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INTRODUCTION

This manual is for customer engineers who handle the new Mini-Disk Drive M2351A/AF.

It describes how to operate, handle and maintain the drive.

This manual consists of the following seventeen chapters.

Chapter GENERAL INFORMATION
Chapter INSTALLATION

Chapter OPERATION AND CHECKOUT
Chapter SYSTEM INSTALLATION

DATA FORMAT
INTERFACE

LOGIC CIRCUIT
Chapter SERVO CIRCUIT
Chapter 10  READ/WRITE CIRCUIT
Chapter 11  VFO CIRCUIT

Chapter 12 DC POWER SUPPLY UNIT
Chapter 13  MAINTENANCE

Chapter 14  ELECTRICAL TEST AND ADJUSTMENT
Chapter 15 TROUBLE SHOOTING
Chapter 16  DESCRIPTION OF ICs
Chapter 17  SCHEMATICS

Chapter
Chapter

1

2

3

4
Chapter 5  MECHANICAL ASSEMBLIES

6

7

Chapter 8

9
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CHAPTER 1  GENERAL INFORMATION

1.1 GENERAL DESCRIPTION

The M2351 Disk Drive is a compact state-of-the-art moving head disk drive with a
storage capacity of up to 474 megabytes (unformatted) in a very compact package.
It uses Winchester type heads and platters, allowing higher recording density,
data transfer rate, and greater reliability, while offering a faster access time.
The media is non-removable. This drive is appropriate for large capacity, high

speed data storage in an online and/or batch system.

Model M2351A is of the Non-Fixed-Head type, and model M2351AF is of the Fixed-Head
type with an unformatted fixed-head capacity of 1.69 megabytes to further improve
the system throughput.

Higher cost/performance and improved reliability can be achieved in computer

systems that utilize M2351 disk drives.

The drive is designed to meet the following standards:
1. UL478 Electronic Data Processing Unit and Systems.
2. CSAC22.2 No. 154-1975 Data Processing Equipment .

Note: !'‘'Early version'' denotes M2351A (- #1898) and ''Current version''
denotes M2351A (#1899.). Regarding the M2351AF, all drives are

‘*Current version''.

Fig. 1.1-1 External View of M2351A/AF
BO3P-4655-0001A. . .El1 1-1



1.2  FEATURES

(1) Large Capacity and High Performance
- 474 megabytes of unformatted data can be stored on six disks.

- The M2351 disk drive provides exceedingly high performance characteristics such
as 1.859 megabytes per second data transfer, 18 milliseconds average access

time, and 7.58 milliseconds average latency time.

(2) Compact Size

The disk drive is a compact unit containing Disk Enclosure (DE), DC power supply

and circuit boards, is designed for mounting in a standard 19-inch rack.

(3) High Reliability

The disk enclosure includes a rotary actuator, a direct-drive spindle motor, the
magnetic heads, disks and carriage. A completely sealed self-contained airflow
system is used within the DE to assure a clean environment for low-flying heads,

thus ensuring very high reliability.

(4) High Serviceability
— The drive is modular in construction. All major subassemblies are easily

removed/replaced in the field.

- Serviceability is further improved by diagnostic information provided on the
maintenance-aid display and/or sense information provided by the interface

signals.

(5) Maintenance-free

The M2351 disk drive requires substantially reduced maintenance because of the

completely sealed DE, a direct-drive DC Spindle motor and highly reliable printed

circuit boards.

(6) Other Features

- High recording density with state-of-the-art technology
A recording density of more than 107 bits per square inch is achieved with the

advanced head and disk.

1-2 BO3P-4655-00014A. . .El



- Low power consumption

Less than 0.70 KVA is required despite the large storage capacity.

- Fixed-head model
The M2351AF has a fixed-head area of 1.69 megabytes (unformatted) capacity.
The data in this area can be accessed without positioning time delay but with

only latency time delay, thus providing high system througput.

- Dual channel feature
This option permits two controllers to access the same disk drive so that a

file can be shared by two different systems.

- Modified SMD Interface
The interface signals between the controller and the disk drive are partially
modified from the standard SMD interface to agree with higher track capacity

and higher maintainability.

The following are the major modified items.
(1) Data transfer rate

(2) Track capacity

(3) Timing of Read/Write operation

(4) Addition of Tag 4 and Tag 5

BO3P-4655-0001A...F
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Fig. 1.1-2 Physical Dimensions
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1.3

PERFORMANCE SPECIFICATIONS

Table 1.3-1 Specifications of M2351A/AF

/Drive (MB)
Capacity

474.2 (Unformatted)

/Track (KB)

28.160 (Unformatted)

Configuration of Disks and Heads

Fixed heads
e

\AYAY
6

5

>
19 <18
>17 >l6
515}14
3Z 12

4

1
3 9 8 heads

e
5 4
2 3 ~2
1 >1 >o T
€Ivo
=

Fixed Head Tracks

60 (3 Cylinders)

(M2351AF Only) Capacity (MB)

1.69 (Unformatted)

Rotational Speed (RPM) 3,961
Latency (ms) 7.5

Diameter (Inch) 10.5
Disk

Number 6

/Drive 20 + 1 (Servo)
Heads

/Surface 2
Cylinders 842
Data Transfer Rate (MB/sec) 1.859

Maximum 35
Positioning Time Average 18

(ms)

Minimum 5.5
Track Density (TPI) 880
Bit Density (BPI) 12,800

on interface NRZ
Data Coding

on disk surface MFM

BO3P-4655-0001A...F
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y ENVIRONMENTAL SPECIFICATIONS

Table 1.4-1 Environmental Requirements

. . Operating
. Storage or transmit On Site .
Environment . K 4 form Non-Operatin Office
in package P & Environment
Temperature* Within 24 More than 24
Hours Hours 23°F ~ 140°F | 50°F ~ 104°F
~40°F ~ 140°F | 23°F ~ 140°F é;i g;;ggec) éig Sg;ﬁgec)
é;iocg;;gg © ;;i S;;ﬁZeC) 18°F /Hour 18°F/Hour
36°F/Hour 18°F /Hour (10°C/Hour) (10°C/Hour)
(20°C/Hour) (10°C/Hour)
Humidity 5% ~ 957 RH 20% ~ 807 RH
Non-condensing Max change 10%/Hour
Non-condensing
Vibration 3G (When locked for 0.2G 0.2G
shipment) (10Hz ~ 500Hz) (5Hz ~ 50Hz)
1G
(50Hz v 500Hz)
Shock 5G (Max. 30 ms) 3G (Max. 10ms) | 2G (Max. 10ms)
Altitude 40,000 FT (12,000 m) 10,000 FT (3,000 m)
Dust 0.168 mg/m3 (Stearic Acid Standard)
Air flow —_— 2.5 m3/min.
Acoustic —_— 60 dBA

* °C =-%(°F—32)

BO3P-4655-0001A. ..
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1.5

POWER SPECIFICATIONS

Table 1.5-1 Power Requirements (Typical Values)

Voltage |Frequency Current (Aac) Power Consumption ?E?éa?§351p;;§§°n
(Vact102) | (Hz+2Hz) Starting* | Running (KVA) Hour) Hour
100 5.7/5.4 0.57/0.54 460/420(1,800/1,600
120 4.8/4.6 0.58/0.55 470/430(1,900/1,700
200 50/60 >3 3.1/3.0|  0.62/0.60 510/480|2,000/1,900
220 2.9/2.8 0.63/0.62 510/500{2,000/1,900
240 2.6/2.5 0.62/0.60 510/480|2,000/1,900

*Worst case transient with a maximum of 40 amps for less than 1/2 cycle of input AC Power.

Refer to Figure 1.5-1.

AMPS

= s

Worst case
transient

1-8

8.3 ms max
}‘ 10.0 ms max

Fig. 1.5-1

(60 Hz)
(50 Hz)

40

AC START/RUN CURRENT CURVE M2351A

BO3P-4655-0001A . ..

Seconds (approx)




1.6 CABLE AND CONNECTOR SPECIFICATIONS
Table 1.6-1 Cables and Connectors
Cable Connector (Supplier)
Specification Supplier Drive Side Cable Side
A-Cable Zo = 100%10% SPECTRA FUJITSU FUJITSU
(60-Pin) | 28 AWG STRIP FCN-704P060-AU/L | FCN=707J060-AU/B
7 Strands 455-248-60
100 FT. Max. M 3M
3472-2303 3334-6010
B-Cable Zo = 100+102 | ANSLEY FUJITSU FUJITSU
(26-Pin) 28 AWG 174=26 FCN-705P026=AU/L FCN=707J026-AU/B
7 Strands
50 FT. Max. 3M 3M
3429-1303 3399-6010
Power
Cable A See Figure 1.6-1
Power .
Cable B See Figure 1.6-2
Power .
Cable Cn D See Figure 1.6-3

WHITE

3-F7-ACTRAT-24

2 X AWG#16.
< AWG#20
8
N {
J QO
L (100 FT. Max.)

Fig. 1.6-1 Power Cable A

BO3P-4655-0001A. . .El
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1-10

3-F7-ACTRAT-24

WHITE
2 X AWG#16.
GREEN

;‘,‘: AWG#20
81 A
— D ¢ . T 2)B

) U I 1
4
BLACK
L (100 FT. Max.)
| { [INCH]
Fig. 1.6-2 Power Cable B
3-F7-ACTRAT-24
WHITE
3xA WGH18.

GREEN/YELLOW

$0.33

L (13.5 FT. Max.)

| [INCH |

Fig. 1.6-3 Power Cable C v D
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1.7 OPTIONS
Table 1,7-1 Option List
No. Name Specification Remark
1 B660-1065-T006A Non~-shield | Cable length can be
A-Cable specified from 0.5 m to
2 B660-1954-T904A Shield 30 m in 0.5 m increments x*
3 B660-1065-T008A Non-shield | Cable length can be
B-Cable specified from 0.5 m to
4 B660-1954-T903A Shield 15 m in 0.5 m increments*
5 | Power Cable A B660-1055-T027A Cable length can be specified from
(UL only) l1mto 30 m in 0.5 m increments.
(100/120 Vac only) -
6 Power Cable B B660-0620-T387A Cable length can be specified from
(UL, CSA) lmto 30 m in 0.5 m increments.
(200/220/240 Vac only) *
7 | Power Cable C B660-1055-T033A L =2.5m, (100/120 Vac only)
(UL ) CSA) %
8 | Power Cable D B660-1055-T034A L = 3.5 m, (100/120 Vac only)
(UL, CsA) ,
9 Power Cable E B660-1055-T035A L = 4.5 m, (100/120 Vac only)
(UL, CSA)
%*
10 | Line Terminator | B16B-4870-0010A#U | Note that two line terminators are
(TCAMU) required in dual channel system.
11 | Dual Channel BO3B-4655-0100A
Option
12 Slide Guide B030-4655-V100A
Option
13 Front Panel B210-1435-X012A
Option
14 Operator Panel | N860-3346-T001
Assembly
15 Hour Meter B61L-0140-0011A 10,000 hours
#10000
Note: Check with your local sales office for length available
BO3P-4655-0001A...F 1-11



Note that the Fixed-Head is not an option but a model change from the Non Fixed-
Head drive.

Non Fixed-Head Drive; M2351A (B0O3B-4655-B002A)

Fixed Head Drive s M2351AF (BO3B-4655-B003A)
When M2351A or M2351AF is ordered alone, it does not include the front panel,
operator panel, etc. listed in Table 1.7-1.
A-, B- and Power Cable A, B length must be specified by adding comment behind the
cable specification,

Example: B660-1065-T006A #10.5 m (A~Cable, 10.5 meters)

1-12 B0O3P-4655-0001A...8



1.8 SPARE PARTS
Table 1.8-1 Recommended Spare Parts List
Quantity
No. Name Specification (x l?oBui ) Remarks
A | AF s
DE Assembly | B030-4610-T00SA 1| - 60 M2351A
Non-fixed (#1~#1898)
1
heads type
M2351A
DE A bl B030-4610-T007 — 60
ssembly 030-4610-TO07A 1 (#1899~)
DE Assembly B030-4610-TO06A - 1 60 -
2 Fixed
DE Assembly | B030-4610-TOOSA N 60 heads type &2133 ; AF
3 | DC Power B14L-5105-0073A 1| 1| 200
Supply
4 | Line Blower B90L-1200-0101A 1 1 400
5 | Operator Panel | \iq s 3346.T001 1| 1| 400
Assembly
M2351A
130, (#1~#1898)
PCB TVHMU B16B-8130-0010A#U 1 1 360 M2351 AF
6 Power ( - )
Amplifier M2351A
(#1899~)
PCB TVKMU B16B-8800-0010A#U 1 1 360 M2351AF
#1~)
7 | PCB RFJAU C16B-5500-0990#U 1 1 220 Read Amplifier
8 | PCB SVIAU C16B-5501-0010#U 1 1 180 Servo Circuit
9 { PCB 512398 C16B-5123-0980#U 1 1 420 Logic Circuit
10 | PCB DQEMU B16B-8140-0010A#U 1 1 500 Interface Circuit
11 | PCB HGAMU B16B-7830-0010A#U 1 1 1660 Indicator Unit
12 | PCB BQGMU B16B-8160-0010A#U 1 1 1440 Back Panel
13 | PCBDQFMU | B16B-8150-0010A#U | (1) | (1) Interface Circuit
Rl 400 (Dual Channel Option)
14 | Air Filter B90L-0400-0303A 1 1 -
C60L-0020-0001 _ Used in DC Power Supply
15 | Fuse #MPOS L 05 A)
BO3P-4655-0001A. . .El 1-13



Notes: MTBF; Mean Time Between Failures (K-hours)
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1.9

MAINTENANCE TOOLS AND EQUIPMENT

Table 1.9-1 Maintenance Tools and Equipment

No. Tools and Equipment Specification Remark

1 Extension Cable B660-1060-T072A#L510R0 20 pins

2 Extension Cable B660-1060-T074A#L510R0 50 pins (2 required)
3 Extension Unit C960-0030-T029

4 Extractor C960-0300-T001 One required
5 Oscilloscope TEKTRONIX 475, or equivalent

6 Oscilloscope Probe TEKTRONIX P6053B or

(X10) equivalent

7 Digital Multimeter

8 Screwdriver #2 Phillips

9 Hexagonal Wrenches 6 MM Metric system
10
11
12
13

BO3P-4655-0001A. . .El
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1.10 RELIABILITY AND SERVICE GOALS

(1) MTBF
MTBF is defined as follows.
MTBF = operating time/the number of failures encountered.

Operating time is the total time duration during which the power is ON except
during maintenance work. Failure is defined as a malfunction that requires either
repairs, adjustments, or replacement. Mishandling by the operator, power failure,
control unit trouble, cable trouble and trouble due to improper environmental

conditions are not included.

The MTBF or M2351A/M2351AF is more than 20,000 hours estimated value after an
initial period of 200 hours.

(2) MTTR

MTTR is the average time a trained service mechanic should take to diagnose
and repair the failure. The M2351A/M2351AF are designed for an MTTR of 30
minutes or less.

(3) Preventive Maintenance Time

The front panel air filter should be cleaned or replaced at one year intervals,
or as required.

(4) Component Life

M2351A/M2351AF need not be overhauled for the five first years.

(5) Power Loss

If AC power to the unit is lost, data stored in the disk is preserved. However,

if the power failure occurs during a WRITE operation, that data is not guaranteed.

1-16 BO3P-4655-0001A. . .E1



(6) Read Error

Prior to determination of the read error rate, the data must be verified as

correctly written and all identified media defects must be deallocated or skipped.

- Recoverable Error Rate ..... 10 x 107!!
While reading 10!! bits of data, less than 10 read errors would be encountered

which are recoverable in 4 retries without using the ECC functions and the

offset operation.

- Unrecoverable Error Rate ... 10 x 107!*
While reading 10!* bits of data, -less than 10 read errors would be encountered

which are unrecoverable in 5 retries without using the ECC function.

Retry routine; after 4 times of re-reading with and without offset, RTZ must

be performed.

(7) Seek Error Rate ..... 1 x 107’

(8) Quality Standards of Media at Shipment (Summary)
- The number of defects per DE shall not exceed 500.

- The number of defective tracks per DE shall not exceed 30.

(A track containing two or more defects is defined as a defective track.)
- Head 0 and 1 at cylinder O should be perfect tracks.

Refer to Chapter 6.3 for detail.

BO3P-4655-0001A. . .E






CHAPTER 2 INSTALLATION
2.1 STORAGE

When the drive is stored for a kprolonged period, avoid locations where the environ-
ment is extreme. Stored units should be properly packed and can be stored stacked
vertically, two high. When the temperature difference between storage (or shipping)
and the unpacking environment exceeds 20°C (36°F), the unit should be allowed to

remain in packaged form for more than 3 hours to avoid condensation when unpacking.

2.2 UNPACKING

(1) The M2351 is shipped in a carton surrounded by shock absorber as shown in
Figure 2.2-1. (Note: the shipping carton is intended to be reuseable.) To
unpack the unit, first the carton flaps to the left and right and then take
out the unit. Take the tollowing precautions when removing its packing

carton.

() Lift the unit evenly by setting lift forks at 480mm intervals and
inserting them at the four suspension-belt ends to remove the drive from

its packing carton.

Do not leave the unit suspended for any length of time. Ensure that it is

moved quietly and smoothly.

If no lift is available:

-~ Have two or more people carry the unit.

- Lift the unit by the four suspension-belt ends, taking care about the
direction in thich pulling is done.

- Lift the unit evenly and gently, and place it onto the floor without

exposing it to undue shock or vibrationm.

BO3P-4655-0001A...F 2-1



No Good Good

(2) Take care to move the unit carefully to avoid abrute impact or shock, and do
not grasp the front panel or cover of the unit to lift - use the sub-frame at

the bottom to avoid the possibility of sub-assembly damage.

(3) After unpacking the drive, check for scratches or dents. Remove the cover and

visually inspect inside the drive.
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Upper pad

Polyethylene bag

Under pad

Suspension-belt

Inner Carton

(a) 1Inner packaging

@ Inner Carton

Corner pad

Quter Carton

(b) Outer packaging

Figure 2.2-1 Exterior View and Construction of Carton
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Card cage

DE

Vibration preventive block

(b) Current version

Figure 2.2-2 - Continued

.El1
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(2) Locking

This mechanism can be readily viewed from the rear of the drive by looking over the

Interface PCB.

Loosen Screw A (by means of a phillips screwdriver, 8 inches or longer), sufficiént-
ly to free the screw tip from the hole in the Lock Plate. With the screwdriver,
rotate the Locking Lever to the Locked position (Hole A), and secure in that

position by gently tightening Screw A. (Refer to Figure 2.3-1)
(a) Check for loose or missing parts, or foreign matter.
(b) Check that the PCB's are properly seated in the correct positions.

(c) Check that all connectors are secure and no cable chafing damage has

occurred.

After inspection, (prior to operating the drive), unlock the rotary acutuator and

secure in the unlocked position. (Refer to Figure 2.3-1).

(3) Packing

Prior to packing the drive, insure that the rotary actuactor locking mechanism is
secured in the locking position. (Refer to Figure 2.3-1). When reshipping the
drive, place it in a polyethelene bag and repack it in the Original carton with

shock absorbers. (Refer to Figure 2.2-1)
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(2) Locking

Loosen Screw A (by means of a phillips screwdriver, 8 inches or longer), sufficient-
ly to free the screw tip from the hole in the Lock Plate. With the screwdriver,
rotate the Locking Lever to the Locked position (Hole A), and secure in that

position by gently tightening Screw A. (Refer to Figure 2.3-1)
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J_m_m_uj_’

Bracket

/ (Press to Release)
Slide rail

/ 16 Screws

Figure 2.4-1 Rack Mount Installation
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Slide rail

2-8

N

Right Slide Guide

Bracket

Rack Mount Striker

Slide lock
(Press to Release)

f 16 Screws

Figure 2.4-1 Rack Mount Installation
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CHAPTER 3 OPERATION AND CHECKOUT

3.1 DC POWER SUPPLY UNIT

Control panel of the DC power supply unit is shown in Figure 3.1-1.

RM] VOLT
TRMIYREt
) @-52vAd(T-12V Ady
240V
1| ® 12223‘\,/1A @-4vAq) @HZVAd)%
4 200V 4
/2 ® '22%‘\', REMOTE D+svad
220V
I ® NN TRM2 Q?
[ @ 1oy o] LOCAL
240V 1| ® |Fol CNP66
s|| @ |220v
lz;g\\flc R T s FAN ALM
6| ® [ioov | | 0.54
V. 3 FG2
71l @ ﬁxg L@
200y J @ |1
8l @ 1300V b ALM
[ HECIE (F1)
R MAIN LINE SWITCH
l

Figure 3.1-1 Control Panel of DC Power Supply Unit

(1) Main Line Switch (Non-Fuse Breaker)

Supplies AC power to the unit. If one of following failures occures, it goes off.
- Over current in the AC input
- Over current or voltage in the DC output
- Fan (Line-Blower) Alarm

- Over Temperature of the heat sink or of the transformer in the DC power

supply unit.

(2) Fan ALM (Fuse)

Indicates fan alarm of the line-blower.

(3) Remote/Local (Switch)

When this is set to Remote, the spindle motor starts/stops rotating in accordance
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with the commands (Power Sequence Pick/Hold) issued from the controller. When
set to Local, rotation is under the control of the Start switch on the operator

panel.

(4) TRM 1 (Terminal)

The taps on this terminal must be changed in accordance with the voltage and

frequency of AC input power, as shown in Table 3.1-1

Table 3.1-1 Tap Number to be shortened

Tape Number
Vac (Hz) (4) (B) © (D)
100 (50/60) 2 4 6 8
120 (50/60) 1 4 6 7
200 (50/60) 2 3 5 8
220 (50/60) 2 3 5 7
240 (50/60) 1 3 5 7
(5) TRM 2 (Terminal)

FGl ..... Frame Ground

SG ..... Signal Ground

FG2 ..... Frame Ground with a 510 k{2 resistor

ALM ..... Alarm Output (not used)

The Frame Ground and Signal Ground are completely isolated in the drive, and they

are provided as FG1/FG2 and SG on this terminal.

As shown in Figure 3.1-2, FGl is a frame ground itself, but FG2 is a frame ground

to which a 510 k2 resistor is provided in DC Power Supply.

FG1 —  Frame Ground

SG —— Signal Ground

FG2
510 K@ DC Power Supply

|

Figure 3.1-2 FG1/FG2 and SG

P
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At the time of shipment, SG and FG2 are connected with a shorting plate.
Refer to Chapter 4.3 on the operation.
(6) Volt ADJ (Variable Resistors)

Although adjustment should not be required, variable resistors are provided to

adjust the -5.2, -4, *12, -5 Vdc output voltages within the tolerance specified,

if necessary.

3.2 INTERFACE PCBs
(1) INTERFACE PCB — DQEMU (B16B-8140-0010A#U)

Drive logical address 0 to 7 can be set with three positions of the switch in

binary code as shown in Table 3.2-1.

[_cNpaa ] [ CNPas ]
3
=]
g g z Drive Address Switch (OLD)|
5|12 5
o)
Drive Address Switch (NEW) N
15
[©] B1
Switch SW1
L CNP42 ]
! CNP43 ’ — CNP41 )
Figure 3.2-1 Drive Address Switch
Table 3.2-1 Drive Addressing
) Switch Position
Drive Address
1 2 3 4
0 OFF OFF OFF
1 ON OFF OFF
2 OFF ON OFF
3 ON ON OFF Not
4 OFF OFF ON Used
5 ON OFF ON
6 OFF ON ON
7 ON ON ON
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Interface Configuration Jumper (T1)

In normal dual port operation, a Priority Select on one port will cause the B
Cable Interface on the alternate port to be disabled. Also, a Seek-End response is
given for Reserve (Select) and Reserve (Select) Release commands.

Jumper Tl provides the means to inhibit the disabling of the alternate port's
B Cable Interface in response to a Priotiy Select. (See also — Table 3.2-3 for
DQFMU, Jumpers T1l, TR & T3)

Table 3.2-2 DQEMU Interface Configuration

Jumper # Pin Numbers Option
Tl 01-02* Disable B cable with
Priority Select
(Port A) 02-03 Inhibit disabling
B cable with Priority Select

* Jumper position for normal dual port operation

(2) DUAL CHANNEL INTERFACE PCB ----- DQFMU (B16B-8150-0010A#U)

(NP3 ] | CNPSS )

[CNP57 ] | CNPS9 ] ©
Ti 2

2

QO

DISA-NRMA

RLTM-AB
2

DISB-NRMB
o

[©] TB1
@

N Cr

CNP52 ]

RSVA LED / CN"5L§\ N__CNPS1 ]
J
SLDA LED / \SLDBLED

RSVB LED

DISA |RLTM|DISB

NRMAJABSL [INRMB/
RSVA [SLDA[RSVB|[SLDB ] /
CNPS51/53

Q 0 0 Q

Figure 3.2-2 Switches and Indicators
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LEDs

(1) RSVA (Channel A Reserved) — Orange
Indicates that the drive is reserved by A-channel.

(2) SLDA (Channel A Selected) — Green
Indicates that the drive is selected by A-channel.

(3) RSVB (Channel B Reserved) — Orange
Indicates that the drive is reserved by B-channel.

(4) SLDB (Channel B Selected) — Green
Indicates that the drive is selected by B-channel.

Switches

(1) DISA - NRMA (Disable A - Normal A).
Disconnects or connects the interface signals of A-channel.

(2) RLTM - ABSL (Release Timer — Absolute)

When the switch is at RLTM side, reserved status will be released 500 ms after
Unit Select Command if the Release Command has not already been issued. When the
switch is at ABSL side, reserved status can be released only by the Release
Command.

(3) DISB - NRMB (Disable B — Normal B)
Disconnects or connects the interface signals of B-channel.
Interface Configuration Jumpers (T1l, T2, T3)

In normal dual port operation, a Priority Select on one port will cause the B
Cable Interface on the alternate port to be disabled. Also, a Seek-end response is
given for Reserve (Select) and Reserve (Select) Release commands.

Jumpers Tl and T2 provide a means to inhibit the Seek-end response to Reserve
(Select) and Reserve (Select) Release commands.

Jumper T3 provides the means to inhibit the disabling of the alternate port's B
Cable Interface in response to a Priority Select.

Table 3.2-3 DQFMU Interface Configuration

Jumper # Pin Numbers Option

T1 01-02* Seek-End response for
Reserve/Release command.

(Port A) 02-03 Inhibit Seek-End response for
Reserve/Release command.

T2 01-02* Seek-End response for
reserve/release command.

(Port B) 02-03 Inhibit Seek-End response
for reserve/release command.

T3 01-02* Disable B cable with
Priority Select

(Port B) 02-03 Inhibit disabling B cable

with Priority Select

* Jumper position for normal dual-port operation.

BO3P-465 0O0lA...El
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3.3 LOGIC PCB ----- (C16B-5123-0980#U)

Jumper pins (SHO09) and jumper plugs for setting sector count and changing inter—

face requirements are provided.

7 6 5 4 3 2 1[ T
A
B
SHO9 (AE7) C
Interface D
Modification E
F
G
Ho] A
- J
@./ K
L
-: 00 0 000O0O0 §
8 o1
B0z P 0 % | (Mo
:Q 00 000000 )
R SHO09 Jumper
S o] + plug
09 (BC? A
,SHDlLBDD_s\ P
ector
Count %
€02 ; ( SHO9 (BF7) _ A B
F
b‘\l__ G
H
= e e I

( ) indicates location of jumper pins on the PCB.
Figure 3.3-1 Sector Count and Interface Selection
Removal of the Logic PCB is required to set the sector count or change the

interface options. This is accomplished with the extractor tools provided with
the drive (refer to Table 1.9-1, item 4) as shown below.
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Card Cage

Extractor Tool

Figure 3.3-2 PCB Removal

(1) Interface Configuration

The interface can be reconfigured by shorting the appropriate pins (Logic PCB,

Location AE 7) with jumper plugs, as shown below.

Table 3.3-1 1Interface Selection
Item Pin number to Default Function
be shortened mode
Incorporate =« 03 - 02 X Enable
TAG4, 5
Status Capability 03 - 04 Disable
Operation of 06 - 05 Seek End is not issued after
Seek End status Offset Command is reset.
06 - 07 X Seek End is issued after
Offset Command is reset.
Response of Unit 10 - 09 X Unit Ready is issued even if
Ready the drive is in a fault
condition.
10 - 11 Unit Ready is not issued when

the drive is in a fault
condition.

* (Note) It is recommended that tag 4 & 5 be disabled if the disk controller

does not use the option.

BO3P-4655-0001A. . .El
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3.4 SECTOR COUNT

The number of bytes per sector in Fixed Sector Format is determined by the

location of jumper plugs according to the following table and example.

Example; 9 Sectors/Track

_ _Bytes/Track _ 28,160 _
Bytes/Sector = Sectors/Track ~ 9 = 3,128.89

If the above calculation results in a remainder, round it up to the next integer, i.e.,
Bytes/Sector = 3,129

Set this figure minus one with jumper plugs to allow the Byte Counter to start

counting from zero.

3,129-1 = 3,128 = 2,048 + 1,024 + 32 + 16 + 8,
BE7 BD7  BC7

Therefore, jumper plugs should be placed on pins 13 - 12 and 10 - 9 of BE7,
pins 06 - 05 and 03 - 02 of BD7, and pins 13 - 12 of BC7. However, those pins
representing byte-count value not appearing in the calculation must also be

jumpered (the complementary position).

In this case. the number of bytes in the last sector is calculated as follows.
28,160 — (8 x 3.129) = 3,128

Namely, the last sector is one byte shorter than the others.
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Table 3.4-1 Setting of Sector Count

SECTOR JUMPER POSITIONS
Printed Circuit Board, LOGIC 512398
] =
co2 BO2
9 8/9 8|/98[9 8 pm=--- (.Tc_“.’.)-___..' 9 8
| JUMPER STATES
16 116 1 161 6 1 E (2)’; E 16 1
BF7 BE7 BD7 BCT ; gfo o1 E AE7
L-J2B. - 11314
Coumt Ly Y Yo e Per Sect/Last Sect
am o1 2 4 8 16 32 64 128 | 256  5S12 1024 2048 |4096 8192 16384 spare
1| 23 56 910 1213 | 23 56 910 1213 | 23 67 910 1213 | 34 56 910 1314 28160
2 | 23 56 910 1213 | 23 56 910 1213 | 34 56 910 1314 | 23 56 1011 13-14 14080
3 | 34 56 10-11 1213 | 34 56 10-11 1213 | 34 67 910 1314 | 34 56 1011 13-14 9387/9386
4 | 23 56 910 1213 | 23 56 910 1314 | 23 56 10-11 1213 | 23 67 1611 13-14 7040
s | 23 56 910 1213 | 23 564 910 1213 | 23 67 910 1314 | 23 67 1011 13-14 5632
6 | 23 67 910 1314 | 23 67 9-10 1314 | 34 56 10-11 1314 | 23 67 1011 13-14 4694/4690
7 | 34 56 910 1314 | 23 56 1011 1213 | 23 56 910 1213 | 34 67 1011 13-14 4023/4022
8 | 23 56 910 1213 | 23 56 10-11 1213 | 23 67 910 1213 | 34 67 1011 13-14 3520
9 | 34 67 10-11 1213 | 23 56 10-11 1314 | 34 67 910 1213 | 34 67 10-11 13-14 3129/3128
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10 23 56 9-10 12-13 23 56 9-10 12-13 34 5-6 10-11 1213 | 34 6-7 10-11 13-14 2816
11 23 56 9-10 12-13 23 5-6 9-10 12-13 2-3 6-7 10-11 12-13 34 6-7 10-11 13-14 2560
12 34 56 10-11 12-13 34 56 10-11 13-14 2-3 6-7 10-11 12-13 | 34 6-7 10-11 13-14 2347/2343
13 34 56 9-10 13-14 2-3 56 9-10 13-14 34 6-7 10-11 1213 | 34 6-7 10-11 13-14 2167/2156
14 23 56 10-11 12-13 2-3 6-7 9-10 12-13 23 56 9-10 13-14 34 6-7 10-11 13-14 2012/2004
15 23 6-7 9-10 13-14 23 6-7 9-10 13-14 23 56 9-10 13-14 | 34 6-7 10-11 13-14 1878/1868
16 23 56 9-10 12-13 23 6-7 9-10 12-13 34 5-6 9-10 13-14 34 6-7 10-11 13-14 1760
17 34 6-7 10-11 12-13 23 56 9-10 13-14 34 56 9-10 13-14 34 6-7 10-11 13-14 1657/1648
18 34 6-7 9-10 1213 23 6-7 10-11 13-14 34 5-6 9-10 13-14 | 34 6-7 10-11 13-14 1565/1555
19 34 56 10-11 12-13 34 6-7 9-10 12-13 2-3 6-7 9-10 13-14 | 34 6-7 10-11 13-14 1483/1466
20 23 56 9-10  12-13 23 56 9-10 13-14 23 6-7 9-10 13-14 34 6-7 10-11 13-14 1408
21 34 6-7 9-10 12-13 23 56 10-11 13-14 2-3 6-7 9-10 13-14 34 6-7 10-11 13-14 1341/1340
22 23 56 9-10 12-13 23 56 9-10 12-13 34 6-7 9-10 13-14 34 6-7 10-11 13-14 1280
23 34 6-7 10-11 12-13 34 6-7 9-10 12-13 34 6-7 9-10 13-14 | 34 6-7 10-11 13-14 1225/1210
24 23 6-7 9-10 13-14 23 6-7 10-11 12-13 34 6-7 9-10 13-14 34 6-7 10-11 13-14 1174/1158
25 34 56 9-10 13-14 34 56 9-10 13-14 34 6-7 9-10 13-14 34 6-7 10-11 13-14 1127/1112
26 23 56 10-11 12-13 23 56 10-11 13-14 34 6-7 9-10 13-14 34 6-7 10-11 13-14 1084/1060
27 34 5-6 10-11 13-14 23 6-7 10-11 13-14 34 6-7 9-10 13-14 34 6-7 10-11 13-14 1043/1042
28 23 6-7 9-10 12-13 34 56 9-10 12-13 23 5-6 10-11 13-14 34 6-7 10-11 13-14 1006/998
29 23 56 10-11 12-13 34 6-7 9-10 12-13 23 56 10-11 13-14 | 34 6-7 10-11 13-14 972/944
30 34 56 10-11 12-13 34 5-6 10-11 12-13 23 56 10-11 13-14 34 6-7 10-11 13-14 939/929
31 34 6-7 9-10 12-13 34 6-7 10-11 12-13 23 56 10-11 13-14 34 6-7 10-11 13-14 909/890
32 23 5-6 9-10 12-13 34 56 9-10 13-14 23 56 10-11 13-14 34 6-7 10-11 13-14 880
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33 23 6-7 9-10 13-14 23 6-7 9-10 13-14 23 56 10-11 13-14 | 34 6-7 10-11 13-14 854/832
34 34 6-7 9-10 12-13 23 56 10-11 13-14 23 56 10-11 13-14 | 34 6-7 10-11 13-14 829/803
35 34 6-7 9-10 13-14 34 56 10-11 13-14 23 56 10-11 13-14 | 34 6-7 10-11 13-14 805/790
36 34 56 910 12-13 34 6-7 10-11 13-14 23 56 10-11 13-14 | 34 6-7 10-11 13-14 783/755
37 23 6-7 10-11 12-13 23 56 9-10 12-13 34 56 10-11 13-14 34 6-7 10-11 13-14 762/728
38 23 6-7 9-10 13-14 34 56 9-10 12-13 34 56 10-11 13-14 | 34 6-7 10-11 13-14 742/706
39 34 56 10-11 13-14 2-3 6-7 9-10 12-13 34 56 10-11 13-14 34 6-7 10-11 13-14 723/686
40 23 56 9-10 12-13 2-3 56 10-11 12-13 34 56 10-11 13-14 34 6-7 10-11 13-14 704
41 34 56 9-10 12-13 34 56 10-11 12-13 34 56 10-11 13-14 34 6-7 10-11 13-14 687/680
42 34 56 9-10 12-13 2-3 6-7 10-11 12-13 34 56 10-11 13-14 34 6-7 10-11 13-14 671/649
43 34 56 9-10  12-13 34 6-7 10-11 12-13 34 56 10-11 13-14 | 34 6-7 10-11 13-14 655/650
44 23 56 9-10 12-13 2-3 56 9-10 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 640
45 23 6-7 10-11 13-14 2-3 56 9-10 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 626/616
46 34 6-7 9-10 13-14 34 56 9-10 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 613/575
47 23 56 9-10 13-14 23 6-7 9-10 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 600/560
48 34 56 10-11 12-13 34 6-7 9-10 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 587/571
49 34 56 9-10  12-13 23 56 10-11 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 575/560
50 23 56 10-11 13-14 23 5-6 10-11 13-14 34 56 10-11 13-14 | 34 6-7 10-11 13-14 564/524
51 34 6-7 10-11 12-13 34 56 10-11 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 553/510
52 23 6-7 9-10 12-13 2-3 6-7 10-11 13-14 34 5-6 10-11 13-14 34 6-7 10-11 13-14 542/518
53 23 56 10-11 13-14 23 6-7 10-11 13-14 34 56 10-11 13-14 34 6-7 10-11 13-14 532/496
54 23 6-7 10-11 12-13 34 6-7 10-11 13-14 34 5-6 10-11 13-14 34 6-7 10-11 13-14 522/494
55 23 56 9-10 12-13 23 56 9-10 12-13 23 6-7 10-11 13-14 34 6-7 10-11 13-14 512
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56 34 56 9-10 13-14 23 56 9-10 12-13 23 6-7 10-11 13-14 ) 34 6-7 10-11 13-14 503/495
57 34 56 9-10 1213 34 56 9-10 12-13 2-3 6-7 10-11 13-14 | 34 6-7 10-11 13-14 495/440
58 23 6-7 9-10 13-14 34 56 9-10 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 486/458
59 23 6-7 9-10 12-13 23 6-7 9-10 12-13 23 6-7 10-11 13-14 34 6-7 10-11 13-14 478/436
60 23 6-7 910 13-14 23 6-7 9-10 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 470/430
61 23 6-7 9-10 12-13 34 6-7 9-10 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 462/440
62 34 56 9-10 13-14 34 6-7 9-10 12-13 23 6-7 10-11 13-14 ] 34 6-7 10-11 13-14 455/405
63 34 56 9-10 12-13 23 56 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 447/446
64 23 56 9-10  13-14 2-3 56 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 440
65 23 6-7 10-11 13-14 2-3 56 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 434/384
66 34 56 10-11 12-13 34 56 10-11 12-13 2-3 6-7 10-11 13-14 | 34 6-7 10-11 13-14 427/405
67 34 6-7 9-10 13-4 34 5-6 10-11 12-13 2-3 6-7 10-11 13-14 | 34 6-7 10-11 13-14 421/374
68 34 5-6 9-10  12-13 23 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 415/355
69 34 6-7 10-11 12-13 23 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 409/348
70 34 56 10-11 13-14 2-3 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 403/353
71 34 6-7 9-10  12-13 34 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 397/370
72 23 56 9-10 13-14 34 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 392/328
73 23 6-7 10-11 13-14 34 6-7 10-11 12-13 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 386/368
74 34 6-7 9-10 12-13 23 5-6 9-10 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 381/347
75 23 56 9-10 13-14 2-3 5-6 9-10 13-14 2-3 6-7 10-11 13-14 | 34 6-7 10-11 13-14 376/336
76 34 56 10-11 13-14 2-3 5-6 9-10 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 371/335
77 23 6-7 9-10 1213 34 5-6 9-10 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 366/344
78 2-3 6-7 10-11 12-13 34 56 9-10 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 362/286
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79 34 6-7 9-10 13-14 34 56 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 357/314
80 23 56 9-10 1213 2-3 6-7 9-10 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 352
81 23 56 10-11 12-13 23 6-7 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 348/320
82 23 56 9-10 13-14 23 6-7 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 344/296
, 83 23 56 10-11 13-14 23 6-7 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 340/280
84 23 56 9-10 12-13 34 6-7 9-10 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 336/272
85 23 56 10-11 12-13 34 6-7 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 332/272
86 23 56 9-10 13-14 34 6-7 9-10 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 328/280
87 23 56 10-11 13-14 34 6-7 9-10 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 324/296
88 23 56 9-10 12-13 23 56 10-11 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 320
89 34 6-7 9-10 12-13 23 56 10-11 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 317/264
90 34 6-7 10-11 12-13 23 56 10-11 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 313/303
91 23 6-7 9-10 13-14 23 5-6 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 310/260
92 34 56 10-11 13-14 23 56 10-11 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 307/223
93 34 56 9-10 12-13 34 5-6 10-11 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 303/284
94 2-3 56 10-11 12-13 34 56 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 300/260
95 34 6-7 10-11 12-13 34 56 10-11 13-14 2-3 6-7 10-11 13-14 34 6-7 10-11 13-14 297/242
96 23 6-7 9-10 13-14 34 56 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 294/230
97 34 56 10-11 13-14 34 56 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 291/224
98 23 5-6 9-10 12-13 23 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-1 10-11 13-14 288/224
99 34 6-7 9-10 12-13 23 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 285/230
100 23 6-7 10-11 1213 2-3 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 282/242
101 34 56 9-10 13-14 23 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 279/260
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102 34 6-7 9-10 13-14 23 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 277/183
103 23 6-7 10-11 13-14 23 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 274/212
104 34 56 9-10 12-13 34 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 271/247
10 34 6-7 9-10 12-13 34 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 269/184
106 23 6-7 10-11 12-13 34 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 266/230
107 23 56 9-10 13-14 34 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 264/176
108 34 6-7 9-10 13-14 34 6-7 10-11 13-14 23 6-7 10-11 13-14 34 6-7 10-11 13-14 261/233
109 34 56 10-11 13-14 34 6-7 10-11 13-14 23 6-7 10-11 13-14 | 34 6-7 10-11 13-14 259/188
110 23 56 9-10 12-13 2-3 56 9-10 1213 34 6-7 10-11 13-14 34 6-7 10-11 13-14 256
111 23 6-7 9-10 12-13 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 254/220
112 23 56 10-11 12-13 2-3 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 252/188
113 23 6-7 10-11 12-13 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 250/160
114 23 56 9-10 13-14 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 248/136
115 34 6-7 9-10 13-14 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 245/230
116 34 56 10-11 13-14 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 243/215
117 34 6-7 10-11 13-14 23 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 241/204
118 34 56 9-10 12-13 34 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 239/197
119 34 6-7 9-10 12-13 34 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 237/194
120 34 56 10-11 12-13 34 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 235/195
121 34 6-7 10-11 12-13 34 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 233/200
122 34 56 9-10 13-14 34 5-6 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 231/209
123 34 6-7 9-10 13-14 34 5-6 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 229/222
124 2-3 56 10-11 13-14 34 56 9-10 12-13 34 6-7 10-11 13-14 34 6-7 10-11 13-14 228/116
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125 23 6-7 10-11 13-14 34 56 9-10 12-13 34 6-7 10-11 13-14 | 34 6-7 10-11 13-14 226/136
126 23 56 9-10 12-13 23 6-7 9-10 12-13 34 6-7 10-11 13-14 | 34 6-7 10-11 13-14 224/160
127 23 6-7 9-10 12-13 23 6-7 9-10 12-13 34 6-7 10-11 13-14 | 34 6-7 10-11 13-14 222/188
128 23 56 10-11 12-13 23 6-7 9-10 12-13 34 6-7 10-11 13-14 | 34 6-7 10-11 13-14 220




One of the following interface cable configurations must be chosen depending on

the feature of the controller. (Note; Dual Channel Feature is optional.)

System
—d Ground Controller #1
A B A B A B
L L L
T T T
Al JA B A A B A A B
—o Drive0 Jo——  Drivel D --- A Drive 7
Al [a] [B Al [a] [B Al [a] B] )
L L L
T T T
> Dual Channel
A B A B A B
9 Controller #2 J

Note that Line Terminators (LT) are required in each drive in a radial cable

configuration.
Figure 3.5-1 Radial Cable Configuration
System
9 Ground Controller #1
A B B B
- L
T
Al [a Fﬂ Al [a [ﬁ] Al [al [B
— Drive 0 D—— Drive 1 o— —-——— —~Q  Drive 7
Al 1A] |B Al Ja E;J NBRINRE
.
== T
Dual Channel
A B B B
L Controller #2

Note that a Line Terminator (LT) is required in the last drive in a daisy-chain

cable configuration.

Figure 3.5-2 Daisy-Chain Cable Configuration
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3.5 OPERATOR PANEL

Switches and indicators on the operator panel are shown in Figure 3.5-1.

F1C] g

Fault Start

Protect  Start

Power on Ready

Figure 3.5-1 Operator Panel

(1) Start-On (Switch)

When the Remote/Local switch on the control panel of DC power supply unit is set
to Local, this switch enables rotation of the spindle motor. The heads start
Initial Seek operation and stop on the cylinder zero, approximately 40 seconds
later, lighting the Ready lamp. The spindle motor stops rotating approximately

15 seconds after the switch is set to off position.

When the Remote/Local switch is set to Remote, the spindle motor starts and stops
rotating in accordance with the Power Sequence Pick/Hold commands issued from the

controller if the Start switch is On.

(2) Protect-On (Switch)

Inhibits Write operation. If a write command is issued from the controller while the switch is
On, the Fault and Control Check conditions will be returned to the controller. Note: The function
of the Protect Switch can only occur with the selection of the drive. If the drive is selected prior

to the switch being turned on, it must be deselected, then reselected to enable File Protect.

(3) Start (LED)

Indicates that the spindle is rotating.

(4) Ready (LED)

Indicates that the spindle has reached the rated speed and no fault condition
exists in the drive. It goes off when the heads are seeking to the desired

cylinder.
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(5) Fault (LED and Switch)

Indicates a Fault condition (i.e., R/W check status) or a Seek Error.

Depressing the indicator switch clears this condition.

(6) Power On

Indicates that the DC power supply unit is on.
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3.6 INDICATOR UNIT ----- HGAMU (B16B-7830-0010A#U)

These switches and indicators are provided for aiding maintenance, and are

shown in Figure 3.6-1.

CNP77

State Indicators

f‘3 Pfﬁf

State Switch FPT LED
URDY LED
Unit Status Indicators ACCK LED
ONCY LED

FALT LED

MD2(ST2)
MDI1(ST1)
=

MRTZ

Figure 3.6-1 Switches and Indicators

(1) Unit Status Indicators (LEDs)

Indicate Unit Status as shown in Table 3.6-1. These statuses are also issued
to the controller as States O to 4 when both Tag 4 and 5 are false if this
feature is utilized.

Refer to item (2-1) v (2-5) in Section 7.4 for detailed descriptions of each

state.
Table 3.6-1 Unit Status Indicators

Name of LED Color of LED Content
URDY Green Unit Ready
ONCY Green On Cylinder
ACCK Red Seek Error (Access Check)
FALT Red Fault
FPT Yellow Write Protected (File Protect)
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(2)

Two 7-segment LEDs indicate detailed drive states as shown in Table 3.6-2 in

accordance with the position of the State Switch.

State Switch and State Indicators (Toggle Switch and 7-Segment LEDs)

Table 3.6-2 Status and State

State Switch .
Position Left (MD2) Center (MDO) Right (MD1)
STATE DE Sequence State | Write/Read Check Access State
LED Bit State
1 DE Sequence Index Check DE Sequence Check
Latch 1
2 DE Sequence Control Check Access Timeout
LP1 Latch 2 Check
4 DE Sequence Multi Head Over Shoot Check
Latch 4 Check
8 Hall Alarm Head Short Rezero Mode Latch
Check
1 | Motor At Speed Write Current Servo Latch
on Read Check
2 Inhibit DE Write Transition | Linear Mode Latch
Seq. Recycle Check
LP2 .
4 Unit Ready Delta I Control Latch
Write Check
8 | Access Busy Servo Off-Track Wait Latch

DE Sequence Stage (MD 2)

DE Sequence 1, 2

Indicates Start/Stop status sequence of the DE. Details are described in item

and 4

(5-1) of Section 7.4.

Hall Alarm

Indicates that all output signals from the hall-elements used to detect the

pole position of the rotor in the spindle motor are high or low level

Simultaneously.

3-20

BO3P-4655-0001A. . .El




Motor At Speed

Indicates that the spindle motor is rotating at 3,961 RPM *2%.

Inhibit DE Sequence Recycle

Indicates that Run State Good goes false while the DE Sequence Latch is in

State 7. Stop sequence of the DE may be inhibited hereafter. Switching off

the drive power or pushing the Start switch to Off position clears this state.

Unit Ready

Indicates that the drive has reached the rated rotational speed and heads are

positioned on track.

Access Busy

Indicates that the heads are in motion, i.e., heads are performing Seek, RTZ

or Offset operation.

Write/Read Check State (MDO)

Refer to item (4) in Section 7.4.

Access State (MD 1)

Refer to item (5) in Section 7.4.

(3) MRTZ (Manual RTZ) Switch

The head performs RTZ operation when this maintenance-aid switch is pressed.

BO3P-4655-0001A...C
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3.7 STANDALONE CHECK

After the preceding Sections 3.1 through 3.6 have been applied as required
(3.1, in particular), a basic standalone check of drive operation can be made.
The rotary actuator must be unlocked (refer to Section 2.3). Proceed with the

check as follows:

(1) With the circuit breaker and Start switch OFF, plug in the AC line cord.

(2) Turn the circuit breaker ON. The Power on LED on the operator panel should

light. The blower motor starts.

(3) Press the Start switch on the operator panel to ON. The Start LED on the
operator panel should light. The DC motor will begin to rotate.
Approximately 40 seconds later, the Ready LED on the operator panel should
light, and the green On Cylinder and Unit Ready LEDs on the Indicator
PCB should light.

(4) Depress the MRTZ switch on the Indicator PCB and note that the drive
executes a RTZ operation. The On Cylinder and Unit Ready LEDs should

blink during the carriage motion and remain On when locked on Cylinder O.

This basic check has significance for initial Power On, Heads Load, Lock-on

and RTZ capabilities.
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CHAPTER 4 SYSTEM INSTALLATION

4.1  CONTROL CABLE ("A" CABLE)

A description of the Control cable signals and Pin assignments will be found in

Chapter 7.2.

"A" Cables may be installed radially or daisy-chained.

Connect the "A'" cable

from the controller output port to the Interface PCB (DQEMU) or Dual channel PCB

(DQFMU), (CNP 41 or 51), as shown in Figure 4.1-1, Not
right when facing the rear of the drive.

In a daisy-chain configuration, the "A" cable will be ¢
another cable from the Terminator header, (CNP 42 or 52
input (CNP 41 or 51).

DQEMU (B16B-8140-0010A#U) or

DQFMU (B16B-8150-0010A#U) Terminator

e that Pin 1 is to the

ontinued by connecting

), to the next drives

Grounding Wire of the Line

Line Terminator TCAMU (B16B-4870-0010A#U)

CNP42 or CNPS2

CNP41 or CNPS1

CNP43 or CNP53

B Cable

Fig. 4.1-1 Cable Connection
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4.2 READ/WRITE CABLE ('B" CABLE)

A description of the Read/Write cable signals and Pin assignments will be found

in Chapter 7.2.

"B" cables are always installed radially from the controller. Connect the "B"
cable from the controller output port to the Interface PCB (DQEMU) or Dual Channel
PCB (DQFMU), (CNP 43 or 53), as shown in Figure 4.1-1. Note that Pin 1 is to the

right when facing the rear of the drive.
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4.3 SYSTEM GROUNDING

(1) Definitions of SG, FGl and FG2.

SG is Signal ground or DC ground and is isolated from AC ground within the drive.
FGl is Frame ground or AC ground and is a direct short to chassis.

FG2 is a high impedance AC ground, connected to FGl through a 510 Kohm resistor.

For shipment, SG is connected to FG2 with the shorting plate, as shown in Figure

4,3-1.
(2) Grounding Methods

It is always recommended that drives be grounded, and it is required if cable
lengths longer than 10 ft. are used or if the drives are connected in the daisy-
chain configuration. All grounding should be done with flat braided wire,
preferably covered with a jacket or tubing. Note: Proper grounding is important

for the operation of the drive.

Grounding methods vary with site and system integration design, and are commonly
derived in a trial-and-error fashion. However, four approaches are offered in

order of preference:

(a) Connect SG to FGl with the shorting plate. Connect a flat braid wire
from SG to controller ground. If daisy-chained, daisy-chain the braid
from SG to SG as shown in Figure 4.3-3.

(b) Leave SG connected to FG2 (shipping configuration) and connect a flat
braid wire to controller ground. If daisy-chained, daisy-chain the braid

from SG to SG as shown in Figure 4,3=2,

(c) Remove the shorting plate, isolating SG and FG grounds. Connect a flat
braid wire from SG to controller ground (preferably DC ground). In this
case, the braided wire must be covered to prevent accidental shorting to

chassis (AC ground).

(d) Leaving the same arrangement as in (c) above, connect another covered,

braided wire from FGl to controller chassis (AC ground).
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(3) AC Considerations

(a) The controller should always be solidly connected to earth ground. The
drives and the system are then grounded through the controller.
(Controller AC-DC isolation is a function of design, and is assumed to be

common in the four approaches described in (2) above.)

(b) It is always recommended that the drive, controller and CPU share a

common AC branch circuit,

TRM2 TRM2
@ Shorting Plate @
@ FG1 @ FG1
@ SG @ SG
@ FG2 @ FG2
Of @ |—

ALM ALM

@ 1 ©) B
@ @

(Connection through 510 kQ) (Direct connection)

Fig. 4.3-1 Connection of FG and SG
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Drive 0 Drive 1 Drive N
TRM2 TRM2 TRM2
FG1 FG1 FG1
Controller i & T
FG > -1 )
I SG SG SG
SG
h——
Braid
Fig. 4.3-2 SG/FG1 Common
Drive 0 Drive 1 Drive N
TRM2 TRM2 TRM2
Controller §§ §& SG
I FG1 FG1 FG1
SG
\ Covered
Braid

Fig. 4.3-3 SG/HI Z FG2 Common
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Drive 0 Drive 1 Drive N
TRM2 TRM2 TRM2
SG SG SG
Controller *) O, O
FG O] @® @
I FG2 FG2 FG2
SG
Covered
Braid
Fig. 4.3-4 SG/FG Isolated
Drive 0 Drive 1 Drive N
TRM2 TRM2 TRM2
Controller SG SG SG
@ — O
FG + + +
I FG1 FG1 FG1
SG
Covered
Braid

SG/FG Isolated - Separate AC Ground
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CHAPTER 5 MECHANICAL ASSEMBLIES
5.1 CONSTRUCTION OF THE DRIVE

The overall construction is shown in Figure 5.1-1. The DE is supported horizon-
tally at three points with rubber mounts for vibration and shock absorption. A
shock sensor is provided on the DE to monitor for excess shock against the DE
during shipping and handling. The rotary actuator is secured by a mechanical
lock to prevent damage to the heads and disks during transportation. No mechani-

cal lock is required for the spindle motor.

The Power Amplifier (TVHMU; B16B-8130-0010A#U or TVKMU; B16B-8800-0010A#U) which
drives both spindle motor and rotary actuator is mounted horizontally above the

DE (01d Version) or vertically behind the front panel (New Version).

Logic PCB (0168—5123;0980#U), Servo Circuit (SVIAU; C16B-5501-0010#U) and Read/
Write Circuit (RFJAU; C16B-5500-0990#U) are inserted in a card cage located at
the side of the DE. This card cage can be pulled up and turned 90 degrees for
access to the back panel (BQGMU; B16B-8160-0010A#U) .

Indicator unit (HGAMU; B16B-7830-0010A#U) is attached on top of the DC Power
Supply, located at the rear of the drive. Five LEDs and two 7-segment LED
displays provide the status of the drive.

The interface PCBs are also located at the rear of the drive. When the sub-
system is single channel, an interface PCB (DQEMU; B16B—-8140-0010A#U) is
placed in the lower position. When the sub-system is dual channel, an additional

interface PCB (DQFMU; B16B-8150—0010A#U) must be placed in the upper position.

The entire drive is cooled by a line blower located at the front of the drive.
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Interface PCB (DQFMLU) Plastic Cover

It Present

Interface PCB (DQEMU) Power Amplifier (TVHMU)

Indicator Unit (HGAMU)

Disk Enclosure (DE)

Operator Panel

DC Power
Supply Unit
Card Cage
I'ront Panel
Line Blower
R/W PCB (RFJAU)
Logic PCB (512398)
Servo PCB (SVIAU) Hour Meter

(a) 01d version

Figure 5.1-1 Construction of the Drive
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Interface PCB (DQFMU)

If Present Interface PCB (DQEMU)
P

Indicator unit (HGAMU) o ~

DC power supply unit

R/W PCB (RFJAU)

Logic PCB (512398U)

Servo PCB (SVIAU)

Operator
panel

Card cage

Line Blower

Power Amplifier (TVKMU)

Hour meter

(b) New version

Figure 5.1-1 - Continued
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5.2 DISK ENCLOSURE (DE)

(1) Design Concept

The mechanical configuration of the DE shown in Figure 5.2-1 and 5.2-2 was designed
to provide a compact, low power consumption, and maintenance-free file with enhanced
performance. It features six 10.5 inch diameter disks and a rotary actuator with
the fast average positioning time of 18 msec. The rotary actuator is completely
balanced statically and dynamically by using a pair of moving coils, thereby

avoiding undesired vibration that prolongs settling time.

(2) Spindle and Base Casting

The primary function of the spindle is to maintain precise and constant rotation
of the assembled disks. The accuracy of rotation involves concentricity, precision,
thermal and dynamic stability; all of which become more stringent as the track

spacing gets tighter.

The dual-supported spindle construction reduces this problem. In this design, the
supporting casting is divided into two pieces in a plane parallel to the spindle
axis, with one of the divided pieces substantially retaining the rotating bearings.

Thus, precise concentricity can be maintained.

With regard to the base casting, it is important to keep the relative dimension
between the spindle and rotary actuator very rigid, especially in a dynamic mode.
This has been given critical attention as track spacing and access time become

smaller and shorter.

In the present drive, the rotary actuator is designed so that the rotating axis
is pivoted at both ends, similar to the spindle. A pair of arms are extended from
the spindle bearing part to the pivoting element of the rotary actuator. This
technique, combined with the high rigidity of the actuator, provides resonant-free

seek operation.
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Figure 5.2-1 Outerview of the DE

(3) Air System

The fundamental and important function of the air system is to maintain an
ultra-clean environment within the space of the DE to minimize the possibility

of head-disk interference. In this DE, A new type of self circulating air

system is provided. Features of the system are its simplicity and maintenance-
free operation. Air flows through the disk spacings from the center to outside

of the disks by the pressure difference between them, induced by the rotation of
disks. An absolute filter, whose efficiency is 99.97 percent above 0.3 um particle
size dust, is attached within the spindle hub and is rotating with the disks.
Particle count goes very nearly zero 1n a few minutes from the start of rotation.

Ferrofluidic seals are adopted to complete the elimination of air contamination.

To enhance the cooling efficiency, the housing is made entirely of aluminum
casting with a high heat conductivity, and many fins formed around it. Air cir-

culation is completely symmetrical in the disk stacking direction, and air flow
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is well intermingled at the inside of disk hub for uniform and efficient cooling

around the read/write heads along with the servo head.

5.3 ROTARY ACTUATOR

The drive shaft of the head-arm assembly in the DE is coupled directly to a
bobbin supporting base to be driven by the rotary actuator outside the DE.
Ferrofluidic seal is utilized to separate inside and outside the DE. Two
coil-bobbins are attached to the bobbin supporting base, and two magnetic circuits
are provided to supply torque to the coil bobbins, moving the head-arm assembly

to the desired cylinder within a short access time.

!
- =

1 Drive Shaft

. |

r J
Head Arm <\ ) Ferrofluidic
~— Seal
[ < — Cover
/ T | ~
— 1 — _{— Bobbin (A)

Bobbin (B) | & ~ L -,
1l | ‘—ﬁ' =

Le ] Bo Py
Supporting Crash
Magnetic Base Stopper Magnetic
Circuit (B) (Movable) Circuit (A)

Figure 5.3-1 Construction of the Actuator
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(1) Magnetic Circuit

The pair of magnetic circuits are constructed symmetrically as shown in Figure

5.3-2. Each circuit incorporates four permanent magnets (rare earth magnets) -

with two magnetic gaps in between.

spread magnetic field.

Each ﬁagnetic gap contains a uniformly

The coil bobbin is inserted in it and generates torque

proportional to the current in the coil and the intensity of the magnetic field.

This torque is sufficient to move the head-arm assembly at the specified speed.

5-8

(-) / Magnetic Flux
L
P IE e s I —-(j——‘
1
1 .
N GRFETER. S EERSENS *2 e §°:U
T - obbin
 ILRRRIRNN L] /
1
WLLLL ] 1100000001
;s > P /——-—Permanent Magnet
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\ Z
\ \&
Pole Gap Yoke

Figure 5.3-2 Magnetic Circuit
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(2) Drive Coil

The two coil bobbins are identical. A pair of flat copper wire coils are attached

on the front and rear side of each coil bobbin. The four coils are then connected

in series to generate torque in the same direction due to the current flowing in

each coil.

(3) Crash Stopper

The crash stopper consists of a moving part attached to the bobbin supporting
base and fixed parts on the DE. It determines the movable range of the head-arm

assembly, and provides safe deceleration in the event of an uncontrolled seek.

(4) Major Specifications

+ Force coefficient : 0.11 (kg-m/A)
* Movable section inertia : 24 x 107" (kg—m?)

* Coil resistance : 10 ) (20%)
* Moving angle : 0.208 (rad)

* Magnetic circuit weight : 2.4 (kg)

Figure 5.3-3 Outer view of Rotary Actuator

BO3P-4655-0001A...B
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5.4 SPINDLE MOTOR

(1) Features

By adopting the brushless DC spindle motor and connecting the motor directly to

the spindle shaft, the following are realized.

The device becomes compact.

Pulley and belts are unnecessary, therefore, no maintenance is required.

Accuracy of rotational speed is improved.

Vibration is reduced.

Dynamic braking replaces mechanical brake

(2) Construction

Construction of the motor is shown in Figure 5.4-1. The rotor poles generate

torque by the revolving magnetic field, and are connected directly to a single

shaft to which magnetic disks are attached.

The stator winding generates the above mentioned revolving magnetic field by
successively switching the current in it.

The rotor pole position detector determines the switching time of the current in
the stator winding by detecting the position of rotor poles. The stator winding
and rotor pole position detector are fixed in the motor housing, which is fixed

on the DE base.
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(3) Specification

Table 5.4-1 Specifications
Output P W 120
Rated torque T kg-cm 2.7
Rated revolution N rpm 3,961
Rated Current I A 4.0
Induced voltage
constant Ke mV/rpm, O/P/phase 8.2
Winding resistance Ra 2/phase at 20°C 1.12
Winding inductance La mH/phase 1.7
Winding phase number 3
Number 9f poles and 2p 4
pole pairs
Position sensor DN6839

Matsushita Electric

The rated values are 3-phase, half

BO3P-4655-0001A...B

drive (for 120° conduction)
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Housing

Stator Winding
Spindle Shaft
\
\ ! /— Stator Core
] L]

e N i
] (Cross Sectional View)
r
—7 a \

TN

Rotor Magnet Housing
/ } Rotor
Rotor Yoke

Position Sensor (Hall IC) }

Rotor Pole Position Detector
-~ Sensor PCB

J‘“”IW"\

~

Cable

Sensor PCB
P %

™ /

p——

Housing /

(Bottom View)
Rotor Yoke

Stator Winding / Rotor Magnet

Figure 5.4-1 Construction of the Spindle Motor
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(4) Principle of Operation

The brushless DC motor is made by replacing brushes and commutators of the

ordinary DC motor with a rotor pole position detector and a semiconductor drive

circuit. The schematic circuit of the 3-phase half-wave drive used is shown in

Figure 5.4-2. The various waveforms when the DC motor is rotating in the regular

direction are shown in Figure 5.4-3. Consequently, in an actual drive, the

rotational force is obtained by energizing the windings in the order of C'-C -

1 ' _
B'-B > A'-A. +5V +48V
T Stator Winding
Rotor Pole *H1
Position Detector )
*H?2
rl G Switching
| Circuit
| Hall
IC.
| *H3
| 'O
l
|
1 A
| +SVRTN
|
- -
Figure 5.4-2 Schematic Diagram of the Drive Circuit
dne rotation |
———
Rowrboe 0 L] LT 1 LI

Poaition Detector

BO3P-4655-0001A...B
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Figure 5.4-3 DC Motor Waveforms
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5.5 MAGNETIC HEAD AND DISK

(1) Magnetic Head

To obtain a high recording density, advanced Winchester type CSS (Contact Start and
Stop) heads are used for both moving and fixed heads. While the disks are not
rotating, the heads rest on the disk surfaces in contact, but when the rotation
starts, the heads begin to float over the disk surfaces. After the disks reach the
specified rotational speed, the heads maintain the flying height with the balanced
force of each load spring and the air-bearing between disk surfaces and the head

sliders.

Therefore, to prevent wear caused by contact-start/stop, and to achieve minimum but

stable flying height, the head is loaded slightly and its slider rails are tapered.

Figure 5.5-1 Moving Head Arm Assembly

There are two kinds of heads, i.e., moving head and fixed head. Both heads have a
similar construction, but the moving head has only one Read/Write core whereas fixed
head has four Read/Write cores, as shown in Figures 5.5-2 and 5.5-3 respectively.

To increase the output voltage at high recording density, the core is made from

Mn-Zn instead of Ni-Zn which is the commonly used material.
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Figure 5.5-2 Moving Head

Figure 5.5-3 Fixed Head

(2) Disk

A magnetic disk has a diameter of 10.5 inches (268 mm) and is made of aluminum on
which magnetic material is coated. Special coating is provided on the surface of
this magnetic material in order to prevent wear caused by repeated contact-start/

stop operations.

(3) Fixed Heads Block

Fixed heads are located at the top surface of the disks in the DE of M2351AF.
Fifteen sliders having four cores each are attached to a fixed head block. Thus,
there are 60 fixed head tracks in all, and are allocated to Cylinder 896 to 898 and

Head 0 to 19 respectively.

A PCB with ICs (fifteen head pre-amplifiers and two decoders) is also attached to
the block. Input and Output signals are transferred through a flat cable. The
construction of the Fixed Head Block and address of each head are shown in Table
5.5-1 and Figure 5.5-4.
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Table 5.5-1 Slider No. Vs. Cylinder/Head Address

Address Address Address
Slider No. CYL HD Slider No. CYL WD Slider No. CYL HD
1 897 | 08 v 11 6 896 {08 Vv 11 11 898 | 00 ™ 03
2 897 | 04 v 07 7 896 |12 v 15 12 898 | 04 v 07
3 897 | 00 v 03 8 896 | 16 v 19 13 898 | 08 v 11
4 896 | 00 v 03 9 897 |12 v 15 14 898 | 12 v 15
5 896 | 04 v 07 10 897 |16 v 19 15 898 | 16 v 19
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Numbers written in the figure denote the slider numbers.

Figure 5.5-4 Fixed Head Block
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5.6 COOLING SYSTEM
5.6.1 Cooling system of early version

The drive is cooled by a centralized cooling system using a line blower. The
air is sucked in through the cooling hole of the front panel, passes through
air filter, the line blower and the air duct, and is blown uniformly over the
entire DE, card cage power amplifier, and intérface PCBs. The air which passes
over the card cage cools the DC power supply and the air which passes over the

DE and the power amplifier cools interface PCBs, and is discharged.

Air Duct Cover

Power Amplifier
Front Panel
Air Guide
/ DC Power Supply

1} 7
A ————,.l—_' —— ——— ——— ﬁ%’
), ——-ﬁ——% r===4—‘.-_'== -—‘-E"—_"" >
% -
1(;’ > > > > > —
R |

'u'_’ v/ ] N ] ]
'J;j_» _/ F Y > '\\l - >

Line Blower

Air Intake DE

Interface PCBs
Air Filter

Figure 5.6-1 Air-Flow
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5.6.2 Cooling system of current version

The drive is cooled by a centralized cooling system using a line blower. The air
is sucked in through the colling slot of the front panel, passes through air
filter, the line blower and Power amplifier, and is blown uniformly over the
entire DE, card cage, and interface PCBs. The air which passes over the card
cools the DC power supply and the air which passes over the DE cools interface

PCBs, and is discharged.

Power Amplifier

Cover

/

Front Panel

DC Power Supply

{

——=-===1

N

r= =i
1
 [—

f
)

| r--9

BN \ A"

AN
i—r—

Line Blower \ DE \

Air Filter

Y
A

Air Intake
Interface PCBs

Figure 5.6-2 Air-Flow

5.6.3 Thermal check point
The air flow will be less than the naked drive if it is installed in the rack. The

cooling condition can be comfirmed by taking the surface temperature of the heat

sink of the DC Power supply.
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Table 5.6-3 Thermal Condition

Maximum surface

Temperature (Tc) Condition

At random seeking.
70°C Even on max. environmental
temperature (40°C)

If the temperature is not kept under this condition, the drive cannot work arnd will

s
UL

be damaged.

check point
TRM1 VOLT
o i @-5.2v A D-12V Ady
@ [y 1
o @4V Adi (D+12V Adj
200V
24| @ lioov ° REMOTE D5V A4
3 350V 1
@ 200V B TRM2
4 ® }ggx ] ® LOCAL
240
sl e §§8¥ ; 1| ® | FG1 CNP66
. FAN ALM
20V
6l ® |idov - 2 i SG 0.5A
240V 3 @ FG2 [ ]
v, FAN ALM
7| © prv L — T
4
200v
8|l ® |y L9 | aLm
[©] 51 ® —J F1) 0.5A
o | MAIN LINE SWITCH
[

Figure 5.6-3 Thermal Check Point

5.6.4 Additional Cooling Fan

If the temperature at the thermal check point cannot be kept under the specified

condition when the drive is installed in a rack, the additional fan must be mounted

in the back of the rack.

Check the air flow of the whole cooling system of the rack by measuring the

temperature of the thermal check point.
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Rack

Fan
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Figure 5.6-4 Example of Additional Cooling Fan
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5.7 ASSEMBLY DRAWINGS

The following drawings illustrate different levels of assembly in the disk drive.
Each breakdown is followed by a corresponding table containing an Index No.,
Quantity, Composition (component parts of the larger assembly), Part Number and

Description.
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5.7.1 Early vrsion (M2351A:~n #1898)

Final Assembly

Sub Frame Assembly

Optional Assemblies and

Component Parts

Figure 5.7-1 Visual Index Mini-Disk Drive
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Figure 5.7-2

Table 5.7-1
Index Composition ..
No. & Quantity Part Number Description
BO3B-4655-B002A M2351A Mini-Disk Drive
BO3B-4655-B003A M2351AF Mini-Disk Drive
1 B14L-5105-0073A DC Power Supply
_ _ DE Assembly
2 B030-4610-T0054 (Non-Fixed Heads Type)
. _ DE Assembly
2 B030-4610-T006A (Fixed Heads Type)
3 B210-1435-T001A Sub-Frame Assembly

5-22
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Figure 5.7-3 Sub-Frame Assembly
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Table 5.7-2 Sub-Frame Assembly

Index
No.

Composition
& Quantity

Part Number

Description

B210-1435-T001A

Sub-Frame Assy

1 B210-1435-W0O01A Sub-Frame

2 1 B210-1435-X068A Cable Pad
- 2 F6-SBD-4xX16S-M-NI1A Screw

3 1 B210-1435-X037A Plate

- 2 F6-SSA-3x5S-M-NI1A Screw

4 1 B210-1435-X017A Duct

- 6 F6-SBD-4X6S-M-NI1A Screw

5 1 B210-1435-X039A Plate

6 1 B210-1435-X040A Plate

- 4 F6-SSA-3X55~-M-NI1A Screw

7 1 B210-1435-X070A Guide

8 1 B210-1435-X071A Plate

- 1 F6-SBD-4xX6S-M-NI1A Screw

9 1 B210-1435-X042A Cover

- 2 F6-SBD-2.5%X6S~M-NI1A Screw
10 2 B210-1435-X018A Rubber Plate
11 2 B210-1435-X0564A Plate

- 6 F6-SSA-3x6S~-M-NI1A Screw

12 2 B210-1435-X057A Spacer

- 2 F6-SBD-4X16S~-M-NI1A Screw

- 2 F6-N1-4S Nut

- 2 F6~-SPK-4Xx4S Spacer

13 2 B210-1435-X055A Shaft

14 2 B210-1435-X058A Bearing

- 4 F6-N1-4S Nut

- 4 F6-WB~4S Washer

- 4 F6-WM-4S Washer

15 2 F6-ER-6 Retaining Ring
16 1 B210-1435-W045A Gate Cover
- 2 F6-SBD-4x10S-M-NI1A Screw

- 4 F6-SBD-4x6S-M-NI1A Screw

17 1 B210-1435-X053A Stopper
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Table 5.7-2 - continued

Index

Composition

No. & Quantity Part Number Description
18 1 B210-1435-X057A Spacer
- 2 F6~SBD-4x6S-M-NI1A Screw
19 3 B30L-1150-0003A Damper
- 6 F6-SBD-4%x6S-M-NI1A Screw
20 1 B210-1435-X054A Plate
- 2 F6-SSA-3x6S-M-NI1A Screw
21 1 B210-1435-W048A Frame
22 1 B210-1435-X074A Cover
23 1 B210-1435-X024A Cover
24 2 B210-1435-X049A Plate
- 4 F6-SSA-3x6S-M-NI1A Screw
- 3 F6-BA-8x12-M-ZN1A Bolt (for DE Assembly)
- 2 F6-SBD-4x6S-M-NI1A Screw (for DC Power
Supply)
- 8 F6-SBD-4x6S-M-NI1A Screw (for Slide Guide)
25 6 C980-3010-X031 Card Guide
26 1 C16B-5510-00104#U Servo Circuit
27 1 C16B-5123-0980#U Logic Circuit
28 1 C16B-5500-0990+#U Read Amplifier
29 1 B16-8130-0010A#U Power Amplifier
30 1 B16-8140-0010A#U Interface Circuit
- 1 BO3B-4655-0100A Dual Channel (Option)
31 B16B-8150-0010A#U Interface Circuit
32 4 F6-KKB1-3%70 Stud
33 1 B16B-8160-0010A#U Back Panel

B03P-4655-0001A. . .El
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Table 5.7-3 Optional Assemblies and Component Parts

iz?ex EOBEZiiEisn Part Number Description

1 B250-2150-X163A Front Panel

2 N860-3346-T001 Operator Panel
B030-4655-V100A Slide Guide

3 1 B27L-0230-0010A Slide Guide (Option)

4 2 B210-1435-X902A Metal Fitting

5 4 B210-1435-X903A Plate

- 20 F6-SW2NA-5%10S Screw with Washer

6 B90L-0400-0303A Air Filter

7 B90L-1200-0101A Line Blower

8 B57L-0040-0003A Fan Alarm

9 B16B-7830-0010A#U | Indicator Unit

BO3P-4655-0001A. .
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M2351AF: #1-)

5.7.2 CURRENT VERSION (M2351A: #1899-,

Final Assembly

Sub Frame Assembly

Optional Assemblies and

Component Parts

Figure 5.7-5 Visual Index Mini-Disk Drive
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B0O3P-4655-0001A. .
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Figure 5.7

Table 5.7-4
Index Composition s . . s
No. & Quantity Specifications Description
1 BO3B-4655-B002A | M2351A Mini-Disk Drive
1 BO3B-4655-B0O03A | M2351AF Mini-Disk Drive
1 B14L-5105-0073A | DC Power Supply
_ DE Assembly
2 B030-4610-T0074 (Non-Fixed Heads Type)
_ _ DE Assembly
2 B030-4610-TO08A (Fixed Heads Type)
3 B210-1435-T002A | Sub-Frame Assembly
4 N860-3346-T001 Operator Panel

BO3P-4655-0001A . .. D1
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Sub-Frame Assembly

BO3P-4655~0001A..

Figure 5.7-7
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Table 5.7-5 Sub-Frame Assembly

Index ComposiFion Specifications Description
No. & Quantity
B210-1435-T002A | Sub-Frame Unit
1 1 B210-1435-W101A Sub-Frame Assy
2 1 B210-1435-X068A | Cable Pad
- 2 F6-SW2NA-4x208S Screw
3 1 B210-1435-X912A Guide (right side)
- 2 F6-SSA-3x55-M- Screw
NI1lA
4 2 B210-1435-X112A | Rubber Plate
5 1 B210-1435-W115A | Bracket
- 4 F6-SW2NA-4x8S Screw
6 1 B210-1435-W110A | Plate
- 4 F6-SSA-3x6S-M- Screw
NI1lA
7 1 B210-1435-X071A | Plate
- 1 F6-SW2NA-4x8S Screw
8 1 B210-1435-X911A | Guide (left side)
- 1 F6-SW2NA-4x8S Screw
9 1 B210-1435-X122A | Packing
10 3 B30L-1150-0003A Damper
1 B210-1435-WO55A | Hinge Assy (left side)
1 B210-1435-W056A | Hinge Assy (right side)
11 1 B210-1435-X056A | Plate
12 1 B210-1435-X057A Spacer
- 1 F6-SBD-4%x16S-M- Screw
NI1lA
- 1 F6~N1-4S Nut
- 1 F6-SPK-4x4S Spacer
13 1 B210-1435-X055A | Shaft
14 1 B210-1435-X058A | Plate
15 1 F6-ER-6 Retaining Ring
16 1 B210-1435-W045A | Gate Cover
- 4 F6-N1-4S Nut
- 4 F6-WB-4S Washer
- 4 F6-WM-4S Washer

B03P-4655-0001A. . .El
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Table 5.7-5 - continued

Index Composition . . ..
No. & Quantity Specifications Description

17 1 B210-1435-W12046| Cover

- 2 F6-SSA-3x6S-M- Screw
NI1A

- 2 F6-SW2NA-4x8S Screw

18 B16B-8160- Back Panel PCB
0010A#U (BQGMU)

19 €980-3010-X031 Card Guide

20 C16B-5501- Servo PCB
0010#U (SVIAU)

21 Cl6B-5123- Logic PCB
0980#U (512398U)

22 C16B-5500- R/W PCB
0990#U (RFJAU)

23 B16B-8800- Power Amplifier PCB
0010A#U (TVKMU)

24 B16B-8140- Interface PCB
0010A#U (DQEMU)
B03B~4655-0100A | Dual Channel Option

25 1 B16B-8150- Interface PCB
0010A#U (DQFMU)

26 4 F6-KKB1-3x70 Stud

27 1 B210-1435-X125A | Cable Pad

- 3 F6-SW2NA-4X8S Screw

28 1 B210-1435-X126A Plate

5-32
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Table 5.7-8 Optional Assemblies and Component Parts

Index

Composition

No. & Quantity Specifications Description

1 1 B210-1435-X012A Front Panel

2 1 N860-3346-T001 Operator Panel

1 B030-4655-V100A Slide Guide Assy

3 1 B27L-0230-0010A Slide Guide (Option)
4 2 B210-1435-X908A Metal Fitting

5 2 B210-1435-X909A Guide Plate

6 4 B210-1435-X903A Plate

- 20 F6-SW2NA-5%10S Screw

7 1 B90L-0400-0303A Air Filter

8 1 B90L-1200-0101A Line Blower

9 1 B57L-0040-0003A Fan Alarm
10 1 B16B-7830- Indicator PCB

0010A#U (HGAMU)

5-34
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CHAPTER 6 DATA FORMAT

The M2351A/AF can be used with two different formats, i.e., Variable Sector
Format and Fixed Sector Format, as determined by the controller. The former
contains a 3-Byte DC erased area called an Address Mark (AM) prior to each
Address Area (AA) indicating the beginning of a record. Therefore, Data Area
(DA) with different lengths in a track can be written or read. On the other
hand, every record must have the same data area length (governed by sector

length) in the Fixed Sector Format.

6.1 FORMAT

lndex__ﬁ -———— ﬁ

Rcd 0 r' Rcd n -

AA DA DA

Format

=]

w

Min 23 Min 17 Min
— Min~—l ‘~Min-
4 16 [Byte]

Figure 6.1-1 Variable Sector Format

e —

index __[1 n

or
Sector
Rcd 0 Rcd n
AA DA DA _
Format S S L e —— e
B B
Gl to— G2 = —1 G3
Min 16 Min Min
17 3

[Byte]

Figure 6.1-2 Fixed Sector Format
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Description of Format Parameters
- G1, G2, G3 (Gap 1, 2 and 3)

Gaps between adjacent areas. They must be filled with all ''0'''s.

— SB (Sync Byte Pattern)
Indicates the beginning of Address or Data Area.
The pattern for both areas can be varied but the recommended pattern is
(19)16 or (OE) 6.
— AA (Address Area)
The Address Area should contain the following information:

* FlagByte to indicate various conditions of the track or sector, i.e.,

Primary/Alternate track/Sector, Good/Bad track/Sector
* Logical Drive Address
* Cylinder Address
* Head Address
¢ Sector Address or Record Number

e CRC to check whether the address area information has been read correctly
or ECC to correct the address area information when a data error has

been detected.

— DA (Data Area)

The area where data should be recorded. CRC or ECC should be added. CRC
or ECC fields for the data area must be included in the count of bytes

selected for the DA.
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6.2 TRACK EFFICIENCY

Table 6.2-1 shows eramples of calculated results of track efficiency in Variable

and Fixed Sector Formats.

tion.

The following assumptions are made for this calcula-

. The length of Address Area including the SB is 8 Bytes.

. All gap lengths used are the shortest in Figures 6.1-1 and 6.1-2.
. The length of the data area is determined using the formula.

Data Area = SB + DL (Data Length) + CRC (2 Bytes)
=1+ DL + 2 =DL + 3 (Bytes)

. Efficiency =

DL X (Sector/Track)

28,160 (Bytes/Track)

x 100

(%)

Table 6.2-1 Track Efficiency

DL(B) | 256 | 512 | 1,024 | 2,048
Variable | Sector/Track 90 49 26 13
Sector Efficiency |81.8 | 89.0 94.5 94.5
Format o

(%)
Fixed Sector/Track 92 50 26 13
Sector Efficiency |83.6 | 90.9 94.5 94.5
Format (%)
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6.3 MEDIA SPECIFICATIONS

The quality of all tracks are checked, and location and length of media flaws
which may affect the reliability of stored data are recorded in the Header
Areas of all tracks before the shipment of a drive from the factory.

By using this media defect information to trigger techniques such as sector/
track deallocation or skip displacement, recording data over known media

flaws can be avoided.

(1) Definition of Track Quality

Every track is classified into three grades dependent on number of defects on

a track. They are:

Perfect track : A track containing no defects

Good track : A track containing one defect

Defective track: A track containing two or more defects, or a track containing
flaws which may contribute to missing AM or false AM.
If the track isdefective, the high order bit of the first
cylinder byte in the Header Area is set to one. (Ref. Figure 6.3-1)

Here, defect is defined as media flaws grouped by the maximum flaw length of

64 bytes. 65 bytes of media flaws are treated as two defects, as an example.

(2) Quality Standards of Media at Shipment

- The number of defects per DEZ500

- The number of defective tracks per DES30

- Head 0 and 1 at cylinder O are perfect tracks

- There is at least one perfect track and no defective tracks at cylinder 841

- All tracks in fixed-heads area are not defective

- If there is a defect in the region of bytes 14-55 after the index mark,
there is no defect in the region of bytes 69-164.

- If there is a defect in the region of bytes 56-104 after the index mark,
there is no defect in the region of bytes 14-55 and 116-164.

A DE which does not meet these standards is rejected at its shipment.
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(3) Header Format

The Header format is divided into two parts. The first part of the format is
a Fixed Sector Format, and the second part is a Variable Sector Format. The
Fixed Sector Format information is normally included in the first 56 bytes

following the index mark. The Variable Sector Format information consists of

49 bytes and normally follows the Fixed Sector information.

Following are rules for the defect recording:

- The position of a defect is listed in bytes (Hex.) after the index mark, +/- 1
byte.

- The length of a defect is in bits (Hex.) +/- 1 bit.

- Unused defect locations are all zeros.

- Every track is recorded with this defect format whether defects exist or not.

- More than one defect on a track causes the track to be flagged as a defective

track. The first four media defects on the track are logged.

Figure 6.3-1 shows the format when there are no defects in the first 105 bytes

after the index mark.

index

\vJ HAl
0 14 29 30 31 32 33 34 3536 3940 4344 4748 51 52 55
ALL “0™s SYNC | CYL |HDJALY |\ pefecy 2nd Defect 31d Defect | 4th Defect LF'OM ALL “0"s
(19196 0"
Pos |Length Pos Length | Pos Length | Pos Length
30 2 2 171 2 2 2 2 2 2 2 2 1 3
High Ordecbt ___—==TT7
defectwe rack =" 1" __——-"7
=TT Index
————— HA2 V
56 58 59 78 19 85 88 89 9293 96 97 100 101 102 104 L
4
AM ALLTO™ SYNC | CYL |HD Aél 1st Defect 2nd Defect 31d Defect 4th Defect  [FO),¢f ALL “O"'s
1919),¢]
H Pos |Length Pos Length Pos |Length Pos |Length
3 20 ] 2 2 fi]r| 2 2 2 2 2 2 2 : | 3 )
(Bytes) L High Order bit

defective track = 1"

Figure 6.3-1 Format 1
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If the beginning of a defect is located in the region of bytes 14 - 55, 60

bytes of zeros are added to Gap 1.

Figure 6.3-2 shows an example of this

format.
It
v HAL
14 55 69 X9 90 92 91 95 96 99 100 103 104 107 108 112 113 s
s 4 g v s
‘ e SYNC CYL PHDJALLE 1 Detaat 2nd Detect ird Dotect 4th Detect [Uhy ALL “Os
’ oo o
. ‘ L EYTR NP
i , ’ 4 - Pus |Lencth | Pos  fLength | Pos Lenuth | Pos  |Length
i - / //
/,///& S /I 2 H v 2 2 2 2 2 2 2 2 1 3
_________ 0
D emmm T T T T
____________ Inev
— HAY
A\
116 118119 138 139 141 143 14¢ 148 149 182 132 156 157 160 161 162 164 7[,L
SY ™ VL [HD WL Ist Dot 2nd Detet 3rd Detect 4th Detect Oy ALL O™y
ALL ALL O s [o)
Pos Leneth Pov Leneth Pos  |Length Pos  fLength
3 20 2 2 Vo 2 N 1 2 : 2 2 2 1 2 L
Z s
1Bvtesy
Figure 6.3-2 Format 2
If a defect is located in the region of bytes 56 - 104, the gap before the
address mark is increased to 60 bytes. Figure 6.3-3 shows an example of this
format.
Index
Y HAIL {
0 14 93 3132 3s 39 40 4344 474 S1_s2 83 35 36 104105 1s
SYNC | CYL [HD ALLI 14t Defect 2nd defect 3rd Defect 4th Defect ALL“0"s /
. Lo
ALL "O's ALL “0"s
(1919),
Pos  )Length | Pos |Length | Pos  Length | Pos | Length 80
30 2 2 Jair |2 2 2 2 2 2 2 P 3 A
______________ Defect
_______________ Index
=== HA2"
\v)
116 118 119 138 139 141 143 A 148 149 152183 156 157 160 161 162  j64 Ah
SYNC | CYL [HD|ALL{ 13t Defect 2nd Defect 31d Defect 4thDefect  kFOy,J ALL “O"s
AM ALL “0"s
Pos Length | Pos Length | Pos Length Pos Length
3 20 2 2 fifi | o2 2 2 2 2 2 2 2 L k]
7
(Bytes)

Figure 6.3-3 Format 3

In Figure 6.3-2 and 6.3-3, it is guaranteed that there are no defects in the

regions where HAl and HA2Z are newly relocated due to a defect.
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(4)

Inspection Data Sheet

The location and length of media flaws are recorded in Header Areas as described

in (3),

The contents of this sheet are listed below.

Date (Year:

Drive type (M2351A/M2351AF)

Month:

Day)

Serial number of drive
DE type (Non-fixed/Fixed head type)
Serial number of DE
Information about flaws
Cylinder address
Head address
Location of flaws in bytes afer index mark
Length of flaws in bits

Defective track address (Cylinder/Head address)

Every perfect head address at cylinder 841

‘'Refer to printout below''

MEDIA DEFECT LIST

as well as printed out on a sheet which is attached to each drive.

Date 9/19/84

Model: MR2351A#R Serial No.: 15991 De Type: Non De Serial No.: PN46WET27

NO. CYLINDER
1 0001( 1)
2 0002 ( 2)
3 0003 ( 3)
4 0004( 4)
5 0006 6)
6 0006 ( 6)
7 0006 ( 6)
8 000A( 10)
9 0011( 17)

10 0013( 19)

11 0014( 20)

12 0017( 23)

13 0017( 23)

14 0019( 25)

15 0019( 25)

16 0020( 32)

17 0022( 34)

18 0028( 40)

19 002A( 42)

20 002D( 45)

21 0030( 48)

22 0034( 52)

23 0038( 656)

24 0039( 57)

25 003A( 58)

HEAD

09( 9)
0A(10)
0A(10)
04( 4)
0C(12)
OE(14)
10(16)
10(16)
11(17)
10(16)
10(16)
09( 9)
OF(15)
03( 3)
0A(10)
11(17)
lo(16)
lo(16)
11(17)
12(18)
03( 3)
0C(12)
0C(12)
03(03)
0C(12)

POS/BYTES

3DC2(15810)
3278(12920)
3277(12919)
269A( 9882)
5D90(23952)
3418(13336)
59F4(23028)
019C( 412)
38A4(14500)
32A4(12964)
587C(22652)
32AD(12973)
518F(20879)
1C1B( 7195)
6A13(27155)
34FB(13563)
5B76(23414)
1C91( 7313)
1De8( 7576)
4E60(20064)
51A7(20903)
1A10( 6672)
420E(16910)
1157( 4439)
48FD(18685)

LEN/BITS
0003 ( 3)
0009( 9)
0011( 17)
0002 ( 2)
0005( 5)
0002 ( 2)
0002 ( 2)
0003¢( 3)
0002 ( 2)
0003 ( 3)
0005( 5)
0002 ( 2)
0002 ( 2)
0003 ( 3)
0003 ( 3)
0003( 3)
0002¢( 2)
0003 ( 3)
0002 ( 2)
0004 ( 4)
0006 ( 6)
0002 ( 2)
0003( 3)
0002 2)
0002 ( 2)

BO3P-4655-0001A. . .El

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
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CHAPTER 7 INTERFACE

This chapter describes the physical and logical specifications of interface

signals between the M2351A/AF and any controller.

7.1 SIGNAL TRANSMISSION DRIVER/RECEIVER

SN75110 Drivers and SN75107/108 Receivers are used to provide a terminated and
balanced transmission system.
(1) A-cCable

All signals except Open Cable Detect and Power Sequence Pick/Hold signals must be

terminated both in the drive and the controller as shown in Figure 7.1-1.

_____________ 1 Fmmmm e mm — -
| \ 4700
| ]
| , 4700
> < ANA~
SN75110 : ! | SN75107/108
Rl 3 |
| |
| <«
_ Contwoller 77 _ J | _Dmeo__ _ _ _ _ _
r 4700
v<
|
X 4709
J}\ w
<; « SN75107
|
<«
|
R3 R4 L _ Lastdrive = _ _ _ _ _ _

Note; (1) Line terminators are located in the drive and the controller.
Rl to R4; 56 Ohms*107%.1/10W.
(2) The maximum cable length is 100 FT (30 m).

Fig. 7.1-1 Balanced Transmission of A-Cable
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For the Open Cable Detect signal, two drivers of SN75110 would be required in

parallel without termination to increase the drive current in the interface cable

as shown in Figure 7.1-2.

Fm—mmmmm—mmmm mm e m
i +5V
I
: Unit selected
—1| | 562 20k
SN75110 ! : 4700
!
N 5 / <« AMA-
| |
N JL L AM
4 ” i\ 4700 SN75107
: | 560 S 20kQ
! i
I
| I
| |
Controller | ) +5V
I
: .
| |
e e e e e m 2 2 |
|
1
i
i
!
|
|
LoD L
Fig. 7.1-2 Open Cable Detect
Power Sequence Pick and Hold must be set to ground in the controller.
_____________ 1 e i L P
! |
I i |
5 o NN _// Pick < o
! 1
| |
| |
| et 3 " Hold < "
\ |
|
!
wr | |
| &
Controller | <
| !
| |
____________ J &
i
|
to next drive L_____D_nvf.__ —_———— e ————

Fig. 7.1-3 Power Sequence Pick/Hold

7-2 BO3P-4655-0001A...B



(2) B-Cable

4700
—> sy
€ AA-
SN75110 R3§ R4 RIS SR2  SN75107/108
jo————— 50 FT max.
7 (15m)

Note; (1) Line terminators are located in the drive and the
controller. Rl to R4; 82 Ohms+5Z.1/10W.

Fig. 7.1-4 Balanced Transmission of B-Cable

(3) Input/Output Characteristics of Driver/Receiver

SN75110 [—
Input '
jo— 10 -35ns

SN75110 High level (0V)

Output ><

Low level
R

SN75107/108
Output
(Td=19ns. typ.)

Typical output Jevel of SN75110

A<cable B-cable

High level ov

Low level -0.33v -0.49V

Fig. 7.1-5 1Input/Output Characteristics
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7.2

PIN ASSIGNMENT OF INTERFACE CONNECTORS

Fig. 7.2-2 B-Cable

BO3P-4655-0001A. . .Bl1

Low High
UNIT SELECT TAG 52 22
UNIT SELECT 1 53 23
UNIT SELECT 2 54 24
UNIT SELECT 4 56 26
TAG 1 31 1
TAG 2 32 2
TAG 3 33 3
TAG 4 (SPARE) 60 30
TAG 5 (UNIT SELECT 8) 57 27
BUS 0 34 4
BUS 1 35 5
BUS 2 36 6
BUS 3 37 7
BUS 4 38 8
BUS § 39 9
CONTROLLER BUS 6 40 10 DRIVE

BUS 7 41 11
BUS 8 42 12
BUS 9 43 13
STATUS 0 (READY) 49 19
STATUS | (ON CYL) 47 17
STATUS 2 (SEEK ERROR) 46 16
STATUS 3 (FAULT) 45 15
STATUS 4 (WRITE PROTECT) 58 28
STATUS 5 (ADDRESS MARK) 50 20
STATUS 6 (INDEX) 48 18
STATUS 7 (SECTOR MARK) ss 25
OPEN CABLE DETECT 44 14
BUSY 51 21
POWER SEQUENCE PICK 29

POWER SEQUENCE HOLD 59

( ) = Normal SMD Status

Fig. 7.2-1 A-Cable
Low High
1F WRITE CLOCK 2 14
READ CLOCK 5 17
READ DATA 3 16
WRITE CLOCK 6 19
WRITE DATA 8 20
CONTROLLER UNIT SELECTED 22 9 DRIVE

SEEK END 10 23
INDEX 12 24
SECTOR 13 26
(GND) 1,4,7,11,15,18,21, 25




7.3 A-CABLE INPUT SIGNALS

(1) Unit Select Tag

This signal gates Unit Select 1, 2 and 4 to select the drive. Refer to timing of
Unit Select (Figure 7.7-1 if dual channel option is not installed, or Figure
7.7-23 if dual channel option is installed). Elaboration of the dual channel

select operation follows.

Suppose that the dual channel option is installed and the drive has been reserved
by Unit Select command from channél-A, the drive is not selectable from channel-B
until a Release command will be issued from channel-A or the internal 500 ms
timer times out. However, Priority Select from channel-B can interrupt the

reserved status at any time. (Refer to Figure 7.7-23)

On the other hand, if the dual channel option is installed and the drive has been
reserved by a Priority Select command from channel=A, channel-B cannot reserve
the drive with Unit Select or Priority Select command until a Release command

from channel-A is issued. (Refer to Figure 7.7-24)

(2) Unit Select 1, 2 and 4

These three signals are binary-coded to select the drive and are validated by the
leading edge of Unit Select Tag. The logical number of the drive (0 through 7)
is selectable by means of a switch located on the PCB (DQEMU; B16B-8140-0010A{U).
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Table 7.3-1 Tag/Bus

bue Tag 1 Tag 2 Tag 3 (With Unit
Cylinder Address Head Address Control Select Select Tag)
0 1 1 Write Gate -
1 2 2 Read Gate -
2 4 4 Servo Offset Plus -
3 8 8 Servo Offset Minus -
4 16 16 Fault Clear -
5 32 - AM Enable -
6 64 - RTZ -
7 128 - - -
8 256 - - -
9 512 - Release* Priority
Select*

* Dual Channel only.

(3) Cylinder Address (Tag 1)

The cylinder address is set by Tag 1 and Bus 0 to 9. Throughout Tag 1, the

Bus must be stable. Refer to Figures 7.7-2 and =3.

The drive must be On Cylinder prior to Tag 1. When the Bus content is equal to
or more than 896 for the drive with fixed heads, the Fixed Head area is selected.
When the Fixed Head area is selected, no physical movement of the heads is

performed in the drive.

Fixed Head and Movable Head Addresses are specified as follows. (Storage

capacity shown is unformatted). Refer to Figure 7.3-1.

7-6 BO3P-4655-0001A...B



o _Cylinder 841 896 898

W o - O

L/ /

/

474.2 MB moving head area 1.69 MB fixed head area
(M2351A/AF) (M2351 AF)

Fig. 7.3-1 Mapping

Detection of Over Cylinder;

Table 7.3-2 shows responses from the drive when illegal cylinder address is

issued from the controller.

Table 7.3=2 Responses for Over Cylinder

CYL.
Dri 842 ~ 895 896 ~ 898 899 ~
rive
M2351A Seek End and Seek Error
M2351AF Seek End and (No response)
Seek Error

(4) Head Address (Tag 2)

The head address is set by Tag 2 and Bus 0 to 4. Throughout Tag 2, Bus O to 4

must be stable. Refer to Figures 7.7-4, -5, -6, -7 and -8.

If the Head Address transferred from the controller is equal to or more than 20,

no response is generated in the drive.
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(5) Control Select (Tag 3)

Bus O to 9 gated by Tag 3 have a different meaning in each bit. All signals are

defined as control signals.

(5-1) Write Gate (Bus 0)

Enables the write operation on the specified track. It is validated under the

following conditions;

Unit Ready =—=====—=-- True
On Cylinder --—-====--- True
Seek Error =—-——=—-——-—- False
Fault - False

Open Cable Detect === True

File Protected —-———-—= False
Servo Offset —=—==e—e- False
Read Gate —=——=———e—w- False

If Write Gate is turned on in cases other than the above mentioned conditions,
Fault occurs and the Write operation is inhibited immediately. See Figures
7.7-4, -7, -20, -21 and -22.

(5-2) Read Gate (Bus 1)

Enables the Read operation on the specified track. It is validated under the

following conditions;

Unit Ready =--====—=-- True
On Cylinder —=====-—- True
Seek Error —=—=—=-—=-- False
Fault False

Open Cable Detect —--- True

Write Gate —-——=——=——- False

See the Read Gate timing chart in Figures 7.7-4, -7, -21 and -22.
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(5-3) Servo Offset Plus (Bus )

When this signal is true, the head is offset 100 micro-inches away from
nominal On Cylinder position in the outer direction with the responses of Seek
End and On Cylinder after 5 ms. Data cannot be written in the offset mode.

An attempt to do sowill result in the drive setting a fault indication.

See Figure 7.7-9.

When Servo Offset Plus and Minus are sent simultaneously, Servo Offset Plus
will be effective.

(5-4) Servo Offset Minus (Bus 3)

When this signal is true, the head is offset 100 micro—inches away from
nominal On Cylinder position in the inner direction with the responses of Seek
End and On Cylinder after 5 ms. Data cannot be written while in the offset mode.
An attempt to do sowill result in the drive setting a fault indication.

See Figure 7.7-9.

(5-5) Fault Clear (Bus 4)

This signal clears the fault status i.e., Write/Read Check Status, however, if
the cause of the Fault condition still exists, the status will not be cleared.

See Figure 7.7-10.

(5-6) AM Enable (Bus 5)

AM Enable, in conjunction with Write Gate or Read Gate, is used in a Variable
Sector Format. When AM Enable is true while Write Gate is true, an AM of three

bytes (DC erase) iswritten on the track.
Refer to Figure 7.7-11.

When AM Enable is true while Read Gate is true, the read circuit searches an
AM of three bytes (DC erased). When the AM is found, the drive will issue

Address Mark Found to the controller.

See Figure 7.7-12.
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(5-7) RTZ (Bus 6)

Wherever the movable heads are located, they return to cylinder zero and head
zero when the RTZ signal is received. Also, the RTZ signal is functional in the
fixed head area and resets Fixed Head Select latch. This signal clears the Seek

Error.

Refer to Figure 7.7-13.

(5-8) Release (Bus 9); Dual Channel only

After the drive is reserved by Unit Select or Priority Select, Release command
becomes valid at Tag 3 and Bus 9. Enabling this signal will release the reserved
status in the drive, making alternate channel access possible after selection by

the other channel. (Refer to Figures 7.7-23 and -24.)

If the drive has been reserved by Unit Select and the Release Timer Switch on
the optional dual channel PCB (DQFMU; B16B-8150-0010A#U) is set to RLTM side, the
drive will automatically release the reserved condition approximately 500 ms

after the Unit Select command is issued.

(6) Priority Select (Bus 9 with Unit Select Tag and Unit Select 1, 2, 4)

By sending Priority Select (Bus 9) along with Unit Select Tag, Unit Select 1,
2, 4, a controller can select the drive even if it has been selected or reserved
by the other channel, except when its own channel is disabled by the Disable

switch or the drive is priority selected by the other channel.

With this command, the drive is set in the unconditionally reserved state with
respect to that channel. Once it is unconditionally reserved, the control
becomes exclusive, i.e., the other channel cannot access the drive until the
drive is released from the controller which has reserved the drive. 1If the
drive is unconditionally reserved, all the signals including Unit Selected, and
Busy signals are inhibited with respect to the other channel. (Refer to Figure
7.7-24).

(7) Open Cable Detect (Channel Ready)

This signal is used to prevent damage of data caused by interface disturbances
when the power to the controller is lost. Therefore, this signal must be stable
when the controller is available, and must be disabled before logic levels decay

on the interface when a power failure occurs in the controller.

Refer to Figure 7.7-14.
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(8) Tag4and5

Unit Status, Sector Status, Write/Read Check Status and Access Status can be
sensed throughout Status 0- 7 lines with a combination of those two coded
signals. Status 0 to 5 for Unit Status are always displayed by 5 LEDs and

Status 0 to 7 for DE Sequence State, Write/Read Check State and Access State
are also displayed by 7-segment LEDs on the PCB (HGAMU; B16B-7830-0010A#U) for

maintenance aid.
See Table 7.4-1 for information about these Tags.

Note that Unit Status can be made available on the interface by shorting a circuit

on the Logic PCB (C16B-5123-0980#U) with a shorting plug.

See Figure 7.7-15 for time specifications.

(9) Power Sequence Pick/Hold

Power Sequence is required when the Remote/Local switch on the power supply unit
is set to Remote. 1In this mode, when the controller sets the Pick and Hold lines
to ground, the first drive's spindle starts rotating if the start switch has been
pressed. Approximately five seconds later the Pick signal is transferred to the
next drive, and this is repeated until all drives are sequenced up. When both
signals go false, the spindle stops rotating. If the mode switch on the power
supply unit is set to Local, each Start Switch must be pressed manually to start

the spindle rotating. Refer to Figure 7.7-16.
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7.4 A-CABLE OUTPUT SIGNALS

(1) Status 0 to 7

The Status 0 to 7 lines indicate status information determined by combinations

of Tag 4 and Tag 5 signals. Information available is specified in Table 7.4-~1.

Table 7.4-1 Status

Tag 4 False True False True
Tag 5 False False True True
Status Unit Status Sector Status Write/Read Access Status
Check Status
0 Unit Ready Sector 1 Index Check DE Sequence
Check
1 On Cylinder Sector 2 Control Check | Access Time-Out
Check
2 Seek Error Sector 4 Multi Head Over Shoot
Check Check
3 Fault Sector 8 Head Short Rezero Mode
Check Latch
4 Write Sector 16 Write Current Servo Latch
Protected on Read Check
5 Address Sector 32 Write Transi- Linear Mode
Mark Found tion Check Latch
6 Index Sector 64 Delta I Control Latch
Write Check
7 Sector Sector 128 Servo Off- Wait Latch
Track

(2) Unit Status

When both Tag 4 and 5 are False, Status 0 v 7 indicate the basic information

required for the Seek, Read and Write operations.
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(2-1) Unit Ready (Status 0)

When this signal is true and the drive is selected, this signal indicates that
the drive has reached the rated speed. Note that when the drive is in fault
condition, Unit Ready may or may not be issued depends on the position of a

jumper plug as described in Table 3.3-1.

(2-2) On Cylinder (Status 1)

Indicates that the heads are located on the specified track. This signal goes
false for approximately 5 ms at the beginning and at the end of the offset

operation. For a zero Track Seek, On Cylinder will go false for max. 10 us.

(2-3) Seek Error (Status 2)

Indicates that a Seek Error has occurred. 1In this case, On Cylinder does not

go true. The Seek Error is cleared when an RTZ (Tag 3 and Bus 6) is received or
by pushing the Fault Clear Switch on the operator panel or maintenance-aid MRTZ
Switch on the PCB (HGAMU; B16B-7830-0010A#U). The Seek Error status is defined

as follows;

. Seek or RTZ operation is not complete within the specified time.

. Heads travel to a position outside the recording area.

1
2
3. An illegal cylinder address is issued to the drive.
4. Head overshoots to an unspecified cylinder address.
5

. Seek command is received by the drive during the not On Cylinder status,

when the heads are in motion, or during a Write/Read operation.

(2-4) Fault (Status 3)

Indicates that a fault condition for Write/Read operation exists in the drive.

Fault conditions are described in the Write/Read Check status in detail.

If one of the Fault conditions occurs, writing is immediately inhibited and the

Fault signal is issued to the controller.

The Fault status can be cleared by one of the following operations;
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1. Fault Clear on Tag 3 and Bus 4

2. Fault Clear switch on the operator panel

3. Pushing on the maintenance-aid MRTZ Switch on the PCB
(HGAMU; B16B-7830-0010A#U)

4. Switching off the power to the drive

5. Stopping rotation of the spindle motor

Fault Status turns on the check lamp on the operator panel as well as Maintenance
Aid LED on the PCB.

(2-5) Write Protected (Status 4)

Indicates that the drive is in the write-protected mode. The write-protect
function is enabled by the File Protect Switch on the operator panel, and becomes
active while the drive is not selected. If the drive is selected and the write-

protect-function is desired, the drive must be momentarily deselected.

(2-6) Address Mark Found (Status 5)

Address Mark Found is an 8-Byte pulse which is sent to the controller at least 2

Bytes after the recognition of a 3-Byte DC-erased area.

(2-7) 1Index (Status 6)

Index mark is derived from the servo information. It occurs once per revolution

and is used for reference in Write/Read operation.

Refer to Figure 7.7-17 for the timing of Index and Sector.

(2-8) Sector (Status 7)

The Sector mark is also derived from the servo information. The number of sectors
per revolution is selectable by 15 jumper plugs and is determined by counting
Byte Clock. The jumper pins are located on the Logic PCB (C16B-5123-0980#U) .

Each pin represents a binary number minus 1 of Byte Clock to be counted in

each sector

(3) Sector Status (Status 0 Vv 7)

Indicates the current sector address from 1 to 255 in the drive. Refer to

Figure 7.7-17 for timing of Sector Address.
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(4) Write/Read Check Status

Indicates the fault status while in the Write or Read operation. When one of
these conditions occurs in the drive, the Fault signal in the Unit Status is
issued as a summary to the controller. It can be cleared by a Fault Clear Signal

from the controller.

(4-1) 1Index Check (Status 0)

Indicates that the Index signal is not detected where it should be or was

detected where it should not have been while performing Write/Read operations.

(4-2) Control Check (Status 1)
The following fault conditions cause Control Check.

1. Write and Read Gate are issued at the same time.
2. Write operation during offset mode.

3. Write Gate is issued in the write protect mode.

(4-3) Multi-Head Check (Status 2)

Indicates that two or more head ICs are selected simultaneously. (One DE has

five head ICs and four heads are connected to one head IC.)

(4-4) Head Short Check (Status 3)

Indicates that abnormal current was sensed in the Write Select line during

write operation.

(4-5) Write Current on Read Check (Status 4)

Indicates that write current was sensed during a read operation.

(4-6) Write Transition Check (Status 5)

Indicates that write current has not been switched for writing data. The
detection is continued from byte-8 after Write Gate is true until the end of

the Write operation.
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(4-7) Delta T Write Check (Status 6)

Indicates that an abnormal write current was sensed in the inner head, outer

head or fixed head.

(4-8) Servo Off-Track (Status 7)
Indicates the following fault conditions.

1. The head is +100 micro inches off the desired track during the

Write/Read operation.

2. Write/Read Gate is received by the drive during not On Cylinder status,

heads in motion or seek errvor.

(5) Access Status

Indicates access status of the head in Seek and RTZ operation. It also indicates

start and stop sequence of the spindle motor.

(5-1) DE Sequence Check (Status 0)

Indicates that an abnormal start/stop sequence of the DE occurred in the drive.
Latch 4, Latch 2, and Latch 1 of DE SEQ represent the various DE sequence status

as shown in the following table:
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Table 7.4-2

Contents of DE Sequence Latches

State | Latch | Latch |Latch Stat
No. 4 2 1 atus
0 0 0 0 Wait status
1 0 0 1 The START/STOP switch on the operator panel
is set to START.
3 0 1 1 The spindle motor starts rotating.
2 0 1 0 Sequence Rezero starts approximately 40
seconds after State 3.
6 1 1 0 Sequence Rezero is completed and seek
operation is possible.
7 1 1 1 DE Stop Sequence State results and the head
begins to return to the home position.
(Go Home)
5 1 0 1 Go Home operation is completed and the
spindle motor stops rotating.
4 1 0 0 Approximately 40 seconds have passed since
State 5. (Returns to State 0.)

One of the following errors occurred as DE Sequence State advanced:

1. 1Initial State Good (Motor At Speed and Hall Alarm are not present) does not

result in State 1.

2. Run State Good (not Hall Alarm and Motor At Speed are sent out) cannot

be obtained for approximately 40 seconds in State 3.

3. Run State Good goes off during State 6.

It cannot be cleared by the Fault Clear Switch on the operator panel or Fault

Clear signal on the interface but only by stopping rotation of the spindle.

(5-2) Access Time-Out Check (Status 1)

During an RTZ or Seek operation, On Cylinder failed to appear within 250 ms +30%

after Access Start.

BO3P-4655-0001A...B
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(5-3) Over-Shoot Check (Status 2)

Indicates the heads go past the desired track during Seek or RTZ operation or

go into the Guard Band during a Seek operation.

It also indicates that the heads are moving at abnormal speed during RTZ

operation.

Over-Shoot Check can be cleared by RTZ operation.

(5-4) Rezero Mode Latch (Status 3)

Servo Latch (Status 4)

Linear Mode Latch (Status 5)

Control Latch (Status 6)

Wait Latch (Status 7)
These five latches observe the sequence of seek and RTZ operations. Whenever
an error occurs during Seek or RTZ, the content of these latches are frozen at
that time, so that they are beneficial for error analysis. They can be cleared

by RTZ operation. The relationship between access state and the contents of

latches is shown in Table 7.4-3.

Table 7.4-3 Access States

Rezero Servo Linear | Control | Wait
Mode Latch | Mode Latch Latch State Mode
Latch Latch
0 0 0 0 1 Wait State Reset
0 0 0 0 0 Start RTZ
1 0 0 0 0 Move In
1 0 0 1 0 Turn Around
1 0 1 1 0 Move Out RTZ
0 0 1 1 0 RTZ Linear Mode
0 1 1 1 0 On Track
0 1 0 1 0 Accelerate
0 1 0 0 0 Decelerate Seek
0 1 1 0 0 Seek Linear Mode
0 1 1 1 0 On Track
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(6) Busy (Dual Channel only)

If the drive has been already reserved and/or selected, a Busy signal will be
issued together with Unit Selected to the other channel attempting the select.
Busy signal will remain true until Unit Select Tag is dropped or the Busy

condition in the drive is released.

It is necessary to gate Busy signal by Unit Selected signal at the controller.
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7.5 B-CABLE INPUT SIGNALS

(1) Write Data

Carries NRZ data which is to be written on the disk surface and must be

synchronized with Write Clock. Refer to Figure 7.7-18.

(2) Write Clock

Write Clock is a return signal of the 1F Write Clock issued from the drive as
shown in Figure 7.5-1, and must be synchronized with the NRZ Write Data.

Refer to Figure 7.7-18.

Not Read

Servo pulse —_—— o

Read clock

/L
7/

VFO

Raw data a

IF Write clock
/L

7/

Write clock, ,
7/

B e St B

_ _Controller _ _ _

Fig. 7.5-1 Generation of Write/Read Clock
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7.6 B-CABLE OUTPUT SIGNALS

(1) 1F Write Clock

Used by the controller to synchronize Write Data and Write Clock. It is
synchronized to the Servo Pulse while in the Write operation and to the Raw Data

during in a Read operation. Refer to item (1) of Chapter 7.5 and Figure 7.7-18.

(2) Read Data

Transmits the recovered data in the form of NRZ data synchronized with the Read
Clock. Refer to Figure 7.7-19,

(3) Read Clock

Transmits Read Clock which defines the beginning of a bit cell. The Read Data
is synchronized with the Read Clock. Refer to Figure 7.7-19.

(4) Unit Selected

When three Unit Select lines match with the logical address of the drive, and
the leading edge of Unit Select Tag is received, the Unit Selected goes true and
is issued to the controller. This signal activates all signals in the A-Cable.

Refer to Figure 7.7-1.

(5) Seek End

In a combinationwith On Cylinder or Seek Error, Seek End goes true after a
Seek or RTZ, indicating that a Seek or RTZ operation has terminated. Seek End
goes false for 5 ms at the beginning and end of an Offset operation in default
mode. In the other mode, Seek End never goest false at resetting offset as

described in Table 3.3-1.

For a Zero Track Seek, it will go false for max. 10 pys. Note that Seek End and
On Cylinder do not change when a fixed head is selected. Refer to Figures
7.6-2, -3, -6, -9 and -13.

In case of dual channel sub-system, Seek End is always true to the other channel
(unselected channel). Suppose that channel-A attempts to select the drive which
has already been selected by channel-B. When channel-B releases Selected and
Reserve Condition, Seek End goes false for approximately 30 us for channel-A

which has been waiting.
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(6) Index

Same as Index signal in the A-Cable which is described in item (2-7) of Chapter
7.4. This signal ‘is available with or without the dual channel feature.

(7) Sector

Same as Sector signal in the A-Cable which is described in item (2-8) of Chapter
7.4. This signal is available with or without the dual channel feature.
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7.7 TIME SPECIFICATIONS

Timings are specified at the connector position of the drive. It is necessary
for signal timings to consider both the delay time of the interface cable and

the circuit of the controller.

Unit Select Tag ’

Unit Select

|
A XK |
channel only) l
l
! e ‘—' l-' 200ns max.

600 ns max.

S

Unit Selected

200ns min.

Fig. 7.7-1 Unit Select Timing

Bus0to9 )@l/ / /A[%
200ns min. ‘ l 200 ns min.
| T1tosus T
On Cylinder
| |
Scek End { ;___
400ns max ! 35ms max. ‘

Note; The cylinder address must be less than 841 to select a movable head.

Fig. 7.7-2 Seek Timing
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7-24

Tag 1 .—___l l

200ns min. l l l 200ns min.
l I 1toSus l
On Cylind 1 l.______
Seek End ‘I.—
400ns max. 4.0us min. i
10us max. !
Fig. 7.7-3 Zero Track Seek Timing
Write Gate
{ L
17
12 us min.
0.3 us min.
(L
7/
Read Gate

Fig. 7.7-4 Read after Write and Write after Read Timing

SR B
v | —

| f

iows NN N

1to5us ! ! 0.4us min. J] ! 1to5 us

Note; When the cylinder address is more than or equal to 896, the
cylinder address is defined as a fixed head area and the
subsequent Tag 2 is defined as fixed head.

Fig. 7.7-5 Addressing for Fixed Head
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Tag 1 _____J I

Tag 2

Bus 0 to 9

400ns min. 1105 us

On Cylinder

Seek End

Note; Tag 2 can be set during seek operation.

Fig. 7.7-6 Addressing for Movable Head

[

Index/Sector

Data
Area

ECC/
CRC

Cre Ga 3 Gap 1

Read Gate

Write Gate

— ] 1Byte HMusmin.  ——~

Tag 2

2us min. —~I

3 Bytes min.
4 Bytes max.

p—— OMS min. —_—

0.5us min. ]
i

|

Bus0to9

XX X

IX_
0.2us min 1to$ us——lL 0.2us min.

Figure 7.7-7 Head Address Change at the Last Gap
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g1 1 I [

T2 [ [1

a3 ] | L
-

| |
Busotod X a X rRw X R/W

Seek End 1

On Cylinder [ LJ

. Zero
Seek Operation ’ Track ‘_l '—-
| Seek

Fixed Head Movable Head R/W
R/W [ |

Fig. 7.7-8 Fixed Head Addressing During Seek

The normal sequence of this operation would be in the following order;

(1) The controller issues Tag 1 (Cylinder Select) with the desired cylinder
address (A) of the moving head. On Cylinder and Seek End will go false.

(2) The controller accesses the desired fixed head area with the appropriate
cylinder (896-898) (a) and head (b) select signals.

(3) The controller can read or write on the fixed head area while the movable
heads are in motion. Reading or writing in the fixed head area during the

absence of On Cylinder and Seek End will not cause a Fault.

(4) At the completion of the seek on the movable heads, On Cylinder and Seek

End will go true.

(5) After the write or read operation in the fixed head area, the controller
must readdress the movable head by sending the appropriate cylinder select
(A) (Zero Track Seek) and head select (B) signals. The cylinder select Tag

1 resets the fixed head mode.
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Tag 3

Bus 2/3 ____j =~ 200ns min. —] l:'200ns min.

Seek End ——
on Cylinder [ [ ‘
—=| |f=— 400ns max. ‘ — ;g 400ns max. l

5ms * 30% ] 5ms * 30% |

Note that Seek End does not go false at offset-reset operation depending on
the position of a jumper plug as described in Table 3.3-1.

Fig. 7.7-9 Offset Timing

Tag 3 I

Bus 4 [

Fault

200ns max.

200ns min. | 200ns min.

400ns min.

Fig. 7.7-10 Fault Clear Timing
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AM Enable

— 4 Bytes min. [=—

WriteGate — | AM

V
Format DC Erase/
Yz 2/

3 Bytes

Fig. 7.7-11 AM Write

Format AM (3B)

——1 l=— 2 Bytes min.

Read Gate l
; —-1-——'.—1 Byte max.

AM Enable | I
200ns min.

AM Found

8 Byt
2~ 3 Bytes —e ytes

Fig. 7.7-12 AM Detection
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Tag 3 _____ll-__

Bus 6 —, I

200ns min l ‘ 200ns min.
| 1to5 us |

On
Cylinder

Seek I
End

(Seek |

Error) L

— 400ns max.

250 ms +30%

Note; On Cylinder is not always set if Seek Error occurs.

Fig. 7.7-13 RTZ Timing

4.75V
+5V (Controller)___j _\—

Open Cable Detect

0.5ms min. 0.5ms min.

Note; Two Drivers of SN75110 would be required in parallel without
termination to increase the drive current in the interface cable.

Fig. 7.7-14 Open Cable Detect Timing
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Tag4/S§ ——— | {—

Bus 0 to 7 IX IX

200ns max. ——=| [=—— 200ns max.

Unit Status Sector Status
Read/Write Check Status
Access Status

Fig. 7.7-15 Tag 4/5 Timing

Unit Status

T
AC Input | 10ms min. /A
Pick _:
VY L
7/
*l-—'— 0 min.
S
7/
Hold _—
Start Stop
Drive#0 ___ | 7
Start / Stop
Spindle Drive #1 ——————— 7
Start/ o
Stop 55 max. N
Sequence b
N
N
N
. Start Stop
Last Drive '

Fig. 7.7-16 Power Sequence Pick/Hold Timing
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“‘ l“— 2 Bytes
Index y

Sector

Sector

Address N1 M N |> < 0 > < ) X

200ns max.__% — 200ns max.

Fig. 7.7-17 1Index and Sector Timing

1F wie [ T R A R S
Clock ﬂ__}

TF

wmcm_l‘— N N S R B O B

Write Data l l—___J [—-
———14‘—— Tda

TW = TF/2 = 33.62%2 ns

TF = 67.24%2 ns

Tdb = Continuous delay within 4 bits
Tda 015 ns

Note; (1) Write Data and Write Clock timing shall be specified at the
output connector of the controller.
(2) The tolerance of TF includes the rotational speed tolerance
and the jitter of servo signal.
(3) NRZ Write Data issued from the controller is put in to the
MFM-modulator and then written on the disk surface with
write-compensation.

Fig. 7.7-18 Write Clock and Write Data Timing
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™

S .

rmcon] L L[ L[ L[ 1T

! TF=672412ns

Read Data——l——‘-——————-' L—'_—
__..I__ 7+4ns

W = TF/2 = 33.62%2 ns

Note; (1) Read Clock and Read Data timing shall be specified at the
output connector of the drive.
(2) Read Data signal should be clocked at the positive-going edge
of Read Clock in the controller.

Fig. 7.7-19 Read Clock and Read Data Timing

Index or Sector _J'__-l _—]—

Track Format

Gl AA (€ G2 DA G3 Gl

X=ich

[- 7]

wwn
b~ - - -

600ns max. . 3 Bytes min.
‘ (Note)

Write Gate —) ]

Note: Write Gate may be at high level.

Fig. 7.7-20 Format Write Timing
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g°°"VI000-559%-de0d

| L

£e-L

Index or Sector

Track Format

Read Gate

Write Gate

~

VFO Fast Sync
(Raw Data)

VFO Fast Sync

(Servo)
N

G3 Gl - G2 G3 Gl
T i
si E S e T
Booan B oA i€ B
! i€ | 1 C 1
0 min. 1 L 1 max. . L L1
1 max.
16 min. / 16 min. .
1 min. I
3 min.
4 max. 4 max. \\ r
0 min. ‘I
—_——————a————————————— —
| s . L L]
4 max —*Jv 600ns max.
|
i
3 min.
7 6 7 6
3 min. *i‘ ~i 3 min.
1 6
" ~

1

1 6
[ ]

* Unit: Byte
* Not including head switching time, read-after-write and write-after-

read transient time.
* VFO Fast Sync (Raw Data and Servo) are signals in the drive.

Fig. 7.7-21 Fixed Sector Format Timing




ve-L

Index

VFO Fast Sync
(Servo)

|
[ 1

G G
- G3 l - I 2 —{ — G3 Gl
N 1) » T
Track Format E Sy :' S: 1E
C AM B aa C B DA \C AM
C ] C [} C
"y ] : 1 min | I
PUSES— — ’ | A4 N
max. —1 3 | 21 min. 1 max. i
ma / 16 min. l o 1 max.
2 min.
Read Gate l U
0 min I——-I
4 min.
Write Gate 500 LJ :
max. » R R [N JN DU T | | I
\\
200ns min. 4 max.
3 min. 3 mi
4 max. min.
AM Enable I
—-——L‘ 1 max.
(2~3)
AM Found l
7 ., 6 3 min. L 6 3 min.
. | 1
VFO Fast Sync I I ' I
(Raw Data)
1, 6 1, 6 1, 6

4°°*VI000-559%-de0d

* Unit: Byte

* Not including head switching time, read-after-write and write-after-read
transient time.

* VFO Fast Sync (Raw Data and Servo) are signals in the drive.

Fig. 7.7-22 Variable Sector Format Timing



Unit Select
Tag (A)

Unit Select (A)
1,2and 4

Unit Selected (A)

Release (A)

*
Reserved (A)

Unit Select
Tag (B)

Unit Select (B)
1,2and 4

Unit Selected (B)

*
Reserved (B)

Busy (B)

200ns
min.

T

200ns
min.

D

600ns
max.

— te— 200ns max.

—‘i I"‘ 100ns min.

200ns
min.

200ns
min.

200ns
min.

200ns
min.

600ns
max.

200ns
max.

600ns
max.

200ns
max.

[ 1

Fig. 7.7-23 Unit Select Timing (Dual Channel Only)
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Unit Select l I 1

Tag (A)

Unit Select (A)

1,2and4 L X X

Bus Bit 9 (A) y K

*
Disable (B)

Unit Selected (A) ‘ 1 l l

Tag 3 (A) n

‘lfJ:git(SBileCt L » ] l

T XX XX

Bus Bit 9 (B) y T )\ /<_

\

Unit Selected (B) l

Note; (1) Disable (*) is a signal within the drive.
(2) A sequence example of the above is as follows:
Channel B Select -+ Channel A Priority Select
=+ Channel B Priority Select Try - Channel
A Release - Channel B Select

Fig. 7.7-24 Priority Select Sequence (Dual Channel Only)
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T V1000-659v-dcod

[£: O

o
'—l
2]
!
o
2
Operator Panel - - o
+ (N860-3346-T001) [ $12398U =
: ! (C16B-5123-09804U >
i | g
- —— I DE Sequence E
. |_HGAMU j r Control
1 var | (B16B-7830-6010A #U) Circuit
l_ _] 'l JAI1~JA3 [
i == Status ' SVIAU
Display . . KC16B-5501-0010# V),
s | Circuit l : '
' .
ual H I—_ T '_I
e r——— . ! TVHMU TVKMU
r DQEMU | I— - __|J 2"'”, Servo Circut 1 (B16B-8130-0010A#U)/ (B16B-8800-0010A #U)
(B16B-8140-0010AFU) — T - ontro ' 1
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8.2 DE SEQUENCE

The drive can execute instructions (TAG;, TAG2, TAG3) sent from the controller
after the START switch on the operator pamel 1s set to ON, the disk comes up to

the rated speed, the head is moved from the CSS area to cylinder 00 (hereafter
called sequence RTZ), and the disk becomes ready. The operations performed between
the moment the START switch is set to ON and the moment the drive becomes ready is
called the DE Start Sequence. When the START switch is set to OFF, the drive stops
the rotation of the disk after the head is moved to the CSS area. The operatiomns
performed between the moment the START switch is set to OFF and the moment the disk

stops is called the DE Stop Sequence.

Each of these sequences is divided into several states (five states for the DE
Start Sequence, and three states for the DE Stop Sequence), which are determined
by decoding DE sequence latches 1, 2, and 4 (hereafter called DESQL1l, DESQL2, and
DESQL4) and are named states 0 to 7 (hereafter called STO ~ ST7). Figure 8.2-1

shows the states of a drive.

DE Start Sequence and Its States

(1) State 0

When power is turned on, DESQL1l, DESQL2, and DESQL4 are reset by the Initial
Reset signal (PWRST).

(2) State 1

When the START switch on the operator panel is set to ON in state 0 (STARTS is
set high), the start latch (STARTL) is set and DESQLl is set. At this time, if
the Initial Good signal is low [INSTG = Hall Alarm signal is low (*HALRM) and
Motor Speed signal is low (*MIRSP)], the DE sequence check latch (DESQCKL) is
set, DESQL1 is reset, and the operation returns to state O. When the START
switch is set to ON again (OFF - ON), DESQCKL is reset and the operation enters

state 1.

(3) State 3

When the INSTG state occurs, DESQL1 and DESQL2 are set in this order and the
operation enters state 3., When DESQL2 is set, the disk starts rotation. When

the state 3 signal (ST3) goes high, the Start Timer signal (STTMR) is set high,
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causing the timer to be started. If the Run State Good signal (RNSTG = *HALRM-
MTRSP) remains low about 60 seconds after it has started (EN60S), DESQCKL and

DESQL4 are set and the operation enters state 7.

(4) State 2

If RNSTG is high when EN25S is high in state 3, DESQL1 is reset and the operation

enters state 2.
The state 2 signal (ST2) goes high, causing the sequence RTZ (SQRTZ) operation to

be started.

(5) State 6
The interrupt signal (ACCMP) generated upon completion of the SQRTZ operation sets
DESQL4 and the operation enters state 6. In this state, the Unit Ready signal may

be sent to the controller.

If one of the following conditions occur during state 6, DESQL1 is set and the
operation enters state 7:

1 The START switch on the operator panel is set to OFF.

2 The MTRSP signal goes low.

3 The HALRM signal goes high.

DE Stop Sequence and Its States

(1) State 7

When the State 7 signal goes high, the ANGHM signal is set high, causing the head
to start moving to the CSS area (GO HOME).

(2) State 5

The interrupt signal (GHCMP) generated upon completion of the Go Home operation
resets DESQL2, and the operation enters state 5. The State 5 signal (ST5) causes

the timer to be started.

(3) State 4

The EN11S signal generated upon completion of the timer operation resets DESQLI,

and the operation enters state 4.

(4) State O
The State 4 signal (ST4) resets DESQL4, and the operation enters state 0 to indicate
the end of the DE Stop Sequence.
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8.3 SELECTION

The unit selection must be performed before instructions, such as Seek, Reed/Write,

are sent from the controller.

When a drive receives Unit Select Tag (USLTG) and Unit Select 1, 2, 4 (USLCT1,
USLCT2, and USLCT4), the drive compares it with its own address. The drive address
is set by SW1l on the PCB, DQEMU. If the address sent from the controller matches
the address of the drive when the Open Cable Detector (OCDTR) and Power Ready
(PWRDY) signals are high, Select Latch (SLCTL) is set, Enable signal (ENABL) is
generated, Unit Selected (SLCTD) is sent to the B-cable, and, at the same time, the

driver/receiver for the A-cable are enabled for transmission.

While the drive is selected, instructions (Seek, RTZ, Read/Write, and others)
may be received. The drive is released when one of USLTG, OCDTR, PWRDY goes low.

Figure 8.3-1 shows the unit selection sequence timing diagram.

Unit Select Tag

Unit Select 1, 2,4

Power Ready

Open Cable Detector

Select Latch

Unit Selected

b —_—

Figure 8.3-1 Unit Selection
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8.4 OUTLINE OF ACCESS CONTROL

The access control circuit has five latches for controlling access operation.

The operation modes and the outputs of the latches are as follows:
(1) Sequence RTZ

(2) System RTZ

(3) Manual RTZ

(4) Direct seek

(5) Fine control

Table 8.4-1 Access Mode Latches

REZERO SERVO LINEAR CONTROL WAIT

MODE MODE

LATCH LATCH LATCH LATCH LATCH
Operatio;\;:;:\\\ l//////;;ATENO. Operation State
Reset 0 0 0 0 1 0 8 | Wait State

0 0 0 0 0 0 0 | Start RTZ

1 0 0 0 0 8 0 Move In

1 0 0 1 0 8 4 Turn Around

1 0 1 1 0 8 6 Move Out

RTZ Operation
0 0 1 1 0 0 6 RTZ Linear Mode

0 1 1 1 0 0 7 On track

0] 1 0 1 0 0 5 Accelerate

0 1 0 0 0 0 1 Decelerate

Seek Operation
0 1 1 0 0 0 3 Seek Linear Mode

0 1 1 1 0 0 7 On track
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8.5 SEQUENCE RTZ

In this mode, the head is moved from the CSS zone to cylinder 00 during the DE
Start Sequence. Figure 8.5-1 shows the timing diagram.

(1) State 08 (Wait state)

When Power On Reset goes high, Wait Latch (WAITL) is set high. Control Latch
(CNTL), Linear Mode Latch (LNML), Servo Latch (SRVL), and Rezero Mode Latch (RZML)

are low.

(2) State 00 (Start RTZ)

When the State 2 (ST2) signal goes high in the DE Start Sequence, Sequence Rezero
(SQRZ) and Any Rezero (ANYRZ) are set high and WAITL is set low.

(3) State 80 (Move In)

When ANYRZ goes high, Start Rezero (STRZ) and Rezero Mode Latch (RZML) are set high.
STRZ initializes the head address register and the cylinder address register. When
RZML is set high, Rezero Mode (RZMOD) is set high and is sent to the servo control
circuit.

At this time, the servo head is located at the innermost position of the CSS zone.

(4) State 84 (Turn Around)

When guard band pattern 2 (GBP2) in the CSS zone is detected, Control Latch (CNTL)
is set high and, at the same time, High Velocity Set (HVLST) and Move Out Gate

(MVOTG) are set high and are sent to the servo control circuit. Upon reception of
these signals, the servo control circuit moves the head from guard band pattern 2

(GBP2) to guard band pattern 1 (GBP1l) at the REZERO High Speed.

(5) State 86 (Move Out)

As the head is moved through the GBP2 zone in the outer direction, GBPl is detected.
Upon detection of GBPl, Linear Mode Latch (LNML) is set high and, at the same time,
HVLST is set low.

From this moment, the head movement speed is reduced to the REZERO Low Speed, and
the head is moved in the direction of cylinder 00 (outer direction).

At the end of the GBPl zone is reached, Guard Band Latch (GRDBL) is set low and,
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after that, the head speed is controlled by the Position Curve generated from the

Position signal.

(6) State 06 (RTZ Linear mode)

When the head speed reaches the speed determined by the Position Curve, the servo
control circuit sets End Decelerate (ENDDC) high and, then, RZML is set low.

When RZML goes low, the head is controlled in the Position Error Mode. If the head
reaches within a specified distance from the center of cylinder 00 (On Track is
high), the monostable multivibrator is activated. If On Track is high again at

the end of the monostable multivibrator operation, Track Following Timer (TFTMR)

is set high.

The operation mode controlled by Position Error is called Fine Control.

(7) State 07 (On Track)

If Valid Index (VLIX) goes high while TFTMR is high, Servo Latch (SRVL) is set
high and Unit Ready, Seek End (SKEND), and On Cylinder (ONCYL) are sent to the
controller.

If the sequence RTZ is unsuccessful, that is, if Overshoot Check (OVSCK) or Time
Out Check (TMOCK) is detected, Access Check (ACCCK) is set high and the carriage
is released. At this time, Unit Ready (UNRDY), Seek End (SKEND), and Seek Error
are sent to the controller.

Over Shoot Check (OVSCK) is set high when the head is moved at an abnormal speed
during the RTZ operation (VG20I is set high if the speed exceeds 20 inches/second),
or when Guard Band Pattern [Inner Guard Band Pattern (GBP2 and GBP1l) or the Outer
Guard Band Pattern (OGB)] is detected during the fine control, or when the head is
not on the track and Track Crossing Pulse (TRXGP) is set high three or more times.
Time Out Check (TMOCK) is set high if the operation is set high and the operation
is not terminated within 250 ms.
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8.6 SYSTEM RTZ/MANUAL RTZ

In the system RTZ (SYSRZ) and manual RTZ (MRTZL) modes, the head is moved to
cylinder 00 regardless of the position at which the head is currently located. The
system RTZ operation (SYSRZ) is started, upon receipt of Tag 3/bit 6 (RTZ) from

the controller, when the drive is selected and is not performing the seek or RTZ
operation or when a seek error occurs. The manual RTZ operation (MRTZL) is started
by switch 2 (SW2) on the PCB, HGAMU, when the drive is not performing the seek,
RTZ, offset, or read/write operation. Figures 8.6-1 and 8.6-2 show how SYSRZ and
MRTZL are started, respectively. Figure 8.6-3 shows the sequence that is performed
after RZML is set high.

(1) State 08 (Wait state)

When SYSRZ or the MRTZL operation is performed, ANYRZ is set high.
Then, WAITL is set high, and the access mode latches (RZML, SRVL, LNML, CNTL)
and Seek Error (Access Check: ACCCK) are set low.

(2) State 00 (Start RTZ)

When the SYSRZ operation is performed, the access mode latches are set low and,
then, WAITL is set low.

When the MRTZL operation is performed, WAITL is set high while SW2 is high.
When SW2 goes low, WAITL is set low.

(3) State 80 (Move In)

When WAITL is set low, STRZ and RZML are set high.

Before the head detects Guard Band Patterns 1 and 2 (GBPl and GBP2), the carriage
is moved in the inner direction at the RTZ High Speed. When the carriage passes
cylinder 00 and GBP1 is detected, Guard Band Latch 1 is set high and the speed is
reduced to the low speed.

If the head is on GBP1l at the start of this state, the carriage is moved at the
low speed from the beginning.

(4) State 84 (Turn Around)

When the head passes GBPl and detects GBP2, CNTL is set high and, at the same time,
HVLST and MVOTG are set high. In this case, the head is moved at the high speed

to the outer direction.
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(5)

Same

(6)

Same

€))

Same

State 86 (Move Out)

as that of sequence RTZ.

State 06 (Rezero Linear Mode)

as that of sequence RTZ.

State 07 (On Track)

as that of sequence RTZ.

STATE 08 \ / STATE 00

BIT 6

|e———— STATE 80

TAG 3 — 1

SLCT

RZRC

STé6

'ANYRZ

SRVL/SKER

WAITL

LNML

- Y]

RZML

STRZ

SKEND

ONCYL k

Figure 8.6-1 System RTZ Sequence
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Figure 8.6~2 Manual RTZ Sequence
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8.7 SEEK

The head is moved to the cylinder specified by TAGl/bits O - 9 sent from the
controller. Figure 8.7-1 shows the timing diagram.

(1) State 05 (Accelerate)

When TAGl goes high, the contents of bits 0 to 9 are set in the new cylinder ad-
dress register (NCAR). The address of the cylinder on which the head is currently
located is stored in the present cylinder address register (PCAR). The difference
between the address stored in the NCAR and that in the PCAR is calculated and is
output in the binary code (D1 - D128). If the difference is 144 or greater

(NCAR - PCAR > 144), D1 - D128 is set to a value of all 1 bits and is sent to the
servo control circuit. The servo control circuit forms the desired speed curve

according to the value indicated by D1 - D128.

If the value indicated by the NCAR is greater than that indicated by the PCAR,
Move Out Gate (MVOTG) is set high to cause the head to be moved in the outer
direction; conversely, if the value indicated by the NCAR is smaller than that
indicated by the PCAR, MVOTG is set low to cause the head to be moved in the inner

direction.

Then, when TAGl goes low, Set CAR Off Pulse (SCAROFP) is set high, SKEND, ONCYL,
TFTMR, and LNML are set low, and Access Made (ACCMD) is set high.

The servo control circuit moves the head according to the desired‘speed curve

and generates Track Crossing Pulse (TRXGP) whenever the head crosses a cylinder.
TRXGP is sent to the PCAR to increment the register when the head is moved in the
outer direction, or to decrement the register when the head is moved in the inner
direction. Thus, the output of the difference counter (D1 - D128) is decremented

by one at a time.

(2) State 01 (Decelerate)

If the head is moved at a speed higher than that indicated by the desired speed
curve, the servo control circuit generates End Accelerate (ENDAC) and sets CNTL
low. The speed of the head is then reduced so that the head is moved according

to the desired speed curve.
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(3) State 03 (Seek Linear Mode)

When the head detects On Cylinder at the desired cylinder (NCAR=PCAR), the servo
control circuit generates End Decelerate (ENDDC) and, at the same time, starts
the 2.5 ms-timer and sets LNML high. Then, the operation mode of the head is

changed from the position curve control mode to the position error control mode.

(4) State 07 (On Track)

If the head is on the desired track when the operation of the 2.5 ms-timer is ended,
TFIMR is set high. CNTL is set high and, at the same time, SKEND and ONCYL are

set high. This means that the seek operation is terminated. When a no-motion

seek command is issued from the controller, the 5 us-timer is activated and, at the
completion of the timer, SKEND and ONCYL are set high.

If an illegal cylinder address is sent (a value greater than 842 for M2351A, or

a value between 842 and 895 for M2351AF, SKER and SKEND are set high after about

5 us. If the seek operation is not terminated normally, that is, if the seek
operation is not terminated within 250 ms (TMOCK), or if the Inner or Outer Guard
Band are detected during the seek operation, or if TRXGP is detected three times
or more after the head is reached to the desired cylinder (OVSCK), SKER and SKEND

are set high.

When SKER is set high, the head is released.
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