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Preface

This manual is for customer engineers who handle 112/114 disk drives. It describes how to oper-
ate, handle and maintain the equipment.

This manual consists of the following ten sections.
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1.

GENERAL DESCRIPTION

1.1 GENERAL

1.1.1

1.1.2

Generali

The 112/114 micro-disk drives are high performance disk drives with unformatted
storage capacities of 23.7MB and 47.4MB respectively.

The unit consists of contact start-stop type heads and media, a unigue head positioning
band actuator, air filter, and a DC motor and other parts to drive the disks. All these are
contained within a sealed cover. And outside the cover there is a printed circuit board
with the following functions; read-write, driver receiver and sequence logic.

The unit is remarkably compact, highly reliable and inexpensive. It was designed to be
the same size as an 8-inch floppy disk drive. The unit can also be connected in daisy
chain configuration of up to 4 units. Its data format is of a fixed length and together with
its easy-to-handle interface, has simplified system design.

Features

(1) Compact
Since the disks are 200mm in outer diameter and are driven by a DC motor
directly connected to the spindle, the device is extremely compact in size.
The unit measures 217mm (8.5 in) in width, 111mm (4.4 in) in height and
356mm (14.0 in) in length.

{2) Economical
The positioning mechanism of the drive is a stepping motor which uses a steel
band and a viscous damper. This has made the unit less expensive.

(3) High Reliability »
The heads, disks, and the positioner are within the disk enclosure and are pro-
tected by a plastic cover. In the disk enclosure, there is a breathing filter and a
recirculation filter to keep the air clean, thus ensuring reliability.

(4) Preventive maintenance is unnecessary.

(5) DC Power
Because a built-in DC motor is used, the unit does not have to be modified to
suit line frequencies (60Hz/60Hz) or input power voltages (110, 115, 220,
240V).

(6) Physical Size
The unit is the same size as an 8 inch floppy disk. Therefore, when replacing a
floppy disk, the locker need not be changed.

(7)  Mounting Plane
The unit can be installed in its locker either vertically or horizontally.
This allows easier installation and flexible system design.

(8) Low Power Consumption
Very low power demand (seeking 70W, non seek 60W) permits it to be used in
a wide range of environmental temperature (5°C to 45°C) without a cooling
fan.

(9) Audible Noise
The unit’s low noise output, approx. 60dB (A-scale weighting) even during
seeking makes it ideal for office use.
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(10)

Vibration

Vibration is not transmitted to external parts because the unit is fitted to the

locker with vibration isolating rubber mounts.

1.2 SPECIFICATIONS

1.2.1 Environmental Condition of Installation Site

(1)

(2)

(3)

(4)

(5)

Temperature

Operating 5 to 45°C (41° to 113°F)

Non-operating -40 to 60°C (-40° to 140°F)

Gradient Less than 15°C/H

Humidity

Operating 20% to 80% RH .

Non-operating 5% 10 95% RH (Moisture must not condense.)
Vibration

Operating Less than 0.2G (3 to 60Hz) (except resonance)

Both ways 2 minutes x 30 cycle (sine wave)
Non-operating (power OFF after installation)

Less than 0.4G (3 to 60Hz)

Both ways 2 minutes x 30 cycle (sine wave)
During storage or transportation

Less than 3G

Shoek
Operating Less than 2G (maximum 10ms)
Non-operating Less than 3G (maximum 10ms)

During storage or transportation
Less than 5G (maximum 30ms)

Altitude
Operating Less than 3,000m (10,000 ft)
Non-operating Less than 12,000m (40,000 ft)



1.2.2 Power Source Specifications

(1) Consumption Current
Voltage Peak Current Steady Current
+5V 5% 6.0A max 3.4A
—12V +5% 0.7A max 0.7A
6.0A max. (Pulse)
+24V £10% 4.5A (10 sec.*) 1.6A

The voltage value above is the voltage at the power input terminal of the unit.
Steady current is the current at AVERAGE SEEK + LATENCY TIME + 1
revolution READ or WRITE.

* Start-up time

(2) Current Wave Form
(a) +24V current wave form

WPOWER ON
(A)

N \

.| |

(10 SEC)

/ VN N\

(A) (B) (C) (B)
DC motor activation READY status Seek ing
(Not seeking)
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Magnified wave of (B) part

3A MAX.
(Average current: 1.4A)
0A
0.3~3ms
0.3~6ms
1
Magnified wave of (C) part
3A MAXx.
Same as (B), average
current 1.4A
(DC Spindle Motor)
OA *
0.3~3ms ,
0.3~6ms
o
+
3A

(Stepper Motor at Seeking)
oa L

TmA 0~2mA
| L
OR
3A
(Stepper Motor at Settling)
0A
110us T
d T: 320us or 1.7ms

{Changed depending on whether only one phase
is magnetized or two phases are magnetized.)

Note: The current wave shape of the (C) part is the shape formed by the
two types of waves asynchronously.

lapping of the above



(b) +5V current wave shape

The +5V current, at the time of seeking, forms the following switching current

wave form.
(A)

6 4

5 4

(Even-numbered cylinder:

41 Odd-numbered cylinder:
o { it ~
2 4+ )

i 4 (A)

0 t

Magnified wave of (A) part

6.0A

2.8A

i
1~1.5ms l

1.5~2.0ms

Note: The 6A peak current of the (A) part is present 3 or 4 times in one seek.

29A
3.5A

)
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1.23

Performance
Table 1.1 Performance
Mode! Micro disk drive
Specification 112 114
Total storage capacity
Unformatted {mB] 23.74 47.47
Formatted [mB] 19.97 39.98
Storage capacity/track
Unformat (8] 24320*32
Format [B] 20480
Number of disks 2 4
Number of heads (R/W) 4 8
Number of heads (Clock) 1
Number of cylinders 244
Number of tracks/cylinder 4 8
Number of sectors Variable hard
Recording density [BPI] 12,360
Track density [TP1] 195
Transfer rate [MB/S] 1.2
Rotational speed [rpm] 2,964
Average latency time [ms] 10.1
Recording method MFM
Positioning time Min [ms] 30
Ave [ms] 70
Max [ms] 140
input voltage +24V +10%, 1.8A (max. 6.0A)
+5V +5%, 3.56A (max. 6.0A)
-12V £5%, 0.7A (max. 0.7A)
External size
Width X height x depth [mm] 217 x 111 X 356 (8.5" x 4.4” x 14.0")
Disk size [mm] Outer diameter 200 (7.9"),
Inner diameter 100 (3.9")
Weight [kg] 6.3(1391b.)

* Formatted capacity of 80 sectors/track




1.2.4 Reliability

(1

(2

3

4)

(5)

MTBF

MTBF is defined as follows.

MTBF = operating time/the number of equipment failures.

Operating time is the entire time at which the power is ON except during mainte-
nance work. Failure of the unit means trouble that requires either repairs, adjust-
ments, or a replacement. Mishandling by the operator, power failure, control unit
problems, cable problems and failure due to unsuitable environment are not
included.

The MTBF of the 112/114 is expected to exceed 10,000 hours (engineering
specification).

MTTR

MTTR is the average time a well-trained service technician should take to diagnose
and correct a failure to the sub-assembly level. The 112/114 is designed for an
MTTR of 30 minutes or less.

Component Life
The 112/114 need not be overhauled for the first five years.

Power Loss

Integrity of the data on the disk is guaranteed against all forms of abnormal DC
power loss. However, if the power failure occurs during a WRITE operation, the data
is not guaranteed.

Error Rate
An error detected during initialization, and processed to be replaced by a spare
record is not included in the error rate.
(a) Recoverable Error Rate
An error which is recoverable with one try of the RETRY command should not
exceed once per 1010 bits read. o
(b) Non Recoverable Error Rate
Errors that cannot be recovered within 16 retries are included in the MTBF.
(c) Positioning Error Rate
The rate of positioning errors recoverable by one retry is one error or less per
108 seeks.
(d) MediaError
i) No error will be found at HO and H1 in cylinder 000.
ii) The following shows the number of defective spots in the 112/114.
112 . ... Less than 20
114 . ... Less than 40

1.7



1.3 EXTERNAL APPEARENCE

Band Actuator/Head Positioning Mechanism

Carriage Lock Lever

Stepping Motor

Breather Filter

/ Built-in DC Spindle Motor

PC Board for Control
(CQOM)

*NOTE: 112 contains two disks.
114 contains four disks.

Fig. 1.1 External Appearance
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2. OPERATION

2.1

2.2

GENERAL

Power-on/off for the unit is described in this section.

POWER ON/OFF SEQUENCE

The 112/114 micro disk drive has no power ON/OFF switch of its own. Therefore, power ON/
OFF for the micro disk drive is performed by the power ON/OFF function of the system.

If the write gate signal coming from the controller is kept OFF in advance to a power-on or
power-off, a sequence of the power source (+24V, +5V, —12V) of the device is unnecessary.
That is, the stored data is not destroyed and mechanical and electric errors do not occur. In
order to keep the write gate signal OFF during a power-ON/OFF transition, the power source
of the controller and the device must adhere to the following sequence.

(1) Basic Sequence

~

)
90% — A — 90%
Power Source for Controller
(A1l input power voltages)

N\ ¥
for Disk [ . 5
Power Source for Dis _ 10% 10%

(+24V, +5V, -12V)

Over 0 SEC Over 0 SEC

Power-On/Off Sequence

(2) By detecting the +5V voltage level in the drives the write gate signal is inhibited and
power sequencing is unnecessary if the +5V power source for the drive is supplied
from the +56V power source for the controller, and the interface signal from the
controller is determined only by the +5V power source for the controller.

241
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3.

INSTALLATION AND CHECKOUT

3.1

3.2

3.3

GENERAL

Unpacking, installation, cable connections, configuration settings, how to install the unit

Py = anmal

into the system, etc., are described in this section.

This unit is packed so as to withstand the shocks of long distance transportation. When
the difference in the storage (or shipping) environment and the unpacking environment
exceeds 20°C (36°F), the carton should be allowed to stand at the unpacking site for
approximately 3 hours prior to unpacking in order to avoid condensation,

UNPACKING

The device is wrapped in a polyethylene bag, and enclosed in a inner case and outer box.
An exterior view of the carton is shown in Fig. 3.1.

(1) Place the unit (Note: Do not turn disk drive upside-down) near the installation area.
(2) Remove the adhesive tape on the box and open it.

(3) Remove the upper inner case and pull the unit out by grasping the base of the unit.
(4) Store packing material for possible future use.

VISUAL INSPECTION

After unpacking, check the following.

(1) There should be no crack, rust etc. that mar its appearance and integrity.

(2) All parts should be firmly fixed and there should be no loose screws, etc.

(3) The carriage lock (shipping restraint) should be in tact with no abnormalities.
{4) The duplicate media defect label should be correct.

31



rior View and Construction of Carton

Exte
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3.4 MOUNTING

3.4.1 Installation in Locker

The accompanying diagram shows how to install the drive according to the dimen-
sions and the structure of the frame. (Dimensions are in millimeters)

Carriage Lock Lever Vibration Isolating Rubber Shocks
(M4 PO.7 screw hole for fitting)
Screws longer than 10mm not allowed.

L

2 i
N
+
©
[Ve)
[Te)
™
©o
=
+
N
- -
o
o~
o~
(3]
- y
& %
o 0
o~ ™

63.5+0.6

111£1.6

Vertical Install

Mounting
I l \ 5:0.6 —eoqf {embossed structure)

/ ~—H= 35 ~~H=—35 min.

4-M4 PO.7 for restraint
when transporting.
Screws longer than 8mm
not allowed.

Horizontal Installation, bottom edge

Fig. 3.2 Installation in Locker
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3.4.2 Securing for Transportation

If the unit is installed in the locker during transportation, in order to prevent dam-
age, set the carriage lock lever to LOCK.

CAUTION: Before placing the carriage restraint in the LOCK position, insure that
the heads are at Track 0. Do NOT use the carriage restraint to position
the heads.

(1) Fixing Carriage
Pull up the lock lever, rotate it in the direction of the arrow and fix the carriage
(LOCK) or reslease it (FREE).

Lock Lever

\

FREE

Fig. 3.3 Shows LOCK State

(2) Securing the Unit

Secure the unit to the mounting frame using the screw hole that is provided to
transport the unit.

1 l Mounting Frame

| / Vibration Isolating Rubber Mounts

Screw (M4) for Rubber Mounts

-

|

3

.
N~

Elastic Material such as Plastic
or Rubber

16 or less \
M4 Screw x 4 to be used

when transporting

3.5 min.

Fig. 3.4 Securing the Unit
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3.4.3 Service Area

Maintenance, securing for transportation, cable connection, are accessed as shown
below. When determining the service area and where to install the locker, make sure
that there is enough room for maintenance work.

Printed Circuit Board for
Contro!

P side: Maintenance operations on PCB.

Q side: Cable connections.
Installation and removal of the securing screw when transporting.

R side: Accessing the carriage lock lever to secure the carriage.
Installation and removal of the securing screw when transporting.
Bad track label and a name-plate.

Fig. 3.6 Maintenance Access on the Unit



3.5 CABLE

3.5.1 Cable and Connector Specifications

Table 3.1 shows specifications recommended for cables and connectors.

Table 3.1 Cable and Connector Specification

Connector Name Type Maker
A cable (50P) Cable side connector FCN-767J050-AU/1 Fujitsu
or 88373-1 AMP
or 3415-0001 M
Device side card edge - -
Cable 455-248-50 Spectrastrip
or 171-50 Ansley
B cable (20P) Cable side connector FCN-767J020-AU/1 Fujitsu
or 88373-6 AMP
or 3461-0001 M
Device side card edge - -
Cable 455-248-20 Spectrastrip
_ or 171-20 Ansley
Power cable Cable side connector 1-480270-0 AMP
Device side connector 1-380909-0 AMP
Contact 60619-1 AMP
Cable AWG14 (+5V, RTN)
AWG16(+24V, RTN) -
AWG20 (-5V/-7V to
-16V, RTN)




3.5.2 Cable Connections
(1) Connection of One Unit

Fig. 3.6 is an example of only one unit connected to the controller. The unit is
also operable when both Cable A and Cable B are connected at the same time.

Controller LM_J
A Cable

Drive

Power Cable

Power Supply ]

Fig. 3.6 Connection of One Unit

(2) Connection of 2 to 4 Units

When 2 to 4 units are connected, cable A (control signal) is daisy chained, and

cables B (R/W signal) are connected in radial.

= L

Fig. 3.7 Connection of 2 to 4 Units

A Cable |
- |
m| B Cable Im Drive 1
L J U
mi B Cable m Drive 2
Controller || L
1 B Cable Im Drive 3
- Y
—™ |
B! B Cabie f Drive 4
| U
— Power Cables
Power Supply m
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(3)

Caution in Connecting the Cable

In order to reduce the influence of external electrical noise and the like, the
following should be noted.

(a) The power cable and the interface cable should not be in the same plane.

(b) If the power is supplied from the system, a voltage drop would occur in
the DC cable, so that each voltage must be set while measuring at the
input terminal entry of the unit.

(c) If the unit is installed in a system, and or if it is installed in the 19 inch
rack, firmly connect an SG ground to the hole which is provided in the
casting so as to reduce the influence of external noise.

A screw hole (M4 P0.7) is provided in the casting for DC ground as shown
below. Use an M4 screw less than 8mm in length.

[

Cable Holder

Screw Hole for
DC Ground{SG)
Max Length < 8mm



3.6 SWITCH ARRANGEMENT

The functions and assignment procedures of the different switches on the circuit board of the
112/114 are described below.

3.6.1 Drive Select (Device Number Selection)

The drive select switch is used to select one logical unit number up to a maximum of
4 devices. Of the 4 switches, you are to turn ON one relevant switch while turning
OFF the other 3. The device number selection procedures are shown in Table 3.2
and Fig. 3.8

Table 3.2 Device Number Selection

Device Number SW3 Switch
Key 8 Key 7 Key 6 Key 5
1 o X X X
2 X (o] X X
3 X X O X
4 X X X ]
O: ON
X: OFF

SW3 (Mounting Location B5)

.: 6 Key 6  The figure at left shows
the method for selecting

-::j 7 Key 7  Device Number 1.
M | xos

Fig. 3.8 Device Selecting Switch

3.6.2 Seek Complete

When sending the SEEK COMPLETE onto the A cable of the interface, turn ON
Key 4 of SW3.
However, at this point, be sure not to leave DRIVE SELECT Key 4 in the ON status
(See Fig. 3.9).

SW3 (Mounting Location B5)

T 3 Key 3 . .
The procedures shown in the figure

4 Key 4 at left are to be used when sending
L__—:. ey the SEEK COMPLETE signal on

——— — the A cable.
~ s Key 5

Fig. 3.9 SEEK COMPLETE Switch
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3.6.3 Sector/Byte Clock
This switch is used to select either SECTOR pulses or BYTE CLOCK onto the inter-

face cable. The switch assignment procedures are shown in Table 3.3 and Fig. 3.10
below.

Table 3.3 SECTOR/BYTE CLOCK

SW2 Switch
Signal Name
Key 3 Key 2 O: ON
SECTOR o X X: OFF
BYTE CLOCK X o
SW2 (Mounting Location A2)
/\—/

C’ 2 Key 2 The figure at left shows
the method for sending

Fig. 3.10 SECTOR/BYTE CLOCK

3.6.4 Sector During the Generation of Index

This is used to select whether or not to send the sector mark generated during the

same times as Index onto the interface. The switch selection procedures are shown
in Table 3.4 and Fig. 3.11.

Table 3.4 SECTOR during the Generation of INDEX

sSwW2
Selection Content
Key 1 O: ON
Send the SECTOR. X X: OFF
Do not send the SECTOR. o

SW2 (Mounting Location A2)

OFF ON

::. 1 Key 1 The figure at left shows the switch selection

— procedures when INDEX and SECTOR are not
LF:"_ "—j 2 Key 2 sent simultaneousty

L ~—

Fig. 3.11 SECTOR during the Generation of INDEX



3.65 Write/Read Data, Write/PLO Clock

The method for sending WRITE/READ DATA and WRITE/PLO CLOCK signals
onto the A cable of the interface is shown in Table 3.5 and Fig. 3.12

Table 3.5 W/R DATA and W/PLO CLOCK

Signal Name Assigned Switch SW4
+tWRITE DATA Key 7, Key 8 ON
tREAD DATA Key 1, Key 2 ON
tWRITE CLOCK Key 5, Key 6 ON
+PLO CLOCK Key 3, Key 4 ON

SW4 (Mounting Location B4)

OFF ON

[ Hl 2 | o2

e | e

[:- 4 Key 4 The figure at left shows the switch

selection procedures when at!
the signals are to be sent on the A cable.

s | <es
C__ o | xeve
— e Key 7
M s | Kevs

Fig. 3.12 W/R DATA and W/PLO CLOCK

3.6.6 Assigning the Number of Sectors

The number of sectors can be assigned by using a combination of the SW1 and SW2
switch keys. Each key of the respective switch corresponds to binary powers of the
byte count (2° to 2! bytes). See Table 3.6.

Table 3.6 Sector Counter Byte Table

SW1 No. of Bytes SW2 No. of Bytes
Key 8 1 Key 8 256
Key 7 2 Key 7 512
Key 6 4 Key 6 1024
Key 5 8 Key 5 2048
Key 4 186

Key 3 32

Key 2 64

Key 1 128

The method of assigning the number of sectors is shown in Table 3.7 and Fig. 3.13,
where the LAST SECTOR indicates the number of excess bytes. This also indicates
that only the last sector becomes longer because of excess bytes.
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Table 3.7 Method of Assigning the Number of Sectors
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Table 3.7 Continued

SECTORS W BYTES/SECTOR LAST SECTOR
8765 4321|876F%5
47 1010 0000100 517 +21¥33
0101 1 1{1000 506 +32}33
49 0000 11111000 496 +16133
0110 0111|1000 486 +20133
51 0011 10111000 476 +4413%
52 1100 1011({1000 467 +36133
53 0101 0011|1000 458 +46+32
54 0100 0011|1000 450 +20+33
55 0101 1101|1000 442 +10133
56 0100 1101|1000 434 +16+3%
57 0101 0101|1000 426 +38+33
58 1100 0101|1000 419 +18+33
59 0011 1001|1000 412 +12%32
60 1010 1001|1000 405 +20*33
61 0111 0001|1000 398 +421+32
62 0001 0001 {1000 392 +16+3%
63 0100 0001|1000 386 +2133
64 0011 1110{1000 380 033
65 0110 1110(1000 374 +10%34
66 0000 1110|1000 368 +32133
67 0101 0110|1000 362 +66732
68 1010 0110|1000 357 +44}32
69 0000 01101000 352 +32¥33
70 1101 10101000 347 +30133
7 0110 10101000 342 +38+33
72 1000 10101000 337 +56733
73 1011 0010([1000 333 +111433
74 000t ©0010 (1000 328 +4873¢
75 0010 0010 (1000 324 +20*38
76 0000 0010 (1000 320 033
77 1101 1100 (1000 315 +65132
78 1110 110011000 31 +62+33
79 1100 1100|1000 307 +67133
80 0000 11001000 304 0133
90 0111 0000|1000 270 +20+33
100 11700 1111l000a0 243 +20+32
110 1011 1011[0000 221 +10133
120 0101 0011 (0000 202 +80133
130 1101 1101|0000 187 +10133
140 10 1 1 0101]0000 173 +100%33
150 0100 O0101]0000 162 +20%32
160 0001 1001|0000 1652 033

“0" indicates the OFF and *‘1'* the ON status,



SW1 (Mounting Location A3)

OFF ON ! e SW2 (Mounting Location A2)
-::]-:] 2 | key2 o~
T 3 | Kevs -

I: - 4 | Key4 -: ° e
| e e S B
-:]v 7 | Key7 i
-: 8 Key 8 The figure indicates the switch

selection procedures for 40
sectors.

Fig. 3.13 Method of Assigning the Number of Sectors

3.6.7 Delay SKC

This is used to select whether or not to include settling time when SEEK COM-
PLETE is sent to the interface. The switch assignment procedure are shown in Table
3.8 and Fig. 3.14.

Table 3.8 DELAY SKC

SW3
Signal Name
Key 1
Include settling time e} O: ON
Does not settling time X x: OFF
SW3 (Mounting Location B5)
OFF ON The figure at left shows the switch
::- 1 Key 1 assignment procedures when sending
Y the SKC signal which includes setting

time delay provided by the drive.

Fig. 3.14 DELAY SKC



3.6.8 Controlling the Basic Drive Select Signals

Even when the relevant drives are not selected, the four basic signals (such as,
INDEX, DRIVE READY, SECTOR/BYTE CLOCK and SEEK COMPLETE) can be
sent to the interface cables (both A and B). The method of sending these signals is

shown in Table 3.9 and Fig. 3.15.

Table 3.9 Drive Selection Control

SW3 SW3
Cable A Cable B
Key 2 Key 3
Gate @] Gate o
Does not gate X Does not gate X

SW3 (Mounting Location B5)

In the example at the left, cable A is
gated and cable B 1s not gated

Fig. 3.15 Drive Selection Control

3.6.9 Time Margin Measurement Switch

O:ON
X: OFF

This is a switch for measuring time margins. Set this switch to OFF only when

measuring margins.

SW2 (Mounting Location A2)

OFF ON

The switch is usually set to the position
shown at the left

Fig. 3.16 Time Margin Measurement Switch
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3.6.10 Timing Specification Selection

The drive utilizes SW5 (Mounting Location M3) to provide SA4000
compatibility.

(1) PLO Clock and Read Data

OFF ON N
-: ] Read Data is clocked by the positive
Key 1 transition of PLO Clock.
/\_/
OFF ON
I - 1 |Key 1
Read Data is clocked by the negative
transition of PLO Clock.
/_\)

{for SA4000 Controller)

(2) Direction and Step Pulse

OFF ON
B3 |Key3 The direction signal is sampled at the drive
on the ieading edge of the step pulse.
I B4 [Key 4
T ~——
OFF ON
M3 |Key3
2 lkey 4 The direction signal is ssmpled at the drive
| I— ey on the trailing edge of the step pulse.

(for SA4000 Controtler)
(3) Track Format Selection
/—\/

OFF ON
[ 2|Key2 Gaps in the track format are all “'0"".

W12 |Key2 Gaps in the track format are all *'1"".

3-16
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3.6.12 Media Error

(1)

(2)

Media Error Display Method

A media defect is displayed by Cylinder Address, Head Address, Position (bytes
from Physucal Index) and Defect Length (blts) The maximum media defect
length is 64 bytes (512 bits). The Physical Index represents the Index Pattern

Division recorded on the clock track. The relationships of the Physical Index
and Interface Index/Sector are shown below.

Physical Index ﬂ

—1

Interface Index

1

Interface Sector

A: This represents the number of bytes of one sector.

Relation of the Defective Area Display Value and the defective Sector.

{i) Calculation of the defect Area
Defect Position: B bytes
Defect Length: C bits

cC+8=C'..... remainder C”

Defect Area: B~B+C’ (C"<1)
B~B+C'+1(2L£C'L7)

(ii) Calculation of a Defect Sector Number
A Defective Sector Number can be calculated by using the following
formula.

Defective sector number = | %] -1

Note 1: X: Defective position display value
A: Number of bytes of one sector
[ ]: This indicates that all the numbers after the decimal point
are to be omitted.
For example, [2.3] =
1: Compensates for the difference between Physical and Inter-
face Index.
Note 2: The sector next to the index is assumed to be the O sector.

Index l
Sector ﬂ ﬂ

1T
ol
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(3) Examples of Defect Sector Number Calculation

(i) A =304 Bytes

B = 800 Bytes
C = 10 Bits
10-8=1...2
X = 800 ~ 802
O X =800 200
Defect Sector = [—m] -1
=2-1=1

O X =800

Defect Sector = Fg—g—%] -1

=2-1=1
1 Sector is detective.

(ii) A =304 Bytes

B = 286 Bytes
C = 480 Bits
480+8=60...0
X =286 ~ 346
O X =286 286
Defect Sector = [ 30 4] -1
=0-1=-1
O X = 346 246
Defect Sector = [ 304 ).~ 1
=1-1=0

0 Sector and N (last)
Sector are defective.
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4. THEORY OF OPERATION

4.1 GENERAL

This section consists of three parts. The first concerns major assembles of the device.
The second takes up the magnetic head and magnetic disk. These are part of the disk
enclosure, however, they are explained below because they are closely related to the
electric control portion. The last describes electric control such as interface, R/W, etc.

4.2 OPERATION OF MECHANICAL PORTION

4.2.1 Disk Enclosure

In the disk enclosure (DE), disks, spindle, actuator, heads, etc., are protected by
a sealed plastic cover. Each of these parts can be seen through the plastic cover.
The disk enclosure is sealed at the factory after assembly, and must not be opened
in the field.

Band Actuator/Head Positioning Mechanism

Sealed Cover

Control PCB

Fig. 4.1 Appearance of the Unit
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4.2.2 Spindle
The disk spindle is fixed to the base of the DE from the top side.
The base is sealed to prevent the intrusion of air through the bearings. At the top of
the spindle is a hub, to which recording media are fitted. A DC motor is set con-
centrically with the spindle to drive the disks. The spindle is grounded to the DE

through an anti-static brush.
Spindle

Disks / Hub
\ j /
/

iii

NN

:
7

8l

.
k:\

0o 0 o ©
o 0 0 O

L \
L A AN
\

Anti-Static Brush

DC Motor
Fig. 4.2 Spindle
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4.2.3 Carriage Assembly

Carriage assembly consists of a four-phase stepping motor, band actuator, viscous
damper, and carriage with linear bearings. The assembly is controlled by a special

driving circuit which achieves an average positioning time of 70ms. In addition to
high speed, the structure of the assembly gives increased reliability.

LA

= Qv

Viscous Damper Stepping Motor

HEAD IC

Carriage Assembly

Head Linear Bearing

Fig. 4.3 Carriage Assembly

If the disks do not rotate, the heads rest on the disk surface. Therefore, during main-

tenance or when transporting the drive, the carriage must be locked to protect the
heads.
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4.2.4 Air Circulation in DE

The unit is provided with CSS heads which have a flying height of about 0.45
microns. Therefore, a small dust-particle could cause a head crash. For this reason
the DE is perfectly sealed. There are two filters. One for breathing, the other one is
for recirculation to keep the air inside the DE clean.

The filter for breathing serves:
(1) To prevent suction near the spindle when it starts rotating.

(2) To prevent the intrusion of dust into the DE, when the air pressure inside of
the DE decreases due to the difference in temperature between the inside of
the DE and the atmosphere.

The recirculation filter is fitted inside of the pipe which forms a closed loop in
the DE. When suction occurs by virtue of the rotation of the spindle, the air
in the DE circulates through the closed loop. Thus the air circulates continu-
ously whenever the spindie is rotating to keep it clean.

These two filters can eliminate 99.97% of contaminates with a particle size
larger than 0.3 micron.

Breather Filter/Air Intake Port

Recirculation Filter

Fig. 4.4 Air Circulation Inside the DE



4.3 MAGNETIC HEADS AND RECORDING MEDIA

4.3.1 Magnetic Heads

To accomplish high density recording, CONTACT START/STOP (CSS) flying heads
are employed. The heads fly on the surface air flow generated by the rotating disk.
The CSS system differs from the conventional ramp load system in that the heads
are always over the recording media and rest on the disk surface when the disk is not

rotating.

Therefore, the head and disk make contact, and the wear caused by this contact
must be minimized. For this reason, the CSS type head is lightly loaded and the sur-
face pressure is reduced by using a tapered flat slider such as that shown in Fig. 4.6.
The slider has 3 rails. The air intake end of the slider is tapered to obtain flying force
by means of the air flow over the disk surface. Reads and writes are performed by a
ferrite core at the rear of the head, the minimum flying height position.

Read/Write Gap

Slider

Load Spring

Disk Motion

Fig. 4.5 Read/Write Head

Air Flow

@\ Read/Write
Track Width

\ Rail Bevel

Air Bearing Taper
Air Bearing Flat

Read/Write Gap

Ferrite Core
Coil

Suspention Attachment Notch

Ferrite Slider

\ AN

Fig. 4.6 Structure of Head Slider
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4.3.2

433
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Recording Media (Magnetic Disk)

A magnetic disk is made of an aluminum substrate on which magnetic material is coated,
measures 200mm (8 inches) in diameter, and 2mm in thickness. It is used to store data.
Because of the CSS characteristic of the drive, the media surface is lubricated with a
special lubrication in order to prevent wear. Up to four disks are installed for a maximum
storage capacity of 23.4M bytes.

The index information is stored in the outer circumference (beyond the data field) on the
under side of the lowest disk.

Head and Surface Configuration

Clock Head

Clock Track Format

As was described in 4.3.2, the clock track is the outermost track on the bottom
surface. It contains 12,000:32 data intervals for generating clock signals as well as
one index pattern.

Fig. 4.7 shows the clock signal waveform and index pattern waveform.



A4

(1) Clock Signal Waveform

i e

T1 T1: 1.67 s £0.1Us

(2) Index Pattern Waveform

T ™| T2 T1:1.67Us 20.1 s
T2: 0.844s +0.1UUs

Fig. 4.7 Clock Signal Waveform/Index Pattern Waveform



4.4 FORMAT
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General

A sector (or record) is used to allocate addresses. Each sector has an address areas
(AA) which ensure that the correct sector is located, and a data area (DA) in which
data is stored.

The index and sector signals are used to inform the controller of the beginning of a
track and sector. The sector format is determined by the control unit. On the other
hand, the device must be set to generate the desired fixed length sector format by
means of switches.

A fixed length format of 80 sectors is described as an example in this section.

Track Format
Example of a format of 80 sectors.

Index/Sector 1 Sector Index/Sector
Gap 1 Address Gap 2 Sync. Data Area CRC Gap 3
178 Area 78 138 18 2568 28 8B
. :
[ Upper Lower
Sync. > PP W' | MHead | Sector | CRC | CRC

Status Cyl. Cyl. |
4

Note: (1) The format shown here is only an example and the construction of an optimum
format compatible to the system is possibie.

(2) A different SYNC BYTE pattern between the address area and the data area is
permissible. A recommended pattern is “’'OE’’ and “09'’ (Hex.) respectively.

Detail of The Format

(1) GAP1
The gap allows for displacement of the head, circuit tolerances, and write to
read transient after write operation under worst case conditions. The gap must
be a minimum of 16 bytes, in which all “’0"’s are written.

(2) SYNCBYTE
This shows the starting point of the address area.
A recommended pattern is ‘'OE’’ (Hex.).

(3) FLAG STATUS/LOGICAL UNIT
This shows the status of each sector (record).
Norma! record, spare record, or replacement record may be indicated here.
However, its meaning is defined by the control unit.

(4) UPPER CYLINDER ADDRESS/LOWER CYLINDER ADDRESS
This indicates the cylinder address on the track.

(5) HEAD ADDRESS
This indicates the head address on the track.

(6) SECTOR ADDRESS
This indicates the sector (record) address on the track.

(7) CRC (CYCLIC REDUNDANCY CHECK)
This is the area which checks whether the data was correctly read.



(8)

(9)
(10)
(11)

(12)

GAP 2

This is an area where a write splice would occur when the data area of the
sector was updated. Since the read circuit may be reactivated after the write
Splice area, all 0" must be written in this 12 or more Byte area. The read
circuit requires an ‘‘0’’s area to synchronize read circuits.

SYNC BYTE

Indicates the beginning of the data area.

DATA AREA

This is the area where data is written and read.

CRC

See (7)

GAP 3

This is pad time required by the control unit. All '0"'s are written in this 6
Byte area.

45 INTERFACE

4.5.1

General

Logical and physical conditions for the reception/transmission of signals in the interface
of a 112/114 micro disk drive are described in this chapter.

(1)

(2)

(3)

Connection

There are two connectors for external connection on this unit. These are called
“A" and “B" connectors. The cables connected to these are called cable “A”
and cable 'B”. A"’ cables may be connected in daisy chain. When this con-
figuration is utilized, the terminator must be removed from all but the iast
drive. See Fig. 3.7. The “‘B" cable is connected in a radial fashion. Therefore,
the control unit, requires ‘‘B” cables and connectors in proportion to the
number of drives connected.

Timing Specification

The timing specifications for signals are referenced at the connector position
of the unit. Consequently, with regard to the signal timing from the unit, time
lag of the cable, and time lag due to the number of circuit stages in the control
unit must be considered.

Interface Transmission Level

There are two types of interface drivers and receivers used. For the high fre-
quency signal lines, balanced line differential devices are used. These lines are
indicated by ““(1 pair)’” in the diagrams below. The control and select lines are
TTL level and O volt is active or true.
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45.2 Type and Name of Signal Line
(1) A Cable Signal Line

Controller Side Drive Side
(3) HEAD SELECT 0~ 2 INDEX (1)
READY (1
(4) DRIVESELECT 1~4
(1) DIRECTION SECTOR/BYTE CLOCK (1)
(1) STEP WRITE FAULT (1)
(1) FAULT CLEAR TRACK O (1)
(1) WRITE GATE
(SEEK COMPLETE) (1)*
(1) READ GATE
*(1 pair) WRITE DATA READ DATA (1 pair)*
*(1 pair) WRITE CLOCK PLO CLOCK (1 pair)*
12 line + 2 pairs 6 line + 2 pairs
* This signal line is connected by a switch setting on the PCB.
(2) B Cable Signal Line
INDEX (1)
READY (1)
SECTOR/BYTE CLOCK (n
SEEK COMPLETE (1)
(1 pair) WRITE DATA READ DATA (1 pair)
(1 pair) WRITE CLOCK PLO CLOCK (1 pair)

2 pairs

4 line + 2 pairs



45.3 Signal Lines
Input Signals

(1)

(a)

(b)

(c)

(d)

(e)

(f)

()

HEAD SELECTO~ 2

These binary coded signal lines select one of eight data heads positioned
in the disk drive,

DRIVE SELECT 1~ 4

These signal lines enable the input/output signals of the disk drive having
a matching logical unit number. Each line selects one drive. The signal line
of DRIVE SELECT 4 can be changed to the SEEK COMPLETE signal by
a switch setting on the PCB.

DIRECTION

This indicates the seek direction of the data heads when STEP PULSES
are sent to the disk drive. When this signal is TRUE, it causes a seek in the
inner direction. And if this signal is FALSE, this causes a seek in the outer
direction (Toward track 0).

STEP

This signal triggers the carriage to move the data heads one track in the
direction indicated by the DIRECTION signal. The following three step
modes are provided.

i) Controlled Step Mode
If the step pulse rate is 1kHz or less, the drive performs a seek one
track in response to one STEP pulse from the controller.

ii) Slave Step Mode

If the step pulse rate is more than 3kHz but less than 3MHz the drive
does not perform SEEK individually in response to each STEP signal
from the controller, but rather starts the seek operation after receiving
all STEP pulses from the controller. The drive will then move the
heads at high speed to the desired track according to an ideal velocity
curve stored in ROM.

When the SEEK operation is finished, the drive responds by sending
the SEEK COMPLETE signal.

Note: STEP RATE of 1kHz to 3kHz is prohibited.

ili) Return to Zero Mode
When the drive has received more than 255 step pulses in the slave
step mode, it performs a SEEK at normal speed to TRACK 0.

FAULT CLEAR
This signal line resets the write fault latch. The width of the pulse must be
greater than 100ns.

WRITE GATE
This signal line gates write current to the selected data head.

READ GATE

This signal line gates read data from the selected data head to the data
separator. Separated READ DATA and READ CLOCK are then provided
to the interface. READ GATE is valid when 5.0us (6-byte) have elapsed
after READ GATE is active.
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(2)

(h)

(i)

WRITE DATA (Balanced Transmission)

This is the write data signal in NRZ format.

The signal is sent out by the controller using balanced line transmission
levels.

The WRITE DATA signal is synchronized by the trailing edge of WRITE
CLOCK IN THE DRIVE. WRITE DATA may be input to either the A or
B cable depending on the switch setting on the PCB.

WRITE CLOCK (Balanced Transmission)

This is the WRITE CLOCK signal from the controller synchronized with
WRITE DATA. WRITE CLOCK may be input to either the A or B cable
dependings on the switch setting on the PCB. This signal is derived from
the PLO Clock generated in the drive and sent to the controller.

Output Signals

(a)

(b)

(c)

(d)

(e)

(f)

Index

This pulse is sent out at the rate of once per revolution of the disks.
The width of a pulse is 0.8us. This signal is available to both the A and
B cables.

Ready

This signal indicates that the drive is selected and the disks are rotating
at the correct speed. (The PLO circuit synchronizes with the speed of the
disk). This signal is available to both the A and B cables.

SECTOR (BYTE CLOCK)

Either SECTOR Pulses or BYTE CLOCK is available through the selection
of a switch on the PCB on the drive. This signal is available to both the
A and B cables. '

i) BYTE CLOCK
This is a pulse which occurs 24,320*3 times on the track. The width
of pulse is 0.42us.

ii) SECTOR PULSE
The number of SECTOR pulses which occur per revolution of the
disks is switch selectable. The pulse is generated by counting the num-
ber of bytes within one sector. One sector may contain a maximum of
4,095 bytes. The width of this pulse is 0.8us.

TRACK 0
This indicates that the data heads are at Track O.

WRITE FAULT

This indicates that one of the following fault conditions occurred during

WRITE. The WRITE FAULT is retained until it is reset by a FAULT

CLEAR pulse.

i) WRITE GATE is sent out when the drive is not READY.

ii) WRITE GATE and READ GATE are sent at the same time.

iii) WRITE GATE is sent when two Head ICs are selected at the same
time.

iv)] WRITE GATE is sent when SKC (seek complete) is false.

v) During WRITE, a normal write current does not flow to the data head.

READ DATA (Balanced Transmission)

These lines transmit the recovered data in the form of NRZ data synchro-
nized with PLO clock. The READ DATA becomes valid 5.0us after the
leading edge of READ GATE. READ DATA is available to both the A and
B cables when enabled by a switch on the PCB.



(g)

(h)

PLO CLOCK (Balanced Transmission)

This pulse is sent out every other bit. When READ GATE is false, the PLO
CLOCK is synchronized with the pulse read from the clock track. When
READ GATE is true, the PLO is synchronized with the READ DATA
from the data head. The controller uses the PLO CLOCK during a write
operation as WRITE CLOCK. PLO CLOCK is available to both the A and
B cables when enabled by a switch on the PCB. This pulse is selectable

by a switch key to provide a normal or inverted triggering.

SEEK COMPLETE

The SEEK COMPLETE signal indicates that the selected data head in the
drive is positioned over the required track. This signal may contain the
settling time for the seek operation. A READ/WRITE operation is legal
the instant this signal turns TRUE. This signal is availabie to both the A
and B cables, however, in case of CNA it is enabled by a switch key on the
PCB.
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45.4 Timing Specifications
(1) SEEK Timing
CONTROLLED STEP MODE

- STEP PULSES I l I l

I—__—— Min 1.0ms ! ! Min 100ns

SLAVE STEP MODE

- STEP PULSES

fea—————— 330ns ~ 330us —————=|

- DRIVE SELECT

———t pe—— Min 100ns

(i) Key 3-OFF and key 4 - ON on SW5

- STEP PULSES LJ

DIRECTION

—_—— fet———— Min 100ns — pesr——— Min 100ns

(ii) Key 3-ON and key 4 - OFF on SW5

-STEP PULSES =I

DIRECTION

JEN——| le——— Min 100ns Min 100ns
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(2

WRITE/READ DATA Timing

WRITE DATA, WRITE CLOCK

WRITE DATA

WRITE CLOCK —

0 x15ns

READ DATA, PLO CLOCK
(i) Key 1-OFF on SW5

READ DATA

PLO CLOCK ___.J

(ii)

e 104ns — o

-52ns

|

r=-—- 0 £15bns

|
104ns  ———amf

—=*—0+15ns

Key 1- ON on SW5

READ DATA

N
]

- " 104ns

| I

I

jo—— (0 +15ns

S —

104ns

0 £156ns
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455 Format Timing Specification
(1) Format Write

INDEX/SECTOR

WRITE GATE ——-——{7

l 3 Bits max.

(2) Data Write

INDEX/SECTOR J |~

CRC

L

1 Byte min

!

Gap 1

AA Gap 2 Data Gap 3
READ GATE
-8 Bytes"‘" r—=— 1 Byte
WRITE GATE
=—2 Bytes 1 Byte
(3) Data Read
INDEX/SECTOR I| l l I
J Gap 1 AA Gap 2 l Data Gap 3
READ GATE ‘
8 Bytes—e 1 Byte

4-16
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45.6 Driver/Receiver

Both types of Driver/Receivers used on the drive are shown in the following diagram.
The maximum cable length specification includes all cables from the controller to
the last drive when the A cable is daisy chained.

Control signal (TTL)

+5V

|

—_— I I

| i

PR ] ]
| | 2700 7414

AMD26LS32

|
i
1
|
1
AMD26LS31 |
|

R/W signal (Balanced Transmission)

45.7 Pin Assignment in Connectors

CNA
1 GND 2 -HEAD SELECT 0
3 " 4 " 1
5 " 6 2
7 " 8 SPARE
9 ” 10 -INDEX
" " 12 -READY
13 " 14 -SECTOR/BYTE CLOCK
16 " 16 -DRIVE SELECT 1
17 " 18 " 2
19 " 20 " 3
21 " 22 ” 4
23 " 24 -DIRECTION
25 " 26 -STEP
27 " 28 -FAULT CLEAR
29 " 30 -WRITE GATE
31 “ 32 -TRACK 0
33 " 34 ~WRITE FAULT
35 " 36 -READ GATE
37 v 38 GND
9 +WRITE DATA 40 -WRITE DATA
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CNA (continued)

41 GND 42 -WRITE CLOCK
43 +WRITE CLOCK 44 GND
45 +PLO CLOCK 46 -PLO CLOCK
47 GND 48 +READ DATA
49 -READ DATA 50 GND
Key slot: Between 8P and 10P.
CNB
1 -INDEX 2 GND
3 -READY 4 "
5 -SECTOR/BYTE CLOCK 6 "
7 -SEEK COMPLETE 8
9 +WRITE DATA 10 -WRITE DATA
11 GND 12 +WRITE CLOCK
13 -WRITE CLOCK 14 GND
15 +PLO CLOCK 16 -PLO CLOCK
17 GND 18 +READ DATA
19 -READ DATA 20 GND
Key slot: Between 8P and 10P.
CNC
1 +24V 2 +24V RTN
3 -12V RTN 4 -12v
5 +5V 6 +5V RTN

4.6 ELECTRIC CIRCUIT OPERATION

4.6.1 Block Diagram
The block diagram for the electric circuit is shown in Fig. 4.8.

462 Start/Stop Circuit

When all DC voltages are applied to the unit, the brake relay is opened and the driv-
ing circuit of the DC spindle motor is enabled, thus turning the disks. The speed of
the spindle motor is monitored by an internal timer. When the disks are rotating at
the correct speed, the stepping motor is energized, and the SEEK COMPLETE and
the READY signals are sent to the interface. When the power is turned off, the brake
relay is closed, and the DC motor is connected to the brake resistor from the driving
circuit. This brakes the DC motor and the disk comes to a complete stop in about 25
seconds.

When power is applied to the circuit, a recalibrate to track zero sequence is initiated
automatically, and heads are located at cylinder O before the Ready Signal goes true.
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STEPPING MOTOR
Control
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w
E DISK SELECT
Q Circuit COUNTER
o
INTERFACE B ~
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w
> i |
s
INX/SECT DC SPINDLE
Generation CRYSTAL PLO MOTOR
Circuit 0OSC. Controt
Circuit
Disk Enclosure
- ) HEADS DISKS
ul [
Q |
g VFO & R/W R/W w X w
4 [©] -
T NRZ =—=MFM Circuit N PRE AMP g 3——\ 2 x —
= ] ol
z o o b——mF
— | § EZ?¢ |
. [ X—
I CLOEK HEAD
cLOCK _ -
AMP

Fig. 4.8 Block Diagram



0cv

+24V

L

-12v

-5v
Regulator

Voitage
Detect
Circuit

Brake Resistor

DC Spindle Motor

o{.bféf é

Brake Relay

DC Spindie Motor
Driving Circuit

Fig. 4.9 Start/Stop Circuit Block Diagram




4.63

4.6.4

4.65

DC Spindie Motor Driving Circuit

The integral DC spindle motor consists of 4-poles with a 3-phase outer rotor. The
detection of the rotation angle is conducted by three hall-effect elements fitted into
the motor.

The motor driving circuit controis the coii current of the motor by sensing the three
pairs of output signals from the hall-effect elements. The driving circuit also serves
to detect the coil current of the motor in order to regulate the current required
during start-up, and if the value exceeds specification, the circuit turns off the coil
current. Fig. 4.10 shows the block diagram of the DC spindle motor driving circuit.
Fig. 4.11 shows the timing chart.

DC Spindle Motor Controlier

The DC spindle motor controller controls the rotational speed so that it falls within
the range 2964 rpm +2% by comparing the reference frequency of signals generated
by the internal oscillator with the frequency of clock signals from the clock head on
the lower disk.

Fig. 4.12 shows the block diagram of the DC spindle motor controller, and Fig. 4.13
shows the timing chart.

Unit Select Operation

The unit may be configured as logical unit number 1, 2, 3 or 4 by setting the proper
switch keys on the PCB. The select operation enables the interface of the drive with
the logical unit designated by the controller. The drive is selected when the logical
unit number compares with the drive select 1 to 4 signals from the controller. Refer
to Section 3.6.1 for the setting procedure.
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Hall-Effect
Elements

DEC

CMP
S
HC2

HC3

=3

=1

e —

%%

DCMCNT

DCMOTOR >
From DC Motor Controiler

Vref

GATE

circuit

+24v
T
j A4 |

DC Spindle Motor

+24V RTN

Note: DCMCNT is the signal which controls the speed of the DC
spindle motor.
When DCMCNT is logical “*1°’, it blocks current to the motor.
When DCMCNT is logical "'0"’, it permits the current to flow.

Fig. 4.10 DC Spindle Motor Driving Circuit Block Diagram
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HC1

HC2

HC3

Coil Current and Its
Direction

T1

T2
A--B

T3

T4
B —-C

T5
B —-—A

T6

T

T2

Fig. 4.11 DC Spindle Motor Driving Circuit Timing Chart
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vev

CLOCK HEAD

600k Hz

Note: When DCMCNT is logical ‘0", the current
flows to the motor and the latter is accelerated,
and if the signal is logical **1°* the current is

CLP blocked.
CLOCK AMP COMPARATOR
19.2MHz
- * Marked circuits are contained in MB15207
+ Y Marked circuit are contained in MB60512.
PLO
! FRQ. ) CHARGE PUMP 2F ck CNT * '
& vVCO
COMPARATOR EILTER 1/16
1/8F

]
L _ _ _ \ _ ]

>ck CNT1/256‘ DECR 4.69kHz 1.2MHz

clr ce
T Q
CRYSTAL CrveTaL o - a" { ce g FF Y poMCNT DC Motor to the
Cl . e . .
[ osC CNT CLK? | cHOPPER LSk I L ok ok driving circuit
- : 1/2048 ,,l,,
9.60MHz 4.69kHz

Fig. 4.12 DC Spindle Motor Control Block Diagram



(1) During Acceleration (when motor is rotating slowly) DCMCNT is ‘‘0"'.

CLK8

CK
(CHOPPER for CLK8) l l U I l

DECR

CE
_____ /0 in the state of accelerating.

DCMCNT

(2) During Deceleration (when the motor is rotating fast) DCMCNT is “‘1"".

SZv

CLKS8

CK

DECR

CE

DCMCNT

17 in the state of decelerating.

£

Fig. 4.13 DC Spindle Motor Control Timing Chart (1)
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(3) Under Control (the speed of rotation is controlled to the 2964 rpm +2%).

o I i hll | U U

I

DECR Lr U
ce I )

T
s

DCMCNT  Acceleration J Deceleration l Acceleration

Fig. 4.13 DC Spindle Motor Control Timing Chart (2)

Deceleration



4.6.6 SEEK Contro!

(1)

(2)

(3)

(4)

(5)

General

There are two modes of operation for the head positioning stepper motor:
controlled step mode and slave step mode. The seek control circuit monitors
the frequency of the step pulse transmitted from the controller to the drive,
and if the input frequency is less than 1kHz, the controlled step mode is auto-
matically selected. If the input frequency is over 3kHz, the slave step mode is
automatically selected. However both the step rates of 1kHz to 3kHz and over
3MHz are prohibited.

When 255 or more step pulses are received in slave mode, the drive will auto-
matically return the heads to track 0. This operation is called RETURN TO
ZERO (RTZ). Fig. 4.14 shows the block diagram of seek control. Fig. 4.15
shows the flowchart.

Controlled Step Mode

In this mode, the stepper motor performs a SEEK directly controlled and
synchronized with the step puise sent from the controller. The direction of
the seek is controlled by the DIRECTION line from the controller. Fig. 4.16
shows the timing chart of controlled step mode.

Slave Step Mode

in this mode, the seek is performed by step pulses generated by the speed up/
slow down circuit within the drive. After receiving and storing all step pulses
in the 3kHz to 3MHz range, coming from the controller, the seek is controlled
automatically by the drive in order to complete the operation in the least
amount of time.

The step rate of the speed up/slow down circuit is stored in ROM which is
accessed in the Slave Step mode according to the value of the seek counter and
the difference counter. The puise train is formed depending on the data read
out from ROM. Fig. 4.17 shows the timing chart. Fig. 4.18 shows the step rate
of speed up/slow down.

RTZ Mode

When more than 255 step pulses in slave step mode are received from the
controller, the internal difference counter is kept at 255 and at the same time,
RTZ LATCH is set. After all the step pulses from the controller are received,
the SEEK is performed in the outer direction until the TRACK O indication is
received by the speed up/slow down circuit. The step rate of the speed up/slow
down circuit, in this case, is determined by the data from ROM accessed by
the RTZ LATCH bit. In the RTZ mode, the regular step rate is 500 pps. Fig.
4,19 shows the timing chart.

SEEK COMPLETE

The SEEK COMPLETE signal indicates to the controller that a seek operation
has been completed. The unit can be set by a switch on the PCA to use the
SKC signal which includes the settling time.

Refer to item 3.6.7 for the setting method of switch. Fig. 4.20 shows the
timing chart of the SEEK COMPLETE response,
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(DIFFERENCE CNT)
CNT PAQT 0~7 MPX SOT 0~7 ROM PDT 0~7 CNT
DN w clk
i > up
CBRW STP
c/b —Ql pe carry -
To the stepper
Qe ro P—— driving circuit
RC
(SEEK CNT)
CNT -
o PBOTO~7 ) cMP T)-
STEP
P *ESTP pr
(From controller) SKC —_
RTZ(RTZ LATCH) oo
cr l | sEEK COMPLETE
1'% SEKC e {FOR CONTROLLER)
pr TIMER -0 O—
! —Q clk
—Q ¥’ 77;.—* d
(SKC LATCH)
,71,,_ SGATE (SETTLING TIMER)
Note: This circuit is contained in MB60512.

Fig. 4.14 SEEK Control Block Diagram



Step puise from the
controller is received

Step
ulse less than 0.5ms>-

No

The number

No

Set CONTROLLED STEP
MODE, and perform SEEK
at the speed of input step
pulse

of step pulses less
than %

Yes

Set SLAVE STEP mode,
perform SEEK at the
step rate of speed up/
slow down circuit

Set RTZ mode, and
proceed SEEK to track O
at regular speed

Fig. 4.15 SEEK Control Flow Chart
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.
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(FROM CONTROLLER
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J
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]
- ]
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Fig. 416 CONTROLLED STEP Mode Timing Chart



(FROM CONTROLLER)

J
£

[

\

\ﬂ.ﬂ ﬂfLﬂﬂ_,,LﬂfLR\

500us

a

U Ut \,Z—

Pulse rate recorded in ROM ,
1

Fi 17 SLAVE STEP Mode Timing Chart
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e

LN fl, NN T

.
m T2 T3 T4 Tn-2 Tn-1 Tn
1 2 3 4 n-2 I n-1 n
Step Pulse Step Pulse
No. Interval @ No. Interval
1 0.50ms T - n 2.00ms
2 0.20 @ n-1 120
3 3.00 —4——-4 n-2 1.00
4 1.10 1 -~ | | n-3 0.90
5 0.90 n-4 0.82
6 0.82 n-5 0.72
7 0.72 n-6 0.69
8 0.69 n~-7 0.64
9 0.66 n-8 0.61
10 0.64 n-9 0.58
1 0.61 n-10 0.56
12 0.58 n-11 0.53
13 0.56 n-12 0.50
14 053 n-13 0.48
15 0.50 n-14 0.45
16 0.48 n-15 0.44
17 0.45 n-16 0.42
18 0.44 n-17 0.40
19 0.42 n-18 0.39
20 0.40 n-19 0.37
21 0.39 n-20 0.36
22 0.37 n-21 0.35
23 0.35 n-22 0.33
24 0.33 n-23 0.33
Example: l
l ® Pulse rate at 7 track seek mode;

0.50 + 0.20 + 3.00 + 1.10 + 1.00 + 1.20 + 2,00 = 9.00 [ms]

@ Pulse rate at 8 track seek mode;
0.50 + 0.20 + 3.00 + 1.10 + 0.90 + 1.00 + 1.20 + 2.00 = 9.90 [ms]

Fig. 4.18 Speed Up/Slow Down Step Rate
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Fig. 4.19 RTZ Mode Timing Chart



(1) Response at the Time of CONTROLLED STEP Mode
(a) When the input step pulse period is more than 30ms.

STEP ﬂ ﬂ ﬂ

STP l- J- J-

SKC

{without
settling time)

e 500“5 O

SKC —l
é:’tittl?ng time) J-_L J_-L |

30ms

(b) When the input step pulse period is less than 30ms.

STEP n n ” n

s Il l 1l 1

SKC

(without l I I | l
. settling time)

I 500us '

SKC

30ms

(2) Response at the Time of SLAVE STEP Mode

orer —UTTUUUUUUUUULL

(with : | I
settling time)

) | ] |

SKC .
{without I

settling time) -
(SKC
with
settling time) i

30ms

Fig. 4.20 SEEK COMPLETE Response Timing Chart
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4.6.7 Stepper Driving Circuit

The four phase stepping motor is used to position the data heads, and the stepper
driving circuit is the circuit for driving the stepping motor. For stepper motor rota-
tion, the 1 - 2 phase magnetization system is employed. The magnetizing phase con-
trol circuit controls the winding of the stepping motor to be magnetized and the
timing of its magnetization by means of step pulse STP and DIRECTION coming
from the seek control circuit. The stepper driving system requires two types of
magnetization voltage, +24V and +5V. Switching occurs between these two voitages
in order to maximize performance during the power-on, seeking, and settling opera-
tions.

(1) During SEEK
During the SEEK operation, when magnetization starts, a voltage of +24V is
fed for about 1ms to the phase of the stepping motor to be magnetized, and
after that a voltage of +5V is fed to the phase until the magnetization of that
phase is switched to the other phase.

(2) During Settling

During settling time, which starts after the SEEK operation has completed, and
lasts for about 30ms, the stepping motor is magnetized by a switching voltage
of +24V/+5V. The switching rate is changed depending on whether only one
phase is magnetized or two phases are magnetized at the time of SEEK com-
pletion.

And after the settling is completed, the hold torque of the stepping motor is
created by using +6V. Fig. 4.21 shows block diagram of the driving circuit.
Fig. 4.22 shows the timing chart.
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Fig. 4.21 Stepper Driving Circuit Block Diagram
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(1) Magnetizing Phase Control Circuit
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Fig. 4.22 Stepper Driving Circuit Timing Chart (Page 1 of 2)
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(2) Magnetization Voltage Control Circuit

STP

DIRECTION

o 1L

¢ 2L

¢ 3L

¢ 4L

¢ 2H

¢ 3H

® 4H

SKC

SEKC

+5V

+5V

+5Vv

+5V

T3 1 phase magnetized stopping time 324us
2 phase magnetized stopping time 1,728us

).

L

)L
0

1 | T \

-
L ) al
— J L -
| T, N
+24V T1=1728us ———}-—
Il M n n,n
+24V I '__Ti—l
+24V J I %F
—

While seeking

Fig. 4.22 Stepper Driving Circuit Timing Chart (Page 2 of 2)

During settling ——-r—
(Approx. 30ms) 4,
-



468

Index and Sector Generation Circuit

On the clock track, there is one index pattern and 24,320%%§ byte clocks stored.
Sector pulses are generated by the byte counter. This counter is preset by each index
or the sector pulse to the value set by switches and counts the byte clock (1/8F)
from the PLO clock which is synchronized to the clock signal coming from the clock
track. The length of a sector is determined by the setting of the switches on the
PCB.

For exampie, for a sector iength of 304 bytes, the data preset input of the byte
counter is set to (4,095 — 304) = 3,791 by switch setting, and loaded to 3,791 by
the physical index which comes from the index pattern on the clock track. Then
the byte counter is incremented by the byte clock (1/8F). When the number of
bytes reaches 4,095, a CARRY of one byte width is sent out, which becomes sector
pulse, and at the same time, the byte counter is preset to 3,791. Eighty sector pulses
per one revolution are generated (24,320 divided by 304 equals 80).

Since the number of bytes stored on one track is 24,320*33 bytes, if the sector
length is set to 304 bytes, the last sector is lengthened by *33 bytes.

Refer to item 3.6.6 for switch setting method to set sector length. Fig. 4.23 shows a
block diagram of the INDEX and SECTOR generation circuit. Fig. 4.24 shows the
timing chart.
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« This circuit except the switches is contained in MB60512.

Fig. 4.23 INDEX and SECTOR Generation Circuit Block Diagram
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4.6.9 Read/Write Circuit

(1)

(2)

(3)

General
This circuit consists of the head select circuit, write circuit, read circuit and

VFO circuit.

Head Select Circuit

This is the circuit which select the designated data head in response to the head
select signals (HEAD SELECT O~ 2). HEAD SELECT 0 and 1 are converted
into ECL leveled HS1 and HS2, which are decoded in a HEAD IC. HEAD
SELECT 2 is decoded into chip select 0 and chip select 1 (CSO and CS1).

The DC regulator supplies + 6VDC (VCC) and —4VDC (VEE) to the HEAD
ICs within the disk enclosure. The Block Diagram of Head Select Circuit is
shown in Fig. 4.25.

Write Circuit
The block diagram of the write circuit is shown in Fig. 4.26.

(a) NRZ to MFM Encoder/Write Compensator

The NRZ WRITE DATA from the host is encoded into MFM WRITE DATA writ-
ten on disks. At that time, MFM WRITE DATA is pre-shifted to the opposite
from the expected shift direction due to the so-called peak shift phenomenon,
which is more apparent on high bit density tracks. It is called write compensa-
tion. Compensated write data signal (WDP) becomes differential signals (DX/
DY) through the Flip-Flop and Read/Write Bus Switch, and are sent to Head
ICs. Fig. 4.26 shows the correlation between NRZ and MFM. The truth table of
write compensation is shown below.

NRZ WRITE DATA Write
1 2 3 4 Compensation

X 1 0 Early Data

-
—
-—

On-time Data

1 Late Data

1 Early Clock
On-time Clock
Late Clock

Ol X|X|X|X

oo |0}o

— O | OO | =

Compensated data bit
Compensated clock bit

(b) Write Select Driver
WS signal line is connected to the common terminal of each head. In write
mode, the voltage of WS is 3.5V and enables write current through the
selected head. In non-write mode, the voltage of WS is OV.

(c) Write Fault Detection Circuit and Fault Latch
This is the circuit which detects the occurrence of an error during the write
operation. If any of the following conditions occur the circuit sets up the
FAULT LATCH and transmits the WRITE FAULT to the host. The circuit also
sets up the detail of an error and holds it until the FAULT CLEAR is received
from the host. The detail of an error can be observed on test points on the
PCB.



(4)

(d)

The Check Terminal
Error Status Set by Fault Latch
Both WRITE GATE and READ GATE come RG#
at the same time.
WRITE GATE comes when two HEAD ICs MLT
are selected at the same time.
During the WRITE operation, abnormal UNS
current flows through the data head.
The WRITE GATE signal comes when SEEK ' SEK
COMPLETE is false.
The WRITE GATE signal comes when the FRY
unit is not READY.

Power Loss Detection Circuit

At the time of power-on/off, and when an instantaneous power-failure
occurs, an abnormal current could flow through the data head due to tur-
bulence in the logic circuit, and could cause the data on the disk to be
destroyed. For this reason, the power loss detection circuit monitors the
DC power level so as to clamp the power source of R/W Bus Switch and
VEE to OV very quickly in the event of a power drop, thus preventing an
influx of abnormal current to the data head.

Read Circuit
Figure 4.28 shows the block diagram of the read circuit.

(a)

(b)

(c)

(d)

(e)

HEAD IC

During a read operation, the input to the Head IC is the head output
created by induced voltage generated by the difference in magnetic flux
on the disk. The head output signal is amplified about 35 times and trans-
mitted through DX and DY to the main PCB.

Low Pass Filter

The DX, DY HEAD IC outputs are amplified about 1.6 times by the R/W
Bus Switch and send to LPF circuit. The filter eliminates high frequency
noise from the amplified read signal. High cutoff frequency is about 9
MHz.

AGC Circuit
The AGC circuit composes a feed-back loop so that the outputs of
MB4311 hold 3.0 V constantly.

Differentiator

The read signal after passing the filter shows flux change at its peak.
The differentiator is the circuit which modulates the read signal so that its
flux change point comes to a zero crossing point. The differentiator
formed by CR is employed.

Pulse Shaper

This is the circuit which detects the zero crossing point of the differential
wavefrom in analog differentiated by the differentiator and modulates it
to logical level. The output of the pulse shaper is the logical CML level.
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(f)

(9)

Shoulder Noise Rejection Circuit

The read waveform from the head has a so called shoulder as shown in
Fig. 4.29. When this waveform is differentiated, the part of this shoulder
approximates to the zero cross line, and after the output of pulse shaper,
a noise pulse would overlap on it due to external noise.

The shoulder noise rejection circuit identifies a signal pulse and a noise
pulse by the width of the pulse and eliminates the noise pulse which has
less width than the regular pulse. The output level of this circuit is also
CML level.

Level Converter and Differentiating Circuit

in this part, RAW DATA is formed which becomes a regular pulse width
from the leading edge and trailing edge of the output of shoulder noise
rejection circuit. And it also converts the CML level to the TTL level.
Fig. 4.29 shows each part of the waveform created by the read circuit.



CQOMPCA <a———— | e DISK ENCLOSURE
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HEAD SELECT 0 - HS1 !
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CHIP SELECT -
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Fig. 4.25 Head Select Circuit Block Diagram
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CQOM PCA ~a— I = DISK ENCLOSURE
|
HEAD SELECT |
POWER !
LOSS CHIP SELECT i
DETECTOR - POWER SUPPLY |
WDP |
WRITE DATA |
} TEDA NRZ TO MFM I :>
N\ WRITE CLOCK N ENCODER WOP - we |
- "+ -] FF = READ/WRITE ox HEAD
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. WRITE GATE WRITE SWITCH DY |
D COMPENSATOR -
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| (MB15207) :
‘ |
_ PLO2F ] WRITE |
- CURRENT | ___>
£
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| HEAD
~_ WRITE FAULT | IC
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- DRIVER |
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|
|
WRITE FAULT UNS UNSAFE Cus|
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|
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\  DIRECTION CYLINDER I
Ve REGISTER |
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|
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HEAD
4~7
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DATA
HEAD
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Fig. 4.26 Write Circuit Block Diagram
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(1)

(2)

(3)

(3

WRITE DATA
(NRZ)
WDP {MFM)

DX/DY
(WRITTEN DATA)

WRITE DATA
(NRZ)
WDP (MFM)

DX/DY
(WRITTEN DATA)

WRITE DATA
(NRZ)
WDP (MFM)

DX/DY
(WRITTEN DATA)

wDP

DX/DY
(without write
compensation)

C

L CL CL

S N s S O B O

EC

S

MFM Recording Rules:

|

1. There is a flux transition for each "*1" data bit.

2. There is a flux transition between each pair of 0" data bits.
3. There is no transition between “01’* or 10" data bit patterns.

Fig. 4.27 Correlation between NRZ and MFM with Write Compensation




8v-v

______________ RS1 RS2
| 1]
| AMP
DATA HEAD | (MB4303)
HEAD Ic | - RS3 RS4
0-3 | o
|
|
! DX RIW
DATA HEAD T BUS o LOW - AGC AMP v
HEAD IC l oY SWITCH PASS . (MB4311)
47 ] (MB4316) o] FILTER o] (MB4303)
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: I i 1
DISK ENCLOSURE ] CYL > 128 WGT
ROT
Differentiator 1 3 SHOULDER RAW
PULSE NOISE DIFFER- LEVEL DATA
— 2 SHAPER 4 REJECTION ENTIATOR CONVERTOR

Fig. 4.28 Read Circuit Block Diagram
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Shoulder Part
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Shouider Noise

U

RDT m m ﬂ m n_ ﬂ n n I—L_J—L_..

(RAW DATA)

Fig. 4.29 Read Circuit Waveform



4-50

(5)

VFO Circuit

The VFO circuit isa PLL (PHASE LOCKED LOOP) circuit which synchronizes
to PLO2F clock during READ GATE OFF, and to read data pulse RAW DATA
(RDT) in during READ GATE ON. The VFO circuit demodulates the read
data to NRZ using the VFO2F clock synchronized to MFM’s RAW DATA
during the READ operation.

A voltage control oscillator (VCO) in the VFO circuit temporarily stops oscilla-
tion at the time of READ GATE ON/OFF, so as to shorten VFQ'’s synchroniza-
tion time when the VFO locks to RDT (Read Gate on) or PLO2F (Read Gate
off). The VCO is oscillated so that the demodulated data is all ‘0"’ when READ
GATE is on, because the READ GATE signal rises in the gap area where only
“Q's’’ were written.

The block diagram of the VFO circuit is shown in Fig. 4.30, the timing chart of
the phase comparator in the VFO circuit in Fig. 4.31, and the timing chart of
the data demodulation circuit in Fig. 4.32.



1S-v

RG
RAW DATA
*RG

PLO 2F

Y YY)

DEC INC 9.60MHz
DATA
cL
PHASE CHARGE
oot MS COMPARATOR PUMP & vCo VFO2F
FILTER
VH
d= T j WCNT
d ck
K
I cr
SR 3)> 9
L4
VH
—— 1 2
j i j 33 READ DATA
ck ck ck
k L k K
i -3 VFO 1F
ck
k

Note: This circuit except Change Pump, Filter and VCO is contain in MB15207
Fig. 4.30 VFO Circuit Block Diagram




(1) In the Same Phase

*VFODT

LI L LJ
U U U
U U U
pEpEpEpEpEEEERE N

DATACL

DATA CL DELAY

L

I

™~
U

VFO 2F

DEC

INC

(2) VFO Phase Advances

DATACL

J
DATA CL DELAY % U U U
U L U
VFO 2F //
8 Ty N N
2 L L L[

INC

(3) VFO Phase Delays

DATACL —LI U U u—
S~

DATACL DELAY lﬁ}) U w Lr
—léﬂ_llJlllJIJlr‘lr

-
DEC <
e
INC
L] L] L
gd

Fig. 4.31 VFO Circuit Phase Comparator Timing Chart
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Fig. 4.32 Data Demodulation Circuit Timing Chart
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5. TROUBLESHOOTING

FAULT 1 The disk does not rotate.

‘ START ,

Disconnect the DC
cable and check the

voitage.
Normal? No
Yes
Connect the cable Check the power
and check the voltage. supply and the DC
cable.
N
Normal? o
Does No Disconnect cables
the brake relay - (CNP1 ~ CNP4)
eratel check the voltage

Yes
Normai? No
Check the DC motor /
drive circuit. Yes

Nor"> Yes Yes

No Replace the drive.

Replace PC board CQOM.

Replace PC board CQOM.
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FAULT 2 Not Ready

START

Check the switch
settings.

FAULT 1

Normal? No
Yes

Observe the INDEX
signal via the check
terminal on CQOM

Set the switch.

Observe the INDEX
period.

No

Observe the clock
signal via the check

terminal on CQOM.

Normal?

Yes

Check the PLO circuit.

No

Replace PC board CQOM.

Replace the drive.




FAULT 3 Read Error

Write the repetitive
pattern of 00" and
10", read the written
data, and observe the
read out level and

the resolution,

Allocate an alternate
sector for the de-
fective sector.

Satisfied?

See Section 6.2.8.

/

an
e read waveform bé
served),

Replace PC board CQOM.

Yes

l

Observe the settling

> ———
waveform.

See Section 6.2.9.

Nor"> Yes

No

Replace the drive.

Replace PC board CQOM,
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6. MAINTENANCE

6.1 GENERAL

The unit needs no preventive maintenance. The parts required for maintenance are only
the one printed circuit assembly. This section describes verification of the control circuits

on the printed circuit assembly.

CAUTION: (i) Under no circumstances should the disk enclosure be opened unless
in a clean room. Likewise, the retaining clamps for the DE plastic
cover must not be loosened.

(ii) This printed circuit assembly contains LSis, which are damaged
easily by electrostatic discharge, therefore pins of ICs must not be
touched directly by hand.

6.2 CHECKS OF THE CONTROL CIRCUIT

6.2.1 General
In this device there are no parts which need adjustment such as variable resistors.
Only setting of the switches on the printed circuit assembly for a variety of func-
tions is required. Accordingly, this section deals with how to removed the defective
PCB when a failure occurs, and how to check the control circuits if a failure is
suspected.

6.2.2 Confirming the Switch Settings

There are switches (SW1 to SW5) on the Control B (CQOM) PCB assembly which
can be set to perform a variety of functions. Careful attention should be given in
setting the switches in accordance with item 3.6, Switch Setting Procedure.

6.2.3 Check of Standard Frequency Oscillator
Observe the check terminal “OSC’” on the Control O (CQOM) PCB, and confirm
that the waveform is as follows.

C1UATTLY

O (TTLY

M3 “osc

104ns £2%
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6.2.4 Check of Clock Signal

In the ready status, that is, when the disk rotation is up to speed, observe the check
terminals ““CLS'’ and “CLP" and confirm that the waveforms are as follows.

N |

H6 “CLS" , T v

“17(TTL)

- ._J _J “0" ({TTL)

Js  “CLP”

V: Over 0.8V
T: 1.69us t0.1us

6.2.5 Inspection of PLO Circuit

In the ready status, observe check terminals ‘“P2F’* and ‘“1/8'' or the Control O
(CQOM) PCB and confirm that their waveforms are as follows.

C1U(TTL)
Js  “P2F”
EE— ————— 0" (TTL)
T1
“1U(TTL)
L3 "i1/8"
. "0 A{TTL)
T2
T1: 52ns +3%

T2: 833ns £3%
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6.2.6 Check of Index and Sector

in the ready status, observe check terminals “INX’’ and “SEC’ on the Control O
(CQOM) PCB, and confirm that their waveforms are follows.

— 17 (TTL)
v3 TINXT —f “0" (TTL)
T
FA = 1L
[ o
[ b
V3 "“SEC" — 9 Lt om0
T2

T3

T1: 0.7Ms 5%
T2: 833Us X (bytes/sector) +5%
T3: 20.24ms +3%

6.2.7 Inspection of VFO Circuit

(1) Confirmation of Frequency
In the ready status, and yet not read status, observe the check terminal “V2F"
in the Control O (CQOM) PCB, and confirm that the waveform is as follows.

g

M5 V2FT

T5: 52ns +3%

(2) Confirmation of Control Voltage
During power-on and during the read operation, observe the check terminal

“VCT" and confirm that the waveform is as follows.
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During Power-On

Power ON
———————— 3.5V 0.8V
M5 “vCT
2.5V or less
T
T: Less than 15 sec.
During the beginning of the read operation
J5 ""—RG" ——~|
M5 “VCT* 0.2V
0.2v

T: Less than Susec.

6.2.8 Observation of the Read Waveform

Write the repetitive data pattern “00’’ then ““10”, and using the differential mode,
observe the output level on the check terminals “RS1” and ‘RS2’ on the Control
O (CQOM) PCB. Confirm that they satisfy the following standards in every cylinder
and data head. In general, the read output level and resolution ratio at cylinder 243
are the most critical.

00’ Read Waveform

o AN
ATATAV




“*10’* Read Waveform

\ T

ANPAWIIEE
AV

Read output level V2F > 0.4V
Resolution ratio (V2F/V1F) x 100 > 55%

Note: Differential observation mode:
Use both channels of the oscilloscope. Connect one channel to “RS1’* and the other to
“RS2'’, Set one of the two channels to invert and observe by the add mode. Make
sure to connect ground lines to the two probes, and then connect the grounds to the
0V terminal on the PCB assembly, near "’'RS1*’ and ''RS2"".

6.2.9 Observation of the AGC Amplifier Output Waveform

Observe the AGC output level on the check terminals ‘“RS3’’ and ‘“RS4’’ by
differential mode, and confirm the following specification is satisfied regardless of
cylinder address and data pattern.

“R83"
R5 “RS4"’ 3.0V :0.3V

6.2.10 Check of the Settling Waveform after Seeking

Begin a continuous alternate seek operation between two cylinders. Observe the
read waveform after SEEK completion at the check terminal “RS1’’ on the Control
O (CQOM).PCB. Confirm that it satisfies the following standards.

V3 -IS _l

U6 RS1 L -

I |

T: Less than 30ms
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7. SPARE PARTS

To Be Supplied.
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8. IC DETAIL
8.1 OUTLINE
This section describes functions of TTL, ECL, CMOS, Linear IC’s and original IC’s.
8.2 LOGIC CONVENTION AND SYMBOLOGY
8.2.1 TTL Logic

MRX 112/114 micro disk drives use +5V transistor—transistor—Logic. TTL logic is
defined in terms of standard POSITIVE LOGIC using the following definitions:

High Voltage = Logical “1”
Low Voltage = Logical “0"

The input/output logic levels of TTL are defined as follows:

(1) TTL Medium/High Speed IC

Max. +5.5V / / -
' /
0 4///7//4/,
+2.0V L /// 0.4V +2.4V
+0.8V\ Q \\ 0.4V .
\\ y NN N o
NN
Input Output

Fig. 8.1 TTL Medium/High Speed IC Level
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(2) TTL Super High Speed IC

+5.5V
/

NN
NN
:§\\\\

e 4 0.7V
vov LLLL |

+0.8V
\\ \ \\ \\\ 0.3V 0.

Input Output

Fig.8.2 TTL Super High Speed IC Level

(3) Low Power Schottky

+7.0V

+5.25V
g
+27V
Ay i 0.7V
+08V
AN N 0 av
\ AN NN : +0 4V
\\\\\ NN ~ N oy
03V NN AR Q"
- Input Output

Fig. 8.3 Low Power Schottky Leve!



8.2.2 ECL Logic

The unit uses ECL (Emitter-Coupled-Logic). The ECL logic is defined as POSITIVE

LOGIC used for the diffinition as follows.
High Voltage = Logical ‘1"’
Low Voltage = Logical “Q’’

The input/output logic levels of ECL are defined as follows.

-1.475W

NN - XX,

Input Qutput

-1.85Vv

Fig. 8.4 ECL Logic Level

8.2.3 CMOS Logic

The unit uses CMOS (Complementary Metal Oxide Semiconductor).

logic is defined as POSITIVE LOGIC used for the definition as follows.

High Voltage = Logic “1'"
Low Voltage = Logic ‘0"’

The input/output logic levels of CMOS are defined as follows.

// -

0.8v

T v e

Input Output

Fig. 8.5 CMOS Logic Level

The CMOS

83
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8.24 Logic Symbology
The following conventions are provided to aid in understanding the symbology used
in this manual.

(1) TTL

A ————

Y The diagram shows AND gate.
B —— Y=A‘B
A

Y The diagram shows OR gate.
B Y=A+B

A circle placed on any input line or

on the output line indicates that logical
o 0" is the significant state.

The absence of a circle indicates logical

1" is the significant state.

(2) ECL

A — Y This indicates AND/NAND gate.
Y=AB=Z

B Z

A \ ™~ Y

This indicates OR/NOR gate.

Y=A+B=Z

B z

O This symbol has the same meansing in TTL.

(3) All logic symbols on each logic diagram are identified by a sequential number-
ing and element type code.

For example:

M75e
@
O

M75*: Sequential part number of each parts list.
LAO1: Abbreviation of the element code name.
F6: Physical installation position of an element on the printed circuit assembly.



8.3 SPECIAL IC’s
(1) MB4303C
AGC Amplifier

The MB4303C is a Automatic-Gain-Control Amplifier with Differential Inputs and

Outputs. It contains another Differential Amplifier.

TOP VIEW
e Jas| el 3] frz| fri]folo |
AMP QMP
T2+ s 7 e

{2} MB4311C
Peak Detector

TOP VIEW

el s el 3] fr2]]11] f10]] 91_1

7 AL
|

Cfﬁm

-—
5 6 7

w0

b wd wd o meh b
A e B

QaAaNITHRLN =

_
Qoo hwN

INPUT2
OUTPUT2
OUTPUT?2
OUTPUT1
OUTPUT1
VR
VAGC
VG (GND)
Vee
INPUT1
INPUT1
GA

GB

VBB
INPUT2
Vee

ouT1
ouT1
IN2
IN2
VH
VL
sa
GND
Vee
AGCG
CLA
CAP
VAGC
IN1
IN1
Vce
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(3) MB4316C
Read/Write Bus Switch

TOP VIEW

16 15“ 14“ 13]__] 12]__,] 1 m

Receiver Driver
Dri- .
ver Driver

(4) DV18
Clock Driver

1 2 3*14["5!‘16""7"‘

16 15 14 13 12 iR 10 9
~
Oyl D D D D O
Y Y ”~ ) P ) 77 %y
L - L D . s < ‘-’ Nt
1 2 3 3 4 5 6 7

— o d o b o -
o@oRrONTOQ

— e ek ek e eed e
OO AWN=O©

XYoo HLN 2

N D AR LN

Vee2
GAN2
GAN1
INS
IN4
ouUTs
ouTe
GND
Veel
IN2
IN3
ouT4
OouT3
IN1
ouT2
ouT

N.C.
ENB
XE1
N.C.
N.C.
N.C.
XEz
GND
N.C.
N.C.
N.C.
N.C.
ouT
N.C.
Vce
N.C.



(5)

(6)

MB15207C Bipolar 500 Gates Array
This IC has the following functions.

O NRZ to MFM encoder with write compensation

O PLO/VFO phase detector

O Data Separator

O Physical Index detector

O Write Fault detector

Fig. 8.6 illustrates the pin assignment and Table 8.1 shows the pin numbers and
names,

MB60512C CMOS 2000 Gates Array
This IC has the following functions.

O Stepping Motor Control
O Sector/Index Generation
O DC Spindle Motor Control

Fig. 8.6 illustrates the pin assignment and Table 8.2 shows the pin numbers and
names.

(RIT 64)
O, O, Oy O O O,y O, O, O Op
O, Oy O, O, O, O, O, O, O, O,
Oy Os o, O,
O, O O, O
032 061 (Top View) C)48 015
O, O o, O,
0, O, O, O,
O O @ O O,
Op O, Op Oy, O, O, O, O, O, O,
0o, 0,0, 0, 0,0,0, 0,0, O

Fig. 8.6 MB15207/MB60512 Pin Assignment
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Table 8.1 MB15207 Pin Numbers and Names

fin | yo | Nameof | bin| o | Nemeot | R 10| Temime | Ne.| O | Tormina
1 | NC 17 | RYCLR 33 i ONT 49 | O GATES
2 | O | *PDEC 18 ! CLK11 34 1 WDT 50 *RYCLR
3| o0 P1/8 19 [ DLYCL 35 ] PSWCL 51 1 CLK10
4 NC 20 1 FMD 36 o} PSWDT 52 | INDEX
5 [ PLOSW 21 o] PCL 37 | DIAG 53 | O RDDT
6 | PCL 22 o WIN 38 (o] PINC 54 | VDD GND
7 1 P1/16 23 ) *GAPOO 39 P1/16 55 i VF2F
8 | *CLPLS 24 | DTCL 40 |vDD GND 56 | VFO2F
9|0 PINC 25 | *RDMSK 4 | *CPL 57 | *VFODT
10 1 SKC 26 | *VFODT 42 1 *CLR 58 1 RGT
1 o} ERROR 27 { RAWDT 43 1 P1/16 59 LOCK
12 1 MLTSL 28 1 PLOSW 44 NC 60 (o] *VFODT
13 I UNS 29 | O VINC 45 | O | *FAULT 61 | vss| +5V
14 f *RDYRL 30 (o] *VDEC 46 | P2F 62 | LTT
15 1 WGT 31 | DLYSW 47 | VSS| +5V 63 | wWCL

16 | O READY 32 I ELT 48 I *FCLR 64 | O WDTP

Table 8.2 MB60512 Pin Numbers and Names

Pin o | Memeof | Pinlyo | Nameof | T |10 | Tamwew | No | '©| Tormiow
1 o CT5CA 17 ! PLO 33 1 BITI 49 ] CLK6
2 | *CLR 18 | ROMO3 34 (o} *CTACA 50 I CLK8
3 | DRSL1 19 ! ROMO2 35 | O | *STPLD 51 ] ROMO1
4 1 SW3 20 | ROMOO 36 1 *LDFO 52 ! ROMOQ7
5 | GATES 21 ! ROMO6 37 (0] DSKC 53 | ROMOS
6 | TRKO 22 | ROMO4 38 o SKCPT 54 | VSS GND
7 1 DIRON 23 | O | *sOT2 39 | O DRTZ 55 *SOTO
8 i STEP 24 | O | *SOTi 40 | vSS| GND 56 *SOT4
9 l INX 25 | O | *sOT3 41 o DMCNT 57 ] BITS
10 | *F1/8 26 | O | *DPAB 42 | O INDEX 58 | BIT11
1 o | *DAC13 27 | BIT12 43 | O SECT 59 1 BITE
1 O | *DAC24 28 ] BIT10 44 i SLSEC 60 1 BIT7
13 | O | *PHAS1 29 ] BITO 45 PHASO 61 | NC

14 | O | *PHAS3 30 | BIT4 46 *PHAS2 62 | BIT8
18 1 CLK?7 31 ! BIT3 47 |vDD +5V 63 | CT4CA
16 | CLK3 32 | BIT2 48 | O | *PHAs4 64 | *STPLR




8.4 IC INTERCHANGEABILITY

8.4.1 TTL IC Interchangeability

TYPE NO. MARKING REPE'A'::EE‘:;ENT FUNCTION
MB74L.SOOM L§00 SN74LSO0ON QUAD 2 NAND
MB74LS02M LS02 SN74LS02N QUAD 2 NOR
MB74LS04M LS04 SN74LS04N HEX INVERTER
MB741.S08M LS08 SN74LS08N QUAD 2 AND
MB74LS14M LS14 SN74LS14N HEX SCHMITT INVERTER
MB74LS42M LS42 SN74LS42N BCD TO DECIMAL DECORDER
MB74LS74M LS74 SN74LS74N DUAL D-TYPE FF
MB74LS86M LS86 SN74LS86N QUAD 2 EX-OR
MB74LS161M LS161 SN74LS161N 4 BIT BINARY COUNTER
MB74LS164M LS164 SN74LS164N 8 BIT SHIFT REGISTER
MB74LS174M LS174 SN74LS174N HEX D-TYPE FF
MB74LS191M Ls191 SN74LS191N 4 BIT UP/DOWN COUNTER
C741L-0980-0221 LSs221 SN74LS221N DUAL MONOSTABLE
MB74S04M S04 SN74S04N HEX INVERTER
MB74S08M S08 SN74S08N QUAD 2 AND
C74L-0650-0112 S112 SN74S112N DUAL JK, FF
C76L-0650-0124 S124 SN74S124N DUAL VCO
C76L-0080-0026 LX32 SN7406N HEX INVERTER with OPEN COLLECTOR OUTPUT
C76L-0080-0452 LX16 SN754528P DUAL 2 NAND PERIPHERAL DV
MB412C 412 AMD26LS31 DUAL LINE DV
MB413C 413 AMD26LS32 QUAD LINE RV
MB463M 463 SN7438N QUAD 2 NAND BUFFER
MB434M 434 SN754518P DUAL 2 AND PERIPHERAL DV
MB7052C 7052 IM5603A 256X4 BIP-PROM
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84.2 ECL

DIRECT
REPLACEMENT FUNCTION
TYPE NO. MARKING

MB10115C 115 MC10115L QUAD RECEIVER

MB10116C 116 MC10116L TRIPLE RECEIVER

MB10131C 131 MC10131L DUAL D M-S FF

MB10124C 124 MC10124L QUAD TTL TO ECL CONVERTER

MB10125C 125 MC10125L QUAD ECL TO TTL CONVERTER
8.4.3 LinearIC

C76L-0420-0033 A339 UPC117C COMPARATOR

C76L-0130-0002 A331 UPC271C COMPARATOR

C76L-0422-0017 A358 UPC1251C DUAL OP-AMP

MB3501M A733 UAT33MN AMP
8.4.4 CMOS

MB84040BM 4040 MC14040BCP 12 BIT BINARY COUNTER

MB84020BM 4020 MC14020BCP 14 BIT BINARY COUNTER
8.4.5 Special IC’s

MB4303C A4303 - AGC AMP

MB4311C A4311 - PEAK DETECTOR

MB4316C A4316 - READ/WRITE BUS SWITCH

MB15207C MB15207 - DATA ENCODE/DECODE CIRCUIT

MB60512C MB60512 - STEPPER CONTROL

C.G24103A DVv18 - CLOCK DRIVER
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9. PARTS LIST

To Be Supplied.



Sedion U

Schoematics




1-01

| h L \ 2 | - "4 | I 4 ! ] > .l . J - ] - L
evAa c~8 cwve cavPy VP2
’ ¢l = INDEX w2-110) pwi 29y —— L WS aof- 108> PN 17— ) )
<2 | “HEAD SELECT ¢ 02— 1A, o d L 28 vE - 2 2 #L (o010 9C )
<3 &3 | —XxEADY w0z-1/18) prR &l (S0 wer-iF) < P2y o= 96)
¢ | -nEaD SELECT/ w02~ 18> dd-SECTIRY L ~s2y — 4 H!  (e07-77B) PL SN Y 7 A—V Y TP
<& <« __(%02-11B) &4 rsv $ YEC  wf-SA ) S — 238 0 _ww-sD>
b —HEADSELECTR 02— '8, pr'’s b | I US. _c07- 17> PR —— -
«Z-4 L4 SEEK COMPLETE 1002~ 1/¢) ya WC (w7-72) L #3¢  ew-98)
) Y] pir} X to07- 18 & P8l ew-90)
L L]+ WRITE DATA #0314, mm P4 DY iwy- 12 £ Py W@ - PH >
2y —INDEX (wz-11D)> 2 — WRITE DATA _ (w3-14) 10 H52 1007~ 118)> pyr R
2L 7 7] L TRACK ¢ DET _ror0- 38>
2| - #EAD (002- 11D ) 21t WRITE CLick 003~ r¢) 2 VEE (w9-10c) L8] TRACKOLED _com-10n)
&34 ~sEcTIRN L= WRITE CLICK (o3~ s ) 3 PP L S & E—
Lt ) BYTE CLOCK w2-1/E) 2 . 4 8- -0
pris L8t Py cesck 93-1/C) 8 ey AtY  cwr-4c)
74 | ~DRIVE SELECT / _co02-1p) el —PLY CL3CK  wes-1ic) 73 4] Az e 1B)
L 2 prai 7 <t 101/~ 18)
2= S T2 _(02-/D)> L8 T READ DATA  _ (s03-17¢) /] PY7 B S L S T Y 3 )
pr3 Ly READ DATA w3~ yc) PY7 A . VAR ) pria L. S——T VLYY 3
22| ~DRIVE SELECTS (xw2-1D) 2L 20 DY (X
£’ KLy 8 =00 en-sE)
221 DRIVE SELECT S (o02-/D) mr 24 ¥ w-sF)
£ &Y
(2t |- DreccTION 3-10) D% 5 SR 12—
<24
2bl-STEP (%3~ /D) 7
<2
€I FAULT CLEAR  (s3-1E)
2L
<30 “WRITE GATE _  i003-/F)
3/
‘32 ~TRACKY (903 - D)
T
L WRITE ZAUT (w3~ r1€)
pEYS CNP I : VP4
S -READ GATE ~ (003-17)
(-!'-4; : £ 2]
ook~ 18>  EUSN—
3p A\t WRITE PATA  003-18) 3 XCLSIG 0S5 -18) P S/ 42
80| WRITE DATA = (w3-18) PN Y17 N
P ID
22 - WRITE CLOCK  (or3-/8) mm
@3t WRITE CLOCK (w3-18)
<y -
ALt PLO CLgcK  cw3-1r8)
24 |= PLO CLICK o3~ /1 8)
<24
g2t XEAD BATA (003113,
L - READ DATA ~  (w3- 1185 'ij
ca2~cosf 6 s 5 g o8 174
3.34F [ZH
crov) whr
2 L4 o8 Ld o/ |oa o4
. ) L
~s.2vo
e
CONTROLLER O (CQOM)
CIRCUIT DIAGRAM
[oaey &) Sa8¢
TR
o[ v | s | e Vi
o T | o Jewe 1 ) 1&1 /12
] » | A, 1 . [ B . & B ! .




ol

. ] : ] A 2 ! N . | 1 " v | | v
0A M20A
L
(wd- 1/B)_INDEX 2/ _
W/~ ZA) = HEAD JELECTO /' A 2_(o07-88) Y E‘;"-\p” INDEX (s0/-44)
sS4
26
+$v ror
gl 290
Mo 8
i (b - 6C)_READY Y 2N _ pEA ,
coor- 2A) _—HEAD SELECL _ 1151“> o4 H SELL (007 - 88) % (W7 -44)
i SrSenZ e
24 Sw3x Y rxa %aY <2
mioc o3l o5 0|14 mzB mz3B hidd - SECToRY
_ 443, ¢, 00/ — 44
(/- 2A) _—HEAR SELECS 28 £ (007 —8F) 02 o{ 5 :.: v 3 e Lol %6 )
73 2é)r4
54 24 o
B4 o¢
bz Loe Lo . s mM24 M23A m288
2 B 9/ B) o2 43, 06 - e TE coor-48)
o o
RP/ X a3
o¢
Ab
| _SIEKC we- 58
+$v
mZe8
o
Swix w35 463\ 0 ol o0/ -28)
2202 MIOE MmMiIc ~M23C A4
- ~ DRIVE JELECT/ 28] o0 o044 X 24 DRIL2 (o3-36)
oo/~ 28) Di s 24 sy :u;—;c;
- - DRIVE SELECTZ 73 0 w7-8F)
- 2¢) o5 © £ voz wH (8¢ o4 m29D
/- 2¢) _‘_Mlmiﬂ.—.&_o{c 1/ 2702 85 s s
463/, ol 4 or~28)
o - zc;_muam__ﬁ_o{c (2 M
Hog o L 2RgLs =575
Sw2x
X3
JECT J ;: L3 PP - secroxs
of -~ 11C)
toex— 117 )= SEEK CLT. ~ 30 ; i:;:): o3 BYTE CLICK (owi-28)
ws-4E)_YB8E o log D_E_]
4[_°{c % SLSEC (oed-$F)
7 mzpc
174
o/ 463 08 ot X T (xxx-ze)>
"
RPS 2
m3c m230 SKC
wt- 84> J&Cﬁl_—_-chr" %v Y SKC (b -4D>
23 e
L X JAKCT (ws-96)
T
o [ i
| o | viia T i iz
. o 1 i T G
. ] - A T . I . A I -



€01

, ™ .
. ] : ] A 1 : 74 : J 1 v | J . vl | ]
’
m32
o0t -48) _t WRITE OATH J]:E_g WDT (wé-48)
;ﬂ? o
100 26
(/- 4B) _= WRITE DAYA ‘%) 33 ]’:\C = WeL ro06-48) % o ~READ DATA cows-25 -
28y ar3 L] 62+ REARDATA coor-2r)
Jwes UD__ 23 Bl ool - RO CUCK oo ze)
Corr-2e) % WEITE DATA B} o 7 o fof ! 3] o ogRt 2D CUBCK o/~ 265 .
o0s - - W, 70
w26 = MELE MI4 1o e .
tw-28) = WEITE CLICK obl o7 oY 2]
M3y
!~ re).Lmu_uuL__zi_O(c i ] s
b b - 76> _PCL_ o4 o3 + PLY CLOCK oo/ am -
e | | o2 - PLT CLOCK (owt-e8)
toor - gB) = WRITE CLICK w2-00)_DESLS 73 7]
3 —24] c
to0/- 48y L WRITE CLICK %)
o7
wob-76) KRRT. 28 r 72 T READ PATA co0/-4C)
Lo .3 = READDATA (o/-4c)
4@z
e
A
(oor ~2¢) = DIRECTION 245 QIREC (et -3A)
[
8¢ #1304
43 173
463\ 23 ~TRACKQ _c(o0/-2D)
MIE o0 - 74) _TRACKD 22} ce
00/ - 2¢) < STEP adan 2 |
~308
e mIE xer »
as & . __—WRITE EMWLT ee/- 2D)
b~ 6C) £ FANT f/@/e Y
mIE
o3 ¢
oot -2p)_—FAULT CLEAR 22dw ECLR (mws-gp)
web-4C)
Cd — JTEP (w4-3B)
AS
SwS X -
M8 m284 mMSE S—
!
oo -20) _~ WRITE GATE @" /:i>= 2 03] ot o-fet ASTEP tood-34)
~
L2
tsm us % o__f...]
~s 3
~3
~/0 we
28 8 maee -
(wor - 20)_= READ GATE P ot Y
173 7 ) x WET c(aw8-0D)
3 v (f-78> .
77 {es } 70 L0707 as “e
mMIXF
RP/ X P 2 WET (ws-17)
o - 4C)
LY wr-,3)
A w8-4p) ¢
msc ond n240
rJ
o ] RGT oes-16 )
wo2-8D) _DR§L2 | 4 ws-96) -
e (00 -4 D)
(0b-14)
. U
L
(009 M 8
- —
wu. | e mn:“. R 003 /12
N . L I% B I I
' I > { A, { . ) . i L) | - 1



ol

. . a - . ' ° | w
] ] \ 4 4 ] | v ] | v |
oIR
$—  KDIR wS-§F)
prREC mee
03- 5D nap -15
(wy-gxr) _ASIEP mabs08/2
DIRON o] 2 o[
&2 KCP (002~ 6F ) Cv
va
(axx - 86) (03-6E) _STEP 28]
<14 wo-TA) _TRACKO 04 45 PHASL  c0r0-SA)
0b-b6C) GATES o8 /3 ¥ PHAS ! cor0-3C)
¢ co02-7c) ISEXKC o4 46 XPHASL cor0-3C)
oIME cLkp 2] 2] X PHAS3 _com-3D)
;;,‘“” (ox-70) Remoo 200 g rpuase w-30) 1w
bl Cax-np)_ROMOL S/ T
2.4 I« tsv Cx - 17Dy _RIMOL 7 INDEX (002~ 8A)
P bse ] il Cxnx - 170_RIME3 ) ‘v A DACI3 r000-3F) é-4D)
Nt ki Cxux-17F) _RIMOSE 22 .z £DAC2E _ion- 36>
v 224k Cox-10F)_RIMOS _$3
x/ B3 »3 L 231z, oot Y (SR PN.J I —1) L] OCMCNT corf-4A) sEC
[ eale, o2 o Cox- 116> _Ramel &9 )
22} L 2815, o212 cLk3 . z 42 RINDEX SECT w2-6E)
2153 o3ltL CLKé )
(4 L ofdpe CLK7 Xy 43 PIECT
z.:’/o/ L o}
+
y—2Zcep rc|E
VL0dcET 12 (o6~ sC) I__[LELL«:U~:; )(o0$-8E)
L 2%gecer /_(owé—1C) 38 iy
z X (006~ 1A) 34 SCCRL  xxx—352) Tes
v7a SCCD2D cxxx—16)
Swi RPE X
_ﬁz.—o{c o8 BIT ¢ 33 m7Cc m7/ o3]07]es]
204 65 oL 8172 32 S8 X 5070 ry 26 2 2. RMe0 (xxx~S$8)
174 71 BIT3 3/ o4 174 BIMO/ (xxx~ 88>
o7 o
£ 7 oS a174 Y x3 . 27 2 REMO2Z (xxx-5B)
al o7 o4 BITS m7E o4 114 RIMO3 (xax -8B
4l o7 o022 2174 4 2¢ 2507/ s der? o3} 7082
! o5 o 02 v o2l Y3
P71 7 x3 os
4 "0 o8]
A3 23 *5or2 25, o8 | -y
w -
Sw2x x3 e
M7
o 7 ot EN x5073 03 5y 04
18 040 o7
2y oF 73 X3
oo 28 %2-5E) 2, MIF
wos-11c) _XCLR o2 86 x5074 2] .2 14
77, Az o 7 o3 3
2|e3les|osiorlos| lodlosloriezes x
(XXX- 8C)
ASTPLD 64 Pak P
rRPZ xF3 ax-80) _ScCpy 0 e m74 ®P4 RPS ¥
+Sv SCCD2R 36 X DPAB or 22
72z laz 07 [as
I~ R x3 28 2 Rér10d (xax-$C )
sy 22 Réme S (uex - Sc
£ vop ':’ K:nv; o —$C
» 2 Xome
+ | c6? 5] 7es2 tox —8$C2
EIMF ~4C rrz £ z3
V) 49, mea T
(xxx~ 80> _SCCOZD vs3 2. Z 23 L] »A%" f;
’
v3 24 3
Y RTZ (xxx~38)
(o8- 8F)
(o0b~ 1C)
T
B N o Tesr
S B —4 i
TR e et
. N T [ [+ I | IW‘ /12
[ f [ B ] A 1 [ - T - & N T . - . - - o =




5-01

- . s - A . !
: l - | y: | - -2 11 v | : ! A L
6
(514
s
Sy
T = £79
" /xa
hidd ®r0 o2 S
e w0 sxa
7’
/L.,,, 7] (€34
oo/ 88) LLSIG y) 7] I $LLPLS (xxx~ /D)
]_ (o0é—g7)
= c/7 D8 pt
3 ives oEBS
[ 1/,
(o0s m_x_mu__] | roves - e
) a3
_S2ve ~S2v0 :;ﬁ'l
m AAA
Wy
*s
B K CLR (o0d-SF)
wé-4F)
188 <
s0xa 3 ML
CqaR s g RELT cu- 19
L) (wf-48)
psr g
moxa
“S$D
txxx-118) XCLPLS oIS 00 A ECLR (w7-1B5
1003 -5E) _FCLR
—$PL b4 [ 2
HE
2 CPL wob-4C)
co0d - 8C) _I_A\‘.Zﬂ.ﬂ_ﬁq“
" YBE_cv0z-4E) -
02~ ~
(d-5E> 07 CTRe20 co7-8C)
64 ':" Mo s 7
w06 - 68) L4 2 | o
Ke v3
wod-36)_4 R7TZ
rwd-$4) _LDIR
007-56)
MSE S C
2
w6-5C) 21 2 24 “io
- mer s RGE W uwS SEK FRY
(3-§6) He 3 I
w3-76) _XET . g2}, *}
idd f-$3) MILEL 28, pples
+$y “a. we7-7F) YN3 0 eély, el
§ S o3 € w2-96) RIECT  0rlyy Qe
7 bt 02 rwb- 6C) (3 Iz v y2 ] Py
s o —reder. E>° z3
22 A 2774 “
Priid ez o¢ @
w3~ 76> _KET e @ cocr- 116 BRET o1, *
4
25 E3
Kad :c/ X RDMEK  (00b-9E)
b4 7e T
ke B B E————
m3D
__"(9_4____42&(-4-/”; — : — r,
o3 - ;
wu_| v | e it F
: Eﬂ T G T T ™ 005 /12
& . 1 - 1 A T . B « i I . A - 1




90l

" | : ] A 2 | N 74 | | I J ] : | vl | |
msP +Sve
R M78A M7 8 MISE MISE -
LN Y T Y. 7 S—T ) lof
07 X - 1187 oz o8 3 IEc/z a2 LTT (ax-48) Y 22 .I,“”
s sSk37T kR o IMF
4020 04 ®3 ®3 ®3 x3 e grees ¥ o3 tsev) L1
E4 o 04H
143 Mas éa3 s »I2 rr\_‘
174 CLKZL (xax— 18) .
3 Sve
[ VA 7 44 WDTP (007-18) 2 red 1
los INT 33 3 PSwRT 3300 c.s;}
o
2 caxx- 6A) _4TIT LTT ;f 28y ;,ruw
, 2 —“EL—
PINCL 3 o, PYe wos-re) 28] Z]
2, PYib oux-ac) *éve P2F
4 mMBIS207 xxx- 4 F) Y
s 4D 2 ° (003-64) _WLL 128 LINC Sr24 22 PRF (xxx=34)
twd-86) X8 249 onx-118) _PRE 44| « z 3-8 )
(wy—1C)
win ox- 68> et 22| 1z LRRIR cons-7F)
t008- 7g) XEPL 4/ 4 GATES (14 -58 ) (0/0-3D)
2 EXT R, ) — L7 N @8- 79, o6 (16 READY coax- 18) (o02-8B) #30 - L B
PLOSw 0. 08~ 762 (00 - 2H) e sors
K¢ K7 XRYCLR xxx-4D) 7;
(03~86)__W§T /] 7] IOT xx-7F)
meE [CLENL 33 2107, SE—— | A= E) s
(- 5C) £ 124 0 o~ SB)_MLTSh 4 (o0f - 36) XRLCT L’G o
(007~ TF)_UNS 73]
x4 (002 10F) . 4 rsy L2 *svo cox-1e) _Y2E ¢/4>z__ YEQZF ax-9E)
(oof-4H) XRDYRL 4] 1_N‘n X - 66 )
“éC ”
Lokl 4 c72 l* Y 27 J_en M
wx - 34) 24 cLklo ¢ 247 SRS 2 k31 0. 1ME
(00g - 118)__JNDEX $2] uw;;} $ixa T /a0 SZ l ($oy2
K¢ DLYCL 124
- ’ S X906
ax - 601 ERY| ? 7 2 ss0n
Swsx v 2err
Sy -
s (003- 760 vIN VDE yor l cee
2l 1 AW coof- 11E) _RAWDT 2] I Q7 o rhr
z - 11D)_WERRE _ $é] 27 7474 AN % pro J;,’*W) *3vo tsve
of - X yF3DT ﬁ
<>v// 4 AN (xxx - 6C) /f:: _L
80 css
4 sxa ore $p LICK 7 Hi
rx- BH) _VEZE - erz +$vb mz? ;;/
wos-bn) g ROMSK | 24l 1207 s '
£ GAP00 23 22 wIN ] il +$vp yox
EMD 20|
Sw2i 5 hve 5124 7 T Y2F _axx-mp)
MZeF oIv o071 3 ns uxx-$6)
(xxx=6C) 00T (Al et
xx - 68) LY 23
“e (o0S- 118) X CLPLS o8 2/ pcL T
(os-sic) KCLR | #2]
3 xS 28 of
mMISC m75D ;‘ﬁ—l " 2L 2200
_%o %ﬂ
v
3 »3 4
cr/ XDDT 3-7¢) PIX
i LYY ov £ 03~ mer wes
6v) PCL (m3-7C)
/3 /2 o3 02 WE-SE)
Bro 1 et PINX w04
(nex—110) _VEDZE Ké K¢
- (%4 vH
- 116)_YZE y m2sc
! m74
M73A o Mm738 | 10
VEZE (axa—
IH e " o7 (xxx—4E)
w08 11g) _RAWDT = ol L&cu
x R 2}, ahez 1 — nut
mID mas mec 7}/; Lu} §112 P Sz B
(003~ 76> ” 1. R4 S S S S |
CLIC T
wos- 64) - - .
YT T iswee rg& 12
PO o O L ‘mn llllll IAM
[ . | - ] A I E [y . . & | - |




L0l

w .
‘ : L v | . o . N N : ! . vl : ' . :
woT ~S0 ;!L MESD
o__ . HE2_ cw/-98)
00b- 68) __WDTP 724
‘ ot s w2-44> H- 060 2] 03 k-
4376 mMesS e
ws P
" e
w3 96r_WET. a4 <L w2- g8, HIEL/ 1/@’ HB!_ coi-0)
a7
{J RS> R107S ]
“24 T prys 3 /-a.i: . s 1o/
“3
1008 - 1/0) 2 yr 3 lsavp RP7 X
b= 6C) L2} B o8 -116)_STR/20 @000
-1zv
s
o8 -2y
‘4
)
03 122 Sy
P il R783. e
xF7R 747x0 4DX; 2¢
/%) %) 2
$40s.
vé 2aea w3z neza
2 s I PYI Y] A EILON. cnB-ac)
r1S3 wes K3 ey | »ad
rsxa Y % o ; 03 ve
wol-98) _W.L AV o6 réa 3
J_ %) L
s 22,
o -
«7% Il,{;ffj" oo~ 18)_P »v mezs
4 6 RSIG (owh-/8, E JJ_‘E%(! b R FLLONZ wo¥-4C)
too/-88)__DX 2 ‘ vé
®72 L
e 233 L
s L /%) 180 -rzv
mos. 5: r—; , vee
%)
b =
%) ] 73 L RSLG roof-rc) pizo
w/-88)_RY S ane
lof o/
we2- ¢5)M SO0 wer-3A)
ve csé ~8.2vA 14
T +izv rév e
vee
s & i
,‘;A 3 zra TF
% 2 k2
o0/ - 8A) _U.S “378 = 2200
———— N (hs-96) é
1 7} o6 co0b-4D) w2-0D) _DRSLZ o T _X3/ (ms-8C)
ro00 44
—AN—— xité >
T ea T
v %)
nor
- ]
et T 12
[} ' B | A, 1 . - « i . a7 . Ll



8-0lL

) . i i |
. . . . ) ‘ ' ° 7 | ]
' | . l \ 4 vd ] | y H
seve F
re2 Sotur
c$? r&n SV
o IMF 44
A ad tSovs AWM 1r
.
s 20 3 o
3300°F 2 i K2 Sov)
7 Sovs , o3 008 4 v
= *sva 4 L ¥
| 1 52 )i rs3 rSe
] res c2e r7
908 = o 3300PF P (214
< IJ’LAN 8 o IpMF
4303 ;;]"PW L PP
w07- 78 ) _RSIG 2 ve ¥y Pre
8 0 74 ey
cs s b “
e ermp 3 cu
g e T r20p5 ;/ﬂ o3 o/ FEROA wur - 18,
| (Sov) L3 c27 24
ee b <4, $300PF o2 K FRDA_ oox - 17
/8ka 0g rf::; 4 .z
o l 1t g3/ q l .
— 3 cz8 Shoe 3
|,J o 330055 crs isorE 33005 S Fln SesE
i A 22 “s7 Cson w9/ 120PF T sev sov) /8 o (sov)
44 s g GS35M k0 ($0v) 24, 1+
L s < Rz
= pe ee0 2 oo 07 3 T se0n
¢ S T ven v T [ o "
7 +3v4 2 ¥4
coer- 110 X ELLONC U
- X FLLONG -[
w7118 o1 csg _AMA AN kd 4
o1MF vy L
3oy 12 #r78 T3
] 207ka 3132 4 2170 o
%) “%) < s2ra +SvA
003~ 9G) %)
Ro¢
€3 me2p /ka
[l
o (soy> 003~ 77 ) _XWET "%J .
vé
*$va
lcn l“’
“$.2vp CTME o tpF
*| wsvy ($ov) META MEA
: . 5 of o7
¢3 ne44 P masC ma3A “e o2 s
33PF ’ I——‘( rs RAWDYT (w06 —d4E)
sov) 24 [\ _e2 25 < w0b-34)
oxx-ns) ZERA Gy of Sz 22 s o/ 11
_ ‘73 L3
z (2 LS c30 178 “46B
X - 118) X ERPA c:j " s L., L] #e3D 1 ,
P
prr | L 6 6 oI Raiddd “e3s L2 i Gle3 a2
Sev) = ) S rse 56 56 84 08 m 24 Bs
> 2300 2300 '\,3 /3 RST ’:47‘“: 7:;7‘7_=
/, > 3
: o8 11, PR e ux)j’ AT
02 |0/ o8 |6 "8 @6 [
Qb
| cs0 2P S X877 k88 . ~seve
o.upE kréx s¥ 2240 24140 06 |07
sovs wn) | 1% 07 |23 _
-$2vp
] ] RPS X RP7x —
L cs2
-2y O IMF
sov)
r o
- o R
— e
—— |
] - llnu B
Wacamn
TR - i 008 712
[y . 1 B 1 A I . [ . I . A 1 B T .




: | : | Al { \vd s | | 1 ! 1 ° vl Jd . | - 1
% vee
r/ie Y VCL copr-0A) rizv
ve 248 [
re b %)
- 39 L ésa 7Y V—— |
aF ,,,552‘:: S e Lied
112 %) 3/ - 2200
@7 24852 %3 %
“%) ME2F
os/
X07.5E8)" » N wo3-75> X WGT 2l o2
. 108 LRA2 o ws
P ces L Fraka ook -4C) %
CruE %) o0/ - FA)
“”;L ve WS ¢
X3¢
i ZY
>
'.F.V ),r S »rop VEE
1860 Y
Des 12 VEE —-3B)
cromennr] woar G o IJ 1 toor-3
e [
e L o2 s1MF &y
2208 T (Sev)
) 'z,;‘ xres
! 2a
’ a2 T2y wy trws
Ds3
réo p Bt v
éson 3 or
— 2¢0 3
(RD2.7E82)
L /e
-$.2v ; S\ pés B LPRCT (007~ 5D,
>3400
r$ve v 77
r~
*12
— x68 > 69 g
meIA
e/
127 RLDL torr- 1F)
_lzjlu >—i_
3 "oy
(02— 11D) X0
»S$-110)
87
53
r s—ERLLT (mwé-9C
woc )
s (006~ 4D
cové-6C) _KEADY e
W Iﬁ-‘
= ; "' L) . i i
'o R 5 o = )i L ) Cicd 1 ) | 009 /u
‘o . Al I 2 ‘ 2 ] b L3 I I ! -



oL-0l

rRe
sV SV
TRACKO (003§D ) [3A
(004~ 98 (o0d- 58> AAA TRACKQ o/~ 1/B)
e RIS = k36 W LED
rexn E: 22605 #sD Stexn
1t
2 /3
A35¢
71
177¢
x30 < M
>
< vev
TRACKQ DET (o0/-1/8) SV
(0rz-4ap) _t24VA
= =2 = =2 Dp2zr A D22 A D23 A D29
s Fr2sTh2e w25 28 A Al N
MI3AQ 1808 | 1500|4508 | 1800 o2s »
LA 1L (oer-/1A)
(00¢-4B) XPHASY 03 24 2330 03 I ™~
7 Y2y P
x @22
mBE ”338 D26
22, (wi-11A)
(04 ~58) _X PHASZ rdma e 260N o — G
4 [ e2}y20) |
xz @23
et 2d 344 D27
2. P3L co0r-11A)
)_KPHAS3 2 3 4“3«\43 b K}
L 221yt | —
2 az¢
mMEOF D29
M348
#2L_co0;-118)
£ PHASE ZCII; e
(004 - 88) 2 m:; } N
x2 Y2 STLV c0i2-78)
o2s
o0b-6¢) CATED
= ®207
< 0240
2wy
2evE
+8v
1’1 <8/
10004 F
;(IOV)
+24VA
RraS
Ka
oz D30 D3 832
roa Yo gor you g ,
1Y iwor -114)
(04 - ”)_uaaa_____uJT}fn
x2 10K 8
3¢ a0/ 114)
297
0K a
2
P tea
MBC ryi Crwd
2|2 P2l @3 P20 (p0r-118)
00d-8¢) XRACZE o3, 26 72L
r48
xz roxa
PIY_1as-118)
W
e ot
e 010 /12
llllll T |IW|
I ) | A, [ . B B | I . A I B




11-01

] | 8 v | |
-
. | « | v° | 4 { 1 Y |
sev
100d- 8C)_RCMCNT
. cre |+ rove wrz-94) _ 24 1A
. pux
2] w’L Srera rsy
wy
EPA AMA
ros 137 Wy
xa N S$énr #2 ::’;:
- A
| (007 - rrc) € = M\ + 2 wes «f, e 384 x208
- Mgl “ls  p L ] i b
or ~11¢) M\ s1° s .2 Wy .
s 177¢ 2. 2p%3 - . on K o3¢
Ixa s m 4 D 31pe4
. bes
arra 562 ¢ x27
s Sy P M08 rg0n 3.
AW 3 ¢ o::—ﬁ e & o
irs s Loy, of
*s7 #139 134 oAH . oz
K. S.éra 70 D,
toes-118)__A - A 2242 8D~ "™
W " we2 rhY Wy
—] AN r2e8 s
00/ -118) AL A 26 M3y rxn soka
i Wy r77¢ 27 /W)
ro8 PN AR e
ey 2 , Wy & o3¢
> B3
»2/6 03¢
47042 Py +Sv
AN
¢ w me0A »28
19 méfc #r39 ,,!q 780n o7
702 Séxa b\ e3
wor-118>_B N e riqjesy oz —
a%n Dré Ay
7 ]
001-1/8) Q.1 AN 2 r1$1
B rrso ° #1348 g oxa
50 mM/ '5{ IA/':'\:') e
b3y
£2 @3¢ A
*+S$y
° T
mer8 29 2
+3v v 173 e sSon <~ J ZS o3¢
— 23
JED™ K
Dr7 oz
riq
- 3900 ffﬁ "
sov)
RL/
2
+24v . fs
€ T toer-roc; B 1. ,
T AW cag
»2/0 IHFE
39a T Sovs
Zs 033 ¢ Sw)
¥
] /- nc) _X _ ”
i ces L oces
k217 IME Vald
w0 - 7F) KR4 B N7 2z tso¥)
Y tswa
4 oor-r0¢) ¥ . 2.,
rzi2
312
Sw) DMLy orz-78,
: +12v
SV tsv
rsz
3308
A
#178 “’ 24ve
fofa Des
/%) TP cxpe.sens)
R121
3 T
%)
zevR L
iy W cost.
7
e ISR
U }_NTI '“ 1"“ “7 ]n
T . T
' i - 1 A | . A . I 1




AN}

- - - . ' L} 1 £ I i l s I
N | Y i \v4 | ! —~
R/93
h FLs s2K0 T
(1% L " L
. 0. S Rss
26 +24VA con-FA) Py 2
¥ 00-78) :ﬂ;)’m még oz Ferka
—— #1790 m70 29
] : 1 A 4 ¥ . K
“ -80) _JSTLy e (%) A3 A
e W—1- -~ t1cés
IME
#3 Irnw
01/~ 10F) ,AMLL_____' W P 7
t1 c8o ,
2204 F RUO R R213 }’/I"s f“
(355 rska S r-Ska wa
(Sw) ;
+ R4
24vr L -
- L rizy sKQ 0_1__;/ v
B > R123 S k3
v < 22K K;\:z 9 /Ka
Y, A Sékn o7k
T8 trorenss Wy
. 4
M7
SRS S R$4 k208
<4700 5 4700 9a 2% %20
o A3l (24 A X OVCR (wf-4F)
“ i
l/ (%4
4 I3 S4oFF
sy 83 Z3 Yo 3 Ri2¢ /l""’“
S 2zKka
N D$0
'ZP (RDs 4£82) ”L
+$vA >
tlcers
S IMF
71;/”)
1444
-72v 000
(A/Ah“)
Yy ? _L
l 78 —éva
fT S 24F D4s
év) r | (kDé.2E82)
L6
r0uy
L
-$2vD 20 1 c43 l %44 ~.2v4
0.304F £ T ¢ %F
sov) [
il
o
) g
s | v | one e
i S o L s S [i 12
- i A, I . B B ! 1 . T




gi-ot

1 1 2 \ &) | . vl s | KA 4 1 ] g vl 9 1 10 | " |
L DATA
— HOIC HEAD
VEE 911, il
CONTROLLER . L DISK cc 25 Aar o
o6 9708%_ soson | VT JowET ENCLOSURE 23 2
A- CABLE PIN DISPOSITION 2 vEE oy L A
(CNA) gs. /4 vce N_HS ! 02 l_‘ﬂ HD!
.| ot w3 \_#3Z i 17
1 | GND 2_|-HEAD SELECTO, CNA 02,20 o0V 2% L
3| 6ND 4 |-HEAD SELECT I 04, 1] R —— HST - 7 8 1 HD2
5 enD 6 |-HEAD SELECT2| INTERFACE \: ")‘g DR g’;ﬂz . DE / 5
7] end & SPARe . 0 5T N A1 HO3
7 1enn /0 |- INDEX A-CABLE < $ T 5 . \_us ] % —€
11 1enD /2 |- READY A 09. 4 DY '
13| 6ND /4| - SECTOR ) 2. 21 < uzcs pic
5 6 |- DRIV T! VB /. VEE 91, 12 2!
GND 16 |- DRIVE SELEC - ] —vee 53] Aant
/7 | gND /8 |~ DRIVE SELECTZ I_——_\NYEEFACE — cLock - | HDA
79 | 68D 20 |- DRIVE SELECT3 ‘ evP 3 Tena3] - HEAD t oV o 9
2( | gND 22 |-DRIVE SELECTS| 5 capi g (cN S - 1ips
23] 6ND 24 |- DIRECTION —_— 2 ' Llg | \__#HS/ 02 20 |
251 GND 2 |- STEP L. —] gi S : *g‘v”e LI 2 \_#sz 77 7
27| GND 28 (- FAULT CLEAR o ‘ L3S 4 _% HDS
29 [ GnD 30 |- werTE 6aTE N — - ——- g;‘ ‘I” ;3
31| gno 32 |- 7RACK 0 P ol N o 2
33| no 34 |- WRITE FayLT L [THROWEH \ S o4 6 “%ﬁ Ho7
35 | 6o 3 |- READ 6ATE CABLE CNP2 | CNT2 CONNIECTOR
37] eno 2| 6nd 19 o : o
39 [tWRITE DATA | 40 |- WRITE DATA 7 21 B - A 7 e
41] 6ND 42 |- WRITE CLOCK 2 4 T \ 070R
43 [+ WRITE c10Ck | 44| 6ND M
45 |+PLO cLOck 46 |- PLO CLOCK g +8 +8
47) eND 48 |+ READ DATA | POWER CABLE m . ;g ;f r'LfL
49 |-READ DATA | 30 | enD PIN DISPOSITION 3 ) r 8 - )
(N O) % 4 A = A, B, C : HALL DEVICE
/| raav 1 -C 4 .
B-CABLE PIN DISPOSITION A
(cN8) 2 +24 VR 23 ov ov =
+tSV +5V
1 |- moex 2| 6nD 3 | -2 : l:‘cll
3 |< rEADY 4| gno 4| -n2v P—>23 NC —_t= =
$ |- secTor 6 | gND > NC < -
7 |- seex compere| 8 | GND 5| sV 01 @/ D1U
9 1+ werTE DATA | 70 | -WRITE DATA 0z o7 ] -
L i 1
17| end 72 [*wRITE crocc] | 6 | TSVR 03 02 b2 ;
13 |- WRITE CLOCK | 14 | 6ND 04 550 ; > 2 LB STEPPER
/5 |+ PLo ctock |76 | -PLO_CLOCK i , v o330 ] l_ ' MOTOR
17 | _6ND /8 |+READ DATA ‘; zﬁ gif, 3
19 |- READ _DATA |20 | GND o8 Yyl 4 ) M
72 DET
10 +SV
1 av
) DET 3
| i ) 1,5V ZERO
CNP4 CNJII VOLTAGE A ' TRACK
of T REGULATOR v DETECTOR
0 ! N o/ ov '
03 2T -nv o @
> . A7905 -
| Il T 8 T - e
= _ 112/114
CIRCUIT DIAGRAM
o —
| wu [ onst Micswnn U >
i, 1 1
Y T z 'Y T ¥ 723 3 i v a 7 T [ L [T T W /




vi-0L

Al 1

l

#i81)
&%
3

RIS

Ri?O

Pl Y

..

~a__®8
173 @NIV e

3 O

G- ABZ O KN
A MR y

T

CONTROLLER O (CQOM)

MOUNTING DIAGRAM

wne | enie

g

T

T | G

T | Gl

C¥E

gl'. 1




COMMENTS FORM

112/114 8" OEM Disc Drives Technical Manual—112/114.60-00

Please send us your comments; they will help us produce better publications. For our reference,
please include publication number, revision level, and page number. When applicable, reference
specific paragraph numbers. Possible areas to comment on: accuracy, clarity, organization,
audience suitability, and illustrations.

DATE PUBLICATIONS DEPARTMENT USE ONLY
NAME

TECHNICAL REVIEWER
MAILING ADDRESS DATE

DISPOSITION

RESPONSE SENT
TELEPHONE

DATE

TELEX




BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO. 919  SANTA CLARA, CA

POSTAGE WILL BE PAID BY ADDRESSEE

MEMOREX CORPORATION

ATTN: Publications Department M/S 14-32
San Tomas at Central Expressway

Santa Clara, CA 95052

NO POSTAGE
NECESSARY
IF MAILED
IN THE
UNITED STATES

cut



	001
	002
	003
	004
	005
	006
	007
	008
	009
	01-00
	01-01
	01-02
	01-03
	01-04
	01-05
	01-06
	01-07
	01-08
	02-00
	02-01
	02-02
	03-00
	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	03-07
	03-08
	03-09
	03-10
	03-11
	03-12
	03-13
	03-14
	03-15
	03-16
	03-17
	03-18
	04-00
	04-01
	04-02
	04-03
	04-04
	04-05
	04-06
	04-07
	04-08
	04-09
	04-10
	04-11
	04-12
	04-13
	04-14
	04-15
	04-16
	04-17
	04-18
	04-19
	04-20
	04-21
	04-22
	04-23
	04-24
	04-25
	04-26
	04-27
	04-28
	04-29
	04-30
	04-31
	04-32
	04-33
	04-34
	04-35
	04-36
	04-37
	04-38
	04-39
	04-40
	04-41
	04-42
	04-43
	04-44
	04-45
	04-46
	04-47
	04-48
	04-49
	04-50
	04-51
	04-52
	04-53
	05-00
	05-01
	05-02
	05-03
	06-00
	06-01
	06-02
	06-03
	06-04
	06-05
	07-00
	07-01
	08-00
	08-01
	08-02
	08-03
	08-04
	08-05
	08-06
	08-07
	08-08
	08-09
	08-10
	09-00
	09-01
	10-00
	10-01
	10-02
	10-03
	10-04
	10-05
	10-06
	10-07
	10-08
	10-09
	10-10
	10-11
	10-12
	10-13
	10-14
	replyA
	replyB

