R2
PERD GATZ-N 'r__m [— WR&% |

R1:220Q + 5%

T2 T R2:3300 ¥ 5%
R3:3.9KQF 5%
Ty1>1 ps, Tp>20 ps, T3>l ps. Ty>0 ps Diode:A35DHD
A or Equivalent
Figure 5-4 HEAD SELECT .Timing with WRITE GATE Figure 5-5A
and READ GATE WRITE GATE TERMINATION

5.1.1.3 WRITE GATE-N

This signal, when low, causes the serialized data on the
data line to be written on the disk.

If the édrive responds to the controller with WRITE FAULT
while WRITE GATE remains active, the entire sector being
written may be invalid. The data will be. lost, and must be
rewritten after the fault has been cleared.

oes inactive upon detection of WRITE.FAUL

When WRITE GATE g T,
try to rewrite ths same data if READY, SIZEX COMPT?*E, WRITZ
FAULT or EZ2D SZLZCT is normal. '

The following timing restrictions apply to WRITE GATE (see
Figures 5-5 through 5-8):

e When writing after reading, WRITE GATE must not be acti-
vated for at least 300 ns after READ GATE is inactivated.

e During succesive writes, as when formatting, WRITE GATE
must be inactivated for at leas; one microsecond between
activations.

e 2fter WRITE GATE is inactivated, READ CGATEZ must not be
activated for &t least 20 microseconds.

th

e After the desired dazta is written to the disk, one byte ©
dummy data must be written.
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INDEX-N
or
SECTOR-N

WRITE
GATE-N

FORMAT

INDEX~-N
or
SECTOR-N

FORMAT

1

pro |BYTE aooress | APR |apr |wrITE
1s6 SYNC SYNC rrero | SHESNpnp berics
PATTERN{ ~~ BYTES -

0.6 Us max.

*1. WRITE GATE may remain active for the portion indicated
by "...".

Figure 5-5 WRITE GATE Timing When Formatting

ml ~ T

'~ |BYTE - DR BYTE
PLO SYNC ADORESS ADR | WRITE |(PLO SYNC DATA DATA

ISG . e .
SYNC- PATTERN FIELD YTES PAD | SPLICE|SYX PATTERI FIELD| PAD

READ GATE-N

|10 Bytes min ) ;¢ min.!!
T T

. .

WRITE
GATE-N

Figure 5-6 WRITE GATE Timing When Writing Data

WR

ITE GATE-N |

READ GATE-N 1

‘ 20 Us min.

Figure 5-7 WRITE GATE Timing with READ GATE

5-8
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WRITE GATE-N ——————————1_; r_______

HEAD SELECT-N
(2° ~ 2% ><,

1 ps min. 1 ps min.

Figure 5-8 WRITE GATE Timing with HEAD SELECT

"When low, READ GATE enables the read circuitry to decode the
RLL 2-7 data written on the disk. The data is converted to
the NRZ format and, synchronized with READ CLOCK signals,
transferred bit by bit to the READ DATA line, which carries
it to the controller.

These timing restrictions apply to READ GATE. Figure 5-9
shows the READ GATE timing.

e The characteristics of the drive circuit require a delay
when changing heads. Data can be read without error 20
microseconds after the selection of the new head. Ignore
the data for about 4 bytes after READ GATE is activated.
See Figure 5-4. )

e READ GATE must not be activated for 20 microseconds after
WRITE GATE is inactivated. See Figure 5-7.

;R:DEX-N —Lr U“’

SECTOR-H

' "~ |sYTE IADR , BYTE 5

PLO - ADDRESS ADR | WRITE |PLO OATA | DATA | .o
FORMAT 15G SYNC crECK 9 |s¥ne cro| pa 1

s¥ne (ool |FIELD BCTEs |Pao | spLice|sync| g oo o | FIELD| PAD

| Jlo Bytes min ;... min.H
: < -

READ GATE-N | f_‘[” [
READ DATA W/ R W 7/ /22D,

l 4 bvtes . | 4 bytes
I 1

1

*1. READ GATE must be activated at least 10 bytes
prior to SYNC PATTERN after WRITE SPLICE.

Figure 5-9 READ DATA Timing
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5.1.1.5 COMMAND DATA-N

To issue a command, the controller must send out 16-bit
serial data, MSB first, and a parity bit onto this line.
Transfer of this serial data is controlléd by the handshake
protocol with TRANSFER REQ and TRANSFER ACK. Upon receiving
this serial data, the drive executes a function as specified
by the bit configuration. Figure 5-10 shows the COMMAND
DATA transfer timing with TRANSFER REQ and TRANSFER ACK.
F.igure 5-11 shows the COMMAND DATA bit configuration. Table
5-5 lists the COMMAND FUNCTION definitions. The following
paragraphs describe each of the command functions.

While COMMAND COMPLETE is high, the controller must not send
out data. ;

COMMAND DATA must be high when not in use.

TRANSFER REQ-N -
50 ns min. 0. ns min. 1:—_-,
COMMAND DATA-N%?%%ZZ%Z valid %ZZZ%%%Zé

<
?

: . : —

lOns min. 50 ns min. ;Ons min. i

110 ms 10 ms max. 110 ms |50 ns n'fino*l
max. maX- N0 ms max.

e
é

TRANSTER ACK-N

*1, Except for the last bit.

Figure 5-10 COMMAND DATA Transfer Timing with
- TRANSFER REQ and TRANSFER ACK
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Most

. e es Least
S PN
B;gnlflcant, - Slqnlflca?t
Bit
1571413 {12 f11|10]9 | 8 71686 S 143 ]2 1 olp
CMD FUNCTION | CcMD MODIFIER - ALL ZEROS P
CMD FUNCTION CMD PARAMETER P
Bit P: Parity (odd)
Figure 5-11 Command Data Word Structure
Table 5-5 COMMAND DATA Definitions
CMD FUNCTION |CMD CMD CMD STATUS/CON-
BITS FUNCTION MODIFIER |PARAMETER|FIGURATION
15114113 |12 |DEFINITION Bits 11-8|Bits 11-0|DATA
0f 0} 0| O [SEEK X < X
0] 0f 0) 1 |RECALIBRATE X X X
REQUEST
0f 0f 1{ 0O STATUS b4 o
REQUEST CON-
0] 9] 1] |FrcuraTION . * °
Oy 1j 0y O JUNIMPLEMENTED - - -
0 1] 0} 1 |CONTROL o | X X
Ol 1} 1| 0 |UNIMPLEMENTED | - i - | -
0y 1| 1| 1 |TRACK OFFSET o | X X
1| 0] 0| O |UNIMPLEMENTED - | - -
SET BYTES PER
1} 0y O 1 SECTOR X o p 4
1{ 0] 1| 0O |RESERVED - - -
1] 1| 0] O |RESERVED - - -
1| 1} 0| 1 |RESERVED - - -
1] 1} 1] O |RESERVED - - -
1] 1] 1{ 1 |RESERVED - - -
o: Applicable x: Not applicable
Notes .
1. All unused or not applicable lower order bits must be zero.
2. Wwhen receiving any "RESERVED" commad, the drive will process it
as an unimplemented command.
5-11
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Definitions of COMMAND DATA Bits 15, 14, 13, 12

(1) SEEK (0000)

This command causes the drive to seek to the cylinder spe-
cified with bits 0 through 11. A SEEK command restores
the track offset to zero.

(2) RECALIBRATE (0001)

This command causes the head to return to cylinder 0000. A
RECALIBRATE command restores the track offset to zero.

(3) REQUEST STATUS (0010)

This command requests the drive to report a 16-bit standard
or vendor unique status information to ¢the controller as
specified by the command modifier bits.

e REQUEST STANDARD STATUS

When the command modifier bits 11-8 of the REQUEST
STATUS command is 0000, the drive reports the standard
status to the controller. Bits 15-12 of this status.do
not cause ATTENTION to be asserted. Bits 11-0 cause
ATTENTION to be - asserted when a fault condition. or
change of status is set.

Tables 5-9 through 5-11 list the response protocol and
status response formats from the drive.

e REQUEST VENDER UNIQUE STATUS

When the command modifier bits 11-8 are 0001, the drive

reports a fault status as the vender unigue status to
the controller. When the command modifier bits 11-8 of
the REQUEST STATUS command is any of 0002-1111, the
drive treats that command as an unimplemented command.
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(4) REQUEST -CONFIGURATION--(0011)
This command causes the drive to report its configuration to
the controller. The configuration is defined by bits 11-8.
Table 5-6 lists the combinations of COMMAND MODIFIER bits
that define the drive's configuration. 4

Table 5-6 CONFIGURATION Definitions

COMMAND MODIFIER BITS FUNCTION
11 10 9 8
0 0 0 0 GENERAL QONFIGURATION OF DRIVE
AND FORMAT
0 0 0 1 NUMBER OF CYLINDERS,FIXED
0 0 1 0 —_—
[} 0 1 1 NUMBER OF HEADS
0 1 0 0 MINIMUM UNFORMATTED BYTES PER
TRACK
0 1 1] 1 UNFORMATTED BYTES PER SECTOR
0 1 1 0 SECTORS PER TRACK
0 1 1 1 MINIMUM BYTES IN ISG FIELD
1 0 0 Q MINIMUM BYTES PER PLO SYNC FIELD
1 0 0 1 NUMBER OF WORDS OF VENDOR UNIQUE
STATUS AVAILABLE
1 0 1 0 RESERVED
S
1 1 1 0 VENDER IDENTIFICATION
1 1 1 L

(5) CONTROL (0101)

This command causes the drive to perform a control operation

as specified by bits 11-8. Table 5-7 lists the combinations

of COMMAND MODIFIER bits that define the control functions.
Table 5-7 CONTROL Definitions

COMMAND MODIFIER BITS FUNCTION
11 10 9 8 '
0 0 0 0 RESET INTERFACE ATTENTION AND
STANDARD STATUS (BITS 0-11) *1
0 0 0 1 RESERVED
0 0 1 0 . STOP SPINDLE MOTOR (OPTIONAL) *2
0 0 1 1 START SPINDLE MOTOR (OPTIONAL) *2
0 1 0 0 RESERVED
0 1 0 1 RESERVED
0 1 1 0 RESERVED
0 1 1 1 RESERVED
1 X X X. RESERVED
*]1. This reset function becomes effective provided the fault

condition has been cleared. The VENDOR UNIQUE STATUS
(bits 0-5) is also reset if the faule condition has been
cleared.

*2. Selectable with option set jumper switch. If the Jjumper switch
is set to select motor start/stop option, the spindle motor
starts rotating by the command. If the jumper switch is set
not to select the option, the spindle motor starts rotating by
the power on.

5-13
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(6) TRACK OFFSET (0111}

This command causes the drive to perform a track offset in
the amount specified by bits 11-8. Table 5-8 lists the com-
binations of COMMAND MODIFIER bits that define the TRACK
OFFSET functions.

Table 5-8 TRACK OFFSET Definitions

COMMAND MODIFIER BITS | .
FUNCTION

11 10 9 .8 : -

0 0 0 0 RESTORE OFFSET TO 0

0 0 0 1 RESTORE OFFSET TO 0

0 0 1 0 POSITIVE OFFSET 1

0 0 1 1 NEGATIVE OFFSET 1

0 1 0 0 POSITIVE OFFSET 2

0 1 0 1 NEGATIVE OFFSET 2

0 1 1 0 POSITIVE OFFSET 3

0 1 1 -1 NEGATIVE OFFSET 3

1 X X X RESERVED

(7) SET UNFORMATTED BYTES PER SECTOR (1001)

This command requests the drive to set the number of unformatted:

bytes per sector indicated in bit 11-0. This command is valid

only if the drive is configured to be in the drive hard sector
mode. Bytes per, sector function is able to be excuted by jumper

switch on PC board. This command has priority to the jumper switch.

5.1.1.6 TRANSFER REQUEST-N

This signal, in conjunction with the TRANSFER ACK signal,
controls the handshake protocol for transferring commands
and configuration/status information. Figure 5-12 shows the
handshake timing.

TRANSFER‘ésQ-N f‘f““] o | - y

. . 0 ns I
0 ns min. , 50 ns min. |, min. |
10 ms max. : l 10 ms max. ‘ ;// llO ms max. t
TRANSFER ACK-N ’——————‘——-1 18 ;Z gz;: _(f —
50 ns .
"0 ns min.

min. | | !

I QU

CONFIG-N/ /// valid
STATUS DATA-N 4 - -

*1. Except on last bit.

Figure 5-12 TRANSFER REQUEST and TRANSFER ACKNOWLEDGE
Timing
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5.1.2 Control Output Signals

These signals' source is at the drive and sent to the
controller to report the drive's status.

5.1.2.1 DRIVE SELECTED-N

This ungated signal goes low when the drive is selected.

The controller must not send any control signal for at least
250 ns after receiving this signal, and must inactivate the
control at least 250 ns before inactivating DRIVE SELECT.
Figure 5-13 shows the DRIVE SELECTED timing with DRIVE
SELECT and control signals.

DRIVE SELECT-N | ,
i
- T) — T
DRIVE SELECTED-N :1—- /¢ —p

Other Control -—1— T2 -—-I:—- T2

Signals (-N)

TliO.ZS HUs, T2=>=O.25 Us

Figure 5-13 DRIVE SELECTED Timing with DRIVE
SELECT and Control Signals

5.1-2.2 READY_N

This signal, when low, indicates that the drive is selected
and that the disks are up to speed. When both READY and
COMMAND COMPLETE are low, the drive is ready for read, write.
and seek operations. When READY is high, the controller
must not command the drive to seek, write or read.

Within 30 seconds of power on, READY goes low. This signal.
stays low while the drive is performing a seek or changing
heads, as long as the drive is selected. When disk rotation
is abnormal in the drive, READY goes high. When this signal
is high, the drive does not seek or write. Figure 5-14
shows the READY timing.
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5C POWER © e
READY-N :
i 30 sec max. ——————;:1________

COMMAND
COMPLETE-N

ATTENTION-N

0.1 usminihk

o s

{
"0.1 ps min.

&

Figure 5-14 READY Timing

5.1.2.3 CONFIGURA?ION/STATUS DATA-N

When requested £from the controller, the drive places 16-bit
serial data and a parity bit on this line to report its con-
figuration or status to the controller. Transfer of
CONFIGURATION/STATUS data is controlled by <+he handshake

protocol with TRANSFER RZIQ and TRANSFER ACK signals. MS3 is
transferred first.

Most LezstT
Significant Significant
- 23t
415114 |13 {12 {11 10| S 8 716 5 & 3 2 1 o] s __J
Figure 5-15 CONFIGURATION/STATUS DATA Coniiguration

(1) CONFIGURATION RESPONSZ Bits

In response

to the RIQUIST CONFIGURATION command, the drive
sends a 1l6-bit date o0f corficuration informztion to the
controller.
5-16 o HEV o
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When bits 11-8 of the COMMAND MODIFIER are 0000,

the drive

sends the status information of General Confiquration shown
"Otherwise the drive sends a configuration
information as specified by the COMMAND MODIFIER bits as
shown in Table 5-10.

in Table 5-9.

Table 5-9 General Configuration Response Bits

BIT BIT
POSITION FUNCTION VALUE
15 TAPE DRIVE _ 0
14 FORMAT SPEED TOLERANCE GAP REQUIRED 0
13 TRACK OFFSET OPTION AVAILABLE 1
12 DATA STROBE OFFSET OPTION AVAILABLE 0
11 RESERVED ROTATIONAL SPEED TOLERANCE 0

IS > 0.5% )

10 TRANSFER RATE > 10 MHz 0
9 TRANSFER RATE > 5 MHz < 10 MHz 1
8 TRANSFER RATE < 5 MHz 0
7 REMOVABLE CARTRIDGE DRIVE 0
6 FIXED DRIVE 1
5 Spindle Motor Control Option Implemented. *] -
4 HEAD SWITCH TIME > 15 us 0

-~ 3 RLL ENCODED (NOT MFM) ‘ 1
2 CONTROLLER SOFT SECTORED (ADR MARK) *1
1 DRIVE EARD SECTORED (SECTOR PULSES) *1
0 CONTROLLER HARD SECTORED (BYTE CLOCK) *1

*] Selectable with Option SEL jumper switches

SHEET Mo

K 6600074 7>




‘Table 5=10 ~ Specific Configuration Response Bits ~ -
COMMAND MODIFIER BIT VALUE(HEX)

BITS CONFIGURATION RESPONSE - | DK512 | DK512 | DRS1D
11 110 |19 |8 -8 -12 -17
0 0 {0 |1 | NUMBER OF CYLINDERS, FIXED | 0337 0337 | 0337
0 0 {1 {0 | NUMBER OF CYLINDERS, 0000 0000 | 0000

REMOVABLE :
0 0 |1 |1 | NUMBER OF HEADS
BITS 15-8: REMOVABLE
" DRIVE HEADS 00 00 00
BITS 7-0 : FIXED HEADS 05 07 0a
0 1l |0 |} 0O | MINIMUM UNFORMATTED BYTES | 51D0 5100 | 51D0
PER TRACK
0 1 |0 |1 | UNFORMATTED BYTES PER *1 *1 *1
SECTOR (HEAD SECTOR ONLY) ' o
0 1 |1 |0 | SECIORS PER TRACK (DRIVE
HARD SECTOR ONLY) _
BITS 15-8: SPARE 00 00 00
BITS 7-0 : SECTORS PER *1 *1 *1
. TRACK '
0 1|1 {1 |MINIMUOM BYTES IN ISG
FIELD
BITS 15-8: ISG BYTES AFTER| OC oC 0C
INDEX
BITS 7-0 : BYTES PER ISG 1D 1D 1D
1 0 |0 } 0 | MINIMM BYTES PER PLO ’
SYNC FIELD B ‘
BITS 15-8: SPARE 00 00 00
| BITS 7-0 : BYTES PER PIO 0B 0B 0B
SYNC FIELD
1 0 |0 |1 | NUMBER OF WORDS OF VENDER
UNIQUE STATUS AVAILABLE
BITS 15-4: SPARE 00 00 00
BITS 3-0 : NUMBER OF VENDOR 01 01 0l
UNIQUE STATUS
_ WORDS
1 0 {110
S RESERVED - - —
11 1171110
1 1 |1 |1 | VENDER IDENTIFICATION 0500 0500 0500

*1. Selectable with jumper switches or set unformatted bytes per

sector command.

5-18

K 6600074

iSHE E? NQ‘ 4a

5

| 52/ e

E




(2)

STATUS RESPONSE Bits-

In response to the REQUEST STATUS command, the drive sends
16-bit data of status information to the controller. When
the COMMAND MODIFIER bits 11-8 are 0000, the.drive sends the
standard status information shown in Table 5-11. When they
the drive reports a fault status shown in Table
5-12 and activates ATTENTION signal.

are 0001,

Table 5-11 Standard Status Response Bits

BIT i
POSITION FUNCTION ATT.
15 RESERVED*2 -
14 REMOVABLE MEDIA NOT PRESENT*2 0
13 WRITE PROTECTED, REMOVABLE MEDIA*2 0
12 WRITE PROTECTED, FIXED MEDIA 0
11 RESERVED*2 -
10 RESERVED*2 ~ -
9 1=Spindle Motor Stopped by Stop command 0
1=Spindle Motor Stopped for other 1
8 POWER ON RESET CONDITIONS EXIST 1
(RECONFIGURATION OR START SPINDLE MOTOR
COMMAND MAY BE REQUIRED)
7 COMMAND DATA PARITY FAULT 1
6 INTERFACE FAULT i
5 INVALID OR UNIMPLEMENTED COMMAND FAULT 1
4 SEEK FAULT 1
3 WRITE GATE WITH TRACK OFFSET FAULT 1
2 VENDOR UNIQUE STATUS AVAILABLE -
1 WRITE FAULT*1 1
0 REMOVABLE MEDIA CHANGED*2 1
Notes :

*1. WRITE FAULT goes true when:

a)
b)
c)

d)
e)

No head selected or multiple heads selected while

WRITE
Wrtie
occur
Write
WRITE
WRITE

GATE is activated.

current does not flow or bit inversion does not
while WRITE GATE is activated.

current flows or bit inversion occurs when

GATE is inactive.

GATE and READ GATE are activated s:.multaneouslye

The head is off the track during a write.

*2 The DK512 drive respond with "0" to the controller.
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_ Table 5-12

Specific Status Response Bits

BITS FUNCTION DEFINITION
POSITION
15 RESERVED -
14 RESERVED -
13 RESERVED - i
12 RESERVED -
11 RESERVED -
10 RESERVED -
9 RESERVED -
8 RESERVED -
7 RESERVED -
[ RESERVED -
5 RESERVED .-
4 WRITE ERROR 3 WRITE GATE activated while write
: protected.
. Wrilte current does not flow or
3 WRITE ERROR 2 bit inversion does not occur
while WRITE GATE is activated.
. WRITE GATE received when two
or more heads are selected
simultaneously.
. Abnomal index pattern
2 WRITE ERROR 1 detected.
. Position signal abnormal
during a write.
. READ GATE and WRITE GATE are .
activated simultaneously.
1 STATUS ERROR 2 WRITE GATE is actlvated during
a seek.
0 STATUS ERROR 1 The drive is commanded to read,

write or seek when not ready.
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16 Command Bits Plus One 16 Information Bits Plus One
Parity Bit | Parity Bit*4 {

1
TRANSFER REQ-N U—\B\—jﬁﬁ—’i_jl_—

COMHAND DRTA-H alid Y valia | )

LY
TRANSFER ACK-N \_rﬂ-—l - F
] ] |
! B
s r

CONFIG STATUS f &,
alid vali
DATA-N !! 0.1 ps max. % 1:222@;22%22%%@ alia |
R
COMMAND [ T3 - ] =3
COMPLETE-N — 1= L r————— — L
ATTENTION-N l I'S
i
' Transfer from Transfer from Drive to
Controller to Drive. Controller
Notes

*1, COMMAND COMPLETE goes high for all commands to the drive.

*2, COMMAND COMPLETE goes low upon completion of a command execu-
tion. .

*3, COMMAND COMPLETE goes low upbn completion of a CONFIGURATION/
STATUS data transfer.

*4, Applicable for all REQUEST STATUS/CONFIGURATION commands.

*S. If an error is detected during a command execution, ATTENTION
goes low at least 100 ns before COMMAND COMPLETE goes low.

Figure 5-16 Typical Serial Operations
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5.1.2.4 TRANSFER ACKNOWLEDGE-N

This signal, in conjunction with TRANSFER REQUEST, controls
the handshake protocol during command and; configuration sta-
tus transfers. See Figure 5-12.

5.1.2.5 ATTENTION-N . L

This signal is activated when a fault condition or change of
status occurs. When ATTENTION is low, the drive is inhib-
ited from writing. ATTENTION can be reset with the RESET
INTERFACE ATTENTION command provided the fault condition has
been cleared.

5.1.2.6 INDEX-N

This signal is a timing pulse which goes low once each revo-
lution to indicate the beginning of a data track. The
leading edge or high to low transition of this signal is the
start of a track. This pulse is available on both control
(J1) "and data (J2) cables. On Jl cable, INDEX is gated by
DRIVE SELECT, while on J2 cable, it is not gated.

INDER-N VL_J l fe— 1
’ 6.8 us*0.2 us ’ :
]

17.23 ms. typical

Figure 5-17 1INDEX Timing
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5.1.2.7 SECTOR-N/BYTE CLOCK-N/AM FOUND-N

There tree signals are mutually exclusive and therefore may
share this line. The signal that is used is determined by

NRZ data trausfer control implementation. These signals are
available on both control Jl (gated) and data J2 (ungated).

1. SECTER-N (Drive Hard Sector)

This signal is a timing pulse which goes low at the
beginning of each sector except sector 0 which is indicated
by the INDEX pulse. The leading edge of this signal is the
start of a sector. The number of data bytes per sector is
selectable in l-byte increments by setting jumper switches
on the drive. Figure 5-18-a shows SECTOR Timing.

——t 0.8 us*0.2 us
INDEX~N 4% 0
— ] !0.8 us*0.2 us
SECTOR-N L T v LT
LAST | LAST | SECTOR | SECTOR
SECTOR-1  SECTOR ' 0 ! 1

Figure 5-18-a SECTOR Timing with INDEX
2. BYTE CLOCK-N -(Controller Hard Sector)

This signal occurs once per every eight Reference clock
periods. This signal is provided for the controller to count
desired number of Byte clocks to determine the secter sige
and beginning sector locations. This clock does not have
fixed phase relationship to the recorded data. Figure 5-18-b
shows BYTE CLOCK Timig.

— T

INDEX-N

A
‘r

T,

i e
BYTE CLOCK-N ___i

P

A
»

T1= 0.8%0.2ps
T2 =Ty

T3 = Tl/2
Tg=Ts5=T3/2

Figure 5-18-b BYTE CLOCK Timing
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3. ADDRESS MARK FOUND-N (Controller Soft Secter)

This signal indicates the detection of the eﬁd of an address
mark. Figure 5-18-c shows ADDRESS MARK FOUND Timing.

HEAD SWITCH > 15us —— o leOns 1, lonsmin
WRITE GATE OFF MIN 100 ns MAX
COMMAND COMPLETE

" AM:ENABLE -N

==

. 7 AOORESS Peo s
4
H—' 1 BYTE MAX
READ GATE -N L

T1l=24 BIT TIMES MINIMUM

Figure 5-18-C

5.1.2.8 COMMAND COMPLETE-N

This ungated status signal goes high in either of these
cases:

e ‘During initial recalibration sequence at power on.

. o During .command.seguence after reception of the first bit

of a command data.COMMAND COMPLETE stays false during the entire
command sequence.

Figure 5-16 shows the timing.
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5.2 Data-Signal-Descriptions-

Data and clock signals are transferred over differential
pairs. These signals are provided at J2/P2 connectors on

all drives. There are four differential pairs:

NRZ WRITE

DATA, NRZ READ DATA, WRITE CLOCK and READ/REFERENCE CLOCK.

5.2.1 Data Input Signals

5.2.1.1 NRZ WRITE DATA

The controller places NRZ data on this differential pair
that transmits it to the drive for recording on the disk.
The data is generated in the controller in an NRZ format
and sent out to the drive, synchronized with WRITE CLOCK
pulses. Drive circuits convert it from NRZ format and write

it on the disk in RLL 2-7 format,

5.2.1.2 WRITE CLOCK

The controller must transmit this timing pulse at the bit-

data rate for synchronization of WRITE DATA.

The signal is

derived from the REFERENCE CLOCK and its timing is control-
led by the controller. The controller must initiate its
transmission at least 250 ns before activating WRITE GATE.

Figure 5-19 shows REFERENCE CLOCK and WRITE CLOCK signals.

REFERENCE CLOCK-P _I_LW

WRITE CLOCK-P _] D }___| ll__r‘ l l I L

WRITE DATA-P

(Data) LA R B
Ty = 102.8 ns +
Ty = T1/2 -
T3 = Ty/2 + 20 ns
Tp = 2T1
T4 = 102.8 + 8 ns

8

B} O'l

llou llln

ns.

Figure 5-19 WRITE DATA and Clock Timing
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5.2.2 Data Output Signals
5.2.2.1 NRZ READ DATA

The drive places NRZ data on this differential pair for
transmission to the controller. The data written on the disk
in RLL 2-7 format is decoded into NRZ format’ through the
Variable Fregquency Oscillator (VFO) and Datd Separator cir-
cuits and clocked by the READ CLOCK signal for transmission.
Data transfer is initiated after the VFO circuit is stabi-
lized, so the controller must ignore the data for 4 bytes
after activating READ GATE.

Servo Clock A Data Clock

READ GATE-N | VY
—t5
] To T2y T
READ I - 1 1
REFERENCE 1| i r- ! JI 1‘ JI ! ! :I i ! i ! f_l

CLOCK-P

READ DATA-P - r“—__l f__——1

| wye I nou l "l“l non l won l ngw

Tg = 4 bytes
Ty = 102.8 ns + 10 ns
Ty =T1/2+ 10 ns

T3 =T1/2+ 15 ns

Figure 5-20 READ DATA and Clock Timing

5.2.2.2 READ/REFERENCE CLOCK

The drive transmits this timing pulse continuously for the
controller to discriminate read data. When READ GATE 1is
active, this signal is supplied by the Variable Frequency
Oscillator (VFO) circuit synchronized with a read data. When
READ GATE is inactive, it is a servo clock or REFERENCE
CLOCK. The transition from servo clock to data clock is
completed in 4 bytes after READ GATE goes low.

Figure 5-20 above shows the timing.
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2.2.3 ADDRESS MARK ENABLE-N

his optional signal, when actie with WRITE GATE,. Causes an
This

dd Marks to be written. ADDRESS MARK ENABLE shall be active
Address .
for 24 bit times.

RESS MARK ENABLE, when active without WRITE GATE or READ
éggE, causes a search for Address Marks.

WRITE GATE -H ——————7—] r———————f-

A M ENABLE~-N

-Tz,. ' T,

T,

T1= 24 Bit times
T5=T3=100ns min

Figure 5-18-¢ WRITE ADDRESS MARK Timing
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6. FORMAT

This section provides a recommended track format to be used
when integrating the DK512 into a system. The number of
data bytes per sector is selectable in l-byte increments by
jumper switches. See Paragraph 5.1.2.7, "SECTION-N."

Each sector consists of three functional areas; 1Intersector
Gap, Address and Data. Intersector gap and address areas,
which must be set aside for write splices and synchroniza-
tion, are kept to a minimum for higher track efficiency.

There are 20,944 bytes per track. To ensure high drive
reliability, an Error Correcting Code (ECC) should be used as
the error check code in data fields. The ECC requires seven
bytes to prevent correction error. Paragragh 6.2.3.5 gives a
suitable polynomial.

6.1 Fixed Sector Format

Figure 6-1 shows a sample fixed sector format. Note the
minimum number of synchronization bytes stated in the
figure. They are required to synchronize the Phase Locked
Oscillator (PLO) with the data. The overhead (non-data
bytes) shown in Figure 6~1 is 71 per sector. Given the
desired data-bytes/sector, the following calculation can be
made:

Total bytes/track _ 20,944
bytes/sector bytes/sector

Number of sectors =

For example, 256 data-bytes/sector requires

20,944 _

556171 64 sectors/track

The efficiency of the scheme is 256 x 64 - 78.2%
20,944
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INDEX-N

or -
SECTOR-N U SECTOR-N
12
byted Address Area | Data Area I 117 bytes
[} | i
pro BYTE  Looress APR | aor qriTe Jero PETE  joara IPATA |nara
ISC  lgyne PYNC ° lerrep  [SHECK| pap fserice jsyne PYNC  [ererp [CHECK{pAn | ISG
ATTERNM BYTES ATTERN || BYTES
s 1 ] s 2 1 1 11 1 2 2 2 Bytes
(oo) (00) (00 (00) (00) ECC (00} (00) CONTENTS
CYLINDER |CYLINDER FLAG
HSB Lss HEAD |SECTOR | ooy s
1 1 1 1 1 Bytes
e / |
lofofofofofof={fx]
(o} 2 3 6 7

XX

Figure 6-1

00 = Good primary: sector

10 = Defective primary sector
Ol = Good alternate sector

1l = Defective alternate sector

Fixed Sector Format
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6.2 Track Field Descriptions

The following provides additional information on the field
lengths and field contents defined in Figure 6-1.

6.2.1 INTERSECTOR GAP (ISG)
This is an area required by the drive to switch the heads

from write to read, i.e., write-to-read recovery period.
The size is determined from the configuration data.

6.2.2 Address Area

The address area defines the track and sector locations.
The following fields are required.

6.2.2.1 PLO SYNC

This field regquires at least 11 bytes for the drive to.
stabilize the variable frequency oscillator (VFO) circuit.
In this area, read data is synchronized with the VFO.

If the ID field has a media defect, it is recommended that
64 bytes of 003¢g be added to the PLO SYNC field; and that
the physical (primary) sector be abandoned. The logical
(alternate) sector may be cn one of the reserved tracks.

. The controller must keep track of the relatlonshlp between
physical and logical addresses.

6.2.2.2 BYTE SYNC PATTERN

The field is filled with 1 bits to mark the beginning of an
address or data area.

6.2.2.3 ADDRESS FIELD
This field consists of the following five bytes. High-order
bits unused in CYLINDER MSB, CYLINDER LSB, HEAD and SECTOR
bytes are filled with Os.
(1) CYLINDER MSB

Most significant byte of a cylinder number.

(2) CYLINDER LSB

Least significant byte of a cylinder number.
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(3) HEAD
Head number.
(4) SECTOR
Sector number.
(5) FLAG STATUS
Sector data field condition.
6.2.2.4 ADDRESS CHECK BYTE

A 2-byte CRC polinomial X16 + X12 + X5 + 1 is used, where
the initial value is FF.

6.2.2.5 ADDRESS PAD,

This 2-byte additional area is required by the drive for
proper recording and recovery of the address area.

6.2.3 Data Area .

The data area consists of the following fields:

6.2.3.1 WRITE SPLICE

This aréa must be at least one-byte long so that the write
driver can reach to the recording amplitude sufficient to
ensure data recovery.

6.2.3.2_ PLO SYNC

See 6f2.2;l above.

6.2.3.3 BYTE SYNC PATTERN

See 6.2.2.2 above.

6.2.3.4 DATA FIELD

In this area the user can record his data.
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6.2.3.5 DATA CHECK BYTES

The following 7-byte ECC polynomial is recommended to
improve the error correcting capability.

(X22 + 1) (X1l + X9 + X7 + X6 + X5+ X + 1)

(X12 + X11 + X10 + X9 + X8 + X7 + X6 + X5 4+ X4 + X3 + X2 + ¥
+ 1)

6.2.3.6 DATA PAD

This 2-byte additional area is required for proper recording
and recovery of the data area.
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6.3 Bytes/Sectorand-Sectors/Track Selection

Selection is made with jumper plugs on the DK512 PC
assembly. Table 6-1 lists jumper plugs used for setting the
number of bytes per sector.

2-byte increments. The Service Manual has detailed
instructions. .

Tgble 6-1 Bytes/Sector Jumper Plugs

Each plug represents a power of
2, from 20 (or 1) to 213 (or 8192) bytes/sector, representing

Jumper Plug | No. of Bytes | Jumper Plug | No. of Bytes
Jp22-1 1 Jp22-8 128
Jp22-2 2 JpP32-11 256
Jp22-3 4 Jp32-10 512
Jp22-4 8 Jp32-9 1024
Jp22-5 16 Jp32-8 2048
JP22-6 32 JP32-7 4096
Jp22-7 64 J§32—6 8192

The number of sectors is determined in either of the follow-
ing ‘ways: :

(a) Given the number of bytes/sector:
Example: 583 bytes/sector are required:

Total bytes/track . 20,944
bytes/sector 583

Number of sectors =

35 sectors/tiack, )
rounded to the next higher integer

Each track will consist of 35 sectors of 583 bytes each and
one sector of 539 bytes.

Install the following plugs:

JP32-10 Jp22-7 Jp22-3 JP22-2

512 -+ 64 + 4 + 2 =582

An extra count 1is added when the byte counter resets,
giving the required 583 bytes/sector.

6-6
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(b) Given the number of-sectors/track:
Example: 32 sectors/track are required:

Total bytes/track _ 20,944

Bytes/sector =
sectors/track 32

654 bytes
Install the following plugs:

Jp32-10  Jp22-8 Jp22-4 Jp22-3 Jp22-1
512 + .128 + 8 + 4 1 = 653

An extra count is added when the byte counter resets,
giving the required 651 bytes/sector.

6.4 Media Defects and Logging

This section defines defects precisely, and gives the factory
formats used to record them. Table 2-]1 shows the allowable
number of defects for each model.

Media defects are logged at the factory during a lengthy test
which includes operation at low and high temperatures, low
and high voltages, and worst-case seek algorithms. Media
defects lengths and positions are written on the disk in a
format that can be read with either fixed sector or variable
sector controllers. In addition, a flaw map is included on
the test data sheet shipped with each drive. For each
defect, the flaw map lists the cylinder number, head number,
number of bytes from index, and bit length.

Difect information for DK512 unit is recgrded in‘sector 0 of
the maximum cylinder and repeated on maximum cylinder
minus 8 (ESDI Defect List) and 0 cylinder (Option Controller

Defect List) at shipment.
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6.4.1 Defect List Format

1. ESDI Defect List

Figure 6-2 shows the Defect List Format. The defect list
resides on Sector 0 of the maximum cylirder and is repeated
on the maximum cylinder minus 8 for redundancy against
possible errors on the maximum cylinder. Sector 0 of each
surface contains the defects list for that surface.

The data field of this sector has the format shown with 2
bytes of CRC (x!® + X2 + x5 + 1):

e Defect locations are 5 bytes 1long: Cylinder MSB,
Cylinder LSB, Byte Count MSB, Byte Count LSB and Error
Length in bits.

e The start of the actual defect is off by up to 7 bits
due tc the cone-byte resclution.

e The end of the defect list for each surface is indi-
cated by 5 bytes of 1ls in the defect location field or
the end of the sector.

e The CRC Check bytes are used.

e Byte count is the number of bytes from INDEX.

1
T 1woEX i
*2 .2 *2 *2
ID SYNC|C|C sif DATA SYNG
1SG [PLO SYNC H L FHECK| PAD DEFECT [CHECK|PAD| ISG
BYTE | Y|Y 5 by PLO SYNC| BYTE . :
00 oo e ol |® c YTES] €0 . FE LIST Fn'zs 00 00
29 | 1 f—7s ayces-———4 2 2] nn | | 256 | 2| 2] 29 |[Bytes
/' 1 l_x16¢ B2+ x5 e x¥e xPe x5 41
CYL=CYLINDER max.
HD=0,1,...Up to HEAD
max.
SEC=0
FLAG=0
}———— s Bytes ! Up to SO DEFECT LOCATIONS
P P 47
DEFECT DEFECT DEFECT DEFECT
MONTHDAY|XEARIIERD | 312 | LocaTION " LOCATION LOCATION LOCATION
!
N I .
4 I l TT End of listing i ‘
g is 1°'s
! i‘ °i Br 00 00 filled to end of data
l l field (S bytes of l's
12 31 5 Bytes minimum to terminate)
cyL | oy | BYIE | BYTE | ERROR or end of sector.
< COUNT |COUNT | LENGTH
¢1. Format and defect list MSB |LSB
to be duplicated at max S8 LS8 | (BITS)
cylinder minus B. Byte count from index to define
‘2. In SERIAL mode, PLO SYNC start of defect (Note resolution
and ISG are as reported is within 7 bit cells of start
in response to the REQUEST of flaw).
CONFIGURATION commands.
Figure 6-2 ESDI Defect List Format
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2. Option Controller Defect List

Bad spot (defect) informazion for DK512 unit is recorded in z11
tracks of cylinder #0 at shipment. In order to perform initizlization
of disk units easily and with less manual operations, it is possible
to utilize the prewritten bad spot information and to manage bad
spots. Recording format of bad spot information is as follows:

(1) Sector #0 to #5 of each track in cylinder #0 contains identical
bad spot information.

(2) Data format is same as previous section 1 and bad spot information
is written incto its data fields.

(3) Model name “"DK512-XX" is written in byte address #0 to #7 of
sector #0 and next to this, unit serial number is written in byte
address #8 to f#14: These are written by using ASCII code.

Byte address #15 is "00".

(4) Byte address #16 to #23 shows number of total bad spots for the
unit.

(5) Bad spot information is written as 8 bytes data per each bad spot
in the area starting byte address #24 of sector #0.

(6) Contents of 8 bytes data for bad spot information are as follows;

. Cylinder Addressf; 2 bytes length (former byte indicates more
than #258)

. Head Address#; 1 byte length
. Sector Address#; 1 byte length

-« Position; 2 bytes length, indicates the leading position of
bad spot from Index measured by bytes length. The first
byte just after Index is defined as "1” byte.
Tolerance of position determination is within +16 bytes.

. Length ; 1 byte length, indicated by bits length.
Tolerance is within +1 bit.

. Gap ; 1 byte length of "00".

(7) Residual space area with no bad spot information i{s filled in
: g

FF". Detecting "FFFF™ of read back data may be used to
recognize the end of bad spot information.

(8) Error check code in this format is CRC applied to both ID field
and Data field and the CRC objective range of ID field is from
FLAG to SEC. The rang of data field not cantains AM2.

CRC polynomial : X16+x12+x5+1

Initial value @ 00"
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(6] rotatios
1 ne Gisk To ion |

INDEX-N 1 (L L
l |

Track cer STCTOR | SECTOR SZCTOR SZCTOR | cap

format 4 0 1 K-2 n-1 4

/////// GAP2 ‘—""‘N‘\\‘“‘----<--_-\\>‘
: —\

f:;;:z 1 S'hC 1D PiD SYNC| A2 DATA CRC PAD GiP3
‘ ‘
rite avea fot —f — — NPT 777 77 7 AT 777 7 7

updating data

ID field AM1lFLaG|CYLH | CYLL] EE4D | SEC ' CRC
formac

Each area has the following contents and number of bytes.

Number of bvtes
Area Contents 256 bytes/sector
(65 sectors/track)
GAP1 00" 12
SYNC 00~ 11
M) “19”° 1
FLAG | "po” 1
1D CYL HL| "**~ 2
HEAD kel 1
SEC Croe n
CRC Malaleloll 2 322
GAP2 |ID PAD| "00" 2
SYNC 00~ 11
AM2 ~ “19” 1
DATA | 256
‘LCRC I TRrRk%X" 2
DATA PAD | “00~ 2
, GAP3 00" 17
~[CAP& 00" 14 Typ.

Initialized wrire area (Contents of a data field are undefined.)
Write area for updating data

Note: Each content is indicated by the hexadecimal notation using bit
0 as MSB. Nominal track capacity is 20,944byces.

[¥%2]
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Each area has the following meaning.

Area Meaning
GAPL Provides a time for head switching.
SYNC Placed before an ID or data field AM. Used for synchro-
nizing PLL in the decoder circuit.
AM1 One-byte "19" pattern to indicate the beginning of an ID
field.
CYLH ID field recognition pattern following AMl. CYLH has the
following contents and also indicates high-order digitc of
a cylinder address. A
CYLH Cylinder address
“FE" (0)10 - (255)10
"FF" | (256)19 - (511)3190
“FC" | (312)19 - (7867) 19
"FD" } (768)19 — (102319
CYLL Indicates low—order digit of a cylinder address.
HEAD - (1) - Bit O (MSB) indicates a sector flag. When bit 0 is
set to 1, that sector is of no use.
(2) 3Bits 5 to 7 indicate a head address.
SEC Indicates a sectof address.
CRC CRC polynomial: X16 + x12 + x5 + 1;
Initial value: 00"
Generation of this code ranges from FLAG to SEC
ID PAD Additional area to correctly read and write an ID field.
AM2 "19" pattern to indicate the beginning of a data field.
DATA User area for writing data
CRC Bytes to check an error in the data field.
This code is generated for the area not containning AM2.
Polynomial and initial value are the same as for ID field.
DATA PAD| Additional area to correctly read and write a data field.
GAP3 Gap to allow spindle rotation speed fluctuations during
reading/writing in a dacta field of each sector.
GAP4 Gap to allow displ acement of a write position due to

spindle speed fluctuations for a full track.




Example of Recording Format of Defect List
(Written in 65 Sectors per Track)

Sect. Byte Addr. Contents in zach 8 by ces
Addr. | in Data Field (HEX) : Description
(Decimal) 0 1 2 3 4 5 6 |7
0 0 ~ 7 &4‘ 4831 35131 }132]2D | 31 37| Model Name
\ | (DY (R} (S (1) (2) (=)} (1] (7)] (DK512-17)
8 ~ 15 30({31130"'311301030(31|00]|Serial Nomber
(S/N 0101001) (0101001)
16 ~ 23 *|00]00]00'00!00!/00]13]|00| No. of Toral

(19 Defecrts) - Defects
! ! ]
24 ~ 31 001 1A1 001111 161 80t 01| 00 }-1st Defect
: | Cyl.# HD# Sect.f “Pos. Length
(From
Index)
23 ~ 39 00| B6{ 0S| 00| 00! FE 03| 00 t-2nd Defect
40 ~ 47 {o1}co|o02|{09]0c|78]|01]00}-3cd Defect
48 ~~ 55 |01/ 00| 01|03]|04]|00]02]00F-4ch Defect
. I (Cyl#(256)
: Ll bpep bl ED#1,Secchy,
l | | | | | I [ %oca:?on of
| 102
[ | l ! [ [ | ! lgytes
l | | L] L] l | from Index,
{ { Defect Length
] 1 l ] l l ] I (2bits.
‘ Loy bl
168 ~ 175 - | 03[ 02| 06|1E| 26| 74| 01| 00 r-Last Defect
176 —~ 183 FF | FF | FF | FF | FF | FF | FF |-FF \1
I 1 l ! l ! I | |
| I | I | | | | 1
1 ! ] p |l l (I I
: l I ] I l | | | |
0 248 ~- 255 FF|FF| FF | FF | FF | FF | FF | FF
No more
Defect
1 0 ~ 7 FF{ FF | FF | FF | FF | FF | FF | FF
! l (0 T T T AT A O O B IO
| ! (T T T T I I O
I I T A T A T O O AR
! I 1 P L L I T
5 248 _ 255 FF| FF| FF | FF | FF | FF { FF | FF
~
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(a)

(b)

(c)

(a)

(e)

Data Control Timing

Read Initialization Time

- To initiate a read operation with a new head, a

20-microsecond delay is required: 5 microseconds for
head change, 15 microseconds to stabilize the read
amplifier. ’

Write-to-Read Recovery Time

The transiticn from inactivating WRITE GATE to acti-
vating READ GATE reguires at least 20 microseconds.

Read-to-Write Recovery Time

The transition from inactivating READ GATE to acti-
vating WRITE GATE reguires at least 0.5 microseconds.

Write Gate Off Time

The controller must send at least one byte of dummy
data following a-correct write data(ID or DATA CHECH BYTE)

before inactivating WRITE GATE.

Write Driver Turn On Time

The write driver reguires 0.8 microseconds or one-byte
time to become enabled. The period is provided as a
write splice.

KO
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7. HANDLING AND SHIPPING

7.1 Receiving

When shipped from the factory, the DK512 is double-packed in
inner and outer cartons made of strong, two-ply corrugated
cardboard. The drives and their inner cartons are cushioned
on all sides by approximately two and one-half inches of
urethane foam. This careful packaging protects the drive
against shocks and vibrations during shipping.

Keep the original cartons for shipping individual drives that
are not mounted in a cabinet. For storage, seal the drive in

a heavy plastic bag with a desiccant, and keep it in the
inner carton. s '

When a drive is brought from a cold warehouse or truck into a

warmer area, let it warm up slowly so that water vapor does
not condense in the HDA. Open the outer carton and remove
it. Leave the drive in the inner carton for the length of
time shown below so it can warm up to typical room tempera-
ture (to 77°F with 50% relative humidity).

Warehouse temperature +32°F +14°F -4°F
Warm-up time 6 hrs 9 hrs 11 hrs
7.2 Handling

Before removing a drive from its inner carton or from its

shock-resistant mounting, prepare a cushioned area to set the

drive on. Use two or three inches of urethane foam covered
with cardboard, such as the top cushion of the inner carton.
This is especially important if the drive will be moved '
around on a cart. Lift the drive by both ends, and set it
gently on the cushion.

Keep each test data report with its own drive, and make sure
the serial number on the report matches the nameplate on the

drive. Do not separate PC boards from their drives -- the

factory has installed the correct assemblies for each model.

Before testing a drive, changing any jumper plugs, or for-
matting, make a back-up copy of the track defect data which
has been written by the factory on each surface. When the
data has been backed up, the jumper plugs may be reset, as
described in the Service Manual.

ISHEET M.

ALV
HO 3

K 6600074

'wo,

[

-

A
25T




7.3 Shipping

Drives can be shipped in the cabinets if the drives are
securely installed on their shock-absorbipng mounts. If cabi-
nets with the drives mounted will be shipped by motor
freight, the cabinets should be carefully packed in cushioned
packages. Drives can also be shipped separately if they are
packed in their original shipping cartons.

The following procedures should be taken:
1. Clean the drive.

2. Seal the drive in a heavy plastic bag with a desic-
cant, otherwise water vapor might condense.

3. Double pack the drive in the original inner and
outer cartons, or equivalent ones that can protect
the drive from shocks of 5G or more during ship-
ment.

4., Put a "This Side Up" mark and a "Handle with Care"
indication on the outer carton surfaces.

7.4 Cautions

® Do not apply any force to the plug-in parts during
packlng, unoacklng, or shlnplng

e Take care not to vibrate or shock the drlve whlle handllng
it. .
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6. Adjustment
6.1 Adjustment of SZ931 PCB

J6

Ja

TP14
2FPLO P15
/2FVFQ

o
TP16
O“* DATA-SS
P266

b9

VR198
Q PLO Adjust

» Motor Start/Stop
-Sector Length

14| JP281
Terminator Switch O
17 ™223

*Synchronized Spindie Made

p282
+ Drive Address
* Write Protect
00
Q0
00
2100

VR1E1

Access Adjust l\i

P

4 1
[} []
: 3 ! n
' ]
s 4

--------------

3

6

?ormmnor Module

1 jp224

VR1

41

Access Adjust 1l

-

E:f:ﬁ Terminator Switch I

2

Fig. 6-1 S§Z931 PCB Layout
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6.1.1 Setting of Terminator Module and Terminator Switches

(1) Control Signal

Each drive in Radial connection of cable B and the last end of the
drives in Daisy Chain connection of cable B should be terminated.
Since a terminator module (TM223) and Terminator Switch I (JP224)
are provided to all drives as shipped, remove both of them except
the last drive's ones in case of 'Daisy Chain connection.

Table 6-1 Terminator Module and Terminator Switch I

Terminator Terminator Switch I
Conf iguration Module fmzza) (JP224, pin 1-6
- Single drive on cable 8 ;
+ A1l drive in Radiail connection (mounted)
+ The last drive in Daisy Chain Z: 1
: 610 O 5
* A1l drives except the last one
" oo
in Daisy Chatin 210.0]1

* At the time of shipment, Terminator Module and Terminator Switch [
are mounted on Terminator socket.

(2) Synchronized Spindle Signal

881220

«

Synchronized Spindle Signal is terminated via JP28l to terminator
register on the PCB. When the synchronized spindle option is used,
JP281 shall be removed excapt the last drive's one in Daisy Chain of

Synchronized Spindle Signal.

Table 6-2 Terminator Switch II

Configuration

Terminator Switch (I
(JP281)

The last Slave drive

75055
2 Wi

1

A1l drivs except the last Slave drive

2 [G0] 1

* A drive as shipped is mounted with Terminator Switch [I

6-2 K2500281
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6.1.2 Setting of Jumper Switches
(1) DOrive Address Jumper (JP213, Pin 1-6)

Drive address can be selected by using the jumper switch (JP213) the jumper
setting and the selected Drive address 1s shown in table 6-3. Drive No. 0
is not used.

Table 6-3 Jumpr Setting for Drive Address

Drive No. . None ¥ #2 #3
JrP213
(pinl-~6)
Drive No. #7
(8) [5G (1)
Jp213 6§ BH 5
(pinl-6) 1447
7%
* At the time of shipment, Orive #1 is selected.
SHEET | REV | 4
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(2) Write Protect Jumper (JP213, Pin 7-8)

Write operation of a drive is inhibited by setting a jumper on JP213, pin 7
8 (Write Protect mode), which condition will generate ATTENTION status upon
receiving of WRITE GATE-N signal,

Table 6-4 Jumper setting for Write Protect

8 [00Q] 7 7

0.0 :

iP213 HoN o) :
(pin 7-8)| (2) :Q Q: (1) Qi (1)

Function Write Enalﬂei‘?'F Write Protect

* At the time of shipment, "Write Enable"” mode is selectd.

(3) Hard Sector / Soft Sector Selection Jumper
Soft Sector mode §s not supported to this PCB.
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(4) Motor Start/Stop Jumper (JP282, Pin 7-8)

When the "Start/Stop Spindle Motor® option, set the jumper as "Supported"
before DC power on.

Table 6-5 Jumper Setting for Motor Start/Stop

(14)iQ.0%(13) (13):0°01(13)
JP282 9.9} 9.9
(Pin 7~8) : : Ho) f%
. | 8|0 O]7
i9.9; :0.9;
:0.9: HoRo
(2);Q0.Qi(1) (2):Q.Qi(1)
Function Not Supported * Supported

* At the time of shipment, "Not Supported” mode is selected.

(5) Synchronized Spindle Mode Jumper (JP282, pin3-6)

Synchronized spindle mode can be selected by using the jumper switch
(JP282, pin 3-6). This Jumper Setting will be aborted by the following
Set Configuration command. Set the jumpers, before tura on the 0OC
power. For the detail, refer "DK51X Winchester Disk Drive Synchrcnized
Spindle Feature Specification .

Table 6-6 Jumper Setting for Synchronized Spindie Moca

ToRoT
JpP282 H

(Pin 3~6)

Function off L1ne4° Slave Master Reserved

* At the time of shipment, "Off Line" mode is selected.
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(6) Sector Length Jumper (JP282, Pin3-14)

This Jumper Setting function is effective with Hard Sector mode. This
Jumper Setting will be aborted by the following "SET BYTES PER SECTOR"
command. A1l the applicable configurations of Bytes/Sector or

Sector/Track are listed in Table 6-4. Set the jumper(s) before on the

DC power.
Table 6-7 Jumper Setting for Sector length
142942413
. 0.0
7 0
JP282 00 ; :8 8: 9
(Pin 9'14) ; ......... .§ TeesoToud .
‘ o...Qf I A R A 0 £ 5 OO
i0.9:; :0.9: 19.9:; 0.0
(2):Q.0:(1) | (2):Q Q:(1) | (2);0Q Qi(1) | (2)iQ Q:i(1)
Bytes Per 4‘
Sector 335 338 593 602
Sectors
Per Track 122 121 69 68
Data ' '
Langth 256 256 512 512
1410 Q|13
Q Q)
Jp282 1010 D19
(Pin 9-14) 3§§“E§5
{oXe)
(2):9.0:(1)
Bytes Per
Sactor
Sectors Not Used
Per
Data
Langth 1024
L
* At the time of shipment, 122 sectors per track is selected. A
* Refer to Section 6.1.3 (5) as for Adjust Mode. - LT
Q@O _\\/L«
NN
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6.1.3 Adjust of Variable

(1) PLO Frequency Adjusting

This variable resistor shall be re-adjusted for setting the frequency of the
servo

synchronous clock after altering PLO circuit.

aequence

a) Connect J3 connector and turn on the OC Power-supply on the condition
that J5 connector is disconnected.

b) Adjust the frequency of 2F PLO-P signal (observed at TP14) to 41.5 =
0.4MHz by using VR198.

Table 6-8 Adjustmentt of PLO Frequency

Instrument Location
Test Pin TP14
Variable Resistor VR198

c) Turn off the Power and install the PCB as it was before.
As for the installation, refer to section 5.4 (1)

~d) Turn on the Power again and confirm that it can be read normally by
using the system program or a tester.

-

(Note) When adjusting the Variable Resistor, use the adjustable screw
driver (-: minus type) and turn it carefully.
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(2)

881220

VFO Frequency Adjusting

This varfable resistor shall be re-adjusted for setting the frequency
of the read signal synchronous clock after altering VFO circuit.

Sequence

a) Turn on the DC power-supply on the condition that J1 and J2 cable

are disconnected.

b) AdJjust the frequency of 2F VFQ-P signal (observed
39.3 t 0.4MHz by using VR18S.

Table 6-9 Adjustment of VFQ Frequency

Instrument Location
Test Pin TP1S
Variable Resistor VR185

at TP15) to

¢) Turn off the Power and install J1 and J2 cable as it was before.

d) Turn on the Power again and confirm that it can be read normally
by using the system program or a tester.

(Note) When adjusting the Variable Resister, use the udjustable screw
driver (-: minus type) and turn it carefully.
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(3) DATA-SS Pulse Width Adjusting
This variable resistor shall be re-adjusted for gaining a enough VFQ
capture range after altering Data SS circuit.

Sequence

a) Access the data writtn track on condition that OK51§ 1s interface
with the host system or a tester.

b) AdJust the pulse width of DATA-SS-N signal (observed at TP16) to
17.5 ¢ lns by using VR190.

Table 6-9 Adjustment of‘DATA-SS Pulse Width

Instrument Location
Test Pin TP16
variable Resistor VR190

c) Turn on the Power and confirm that it can be read normaliy by
using the system program or a tester.

(Note) When adjusting the Variable Resistor, use the adjustable screw
driver (-: minus type) and turn it carefully.
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(4) Read Data Phase Adjusting

This Jumper switch shall be re-adjusted after altering READ DATA
circuit or the combination of PCB and HDA.

Sequence

g) Interface with the host system or a tester, and read the randam

data 1n an 1nner cylinder continuously.

b) Adjust with the jumper switch (JP266) and find out the read
boundary (the earliest and the latest) with no read error.

Table 6-11 Adjustment of Read Data Phase

/
0 1/ 30 31
100 Ol9 | 10[0 O]9 1087728 9
grze6 | [ O 0 O 5% 9%
(pinl=10} [© O O O G :;,'//,,/;
Q0 00O Y 94
20 o1 | 2222 2 8

d)

“———the earliest

A4

the latest———=-

Set JP266 to the average value of the earlist and the latest.

Turn on the Power again confirm that it can be read normally
by using the system program or a tester.

(Remarks) To confirm without retry for the read error.
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(5) Access Adjusting (VR161, VR141l)

This variable resistor shall be re-adjusted with an exerciser program
in DK515 after altering the combination of PCB and HOA.

Sequence

a) Set the jumper switch (JP282) on the PCB shown as Table 6-12, and
turn on the DC Power Supply. Adjust the DC Power Voltage to 12V ¢
1% and 5V £ 1% at the DC Power Supply Connector. The irregular OC
Power Voltage may cause an irregular adjustment.

Table 6-12 Access adjust-I

JP282
(pinl-14)

D
7

vartable Resistor

b) The DK515 will go to the Access AdJjust-I with indication that the
LED on the front panel is flushing, within 30sec after the DC
Power turns on. In the state, adjust VR161 by turning carefully
right or left to the adjusted state with indication that the LED

is "ON". The closer the adjusting of VR161 is, the shorter the
interval of the LED flushing.

c) After the completion of Access Adjust-I, set the jumper (JP282)
on the PCB shown as Table 6-13.

Table 6-13 Access Adjust-Il

14{0 O]13
JP282
{pinl-~14)
2 B4 1
Variable Resister VR141

d) DKS1S will go to the Access Adjust-II with indication that LED on
the front panel 1s flushing. In the state adjust VR141 by turning
carefully right or left to the adjusted state with indication that

the LED 1s “ON". The closer the adjusting of VRi4l 1s, the shorter
the interval of the LED flushing.
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e) After the completion of Access Adjust-1I, set the Jumper (JP282) on the
PCB shown as Table 6-14.

Table Completion of Access Adjust

3p282 Vi
(pinl-14)

s
0 O]

f)} Confirm the Ready condition within 10 seconds after the setting as
above.

g) After the confirmation of correct adjustment, re-configurate JP282 as
it was, and turn off and on the DC power so as to inifialze the drive.
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